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HccrnenoBaHo paBHOBeCHE COpOIMH MOHOB Cu2+, Zn2+, Cd** uPb* nomamponutamu Juolite C—467 u Diaion CR-11 B
3aBUCHMOCTH OT CTEMEHH HEWUTpAU3alMUd HOHOTCHHBIX TPYII, KOHIIEHTPAIWU PACTBOPOB U KHCIOTHOCTH CPEIBI.
Omnpe/eneHbl pABHOBECHBIC M KUHETUUECKHE TTAPaMETPhl COPOIMOHHBIX MPOLIECCOB, BBIYHCICHBI TEPMOTUHAMHYCCKUC
BEJIMYMHEL

KiaroueBble ciaoBa: aM(oiuThl, METAUI-HOHBI, COpPOIMs, pABHOBECHE, H30TCPMBI, KHHCTHYCCKHEC U
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SORPTION OF Cu*, Zn%*, Cd** AND Pb*-iONS BY BiFUNCTIONAL
CHELATING iON EXCHANGERS

Aliaddin D.Abbasov, D.Sc., Director of the Institute of Natural Resources of Nakhchivan Branch of ANAS,
78, H. Aliev Avenue, Nakhchivan, AZ 7000, Azerbaijan, E-mail:ada.nat.res@mail.ru
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Mahnur M.Dzafarli, a graduate student, institute of Natural Resources of Nakhchivan Branch of ANAS,
78, H. Aliev Avenue, Nakhchivan, AZ 7000, Azerbaijan

The equilibrium sorption of Cu®*,Zn?*,Cd** and Pb*"-ions by polyampholytes Duolite C-467 and Diaion CR-11
depending on the degree of neutralization of the ionic groups, concentrations of solutions and acidity is investigated.
Equilibrium and kinetic parameters of sorption processes are defined, thermodynamic quantities are calculated.

Key words: ampholytes, metal-ions, sorption, equilibrium, isotherms, kinetic and thermodynamic quantities

CIIO)XKHOCTh OYMCTKH CTOYHBIX BOJ OT HOHOB TSDKENBIX METaJUIOB U OTCYTCTBHUE
YHUBEPCABHBIX METOJIOB SIBJSIFOTCS MPUYMHOW PeaTM3alluy JIJIs 3TUX LeNiei pa3IMyHbIX CIIOCO00B
(peareHTHBIX, JJEKTPOXUMHYECKUX, MEMOpaHHBIX, COPOIMOHHBIX) C MNPUCYIIUMH UM
HeJocTaTkaMu. B Hacrosiiee Bpemst Bce OoJbliiee BHUMAHHE YACISIETCs COPOIIMOHHBIM ITpOIieccam
C HCIOJIb30BaHUEM TOJMMEPHBIX COpOEHTOB. [l03TOMY MOBBINICHHE CEIEKTUBHOCTH COPOIHMH
HUMEET aKTyaJbHOE 3HAUCHHE.

Llenpto naHHOW pabOTHI SIBISUIOCH M3YYE€HHE COPOIIMOHHOTO PAaBHOBECHS M CKOPOCTH €TI0
YCTAHOBJICHHSI B CHUCTEMax HMOHUT-HEOPTraHWYECKUE SICKTPOJIUThL. COPOIHMI0 M3YYEHHBIX HOHOB
MPOBOAMIIM B CTATHUECKHUX YCIOBHAX Ha Na—(popMe HOHUTOB U3 BOJHBIX PACTBOPOB HUTPATOB ITUX
MeTaiioB Mapku x.4. ¢ pH 2-8 B wuHTepBane konuentpauui 0,5-5,0 rMe- . [Tommepnas
MaTpHIla HOHUTOB MPEACTABISET cOOOW MOTUCTUPOI, CIIUTHIA TUBHHUIOCH30JIOM, C MPUBUTHIMU
amuHodochonoBsiMu  (Duolite C467) um umumuoamaneratapivu (Diaion CR-11) rpymmamu[l1].
OcTaTo4Hyl0  KOHLEHTpaumio HoHoB CU’* B DaBHOBECHBIX  pACTBOPAX  ONPENCISUIA
KOMITJICKCOHOMETPUYIECKUM METOJIOM ¢ mupuaui-azo-uadronom (ITAH), HOHOB IMHKA ¥ KaqMHS- C
OPUOXPOMOBBIM YepHBIM T, MOHOB CBHHIIA — C KCHJICHOJIOBBIM oOpamkeBbiM [2]. KoHcTaHTHI
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MOHHOTO OOMEHa B CHCTEME HOHUT-MOHBI METAJIOB ObUIM BBIYMCIEHBI ISl ciydyas OOMEHa
OJTHOBAJICHTHOTO MOHA HA JIBYXBaJICHTHBIN 10 U3BECTHOH QopmyIe:
K= AMellz,copG.-CNa+/ CNa+,cop6.-AMel/2-

PaccuntaHHbIC KOHIICHTPAIMOHHBIE KOHCTAHTHI HOHHOTO OOMEHA JIJIsl PACTBOPOB C MCXOHOM
koHuentpauei 1,0 r.r ' nonuramu Duolite C-467 u Diaion CR—11 COOTBETCTBEHHO DAaBHbL:
KCu212,8, KZn:4,88, KCd:3,91 Kpb:3,2 u KCu:7,8, KZn:4,2, KCd:3,4, Kpb:5,75. KucnorHocts
HCXOJHBIX ¥ PABHOBECHBIX PacTBOpOB Oblaa nu3mepena pH-merpom Akvilon pH-meter-pH 410.

Kunetnky copOuuyM HOHOB H3ydYald METOJIOM OrpaHHMYeHHOro oowsema. s pacuera
s dextuBHBIX KOdDPuIeHTOB Ariddy3un ObLIO HUCIOIb30BaHO ypaBHeHue I'. boiima ¢ cotp. [3].
BennuuHy SHTpONIMM aKTUBALIMK PACCUUTHIBAIIA U3 YpaBHEHUs, NpeuioxkeHHoro P. M. bappepowm ¢
cotp. [4]: D, = d*(ekT/h)exp(ASYR), rae d — myrs muddy3un paccTosHKE MEPECKOKa HOHA), PABHOE
0,5 HM. DHTpONUIHBIE MHOXHUTEIH —A Z.exp(AS/ R) paccuuTanbl MO0 METOAY, MPEIIOKECHHOMY
C.I'mecronom [4] mo dopmyne: D =e A °kT/h.exp(AS/R).exp(—Egen/RT). I'pyIIBl  OCHOBHOl
MPUPOABl MOHUTOB OTBETCTBEHHBI 3a 00pa3oBaHUE KOOPAMHALIMOHHOW CBSI3U MpH copOLuu
M3y4eHHbIX MOHOB npu pH > 2. I'pynnsl kucioTHOW npupozasl B 3aBucumoctu oT pH pactBopa
YaCTUYHO WJIM MOJHOCTBIO TUCCOLMUPYIOT U OTBEYAIOT 32 COPOLIMIO NOHOB METAJUIOB B pPe3yJbTaTe
HOHHOTO B3ammopeicTBus. [lpu Hu3kux 3HaueHusx pH ¢ochopHOKHCTBIE UM KapOOKCHIBHBIC
TpyNIbl MOHUTOB MAlO AMCCOIMUPOBAHBI U IMO3TOMY HAOIIO/AETCs KOHKYpUpPYIOLIAs COpOIus
MEXTy HOHaMH METaJlJla ¥ HOHaMHU BOJOPO/a 3a GyHKIIMOHATbHBIC Tpymibl HOHUTOB. C poctom pH
pacTBopa KOHCTaHThl YCTOMYMBOCTU MOBEPXHOCTHBIX KOMILIEKCOB MOHOB IIMHKA, KaJMU U CBHUHIIA
¢ (QYHKIMOHATHHBIMU TPYIIIAMA 000UX COPOSHTOB BO3PACTAIOT, B TO BPEMsI KaK JUIsi HOHOB MEIU
OHM YMEHbBIIAIOTCs. BbICOKHe 3HaYeHHs] KOHCTAHT YCTOWYMBOCTH KOMILIEKCOB HMOHOB MEIU C
(YHKIIMOHATBHBIMA ~TPYIIIAMH  HCCIICIYEMBIX HOHHTOB [0 CPaBHEHUIO C AaHAJOTUIHBIMU
3HAYEHUSIMU U HOHOB IIMHKA, KaJIMUs U CBUHIIA B uHTepBasie pH 3—5 crocoOCTBYIOT TOMY, 4TO B
aTOit obOnactu pH Habmomaercs: u3BneueHne MoHOB mMeau. [Ipu copbumu nonutom Diaion CR-11
MakcUMajbHble 3HadeHusl KoddduiueHTa pacmpeneneHus P mpu UCXOAHONW KOHIIEHTpaIUH
0,5 rMe-n ! s monos Cu**— 1,62-10°, s Zn?*— 0,6-10°, nyis Cd®*— 0,48-10° u s Pb%*— 0,94-10°
cM>/r. CopOLMs N3YHEHHBIX HOHOB M3 pa3baBIeHHBIX pacTBopoB (0,1-0,25 T.1") xapakTepusyercs
Oonee BbICOKOHM creneHbto u3BinedeHus (98—99 %) ¢ oumcrkoit pactBopoB no 3Havenuid I1JIK.
Taxoke onpeaenensl K03 dunueHTs! pacnpeaeiaenus psaa map: Cu/Zn, Cu/Cd, Cu/Pb u Cu/Cd,Pb
3 PACTBOPOB C HAYAIBHOM KOHIIEHTpALHeEil 10 KaXIOMY HOHY paBHast 0,25 r-1 . KonudecTBeHHOe
pa3jeneHne CMeCH JBYX HWOHOB METOJIOM CeJNEeKTHBHOW copOumu jpocturaercsi, ecimu P
COpOHMpYEeMBIX U HECOPOMPYEMBIX HOHOB UMEIOT creayromuii mopsiaok: P;>100-300 u P»<3-10, a
ux otHomrenue 10-30. Tomsko y Duolite C467 B untepsaie pH ot 4,5 10 6,5 cootHomienne Pey/Ppy
3HauuTenbHO Oosbiie 30. Ha sTom copOeHTe mpu OMpeNeNeHHBIX YCIOBUSX MOXKHO MPOBOJIUTH
KOJIMYECTBEHHOE OT/ICJICHUE MOHOB ME/IM OT MOHOB CBUHIIA. BBICOKast COpOMPYyEeMOCTh HOHOB MEH
U CBHMHIIA YKa3bIBaeT Ha ceieKTHBHOCTh nonuta Diaion CR-11 k mauubiM nonam. [Ipu copOiuu u3
OMHApHBIX PACTBOPOB C HaudalbHOW KOHIEeHTparueid 0,5 rot (0,25 rCu®*nt u 0,25 an2+'Jfl,
0,25 rCu®" 1t u 0,25 rCd** .t 0,25 rCu®* it u 0,25 er2+-Jfl) it K03 dUIMeHTa pasaeieHus
MOJIY4EHbl COOTBETCTBEHHO Clleyrolue BenuuuHbl: 12,6, 29,86 u 6,84. Kak BugHo, npu
COBMECTHOM MPUCYTCTBUM MOHOB M€ U KaJIMUsl pa3jiesieHue nporekaet 6osuee 3hPeKTUBHO.

N30oTepMbl cOpOITMY HOHOB HOHUTAMHM, TTOCTPOCHHBIC METOJIOM MEPEMEHHBIX KOHIICHTPAIIHH,
MIPEJICTABISIOT COOOM BBIMYKIIbIE KPUBBIC, UMEIOIINE HAYabHBIN Y4acTOK, OMU3KHUI K JIMHEHHOMY
(ygactok ['enpr), Ha KOTOPOM BEJIMYHMHA COPOITUHU MPAKTUICCKH TIPONOPITUOHATIFHA KOHIICHTPAITUU
HMOHOB B PacTBOpE, T.€. MPH MAJIbIX KOHIIEHTPAIMSIX MPOUCXOTUT KOoIMMuecTBeHHasi copOrus. [Ipu
pH 5-6 ormedaercs MakCMMyM H3BIIEYEHUS HOHOB METALIOB. M3 MONy4eHHBIX pe3ynbTaToB
COCTaBJICHBI PSAbl CEJIEKTUBHOCTH COPOLIMM WM3YYCHHBIX HOHOB HCCIIEIyeMBIMH COpOCHTaMH B
uHTEepBaNe KoHieHtpauuii 0,5-5,0 rMe/m: Cu**> Zn?*> Cd**> Pb* (w1 Duolite C-467) u
Cu?*>Pb**>Zn*">Cd** (1 Diaion CR-11).
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Jlnst MmateMaTtuyeckod oOpabOTKH H30TEepM cOpOLMM OBLIM HCIIONIH30BaHBI COPOIIMOHHBIE
Mozenu JIanrmiopa, @peitnanuxa u Pemnxa—Ilerepcona. CopOuus MOHOB BO Bcell M3ydaemoi
o0JacTh KOHIIEHTpAlMii Ha OSTUX HOHUTAX MPEUMYIIECTBEHHO MPOTEKAET II0 MEXaHU3MY
JIaHrMIOpa, T.€. Ha MOBEPXHOCTH MOIHaM(OIUTOB 00pa3yeTcss MOHOMOJICKYISPHBIA COPOIIMOHHBIN
CIION U BCE aKTUBHbBIE IIEHTPHI B OCHOBHOM 00Ja/1al0T PaBHOM 3HEpPruei u SHTalblHel copOuuu.
[IpaBUNbHOCTH OMpeneiIeHUs MapaMeTpoB ypaBHEHUs JIPHTMIOpa NpOBEpsUIM NIyTeM pacdeTa
TeopeTudyecko (opMbl HM30TEPM IO MOJYyYEHHBIM 3HAUEHUSM Amax (IpenenbHas copOuus B
MoHocoe) u K (koHcTaHTa COpOIIMOHHOTO MICEBIOPABHOBECHS) U CPABHEHUS TIOTYYCHHBIX H30TEPM
¢ onbITHBIMUA. CopOLMsI U3y4YEHHBIX KAaTHOHOB XOPOIIO OMUCHIBAETCS JTMHEHHON 3aBUCUMOCTHIO B
koopanHaTaX Cpapu/A — Cpasu. ¢ BBICOKHMM Kod(duruenrom koppensuuu (R =0,98-0,99), urto
MO3BOJISIET IOCTATOYHO HA/IEKHO OMPENEIUTh BEIUYMHBI Amax, U K. CopO1iioHHOE paBHOBecUE pH
M3BJICYCHUH HOHOB METAJUIOB  YCTAaHABIMBAETCS JOCTATOYHO XOpouio, B TedeHue 2,5-3,0 u.
Brruucnennsle BeTWYMHBI TPH paauyce 3epHa B HaOyxmem coctosHuu 0,063 cM BpeMeHH
noxyoGMena st moHoB Cut, Zn?*, Cd*" u Pb?" coorsercrenno pasubl: 25,5, 29,7, 33,6 u 46,6
MuH. V3MeHeHue ycioBui skcrepuMeHTa (0e3 mpepblBaHUsS M C HPEpPhIBAHUEM) 3HAUUTEIBHO
BIIMAET HA CKOPOCTh COpPOIMHM HMOHOB 00euMH HOHMTaMH. [IpM HUBKHUX CTENEHSAX MOCTHXKEHUS
paBHoBecust 3aBucuMocTd —lg(1-F) oT t OTKIIOHAIOTCS OT HPSAMO¥, a MPH BBICOKHX MPHOOPETAIOT
MPSIMOJIMHENHBIN XapakTep, B TO BpeMs KakK 3aBUCUMOCTH F ot t2 npu 3Hauenusix F no 0,4-0,45
MIPEJICTABISAIOT co00il MpsAMbIe, HCXOAAIME U3 Havyana KoopauHat. Takas ¢opma paccMOTPEHHBIX
3aBUCHMOCTEH XapakTepHa /I HMOHOOOMECHHBIX TPOIECCOB, KMHETHKA KOTOPBIX OMPEIeseTCs
BHyTpeHHel nuddysueit. [loBbiienne TemmnepaTypsl 0ojee OTUETIMBO CKa3bIBAETCs MPU cOpOLUU
HOHOB cBHUHIIA M Kaamusi monutom Duolite C—467, T.e. yem BbIllic dHEPTUs AKTUBAIMH, TEM B
OoJblel  CTENEHU HU3MEHSIeTCd CKOpOCTh COpOLMM TMpU  W3MEHEHHWH  TeMIIepaTyphl.
TepMoauHaMUUeCKOe OMHUCAaHUE MPOIECCOB OBUIO TPOBEACHO NPH JOMYIIEHWH HACAITBHOCTH
TBepAoH (asbl, T.e. 6€3 yyera K0d(HPHUIMEHTOB aKTUBHOCTH UOHOB B COPOMPOBAHHOM COCTOSTHHH.
CopO1ust BcexX KaTUOHOB MPOXOIUT ¢ BbiaeneHueM Teruia (AH<0). DkcnepuMmeHTanbHbIE JaHHBIC
MOATBEPIKIAI0T TEHJCHIIMIO YMEHBIICHUS SHTPOIUU MPH BO3PACTAHUU CEJIEKTUBHOCTH COPOIIMH.
Benuunna >HTpONUHWHOTO MHOXHUTENS JIJII MOHOB MEAM MEHBIIE, YeM IJis JAPYTHMX HOHOB. JTO
TOBOPHUT O Ooliee OBICTPOM YCTAHOBJIEHHHM COPOLIMOHHOTO paBHOBecHs. Ha mpumepe copOumu
noHOoB Meau noiuamdoruroM Duolite C—467 npuBosTCs BIYHMCICHHBIC 3HAYCHUS KO3 dUIMeHTa
mud¢y3uu, SHEPrHUHM AaKTHBAIMM, SHTPONUM AaKTUBAIUU, DHTAJBIIHNH, CBOOOJHOW SHEPrUUu U
SHTPONMHUHOTO MHOXHUTEIIA: 2,64-1077CM2/C, 14,5 xx/mons, —51 Jx/monb-K, —21,5 kJIx/mMounb,
—6,3 xJ[>x/Monb U 5,44-10718 cM2. AHAOTHYHBIE BEIMYMHBI OBLIH BHIYUCIECHB TAKKE JUISL IPYTUX
MOHOB OOEMMH HOHMTaMHU. B mporeccax ¢ BBIJENCHHEM TeIjla U YMEHbBIIEHHWEM SHTPOMUU
CEJICKTUBHOCTD YIPABIISIETCS YHTAIBITUIHBIM (PAaKTOPOM.
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BenencTBue LIMPOKOrO HCNONB30BAaHMS METaHONA JUIs NPEeNOTBpAallleHHs M JHUKBUAALMHM Ta30BBIX THUAPATOB Ha
HedrerazokoHneHcaTHbIx Mectopoxaennsix (HI'KM) momyTHele M TpOW3BOJCTBEHHBIE CTOYHBIE BOJBI COJEpPIKAT
3HAYUTEIBHBIE €r0 KOJHMYECTBA, YTO OOyCIaBIMBacT HEOOXOAMMOCTH pPEreHEpalnd METaHOJda W3 HUX C IIeTBbI0
TIOBBIIICHUS OKOJOTHUECKOW Oe30macHOCTH. B CBsI3M ¢ STHUM WCCICIOBAaHWSA, HAaIpaBICHHBIE Ha pa3pabOTKy
KOMIUIEKCHOW TEXHOJIOTUH OYUCTKU nonyTHbeIX Box HI'KM, npenycMarpuBaroniye JOMOJIHUTENBHYIO PETEHEPALIUIO U3
OYMIIAeMBIX BOJ METaHOJa, WCIOJIB3yeMOTO Ul WHTHOMPOBAHMS THIPATOOOpa3OBaHHS, HApALy C JOBEICHHEM
OCTaTOYHOH KOHIIGHTpPAIlMH B CTOYHBIX BOJAX MO MpeaenbHO momycTumol koHumeHTparuu (II1K), sBistorcs BechMa
aKTyalbHBIMH.

HUcnonszyembie Ha HI'KM MeTonbl perenepanuu MeTaHoJIa U3 CTOUHBIX BOJI TIO3BOJISIIOT BO3BpAIIaTh B MPOU3BOCTBO
TOJIBKO OCHOBHYIO €ro 4acTh B BHJE BOJOMETAHOJIBHOIO pacTBOpa, NMPHYEM OCTATOYHAs KOHLEHTpalus B HHUX
cocrapmsier 10130 /oM, 9TO NpEACTABISET CEPHE3HYIO yIpO3y JUIS SKOCHCTEMBI PAifOHA PAacIONOKEHHS
MecTopoxaeHus. [loaToMy HaMu npesIararoTcs TEXHOJIOTHUECKUE PEIIeHUs] OYMCTKY MOMYTHBIX U MPOM3BOICTBEHHBIX
METaHOJICOJepKAITUX CTOUHBIX BoA A0 IIJIK m nomonmHHTENbHOM pereHepanuu MeTaHOJA W3 OYHIAEMbIX BOJ,
OCHOBaHHBIC HAa WCIIONF30BAaHUHM HUTPUTAa HATPUSA B KHUCIOW cpene, 0oOpas3yromero ¢ METaHOJOM JIETKOoJeTydee
COEIMHEHHUE.

Peakmus mpoTekaeT KOJMYECTBEHHO W JAOCTaTOYHO OBICTpO. [IpemnmaraeMblii METOH MO3BOJSAECT OOCCIICYHTH OYHCTKY
METaHOJICOJIEPKANTNX CTOYHBIX BoJ 1o TpeboBanmii [1/IK u momydaTs BOIOMETaHOIBHYIO CMECh, COACpIKANIyI0 65—75
Macc % MeTaHOJa, KOTOpas MOXET OBITh UCIIOIB30BaHa MPH ra30J00bYe U MMOATOTOBKE ra3a K TPaHCIIOPTHPOBAHHIO.
PazpaboTaHHBIE TEXHOJNIOTHYECKHE PEHICHHS JOOYHCTKA  METAaHOJICOJACPXKAIIUX CTOYHBIX BOJA  OOBEKTOB
ra30KOH/ICHCATHBIX MECTOPOXKICHUH HapsAIy C IPOCTOTON BBIOJIHEHUS PEIIAIOT CIEAYIOIINE 3a/1a4H:

- OYHCTKH CTOYHBIX BOJ OT MeTaHoma 10 BennauHsl [1/1K;

- IOJTHOTHI PEreHePalii METaHOIa ¥ OCHOBHOI'O PEareHTa;

- TEXHOJIOTHS OTan4aeTcst 3Q(HEKTUBHBIM POTEKAHUEM HE3aBHCHUMO OT BEJIMYUHBI O0LIEeH MUHEpAIM3alMy BOJBI U €ro
TeMIepaTyphbl, a TAKKE OT UCXOIHOM KOHIIEHTPAIlMH METaHOIA.

KaloueBble cioBa: meranois, koHueHtpauus, ITJIK, crounble Bonbl, He(TEra3oKOHAEHCATHBIE MECTOPOXKICHUS,
9KOJIOTHYECKasi 0€301TaCHOCTh, TEXHOJIOTHS OYUCTKH, HUTPUT HATPHSL.

NEW TECHNOLOGY WASTEWATER TREATMENT OIL AND GAS
FIELDS METHANOL

Mustanger Sh. Abdullaev, Ph.D., Senior Researcher, Institute of Geology of Daghestan Science Centre of
Russian Academy of Sciences, Laboratory of Physical and Chemical Research, 75, Yaragskogo Street,
Makhachkala, 367000, Russia
Magomed I. Akhmedov, Ph.D., Head of Laboratory of complex use of industrial underground waters, JSC
“Gazprom NPC Podzemgidromineral”, 23, Daniyalova Street, Makhachkala, 367000, Russia
Raisa M. Gadzhimuradova, Ph.D., Associate Professor of Department of Chemistry, Daghestan State
Technical University, Technological Department, 70, Shamilya Avenue, Makhachkala, 367000, Russia,
E-mail: dstu_grm@mail.ru

Because of the wide use of methanol for the prevention and elimination of gas hydrates in the oil and gas fields in
passing waters and industrial wastewaters contain significant amounts of methanol, which necessitates the recovery of
methanol from them in order to improve environmental safety. In this regard, research aimed at developing an
integrated water purification technology providing additional recovery methanol used to inhibit hydrate formation,
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along with bringing the residual concentration in the wastewater to the maximum permissible concentration are highly
relevant.

The methods used oil and gas fields for methanol regeneration from wastewater allow to return to the production of the
basic part of it in the form of water-methanol solute, and the residual concentration in them is 10-130 g/dm®, which
poses a serious threat to the ecosystem of the area of the field. Therefore, we suggest technological solutions of
purification passing waters and industrial wastewaters up to the maximum allowable concentration and the additional
recovery of methanol from the cleaned water, based on the use of sodium nitrite in an acidic medium, forming a volatile
compound with methanol.

The reaction proceeds quantitatively and fast enough. The proposed method allows purification of a methanol
containing wastewater up to the maximum allowable concentration and obtaining water-methanol mixture containing
65-75 wt % of methanol, which can be used for gas production and preparation to the transportation.

The technological solutions aftertreatment methanol-sewage facilities condensate fields, along with the ease of
performing the following tasks:

- purification of wastewater up to the maximum allowable concentration;

- regeneration completeness basic reagent and methanol,

- the technology is efficient independently of the flow of the total quantity of water salinity and temperature, as well as
the initial concentration of methanol.

Key words: methanol, concentration, maximum allowable concentration, wastewater, oil and gas fields, environmental
safety, purification technology, sodium nitrite.

BcenenctBue MMPOKOro MCHOJIb30BaHUSA METAHOJNA JJIs MPEAOTBPALLEHUS U JIMKBUJALUU
ra3oBbix ruaparoB Ha HI'KM, ero coxep»kanue B IOIYTHBIX U IPOM3BOJACTBEHHBIX CTOYHBIX BOJAX
Haxoautcss B uHTepBasie 0,2-90 06. % [1, 2]. CToumMocTh MeTaHOJa, 3aTpaThl MO JOCTaBKE, €ro
TOKCHUYHOCTh, COOJIIOJICHUE HKOJOTMYECKOM O€30MacHOCTH MPOM3BOJCTBA  00YCIaBIMBAIOT
HE0OXOIMMOCTh pereHepallid METaHOJIa U3 TMOIMYTHBIX U MPOU3BOJICTBEHHBIX CTOYHBIX BOJA U HUX
COOTBETCTBYIOLIEH OYUCTKHU.

Ucnonszyempie Ha HI'KM meTonbl pereHepanuy MeTaHOla M3 CTOYHBIX BOJ IO3BOJISIOT
BO3BpaIllaTh B MPOMU3BOJCTBO TOJILKO OCHOBHYIO €0 4acTh B BUJE BOJOMETAHOJIBHOIO PAacTBOpA.
OcraTouHasi KOHIIEHTPALUsl METAHOJIA B CTOYHBIX BOJAAX IOCIIE perenepauuu cocrasisieT ot 10 o
110-130 r/am®. COpoChl TakuX BOJ B OKPYXKAIOLIYIO CPEdy BBI3BIBAIOT CEPbE3HBIC HAIPY3KH HA
9KOCHUCTEMBI paiioHa pacnojioxkeHus mectopoxkaeHus. I[JIK meraHoma B Boje XO3sHCTBEHHO-
MMATHEBOTO Ha3Ha4YeHUs cocTaBisieT 3,0, ppi00X03siicTBeHHOTO Ha3HaueHus — 0, 1 M/,

Jlns oBelieHHsI OCTATOYHOI'O COJIEpXKaHMs MeTaHojia B cOpachlBaeéMbIX BOJax JI0 YPOBHS
[IJK wucnonws3ytorcst BapuaHThl Ouosiormdeckoit ouuctku [3]. s mHTEHCHUKAIMU Tpoliecca
MIPUMEHSIIOT CHEIHATBHYI0 METHIOTPO(HYI0 OMoMaccy akTUBHOTO uia. J(HPeKTUBHOCTD yAaleHUs
MeTaHoJia cocTaBisieT He MeHee 95 %. MakcumanbHO JomycTuMasi KOHIIEHTpAlusi METaHosla B
OUMILAEMOM BOJIe MpHU OHOJIOrMYecKoil oumcTke coctasiseT 30 mr/nm®. Metox oKomormdeckn
YUCTBIN, HO MpH OONBIINX 00bEMax BOJ C BHICOKUMH COJEPKaHUSMU METaHOJa M PacTBOPEHHBIX
COJIEN MCKJIFOYAETCsl BO3MOKHOCTD €r0 UCIIOJIb30BaHUS.

JUIs OYMCTKM CTOYHBIX BOJ OT METAHOJIa HCCIEIOBaHbl PA3JIUYHBIE JECTPYKIMOHHBIE
MeTonbl. Pa3zpaboTaH MeToA ¢ HCMONb30BAaHHEM YIbTPa(UOIETOBOTO HM3ITYUYEHHUS IKCHUIAMIT Ha
IUMepax KCEHOHa Xep, M3NIYyYalollUX MPEeUMYIEeCTBEHHO BOMM3u A = 172 HM. {1 moBbIIIeHUS
MPOU3BOIUTENFHOCTH (HOTONM3a aBTOPHI MpeUlaraloT J100aBJIeHHE a30THOW KHCIOTHI TpU
MacCOBOM OTHOIIIEHUH KUCJIOTHI K MeTanoy 10:1 [4]. HemocTaTkoM TEXHOIOTHU SIBISIETCS TO, YTO
OHa He oOecreynBaeT CHIKEHHE COJIepXKaHUs MeTaHosla B cTOuHOW Boje 1o BennuuHbl [1IK u
TpeOyroTCs O0IbIINE PACXO/IbI A30THOM KUCIIOTHI, OTCYTCTBUE U30MPATEIHHOCTH K METAHOIY.

HccnenoBanbl METO/IbI OYUCTKH MPOMBIIIJIEHHBIX CTOKOB C MCIOJB30BAaHUEM HMITYJIbCHBIX
yCKOpUTENeH, 030Ha, aqaykrooOpa3oBaHus. HemocTaTku NeEepevHCICHHBIX JIECTPYKIMOHHBIX
CrIOCOOOB — OrpaHMYEHHUs [0 MCXOAHOM KOHIEHTpAallMd MeTaHoja B BoOje, 0OpazoBaHuE
OCKOJIOUHBIX TPOJYKTOB paclaja METaHoJla, KOTOpble MOTryT OBITb TOKCHYHEE HCXOIHOTO
BELIECTBA, HM3Kasg CTENEHb OYMCTKHM, OOJIbIINE DSHEPreTUYEeCKUe 3aTpaTbl, OTCYTCTBHE
CEJIEKTUBHOCTH.

Haubonee nepcrieKTUBHBIM MPEACTABISAETCS METOJ TITyOOKOTr0 KaTaIUTUYECKOTO OKHCICHUS
MeTaHoJa KUCIOPOAOM BO3/yXa B ammapare ¢ KUIIIUM ciioeM Karanusaropa [S]. [Ipeanaratorcs
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HEJIOpOTMe KaTalu3aTopbl HA OCHOBE OKCHJA aTOMHUHMS. OUHCTKA CTOYHBIX BOJ 3THUM METOIOM
MO3BOJISIET JIOBECTH KOHIICHTPAIIUIO METAHOJIa B KOHACHCHUPOBAHHOH Mapora3oBoii ¢aze Ha BBIXOJIE
u3 peakropa 10 2,2 + 0,2 Mr/ae 1 penuTh IpodsieMy cOpoca CTOUYHBIX BO/I.

HenocraTkamMu JaHHOTO MeETOJA SBJISIOTCS: HEOOXOJUMOCTH MOMJCPIKAHUS BBICOKON
TeMIIepaTypbl peakiMOHHOU cpefbl (He Huke 450 °C) u orpaHUYeHHS 110 KOHIICHTPAIlUA METaHOJIa
B OYMII[AEMOH BOJIE (OHA TOJDKHA OBITH B HHTEpBae 45—1500 Mr/mm°).

Crnenyer moA4YepKHYTh, YTO HCIIOJIB30BAHUE JAECTPYKTUBHBIX METOJOB OYMCTKH HCKIIIOYAET
MPUHIUITAATBEHYIO BO3MOXKHOCTh pereHepaliuy U BO3BpaTa METaHoJIa B MPOU3BOJICTBO.

B cBs3u ¢ 3TUM HccnenoBaHus, HAIpaBlIEHHBIE HAa Pa3pabOTKy KOMILJIEKCHOM TEXHOJIOTUU
ounctku nonyTtHelx Box HI'KM, npenycmarpuBaromipe JONOJHUTENBHYIO PEreHEpalMio U3
OYUIIIAEMbIX BOJ METAHOJA, UCIOIb3yEeMOro Uil MHTHOMPOBAHUS TUAPATOOOPAa30BaHMs, HAPSAY C
JIOBEJICHUEM OCTaTOYHOM KOHUEHTpauMu B CTOYHbIX Bojax npo IIJIK, sBusdrorcs  Becbma
aKTyaJbHBIMH.

Pa3paboraHbl TEXHOJOTHMYECKHE PEIICHUS OYUCTKH TIONMYTHBIX H TPOU3BOJCTBEHHBIX
MeTaHoJIcoJepKaux cTouHbiX Boh 1o IIJIK u nonmosHuTensHOR pereHepanuy METaHoIja,
OCHOBaHHbIE Ha MCIOJb30BAaHUM peareHTa, OOpa3yIoLEro ¢ METAHOJIOM JIETKOJIETYy4ee
COEJIMHEHHE.

B kadectBe peareHTa MCHOIB3YeTCsS HUTPUT HATPHUsS, KOTOPHIN B KUCJIOW CpPe/ie B PE3YJbTATe
B3aMMOJICHCTBUS ¢ MeTaHOJOM oOpa3zyerT MeTWIHUTPUT. C a30TUCTOM KHCIOTON, HUTPUTAMU B
KHUCJION Cpe/ie WU aHTHIPUIOM a30THCTOM KUCIOTHI METAHOJ 00pa3yeT METHIIHUTPUT:

CH30H + HNO; — CH3ONO + H,0

CrnemyeT OTMETHTh, YTO PEAKIUS MPOTEKACT KOJWYECTBEHHO M JOCTATOYHO OBICTPO.
MEeTHIIHUTPHT JIETKO MEPEXOAUT B Ta3oByI0 a3y, Oiarogapst 4emy BojJia MPAKTUUECKU MOTHOCTHIO
OYMINACTCA OT METaHOoJIa, 3aTeM IIOTJIOUIAETCS PACTBOPOM IIEIOYHOro abcopOeHTa H TpHU
rUApoiu3e 00pa3yeT METaHON M HHUTPUT HaTpus. B pesynprare AUCTUIUSIIMM OTPaOOTaHHOTO
HACBIIIEHHOTO a0COpOeHTa MOMYYar0T BOJAOMETAHOJIBHYIO CMECh, KOTOPYIO BO3BpAIIalOT B
OCHOBHO€ MMPOU3BOJICTBO, pPACTBOP HUTPUTA HATPUS, BO3BPALLIAEMbII B TOJIOBY IPOILIECCa OUUCTKH.

[TpoBeaeHME TEXHOIOTHUECKUX MPOILIECCOB C COOJIIOICHUEM PETIaMEHTUPYEMBIX TTapaMeTPOB
MO3BOJIUT OOECIEUYUTh OYUCTKY METAHOJCOJEPKAlINX MOMYTHBIX U MPOU3BOJCTBEHHBIX CTOYHBIX
Boa 10 TpeboBanuit [1/IK u momyunTh BOIOMETAaHOJIBHYIO CMECh, coiaepxainryto 65-75 macc. %
METaHOJia, KOTOpas MOXeT OBbITh HCHOJb30BaHA TMPU Tra30l00bIYe M TMOATOTOBKE Ta3a K
TPaHCIIOPTHPOBAHUIO.

B pe3ynbraTte NpOBEACHHBIX HCCIEIOBaHUN pa3paboTaHbl TEXHOJOTHUYECKHUE pPEIIECHUS
JIOOYUCTKH METAHOJICOAEPIKAIINX CTOYHBIX BOJI OOBEKTOB Ta30KOHJACHCATHBIX MECTOPOKICHHH,
KOTOPBbIE HApsAy ¢ IPOCTOTOM BBIMOJHEHUS, PEIIAIOT Pl 3a/1a4:

- OYMCTKH CTOYHBIX BOJ OT MeTaHoa 0 BenuuuHbl [TJ1K;

- MIOJIHOTHI PereHepalii METaHoJIa U OCHOBHOTO peareHTa (HUTpUTa HaTpus);

- TEXHOJIOTHSI OTAUYaeTcs: d(PPEKTUBHBIM MPOTEKAHWEM HE3aBUCUMO OT BEJIMYUHBI OOIIEH
MUHEpAIN3alUH BOJIbI U €T0 TEMIEPATYPHI, @ TAK)KE UCXOTHON KOHIEHTpAI[MU METaHOJIa.
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BBICOKOYACTOTHAA YJIBTPA3ZBYKOBAS OBPABOTKA
MAPA®HUHUCTOM BBICOKOCMOJINCTOM HE®THU

Anydpues Poman BukropoBuy, actimpant, @enepaabHoe TOCYIapCTBEHHOE OOKETHOE YUPEKISHUE
Hayku MHcTUTYT Xumun Hedtu Cubupckoro otaeneHus Poccuiickoii akagemun Hayk, 634055, Poccus,
r. Tomck, mp. Axkagemuueckwuit, 4, E-mail: slaymer89@mail.ru
BoakoBa I'anuna UBaHOBHA, KaH. XHM. HAyK, JOLEHT Kadeapsl BHICOKOMOJIEKYIISPHBIX COSTUHEHUN U
HedTexumuu, HanimoHa bHbIN UccaeoBaTeNbcKuil TOMCKUI rOCYJapCTBEHHBIH YHUBEPCHTET, XUMUUECKUI
¢dakynbrert, 634050, Poccus, r. Tomck, np. Jlenuna, 36; ct. Hayd. cotp, PeaepaibHOE rocy1apCcTBEHHOES
OromkeTHOE yupexaenne Hayku MactutyT xumnn Hed T Cudbupckoro otaenenus Poccuiickoit akaneMun
Hayk, 634055, Poccus, r. Tomck, nip. Akagemudeckuii, 4, E-mail: galivvol@yandex.ru

B cBs3u ¢ BBIpabOTKOIl aKTHBHBIX 3aracoB JITKOW HedTH Bce Oonee BOCTPEOOBAHHBIMU CTAHOBSTCS MECTOPOXKACHHS
Tsoxensix Hedredt [1]. Pa3paboTka m mpuUMEHEHHE HOBBIX TEXHOJIOTHH, OCHOBAaHHBIX Ha (PH3MUYECKHX METOAAX
BO3/ICCTBUS, @ IMEHHO BBICOKOYACTOTHOW yIbTPa3ByKOBOH 00paboTku (Y30), Mo3BONAET YIyUIINTh CTPYKTYPHO-
MeXaHUIeCKHe CBOICTBa MapaMHUCTHIX BEICOKOCMOJIUCTRIX HedTel [2].

Iens naHHOW PabOTHI — MCCIIEAOBATH BIUSHNE YIBTPa3ByKOBOKH 00pabOTKM Ha CTPYKTYPHO-PEOJIOTHIECKUE CBOMCTBA 1
cocraB napadunucToi BricokocMmonrcTol Hegtu ([IBCH). B kauectBe 0oOBekTa mcciaeoBaHUS B3sTa MapaduHUCTAs
BBICOKOCMOIIMCTast HeTh, C TeMreparypoil 3acteiBanust —19 °C, conepxauias 76,8 % mac. macen (B Tom uucie 4,0 %
Mac. H-ajkaHoB), 16,1 % mac. cunukareneBbix cMon U 7,1 % mac. acdanbTeHOB. AKyCTHYECKYIO 00paboTKy HedTH
MPOBOJWIIM Ha YIbTpa3BykoBoM je3uHTerparope tuma UD-20, na paGoueii uwactore 22 k[ U WMHTEHCUBHOCTH
6,2 Br/cm’. i3Mepenne peoioriyeckix napaMeTpoB 06pasiioB HedTH npoBoaid Ha BrckosuMerpe Brookfield DV-III
ULTRA. Temneparypy 3acteiBanusi 00pa3uos omnpeaeisiu Ha npudope «MTHITH» (KPUCTAJLI). UK-cnektpsl HehTH
¥ ee KOMIOHEHTOB peructpupoBami Ha FTIR-cnextpomerpe NICOLET 5700 B o6mactu 400—4000 cm . Macmsiyio
Gbpakiuo  HeTH aHATM3MPOBAIM METOAOM Xpomartomacc-crekrpomerpun GSMS-DFS  «Termo  Scientificy.
[TpoBeneHHble MCcIeNOBaHMS IIOKa3bIBAIOT, YTO YJIbTPa3ByKoBas oOpaboTka BecbMa 3(GQEKTUBHA IS yITyYIICHHS
BSI3KOCTHO-TEMIIEPATYPHBIX MapaMeTpoB NMapaMHUCTOW HEPTH C BBICOKHM COAEP’KaHHEM CMOJIHCTO-ac(albTeHOBBIX
KOMITOHCHTOB.

KnaioueBble cioBa: ynbTpa3BykoBas o0paboTka, mapadMHHCTast BBICOKOCMOJIMCTAs He(Th, KOMIIOHEHTHBIH COCTaB,
BSI3KOCTh, TEMIIEpATypa 3aCThIBaHMUS, Macia, CMOJIbI, aC(aibTeHBbI.

AN ULTRASONIC TREATMENT OF THE PARAFFINIC
HIGHLY RESINOUS CRUDE OIL

Roman V. Anufriev, postgraduate student, Institute of Petroleum Chemistry Siberian Branch of the Russian
Academy of Sciences, 4, Academichesky Avenue, Tomsk, 634055, Russia, E-mail: slaymer89@mail.ru
Galina I. Volkova, Ph.D., Associate professor of Department of High Molecular Compounds and Petroleum
Chemistry, National Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk,
634050, Russia; Senior Researcher, Institute of Petroleum Chemistry Siberian Branch of the Russian
Academy of Sciences, 4, Academichesky Avenue, Tomsk, 634055, Russia, E-mail: galivvol@yandex.ru

Due to the exhaustion of active light oil reserves are becoming more popular heavy oils [1]. Development and
application of new technologies based on physical methods of influence, namely high-frequency ultrasonic treatment,
allows to improve the structural and mechanical properties of paraffinic highly resinous oil [2]. The purpose of this
work — to investigate the effect of ultrasonic treatment on the structural and rheological properties and composition of
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paraffinic highly resinous oil. The object of investigation was taken paraffinic highly resinous oil with a pour point of —
19 °C, containing 76,8 wt. % saturates (including 4,0 wt. % n-alkanes), 16,1 wt. % resins and 7,1 wt. % asphaltenes.
Sonication was performed on ultrasonic disintegrator UD-20 at an operating frequency of 22 kHz and intensity of 6,2
W/cm?. Rheological measurements were carried out on a rotary viscometer Brookfield DV-111 ULTRA. IR spectra of
oil and its components in solution CHCI; recorded on NICOLET FTIR-5700 spectrometer in the region 4004000 cm™.
Saturate fraction was analyzed by gas chromatography-mass spectrometry GSMS-DFS "Termo Scientific". Studies
have shown that ultrasonic treatment is very effective to improve the viscosity-temperature parameters paraffinic oil
with a high content of resin-asphaltenes components.

Key words: ultrasonic treatment, paraffinic highly resinous crude oil, component composition, viscosity, pour point,
oil, resin, asphaltenes

HccnenoBanusi, IpOBEACHHBIE paHee, MOKA3all, YTO U3MEHEHUE CTPYKTYPHO-MEXaHUYECKUX
CBOMCTB He(TAHBIX CHCTeM, OOpaOOTaHHBIX B YyJIBTPA3BYKOBOM IIOJIe, 3aBUCUT OT HUX
KOMIIOHEHTHOTO COCTaBa. MakcuMallbHasi JIeNpeccHs TEMIIepaTypbl 3acThIBaHUS M BSI3KOCTU
MoJIyueHa Ha Mapa@UHHUCTBIX CMOJMCTBIX HEPTSIX MPU COOTHOLICHHUH CMOJIMCTO-ac(albTeHOBBIC
KOMIIOHEHTHI: H-ajkaHbl = 2—8 [3]. B mapaduHUCTOI BBHICOKOCMOJIMCTON HE(PTH, HCCIETyeMO B
JTaHHOU paboTe, 3TO COOTHOIIEHUE cocTaBiseT 5,8. Jlaxe kpaTkoBpeMeHHasi 00paboTka 3Toit HedTu
(1 MUH) IPUBOAUT K CHUKEHUIO JTMHAMHYECKOM BS3KOCTH Oojee ueMm B 2,5 paza (puc. 1, a). C
YBEJIMYECHUEM BPEMEHU BO3JICHCTBUS JEMpPeccOpHbI 3(QeKT ycunmBaercs, Hampumep, IMOcie
15 mun Y30 Bs3KOCTh B 0071aCTH MasbIX ckopocTed casura nagaet ¢ 1060 mlla-c o 60 mlla-c.
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Puc. 1. Bimsuaue Bpemenu Y30 Ha auHaMudecKyro Bsa3kocTs npu 20°C (a), TeMneparypy 3acteiBanus Hedru (6) 1
TeMIepaTypy Hadasa KpUCTAUTU3ALUH (B)

Jlenpeccus TemnepaTypbl 3aCTbIBaHUA YK€ uepe3 5 MUHYT Bo3aelcTBusa coctasisier 20 °C.
(puc. 1, 6). Bs3kocTHO-TemMmepaTypHble KpUBBIE IIOKa3bIBAlOT, 4YTO TeMIepaTypa Hauaia
KpUCTaNIu3auu i HedTu, 00paboTaHHON B TeUEHUE 5 MUHYT CHMXKAeTCs MOYTH Ha 4 rpajayca
(puc. 1, B). Ilpu yBenuueHun BpEeMEHU aKyCTHMUYECKOTO BO3AECUCTBUS BSI3KOCTHO-TEMIIEPATypHBIE
XapaKTePUCTHKH MapadUHUCTOIN BHICOKOCMOIMCTON HEPTH yIyUIIAIOTCS.

[Tepexon BO30YXKIE€HHOW HE(PTSIHONH CUCTEMBI B PAaBHOBECHOE COCTOSIHUE IOCIE CHATHUS
YJIBTPa3ByKOBOW HArpy3KH OCYILECTBISETCS B TEYEHHUE TOBOJBHO JIUTEIBHOIO Nepruoaa. BsaskocTs
U TeMIleparypa 3acThiBaHus HedTH, oOpaboTaHHOM 15 MHH, ocTaloTcs HEU3MEHHBIMU 5 cyT. Uepes
7 CyT BSI3KOCTHO-TEMIIEpaTypHbIE XapaKTEePUCTHKH peJakcHpyromeil He)TH BO3pacTaioT, OJHAKO
HE JOCTUTalOT IEepPBOHAYAIBHBIX 3HaueHui (puc. 2). i oObsicHEHHs MOIy4eHHbIX 3(deKToB
HCCIIEIOBAaH COCTaB HE(PTU M €€ KOMIOHEHTOB C MUCMOJIb30BAHUEM PA3JIMYHBIX MHCTPYMEHTAIbHBIX
MeTOA0B. MeTo oM XpomaToMacC-CIeKTPOMETPUM B MacissHOW (pakiun HedTH OOHApYXKEHO
pUCcyTCTBUE H-alKaHOB C14—C33; MAKCUMYM paclpeesieHusl B TOMOJIOIMYECKOM PsIIY IPUXOANUTCS
Ha H-ankaH coctaBa CigHsg. Ilocne ynbTpasBykoBoil 00pabOTKH ucciaeayeMoil He)TH MOJ0KEeHHE
MakCHUMyMa paclpeleieHUs] H-aJKaHOB HE M3MEHSETCS, HO CHWXKAeTcs [JO0Js TBEPAbIX
yrieBo1oposoB C17—Csz (Tabn. 1). B macnsHoit dpakuum o6pas3ioB HeDTH HUIESHTUDUIIMPOBAHBI
CIIEAYIOIINE apOMATHUECKHUE KOMIIOHEHTHI: AJKUIOEH30Ibl, HadTanuHel, OupeHussl, (GayopeHsl,
(denanTpensl (Tabd. 2).
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Puc. 2. Penakcauus Bsi3koctu (ckopocthb cisura 0,56 c’l) npu 20 °C u TeMIiepaTypbl 3aCTHIBAHUS HEPTH
nocne 15 mun Y30

Tao6auma 1
Bausinune Y30 Ha HekoTOpble IapaMeTPbI COCTABA H-AJIKAHOB He(pTH
B V30 Copepxanue, %
bt > C1r—Cas C14_Czo C21—C33 «
0 88,7 59,5 40,5 1,47
5 72,8 62,6 37,4 2,06
15 75,0 63,6 37,6 1,69
30 79,9 67,3 32,7 1,75
Tab6auma 2
Bausinue Y30 Ha cocTaB MacjsiHOM (ppakuuu HepTU
VreBoniopos Coneprkanue yriieBogoponos, % macc.
HUcxonnoe 5 MuH 15 mun 30 muH
Y aNKWIOEH30JI0B 6,43 7,47 8,11 7,32
> HaQTaTMHOB 1,45 2,40 1,30 1,22
Y Ou(eHnI0B 0,11 0,29 0,15 0,25
Y pmyopeHoB — 0,19 0,23 0,22
Y peHaHTpEHOB 0,26 0,32 0,42 0,26
Wnentudpunmposano, % 26,8 28,9 34,6 28,3

OO01ee KOIMYECTBO BCEX MJICHTU(DUIIMPOBAHHBIX KOMIIOHEHTOB, BKIIOYas H-aJIKaHbI, B
MacliaX COCTaBHUIIO OKOJI0 26—34 %, mo3TOMy B MacCIIsTHON ()paKkIMy MOTYT MPHCYTCTBOBATH IPYTHE
YTJI€BOOPObI (M30-aJIKaHbl, HaQTEHOBbIE M apomaruyeckue YB), mMurpuposaBuie M3 cocraBa
CIIO)KHBIX  CTPYKTYPHBIX €AMHMII B JIUCIEPCHOHHYIO Cpely, 4YTO B KOMIUIEKCE C
HU3KOMOJIEKYJISIDHBIMU ~ H-aJIKAHAaMH ~ O0ECHeYMBAeT CHUKEHHME BSI3KOCTHM M TEMIEpaTyphl
3acThIBaHUS HEPTHU.

[To pesynpraram HK-cnextpockomuu, Y30 He NPUBOAUT K 3aMETHBIM H3MEHEHHSIM B
coctaBe kKak HedTH, Tak U (pakmuu mMacen, cMoi, achanbTeHoB. Ho Bce-Taku ciemyeT OTMETHTh,
410 B OOpasuax macen HedTH HaAOIIOAAETCS HEKOTOPOE yBEIHuUeHHE anu(paTHYHOCTH, a TaKXKe
YCIIOBHOTO COJIEp’KaHusl TMOJIM3aMEIEHHBIX apOMaTHYEeCKUX CTPYKTYp K OOIIEMYy COJEp>KaHUIO
apomatuku. B HK-cnektpax cmonucTod ¢pakuuu HEPTH CHIDKAETCS YCIOBHOE COJEp)KaHHUe
apoMaTHYeCKUX M MapapuHOBBIX CTPYKTYp. Takxke cHUXkaeTcs ycioBHoe conaepkanne CHs—rpymnmn
u cootHomenue CHz—/CHo—rpynn. AnudaTtndHocTh M pa3BEeTBICHHOCTh Mapa(UHOBBIX CTPYKTYP
Bo3pacTtaer. Takum 00pa3oMm, MPOBEIEHHBIE HCCIIEJOBAHMS MOKA3bIBAIOT, YTO YJIBTPAa3BYKOBas
o0paboTka BecbMa H(PQPEKTHBHA JUIS YIYYLIEHHS BSI3KOCTHO-TEMIIEPATYpPHBIX IapaMeTpoB
napa@uHUCTON HEPTH C BBICOKMM COJEP>KAaHUEM CMOJUCTO-ac(aJbTEHOBBIX KOMIIOHEHTOB.
[TonoxutenbHbIN 3(h(PeKT Bo3pacTaeT ¢ yBeJIMUeHHEM BpeMeHH 00pabOTKH.
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Relevance of the work: in the world each year forming a large number of carbon-containing wastes, that part which are
recycled and used as a secondary product just a small amount of the total. The other part of the carbon-containing
wastes, due to lack of suitable processes and technologies have been accumulating and storing in the territories of
landfills, businesses and organizations. Therefore, it is necessary to develop effective ways of recycling waste tire,
which will simultaneously solve the problem of secondary use of tires and protection of the environment.

The main aim of the study: studying the hydrogenation process for producing synthetic liquid motor fuels from waste
tires by thermocatalytic processing.

The methods used in the study: IR spectroscopy, gas-liquid chromatography, gas chromatography-mass spectrometry,
X-ray and X-ray fluorescence analysis (XRF).

The results: the effect of hydrogenation time showed that prolonged hydrogenation under clarified experimental
conditions accompanied by forming large amount of gaseous products and the tar formation, whereby there is a
decrease of the total yield of liquid products. Also, using a residue of the heavy oil fraction as a source of hydrogen and
paste formation agent (PFA) in the process can reduce economic expenditures and facilitate the process of
hydrogenation, which is minimizing the step of producing hydrogen product. The presence of aromatic, paraffinic-
naphthenic and unsaturated hydrocarbon derivatives in the obtained liquid products was confirmed by used physico-
chemical methods.

Key words: hydrogenation, processing, waste tire, catalysis, liquid fuels.
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Introduction

The exploration of the recycling of waste tire by destructive catalytic hydrogenation gets
particular relevance in recent years, due to both the search for alternative sources of hydrocarbon
raw materials and the necessity of recycling these wastes by the reason of dramatic increasing [1].

Recycling of waste rubber by thermocatalytic hydrogenation gives a high yield of liquid
product relative to the non-catalytic process. Also, in the presence of catalysts low molecular weight
hydrocarbons are produced by the degradation of aliphatic hydrocarbons, primarily having in the
molecule C; or more carbon atoms, while in the low-molecular products of thermal process
dominated by the less quantity of such hydrocarbons. Another reason of using catalyst is the
acceleration of thermal decomposition by inserting into the substrate an acids and alkalis, as well as
by the catalyst can be deeply destruction of formed slag and impurities.

The great importance of the used catalyst is the chemical nature. For example, the influence of
acid catalysts to the destruction of hydrocarbons can be explained by the formation of aromatic
hydrocarbons from aliphatic and naphthenic that occurs at much lower temperatures.

Experimental

As a paste formation agent (PFA) and hydrogen donor of the process was used a heavy oil
fraction of “Kumkol” deposit with an initial boiling point above 500 °C [2]. This oil fraction has
properties such as low sulfur content, a high content of paraffins and a pour point.

Zeolites from Tayzhuzgen deposit and wastes of ferroalloy production (WFP) were used as
composite catalysts of the process.

The experiments were carried out on the batch-type installation by continuous stirring under
pressure of 4,5-5,0 MPa and at temperature of 400—430 °C. Time of the experiment is 60 minutes
and the weight of catalyst is 0,67 g. The ratio of waste tire crumbs and paste formation agent (WTC
—PFA) is 1-1.

The obtained liquid products were subjected to distillation with different temperature fractions
up to 180 °C, 180250 °C and 250-320 °C.

Distillate samples of the thermal processing of waste tires were tested by IR spectroscopy,
gas-liquid chromatography. The catalyst of the process was subjected to X-ray fluorescence
analysis (XRF) and X-ray analysis.

Results and discussion

The elemental composition of the WFP catalyst defined by X-ray fluorescence analysis (XRF)
is shown in Table 1.

As follows from XRF analysis, the investigating sample is enriched with iron compounds and
oxides of aluminum and silicon.

Previously, the sample of the WFP catalyst was subjected to X-ray analysis to define its phase
composition. It was determined therein presence of the iron oxide, silica and compounds of calcium
and aluminum. This method gave possibility to suggest that metals in the catalyst are in a highly
dispersed state, which probably can be causes for formation of catalytic centers with different
nature, which are responsible for the activity and selectivity of the catalyst [2].

X-ray analysis also has confirmed sufficiently high content of iron compounds in the surface
of the metal phase. The influence of ratio of the zeolite and WFP to the composition and yield of
liquid products of the catalytic treatment of rubber crumbs is presented in Table 2. The presence of
the catalyst in the process decreases the pressure in the reaction chamber through a more effective
transfer of atomic hydrogen from the components of hydrogen donor solvent (PFA-Paste Formation
Agent) to the radical products of the organic waste material. This is due to the deepening of the
thermodestructive splitting, as evidenced by the output of gaseous products and light fractions.
Moreover, presence of active hydrogen donor in the hydrogenation process enhances the conversion
of raw rubber and the yield of liquid products.
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Table 1
The elemental composition of the WFP catalyst
Ne Name of elements Concentration, %
1 Fe 23,241
2 Mn 0,325
3 Al 26,325
4 Si 51,334
5 Ca 4,913
6 As 0,005
7 K 1,443
8 Ti 2,414
9 Sr 0,293
Table 2

The influence of ratio of the zeolite and WFP to the composition and yield of liquid products of the catalytic
treatment of rubber crumbs (T =400 °C, P = 5,0 MPa, myc =15 ¢, Mppa =15 ¢, My = 0,67 g, T = 60 min)

Yield Yield of liquid products, vield of
Catalyst/ ratio of PPmax | of gas, mass. % sludae Losses,
WEFP and zeolite Ila mass. Before 180- 250— massg% mass. %
% 180 °C 250 °C 320°C 2P :

Without catalyst 1,70 7,80 6,90 4,30 10,20 21,40 68,40 2,40
Zeolite 1,10 11,06 1,43 4,36 8,75 10,54 26,20 52,2
WFP 2,10 13,90 16,40 18,70 21,70 56,30 25,00 4,30
WEP — zeolite
(80-20) 1,90 8,10 10,10 17,9 29,1 57,90 21,07 29,10
WEP — zeolite
(60-40) 2,00 5,80 7,80 12,90 21,60 42,30 22,23 31,50

The initial stage of the catalytic processing is conversion of the rubber organic mass to the
asphaltenes, which are high molecular weight compounds containing aromatic nature and large
number of heteroatoms.

Formed radical fragments subsequently can be polymerized or by attaching hydrogen can be
converted into stable products. The selectivity of these processes is determined by the nature of the
catalyst. Catalysts which have hydrogenation activity accelerate formation reactions of light
hydrocarbons, whereas the type of acidic catalysts can promote undesired reactions such as
polycondensation and polymerization which lead to the formation of high molecular weight
products.

One of the major drawbacks modern technologies of catalytic processing rubber wastes in the
refining industry is the using expensive catalysts and high-pressure of hydrogen. This work
represents the influence ratio of the zeolite and WFP to the composition and yield of liquid
products. Via yield of the liquid products the optimal catalysts are WFP and WFP — zeolite (80-20),
but the WFP catalyst is characterized by higher yield of fractions with boiling points up to 180 °C
and 180-250 °C.

Using catalyst that enriched with iron in the hydrogenation reaction of waste tires
significantly increases (2,65 times) the yield of liquid product comparing with thermodestructive
processing (without catalyst) under similar conditions [3].

By the result of the experiment adding a natural zeolite to the WFP catalyst (mostly with ratio
80-20) contributes a higher yield of diesel fraction.

Infrared spectral, gas-liquid chromatography and gas chromatography-mass spectrometry
analysis of the fractionated liquid products showed the presence of paraffins, napthenes,
isoparaffins, parafins and aromatics in thereof composition.
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AKTyaJqbHOCTh pabOThl 00YCIOBICHA HEOOXOIUMOCTHIO MIEPEPAOOTKH BTOPHUYHOTO CBHHIIOBOTO CBHIPHSL.

Lenp paboThl 3akiO4aeTcss B ONPEICICHUH IapaMeTpoB JIICKTPOXMMHYECKOH IepepadOTKH OKCHIa CBHMHIA B
LIEJI0YHO-KapOOHATHBIX pacIulaBax.

Jas mepepaboTKH OTXOMOB, coiepkammx POO u momydeHus METaNIMYECKOTO CBHUHI, PACCMOTPEH CIOCO0
ANEKTPOXMMHUUYECKOTO MOJYYSHHUs] CBHHIIA M3 LIEJIOYHO-OKCHAHOTO paciuiaBa. OnucaHa KOHCTPYKLUS J1a00paTOpHOTO
anekTposuzepa. OnpeeneHpl TEXHOIOTHIECKHE TapaMeTphl JEKTPOIIU3a.

Kuarouesbie ciioBa: cBuHell, aiektpoius, PO, pacmnas.

ELECTROCHEMICAL WORK OF LEAD WASTE

Nik M. Barbin, D.Sc., Head of Departament of Chemistry, Ural State Agrarian University, 620075, Russia,
Ekaterinburg, 42, K. Liebknecht. Street, E-mail: NMBarbin@mail.ru
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Elena G. Viskova, Ph.D., Associate Professor of chemistry, Ural State Agrarian University, 620075, Russia,
Ekaterinburg, 42, K. Liebknecht. Street, E-mail: elena.viskova@bk.ru

Reprocessing of lead-containing wastes and used storage batteries produces lead oxide. Electrowinning of the metal
from an alkali melt is proposed for processing of PbO and production of metallic lead. The design of a laboratory
elektrolyzer is discussed. Technological parameters of the electrolysis process are determined. Applied and engineering
aspects of the electrowinning of lead are considered. Condition of the electrolytic production of lead are optimized.

Key word: lead, electrolysis, PbO, melt.

B psge crTpam mpoBeneHBl HCCIENOBaHUS OyIUIeKc-Tiporecca [1,2], mpu KoTOpom
aKKyMYJISITOPHBIN JIOM, COJEPIKAIINI IJIACTHHBI U OKCHIHO-CYNIb(ATHYIO MacTy, epepadaTbIBatoT
pPasaciIbHO: I1IJTAaCTUHBI IMUPOMETAIIITYPIrU4C€CKUM, macTty SJICKTPOXUMHUYCCKUM CII0CO0OM.
DNEeKTPOXMMHUYECKOE BBIJIENICHHE CBUHIIA U3 €r0 BOJAHBIX PACTBOPOB U3JI0KEHO B MOHOTrpaduu [3].

DNEeKTPOTUTHYECKOE BBIICTICHWE CBUHIIA TPH  TepepadO0TKe BTOPHUYHOTO CHIPbS U
AJIEKTPOXMMHUSI CBHMHIIA B HMOHHBIX paciuiaBax omnucansl B [4,5]. Hamu wu3ydancs snexTposns
pacIuIaBoOB Ha OCHOBE TUPOKCHUIA HATpus [6].
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HaBecky amekTposuTa moMeIany B TUTENh U3 OKCHIa Oepriuins, BoiaepkuBaym npu 823 K
2-3 4 s ynanenus uard. IIposoauiy snexrpomus mpu i = 0,05-0,1 A/em?, 41066 0CBOGOIHTCS
oT octaTtkoB Bojabl. 3arpyxkanu 100—200 r MeTaJLIMYeCKOro CBUHIIA, IS 00pa30BaHUs KaTOJIHOTO
CJIOsl MeTaJlIa. 3aTeM YCTaHaBIMBAIU aHOA U 3arpyxanu PbO. BeigepxuBanu pacruiaB B TCUCHHE
yaca U BeNW 3JEKTpoiu3. Vcnonb3oBaiu HUKENEBbIN aHoA. VcHbIThIBaIM pa3HOE pacHoioKeHue
3JIEKTPOJIOB: IUIOCKO-TIApPAJIENbHBIE 3JEKTPOAbl C BEPTUKAIBHBIM PACIOJIOKEHUEM; KUJKHUI
CBUHIIOBBIH KAaTOJl C JKEJE3HBIM TOKOIOABOJOM U TOPU3OHTAIBHBIM METAJUIMUECKUN aHO/I.
Haubonee ygadHbIM 0Ka3aI0Ch UCTIOIB30BaHUE )KHUIKOTO CBHHIIOBOTO KaTO/Ia M HUKEJIEBOIO aHO/A.
B aTom ciydae aHO1 HE pacTBOPSUICA, HA HEM IIPOMCXOIMIIO BbIICTICHUE KHCIOPO1a, KOHIIEHTpaLUs
HUKEJS B METaJuIe U 3sekrpoiute He npesbimana 0,01 mace. %.

B kauecTBe paciuiaBI€HHBIX 3JIEKTPONUTOB wHcmois3oBamd: 1) NaOH — PbO; 2) NaOH —
Na,CO3 (20 macc. %) — PbO; 3) KOH — Na,CO3 (20 macc. %) — PbO.

Onektponutel 1 w 2 oriamyarorcs pactBopuMocthio PbO, koropas ymeHbIIaeTcst ¢
yBenuuenuem cozepxanus Na;COsz. Oxnako pacmmas NaOH — Nay,COs (20 macc. %) menee neryu
U MEHEe arpecCMBeH K KOHCTPYKUHMOHHBIM Marepuanam 1o cpaBHeHutro ¢ NaOH. Ilpu
HCIIOJIb30BAHUU 3JIEKTPOJINTA 3 TIPOLECC AJIEKTPOJIN3a HE OTIIMYAETCS OT MPOLiecca B AIEKTPOIUTAX
1 1 2, HO BBIXOJI IO TOKY CBHUHIIA HIXKE.

HaunOonpmmii BBIXOM TO TOKY OBUT MOJYYEeH MpH KAaTOMHOHW IIoTHOCTH Toka or 0,1 mo
0,3 AleM? u agoguou ot 0,2 mo 1,0 Al/cM?. OnTuMasbHON sABJISIACH KaToAHas IUIOTHOCTh TOKa
menee 0,2 A/cM? u aHO/HAS B npeaenax 0,4-1,0 INGYS

Haubonee BbICOKMII BBIXOJ IO TOKY MOJIy4eH Mpu Temmeparypax ot 753 mo 823 K, a
MakcuManbHbI — npu 783...813 K. Ilonmwxkenue temnepatypsl Menee 753 K BeieT K yMEHBIIEHUIO
pactBopuMocTd PO 1 moBbIIeHNIO BI3KOCTH paciiaBa. MeKue Karlid CBHHIIA «3alyThIBAIOTCS
B HEM W HE MOIAJal0T Ha KaToJ. DTO MOATBEP)KIACTCS HKCIIEPUMEHTAILHO HAJIMYUEM B PACILIaBe
MIPH ITAHHBIX YCIOBUAX IKCIEPUMEHTA OOJBIIOT0 KOJTNYECTBA MEIKUX Karellb CBUHIIA.

Beixon mo Toky Oombme 90 % ObuT MoNydeH HpHU MEXKIIOIIOCHOM PAaCCTOSHUHM OT 3,5 1o
5,3 cm. Ilpu ero ymeHbllleHUHM MeHee 2 CM MaJCHHE BBIXOAA IO TOKY, MO-BUIUMOMY, MOXKHO
OOBACHUTh YCWJICHHEM OKHCIICHHsI PaCIIaBJICHHOTO CBHHIIA KHCJIOPOJOM, BBIJIEISIONIUMCS Ha
aHoJie. YBENWYCHHE MEXKIOMIOCHOTO pPAacCTOSHUS Oonblie 6 CM NPUBOAUT K BO3PACTAHHIO
HaIpsDKEHUS Ha DJJIEKTPOJIU3Epe M K TOBBIIIEHHOMY PacXoly SJEKTPOIHEPTHU Ha ECAUHUILY
MOJIyY€HHOTO CBHHIIA.
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V]IK 544.473; 547.313
KATAJIMTUYECKHUE CBOMCTBA MUKPO-, MUKPO-ME30- U
ME3O0HOPUCTBIX AIIOMOCUJINKATOB B OJIMTTOMEPU3AIINN
HUKJIOOJE®PHUHOB

By6ennos Cepreii BnagumupoBuy, KaHa. XuM. HayK, MII. Hayd. coTp. MHCTUTYTa He(pTeXHMHH U KaTalin3a
PAH, 450075, Poccus, r. Ya, rp. Oxrsa6ps, 141, E-mail: bubennov@list.ru
ArsmyjutnH Mapar PagukoBuy, acniupant MucturyTa Hedrexumuu u karanusa PAH, 450075, Poccus,
r. Ya, np. Okrs6ps, 141, E-mail: agliullinmarat@mail.ru
I'puropseBa Heaust 'ennaaneBHa, 1-p XuM. HayK, CT. Hayd. coTp. MTHCTUTYyTa HEPTEXMHUHN U KaTau3a
PAH, 450075, Poccus, r. Ya, rp. Oxts6ps, 141, E-mail: ngg-ink@mail.ru

AXTyanpHOCTE paboTel 00ycCiIOBICHa HEOOXOIMMOCTBIO pa3paboTKH 3(P(PEKTHBHBIX TeTEPOTeHHO-KATATUTHIECCKUX
CHOCOOOB OJIMTOMEPHU3AINH TPAKTHYECKH BAKHBIX OJIMTOMEPOB IIMKI00JIe(hUHOB.

Llens paGoThl: pa3pabOTKa CENEKTUBHBIX CIHOCOOOB CHHTE3a JUMEPOB IMKIOONC()UHOB, OCHOBAHHBIX Ha
HCTIOJIb30BaHUH B Ka4eCTBE KaTaJIM3aTOPOB MUKPO- M ME30IIOPUCTHIX aTFOMOCHIUKATOB.

MerTo/pl HCCIIEIOBAHMS: KaTaJIM3aTOPbl OXapaKTEPU30BaHBl INPH TOMOIIM  peHTreHodaszoBoro ananmza, SIMP
CIIEKTPOCKOIHMH B TBEPIOM TeJie Ha sapax > Al, TepmonporpaMmupyemMoii necopOuun ammuaka u MK criekrpockornu ¢
ancopbrmeit mosekynsl 30HAa CO, HH3KOTEMIIEpaTypHOH aJIcopOIMu-IecopOnnu a30Ta, PTYTHOH HOPHUMETPHH,
MIPOCBEYMBAIOIIEH IICKTPOHHONH MHMKPOCKOIHMH. AHAIN3 MPOJYKTOB PEAKIMH MPOBOAMWIN METOJOM Ta30-KUAKOCTHOH
xpomartorpadui, HACHTHPUKAIHIIO — C TTOMOIIBIO 'H u BC sIMP- CIIEKTPOCKOIIU Y.

PesynbraThl: pa3paboTaHbl CEJNIEKTHBHBIE CIIOCOOBI cHHTE3a anMmepoB I1wmkioonedpuHoB Cg—Cg B TIPHCYTCTBHH
LEOJIMTHBIX KaTIN3aTOPOB C MHKPO- M MHKPO-ME30-MaKpOIIOPUCTOW CTPYKTYpO#, a Takke MEe30HOPUCThIX
AITOMOCHJIMKATOB. YCTaHOBJIEHA BBICOKAs CEJIEKTHBHOCTh MHKporopucroro neonmuta HZSM-12 B aumepusannu
mukiiorekceHa (100 %). IToka3aHo, YTO CENEKTUBHOE OCYLIECTBICHHE TUMEPHU3allMM IIMKJIOIeNTeHa U LMKIOOKTEHA
(90-95 %) BO3MOMKHO TOJIBKO Ha KATAIH3aTOPAX, IMEIOIINX ME30- U MAKPOIOPBL

KaloueBble ciioBa: 1MKIOOJNE(UHBI, ONMrOMEpH3alMsl, LEOJIHUTHl, MHKPO-ME30-MaKpPOIOPUCThIE  LIEOJIHTHI;
ME30TIOPUCTHIE AJTFOMOCHIINKATHI.

COMPARISON OF THE CATALYTIC PROPERTIES OF THE MICRO,
MICRO-MESO AND MESOPOROUS ALUMINOSILICATES IN
CYCLOOLEFINS OLIGOMERIZATION

Sergey V. Bubennov, Ph.D., Junior Researcher of Institute of Petrochemistry and Catalysis RAS, Chemistry
Department, 141, October Avenue, Ufa, 450075, Russia, E-mail: bubennov@list.ru
Marat R. Agliullin, postgraduate student of Institute of Petrochemistry and Catalysis RAS, Chemistry
Department, 141, October Avenue, Ufa, 450075, Russia, E-mail: agliullinmarat@mail.ru
Nellya G. Grigor’eva, D.Sc, Senior Researcher of Institute of Petrochemistry and Catalysis RAS, Chemistry
Department, 141, October Avenue, Ufa, 450075, Russia, E-mail: ngg-ink@mail.ru

Relevance of the work due to the need of development an effective methods of heterogeneous catalytic oligomerization
of practically important oligomers of cycloolefins.

The main aim of the study: The development of selective methods for the synthesis of dimers cycloolefins based on the
use as catalysts for micro- and mesoporous aluminosilicates.

The methods used in the study: (list the main methods) The catalysts were characterized by small angle X-ray scattering
(SAXS), #Si and “’Al magic angle spinning nuclear magnetic resonance (MAS NMR), temperature-programmed

20


mailto:bubennov@list.ru
mailto:agliullinmarat@mail.ru
mailto:bubennov@list.ru
mailto:agliullinmarat@mail.ru

Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

desorption of ammonia and IR spectroscopy with the adsorption of probe molecules of CO, porous properties
investigated by nitrogen gas adsorption, mercury porosimetry, transmission electron microscopy (TEM). The reaction
products were analyzed by means of gas-liquid chromatography, products were identified using *H and *C NMR
spectroscopy.

The results: The selective methods for the synthesis of C¢—Cg cycloolefins dimers in the presence of zeolite catalysts
with a micro- and micro-meso-macroporous structure and mesoporous aluminosilicates are developed. The high
selectivity of microporous HZSM-12 zeolite dimerization cyclohexene (100 %) was found. It has been shown that the
selective implementation dimerization of cycloheptene and cyclooctene (90-95 %) is possible only by using catalysts
with meso— and macropores.

Key words: cycloolefins, oligomerization, zeolites, micro-meso-macroporous zeolites; mesoporous aluminosilicates;

Onuromepsl HUKI00IE(PUHOB HAXOASAT MPUMEHEHHE B KQUeCTBE MEPCHEKTUBHBIX MPUCATOK K
HE(PTSIHBIM U CHHTETUYECKUM MacliaM, TJIaCTH(PUKATOPOB K pa3IMYHBIM MOJTUMEPHBIM MaTepHaiaM
[1-3].

JUisi CEeeKTHBHOTO TOJIyYEHHsS AMMEPOB IIMKJICHOB HCIOJB3YIOT, KaK MPABUIIO, CIOKHBIC
KOMIUIEKChl METaJUIOPraHU4ecKHX coeAuHeHud. HemocraTkamMu STUX KaTalu3aTOpOB SBISIOTCS
CIIO)KHOCTH OTJICJIEHUSI OT PEAKIMOHHOH MacChl, HEBO3MOXXHOCTh MOBTOPHOI'O HCIOJIb30BAHUS,
HecTabunbHOCTh. [loa meficTBueM Goliee JOCTYMHBIX U O€30MAaCHBIX TE€TEPOrCHHBIX KAaTaIU3aTOPOB
OJIUTOMEPH3AIHSI TPOXOTUT C 00pa30BaHUEM CIIOKHOW CMECH TUMEPOB M BBICOKOMOJIEKYIISIPHBIX
OJIUTOMEPOB, COMPOBOXKAAETCS PEAKIIUIMHU H30MEPHU3ALINU, KPEKUHTa, TIEpeHOCca BOAOPOIA.

Llenpto Hamiero WCCIEOOBAaHUSI SBISETCA  pa3pabOTKa  CEJIEKTHBHBIX TI'eTEPOreHHO-
KaTaJUTHYECKUX CIHOCOOOB CHHTE3a IUMEPOB PA3NIMYHBIX LHUKIO00JIE(PUHOB, OCHOBAHHBIX Ha
WCIOJIH30BAHUU MUKPO- M ME30IIOPHCTHIX aTFOMOCHIIMKATOB.

N3ydena onuromepusanus MUKIO0NEPHHOB (LIMKIOT€KCEHA, UKIIOTENTEeHa, [IUKIOOKTEHA U
[IUKIIOJIO/ICIICHA) Ha MHUKPOIOPHUCTHIX Ieommrtax Y, Beta m ZSM-12 B H-dopme, mukpo-
Me3onopuctoM reonure HY-MMM u me3onopuctom amoMociiiikare ASM.

Onuromepu3anuio MUKJICHOB OCYIIESCTBISIIN B HENPEPHIBHO BPAILIAIOIINXCS aBTOKJIABAX MPH
40-180 °C, B pactBopuTene uin 6e3 Hero, KOIMYecTBO KaTanuszaropa cocrasisiio 5-50 macc. % B
pacuere Ha MOHOMED.

VY CTaHOBIIEHO, YTO HAa LEOJMTHBIX KaTalW3aTopaX OCHOBHBIMU IMPOAYKTAMH MpPEBPALICHUS
uukiooneuHoB Ce—Cg ABISIIOTCS M30Mepbl U AUMepsl. L{ukiioaoae1ed B IpUCyTCTBUH LIEOTUTHBIX
KaTaJn3aTopoB He oOpa3yeT JIUMepoB, UYTO CBSA3aHO, MO-BUIMMOMY, CO CTEpUUYECKHMHU
MPETSATCTBUSIMH, CO37aBa€MBIMU KPUCTAIUTMYECKON PEIIETKOH IEOIUTOB ISl MPOTEKAHUS PEaKIINU
onmuromepu3zai. OCHOBHBIMH NPOJYKTAaMH €TI0 IPEBPALLCHUN ABISIOTCS H30MEpHI.

CoctaB auMepoB NUKIOOJNE(HUHOB 3aBHCHUT OT XHMHYECKOTO CTPOSHHS  MOHOMEpa,
XapaKTePUCTHUK MOPUCTON CTPYKTYPBI U KUCIOTHOCTH KaTaJU3aTOPOB, a TAK)KE YCIOBUHM peaKIuH.

Cpenu numepoB HUKIOTeKceHa TpeoOnamaer 1,1°-Ounukiorexcan-1-en(1l), ceneKTUBHOCTH
obpa3zoBanus kotoporo Ha neonure HZSM-12 nocruraer 100 %. Ha Oosiee MMpOKOMOPUCTHIX
neonuTHeIX Kartanuzaropax HY u HBeta cenextuBHOCTh 0OpazoBanust numepa 1 Huxke. C
noBblieHreM Temneparypsl 10 150 °C u Bbllle, TOMHMO HW30MEpPHM3AlMKM [MKJIOTEKCEHA B
METHJIIUKIONICHTEHbI, HAYMHAIOT UIATH JECTPYKTUBHBIE MPOIECCHI, MPUBOASIINE K 00pa30BaHUIO
IeKCaJUeHOB, METWJINEHTEHOB, IUMETUIOYTEHOB M JPYTUX TMPOAYKTOB. OTH COEJUHEHHUS B
MPUCYTCTBUH IICOJINTOB, KaK M HMCXOIHBIH OJe(HH, BCTYMAIOT B pPEaKIUU OJUTOMEPH3AINU U
COOJIUTOMEPHU3AIIH, YTO MIPUBOJUT K 00pPa30BaHUIO CIOKHON CMECH MPOTYKTOB.

JlmMepu3anus IUKJIOTENTeHA W ITUKIOOKTEHA IO/ JACHCTBHEM MHKPOIIOPHCTHIX ICONHUTHBIX
KaTaJu3aTopoB MPOXOIUT HE CEJIEKTUBHO. JTO CBA3aHO ¢ mnpoTekaromeil paxe npu 40 °C
JIECTPYKTUBHOW HM30MEpH3aleli MOHOMEpOB, B pE3yJbTaTe 4Yero CeJIeKTHBHOCTH OOpa3oBaHUs
JTMMEPOB, B KOTOPBIX COXpaHEHa CTPYKTypa MCXOOHBIX coeauHeHuil, coctaBiser 50-60 %.
BrniepBbie 00HapyXeHO, 4TO XMMHUYECKask CTPYKTypa AUMepoB mukiorentena (1,1°-Ounukiorentan-
l-es wu 1,1I’-Ounuknorentunuaed) u  1ukiookteHa (1,1°-Oummmknookran-l-en u  1,1°-
OMIIMKIIOOKTAITU/ICH) aHaJIOTHYHA COCIMHEHUSIM, MOJTy9aeMbIM B PUCYTCTBUH
METAJUIOPTaHUYECKUX KaTaJIu3aTOPOB.
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[IpeononeTs cTrepuyeckue MPEMSITCTBUS, CO3aBAEMbIE MUKPOKPUCTAIIMYECKON PEIIETKON
LIEOJIUTOB ISl CEJCKTUBHOU JAMUMEPU3AIMU IUKIOTENTeHA U IHUKJIOOKTEHA, y/ajJoCh C MOMOIIBIO
neonuTHOro Katanu3aropa HY-MMM, obnagaromero MUKpPO-Me30-MaKpPOIIOPUCTOW CTPYKTYpOH.
CeneKTUBHOCTh 00pa30BaHUsl MHIMBHUAYAIbHBIX TUMEPOB LUKJIOTENTEHA U HUKJIOOKTEHA Ha 3TOM
katanmzatope pgocturaet 90-95% npu koHBepcum MoHOMepoB 10 60 %. AHamOrMYHBIE
pe3yNbTaThl TOTYYEHBI HA ME30MOpPHCTOM amomMocuiukare ASM, HecMoTpss Ha TO, HYTO
KOHIEHTPAaLKs KUCIOTHBIX EHTPOB Ha HEM 3HAYUTENILHO HIKE, YEM B IICOJIUTHBIX KaTaau3aTopax.
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BJIMSIHUSL YJIbTPAZBYKOBOI'O BO3AEUCTBUS HA CBOUCTBA
BBICOKOITAPA®UHUCTOU HE®THU U COCTAB IMCIIEPCHOU ®A3bI

Boakosa I'anuna FiBanoBHA, KaH/. XUM. HayK, AOIECHT Kadeapbl BHICOKOMOJIEKYIISIPHBIX COSMHEHUH U
HedTexumuu, HanimonansHbIN HccnenoBaTenbCckuil TOMCKIH TOCYAapCTBEHHBIN YHUBEPCUTET, XUMHUECKUH
¢akynbret, 634050, Poccus, r. Tomck, nip. Jlenuna, 36; ct. Hayd. cotp., DPenepanbHOE TOCYJapCTBEHHOE
OromkeTHOE yupexaenne Hayku MuctutyT xumuu Hed i Cubupckoro otaeieHus Poceuiickoii akajgeMun
Hayk, 634055, Poccus, r. Tomck, nip. Akagemudeckuii, 4, E-mail: galivvol@yandex.ru
Anydpues Poman BuktopoBuy, actimpanr, @efepaabHOe TOCYIapCTBEHHOE OFOKETHOE YUPEXKISHUE
Hayku MHcTUTYT Xumun Hedtu Cubupckoro otaeneHus Poccuiickoli akagemun Hayk, 634055, Poccus,

r. Tomck, p. Axagemuueckwuit, 4, E-mail: slaymer89@mail.ru

B nacrosimiee BpeMs B pa3paOb0oTKy BOBJIEKAIOTCS MECTOPOXKACHHS MPOOIEMHBIX He(Tel B CBA3M C BHIpaOOTKON 3a1acoB
JIETKOTO YTJIEBOAOPOIHOTO Chiphs [1]. HedTr, xapakTepusytompecs BBICOKAM COIEPKaHUEM BBICOKOMOJIEKYISIPHBIX H-
QIKAHOB M HU3KUM — CMOJIMCTO-ac(halbTEHOBBIX KOMIIOHEHTOB, UMEIOT BBICOKHE TEMIIEPaTyphbl 3aCThIBAHUS, a MPH
MOHIDKEHNU TeMIIepaTypbl HaOMIOaeTcs CYIIECTBEHHOE IMOBBIIICHUE BS3KOCTH, BIUIOTH JIO MOTEpH TeKydecTH. s
YIAYYIICHUS] CTPYKTYPHO-MEXaHUYECKUX IapaMeTpoB He(Tel NMPUMEHSIOTCS Pa3iMYHble XUMHYECKHe U (QU3MYecKue
METOJIbI, B TOM YHCJI€ aKyCTHYECKHE BBICOKOUYACTOTHBIC Bo3zaewcTBus [2—4]. Llenp maHHOW pabOTHI: MCCIEIOBaHHE
BJIMSIHHSL BBICOKOYACTOTHOTO aKyCTHUECKOT'O BO3/ICHCTBUS YIIbTPa3BYKOBOTO JHAIa30Ha Ha CTPYKTYPHO-PEOJIOTHYECKHE
XapaKTEePUCTUKHU BBICOKONApaUHNCTOH HE(TH U COCTAB IUCTIEPCHOI (a3bl. B kauecTBe 00BEKTa HCCIIEJOBAHHS B3sTa
Bricokonapadpunuctas vedrs (BIIH) ¢ Temneparypoi 3acteiBanus +8°C, conepiainas 98,6 % mac. macen (B TOM yKcie
10,1 % wmac. H-ankanoB) U 1,4 % mac. cuiIMKareiaeBbIX CMOJ. YJIbTPa3BYKOBYIO 00pabOTKy He(dTel mpoBOAWIN HA
ycranoBke UD-20 mpu wacrore mosst 22 k['11 1 MUHTEHCUBHOCTH 6,2 Br/em?

OrmpesienieHue PEONOrHUeCKUX MapaMeTpoB MPOBOAMIM Ha poTalMoHHOM BHckosumerpe Brookfield DV-I1I ULTRA,
TeMreparypsl 3acTbiBaHusi — Ha mnpubope «MHIIH» (KPUCTAJUI). Macnsuyro ¢pakunio HehTH M OCaaKOB
AHaIM3UPOBAJIM METOJOM XPOMAaTOMAacC-CIIEKTPOMETPHH Ha XPOMAaTOMacC-CIIEKTPOMETPHUYECKOH KBaIpyNoJbHO
cucteme GSMS-DFS «Termo Scientificy. MK-ciektpsl HedTH W ee KOMIIOHEHTOB peructpupoBaiu Ha FTIR-
ciekrpomerpe NICOLET 5700 B o6macti 400—4000 cm . 3HAYeHHs ONTHYECKOH IMIOTHOCTH IMOJOC IOTJIOMICHHS
HOPMHPOBAIIH TI0 OINTHYCCKOI IIOTHOCTH MONOC B o6mactu 1465 1 1610 cm .

22


mailto:galivvol@yandex.ru

Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

[TokazaHo, 4TO ynabTpa3ByKOBasi 00padOTKa NMPUBOJMUT K YBEIMYECHHUIO BA3KOCTH, MPEAEIBHOIO HANPSDKEHHS CIIBUra,
SHEPIrUU aKTHBALMU BSI3KOTO TEUEHHS U BHYTPEHHEW >HEpruM paspylIeHHs AUCHEPCHOW CHCTEMBI NMPH YBEIUYEHUH
BpeMeHH 00paboTku. 1o JaHHBIM XpOMaTOMAacc-CHEKTPOMETPHUH B COCTaBE JUCIEPCHOH (a3bl oOpaboraHHOW HedTH
yBenuuuBaeTcs 10is H-ankaHoB CisH3,—CigHsy M KOHIIEHTpanus apoMaTH4ecKuX yriieBoA0pOAOB.

KiaioueBble ciaoBa: HeTh, yIbTpa3ByKoBas o0paboTka, AucriepcHas (as3a, KOMIIOHEHTHBIM COCTaB, BS3KOCTB,
TeMIepaTypa 3aCThIBAaHHUSL.

EFFECT OF ULTRASONIC TREATMENT ON THE PROPERTIES OF
HIGHLY PARAFFINIC CRUDE OIL AND COMPOSITION OF THE
DISPERSED PHASE
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Oo6paborka BIIH B ynbTpa3BykoBOM IMOJ€ NPUBOAMT K POCTY BA3KOCTH, IPEAEIHLHOTO
HanpsDKeHUs caBura (1), PHepruu akTuBalMu Bsiskoro TeueHus (AE) nucnepcuii, tremmnepaTypbl
3acteiBanus (T;), Temmeparypsl ¢azoBeix mepexonoB (T; — Havano Kpuctayumsauuu, Tz —
CIIOHTaHHAs KpUCTAJIM3allKsA) IPU YBEJIIMUCHUU BpeMEHM Bo3zelcTBus (Tabda. 1, puc. 1).

Ta6auma 1
Bansinue Bpemenu Y30 Ha cTpyKTypHO-MexaHu4yeckue napamerpsl BITH
B AE W nipu pasnnanoii remneparype (°C),
y38?1;4;H N, mlfa-c* T, Ila T °C KH)K/M’OJ'II) o

20 25 30
0 610 0,47 8 22 14 3 0,3
5 1770 1,37 11 38 78 10 0,4
10 2489 1,58 16 42 108 16 0,6
15 3579 1,84 17 44 193 61 0,7

* 11 — (K THBHAS BA3KOCTB IPH CKOPOCTH epopMarmn 1 ¢ Temmeparype 20 °C,
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Puc. 1. Bimsiane Bpemenn Y30 Ha TeMiiepatypsl (pa3oBbIX HepexoaoB npu oxyaxaennn BITH
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BenuumHbI HEpPriy akTHBAIMU BA3KOTO TCUCHUs] HEYTH B 00JIACTH 3apOIXKICHUS KPUCTAIIOB
napauHOB pacTyT MPU YBEIWYECHUH BPEMEHH YIbTpa3BykoBod obOpaborku (Y30) (tadm. 2). B
UHTEpBaJic TEMIIepaTyp CIOHTAHHOH KPUCTAUIM3AIUMU HAOJI0aeTcsi oOpaTHas 3aBHCHMOCTb:
MaKCHMAJIbHOE 3HAYCHUE SHEPIrUU IOJy4eHO Juisi ucxoxHoi Hedtu. bonmee Toro, mepexon
CBOOOJJHOTUCIICPCHOW CHCTEMBbI B CBSI3HOAUCIIEPCHYIO [UISi MCXOJHOM HE(TH MPOHCXOIHUT IIPH
OoJiee BBICOKOH TeMIieparype, 4eM 00paboTaHHBIX 00pa3IioB.

Tab6numa 2
DHeprus aKTUBAIMM BSI3KOI0 TeYeHHUs B 00JIaCTH TeMIepaTyp (a3oBbIX epexonoB
Bpewms Y30, mun AE, xJ>x/Moab
T T,
0 7 141
5 23 96
15 18 72

[To myomaau meTnu rucrepesuca, 0Opa3oBaHHON KPUBBIMH TEUYEHHUS MPSAMOTO U OOPAaTHOTO
XO/la, PACCUUTAHBl BEJIMYMHBI BHYTPCHHEH SHEPruM pa3pylieHus TUKCOTpomHbIX cuctem (W)
(tabu. 1). Bmusaue Y30 Ha creneHb CTPYKTYPHPOBAHHS CHCTEMbI MaKCHMaJIbHO mipu 2 °C, KoTopast
OnmM3ka K TeMIleparype 3acTeiBaHus He(pTH. DHeprus paspylIeHUs AUCHEPCHOW CHCTEMBI,
oOpaboTranHOW B TedeHHe 15 muH, Bo3pactaeT B 14 pas. BausHue oOpaboTkm ociabeBaeT Npu
HOBBIIIEHUH TeMiepaTypsl U mpu 30 °C npakTHYECKH HUBETHPYETCS.

OTMeueHHbIE U3MEHEHHUs CTPYKTYpHO-MEXaHMYECKHX CBOWMCTB, TOBBIIICHHWE TEMIIEpaTyp
dbopmMupoBaHUs AUCTIEPCHOM (ha3bl mociie 00pabOTKH BIUSAET HA CEIUMEHTAIIHOHHYIO YCTOWYHBOCTh
Heptu. C yBenmnuennem BpeMeHH Y30 CyIIECTBEHHO BO3pacTaeT Macca OCagKOB, a HX
MOJIEKYJISIpHAsi Macca W TeMIlepaTypa 3acThIBaHUS CHMIKAIOTCS, NPU 3TOM TIPYNIIOBOM COCTaB
0CaJIKOB, BBIJICIICHHBIX U3 00paboTaHHOW He(TH, MPAKTUIECKU HE MEHSETCSI.

CornacHo JJaHHBIM XPOMAaTOMAacC-CIIEKTPOMETPHUH, C YBEIIMYCHHEM BPEMEHH aKyCTHYECKOTO
BO3JICHCTBUS B MacJIsIHOM (DpakLMU OCAJIKOB HE MEHSETCS IMOJI0KEHHE MaKCUMyMa MOJIEKYJISpHO-
MaccoBOI'0 pachpeseieHus H-alKaHoOB (puC. 2), HO YBEIMYUBACTCS CYMMAapHOE COJepXKaHHe
KUAKUX yraeBoaoponos ¢pakuun Cis—Cie (Tabn. 3). Kpome H-ankaHOB B Maciax OCaJIKOB
UICHTU(QUIMPOBAH Psl apOMAaTHYECKHMX KOMIIOHEHTOB, COAEPKAHHE KOTOPBHIX YBEIWYMBACTCS Ha
2,545 % 1o cpaBHEHHIO C OCAJIKOM UCXOHOU HEPTH.

u I.; N W 9;
B O ’- 0
g r 579@ Z ’ B0 MmuH
= il
X & l"i‘l"gﬁ H Y ] B 5 MuH
s B 0 vl 3 6oz
E 4,16 483 ; i '
?.: ,0 ‘p"“-“é‘ . ‘ .
5 /8 3 %a .
s it ;
I I I ‘. 3 E
I ' l [ LS

KomnuectBo aromoB C

Puc. 2. Pacnipenenenne H-anKaHOB B MacITHOH (hpaximu ocaakos BITH

Ilo panabiM HK-cnekTpockonmuu CTPYKTYpHO-TPYIIIOBOM COCTaB Macel OCaJKOB HeE
MIPETEPIIEBAET CYIIECTBEHHBIX M3MEHEHUH Npu yBenudeHuu BpeMeHH Y30. Ho Bce-Taku ciemyer
OTMETUTDH TEHJECHIUIO K YBEIMYEHHUIO apOMATUYHOCTHU, Pa3BETBIEHHOCTH CTPYKTYpP, COAEpPKaHUS
Cyiab(GOKCUAOB; anu(paTUYHOCTh Macell, HaIpoTHB, CHIKaeTcs. CTPYKTypHO-TPYIIIOBOM cocTaB
CMOJIUCTON (PpaKIMU OCATKOB U3MEHSETCSI aHTHOATHO.
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Tabnuma 3
Bausinue Y30 Ha cofepkaHue H-aJKAHOB B MacissHO# (ppaxuum ocankos BITH
CopiepxaHue H-amKaHoB, % Mmacc.
Bpems Y30, mun CioCue CroCoe
0 12,2 12,2
5 16,4 16,4
10 16,1 16,1
15 15,2 15,2

Takum 00pa3zom, MPOBEJCHHBIE UCCIIEIOBAHMUS MTOKA3bIBAIOT, YTO Y30 BbICOKOMAapapUHUCTON
HedTH TpUBOIUT K (popmupoBaHHIO AucrnepcHOW (a3pl mpu Oojee BBICOKUX TeMIlepaTypax.
Kpucrannuzanus H-aJIkaHOB IIPOTEKAET 00J1€€ NHTEHCUBHO, OKKIIIOAUPYS HU3KOMOJIEKYJISIPHBIE H-
AJIKaHbl U apPOMATUYECKHE KOMIIOHEHTHI U3 COCTaBa CIIOKHBIX CTPYKTYPHBIX €IMHHIIL, SBIISIOMINXCS
eIMHUIIAMU AHUCTIepCHON (a3bl. Pe3ynbTaThl CBHIAETEIBCTBYIOT O TOM, YTO 00pa0OTKa B MSTKHX
yCIOBUSIX (HU3KHE TEMIEpaTyphbl, KPATKOBPEMEHHOCTh BO3ACMCTBUSI) HE MPUBOAUT K 3aMETHOMY
W3MEHEHUI0 cocTaBa HepTH u jaucnepcHod  ¢a3el. Pesymprar  VY30: paspyimieHue
MEXMOJIEKYIIIPHBIX CBA3CH U mepepacrpeiesieHue KOMIOHEHTOB HEPTH MEXIy TUCIIEpCHON (ha3oit
Y TUCTICPCUOHHOM cpenoii. Ho, TeM He MeHee, MOI0KHUTETbHBIN ) PEeKT 00pabOoTKH MPUCYTCTBYET:
BbICOKOIIapaguHUCcTass He(PTh, pazorperas MOJ JCHCTBHEM YyIbTpa3ByKa, MOXET ObITh
TPAHCIIOPTUPOBAHA JJO MOMEHTA HayaJla KPUCTAIUIN3ALMY H-AJIKAHOB C MEHBIIMMU 3aTpaTaMHu.
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IHPEBPAIIIEHUE ITPOITAHA B APOMATHYECKHE YI'VIEBOAOPO/bI
HA MOJUPUIINPOBAHHBIX HEOJIMTHBIX KATA/IN3ATOPAX

BoabiaknHa Anexcanapa HukosaeBHa, acniupanT, OeepalibHOE TOCYIAPCTBEHHOE OIOKETHOE
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OromkeTHOE yupexaenne Hayku MHctutyT xumun HedTn Crubrpckoro otnenenus Poccniickoil akaneMun
Hayk, 634055, Poccus, r. Tomck, nip. Akagemudeckwuid, 4, E-mail: Ikplu@ipc.tsc.ru

AKTyambHOCTh pPabOTEI 0OOYCIIOBIIEHa HEOOXOTUMOCTBIO pa3pabOTKM M CO3MAHUS KaTaJH3aTOpOB, OOJaTaroIInX
BBICOKOW aKTHBHOCTBIO M CEJIEKTHBHOCTBIO B IIPOIECCE apOMAaTH3AIlMHM HHU3IINX alKaHOB, B YaCTHOCTH MPOIIaHA,
BXOJISIIIIETO B COCTAaB MOMYTHBIX HEe(QTAHBIX TazoB, LIDIIY u oTxomammx HedTe3aBOACKHX ra3oB. Ha ceromHsmmHM
JIeHb TPOW3BOIHUTEIN AapOMAaTHYECKUX YTIIEBOJOPOMIOB CTATKHUBAIOTCS C TIIOCTOSHHO pacTymeil moTpeOHOCTHIO
paciIupeHus CHIpheBON 0a3bl 32 CUET JIETKUX YTICBOIOPOAOB, UTO BEChMa IMEPCIIEKTUBHO KaK C KOJIOTUIECKOM, TaK H C
SKOHOMHYECKONW TOUKH 3peHus. OCYIIeCTBUTh XUMHUYECKOE MpPEBpalICHUE Ta3000pa3HBIX YTIICBOJAOPOIOB B SKHIKHE
HpOI[yKTI)I B O,HHy CTaAUK0 HEBO3MOXHO 663 HpI/IMeHeHI/IH BBICOKOAKTHUBHBIX 6H(1)yHKIlI/IOHaJ'H>HI>IX KaTaJ'II/ISaTopOB.
OCHOBHLIM KOMIIOHCHTOM TaKHux KaTaJ'II/BaTOpOB ABJISACTCA LCOJIUT CeMeﬁCTBa IICHTACHII, MO}II/I(bHLII/IPOB&HHI)Iﬁ
Pa3IMYHBIMH dJIEMEHTaMH, 00JIaJAfOLMU TTOBBIILIEHHON JETUAPUPYIOIIEH CIOCOOHOCTBIO.

Ienb paboThl — U3yyCHHE 3aKOHOMEPHOCTEH Mpollecca MPEBpPAIICHUS MPOIMaHa B apOMAaTHUCCKUE YIIICBOAOPOMALI Ha
METaJICOIeP KAIUX [IEOJIMTHBIX KaTalu3aTopax.

Mertomb! uccnenoBanus: MK-criekTpockorus, ra3oBas XxpoMaTorpadus, IporpaMMUpOBaHHAs TEPMOICCOPOIIHS.
Pesynbrathl: BBeleHHE B COCTaB IICOJIUTa MPOMOTHPYIOUINX M00ABOK MPHUBOMUT K IIONYYEHHIO KaTalU3aTOPOB C
Pa3THIHBIME (PU3UKO-XUMIYSCKUMH CBOMCTBAMH WM OKa3bIBAaeT BIUSIHHE Ha CKOPOCTh MPOTEKAHUS HAa HUX OTHCIHHBIX
cTaauii mporecca mpeBpanieHus IpoTaHa.

KiroueBble cJji0oBa: IICONIUT, CEIEKTHBHOCTh, apoOMaTH3alys, KOHBEPCHs, MOIM(DHUIMPOBAHHWE, apOMAaTHICCKUE
YTICBOIOPOMBIL.

TRANSFORMATION OF PROPANE INTO AROMATIC HYDROCARBONS
ON MODIFIED ZEOLITE CATALYST

Alexandra N. Volynkina, postgraduate student, Institute of Petroleum Chemistry, Siberian Branch, Russian
Academy of Sciences, 4, Akademichesky Avenue, Tomsk, 634055, Russia, E-mail: a.volynkina@inbox.ru
Lydmila N. Vosmerikova, Ph.D, Senior Researcher of Institute of Petroleum Chemistry, Siberian Branch,

Russian Academy of Sciences, 4, Akademichesky Avenue, Tomsk, 634055, Russia,
E-mail: Ikplu@ipc.tsc.ru

The necessity to develop and create catalysts with high activity and selectivity in the process of aromatization of lower
alkanes, in particular propane is actuality of the work. At the present time, the producers of aromatic hydrocarbons are
faced with an ever-growing need to expand the resource base at the expense of light hydrocarbons, which is very
promising both environmentally and economically. To carry out the chemical transformation of components from gas
into liquid organic compound in one step is not possible without the use of highly active bifunctional catalysts. The
basic component of such catalysts is the zeolite of pentasyl family comprising a number of promoting additives having
increased dehydrogenation ability.

The purpose of this work is to study the laws of the process of transformation of propane to aromatic hydrocarbons on
metal-zeolite catalysts.

The methods used in the study: IR-spectroscopy, Gas Liquid Chromatography, temperature-programmed desorption.
The results: the introduction of the zeolite additive promoter results in the formation catalysts with different physic-
chemical properties and influences the rate of separate phases of the propane transformation process.

Key words: zeolite, the selectivity, aromatization, conversion, modification, aromatic hydrocarbons.

B macrosimee Bpems B Poccum paspabateiBaeTcst  Gonee 1250 HedTAHBIX H
He(Tera3oKoHIeHCAaTHBIX MecTOpoxaeHud. JloObua HeTH Bcerna COMpoOBOXKIAETCS MOTydYEeHUEM
OIIpeJIeIEHHOr0 KouyecTBa nomnyTtHoro HedrsHoro rasa (ITHI). PannonanbHOe mcmonb3oBaHue
I[IHI" sgaBnsercs HeoTbemsIeMOM 4YacTbio 3(PQPEKTUBHOTO SHEPromnojab30BaHUS M OJHUM U3
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BOKHEHIIMX TMOKa3aTeled YpPOBHS MNPOMBINUIEHHOTO pa3BuTug cTpanbl [1]. Opaum  u3
ONTUMAJIbHBIX pEIIEHUH Mpo0semM, cBA3aHHbIX ¢ yTuinzauuei ITHI, aBisercs nonydeHne HEHHBIX
XUMHUYECKHUX MPOAYKTOB U3 yriaeBoaopoaoB Cp,—Cs. OcyliecTBUTh XUMHUYECKOE MpeoOpa3oBaHue
komrnoHeHToB [IHI' B ’xuakue opraHmdeckue COEAWHEHHs B OJHY CTaJMI0 HEBO3MOXKHO 0€3
MIPUMEHEHUS BHICOKOAKTHBHBIX OM(DYHKIIMOHANBHBIX IEOJUTHBIX KaTaJIM3aTOPOB, COYETAIOIIUX B
ce0e KHCIOTHBIE CBOMCTBA CaMOro IIEOJITA W JIETUAPUPYIOIINE CBOMCTBA Pa3IMYHBIX METAJUIOB
[2-5]. B nmanHo#t paboTe MpOBEICHO HCCIIEIOBAHHE IEOJTUTHBIX KaTalU3aTOPOB, COICPIKAIINX
UHUPKOHUH, KaJIMUU U LUHK.

s [IPUTOTOBJICHUS KaTaJan3aTopoB MCIIOJIb30BAIH BOJIOPOIHYIO bopmy
BbICOKOKpeMHe3emHoro 1eonuta (BKILl) cemeiictBa mneHTacun ¢ MOJIBHBIM  OTHOIICHHEM
SiO,/Al,03=40. Metaiabpl BBOIWIN B IICOJIUT METOJOM €ro IMPOIMHMTKHA BOJHBIMH PacTBOPAMHU
azotHokucioro 1uHKa (ZN(NOs3),6H,0), cepuokuciaoro mupkonusi (Zr(SO4)24H,0) u
azotnokucioro kaamus (Cd(NOs),-4H,0). KonuenTpaius MeTaaioB B 1eoiure cocrasisiia 3,0 %
Mmacc.

[IpeBpamienue mnpomaHa uU3ydajdd Ha CTEHJOBOH YCTAaHOBKE MPOTOYHOIO THUMNA THpU
armMocdeproM nasineHuu, Temneparype peakuun 400-600 °C u 00bEMHON CKOPOCTH II0JAYM
nponasa 500 4 . IIpOXYKThI PEAKLMH AHANH3HPOBAIN TA30XPOMATOrPAQUUECKHM METOIOM C
ucnosib3oBanueM xpomatorpada «Xpomardk-Kpuctamn 5000.2». [l ONEHKH KaTaTUTHYeCKOU
aKTUBHOCTH 00pa3lloB OMPEeIisiif CTEIEeHb MIPEBPAICHH MPOMaHa, a TAKKe PACCUUTHIBAIN BBIXO]]
U CEJIEKTUBHOCTh 00pa30BaHUsl ra3000pa3HBIX M JKUAKUX IMPOAYKTOB peakuuu. TecTupoBaHHe
KHCIIOTHBIX CBOMCTB TMOBEPXHOCTH KATaIM3aTOPOB MPOBOAMIU METOAOM TeMIlepaTypHO-
IIporpaMMupyeMoil necopounu ammuaka. KOHIEHTpaluio KHUCIOTHBIX LIEHTPOB B MCCIEAYEMBIX
oOpa3nax oOmpeneNsyii MO KOJMYECTBY aMMHaKa, IeCOpOMpYIOIIErocss B MOMEHT (UKcaluu
JeCOpOIMOHHBIX MTHUKOB.

Pe3ynbrartel uWccienoBaHUM MpeBpalleHHs IMpolaHa Ha TOJYyYEHHBIX KaTalu3aTopax
npenacrasieHsl B Ta0n. 1. Ha HemoauduuupoBaHHOM LEOIMTE MPEBPALICHUE ChIpbS HAUMHAETCS
npu temmneparype peakuuu 400 °C, a npu 500 °C u BbllIe TPOMCXOIUT 0Opa3oBaHUE IIEJIEBOTO
MPOJYKTa — apOMaTHUECKUX yrieBo0po10B. [lo00uHbIE MPOTYKTHI MIPEACTaBIEHBI Fa3000pa3HBIMU
YIJI€BOJIOPOAAMH — METAHOM M 3TaHOM, B HE3HAUUTEIBHOM KOJMYECTBE NPUCYTCTBYIOT BOJOPOA U
onedunanl Co—C3. C pocToM TeMIiepaTypbl MpoIecca MPOUCXOIUT YBETUUECHNE KOHBEPCHH TTPOITaHa
U CEJIEKTUBHOCTH OOpa30BaHUs apOMaTHYECKUX YrieBojgopojaoB. Ha HemoauduuupoBaHHOM
L[E0JIUTE OCHOBHBIM HAIlpaBJIEHWEM IPOTEKaHHUs Ipoliecca MPEBpAIleHUs MPOIMaHa SBISETCS €ro

KPCKHUHT, a CCIICKTUBHOCTD O6pa30BaHI/I$[ ApCHOB HC ITPCBLIIIACT 30 %
Tao6aunma 1
CocTaB NpoAYKTOB NpeBpallieHusi MPoNaHa Ha MOAU(PUIMPOBAHHBIX EOJIUTHBIX KATAJIU3ATOPAX

Katanusatop T peaawan 'C X, % A, % Sups %0 S % Spers %0 Shz, %

450 30 23 77 816 8,5 13

HBKI] 500 59 10,1 171 714 9.0 21
550 88 25 6 201 60.3 7.6 25

600 99 28.4 28.7 610 6.0 3.7

450 31 2.4 77 82,6 8.2 15

500 55 5.8 10,5 773 9.6 24

Zr-HBKIL 550 84 18,1 215 66.0 9.3 3.2
600 91 400 439 421 107 3.2

450 32 44 13.8 76.4 4.9 4.9

500 83 12,5 15.1 794 20 33

Zn-HBKII 550 99 26.2 26,5 69.3 12 3.1
600 100 327 327 612 N 41

450 9 25 278 263 137 113

500 28 85 304 493 110 9.2

Ca-HBKIL 550 64 235 36.7 480 87 6.4
600 81 28.3 34.9 477 118 56
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Beenenune B meomur 3,0% Zr He NPUBOAUT K YBEIWYCHUIO KOHBEPCHUHW TMpOMNaHa, HO
HOBBIIIAET APOMATU3UPYIOIIYI0 aKTUBHOCTH Kataau3aropa. [Ipu remneparype peakiuu 600 °C s
JaHHOro oOpasla BBIXOJl apoOMaTHuYecKuX yriieBoaoponoB nocturaetr 40 %, 4To 3HAYUTENHHO
Boime, vem i HBKI npu »stoif ke Ttemmeparype peakuuu. ITO CBUIETEIBCTBYET O
MEPCIIEKTUBHOCTH TpPUMEHEHUs1 ZI—CoJlepiKallliX LIEOJIUTHBIX KaTaliu3aTopoB B Ipoliecce
apoMaTH3aluy IpolaHa.

[Ipu BBenenuu B coctaB neosnuta 3,0 % Zn HabmiogaeTcsl MOBBILIEHUE OOIIEH aKTUBHOCTU
karanu3aTtopa mpu Ttemmneparype peakuun 500 °C, a nmpu 550 °C mpoman mpeBpaiiaercs
MIPAKTUYECKH IMOJIHOCTHIO. B TO ke BpeMs Ha ZN—cojepiKalleM LeoJuTe 00pa3yeTcss MpaKTHYeCKU
TaKO€ K€ KOJIMYECTBO apPOMATUUYECKUX YIJIE€BOJIOPOAOB, UYTO U Ha UCXOAHOM KaTalu3aTope.

HaumensbIiyro U3 Bcex McCIeayeMbIX KaTaan3aTOPOB aKTUBHOCTH B MPOIIECCE apOMaTU3allun
nporiaHa nposiBisier  Cd—copepkamuii  1ieosmT.  3aMeTHOE  00pa30BaHHE apOMATUYECKUX
YIIIEBOAOPOAOB Ha HEM HaOrogaerca Tonbko npu temmeparype 550 °C. IToxbéM TemmepaTypsl
peakiuu g0 600 °C He NPUBOIUT K CYLIECTBEHHOMY IOBBIIICHHIO CEJIEKTHBHOCTH 00pa30BaHMs
apoMaTHYeCKUX YTIJIeBOJOPOAOB, MPH 3TOM KOHBEpcHs MpomaHa coctaBisier Bcero 81 %. Drto
cBsi3aHo ¢ TeMm, 4ro Cd-coxmepxamiye IEONUTHI XapPAKTEPU3YIOTCS HHU3KOW CTaOMIBHOCTBIO
XMMHUYECKOT0 COCTaBa M3-3a JIETKOT0 YHOCA aKTMBHOTO KOMITOHEHTa MPOAYKTaMHU PEAKIHH B XOJIe
MIPOTEKaHUs Ipolecca.

HccnenoBanne KHCIOTHBIX CBOMCTB TMOJNYYEHHBIX METAJUICOAEPIKAIIMX KaTaau3aTOpOB
[I0Ka3ajo, YTO TMpPU BBEACHUMM B ILEOJUT MPOMOTUPYIOIIUX  JI00ABOK  MPOMCXOJIUT
nepepacnpe/esieHle KUCIOTHBIX LIEHTPOB MO CHJIE U KOHIIEHTPAIUH, YTO U OKAa3bIBAeT BIMSHUE HA
KaTaJUTUYECKUE CBOWCTBAa B IPOLIECCE IPEBpALICHMs] IpOIaHa, T.K. ONPEAEICHHbIC AKTHBHbBIC
LEHTPHI OTBETCTBEHHBI 32 MPOTEKAHUE TOW MIIM XUMUYECKON PEAKIIUH.

Takum o00pa3om, BBEIEHHE B COCTaB LIEOJIUTAa IMPOMOTUPYIOUIMX J100aBOK INPUBOAMUT K
MOJIYYEHUIO KAaTalIU3aTOPOB C PA3IUYHBIMU (PU3UKO-XMMHUECKUMU CBOWCTBAMU U OKAa3bIBAET
BJIMSIHUE HA CKOPOCTh IIPOTEKAHUSI HA HUX OTJEJIbHBIX CTaJMN Mpoliecca NpeBpalleHus IponaHa.
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[Nosrimenue 3pPeKTUBHOCTH NEHCTBUS KaTAIN3aTOPOB CBS3aHO C M3MEHEHHEM HX (Da30BOTO COCTaBa W PEAKIIMOHHOM

cnocobuoctu V,0s5 oz Bosaeiicteuem TiO, u SNO,.
Kunrouesble ciioBa: mapodassoe okucienue, 3- u y-nukonuusl, V,0s, V-Ti—O u V-Ti-Sn—0 katanu3atopsi.
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It were investigated the catalytic properties of the vanadia catalysts modified TiO, and SnO, in the vapor phase
oxidation of - and y-picolines into nicotinic and isonicotinic acid respectively. An increase in activity and selectivity of
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the catalyst under the influence of modifiers was revealed. Increase of efficiency of action of catalysts is due to change
of their phase composition and reactivity of vanadia under the influence of TiO, and SnO,.
Key words: vapor phase oxidation, - and y-picolines, V,0s, V-Ti—O and V-Ti-Sn—O catalysts.

Kokcoxumuueckue - U Y-IIUKOJIUHBI SBJISIOTCS MPUPOIHBIM CHIPHEM, a UX OKUCIHTEIbHAs
nepepaboTka TO3BOJISIET CHUHTE3UPOBATh MUPUAUHKAPOANBACTUIAB M NUPHUIMHKAPOOHOBBIC
KHCIIOTHI, HEOOXOJAMMBIE MEIUIIMHE W CEIbCKOMY XO3SiCcTBY. HHKOTHHOBas KHCIIOTa SBISCTCS
KU3HEHHO Ba)XHBIM BUTaMUHOM PP, a HW30HMKOTHHOBas KHUCIOTa U NHUPUAUHKAPOAIIbIETH]T
WCIOJIL3YIOTCSL JIUIsL TIOJNYYEHHUsl psiia TPOTUBOTYOCPKYJIE3HBIX TNPENaparoB, CTUMYJIATOPOB U
PErylaTOpOB pOCTa PACTEHUM, BYJIKAHU3MPYIONIMX areHTOB B Kayuyykax u JAp. Meronbl
nepepaboTKU IMUKOJIMHOB B KHUCIOTHI, HampuMmep, Takue Kak JKUAKO(ha3HOE OKHCIECHUE B
npucyrctBu HNO3 nmn KMnO4 u oxucnutensHblii aMMoHonmu3 B npucytctBun NHs, TpeGyrot
MPUMEHEHHUS]  KOPPO3MOHHOCTOMKOM  ammapartypbl ¥ SIBISIIOTCA  JIOPOTOCTOALIUMH U
MHOTOCTaIUHHBIMH. [IpsiMOe KaTaTMTHYECKOE OKUCIICHUE [3- M Y-TIMKOJIMHOB KHCIOPOJIOM BO3/IyXa
B mapoBoil (aze oTHocuTCs K Hamboyiee palMOHAILHOMY M pecypcocOeperaroiemMy crnocody
CHHTE3a MUPUIMHKAPOOHOBBIX KUCIOT [1, 2]. DddexkTnBHOCTS IIEpepabOTKN MUKOIUHOB B LIEJIEBEIC
MIPOJYKTHI 3aBUCUT OT AKTUBHOCTH U CEJIEKTUBHOCTU UCIOJIB3YEMBIX KaTalIU3aTOPOB.

HccnenoBaHo BIMSHHE COCTaBa OKCHIHOBAHAIMEBOTO KaTalM3aTOpa, MOIU(PHUIIMPOBAHHOTO
OKCHJIaMU TUTaHa M O0JI0Ba, Ha 3(PPEKTUBHOCTH €ro KATaTUTHUYECKOrO JCHCTBHUS B OKHCICHUU
B-TIMKOMHA B HUKOTHHOBYIO KUCIIOTY. HaliieHo, 4To CKOpOCTh OKHCIeHHs B-mukonuHa Ha V—TIi—
Sn—O karanuzaropax B 1,4—1,7 pasa Gonbiie ckopocTr okucienus Ha V-Ti—O karamusarope 6e3
nobasku SnO; u B 1,7-2,7 paza Oomnbine, uem Ha V05 (Tabn.). YiuenpHas KaTaauTHYeCKas
AKTUBHOCTH UCIBITAHHBIX 00Pa3I[0B U3MEHSAETCS B TOM K€ MOPSAIKE, KaK U CKOPOCTh OKHCIEHUS 3—
METWINHPHUINHA, TIOCKOJBKY VICNbHAs IOBEPXHOCTh O0OpasloB TPUMEPHO OJWHAKOBas U
cocrasiser 0,7-0,8 m°/r. IlokasaHo, 410 B unTepBane temneparyp 280-340 °C na BaHaamii-
TUTAHOKCHJIHOM KaTtaym3arope ¢ aoOaBkoit SnO, m3buparenbHOCTH 00pa3oBaHUS HUKOTHHOBOM
KHCJIOTBI MOXKET cocTaBisITh 82—94 %, uto Ha 18—32 % Gomnbire, yem Ha Kataauzatope 6e3 SnOs.

3aBMCHMOCTH CKOPOCTH OKHCJIEHHS -NIHKOJIMHA 0T COCTABA KATAIM3aTOPa

McxomHEI cocTaB KaTajau3aTopa W-10°. MMOUE/T M
V,0s, macc. % TiO,, macc. % Sn0,, macc. % ’
100 0 0 2,0
12,4 87,6 0 3,3
11,9 78,3 9,8 55
11,3 69,9 18,8 3,9
10,9 62,1 27,0 3,7
10,0 48,5 41,5 3,6
9,0 315 59,5 34
“Cropocts moaun B-muxomuna — 206 r, Bo3ayxa — 11100 1, Boas: — 870 T Ha 1 11 katanusatopa B uac. Bpems kontakra — 0,14 c.

Temneparypa — 380 °C.

VcnplTaHus OKCHHOBAHA/IMEBOTO, BAHAAMM-TUTAHOBOIO M BaHAIUI-TUTaH-OJOBSIHHOTO
KaTaJM3aTopoB B ra3o(phasHOM OKHCICHWHW Y-TIUKOJIMHA TPOBOAMIN B PEAKTOPE, MOICITUPYIOIIEM
ANIEMEHT MPOMBIIUICHHOTO KOHTakTHOro ammapata. M B atoit peakmum V-Ti-O u V-Ti-Sn-O
KaTaau3aTopbl TI0 CBOCH KaTAIMTHYECKOW akTHUBHOCTH mpeBocxomar V,0s (puc.l1l). Ha
IBYXKOMIIOHEHTHOM V—Ti—O—KkaTanu3arope MEHbIIEe BCEro o0pa3zyercss MUPUAWH-4-aibIeruja.
BBenenne B cocTaB BaHAJAMK-THTAHOBOTO KaTannW3aropa TO0ABKM JHOKCHAA OJOBa IOBBIIIAET
KOJINYECTBO allbJIeTH/1a B MPOJIyKTax peakuuu. Ha Bcex Tpex Karaim3aropaX HauOOJBIINI BBIXOJ
M30HUKOTHHOBOM KHCIOTHI cocTaBiisgeT 60 %. OaHako Ha MEHTOKCH/I€ BaHAMS OH JOCTUTAETCS MPU
temnepatrype 350 °C, na V-Ti—-O—karanmuzatope — npu 290 °C, a Ha V-Ti-Sn—O—kaTanuszarope
npu temmnepatype 310 °C. Beenenune momudukaropos (TiO, u SnO;) B OKCHAHOBaHAIUCBBIH
KaTaJIn3aTop YBEJIUYHBAET €r0 aKTUBHOCTh, OIICHHBAEMYIO TI0 KOHBEPCHUH HCXOAHOTO BEIIECTBA, U
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HOHMKAET TEMIIEPATypy MAaKCUMAlIbHOTO BHIXOJd NHMPUAMH-4-albJeTuaa ¥ W30HHKOTHHOBOM
kuciotsl Ha 40—60 °C.

- 100 3 60
o 80 = 40
g 40 2 1 T 0
g 20 =
B () L L 1 1 1 L 1 L L 1 1 () 1
200 220 240 260 280 300 320 340 360 200 220 240 260 280 300 320 340 360
a o
80
I 3 1
o 60 | 2
'é 40 I Puc. 1. BnusHue TemnepaTypsl Ha KOHBEPCHIO Y-
= NHUKOJIMHA (), BBIXOJ NUpUINH-4-KapOanbaeruna (0) u
20 WN30HUKOTHHOBOI KHUCJIOTHI (B) HA OKCHIHOBAaHAIHEBBIX
i KaTaJIn3aTopax pa3IuYHOro COCTaBa

(] L 1 1 L L 1 L L 1 L L ]
200 220 240 260 280 300 320 340 360

MomnsipHOE COOOTHOIIICHHE
y-rkoanH: O2:H,0 = 1:14:110. O603Ha4eHNE KPUBBIX

Tenmeparypa, °C (karanuzaropsl, Macc. %): 1 — V,0s,
2-22,15% V,05 + 77,85 % TiO,,
8 3-9% V,05 + 59,5 % SnO, + 31,5 % TiO,

BapbupoBannemM CKOpPOCTH MMOJA4d BO3/1yXa, BOJBI, BPEMEHHM KOHTAaKTa M TEMIIEPATypHI
HalJIeHbl ONTUMAJIbHBIE YCIOBUS OKHCIUTENILHOMN NepepadoTKU - U Y-TIMKOJIMHOB COOTBETCTBEHHO
B HUKOTHHOBYIO ¥ U30HUKOTHHOBYIO KUCIIOTHI. [10100paHbl yCIIOBHSI TPUTOTOBIICHUS] OKCUIAHBIX V—
Ti-O u V-Ti-Sn—-O kaTtanu3aTtopoB W wHccienoBaH ux (a3oBelii coctaB. BbIsBIE€HO, uTO
noBbieHne dpdextuBHocTr aedctBus nByx- (V-Ti-O) u tpexxommnoneHTHBIX (V-Ti-Sn-0)
KaTaJM3aTOpOB B OKHCIUTEIbHBIX PEAKIMAX CBA3aHO C M3MEHEHHeM uX (ha3oBOro cocraBa U
peakimonHoi crnocooHocT V205 mox BosaeiictBuemM TiO, m SnO,. Mepoii peakinnOHHOM
CIIOCOOHOCTH CIY)XKHJIa CKOPOCTh TEPMHUYECKOW auccolmaiuu okcuaa BaHaausi(V), KOTOPYIO
KOHTPOJIMPOBAITU TI0 KOJIMYECTBY BBIICISIOIIErOCs Kuciopoaa. HalieHo, 4To CKOpOCTh BBIIEICHUS
KHUCJIOpPOAa MHOTOKpaTHO BO3pacTaeT TMpH Iepexoje OT HHauBHAyadbHoro V20s K
nByxkoMrnoHeHTHbIM V-TI—-O u V-Sn-0, a Takke K TpeXKOMHOHeHTHbIM V—Ti-Sn—-O cmecsm.
Pe3ynpTaThl MCHBITAaHUN BaHaIUICOAEPIKAIIMX KAaTalIU3aTOPOB B OKHMCIECHHUU (- M Y-IIUKOJIMHOB
COTJIACYIOTCSl C pe3ysIbTaTaMHd KBAHTOBOXMMHYECKHX pPAcdye€TOB B KIACTEPHOM MPHOIMKCHUU.
CornacHo pacyeram, mobaBku TiO; u SnO; k V205 crocoOCTBYIOT yBEIHYEHHIO CPOJICTBA K
MPOTOHY (HYKJI€O(PMIEHOCTH) aKTUBHOT'O KUCIIOpO/Ia MEHTOKCHAa BaHaaus. [locnennuit yaacTByer
B JICIPOTOHUPOBAHUH OKHUCIISIOLIETOCS METUIBHOTO 3aMECTUTEIIS.

Cnucok JIuTepaTyphl
1. Srinivasa D. Active sites in vanadium/titanium catalysts for selective aerial oxidation of B-picoline to nicotinic
acid / D. Srinivasa, W.F. Holderich, S. Kujathb, M.H. Valkenbergb, T. Rajaa, L. Saikiaa, R. Hinzeb, V. Ramaswamya //
J. Catal. 2008. 259 (2). P. 165-173.
2. Yugay O. Oxidation of 3- and 4-methylpyridines on vanadia-anatase and vanadia-rutile catalysts / O. Yugay, T.
Mikhailovskaya, D. Sembaev, P. Vorobyev // Eur.Chem.-Tech. J. 2012. No 4. P. 337-342.

31



HO]ZuqbyHKI/]MOHCUZbele Xumuueckue mamepuaivl U mexnoaiocuu

VIIK 541.128:542.943:547.211:546.74
HUKEJb-COAEPKAIINE KATAJ/IM3ATOPBI ITAPITUAJIBHOI'O
OKHCJIEHHMA TPUPOJHOI'O I'A3A B CUHTE3-T'A3

I'ananos Cepreii UBaHOBUY, KaHII. XUM. HayK, TOLEHT KadeApbl HeOpraHuIecKorl XuMun, HamoHnansHbIi
WCCIIeIOBATENbCKUI TOMCKHIA TOCYyTapCTBEHHBIN YHHUBEPCUTET, XUMUYeckuit (hakymnpret, 634050, Poccus,
r. Tomck, mp. Jlenuna, 36, E-mail: galanov@xf.tsu.ru
Cunoposa Oabsra UBanoBHa, KaHJ. XMM. HayK, JOLEHT Kadeapbl (U3nIecKkoil 1 KOJUIOMTHON XUMHUH,
HammonansHeIi uccnenoBarensckuil ToMCKHH rocyqapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUH (PaKyIbTeT,
634050, Poccus, r. Tomck, mp. Jlenuna, 36. E-mail: sidorova@xf.tsu.ru

AKTyaJbHOCTH PabOTHI 00yCIIOBIIEHa HEOOXOAUMOCTHIO Pa3pabOTKH KaTaIUTUIECKUX CHCTEM JUISA MPOoIlecca MOIyIeHHE
CHHTE3-Tas3a.

Llenp paGoOTHI: CHHTE3 M COIIOCTABJICHHE XapAKTEPUCTUK HUKEIb-CONCPIKAINX OJOYHBIX KAaTalIN3aTOPOB, IOIYYCHHBIX
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peaKkiyy MapIHATBLHOTO OKUCICHHUS MPUPOJHOTO ra3a, OCHOBHBIMH IapaMeTpaMH SBISIFOTCS pa3Mep KpPHCTAJLIUTOB
aKTUBHOT'O KOMIIOHEHTA H IIPOM3BOIUTEIILHOCTD KaTaJIM3aTopPa [0 CHHTE3-Tasy.
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peHTreHo(ha30BbIi aHAIN3, KaTallu3.

PeSyJ’ILTaTI)II MpoBE€ACHA CPABHUTCIIbHAA XapaKTCPUCTUKA HUKECIIb-COACPIKAIINX 6JIO‘~IHI)IX KaTaJ13aToOpOB, MOJTYYCHHBIX
caMopacipoCTpaHAIOINUMCA BEICOKOTEMIIEPATYPHBIM CUHTC30M C I'PaHyJIMPOBAHHBIMH KATATUTHIYCCKUMU CUCTEMAaMU B
peakuuy NaplyaibHOTO OKUCICHHUS IPUPOIHOTO rasa.

KaroueBble c10Ba: HUKEIb-COICpIKALIME CHCTEMBI, CaMOPACIPOCTPAHSIOIIMNACS BBHICOKOTEMIICPATYPHBIH CHHTE3,
XAMHYECKOE OCAKIICHUE, MAPLHAILHOS OKUCICHHE YIIICBOIOPOAOB, JHCIICPCHOCTD.

NIKEL-CONTAINING CATALYSTS OF PARTIAL OXIDATION OF
NATURAL GAS IN SYNTHESIS-GAS

Sergey I. Galanov, Ph.D., Associate Professor of Department of Inorganic Chemistry, National Research
Tomsk State University, 36, Lenin Avenue, Tomsk, 634050, Russia, E-mail: galanov@xf.tsu.ru
Olga I. Sidorova, Ph.D., Associate Professor of Department of Physical and Colloidal Chemistry, National
Research Tomsk State University Tomsk State University, 36, Lenin Avenue, Tomsk, 634050, Russia,
E-mail: sidorova@xf.tsu.ru

Relevance of the work is caused by need of development of catalytic systems for process receiving synthesis gas.

The main aim of the study: synthesis and comparison of characteristics of the nickel-containing block catalysts received
by the self-propagating high-temperature synthesis with the granulated catalytic systems in reaction of partial oxidation
of natural gas; key parameters are the size of crystallites of an active component and productivity of the catalyst on
synthesis gas.

The methods used in the study: chromatography, determination of the area of a specific surface by method of low-
temperature adsorption of nitrogen, electronic raster microscopy, element analysis, X-ray phase analysis, catalysis. The
results: the comparative characteristic of the nickel-containing block catalysts received by the self-propagating high-
temperature synthesis with the granulated catalytic systems in reaction of partial oxidation of natural gas is carried out.
Key words: nickel-containing systems, self-propagating high-temperature synthesis, chemical precipitation, partial
oxidation of hydrocarbons.

PasButre BOIOPOAHON HYHEPIrEeTUKU MOAPA3yMEBAET UCIIOIB30BAHUE BOJOPOJA B PA3IMYHBIX
SHEPreTHUECKUX IMpolieccax: Kak OCHOBHOTO BHJa TOIUIMBA JUISl TOIUTUBHBIX 35ieMeHToB (TBJ) nnu
KaKk BCIIOMOTraTEIbHOIO CBIPHEBOIO II0TOKA I YJIY4YLIEHUs XAPAKTEPUCTHUK HCIIOIb3YEMBIX
YTIEBOOPOTHBIX SHEPrOHOCUTENEH. B OmKaiten MEPCIIEKTUBE OCHOBHBIMH
MIPOU3BO/ICTBEHHBIMH NPOLIECCAMHU MOJIYYEHHUsI BOJOPO/a B MPOMBIIIJICHHBIX MaciiTabax OCTaeTcs
KOHBEPCHsI TPUPOJHOIO Ta3a, OCHOBHBIM YIVIEBOJOPOJHBIM KOMIOHEHTOM KOTOPOTO SBIISIETCS
Metad [1, 2]. B HacTosiee Bpems HCIOJB3YETCS MapoBas KOHBEPCUS NPUPOJHOrO Ta3a WIN
COBMENIEHHAs IMapoBasi KoHBepcHs ¢ gosupoBaHueM COj, mapOKUCIOPOIHAs KOHBEPCHS METaHa
WIM TOMOTCHHOE MaplIualibHOE OKHCICHHE MeTaHa KHCIOpOoJoM peann3oBaHo dupmoii Shell,
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npeiaraloTcss KOMOMHUPOBAHHBIE CITOCOOBI MOMydeHus: Bogopoaa [2, 3]. Bee BbImeynomMsHyThIE
TEXHOJIOTUHM TIOJIyYCHHsSI CHHTE3-Ta3a CTAHOBSTCSA pPEHTA0ENbHBl NpU OOJNBIIMX MOLIHOCTSIX
mpousBoJicTBa. Pa3pabaThiBaeMblil anbTEpHATUBHBIM METOA — MapUualibHOE (CEIEKTUBHOE)
kataniutuueckoe okuciienue (IIKO) nmpupoaHoro raza KuciaopoaoM Bo3ayxa. ITa 3K30TepMUYecKas
(c BBIOEICHUEM TEIUIA) pPEaKIHUs MOXET TPOBOJUTHCS HAa MOHOJUTHBIX (OJIOYHBIX) WIH
I'paHyJIMPOBAHHBIX KaTaJM3aTOpPax B aBTOTEPMHUUYECKOM PEXHMME IPU MajJOM BPEMEHU KOHTAKTa
(0,001-0,5¢c), uro mo3BoNIIET OOCCIEYUTH BHICOKYIO MPOHM3BOIUTEIBHOCTh MPH MajbIX pasMepax
peakTopa M, TaKUM O00pa3oM, CYIIECTBEHHO CHU3UTh rabapuThl M CTOMMOCTH OOOpYyIOBaHUS, a
TaK)K€ YMEHBIIUTH yACIbHBIE HOPMBI pacxoja ChIpbs U 3Hepruu [4, 5].

B mpurortoBieHun OJOYHBIX KaTaJW3aTOPOB MPHUHLUIIMAIBHO HHBIM SBISIETCS IOAXON,
OPUEHTHUPOBAHHBIM HA M3rOTOBJICHHE MOHOJMTHOTO KaTaliu3aTopa, HWMEIOIEro BBICOKOE
COOTHOILICHHE «T'€OMETPUYECKasi MOBEPXHOCTH/00bEM» C aKTUBHBIM KOMITOHEHTOM, BKJIIOUEHHBIM
HEMOCPEACTBEHHO B  COTOBYIO  CTPYKTypy. OTO MOXHO peaju30BaTh B  YCJIOBHSX
camopacrnpocTpanstouierocs spicokoreMmieparypuoro cuare3a (CBC), Bapbupys METAIIMYECKYIO U
OKCHJIHYIO COCTaBJISIIOIIYI0O B Hocutene [4, 6]. HemoctaTkoM MOHOJIMTOB KaK KaTaau3aTOPOB
ABIISIIOTCSL  TAaKXKe MpoOJeMbl MaclITaOMpOBaHHUA M MpodiieMa pa3paboTKU  CIEIHabHBIX
KOHCTPYKUHUH peakTopoB [5], B 3TOM IUIaHE TPaHyJIUPOBAHHBIE KATATUTHUYECKUE CUCTEMbI UMEIOT
3HAYUTEJIbHbIE IPEUMYIIECTBA.

B peakuuu mapruanbHOrO KaTaqTUTHYECKOTO OKUCIICHHS YIJIEBOJOPOJOB JUIS MOTYyYCHHS
BBICOKHMX BBIXOJIOB II€JIEBBIX MPOAYKTOB U MPOU3BOJUTEIBHOCTH IO CHUHTE3-Ta3y UMEET 3HAaYCHHE
JUCTIEPCHOCTh HHUKEIs, 00ecrnevynBaronias CyMMapHYI0 KaTalIUTUYECKH aKTUBHYIO MOBEPXHOCTb
Metaia. B ciydae OnouHbIX KaTanu3aropoB, nonydeHHbix CBC, Bo3zaelicTBHE pEaKIMOHHOM
cpensl mpu BeICOKUX Temmeparypax peakuuu 750-850 °C B Teuenue 20-25 4acoB criocOOCTBYET
JUCHEPTUPOBAHUIO0 METAJUIMYECKOTO HMKENsS W YBEJIMYEHUI0O CyMMApHOM IUIOLIaJAM aKTUBHOTO
komroneHTa Ni, 4To MO3BOJISIET TOCTHYD MPOU3BOIUTEIBHOCTH 10 CHHTE3-Ta3y 7,1 10® em®(cunres-
ra3a)ICM3(KaTanH3aT0pa)'q. J1s KaTaIUTUYECKUX CHUCTEM, IMOJIYYEHHBIX METOJIOM OCaXICHHUS,
M0Ka3aHO, YTO XMMHMUYECKUI COCTaB OKCUAHOM (ha3bl BIMSET HAa pa3Mep YacTHIl METAUINYECKOTO
Hukens. [lnsg TpaHyIupOBaHHBIX  KaTaJlIW3aTOpOB, MOJIYYEHHBIX METOJOM  COOCAXJIEHUS,
HaOmomaercss  OOpaTHBIM  Mpolecc —  arjoMepanys 4YacTUIl HUKENs, CBs3aHHas C
BBICOKOTEMIIEPATYPHON O3KCIUlyaTallield B  OKHUCIHUTEIbHO-BOCCTAHOBUTENBbHOM cpene. [lns
KAaTaJIUTUYECKUX CHUCTEM, IOJYUYEHHBIX METOJOM OCaXKIEHUs, IOcie 25 4acoBOM IKCILTyaTaluu
cpenunii pasmep vactuil (mo OKP) metammmnueckoro Hukens B 3—4,5 paza menbie pasmepos Ni B
CBC 06510Kax, 4yTO MO3BOJISIET JOCTHYb MPOM3BOJUTEIBHOCTH 1O CHHTE3-Tazy 8,110° em’fenm’ u,
IIpU CHUKEHUM CpelHEed TemIepaTypbl IO ciot Karamuzatopa Ha ~ 100 °C mo cpaBHEHMIO ¢
6moxamu, noyueHHsIMu CBC.
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AXTyaJlbHOCTB PabOTHI OOYCIIOBJIEHA TEM, YTO IPOLECC M3MEIbUYCHUS! ChIphsl — camas paclHpOCTpaHEeHHas W OYEHb
SHEpProeMKas OIepanus B TEXHOJOTHYECKOM TIpolecce IepepadOTKH 3€pHOBOTO CHIPbS B IHUIIEBOH U
nepepabaTbIBatolIell TPOMBIIIICHHOCTH. [lo/IcunTaHO, 4TO HAa M3MENbYECHHE €KEroJHO TpaTHTCs He MeHee 5 % Bceid
MIPOU3BOIUMON B MUpPE SHEPTI'HH, BKIIIOYAs SHEPTHIO ABUraTelei BHyTpeHHEro cropanus. TakuM oO6pa3oM, akTyanbHOM
3a/1a4eil TEXHOJOTUYECKHUX IIPOLIECCOB U3MENBUEHUS SABIISIETCS CHIDKEHUE UX SHEPTOEMKOCTH. Il CHUKEHUS SHEPTO- U
pecypco3aTpaTr NpH H3MEIbUYEHUH IeJIecCO00pa3HO NPHUMEHATh KPHOBO3AEHCTBHA. BBIOOp ONTHMANBHBIX PEXHMOB
M3MENbYCHHS, a TAK)KE BBIOOP ONTHMANBHBIX BO3/IEHCTBHUI HA HCXOAHBIE MaTepHAIIbl U TIOJ00p M3MENBYAIONTNX MaIIuH
SABIIIETCA OCHOBHOM 3a/1a4€li B IIPOLIECCE N3MENBYEHHUS 3€PHOBOTO CBIPhS B IIPOLIECCE.

Llens paboThl: 3aKimovanack B pa3paboTKa 3HEPro- U pecypcocOeperaronux METOA0B IepepabOTKH 36PHOBOTO CHIPBS C
HCIONB30BaHUEM TEMIEPATYPHBIX U BIAKHOCTHBIX BO3JEHCTBUI B TEXHOJIOTMH MPOU3BOJACTBA MHIIEBBIX NMPOJYKTOB,
KOPMOB H JAPYTHUX OPraHUYECKUX MaTepHUajoB.

Mertonp! HcciietoBanust: OOIIeHAYYHBIE, CTICIHAIbHbIC W 3KCIICPUMEHTAIbHBIC.

PesynbraThl: ObUIM TIONydEHHBIE NaHHBIC, U3 KOTOPHIX CIEAYyeT, YTO HE IS KaXJOro M3MENBYaIOIIero ycTpoicTBa
OXJIQXKIEHUE ChIPbsSI IIOJI0KHUTEJIBHO BJIMSAET HA KOJIMYECTBO IPOAYKTA U BEIUUUHY SHEPTOEMKOCTH.

KinroueBble cj10Ba: U3MeENbUEHUE, KPUOTEHHOE BO3JIECHCTBUE, BIMSIHUE TEMIIEPATYPhI U BJIAXHOCTU HA MEXaHUYECKHE
XapaKTEPUCTHUKU 3€pHA.
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The relevance of this work based on knowledge that grinding process raw materials is the most common and a highly
energy intensive process in the food and chemical industries. It is known, annually 5 % of the world energy is energy
used by grinding. So global energy saving task is to reduce energy intensity for grinding process. The paper presents an
approach to reduce the energy consumption in grinding process by cryo-technology.

The main aim of the research paper was development energy saving and resource reduction techniques for processing of
plant materials in the production of food, feed or other organic materials under the influence of temperature and
humidity.

Research methods: general scientific, special and experimental methods were used.

Results: obtained data show the effect of cryogenic temperature and humidity on the grinding process of plant materials.
A structure of grinding device, however, has some effect on this process as well. So a structure of grinding device
should be considered to reduce the energy consumption in grinding process by cryo-technology.

Keywords: grinding, crusher, cooling, temperature and moisture effects, cryogenic impact, cryogenic temperatures,
grinding process, cryo-technology.

W3BecTHO, 4TO MPOBOAMIMCH UCCIIEOBAHUS IO BIMSHUIO TEMIIEPATypPhl, BIAXKHOCTH, a TaKXKe
KaK COBMECTHOTO BO3JCHCTBUSI TEMIEpaTypbl M BIQKHOCTH HAa MEXaHWYECKHE XapaKTEPUCTUKU
3epHa [1].

HccnenoBanu, Kak BIMSIET TEMIIEpaTypa, a TaK)Ke COBMECTHO TeMIleparypa M BIAKHOCTb Ha
MeXaHu4ecKue Xxapakrepuctuku mnmeHunsl Llesuym 31 u3 Antaiickoro kpas. My4HUCTYIO U
CTEKJIOBHJIHYIO (Dpakiuy 3epHa MOJBEPrajid BO3ACUCTBUIO OTPHULATENBHBIX M ITOJOKUTEIBHBIX
TeMmmeparyp, a 3areM u3MenpuyeHuto [1]. bbulo ycTraHOBIEHO, YTO BIMSHHME TEeMIEpaTypbl Ha
M3MEHEHHE MEXaHMYECKHX CBOMCTB 3€pHa CKa3bIBaeTCs HamOoJiee MHTEHCHUBHO TPHU MEPEXOe OT
OTpUIIATENFHBIX K MOJIOKUTENbHBIM Temneparypam (oT —10 mo + 10 °C), u npu nanpHeiem
MOBBILLIEHUH TEMIIEPATYpPbI 3TO BIMSIHUE MTPOSBIIAETCS MEHEe 3aMeTHO [1].

Taxxe yCcTaHOBIEHO, UYTO BIHUSHHME TEMIIEpaTypbl CPaBHHUTEIbHO MaJlo CKa3blBaeTCs Ha
COIIPOTHBIIIEMOCTH 3€pHA W3MENBbYCHHIO W Ha BEIMYMHE BHOBb OOpPa30BaHHON IOBEPXHOCTH.
I'opa3no Oonblee BIMSHHE OKa3blBAE€T BIAXHOCTh U elle OoJiblllee COBMECTHOE JeiicTBHE
TEeMIepaTypbl M BIQXKHOCTH, TaK KaK HArpeB BIAXKHOTO 3epHA 3HAYUTEIHHO YBEIMYMBACT €0
IUTACTUYHOCTb.

W3 nccnenoBanuii crenany BEIBOI, UTO C MOBBIIICHUEM TeMIIEpaTyphl B quamna3one ot —10 1o
+40°C conpoTHUBIAEMOCTh 3€pHA U3MEIbUEHUIO BO3PACTAET, @ BHOBb 00pa30BaHHAs MOBEPXHOCTb
ymenbinaercs [ 1].

C nosbimienuem temnepatypsl ot —10 go +10 °C (mpu W = 10,0 %) conportuBisieMocTb
U3MEITbYCHUI0 MYYHUCTOH MIIEHUIIB yBenuymiack Ha 62 %, a ¢ +10 go +22 °C Ha 20 % [1].

Huskue temnepaTypbl AEHCTBYIOT HE TOJIBKO Ha 000JI0OYKH, HO M Ha Bech 00beM 3epHa. Eciun
Temneparypa 3epHa orpunatensHa (—10 °C m HUXKe), TO CBOOOJHAS W CBA3aHHAs Bjara, BCET/Ia
Haxo/d1Iascs B Opax, KaWIIApax U MEeXKKIETOUHBIX MPOCTPAHCTBAX 3€pHA, IPEBpAIasCh B JIeA U
pacIIMpssCh, pacIIaThIBAET CTPYKTYPY 3€pHA M OCIA0IISET CBSI3U MEXKIY €ro COCTAaBHBIMH YaCTSIMH.
B pesynbrare 3TOr0 CONnpOTUBISIEMOCTh 3€pHA M3MENbUYCHHIO CHUKaeTcs. KpoMe Toro, cHuxeHue
TEeMIepaTypbl TMPUBOJIUT K YMEHBIICHWIO KHHETHYECKOW SHEPTHH IOCTYNATEIBHOTO JIBUKCHUS
MOJIEKYJI BEIIECTBA, CHIDKAET UX CKOPOCTh M JUIMHY CBOOOIHOTO Mpobera: 3epHO CTAHOBUTCSI MEHEe
BSI3KUM M TUTACTHYHBIM, YBEJIIMIHBACTCS €0 XPYMKOCTH[ 1].

CymMMa 3TUX JABYX OJHO3HA4HO JeHCTBYIOIUX (aKTOPOB (pacuiaTbIBaHHE CTPYKTYPHI U
MOBBINIIEHUE XPYIKOCTH 3epHA) OOyCIaBIMBaeT pPE3KOE YMEHBIICHHE COMPOTHUBISIEMOCTH 3€pHA
u3MenbueHnio. HaoGopoT, Mmpu MOBBIMIEHUH TeMIEepaTypbl 3epHO CTaHOBUTCS Oojee BA3KHUM U
TUTACTUYHBIM, YTPAYUBAET XPYIKOCTh, B PE3YJIbTATEe YETO COMPOTHBIIIEMOCTh 3epHA M3MEIbUCHHUIO
BO3pAacTaeT, a BHOBb 00pa30BaHHas MMOBEPXHOCTh YMeHbIIaeTca. OJHaKO, HAYMHAS C TEMIIEPaTyphl
+25-30 °C, ”HTEHCUBHOCTh HAapaCcTaHUs yKa3aHHBIX CBOMCTB 3epHA HAUMHACT CHIKATHCS [1].

Taxxke BBIICHEHO, YTO BJIMSHHUE TEMIIEPAaTypbl M BIAKHOCTH CKA3bIBA€TCS HE TOJBKO Ha
M3METbUCHIH MEXaHUIECKUX XapaKTEPUCTHK 3epHa, HO U Ha TAKUX TEXHOJOTHYECKUX MOKA3aTeIsIX,
KaK BBIMOJI 000JI0U€K, BBIXOJ] U KaY€CTBO MYKH, TPOU3BOAUTENILHOCTh MPEANpUATHS U T.I1. [1].
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HeoOxonmuMo OTMETHTH, YTO 3TH HCCIEIOBAaHUS HOCST OTPaHMYEHHBIM XapakTep, Tak Kak
IIPOBOAWIINCH IO BIIMSHUIO HU3KUX U BBICOKHX TEMIEpaTyp HAa MEXAaHWYECKHE CBOMCTBA 3€pHA
MIICHUIIBI, PEeAHA3HAYEHHOM JIJIs TepepaboTKH B MYKY, M HCCIIEI0BAaHUs TPOBOAMIUCEH B JJOBOJIBHO
Y3KOM TEMIIEpaTypHOM JHara3oHe.

Kpome TOro HeoO0XOAMMO OTMETHUTb, YTO 3aMOpPAXKMBaHHE MHUIIEBBIX MIPOAYKTOB IIpHU
temneparype Hmwke — 10 °C BeIMOpakMBaeTcs €Il TOJIbKO HE3HAYUTEITHbHOE KOJWYECTBO BOJIBI,
mumb npu  Temmeparype wmuHyc 30°C mporecc 3aMOpakMBaHMS SIBISETCS MPAKTUUYECKH
3aKOHYCHHBIM. HacTh enie He BBIMOPOKEHHOM IpU 3TOW TEMIIEpAType BOJbI CBSi3aHA IMPOYHO C
JIPYTMMU KOMIIOHEHTaMH MUIIEBOTO MPOIYKTa, HApUMep, ¢ OeKaMU U YIIIeBOJAAaMHU, B Pe3yJIbTaTe
4ero 3Ta 4acTh HE 3aMOPAXKUBAETCS TAK)KE IPU CBEPXHU3KUX TeMIiepaTrypax [2].

Ecnu numieBod mpoayKT 3aMOpakKMBaeTcs, TO €Il He 3amep3lias KHUAKOCTb BCIEJICTBUE
00pa3oBaHMsl KPHUCTAUIOB HACHIIIAETCS B MEPUOJl NMPOTEKAaHUsS Ipolecca 3aMOPaKUBAHHS BCE
Oosibiie u OoJbllle PACTBOPUMBIMHM BellecTBaMHU. B pesynbrare 3TOro Ha 3aMOpa)KMBaHUE
OCTaBIITUECS YaCTH BOJIbI TpeOyeTcs Bce OoJiee HU3Kas TeMrieparypa [2].

IIpu Temneparype —10 °C BbIMOpaXMBaeTCsl €lle TOJbKO HE3HAUYUTEIHHOE KOJIWYECTBO
BJard, a mnpu Temmeparype Hmxe —35°C mpolecc 3aMOpakMBaHUS SBISETCS MPAKTUYECCKU
3aKOHYEHHBIM. YacTh elle He BBIMOPOKEHHOW MpU ATOW TeMIepaType BJard CBsi3aHa MPOYHO C
JPYTMMU KOMIIOHEHTaMU MUIIEBOro MpoayKTa [2].

B cBsi3u c TeM, YTO HAcC HHTEPECOBAJIO PACTUTEIBHOE CHIPhE MPEAHA3HAYCHHOE [T
MIPOU3BOJICTBA KOPMOB, a HE 3€pHO IIIEHMIIBI, NiepepadaTbiBaeMoe B XJI€OOMEKapHYI0 MYKY, HaMH
ObUTM pacIIMpeHbl TPaHUIBI €ro TeMIEepaTypHOl 00pabOTKH, TMpUYEeM [EepPBOHAYAIBHO
HCCIIEIOBAJICS €r0 OTPULATENbHBIN Tuana3oH.

Jlis 3KCHepUMEHTalIbHBIX HCCIEIOBAaHUI OBUTH BBIOpAHBI: 3€pPHO SYMEHS, Y KOTOpPOTO
3HAUYUTEJIPHOE KOJMYECTBO KIIETYATKM HAXOAWTCS B HAPYXKHBIX IUICHKAX M JIy3ra TPEUYUXH,
IOJICOJHEYHHKA, B KOTOPOii comepskanue kiaeTdaTku gocrturaer 50 %. [3].

[IpoBoamiics TOWUCK ONTUMAJIBHBIX OTPULIATEIBHBIX TEMIIEpaTyp, B OoJjiee LIMPOKOM
Jrarna3oHe, MpU KOTOPBIX 3aMOPaKUBAHUE ChIPhs OKa3bIBaET KaKoe-I100 BIUSHUE.

[TprdeM HEOOXOAMMO OTMETHTH, YTO HCXOHOE ChIphe OXJaxaanu a0 TemmepaTtypsl —100 °C
1 —130 °C. To ecTh rpaHUIIBI OTPUIIATENHHBIX TEMIIEPATYP ObUTH 3HAUUTENHHO YBETUYCHBI.

C y4yeToM peKoMeHaIuii MPeAbIIYIIUX UCCIIeI0BaTENeH TPeIBapUTEIHLHO TIEPE] 3aMOPO3KOM
CBhIpbE YBIAXHsTU B Auana3one 14—20 % B TeueHue 18 yacoB ¢ mMOCIEAYIONIUM OTBOJIAKUBAHUEM.

Oco0eHHOCTh IKCHEPUMEHTa TaK)Ke 3aKJoyalach, B TOM, YTO MOJTOTOBJIEHHBIE OOpa3Iibl
M3MENbYAIIM Ha Pa3IMYHBIX BUJAX W3MENbUYAIOIINX YCTPOMCTB, a HE TOJIBKO HA BaJbLIEBOM CTaHKE,
TO €CThb, YYHMTHIBAJICS CHOCOO BO3AEWCTBHUS Ha Marepuasl. B Xoge skcnepuMeHTa H3Mepsun
MIPOU3BOUTENBHOCTD MTPOLIECCa U3MENBbUYEHUS], PETUCTPUPOBATIACH MOLIHOCTh U KOHTPOJIMPOBAJIACh
KPYIHOCTb MOJIYYEHHOTO IPOJYKTA.

BriBogpbr:

1) B pe3ynbraTe MCCIeAOBaHHUIA OBUTH MOJYYEHHBIC JaHHBIC, U3 KOTOPBIX CIEIYET, YTO HE
JUISL KaXKJ0TO0 H3MENbYAIOIIET0 YCTPOMCTBA OXJIAXKIEHUE ChIPbS IOJIOKHUTEIIBHO BJIMSET Ha
MIPOU3BOJIUTEIBHOCT W CHIKEHUE YAEIbHOM HHEProeMKOCTH, UYTO MOKHO OOBSICHUTH Kak
OMOXMMHYECKUM COCTAaBOM IPOJIYKTa, COJEPKaHWEM BJIard B HEM, TaK U BUJOM BO3ACHUCTBHUS, C
MTOMOUIBIO0 KOTOPOTO MPOUCXOIUT U3MENIbUEHUE;

2) Ha CIGAYIOUIEM JTarne WCCICAOBaHWUM HAMM  MPEanojaractcs Iepexo] OT
OTPHULATENBHBIX K IOJIOKUTENBbHBIM TeMIlepaTypaMm, KOTOpble BO3JIEHCTBYIOT Ha chlppe. Kpome
TOT0, MBI MpeAJiaraeéM He TOCTENEHHBINH MePeXo/l C MOMIaroBbIM HAOOPOM TEMIEpPaTyphl, a Pe3KUi
KOHTPACTHBIM «CKa4OK» OT OTPHUIATEIbHBIX TeMIIepaTyp K IMOJIOXKUTEIbHBIM €€ 3HAYEHUSIM, TaK
Ha3bIBAEMBI «TeMIlepaTypHbIi MmIoKky». [Ipeamonaraercs, 4ro mogoOHas MOATOTOBKA ITO3BOJHT
M3MENbYaTh CHIPhE C TOBBIIMICHHBIM COJACPKAaHUEM KJIETUATKH MpU OoJjiee HUZKUX 3HAYCHHSX
yI€IbHON YHEPTrOEMKOCTH.
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HOJIMPYHKIHUOHAJIBHASA HEJIVIIOJIO3A MUCKAHTYCA

I'memaryanna FOnus AnexcanapoBHa, aciupant, OeneparpbHOe roCyIapCcTBEHHOE OFOIKETHOE
YUpeKJICHUE HayKu MHCTUTYT Mpo0iieM XMMHKO-9)HEPIeTUISCKUX TeXHOJOTUi CHOUPCKOro OTIICIICHUS
Poccwuiickoit akagemun Hayk (UIIXOT CO PAH), 659322, Poccus, r. buiick, yn. Connanuctnyeckas, 1,
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AKTyanpbHOCTh PabOTBl 00yCIOBIEHa HEOOXOAWMOCTBIO TIIOMCKa HOBBIX M aNbTEPHAaTHBHBIX JIPEBECHHE
LEJUTF0I030COACPKAIUX UCTOYHUKOB. Llenpro paboThl SBISIOCH HCCIECIOBaHNUE LEIUII0I036I MHOTO()YHKIIMOHAIBHOTO
Ha3HAuYCHUs], TIOJYYCHHON W3 HOBOH TEXHMYECKOH KyJIbTYPhI (JHEPTeTUYECKOr0 PACTCHHS) POCCHIICKOrO MHUCKaHTYCA.
MeTo/1bl, UCIIOJIB30BaHHBIE B TAHHOH padoTe, BKIIOYAIOT B ce0s HHHOBAIMOHHBIE CIIOCOOBI BBINEICHHS LICJUTIONO3bI C
HCIIOB30BAaHHUEM JIOCTYITHBIX PEaKTHBOB C MCKIIOYEHHEM CepO- M XJIOPCOAEPIKAIIUX PEarcHTOB, a TAKKe CTaHIapTHbIC
XAMHYECKHE METOIbl aHaJM3a PACTUTEIBHOTO ChIPbs M LEIUT0N03bl. [lonydeHHbIe pe3ylbTaThl CBHACTEIBCTBYIOT O
HEPCHEKTUBHOCTH HCIIOIb30BaHUS POCCHHCKOTO MUCKAHTYCa B KQUeCTBE LIEJUIF0I030COAEPIKAILETO ChIPbs, IOCKOJIBKY B
paboTe MpeACTaBICHbl KAadeCTBEHHBIC XapaKTEPUCTUKH ILEJUIION03bI, IIONYYeHHOH a30THOKHUCIBIM CHOCOOOM, H
HUTPATOB 1IEJLUIIOJIO3bI, CHHTE3UPOBAHHBIX M3 HEe, CO CBOMCTBAMM KOJUIOKCHIIMHA, a TaKXkKe MpHBeAeHa UHbopMaus o
BO3MOXKHOCTH TIOJIyYEHUS! LIEJUTFOJIO3bI 11l OYMa)KHOM MPOMBIIUIEHHOCTH U (PEPMEHTOJIM3ATOB — MHUTATENLHON CPEJIbl
JUIS pAJa MPOAYKTOB MUKPOOHOIOTHYECKOTO CHHTe3a (0103TaHo A, 6aKTepHaIbHOI LIeIUTI0NI036! U T.1.)

KunroueBble c10Ba: poccuiickuii MUCKaHTYC, SHepreTHYecKas KyJIbTypa, IeJII0I03a, a30THOKUCIBIA CII0CO0, HUTPATHI
LEIUTIOIIO3BI.

POLYFUNCTIONAL CELLULOSE FROM MISCANTHUS

Yulia A. Gismatulina, postgraduate student, Institute for Problems of Chemical and Energetic
Technologies, Siberian Branch of the Russian Academy of Sciences (IPCET SB RAS), 1, Socialisticheskaya
Street, Biysk, 659322, Russia, E-mail: julja.gismatulina@rambler.ru

The topicality of the research is governed by the necessity to find new cellulosic sources alternative to wood. The work
is aimed at investigating cellulose of multifunctional purpose, obtained from the new energy crop Russian Miscanthus.
The methods used in the present study include innovative techniques to isolate cellulose by employing available
reagents, except for sulfur and chlorine reagents, as well as by standard chemical methods of analysis of plant raw
materials and cellulose. The findings indicate that it is promising to utilize Russian Miscanthus as the cellulosic biomass
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because the present work demonstrates good qualities of the cellulose derived by the dilute nitric-acid method and of
the cellulose nitrates which have been synthesized therefrom and have Colloxylin properties; information on the
possibility to produce pulp for paper industry and fermentolyzates—nutrient media for many products of the
microbiological synthesis (bioethanol, bacterial cellulose, etc.) is provided.

Key words: Russian Miscanthus, energy crop, cellulose, dilute nitric-acid method, cellulose nitrates.

Lenmono3a sBisieTcsl BOCTPeOOBAaHHBIM IMPOJYKTOM MHOTOLEJIEBOIO Ha3HAYEHUS U
CTapTOBOM OCHOBOW JJsi TOJYYCHHS] IIUPOKOTO CIEKTPa HOBBIX MATEPUAIOB B Pa3IMYHBIX
o0JacTIX HayKd W TMPOMBIILICHHOCTH — (papMalieBTHUYEeCKON, OMOMETUIIMHCKOM, 3JEKTPOHHOM,
MUIIEBOM, TIEJITIOJI03HO-0yYMaXHON, TEKCTHIIBHON U IPYTHUX.

B Hacrosimee BpeMsi K UMCIY OCHOBHBIX CHIPbEBBIX HCTOYHHKOB II€JITFOJIO3bI OTHOCSITCS
npeBecuHa (copepxkanue nemtono3sl 40-50 %) m xjomyaTHHK (ComepiKaHue IeIUTFOI03bI 95—
98 %). B Poccun kpynHomacmtabHOE MPOU3BOACTBO LEJUIION03bI TPAAULIMOHHO OPHUEHTHPOBAHO
Ha JpeBecwHy. HecMOTps Ha OrpoMHBIE 3amachl ApeBecHHBI B Poccuu, ee HCIoNb30BaHHE IS
MIPOM3BOJICTBA LEJUIIONO3bl HMMEET PsiI  CEPhE3HbIX OrPaHUYEHHUI: BBICOKAas CTOMMOCTH
HHOPACTPYKTYpPBl,  HEOOXOMUMOW  JJII  OCBOSHHUS  JIECHBIX  MAacCHUBOB;  DKOJIOTHYECKHU
HeOIaronpusATHBIE TEXHOJIOTUU BBIICTICHUS EJUTFOJIO3bI U3 APEBECUHBI, MEUIEHHOE BO30OHOBIICHUE
JICCHBIX MAaCCHBOB. B CBs3M C 3THM HJIET aKTUBHBIH TOWUCK HOBBIX OBICTPO BO300HOBIISIEMBIX
PaCTUTEIbHBIX UICTOYHUKOB BHICOKOKAYE€CTBEHHOM 1EIUTOIO3bI 1711 MHOTOLIETIEBOTO UCIIOJIb30BAHUS
[1].

B cBsi3u ¢ mporpeccupyrommm aeUIUTOM TPYIHOBO30OHOBISIEMOTO CHIPbS M Pa3BUTUEM
OMOKOHBEPCHM PACTHTEIHHOTO CBHIPhsS OBUIA PACCMOTPEHA HOBAs JHEPreTHYSCKas KYyJIbTypa —
MHUCKaHTyC. MHUCKaHTyC — 3TO POJ MHOTOJIETHHUX, JETKOBO30OHOBIISIEMBIX, TPABIHUCTBIX PACTEHUN
CEeMEMCTBA MATIMKOBBIX, KOTOPBIH MOXET COCTaBHTH JIOCTOWHYIO KOHKYPEHIIUIO JPEBECHHE II0
TakoMy MapaMmeTpy, Kak CKOpocTh pocta duomaccel 10—-15 T ¢ rekrapa B roa [2]. B nepuon 2008—
2014 rr. 8 UTIXOT CO PAH 06putn pa3paboTaHbl pa3IndHbIe CIIOCOOBI MepepadOTKH POCCHHCKOTO
MHUCKaHTyCa B LIEJUIIOJIO3Y U COMYTCTBYIOIIME MPOIYKTHI: THIPOTPOIHBIM crocol (Lemirono3a u
JUTHUH OJHOBpeMEeHHO) [3], ruzporepmobapuueckuil [4], a30THOKUCIBIA crmocol (1Leuiroio3a
BBICOKOT'O KauecTBa) [5], KOMOMHUPOBaHHBIN (1I€IUTI0NI032 A1 OyMa)xxHOU oTpacnu) [5].

Ilenpto pabOTHI SBJISIIOCH BBIJCIICHUE IIEJUTFOJIO3BI W3 MHCKAHTyCa, TPUTOTHOW IS
HUTPOBAHUS, U MOTYYCHHE PYTUX IIEHHBIX MPOTyKTOB.

OOBeKTOM HCCIIeAOBaHUS SIBIISICS MUCKaHTyc copta CopanoBckuii — Miscanthus sinensis —
Andersson, BeepHUK KuTalckuii, ypokas 2013 roma (Bo3pacToM TpH ToOja), BIPAIICHHBIA Ha
skcnepumenTanbHol fensake UITXOT CO PAH B 2013 roay [7].

XUMHUECKUI cOCTaB MHCKaHTyca: MaccoBasi 10Js (M.J.) )KupoBockoBoil (pakiun (QKBD) —
2,81 %, 3ompHOCTE — 4,62 %, M. KUCIIOTOHEpacTBOpUMOro JTuranHa — 22,11 %, M.J1. MEeHTO3aHOB —
25,10 %, wm.a. uemmono3sl mo Kropmmepy — 47,84 %. Omnpenenenue Bcex TokazaTenei
MIPOBOIMIIOCH TIO CTAHJAPTHBIM METOJMKAM aHAJIM3a PACTUTEIHLHOTO CHIPhSA [§].

B Tabn. 1 nmpuBeneH aHanu3 KayecTBa LEJUIIONO3bI, MOTYYEHHON a30THOKHUCIBIM CIIOCOOOM.
[Tokasareny KauecTBa MEJUTFOJIO3BI OMPE/ISIICHBI M0 CTAaHIAPTHBIM METOIUKAM JUIS TMOTYIPOAYKTOB
Y LIEJITI0JI03HI [ 8].

[To manHbpIM Tabn. 1 ciaemyeT, 4TO IEJUTIOIO3a, MOJYYCHHAsT a30THOKHUCIBIM CIIOCOOOM U3
MHUCKaHTyCa, XapaKTepU3yeTCs BBICOKUM KaueCTBOM, a HMMEHHO: M.JI. O-Ieutrono3bl — 95 %,
3opHOCTE — 0,10 %, M.71. KucIIoTOHEepacTBopuMoro jJuranHa — 0,68 %, m.1. menro3anos — 0,61, CII
cocraBusier 940. JlanHas 1emono3a Oblla MPOHUTPOBAHA CEPHO-A30THOM CMECHIO B YCIOBUSX
MOJIYYEHUsT KOJUIOKCHJIMHA. B Tabi. 2 mpencTaBieHBl XapaKTEPUCTUKA M BBIXOJ ITOJTYYCHHOTO
oOpa3sia HuTpata nemtonossl (HL).
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Tab6unuma 1

AHaJIN3 KayecTBa eJTI0JI03b], MOJy4eHHOH a30THOKHMCJIBIM CII0CO00M U3 MUCKaHTYyca yposkas 2013 roaa

M.n. M.n.
11 M.x. nurauna*, % JIBHOCTE*, %t
Obpasen O-IIeJUTIONI03b1 ¥, % C a1 70 3omnocs*, % neHTo3aHoB*, %
Ienmono3a 95 940 0,68 0,10 0,61
* — B mepecyere Ha a.c.c.; CII — creneHb moaMMepU3aIiy.
Tab6auma 2

XapakTepucTUKH U BbIX01 o0pa3ua HII muckanrtyca

M.x Bsskocth PactBopumocTh B M.x
. O . . %0
O6pazen asora, % 2 %-Horo pacTBOpa CIUPTOIUPHOI someL, % Beixon*, %
B aneTone, cll cmecu, %
HII muckanTyca 12,23 23 95 0,39 148

* — B IIepecyeTe Ha UCXOJHYIO LEIUII0I03Y.

W3 Tabn. 2 cnenyer, yto obpasen HII, nmonydenHnsiii ¢ Boixogom 148 %, xapakrepusyercs
CIICAYIOIMIMMHU TOKa3aTensiMu: M.O. asora — 12,23 %, Bsskocts — 23 cll, pacTtBopumocTs B
cnuptodgupHoit cmecu — 95 % u m.a. 301b1 — 0,39 %. Ilo pe3ynpTaTam TEpMOrpaBUMETPHUECKOTO
aHaym3a JaHHBI oOpaszern; HII xapakTtepusyeTcss BBICOKOW TemmepaTypou pasioxenus — 210 °C,
MetogoM MK-criekrpockonuu 0OHApY:KEHO COOTBETCTBUE CO CIPABOYHBIMU JaHHBIMH HHUTpaTa
XJIOIIKOBOM 11eJu1t0103b1. TakuM 00pazom, obpasen HIl U3 MuckanTyca no cBOUM XapaKTepUCTHKAM
COITOCTABUM CO IITATHBIMU JJAKOMACTHYHBIM M HUTPOIUICHOYHBIM KOJJIOKCHJIMHAMHU U MOXET OBITh
WCTIOJB30BAaH JUIsi W3TOTOBJICHUS TEXHHUYECKUX TKaHEH C HHUTPOLEIUIIOIO3HBIM TOKPBHITHEM U
HUTPOILJICHOK.

Kpome xumuyeckoil TpaHchoOpManuy HEIDTI0I03a SBIsIeTcs: cyocTpaToM st 3G (GEeKTUBHOTO
dbepMeHTONMM3a B TIIIOKO3Y [4]. DepMeHTaTHBHBIC BOJIHBIC THIPOIH3AThI UCIIOJIB3YIOTCS B KAUECTBE
NOOPOKAYECTBEHHOW IMMHTATEIBPHONW CpeNbl JJII MHKPOOHMOJIOTHYECKOrO CHHTE3a: OmodTanona [8],
OaKkTepHaIbHOM 11e/UTI0103bl [9] 1 MosouHoN KucaoThl. [lo mpoxaenanHoi paboTe MOXKHO cAenaTh
BBIBOJl, YTO MHCKAaHTYC SBIJISETCS TIEPCIIEKTUBHOM IEIUTIOIO30COICPKAIIeH JHEPreTHIeCcKOn
KYJIBTYpOH, U3 KOTOPOW MOYKHO HOJIYYHUTh PSAJI LIEHHBIX MPOIYKTOB.
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B Hacrosimee BpeMsl B YCIOBHSIX COKpAILIEHUS 3allacOB UCKOMAEMBIX PECYPCOB U 3arpsA3HEHUs] OKpPYKAaIOIIEeH cpenbl
ononmzens (merwmioBele A¢upel xHpHBIX kucaoT (MOXK)) sBasercs Hambojee NEpCHEKTHBHON 3aMEHOMN
MuHepasibHOMY ToruBy. MOJXKK momywaroT B mpomecce mepedTepuHUKAM PacTUTENBHBIX Macel, HpU 3TOM
COOTBETCTBYIOIME TPHUIIIMIEPUABI B NMPHUCYTCTBUU KaTalM3aTopa pearupyroT co cnuptoM. VccrmemoBanue mporecca
nepesTepupuKanuy COEBOr0 Macjia METaHOJIOM C HCIIONB30BAaHMEM B KAaueCTBE KaTalnM3aTopa OKCHAA KalbIWA
IIOKa3ajio, YTO BO BPEMs HMHAYKIMOHHOTO MNEepHOJa, TIHIEPHH B3aUMOICHWCTBYET ¢ OCHOBHBIMH IeHTpamu CaO c
00pa3oBaHNEM TJIHMLEPOKCHAA Kamblus. Takum o0pa3oM, B KauecTBE OCHOBHOI'O KaTalu3aTopa Nepe3Tepu(HKaiiin
TPUIMLEPUAO0B METAHOJIOM BBICTYHAET TIIULEPOOKCH] KAIbLUsl, HAKAIUIMBAEMbII B X0J€ MHAYKTUBHOTO nepuoja [1—
2]. Lenp naHHOM paboOTHI 3aKIIIOYANACh B MCCIIEJOBAHUM OCHOBHBIX 3aKOHOMEPHOCTEH Ipoliecca rnepesTepuuKaiim
COEBOr0 Maciia METAHOJIOM C HCIIOJIb30BaHHEM HOBOTO CHHTE3MPOBAHHOIO KaTalU3aTOpa — INIMLIEPOOKCHUAA KaJbIIHS.
HccnenoBanue pacrnpeneneHuss OCHOBHBIX IIEHTPOB HAa IMOBEPXHOCTH KaTaau3aTopa MPOBOAMWIM C HCIOJIb30BAHUEM
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nHIMKaropoB ['amera mo MeToamke onucaHHOW B padore [3]. M3MepeHue IUOmaaM MOBEPXHOCTH KaTalu3aTropa
MIPOBOAMJIA C HCIIOJIb30BAaHHEM aJICOPOIIMOHHO-AECOPOIIMOHHOTO MeToAa No craHpaptHoi Mmeromuke BET. s
KOJINYECTBEHHOTO OIPEEJICHNsI COCTaBa CMECH INPOAYKTOB HCIIOJIBb30BAINM Xpomarorpadudeckuii meron. B xone
HCCIIeIOBAaHMs TIpoliecca IrepedTepuHKaluy ObUIM ONpeJeNieHbl ONTHMAbHBIC YCIOBHS: MacCOBOE COOTHOIICHHE
Karanm3zaTtopa K Maciny 1 % MaccoBBIi; MOJNBHOE COOTHOIICHHE COEBOTO Macia K MeTaHoiy 1 k 9; Temmeparypa
nponecca 60 °C, Bpems 180 MuH. B 5THX yCIOBHAX BBIXOA OMomm3enst gocTur 95,6 %. Karanmuruaeckas aKTUBHOCTh
TJIMIEPOOKCH/IA KATbIUs HE CHIDKAJIAch B TEUCHHUE 5 IUKIIOB.

KaroueBble c10Ba: TpUTIHLIEPU, TEpe3TePUGUKALIS, OKCU KaJIBIHS, [NIUIEPOOKCU T KaIbIHs, ONOIN3Eb.

INVESTIGATION OF THE CATALYTIC ACTIVITY CALCIUM
GLYCEROXIDE IN THE TRANSESTERIFICATION REACTION OF
SOYBEAN OIL WITH METHANOL
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Nowadays, biodiesel (fatty acid methyl esters (FAMES)) is considered as one of the most promising alternatives for the
mineral diesel fuel due to the decrement reserves of petroleum resources and the increasing of environmental problems.
FAME is synthesized from direct transesterification of vegetable oils, where the corresponding triglycerides react with a
short-chain alcohol in the presence of a catalyst. Investigation of the transesterification of soybean oil with methanol
using as catalyst CaO showed that during the induction period the formed glycerol reacts with basic sites of calcium
oxide to form calcium glyceroxide. So, calcium glyceroxide, accumulated during the induction period, acts as the base
catalyst of transesterification of triglycerides with methanol [1-2]. The aim of this work was to study the basic laws of
the transesterification of soybean oil with methanol using the new synthesized catalyst — calcium glyceroxide. The
basic strength of the catalysts was estimated using Hammett indicators method as described at [3]. The surface area of
the catalysts was determined by using the adsorption desorption method by the standard Brunauer—Emmett-Teller
(BET) method. Chromatographic method was used for the quantitative determination of composition of the product
mixture. In the process of studying of the transesterification process optimal conditions have been identified: the weight
ratio of catalyst to oil 1% wt; the molar ratio of soybean oil to methanol 1:9; process temperature 60 °C, time
180 minutes. The yield of biodiesel reached 95,6 % under these conditions. The catalytic activity of the calcium
glyceroxidecatalyst did not decreased significantly after 5 runs.

Key words: triglyceride, transesterification, calcium oxide, calcium glyceroxide, biodiesel

OpuuM u3 Haubosiee NOCTYMHBIX KaTalIW3aTOpOB Ipoliecca NepesTepuUKalnu SBISETCS
OKCHJ ~ Kajbplus, OJHAKO IIPU UCIHOJIb30BAaHMM JIAHHOIO Karajau3aTopa B  IIpoLecce
nepesrepupuKanuy HabI0JaeTCsl MHAYKIMOHHBIN MEPHOJ], YTO IPUBOJUT K YBEJIUYEHUIO BpEMEHU
peakuuu [4-5]. HccrenoBaHue B3aMMOJCHCTBHE OKCHIA KalblUsl C PEAKIIMOHHOW Maccoi
MOKa3aJI0, YTO OOpa3yIOIIMICSA TIHUIEPUH B IpolLecce NepedTepupuKanui B3aUMOACHCTBYET C
OCHOBHBIMH IIEHTPaMH OKCHJIA KaJIbLIUs, B pe3yJbTaTe yero oOpas3yeTcsl TIUIEPOOKCU KaJbLus.
NK-criekTppl CHHTE3WPOBAHHOTO TJMIEPOOKCHAA KalblUs U OTpabOTaHHOIO OKCUAA KaJlbLUA
rocje TPOBEJACHUSA MEepedTepUPUKAMM  OKA3aIUCh WHACHTHYHBIMH, YTO IOATBEPXKAAET
o0pa3oBaHMe INIMIEPOOKCUIA KalbIIHA B X0O/I€ PEAKLIUU NepeITepUPUKALIIN.

B xome wuccnenoBaHusi OBUIO BBISBIEHO, YTO TJIMIEPOOKCH] KaJbIUs YCTOMYUB K
BO3JICUCTBUIO OKpYXKAOLIEH cpeabl, OH He B3amMozeiictByer ¢ Biaarod u CO; u3 Bo3ayxa.
I'muuepookcu KaabIus COXpaHsIeT CBOK KaTAIMTUUECKYIO0 aKTUBHOCTH Aaxe nocie 30 qHeil, B To
BpEMsA KaK OKCHJ KaJlblHA AC3aKTUBHUPYCTCA ITOCJIC 1 gaca XpaHCHUA Ha OTKPBITOM BO3AYXC.
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CHHTE3UpOBaHHBIN TJMIEPOOKCH]I KajbIMsl HMMEET MEHbBIIYI IUIOMIab IOBEPXHOCTH, HO
MPOSIBJISIET TOpa3io 00jee BHICOKYI0 OCHOBHOCTD 10 CPABHEHUIO C OKCHJIOM KaJbIUs MPOKAJICHHBIM
mpu 600 °C, moaToMy sIBJIIeTCsI 00Jiee aKTUBHBIM KaTaJIU3aTOPOM B PEaKIMH IepedTepuPpuKaInm
(Tabm. 1).

Tao6auma 1
dusznueckue U xumudyeckne xapakrepucTukn CaO u MIMIEPOOKCHIA KATbIUS

Karammsarop Obwas Hnomaxzu, Wupukatopsr ['amera | OCHOBHOCTH (MMOJIB/T)
MTOBEPXHOCTH (M*/T)
CaO npoxanenssrii mpu 600 °C 4.4 6,8 <H<9,3 0,08
I'munepookcua Kanpuus 1,2 6,8 <H< 18,4 >1

B xoxe uccnenoBanust ObIJIO ONPENENICHO, YTO MPH YBEIIMUYEHUHU Macchl KaTanu3aropa ¢ 0,2—
1,0 % wmacc. IpouCXOANT YBEITUYCHHE CKOPOCTH PEaKIMH M BbIXOAa Omoam3ens. MakCUMallbHBII
BbIxoA Ouommsens 92 % momyden npu gobaBienun 1 % macc. rammepookcuna kampius. [lpu
noOaBieHUH  OOJIBIIETO  KOJHMYECTBA  Karajau3aropa, OOJbIIee KOJUYECTBO  IPOIYKTOB
a71copOMpPOBAJIOCh HA €r0 MOBEPXHOCTH, YTO MPUBOIUIO K yMEHbIIEHUIO Bbixoaa MIXKK.

UccnepoBanue BIUSHMS MOJIBHOTO COOTHOIICHMSI HA CKOPOCTh PEAKIIMHU MMOKA3aj10, YTO MPU
YBEJIMYEHUH  COOTHOIIEHUS  METaHola K  Macily TMPOMCXOJUT  YCKOPEHHE  peakluu
nepesTepu KAy U YBEIHUESHUE PABHOBECHOTO BbIXoa Omoausens. Berxoq MOXKK yBenmuawics
c 61 1o 92 % mnpu yBenMYEHUH MOJBHOTO COOTHONIEHHMsS] MeTaHoina K maciay or 3:1 mo 9:1.
JlanbHeiiee yBeIMYeHHE COOTHOIICHUS METaHOJIa K Macily HE MPUBENIO K YBEJIMYECHHUIO BBIXOJAA
ononuses.

HccnenoBanue BIUSHUS TEMIIEPATyphl MPOIIecca Ha PEAKIUIO TiepedTepr KAy ToKa3ao,
YTO MPU MOBBIIICHUH TEMIEPATyphbl YBEIMUUBACTCS CKOPOCTh PEaKlnu, U Bbixo ouoausens. [Ipu
temneparype 60 “C BbIxo1 OMoam3ens 3a mepBhIe 2 9aca BEAEHHMS mpoluecca cocTaBua 83 %, B TO
Bpems Kak npu temmneparype 30 °C Bbixox 6b11 Beero 4,8 %.

B xome wuccrnenoBanus ObUIM OMpEAENCHB ONTUMAJIbHBIE YCIOBUS TMPOBEICHUS IpoIiecca
nepesTepuuKalud COeBOT0 Maclia METaHOJOM, a TaK e IOKa3aHO, YTO CHHTE3MPOBAHHBIN
TJIMIIEPOOKCHUT KaJbIUsl SIBISIETCS 00Jiee OCHOBHBIM KaTalu3aTopoM Mo cpaBHeHuio ¢ CaO u
MIPOSIBIISIET BBICOKYIO KaTaTUTHUECKYIO aKTUBHOCTh B PEAKIIUU MepedTepuduKaium.
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AXTyalbHOCTE PabOTHI O0YyCJIOBJIEHa TE€M, YTO B HACTOSIIECE BPEMs AITIOMOCWIMKATHAas KepaMuKa C MYJIMTOBOH
KpHUCTaJUTNUECKOH (pa3oil HaXOAUT NIMPOKOE NPUMEHEHHE B PA3JIMYHBIX OTPACIISIX HAYKH U TEXHHUKH.

Llenp paboTel 3aKmodaiiack B M3YYCHHH (U3HKO-XHMMHYECKHX OCOOCHHOCTEH CHHTe3a MYyJUIUTa B CMeECsX
KBapLIUPOGHILTUTOBON MOPOIBI CO HTOPUPYIOLINM KOMIOHEHTOM.

MeTozBl UCCIIEIOBAHUS: TEPMOTPABUMETPHS, XUMHYEeCKU aHanu3, MK-cnekrpockomus, peHTreHo(a3oBbIil aHaIu3,
9NIEKTPOHHAST MUKPOCKOITHSL.

Pe3yabTaThl: YCTaHOBJIEHO, YTO (PTOpaMMOHMIHAsA 06paboTka npu Temmneparype 650 °C kBapunupoguiuToBoii (45 %
nupopmnTa U 53 % KBapia) mopojsl MEHSET TPaJULIMOHHYIO CXeMy CHHTe3a MYJUIUTa M3 MeTanupoduiuinra Ha
CUHTE3 MYJUIUTA U3 (TOPUPOBAHHOTO MUPODUILINTA Yepe3 CTaJuK 00pa30BaHHs NPOMEXKYTOYHBIX NMPOAYKTOB B BHIC
TpuTOpUIa ATFOMUHKS U TOTIA3a.

KaioueBble ciaoBa: nupoQwniut, TruUApoAMTOpUI aMMOHHS, (TOpUpOBaHHE, TepMooOpabOTKa, CHHTES3,
(da3zo000pa3zoBaHue, MYJUIUAT, TOMA3, KOPYH/.

SYNTHESIS OF MULLITE IN MIXTURES OF QUARTZ-PYROPHYLLITE
ROCK WITH A FLUORIDE-FORMING COMPONENT
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Tatyana V. Vakalova, D.Sc., Professor of Department of Silicate and Nanomaterials Technology, Institute
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Relevance of the work due to the fact that currently, silica-alumina ceramics with mullite crystal phase is widely used in
various fields of science and technology.

Aim of this work was to study the physical and chemical characteristics of the synthesis of mullite in mixtures quartz-
pyrophyllite rock with a fluoride-forming component.

The methods used in the study: thermogravimetry, chemical analysis, infrared spectroscopy, X-ray diffraction, electron
microscopy.

Results: it was established that fluor-ammonium treatment at 650 °C quartz-pyrophyllite (pyrophyllite 45 % and 53 %
silica) rocks changes the traditional scheme of the synthesis of mullite meta-pyrophyllite pyrophyllite synthesis of
fluorinated pyrophyllite step through the formation of intermediate products in the form of aluminum trifluoride and
topaz.

Key words: pyrophyllite, ammonium difluoride, fluorination, heat treatment, synthesis, phase formation, mullite, topaz,
corundum.
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Bbicokuii  ypoBeHb  (DYHKIIMOHQJIBHBIX CBOWCTB  QJIOMOCHJIMKATHBIX  KEepaMHUYECKHX
MaTepHaJiOB OMpEAEIsIeTCs HEe TOJNBKO OOLIMM COJCpKAHUEM MYIUINTA, HO M €ro CTPYKTYPHO-
MOP(OJIOTMUECKUM COCTOSTHUEM (IPU3MAaTHYECKON WIIM UT0JIbYaTON (POPMON 4aCTHIL).

OCHOBHOH  TPYAHOCTBIO, CBA3aHHOW C IIOJyYEHHEM MYJ/UIMTa W3  IPUPOJIHOTrO
QJIIFOMOCUJIMKATHOTO  ChIPbs, SIBISETCS HEOOXOAMMOCTb HM3bICKaHHMA HOBBIX 3()()EKTUBHBIX
HU3KOTEMIIEPATypHBIX CIIOCOOOB CHHTE3a MYJUINTA C LENbIO MOTYyYEHHs] MYJUTUTOBOW KEPAMUKH C
MOHMXEHHBIM COJIepKaHueM cTeknodaszbl U (OpMHUPOBAaHHMEM MYJUIUTA HEUM30METPUUYECKOIO
rabuTyca, 4ro B COBOKYIIHOCTH OOYCJIOBUT YIYUIICHHE €€ OSKCIUIyaTallUOHHBIX CBOWCTB
(XMMHYECKOM CTOMKOCTH, TEPMOCTOMKOCTH, OTHEYIOPHOCTH, MEXaHMYECKOH IPOYHOCTU IIpU
OOBIYHOM M BBICOKHX TEMIIEpaTypax).

OnHUM U3 MEPCIEeKTUBHBIX HANpaBICHUH MOBBIIEHUS JOJU CHHTE3UPYEMOI0 MYJUIMTA
ABNSICTCA ~ OOOTAIlleHHe MPOAYKTa OOXKMIa MPHPOJHOTO  ATIOMOCHIMKATHOTO  CBIPbSl  OT
KPEMHE3eMHUCTON COCTaBIIAOLIEH (Kak B BUAE CBOOOJHOrO KBapla, BCErja MMEIOLIErocs B ChIPbE,
TaKk U B BUJE CTPYKTYPHOH COCTaBJISIOLIEH MHHEpasla) HEMOCPEICTBEHHO B Ipoliecce CUHTe3a. B
3TOM OTHOILEHUM MPEACTaBIIAET MHTEPEC MCIIOJIb30BAHHE CIIOCO0A Pa3IOkKEeHUs CUIIMKATOB IOJ
neiicteueM ¢rop-uona [1-3]. Ilpu sTtom Hambonee yqOOHBIM (PTOPUPYIOIIMM AareHTOM ISt
BCKPBITUSl CWJIMKATHBIX MAaTEepHalioB SBISIIOTCA (PTOPUIABI AMMOHMSA, MPEJICTAaBIAIOLINE B
HOPMaJIbHBIX YCJIOBHSIX HEArpECCUBHBIE KPUCTAJUIMUECKHUE BEILECTBA, KOTOpBIE NPU HAarpeBaHUU
B3aUMOJICHCTBYIOT C OKCHJIOM KpPEMHHUS C 0OOpa3oBaHMEM TreKcapTOpOCHIMKAaTa aMMOHHUS IO
peaxkuuu:

SiO, +3NH,F-HF = (NH4)ZSiF6 + 2H,0 + NH3 (1)

CrnocobHocth kK cyOmumaruu npu temnepatype 320 °C mo3BoisieT 3(h()EeKTUBHO yHalsTh
00pa3oBaBIIMHACS reKcapTOPOCHIINKAT AMMOHHUS M, COOTBETCTBEHHO, N30BITOYHBIN OKCUJI KPEMHHUS
13 aJIIOMOCWJIMKAaTHOM MaTpHullbl, o0ecreunBasi, TEM CaMbIM, BO3MOKHOCTb IOBBILIEHHS BbIX0J1a
MYJUIUTA.

B nanHO#l paboTe B KauecTBE NPHUPOJHOIO ATOMOCHIMKATHOTO CBHIPHEBOTO KOMIIOHEHTA
UCMOJb30BajJachk NMUPOGUILIUTCOAEpKamas nopojaa MecropoxaeHust Kyns-lOpr-Tay (Pecny6inka
BbamkoprocTan).

JUis  BBIACHEHUS  BO3MOXXKHOCTM M CYHIHOCTHM  IIpoLecca  HU3KOTEMIIEPATypHOTO
B3aUMOJCHCTBUS MEXAY NUPOPWUIMTOM U TUAPOAUPTOPUIOM aMMOHMS  POBOAMINCH
uccieoBaHusl  (PU3MKO-XMMHUECKUX TPOLIECCOB, IMPOTEKAIOIIMX B CMECAX MNUPOQUIITUTOBON
nopoasl ¢ HemocratkoM ['JI®A, W B CTEXMOMETPUYECKOM COOTHOIIEHHWH [0 MYJUIUTY
(cootHomenue mupopumtut: [JDA —1: 1,6).

JHepuBaTorpaduyeckue uccieaoBanus cMeceit nupodumutoBoit mopoas ¢ ['JIOA mokaszanmy,
YTO MPHUCYTCTBUE THIPOAM(PTOpUAa aMMOHHMS B COCTaBe IIMXTHl BIUSET Ha IOBEJCHUE
nupoduuITa MpU HArpeBaHUM, W3MEHSAsS TEMIEpaTypHbIM HHTEpBaJl Ipolecca Jeruaparaluu
MUHEpaJa U pa3pyleHUs €r0 KPUCTAUNINYECKON PEIIETKH.

[Iponiecc dropammonHHitHOM 00paObOTKM MUPOPHILTUTOBON TOPOIBl OCYIIECTBIUIA TTyTEM
HarpeBa cMeceil TOHKOM3MENbYEHHOM MOpOJAbl C COOTBETCTBYIOLIEH HaBeCKOil ruaponudTopuna
ammoHus npu temmnepatype 650 °C c Boaepxkkoil 1 wac. BeiOop TemmepaTypsl (pTOpUpOBaHUS
MIPOU3BOAMIICA HUCXOAS U3 HEOOXOIMMOCTH IMOJHOTO yraneHus oOpasyromerocs mo peaxmuu (1)
rekcadTopocuiIiMKaTa aMMOHHSI U3 MPOIYKTOB (PTOPUpPOBaHUS MUPOMUIUIUTOBOM MOPOIBL. 3aTeM
00pasibl U3 TEPMOPTOPUPOBAHHBIX cMecel oOxuranucey B uHTepBaje temmneparyp 800—-1300 °C.

ConocraBneHue pe3yabTaToB JepuBaTOrpaduu ¢ peHTTeHOBCKUMH HccienoBanusmu u MK-
CIEKTPOCKOMHUEH MO3BOJSET C YBEPEHHOCTBIO YTBEP)KIaTh, YTO MPHUCYTCTBHE TUApOAU(TOpHIA
aMMOHHS HE TOJIbKO BHOCUT U3MEHEHHUS B IIPOLECC TEPMOIECTPYKIIMH MUPOPIILIINTA, HO U B KOPHE
MEHSIET CXeMY CHHTE3a MYJUINTA U3 MUPODUILTUTA.

B uyacTHOCTM BBISBIEHO, 4YTO MPOIECC CHHTE3a MYJUIUTAa B NPOAYKTE (PTOpUpPOBAHUS
nupopUIUINTA TMPOXOAUT Yepe3 CTaguH OOpa3oBaHMs MPOMEXKYTOUHBIX NPOAYKTOB B (hopme
TpudTOpUAA AMOMUHHUSA U Tomasza. [lpuuem, cocTaB M KOJIMYECTBO MPOMEXKYTOUHBIX MPOIYKTOB
TepMO(PTOPUPOBAHUS NHUPOPUIUIUTOBON MOPOJBI 3aBUCAT OT KOJMUYECTBA BBOJMMOIO (hTOpareHTa.
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VceranoBiaeHo, uro mpoxykramu ¢ropupoBanus npu 650 °C  MUHEpPANBHBIX COCTABIISIOIIUX
KBapLIUPO(PUIUTUTOBOI NMOPOJBI B UCCIEAYeMbIX cMmecsiX Kak ¢ HemoctatkoMm ['JIOA (coctaBbl ¢
cootHormeHueM nmopojsl k ['JIMA, paBubm 1:1 u 1:1,3), Tak 1 cMECH CTEXHOMETPUIECKOTO COCTaBa
(mupodummut: T'JPA =1:1,6) sBustrorcs TpudTopua aqrOMHHHSA, METATUPOPHIUIUT B CMECHU C
OCTaTOYHBIM  (HETpOpearupoBaBIIMM) KBapuem. [IlpuyeM  yMeHbIIEHHE WHTEHCHUBHOCTH
PEHTTCHOBCKUX pe(IeKCOB KBapua BO (TOPUPOBAHHOM TMPOAYKTE IO CPaBHEHUIO C HX
UHTEHCUBHOCTBIO B TepMOOOpaboTannoii npu temneparype 650 °C ucxonunoit mopoxe 6e3 IIDA
yKa3bIBaeT Ha 3HauuTenbHOoe B3ammojeiictBue [JIGA ¢ rpyboaucnepcHO  KBapueBoi
COCTaBJISIONIeH KBapUIUPOOUIUIUTOBOM NOpOIbl ¢ 00pa3oBaHUEM rekcadTOpOCUIIMKAaTa aMMOHUS
no peakmuu (1). MccnenoBanue nanbHEHIIMX mpoueccoB (a3000pa3oBaHMsi B TEMIIEPATypHOM
unrepsane 900-1300 °C  mokasano, uYto (GTOPUPOBAHUE KBAPLUIHUPO(PUIIIMTOBONH  IOPOIKI
o0ecrieynBaeT CHIDKEHHE TEMIIepaTypbl IOJHOW JUCCOLMALMU  CTPYKTYpPHl HHUPOQHIIIATA
(Metanmpoduiaura) ¢ 1100 1o 800 °C u TeMnepaTypsl CHHTE3a MIOJILYATOr0 MyiumTa ¢ 1200 10
900 °C. OnruMasabHBIM COOTHOIICHHEM KBapUIUPO(PUIUIUTOBOW MOPOIABI K TUAPOTHU(DTOPHILY
aMMOHHU4 siBIsieTcst oTHoueHue 1 : 1,6, uyto obecnieunBaet npu temmeparype 1300 °C noBbliieHue
BbIXOJa Hroip4yaroro mymwmra (¢ pasmepom uactun 20-30 MKM B JIMHY H 3-5 MKM B
nonepevnuke) ¢ 12 go 68 macc. % u coxmepkaHue OCTaTOYHOrO KBapia He Oosiee 15—18 macc. %.
Wriel, mepemierasich MEXIy coO0H, 00pa3yloT apMHUPYIOMIHA KPUCTALUTUYCCKHI CPOCTOK, YTO B
nepcneKkTuBe OyieT CnocoOCTBOBATH MOMYYEHUIO BEICOKOIIPOYHBIX KEPAMUYECKUX MATEPHAIIOB.
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3ammra KanwUIIPHO-TIOPUCTBIX CTPOUTENIBHBIX MaTepHalioB M W3JENUS HAa MX OCHOBE OT IPOHUKHOBEHHS BJaru
SIBISIETCSI aKTyaJIbHOM 3aJjaueil He TONBKO B MPAaKTHYECKOM, HO M TeopeTHuecKoM Iiane. Llens paboThl 3aKknodanach B
UCCIIEIOBAaHUN (PU3BNKO-XMMHYECKHX CBOMCTB THAPOU3O0JIALMOHHOTO COCTaBa Ha OCHOBE MOAU(PHUIUPOBAHHOTO
HU3KOMOJIEKYJISIPHOTO MOJUATUICHA U BBISBICHUS BO3MOXKHOCTH €0 IMPUMEHEHHUS B Ka4yeCTBE T'MIAPOMU30JISIIMOHHOIO
MOKPBITHSA. MOIU(PHUIMPOBAHUE HCXOJHOTO TIIOJMMEpa MPOBOAWIM METOJOM €ro OKHCICHHS C IIOMOIIBIO
O0apOoTHpOBaHUS KHCIOpOJa BO3MyXa M HarpeBaHms 1m0 Temmeparypsl 160 °C. [lpuBeneHbl pe3yibTaTHI
SKCTIEPUMEHTANIbHBIX  WCCIENOBAaHMH  CBOMCTB  rugpododOmsaropa i  €ro NPUMEHEHHS B KadecTBE
BOJIOOTTAJIKUBAONIET0 MaTepuana. OnpeneneHsl OTASNbHbIE (PU3UKO-XHUMHUYECKHE CBOMCTBA TMAPOU3O0IITOpA, TaKHe
KakK: aire3ust K MOBEPXHOCTH KalMJUIIPHO-TIOPUCTBIX TEJ, BOAOIOIVIONMICHUE, MapONpOoHHIaeMocTh. [lokasaHo, 4TO
TIPEATI0KEHHBIH COCTaB MOXET NMPUMEHATHCA B Ka4eCTBE THAPOU3OIALMOHHOTO MaTepraia sl 3allUThl KalHUIIPHO—
MIOPUCTBIX MaTEPUANIOB OT BIIATH.

KiroueBble cioBa: ruapon3oisus, ruapodoOHas 3aimTa, BOJIONOTJIOMIEHNE, KalWUIIPHO-TIOPUCTRIE MaTepHAaIbl,
CTPYKTYpa.

WATERPROOFING MATERIALS BASED ON MODIFIED
POLYETHYLENE WAX

Nataliya N. Debelova, Ph.D., Associate Professor of the chemistry department, Tomsk State University of
Architecture and Building, 2, Soleynaya Sq., Tomsk, 634003, Russia, E-mail: mackevichn72@mail.ru
Pavel B. Zavuylov, undergraduate student, National Research Tomsk State University, Chemistry
Department, 36, Lenina Avenue, Tomsk, 634050, Russia, E-mail: pavel _223@mail.ru
Yuri S. Sarkisov, D.Sc., Professor of the chemistry department, Tomsk State University of Architecture and
Building, 2, Soleynaya Sq., Tomsk, 634003, Russia, E-mail: sarkisov@tsuab.ru
Ivan I. Podshivalov, Ph.D., Associate Professor of foundations, basements and testing department, Tomsk
State University of Architecture and Building, 2, Soleynaya Sg., Tomsk, 634003, Russia,

E-mail: ivanpodchivalov@list.ru

The paper focuses on the problem of waterproofing of capillary-porous construction materials and products produced
therefrom. The aim of this work is to study physicochemical properties of the waterproofing compound based on
modified Polyethylene wax and the possibility of its application in the capacity of waterproofing coating. The
barbotage-type oxidation processand heating up to 160 °C were used to modify the original polymer. The paper presents
the experimental results on the properties of the water-repellent agent to be used as a waterproofing material and its
physicochemical properties, namely, adhesion to the surface of capillary-porous materials, water absorption, and vapor
permeability. The results show that the suggested compound can be used as a waterproofing material for protection of
capillary-porous material form moisture.

Key words: waterproofing, waterrepellency, water absorption, capillary-porous material, structure
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Hu3KOMONEKYIAPHBIA TOMUATIIICH SBISETCA MOOOYHBIM TPOAYKTOM TIPH TONYYCHHUU
BBICOKOMOJIEKYJISIPDHOTO TOJMATUIIEHA BBICOKOTO JaBJICHHs, O0JaJaeT BBICOKOW aAre3MOHHOU
CIIOCOOHOCTBIO K TOBEPXHOCTH KaNMUIIPHO-TIOPHCTHIX TeJl, MPOSABISIET TUAPO(OOHBIE CBOWCTBA
[1,2], uro ompenenser BO3MOXHOCTh €ro AS(PQPEKTUBHOIO HCIOJIB30BAHHUS B TEXHOJOTHSX
THPOU3OJISILIMH CTPOUTEIBHBIX MAaTEPHAIIOB.

Lenp paboThl 3akiovangach B MCCIEIOBAHUU (PU3UKO-XMMHUYECKHX CBOMCTB T'HIPO(OOHOTO
COCTaBa HAa OCHOBE MOAM(DUIMPOBAHHOTO HHU3KOMOJEKYJSPHOTO TIIOJMATUIIEHA M BBIABICHUS
BO3MOKHOCTH €r0 IPUMEHEHUS B KAUECTBE I'HIPOU30JIIIIUOHHOTO MOKPBITHSI.

Moanukanuo oCymecTBISUIN IIyTeM 00pabOTKH MCXOJHOr0 00pasia KHCIOpOIOM BO3IyXa
npu Temneparype 160 °C. ECTeCTBEHHO MPEIIION0KUTh, YTO MOAU(PUIIMPOBAHKE 00pa3iia JOHKHO
NPUBOJIUTH K M3MEHEHHUIO KOJMYECTBEHHOTO W Ka4eCTBEHHOI'O COCTaBa MOJSIPHBIX I'PYII B Cpene
OKHCJICHHOTO HHM3KOMOJICKYJIIDHOTO TOJMATHIEHA, K YCHWJICHHIO aATr€3MOHHOH MPOYHOCTH K
MOBEPXHOCTH OOpas3loB M, KaK CJIEJACTBHE, K TIIOBBILCHHIO KAa4eCTBA THIPOM3OJSIHUOHHOTO
MOKPBITHS.

Kak mokaszamu HK-crnekrpockonmuueckue HCCIICA0BaHUS TEPMOOKUCIUTEIBHBIC IPOIECCHI
MPUBOASAT K CYIIECTBEHHBIM U3MEHEHUSM CIIEKTPAJIbHBIX XapaKTEPHCTUK 00pasnoB. B wactHOCTH,
3aMETHBIC U3MEHEHUS IMKOB TOTJIOMICHHS 110 CPAaBHEHHUIO C MCXOAHBIMU 00pa3laMy HaOIIOAat0TCs
B o6mact 600-1300 cM ', OTMeUCHHBIH IMANA30H CIEKTPa XapaKTePHU3YeT MPEHMYIECTBEHHO
CMEIIaHHBI BUJ XHMHUYECKHX KOMIIOHEHTOB cpenbl. [Ipm 3TOM B OKHCIEHHOM amopdHOM
MOJIMATUIICHE OOHAPYKHMBAIOTCA KETOHHBIC, aJbJCTHIHBIC, CIOXKHOX(HUPHBIE TPYIIBI, KOTOPHIC
HAXOJAITCS B COINPSDKCHWH C HEHACHIIICHHBIMHU CBs3aMHU. Kpome Toro, HaOmionaercst ynajieHHE
HU3KOKUIISIINX (DpaKiuii cMecH.

JInsg  ycuieHWs TPOHUKAIOIIEH CIOCOOHOCTH B O0BEM CTPOUTEIBHBIX MaTEPHAIOB
HU3KOMOJICKYJISIDHBI ~ TTOJIUATUJICH PAacTBOPSJIM B MHHEpajdbHOM Macie. IlokazaHo, 4TO
CYILIECTBEHHBIC U3MEHEHUS B CTPYKTYpE KOMITO3MLUHK HAOIIOAAIOTCS IPU COJEPKAHUH TTOJIUMEPa
B mipezenax KoHnenTpauuit 7-8 % macc. [Ipu 9Tol KOHIEHTPAIIUH SKCIIEPUMEHTAIBHO OIPEIEIICHO,
YTO QJAre3MOHHAs MNPOYHOCTh sBISETCd MakcuMmanbHOW M coctaBisier 0,009 H/Mm, sHeprus
MOBEPXHOCTHOTO HATSDKEHHMsT uUMeeT 3HadeHue okoio 00,0029 I[)K/Mz, Bs3kocTh — 39,3 cCr,
temneparypa kamnenaganus — 110 °C, koadunuent nuddyzun — 10°-10"° m/c?, a paspylicHHe
MTOBEPXHOCTH TIOKPBITUSI HOCHT KOTE€3MOHHBIN XapaKTep.

Y4uThIBast, YTO BOAOMOIJIOIIEHUE IPU KaMWUIAPHOM I0JIcoce 00pa3oB IIEMEHTHOI'O KaMHs,
00pabOTaHHOTO HU3KOMOJICKYJISIPHBIM TOJUATHIEHOM, COCTaBisger He Oomnee 137 F/MZ-CYTKI/I,
MOXXHO CUHTaTh, YTO TIPEIJIOKEHHBI COCTaB SBISETCS APPEKTUBHBIM T'HIPOU3OJISAIIMOHHBIM
MaTepHaioB JUIsl 3aIUThl MOBEPXHOCTH OCTOHHBIX W3JEJIUN OT BIard U MOXET NMPHUMEHSATHCS B
MPAKTUYECKUX TETISX.
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VK 678.029.46
IMPOT'PECCHUBHBIE TEXHOJIOI'MA PECYPCO- "
HEPTOCBEPEXEHUSA ITPU U3IrOTOBJEHUA U3JIEJIUN U3
BTOPUYHOTI O CbIPbs

Joaunckas Panca MouceeBHa, KaHI. XUM. HayK, TOLEHT KadeApbl TEXHOIOTUH HEPTEXUMUIECKOTO
CHHTE3a M IIepepadOTKH MOIMMEPHBIX MATEPHANIOB, YUpexkIeHne oopazoBanus «bemopycckuit
rOCY/IapCTBEHHBIH TEXHOJIOTMIECKUH YHUBEPCUTET», (DaKyIbTET TEXHOJIOTHH OPraHMYECKUX BEIIECTB,
220006, Pecriyonmuka benapycs, r. MuHck, yi. Ceepmiosa, 13a, E-mail: raisa_dolinskaya@mail.ru
Ipoxomuyk HuxoJaii PomanoBu4, 1-p xum. Hayk, wieH-kopp. HAH b, 3aBexyrommit kadenpoit kadeapsr
TEXHOJIOTHH He(YTEXMMHUUECKOTO CHHTE3a M epepadOTKH MOINMEPHBIX MAaTEPHAIIOB, YUPEKICHNE
oOpazoBanus «benopycckuii TocyAapcTBEHHBIH TEXHOIOTMYECKUH YHUBEPCUTET, (PaKyJIbTET TEXHOIOTUN
oprannyeckux Beriects, 220006, Pecriyonuka benapycs, r. Musck, yin. Ceepuiosa, 13a,

E-mail: thsippm@belstu.by
JIncnua Exatepuna CepreeBHa, CTYJCHT, yupexaeHue oopazoBanus «benopycckuil rocy1apcTBEHHBIH
TEXHOJIOTHUECKHI YHUBEPCUTET», PaKyIbTET TEXHOJIOTHU OpraHndeckux Bemniects, 220006, Pecybinka
Benapycs, r. Munck, yi. Ceepmioa, 13a, E-mail: tnsippm@belstu.by

AXTyalbHOCTh paboThl OOYCIIOBJIEHA TEM, YTO HCIOJb30BaHUE OTXOAOB PE3MHOBOM NMPOMBIIIJICHHOCTH B OCHOBHOM
MIPOM3BOJICTBE SIBJISICTCS JIYYIIUM BapHaHTOM B PELIEHMM MHOTOYHCICHHBIX MEPONPHSTHI 10 SKOHOMHH CBHIPbS H
MaTepHalioB ¥ OXpaHe OKpYKalolIeH cpelpl, a paboThl B JAHHOM HalpaBJICHUU IIEPCIEKTHBHBI.

Llens paGoThL: 3aKIOYanach B UCCICJOBAHUM BO3MOXKHOCTH CO3/aHUS MOJIMMEPHBIX KOMIIO3UIUM Ha OCHOBE OTXOJ0B
PE3MHOBOM IPOMBIIUICHHOCTH.

MeTto/Bl UCCIIEIOBAHMS: POTALMOHHAS BUCKO3MMETpPHUs, BUOPALIMOHHAs PEOMETpUs, (HPH3HKO-MEXaHHYECKUE CBOMCTBA
(Yrpyro-poYHOCTHBIC CBOWCTBA, CONPOTHBICHHE Pa3Iupy, CONPTHBICHUE HCTUPAHUIO U UCTHPAEMOCTh, TBEPAOCTH I10
opy A).

PesynpTaThl: MPOBEACHB! HCCICIOBAHMA M0 U3YYCHHUIO BOZMOKHOCTH YCIICBICHHS NOJMMEPHBIX KOMITO3HLHUN 32 CYET
MOJIHOTO WJIM YacTHYHOTO HCKIIOYEHHS M3 MX COCTaBa Kaydyka, T. €. OCYIIECTBJICHA BO3MOXKHOCTb H3TOTOBJICHHS
MOJMMEPHBIX KOMIIO3UIMH Ha OCHOBE OTXOJ/IOB PE3MHOBOW MPOMBIIIIIEHHOCTH.

KaloueBble cioBa:  Kkay4dyK, OTXOJbI, IOJHMEpPHbIE  KOMIIO3ULIMHK, (DU3NKO-MEXaHUYECKHE  CBOMCTBA,
PE3MHOTEXHUYECKUE U3ICIIHS.

PROGRESSIVE TECHNOLOGY RESOURCE AND ENERGY
CONSERVATION AT MANUFACTURING OF PRODUCTS FROM
RECYCLED MATERIALS

Raisa M. Dolinskaya, Ph.D., Associate Professor of Technology of Petrochemical Synthesis and processing
of polymeric materials, educational establishment «Belarusian State Technological University», Faculty of
Technology of Organic Substances, 13a, Sverdlov Street, Minsk, 220006, Republic of Belarus,
E-mail: raisa_dolinskaya@mail.ru
Nikolai R. Prokopchuk, D.Sc., Corresponding Member. NASB, Head of the Department of Technology of
Petrochemical Synthesis and processing of polymeric materials, educational establishment "Belarusian State
University of Technology, Faculty of Technology of Organic Substances, 13a, Sverdlov Street, Minsk,
220006, Republic of Belarus, E-mail: tnsippm@belstu.by
Ekaterina S. Lisitsa, student, educational establishment "Belarusian State Technological University, Faculty
of Technology of Organic Substances, 13a, Sverdlov Street, Minsk, 220006, Republic of Belarus, E-mail:
tnsippm@belstu.by

Relevance of the work due to the fact that the use of waste rubber industry in the main production is the best option in
solving numerous measures to save raw materials and environmental protection, and work in this direction is promising.
Obijective: To study was the possibility of creating polymer composites based on waste rubber industry.

Methods: rotational viscometer, vibration rheometry, mechanical properties (elastic and strength properties, tear
strength, abrasion resistance and abrasion soprtivlenie, Shore A hardness).

Results: conducted a study on the possibility of cheaper polymer compositions due to full or partial exclusion of their
composition rubber, t. E. Realized the possibility of manufacturing polymer compositions based on waste rubber
industry.
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Key words: rubber, waste polymer compositions, physical and mechanical properties, rubber products

Rubber crumb rubber is one of the processing products of secondary raw rubber (rubber
waste, including old tires). The main raw material for production of rubber crumb is worn out tires,
as more than half of the rubber produced in the world is used in the manufacture of tires. Shredded
tires as crumb are widely used in various fields, especially as an adequate supplement to fresh
rubber compounds.The fine rubber crumb retains the elastic and the strength properties of the
starting material to the maximum extent. The compositions containing crumb rubber, represent a
dispersion type "polymer resin".Rubber crumb rubber is one of the processing products of
secondary raw rubber (rubber waste, including old tires). The main raw material for production of
rubber crumb is worn out tires, as more than half of the rubber produced in the world is used in the
manufacture of tires [1]. Shredded tires as crumb are widely used in various fields, especially as an
adequate supplement to fresh rubber compounds.The fine rubber crumb retains the elastic and the
strength properties of the starting material to the maximum extent. The compositions containing
crumb rubber, represent a dispersion type “polymer resin".

The main raw material for production of rubber crumb is worn out tires, as more than half of the
rubber produced in the world is used in the manufacture of tires.

Shredded tires as crumb are widely used in various fields, especially as an adequate supplement
to fresh rubber compounds.

The fine rubber crumb retains the elastic and the strength properties of the starting material to
the maximum extent. The compositions containing crumb rubber, represent a dispersion type
"polymer resin™.

Table 1
Recipes of elastomeric compositions using rubber crumb fractions 0,2-1,0 mm

Samples, the mass fractions of 100 mass fractions of rubber
Names of Parts 1 > 3 7 5
Rubber CKMC-30 APKM-15 100,0 100,0 100,0 100,0 100,0
Rubber crushed (fraction 0,2—1,0 mm) 90,0 100,0 110,0 120,0 130,0
Sulfur 7,0 7,3 8,0 8,3 9,5
Thiazole 5,0 47 4,0 3,7 3,5
Technical carbon-P803 45,0 45,0 45,0 45,0 45,0
Stearic acid 2,0 2,0 2,0 2,0 2,0
Bitumen BN 90/10 30,0 30,0 30,0 30,0 30,0
Oil softener Mon—-6SH 35,0 35,0 35,0 35,0 35,0
Phthalic anhydride 1,5 15 15 15 15
Physical and mechanical properties of the compositions

Tensile strength, MPa 1,8 2,1 2,7 2,3 2,2
Elongation at break, % 72 78 80 64 61
Shore A hardness, units Shore A 70 75 80 80 80

Rubber crumb rubber is one of the processing products of secondary raw rubber (rubber waste,
including old tires).

The use of crumb rubber of this fraction allows to obtain elastomeric compound having good
physical mechanical properties. Sample number 3 has the best properties. A wide variety of rubber
products for different purposes can be produced on the basis of these composites. The investigation
of the crumb size effect on the the deformation properties of the composites showed that the use
of larger particles results in a substantial reduction in elongation at break as compared with
smaller particles (tabl. 1-3).
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Recipes of elastomeric compositions using rubber crumb fractions 1,0-2,0 mm

Table 2

Samples, the mass fractions of 100 mass fractions of rubber

Names of Parts

Recipes of elastomeric compositions using rubber crumb fractions 2,5-4,0 mm

1 2 3 4 5
Rubber CKMC-30 APKM-15 100,0 100,0 100,0 100,0 100,0
Rubber crushed (fraction 1,0-2,0 mm) 90,0 100,0 110,0 120,0 130,0
Sulfur 7,0 7,3 8,0 8,3 9,5
Thiazole 5,0 4,7 4,0 3,7 3,5
Technical Carbon P-803 45,0 45,0 45,0 45,0 45,0
Stearic acid 2,0 2,0 2,0 2,0 2,0
Bitumen BN 90/10 30,0 30,0 30,0 30,0 30,0
Oil softener Mon-6SH 35,0 35,0 35,0 35,0 35,0
Phthalic anhydride 15 15 15 15 15
Physical and mechanical properties of the compositions
Tensile strength, MPa 1,6 1,8 2,4 2,0 19
Elongation at break, % 80 75 69 58 50
Shore A hardness, units Shore A 70 75 80 80 80
Table 3

Samples, the mass fractions of 100 mass fractions of rubber

Names of Parts

1 2 3 4 5
Rubber CKMC-30 APKM-15 100,0 100,0 100,0 100,0 100,0
Rubber crushed (fraction 2,5-4,0 mm) 90,0 100,0 110,0 120,0 130,0
Sulfur 7,0 7,3 8,0 8,3 9,5
Thiazole 5,0 4,7 4,0 3,7 3,5
Technical Carbon P — 803 45,0 45,0 45,0 45,0 45,0
Stearic acid 2,0 2,0 2,0 2,0 2,0
Bitumen BN 90/10 30,0 30,0 30,0 30,0 30,0
Oil softener Mon—6SH 35,0 35,0 35,0 35,0 35,0
Phthalic anhydride 15 15 1,5 1,5 15
Physical and mechanical properties of the compositions
Tensile strength, MPa 1,4 1,58 2,1 1,7 1,6
Elongation at break, % 68 64 59 50 45
Shore A hardness, units Shore A 60 64 68 68 68

The reason for the negative impact of large size particles on the deformation properties of
composite materials, is probably insufficient strength of connections in the system "polymer -
polymer"; and that is probably adsorption of plasticizers and softeners occurs on the surface of large

crumbs that in turn, negatively affects the properties of the polymeric material.

Cnucok JuTepaTypsl
1. Kopres, A.E. Texnonorus amactomepHbsix matepuanoB / A.E. Kopres, A.M. bykanos, O.H. llleBepases. M.:

Xumus, 2000. 288 c.
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YK 665.64.097.3
HPUT'OTOBJIEHUE U UCCIIEJOBAHUE ®U3NKO-XUMHNYECKUX
CBOWCTB U AKTUBHOCTEM KATAJIM3ATOPOB KPEKMHI' A HA
OCHOBE MWJIJIAPUPOBAHHOI'O KEJE30M TAT'AHCKOI'O
MOHTMOPUJIJIOHUTA

3akapuna Haxnu AckapoBHa, 1-p XUM. HayK, ipodeccop, 3aB. 1abopaTopueil KaTaan3aTopoB
HedTenepepadoTku, MTHCTUTYT OPraHMYECKOTO KaTajIw3a U AIEKTPOXUMHUH
um. JI.B. Cokonbckoro, JlabopaTopus KaTaqau3aTopoB HedTenepepadoTKy,

050010, Kazaxcran, r. AnmMatsl, yi1. Kynaesa, 142, E-mail: nelly_zakarina@rambler.ru
Bosaxosa JIluagusi luonopoBHa, KaHA. XUM. HAyK, Bell. HAyd. COTp. TaOOPaTOpUN KaTaIn3aTOPOB
HedTenepepadoTku, MHCTUTYT opranndyeckoro katanusa u snexkrpoxumun um. J[.B. Cokonbckoro,
Jlaboparopus katanu3zaropoB HedrenepepadoTku, 050010, Kazaxcran, r. Anvatsl, yn. KyHaesa, 142,
E-mail: volkova_ld@rambler.ru
Kum Oubra KnemenrbeBHa, KaH/. XMM. HayK, CT. HAy4. COTP. JIaOOPaTOpHUU KaTaIU3aTOPOB
HedTenepepadoTku, MHCTUTYT opraHndeckoro katanusa u snexkrpoxumun uM. J{.B. Cokoinbckoro,
Jlaboparopus xatanmuzaropoB HedrenepepadoTku, 050010, Kazaxcran, r. Anvatsl, yin. KyHaesa, 142,
E-mail: kimolya82@mail.ru
Kymanynnaes layaer AXMeTOBHY, MarHCTP, MJI. HAYY. COTP. 1JAOOpAaTOPHUN KaTaIu3aTopOB
HerenepepadoTku, AO MHCTUTYT OPraHN9IeCcKOTro KaTalln3a U dJEKTPOXUMUAN
umM. /[.B. Coxomnnckoro, JIabopaTopust kKaraan3aTopoB HedTenepepadoTKH,

050010, Kazaxcran, r. Anmartsl, yin. Kynaesa, 142

AXTyalbHOCTB pabOTHI 00yCIOBIEHa HEOOXOIUMOCTHIO COBEpIICHCTBOBAHMS KaTallM3aTOpOB KpekuHra. IIpm cuHTe3e
KaTaJM3aTOPOB 3aCIy>KUBA€T BHUMAHHSA HCIONB30BAHME CTOJNOYATHIX IJMH B KauyecTBE HOCHTENEH KaTaau3aTOpOB.
Panee mamu [1] ObUTO MOKa3aHO, YTO CTOJOYATHIC JKEJE3HBIE MOHTMOPHUIOHWTHI, MOJYYEHHbIC MIIIAPHPOBAHUEM
MOHTMOpHILTOHHTa (MM) IHAPOKCOKOMIUIEKCAMH JKelle3a, HMEIOT BBICOKHE yAeTbHbIE TOBEPXHOCTH (10 166,7 M%/T),
Pa3BHUTYIO IOPUCTYIO CTPYKTYpYy C 4uciioM Me3orop 10 81,5 % M MOBBINIEHHYIO NMPOYHOCTh, YTO HEOOXOAUMO ISt
KaTaJn3aTOPOB KPEKUHTa.

Lenps paboTsl: 3akirouanack B cuHTese HLAY n HCEY 1eonuTHBIX KaTajau3aTopoB Ha MHJUIAPUPOBAHHOM KEJIe30M
MOHTMOPHUIOHHTE, OTNpeesieHHe X (U3UKO-XUMHYIECKUX M KHUCIOTHBIX XapaKTePUCTHK M aKTHBHOCTEH B KPEKHHTE
BaKkyyMHoro rasoins (BI).

Mertons! uccnenoBanus: bOT, TIIJ] ammuaka, xpomarorpadus, onpeaeacHre MPOYHOCTHRIX XapaKTePUCTHK.
PesynbraThl: npuroroBieHsl U oxapakTepuzoBansl HLAY- 1 HCeY - neonnuTHble KaTaau3aTopbl Ha MUUIAPUPOBAHHOM
XKeJe30M MOHTMopwIoHuTe. HaiineHo, uTo pasnudme B cocraBe OOpasyroUIMXcs IPOAYKTOB NpH KpekuHre BIT
ompezernsiercst OOIIe KHUCIOTHOCTBIO KOMIIO3UTOB W BKJIAZOM CyMMapHOTO KOJMYECTBA CHIIBHBIX M CPEIHHX
KHCJIOTHBIX IIEHTPOB.

KaioueBble ci10Ba: muiapupoBaHHbIE KeJI€30M MOHTMOPHIUIOHUTBI, KPEKHUHT, BaKyyYMHBIH Ta301IIb.

PREPARATION AND STUDY OF PHYSICO-CHEMICAL PROPETIES AND
ACTIVITIES OF CRACKING CATALYSTS BASED ON TAGAN
MONTMORILLONITE PILLARED BY IRON

Nelly A. Zakarina, D.Sc., Professor, Head of laboratory of oil refining catalysts, Institute of organic
catalysis after D.V. Sokolsky, laboratory of oil refining catalysts, 142, Kunaev Street, Almaty, 050010,
Kazakhstan, E-mail: nelly_zakarina@rambler.ru
Lidia D. Volkova, Ph.D., Leading Researcher of laboratory of oil refining catalysts, Institute of organic
catalysis after D.V.Sokolsky, laboratory of oil refining catalysts, 142, Kunaev Street, Almaty, 050010,
Kazakhstan, E-mail: volkova_ld@rambler.ru
Olga K. Kim, Ph.D., Senior Researcher of laboratory of oil refining catalysts, Institute of organic catalysis
after D.V.Sokolsky, laboratory of oil refining catalysts, 142, Kunaev Street, Almaty, 050010, Kazakhstan,
E-mail: kimolya82@mail.ru
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Daulet A. Zhumadullaev, M.S., Junior Researcher of laboratory of oil refining catalysts, Institute of organic
catalysis after D.V.Sokolsky, laboratory of oil refining catalysts, 142, Kunaev Street, Almaty,
050010, Kazakhstan

Relevance of the work caused by the need for improving of cracking catalysts. At the synthesis of catalysts using of
pillared clays as catalyst supports attracts much interest. Previously by us it was shown [1] that the iron pillared
montmorillonites obtained by pillaring of montmorillonites (MM) by hydroxocomplexes of iron, have high specific
surface areas (up to 166,7 m“/g), developed porous structure with the number of mesopores up to 81,5 % and increased
strength that is necessary for the cracking catalysts.

The main aim of the study:synthesis of HLaY and HCeY zeolite-containing catalysts on pillared by iron
montmorillonite, determination of physico-chemical and acid characteristics and activity in the cracking of vacuum gas
oil (VG).

The methods used in the study: BET, ammonia TPD, chromatography, determining of the strength characteristics.

The results: HLaY- and HCeY- zeolite-containing catalysts based on iron pillared montmorillonite are prepared and
characterized. It was found that the difference in composition of the formed products in the the VG cracking is
determined by total acidity of composites and total of amount medium and strong acid centers.

Key words: pillared by iron montmorillonites, cracking, vacuum gasoil

B pa6ote ucnons3zoBan BI' IlaBnomapckoro nedrexumuueckoro 3aBonaa (ITHX3) ¢ koHuom
kunieans 534 °C. 15 % HLaY u HCeY-neonurconepxaimye KaTaiu3aTopbl TOTOBHIA CMEIICHUEM
Y-ueonura B 3ameniéHHoN P33-dopme ¢ nummapupoBaHHbIM kKene3oM (2,5 MMOJb Fe**/r NaM M)
MOHTMOPHIZIOHUTOM.

CpaBHUTENIbHBIE JaHHBIE 1O AKTUBHOCTH HCCIEAYyEeMbIX KaTaJu3aTOpOB IPHUBEICHBI Ha
pucynke. W3 anamusa npuarpammel ciaenyer, uro aktuBHocT Fe(2,5)NaHMM + HCeY wu
Fe(2,5)NaHMM + HLaY -karanu3zatopoB Heckosbko oinuarotcss. Ha HCeY-konrtakte mpu 500 °C
oOpa3syercst B 2 pa3a Oosbiiee konmdectBo Ocer3uHa 43,9 % npotus 23 % na HLaY-conepxarniem
karanu3atope. OHaKo O cymMMe CBETIBIX MpoaykToB (84,7 % u 88,8 mpu 500 u 550 °C) HLaY-
karanu3atop mnpeBocxoauT HCeY-KOMITO3UT, YTO OMpEeAeIseTcs IMOBBIMICHHBIM BBIXOJIOM (10
67, %) nerkoro ra3omuJs.

a0 ag
70 a0
Erz=:
1] 70
0] 60 W GeHzMH

NETKKMA TS olinG

B CyiiE CBRTABIY
nNpogyKTOE

500 550 450 500 550  rpan C

a o
Puc. Boixobl 0CHOBHBIX TpoAyKTOB Kpekunra BI' Ha Fe(2,5)NaHMM + HCeY (a) u Fe(2,5)NaHMM + HLaY (6)

[To TexcTypHBIM MapaMeTpamM KOMITO3UTHI OJIU3KU. Y JienbpHast moBepxHOCcTh Fe(2,5)NaHMM +
HLaY mno mamesiv BT cocrasmster 128,8 m%r. Ha momro Me3omnop mnpuxoautcs 81 %. VYV
Fe(2,5)NaHMM + HCeY -kommo3wura joiis Me30mop coctasisieT 82,3 %.

Jlis pemieHus: Bompoca O MPHYMHAX Pa3inudsl aKTUBHOCTH KaTallM3aTOPOB MPUBIICYECHBI
JaHHBIC TI0 UX KUCIIOTHBIM XapaKTEepPUCTUKAM, TToJTydeHHbIe MeTotoM TI1/] ammuaka.

HCeY-conepxamuii karaau3aTop oTau4aeT 0oibias KHcIoTHOCTH (174,6 Mkmons NH3/r) o
cpaBHenuto ¢ HLaY-conepxkamum korTakTom(134,9 Mxmone NHs/r). OTnugaroTcst Katamu3aTopsl
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W 10 COOTHOIIEHHWSM KI[ pasHoro tuma. Ecim y Fe(2,5) NaHMM + HCeY-karanuszaropa
onpexaeneHo 42,7 % cunpHbIX KT 1 60,5 % CHUIBHBIX M CpeHUX KII, TO y La-comepikamiero odbpasia
COOTBETCTBYIOIIME BEIMYMHBI COCTaBIAOT 8,3 m 39,6 %. bonee Beicokas aktuBHOCTH HCeY-—
KOMITO3UTHBIX KaTaJIM3aTOPOB SBISETCS, MO-BUAMMOMMY, OTBETCTBECHHOH 3a 00pa3oBaHue OESH3MHA.

Kuciaornoctu HCeY n HLaY-1e0TUTHBIX KaTaIU3aTOPOB

o6paser Conepxanne Cra0ble KIT Cpenaue KiI CHIIBHBIE KIT Oo6mmas
KIT <200 200-300 > 300 KHCJIOTHOCTh
Fe(2,5)NaHMM + % 60,4 31,3 8,3 100
HLaY MKMoJb NHs/T 81,4 42,2 11,3 134,9
Fe(2,5)NaHMM + % 39,5 17,8 42,7 100
HCeY MKMoJb NHs/T 69,0 31,1 74,5 174,6

Ou4eBUIHO, MCCIEAOBAHHBIE KAaTAIUTUYECKUE CHUCTEMBl MOKHO HCIOJB30BaTh IS
pEryJIMpOBaHMsl ~ aKTUBHOCTM  KOMIIO3MTHBIX ~ CHCTEM Ha  OCHOBE  NWIJIAPUPOBAHHBIX
MOHTMOPWIJIOHUTOB B KpekuHre BI'.

Buipasicaem 6razo0aprnocms cm. Hayy. cOmp., KAHO. XUM.HAYK 1abopamopuu QuuKo-xuMuiecKux memooos
uccnedosanull  Kamaiuamopog 3a onpeoeienue MeKCMypPHbIX Xapakmepucmukx CUHMEe3UpOSaHHvlX 00pasyoe
Llanosanogy A.A.
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1. Kum O.K., 3akapuna H.A., Boakosa JILJ., [IanoBaioB A.A. CpoiicTBa OCHTOHHTOBBIX TJIUH,

MOJU(UIIMPOBAHHBIX THAPOKCOKOMILIEKCAaMH Jkelie3a // M3BecTus HaydyHo-TexH. 00-Ba «Kaxakx». 2010. T. 28. Ne 3. C.
25-29.
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V/IK 665.64.097.3
BJIUSAHUE TEPMOITAPOBOM OBPABOTKHN HA AKTUBHOCTH HCEY-
HEOJIUTHBIX KATAJIM3ATOPOB HA TI-IIWJIJTAPUPOBAHHBIX
MOHTMOPU/IVIOHUTAX B KPEKUHT'E BAKYYMHBIX I'A3OUJIEN

3akapuna Haau AckapoBHa, 1-p XuM. Hayk, ipodeccop. 3aB. JJaOOpaToprei KaTalu3aTopoB
HedTenepepadoTku, MHCTUTYT opraHndeckoro karanusa u snexkrpoxumun um.Jl.B. Coxonbckoro, 050010,
Kaszaxcran, r. Anmatsl, yi. Kynaesa, 142, E-mail: nelly_zakarina@rambler.ru
Bapabikoexos Ep:xxan JlaybITOBHY, BEJl. HHXKEHEP JIaOOpaTOpUU KaTaIn3aTopoB HedTernepepadboTKHy,
HuctutyT oprannueckoro karanusa u snekrpoxumun um./.B. Cokonbsckoro, 050010, Kazaxcran,
r. Anmarsl, yi. Kynaesa, 142, E-mail: Erzhan.Barlykbekov@mail.ru

Jxymanyiaes Jlayjger AXMeTOBHY, MJI. Hayd. COTp. JJa0OpaTOPHH KaTajau3aTOPOB HedTenepepadoTKH,

WNuctutyT oprannyeckoro karanusa u anekrpoxumun um./[.B.Cokonbsckoro, 050010, Kazaxcran,

r. Anmatsl, yi. Kynaesa, 142, E-mail Dauletmmm@mail.ru

AKTyaJTpHOCTH paboOTHI 00yCIIOBIIEHa HEOOXOMMOCTBIO TIOBBIIICHHUS TTyOUHBI TepepaboTKH TKENBIX (Gpakimuid HeTH
C TOJTYYEHHEM CBETJIBIX IPOAYKTOB MyTeM pa3pabOoTKW HOBBIX Oosee 3(QQEKTUBHBIX KaTalu3aTOpoB Ha Oase
CTPYKTYPHPOBAHHBIX ME30IOPHCTHIX MPUPOAHBIX rnH Ka3axcrana [1-3].

Lenpto naHHOW pabOTHI SIBISUIOCH M3YyYEHHE BIMSHUS TepMONAapoBOH 0OpaOOTKM Ha KaTaJUTHYECKHE CBOMCTBA
LEOIUTCOJepKAUX KATalu3aTOPOB Ha NHUJUIAPUPOBAHHBIX THTAaHOM MoOHTMOopuIoHuTax (MM) Taranckoro
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MmecrtopoxaeHuss B Na- m Ca-popmax B KpeKHMHIe YTSDKEJICHHBIX BakyyMHbIX razoiseit (BI') IsimMkeHTCKOTO
HedrenepepadarsiBatomero 3asona (11IHI13) u [TaBnonapckoro Heprexumuueckoro 3asona (ITHX3).

Meronp! uccnenoBanus: xpomarorpadus, 62T, POA. TII/] ammuaka.

Karanuzatops! ucnertansl B kpekunre BI' ITHX3 ¢ xonnom kunenus (x.x) 534 °C u BI' IIHII3 ¢ x.x 610 °C. Kpexunr
MIPOBOAMIN B J1AOOPATOPHOH YCTAaHOBKE CO CTallMOHApHBIM CIOEM KaTaln3aTopa. MpH OOBEMHOI CKOPOCTH IOJAYn
chIpbst 2,4 gac"?, Temmeparypax 500 u 550° C.

Pesymerarer: ma Ti(7,5)NaHMM+HCeY -kaTanu3aTope 10 TapoBOH OOpaOOTKM BBIXOA OCH3WMHA HEBBHICOKHH U
KonebseTcs B mpeaenax ot 8,6 mo 9,6 %, ysenmumBasice Ha 1 % mpu mobeimeHnn temneparypsl o 500 go 550 °C.
BrIxon jerkoro ra3oiiisa Ha 3TOM KarannzaTtope 3HaunTensHO Boime (43,0-33,1 %), ¢ pocToM TemmepaTypsl €ro BEIXO.
cHmkaeTcsa. CyMMa CBETIIBIX IPOIYKTOB Ha 3TOM KaTaln3aTtope A0 MapoBoii o0paboTku cocrasisier 51,6 % mpu 500 °C
u 42,7 % npu 550 °C.O0pamiaer Ha ce0s BHUMaHHE HHU3KHH BBIXOJ I'a3000pa3HBIX MPOAYKTOB KpekuHra (2,5 %) n
HeOOBII0N BbIX0 KOKca(4,7-5,2 %).

KaioueBble ciioBa: KpeKHHI, KaTajlM3aTop, BaKyyMHBIH Ta30ilb NMHUIApUPOBAaHHbIE TUTAHOM MOHTMOPHIIJIOHHTHI,
OEH3MH, JIETKUi Ia30iiib, TapoBas 00paboTKa

EFFECT OF TREATMENT ON THE ACTIVITY TERMOPAROVOY HY-
ZEOLITE CATALYST ON Ti-PILLARED MONTMORILLONITE
CRACKING OF VACUUM GAS OIL

Nelly A.Zakarina, D.Sc., Professor, Head of laboratory of oil refining catalysts, D.V. Sokolsky Institute of
organic catalysis, 142, Kunaev Street Almaty, 050010, Kazakhstan, E-mail: nelly_zakarina@rambler.ru
Erzhan D.Barlykbekov, Leading engineer of laboratory of oil refining catalysts, D.V. Sokolsky Institute of
organic catalysis, 142, Kunaev Street Almaty, 050010, Kazakhstan, E-mail: Erzhan.Barlykbekov@mail.ru
Daulet Dzhumadullaev, Junior Researcher of laboratory of oil refining catalysts, D.V. Sokolsky Institute of
organic catalysis, 142, Kunaev Street Almaty, 050010, Kazakhstan, E-mail: Dauletmmm@mail.ru

Relevance of the work is caused by the need to increase the conversion of oil processing of heavy oil fractions to yield
light products through the design of new and more efficient catalysts based on mesoporous structured natural clays of
Kazakhstan [1-3]

The main aim of the study: The aim of this work was to study the effect of steam treatment on catalytic properties of
zeolitecontaining catalysts on Ti-pillared montmorillonite (MM) Tagan deposits in Na- and Ca- forms for cracking of
vacuum gas oil (WG) of Shymkent refinery plant (SOP) and Pavlodar petrochemical plant (PPCP) .

The methods used in the study: chromatography. BET, XRD. TPD of ammonia.

The results: on Ti (7,5) NaHMM + HCeY -catalyst before steam treatment the yield of gasoline was low and varies from
8,6 to 9,6 %, increasing by 1 % as the temperature increases from 500 to 550 °C. The yields of light gas oil on this
catalyst are much higher (43,0-33,1 %), with increasing temperature its yields are decreasing. The amount of light
products on this catalyst before steam treatment is 51,6 % at 500 °C and 42,7 % at 550 °C. Low yields of gaseous
cracking products (2,5 %) and small coke yields (4,7-5,2 %) observed on these catalysts.

Key words: cracking, catalyst, vacuum gas oil, Ti-pillared montmorillonites, gasoline, light gas oil, steam treatment.

ConocraBneHue ¢ pe3yibTaTaMy, I[OJYYEHHBIMM Ha O3TOM JK€ KaTalu3aTrope Iocie
TEpPMOINapoBOil 00pabOTKM MOKAa3bIBAaeT, YTO HAOJIOAAeTCsl MOBBIIMIEHHUE BBIXOJOB OCH3MHA 0
12,5 % mpu 550 °C u nmerkoro razoiins mpu 500 °C o 48,2 %. Beixo cyMMBI CBETIIBIX MPOJTYKTOB
npu 500 °C pacrer 10 54,7 % no cpaBHeHuto ¢ 51,6 % B 3TUX e YCIOBHSIX 0 MapoBOil 00pabOTKH.
Poct BBIXOZ0B JIETKOTIO ra30iis, CYMMBI CBETJIBIX IPOAYKTOB M KOHBepcuu BI' mpu ontumansHOM
Temreparype Kpekunra, pasHoit 500 °C, Ha TepmonapooOpaboTaHHOM KaTaiu3aTope MpeacTaBiIeH
Ha PUCYHKE.

Habmtonanock moBbllIeHHEe OKTAaHOBOTO YKcia O€H3MHA KPEKUHTa MPH MPOBEJCHUH ITpolecca
mpu 550 °C Ha kaTanu3aTope MOCie MapoBoil 00pabOTKH.

IIpu mepexoze K Karanu3aropy Ha OCHOBe akTuBupoBaHHoro MM B Ca- dopme-
Ti(7.5)CaHMM+HCeY HaOmomaercss HeOosbimod pocT BbixomoB (Ha 1,2-4,1%) OenszuHa
ocobenHo npu 500 °C, B To BpeMsi Kak BBIXOJbI JIETKOTO Ta3oilyia ymeHbinatores Ha 4,5 u 17,2 %
npu 550 u 500 °C cOOTBETCTBEHHO IO CPAaBHEHUIO C PE3YyJbTaTaMU Ha KATAIM3aTOPE HA OCHOBE
NaHMM.
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Puc. 1. Kpexunar BI' [THX3 na Ti(7.5)NaHMM+HCeY karamuzatope: 1 —ra3, 2 — GCH3HH,
3 — ;erkuii ra3oiib, 4 — cyMMa CBETIIBIX MPOAYKTOB, 5 — KOKC, 6 — KOHBEPCHS

Bbixonbl  CyMMBI  CBETIBIX  MPOAYKTOB  TaKkKe  3HAYMTEIbHO  HUXKE  Ha
Ti(7,5Mmmon5)CaHMM+HCeY karanu3zarope, 4eM Ha KaTajau3aTope TaKOro K€ cOocTaBa, HO Ha
ocHoBe MM B Na-popme. CrnegyeT OTMETUTh TakKe MOBBILIEHHOE razoodpazoBanue npu 550 °C,
9T0 00YCIIOBIIEHO OO0Jiee BBHICOKMM COAEP)KaHHUEM KHCIOTHBIX IEHTPOB, B OCOOCHHOCTH CHIIBHBIX
KHUCJIOTHBIX LIEHTPOB, C KOTOPBIX aMMHaK Jiecopoupyercs npu temrneparypax > 300 °C.

Ha xartanmm3aTopax, TOABEPTHYTHIX NpPEABAPUTEIBLHOW MAapoBOM  TepMooOpaboTKe,
HaO0JIF0JAeTCsl TTOBBIIIICHUE BBIXOJIOB JIETKOTO ra3oiist Ha 6,3 % npu 550 °C u Ha 1,3 % npu 500 °C.
[lo ocrasbHBIM TIOKa3aTENsIM KATAJTUTHYECKOTO KPEKHHIa CBOWCTBA IEOJIUTCOAEPIKAIIETO
KaTajn3aropa 1ociie TepMonapoBoil 00pabOTKU U3MEHSIOTCS MaJlo.

AHanmm3 MOJy4eHHBIX PE3YJIbTaTOB CBUICTEIBCTBYET O JIOCTATOYHO BBICOKOW KpPEKMPYIOIIEH
AKTHBHOCTH KOMIO3HTHBIX KATAIH3aTOPOB HA OCHOBe mumapupoBanubix Ti'" MM Taramckoro
MECTOPOXKICHHA. MaKCUMalIbHBIA BBIXOJ JIETKOTO Ta30iist, paBHbIA 48,2 % Ob1 monydeH Ha
Ti(7.5)NaHMM+HCeY nocne napoBoii 06padotku. Karanuzarop Ha ocnoe CaHMM umeet Gonee
HU3KYIO KaTaJIUTHYECKYIO0 aKTUBHOCTH 110 BBIXOAY O€H3WHA U JIETKOTO Ta30MIIs.

Ananu3 cocraBa OeH3WHA KpeKHMHra no rpymnmnoBoMmy coctaBy Ha Ti(7.5)NaHMM+HCeY
KaTaJlu3aTope N0 TEPMOIMapoOBON 0OpaOOTKM TMOKa3ad dYTo, OCH3WH COCTOMT B OCHOBHOM U3
apomatnueckux coenuHenuit (33,8-42,1 %), wuzonapadunoB (38,6-35,1 %),onepunos (14,5-
9,6 %), naprenoB (9,0-9,8%) u mapadpunor (3,8-3,1 %), KOTUYECTBO KOTOPHIX MEHSETCS B
3aBUCUMOCTH OT TeMIepaTypbl KpekuHra. Ha mnapo-TepMocTaOMIM3HpPOBAaHHOM KaTajau3aTope
coJiep’KaHuEe apoOMaTHYECKHX YIJIeBOJOPOJOB B O€H3MHE KpeKHHra cHibkaercs Ha 17,8 % mpu
550 °C u na 10,4 % npu 500 °C. Cyns no (pakiiMOHHOMY COCTaBy, O€H3WH, MOJIyYEHHBIH MpU
kpekunre BI' [THX3 na Ti(7.5)NaHMM+HCeY npu 500 °C no mapoBoii 00paOOTKH HMEET
II0THOCTh 782,4 /1, a naBneHue HachllleHHBIX mapoB 4,4 klla. 50 % OeH3uHa OTroHsieTcs NpH
149,3°C, 99,5 % Oensuna —npu 195,9°C. C noBsieHreM TeMmeparypsl kpekuHra no 550 °C
OCH3MH KPEKHMHTa CTAHOBUTCS 00Jiee THKEIbIM: IUIOTHOCTH MOBBIIAETCs 10 792,3 1/1, a 1aBieHue
HachleHHbIX mapoB pacteT 1o 5,0 klla. Temneparypa orrona 50 % OeH3uHa MOBBIIIAETCS Ha
6,3 °C, a remrieparypa otrona 99,5 % Gensuna pacrer Ha 7,6 °C.

ComnocraBneHne  (QpPakMOHHOTO COCTaBa  OEH3WHOB  KPEKHMHIa, IOJYYEHHBIX  Ha
Ti(7.5)NaHMM+HceY- karanuzarope A0 ¥ Tmocie TepMOMapoBoi oOOpabOTKH, IOKa3bIBaeT
CYIIECTBEHHOE CHM)KEHUE TeMIIepaTypbl OTTOHA O€H3MHA, POCT JaBJIEHUS HACBHIIIEHHBIX MapoB U
yYMEHbIIIEHNE TUIOTHOCTH OeH3uHa npu TemnepaTypax kpekunra 500 °C u 550 °C. Tak, naBneHue
HACBHIIIEHHBIX MapoB OeHsuHa pacteT Ha 1,1 klla,uioTHOCTH ymeHblnaercs Ha 8,5-13,2 r/n npu
MIPOBE/ICHUH KPEKHHTA Ha KaTaJM3aTope MOCe MapoBoil 00pabOTKH MO0 CPABHEHUIO C pe3yabTaTaMHu
Ha KaTaJlu3aTope /10 mapoBoil 00paboTku. biuskue pe3ynbraTsl ObUIH MONTyYeHBI TpH KpekuHre BT
HIHII3 na wneonutcomepxamux Ti- NWIIapUpOBAaHHBIX KaTanu3aropax. I[lokasaHo, dYTO C
YTSOKENIEHUEM CBIPbSl JIJI1 KPEKHHTa BBIXOABI CBETJIBIX MPOAYKTOB (OCH3MH JIETKUH Ta30MIIb)
3HAYUTEIHHO CHUKAIOTCS.
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Takum oOpa3om, TepMomapoBas oO0pabOTKa KaTajau3aTOpOB KPEKWHra Ha OCHOBE
MWLIAPUPOBAHHOTO TUTAaHOM MM CIIOoCOOCTBYET YBEIMYCHHUIO BBIXO/1A JIETKOTO Ta30iiiis, a OeH3HUH,
obpasyromuiicss npu kpekunre BI' [THX3, xapakrepu3yercss poCcTOM [aBJICHHsI HACBIIIEHHBIX
MapoB, CHIDKEHUEM TEMIIEpaTypbl OTTOHA ¥ 3HAYUTENBHBIM YMEHBIICHUEM IUIOTHOCTH U
CONIEp’KaHUsl ~ apOMAaTHUYECKHX  YyIJIEBOJAOPOJIOB.  [IpWyMHONW  TOBBIMIEHHS  AKTHUBHOCTH
LEOJMTCOIEPKAIINX KaTaIM3aTOpPOB Ha OCHOBE cTosiouaToro MM mocie TepMonapoBoii 00paboTKu
SIBJIIETCS, BEPOSITHO, CHIDKEHUE CO/ICPKAHUS HATPUS B pe3yjIbTaTe HOHHOTO OOMEHa MPH BBICOKON
temreparype u B armocdepe 100 % BoasiHOTO mMapa.

Crnucok JuTepaTypsbl
1. Xamxkues C.H. IlepcuekTuBHBIE TeXHONOTHH i1 HedTemepepabotkn u Heprexmmmu / C.H. Xamxwues,
B.M. Kanyctun, A.JI. Makcumos, E.A. UYepubmmesa, X.M. Kammes, U.M. Tepzenues, H.B. Konecuuuenko //
Hedrenepepabotka n Heprexumus. 2014. Ne9. C. 3-10.
2. Gil A, Gandia L. M., Vicente M. A. Recent Advances in the Synthesis and Catalytic Application of Pillared
Clays. // Catal. Rev.-Sci. Eng. 2000. Vol. 42. P. 145-212.
3. 3akapuna H.A. IlwmnapupoBaHHBIE THTAHOM NPUPOAHBIE MOHTMOPHUIOHHTBI B KpPEKHMHTE BaKyyMHBIX
razoitneit./ H.A. 3akapuna, E./l. Bapnbikoexos, JI.Jl. Bonkosa, /I.A. XXymanymnaes / MzBectuss HAH PK cepust xumun
u TexHonoruu. 2014, Ne 2. C.17-21.

References
1. Hadzhiev S.N. Perspektivnye tehnologii dlya neftepererabotki i neftehimii / S.N. Hadzhiev, V.M. Kapustin,
A.L. Maksimov, E.A. Chernysheva, H.M. Kadiev, .M. Gerzeliev, N.V. Kolesnichenko // Neftepererabotka i
neftehimiya. 2014. No 9. S. 3-10.
2. Gil A., Gandia L. M., Vicente M. A. Recent Advances in the Synthesis and Catalytic Application of Pillared
Clays. // Catal. Rev.-Sci. Eng. 2000. Vol. 42. P. 145-212.
3. Zakarina N.A. Pillarirovannye titanom prirodnye montmorillonity v krekinge vakuumnyh gazojlej /
N.A. Zakarina, E.D. Barlykbekov, L.D. Volkova, D.A. Zhumadullaev // Izvestiya NAN RK seriya himii i tehnologii.
2014. No 2. S.17-21.

VJIK 665.64.097.3
BJIUSIHUE SIW,;, - TETEPOITIOJIUKNUCJIOTHI HA CBOMCTBA
HY-IEOJUTHBIX KATAJIM3ATOPOB HA MNIJIAPUPOBAHHOM
AJJIOMUHUEM MOHTMOPUJIJIOHUTE B KPEKUHTE BAKYYMHBIX
T'A3OUJIEN

3akapuna Haanm AckapoBHa, J1-p XUM. HayK, Ipodeccop 3aB. JabopaToprel KaTaan3aTopoB
HedTenepepaboTku, MHCTUTYT OpraHnveckoro karanusa u snekrpoxumun um.J1.B. Cokosbckoro,
saboparopus Katanu3aropoB Hedrenepepadotku, 050010,Kazaxcran, r. Anmarsl, yi. Kynaesa, 142,
E-mail: nelly_zakarina@rambler.ru
Mlagun Hypryab AAbIp6eKoBHA, BE/l. HHXKCHED J1a00pPaTOPHH KaTATU3aTOPOB HedTenepepadboTKy,
HHCcTHTYT OpraHnyeckoro karanusa u sekrpoxumuu um./1.B. Cokomnbekoro, 1abopaTopus KaTain3aTopoB U
Hedrenepepadborku, 050010, Kazaxcran, r. Anmarsl, yi. Kynaesa, 142, E-mail: nugen_87@mail.ru
Boaxkosa JIngusi /luonopoBHa, KaH1. XUM. HAYK, BeJl. HAy4. COT., JAOOPATOPHUN KaTaIH3aTOPOB
HedTenepepadoTku, MHCTUTYT opranndeckoro karanusa u snekrpoxumun um.J.B. Cokonbckoro,
snaboparopus Katanu3aropoB HedrenepepadotTku, 050010, Kazaxcran, r. Anmarsl, yia.KyHaesa, 142,
E-mail: volkova_ld@rambler.ru

AXTyasbHOCTE  pabOThl  OOyCNOBJIEHA IEJIECOOOPA3HOCTBIO M3BICKAaHMS IyTeH peryjaupoBaHMS  KHCIOTHBIX
XapaKTePUCTHK IEOIMTCOMACPKANMX KaTadn3aTopoB KpekuHra. OIWMH W3 Takux IyTedl — MoauduuupoBaHHe
KaTaau3aTOpOB KPEKWHra BaKyyMHbIX Trazounedi rereponosnukuciotamu (I'TIK). HzBectno, uto T'TIK sBustorcs
CHIIBHBIMU BpeHCTeTOBCKUMH KHCIOTaMH U TIpeBOCcXOT 1o cuiie HY neonutel. Panee mHamu Obu10 moxaszano, uto HY
LIEOTMTHBIE KaTanm3aTopsl Ha ocHoBe NaMM 6e3 npeaBapuTeIbHON KUCIOTHON aKTUBAIIMK CITIOCOOHBI BECTH KPEKHHT
YTSKEJIEHHBIX BaKyyMHBIX ra3oiieit (BI') ¢ Beixogom 6ensuna 1o 15,8 % u nerkoro razoitng (JIIN) mo 27,9 %.
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Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

Lenp paboThl 3akiroyanack B onpeneiaeHun Bausaus SiWp, ['TIK pa3HbIX KOHIEHTpaluii HA AKTHBHOCTh B KPEKUHIE
BI' HY-neonuTHBIX KaTaau3aTOpoB Ha NMWIIAPUPOBAHHOM aTIOMHHHEM MOHTMOPWIIOHHTE M (U3MKO — XMMHUYECKHE
XapaKTEePUCTUKH KaTaU3aTOPOB.

Meronp! uccnenoBanus: xpomarorpadus, 63T, TI1J] ammuaka.

PesynpraTtel:  mpuroroBneHsl  HY-lieonuTHBIE — KaTamM3aTopsl  HA  OCHOBE  CTOJOYATOrO  AJFOMHHUEBOTO
MOHTMOPHIUTOHHTa 6€3 TpeaBapuTeabHol KucinoTHo# aktuBarmu (AINaMM) u momaudurmposanusie SiWy, —TTIK.
Haiineno, uro BBemenme 15 wmacc. % I'TIK mpuBoauT K 3HaYHTENBHOMY pPOCTY ra3oBoit ¢aszer (mo 35 %) u
YBENMYEHHOMY BBIXOAy Jerkoro razoims (JII). Onrmmanereni Berxox JII (69 %) momydeH Ha KaTamu3aTope C
nobasnennem 5 % SiW,, ipu 450 °C.

KnroueBble c10Ba: KaTanu3aTop, MIUIAPUPOBAHHBIE ATIOMHHAEM MOHTMOPHIUIOHUTHI, T€TEPONOINKUCIOTHI.

INFLUENCE SiW;;, - HETEROPOLYACID ON THE PROPERTIES OF
HY-ZEOLITE CATALYST ON ALUMINUM PILLARED
MONTMORILLONITE CRACKING OF VACUUM GAS OIL

Nelly A. Zakarina, D.Sc., Professor, Head of laboratory of oil refining catalysts, D.V.Sokolsky Institute of
organic catalysis and electrochemistry, laboratory of oil refining catalysts, 142, Kunaev Street, Almaty,
050010, Kazakhstan, E-mail: nelly_zakarina@rambler.ru
Nurgul A. Shadin, Leading engineer of laboratory of oil refining catalysts, D.V.Sokolsky Institute of
organic catalysis and electrochemistry, laboratory of oil refining catalysts, 142, Kunaev Street, Almaty,
050010, Kazakhstan, E-mail: nugen_87@mail.ru
Lidia D. Volkova, Ph.D., Leading Researcher of laboratory of oil refining catalysts, D.V.Sokolsky Institute
of organic catalysis and electrochemistry, laboratory of oil refining catalysts, 142, Kunaev Street, Almaty,
050010, Kazakhstan, E-mail: volkova_ld@rambler.ru

Relevance of the work is due to the expediency of finding ways of regulation of acidic characteristics of zeolite
cracking catalysts. One of such ways is modifying of the vacuum gas oil cracking catalysts by heteropolyacids (HPA).
It is known that the HPA are a strong Bronsted acids and exceed strength of HY zeolites. We have previously shown
that HY zeolite catalysts on the base NaMM without prior acid activation can lead to cracking weighted VG to yield
15.8 % gasoline and light gas (LG) to 27.9 %.

The main aim of the study is to determine the effect of SiWy, I'TIK different concentrations on the activity in the
cracking of VG on the HY-zeolite catalysts on aluminum pillared montmorillonite and physical-chemical characteristics
of catalysts

The methods used in the study: chromatography, BET, TPD of ammonia.

Results: it was prepared HY-zeolite containing catalysts based on Al-pillared montmorillonite(AINaMM) without
prior acid activation and modified SiW., -HPA. It was found that the introduction of 15 wt % HPA results in a
significant increase in the gas phase (35 %) and increased yield of light gas oil (LG). Optimum output of LG (69 %)
was obtained on the catalyst with the addition of 5 % SiW,, at 450 °C.

Key words: catalyst, pillared by aluminum montmorillonites, heteropolyacid.

ITo nanusiM PDA npu BHecenum I'TIK Oazanbubiii pednekc NaMM monTMOpmimoHuTa
(14,8 A) coxpansercs, OfHAKO HEKOTOPOE YIIMPEHHE MOJNOC CBUETENLCTBYET O YACTHYHOM
pa3pyIICHUH CTPYKTYpBl. YIeJbHbIe MOBEpXHOCTH MoaupuuupoBaHHbix SiWi; — KOHTAaKTOB
ymenbimatorcst ot 149 m?/rnst Al(2.5)NaMM+HY 1o 48 m%/r st konrakra ¢ 15 % ITIK, 44,7 u
51,0 M/r — s 5u 1 % KaTaJn3aTtopoB. Yucino mMe3omop, HaNmpoTUuB, yBenuuuBaercs ot 62,3 %
I HeMoiuummpoBaHHOTO 00pasia o 73-67 % mis 1-15 % koHTakTOB.

B ta6n. 1 npusenens! qannsie no kpekunry BI' ITHX3 ¢ xontom kunenus 610 °C npu 450 °C
u 550 °C na Al(2.5)NaMM+HY+ SiW;,

W3 ananm3a naHHbIX Tabn. 1 ciemyer, yro BBeneHue 15 % SiWi—TreTepomnonmkuciorsl B
kaTtanu3aTtop kpekunra BI' ITHX3 npu Ty,= 550 °C npuBOANT K MOBBIILIEHHOMY Ta3000pa30BaHHUIO,
CHIDKEHHIO BBIXOJa O€H3MHAa M YBEJIMYCHMIO KOJMYECTBa Jierkoro razoins. Tak, Ha
Al(2.5)NaMM+HY+SiW;; karamuzarope npu 550 °C  konmyecTBO o00Opasyromierocs OeH3UHA
cocraBuno 7,8 %, nerkoro razouns 45,4 %, raza — 36,2 % nporuB 14,3 % Oensuna, 24 %
nerkoro razoings um 21,9 % raza na katanuzarope, He cozaepxameM [TIK. Cymma cBeTibix
npoayktoB npu BBeneHuu ['TIK Bospactaer no 53,2 % mnpotus 38,2 % 6e3 nobasnenuu ['TIK, a
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KOHBepcusl yBenumumuBaeTcsi oT 65,4 no 94,4 % T.e. BBeZilcHHUE TETEPOIIOIMKUCIOTHI CIIOCOOCTBYET
yrITyOJICHHIO TIpOLecca.

Tabnmnuma 1
Kpexunr BT ITHX3 na Al(2.5)NaMM+HY+ SiW, (15 mac %) — kaTaau3arope

Temmeparypa, °C

HaumenoBaHue npoyKToB 750 550
Ta3 27,5 36,2
Bensun 4.6 7,8
Koxke 1,4 5,0
Jlerkwmii ra3oiinn 46,6 45,4
TsoKeIsIi ra3oiiIe 17,9 4.1
[otepu 2,0 1,5
Konsepcus 80,1 94,4
CyMMa IpOIyKTOB 100 100
CyMMa CBETIBIX MPOIYKTOB 51,2 53,2

Ha puc. npeacraBnensl cpaBHUTENbHBIE JaHHbBIE 0 KpekUHTY BI' ipu 450 °C, BbINONHEHHBIE
Ha ycraHoBke MAK-10. Makcumanbubiii Bbixoq Oensuna mpu 450 °C (14,3 %) nonyueH Ha
karanu3arope 6e3 no6aBok I'TIK a serxoro rasoiins (69 %) na 5 % SiWi, KOHTaKTe.

Beenenne ITIK mnpuBomuT K ra3000pa3oBaHHIO, KOTOPOE YCHIIMBACTCS C POCTOM
koHneHnTpauuu ['TIK.

Beooon %
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Puc. 1. Beixobt ocHOBHBIX npoaykToB kpekunra BI' TTHX3 npu 450 °C wa Al(2.5)NaMM+HY+ SiW,: 1 —ra3,
2 — OeH3uH, 3 — JIeTKHii ra30iiiib, 4 — CyMMa CBETJIBIX MIPOJIYKTOB

Jlns onpeneneHuss CBSA3M AKTUBHOCTH KAaTAM3aTOPOB C MX KHUCIOTHOCTBIO IPOBEIEHO
ONpelIeJICHUE CYMMApHON KHUCIOTHOCTU W paclpezelieHue K.1. mo cuwie meronoM TIIJ ammuaka
(Tabm. 2).

Ecnu Ha HY—11€0TMTHOM KOHTaKTe CyMMapHasi KHCIIOTHOCTh coctaBisieT 250 mkmons NHs/T,
To mpu BHeceHuu 15 % SiWy, I'TIK ¢ mocnenyronmM TepMHUUECKUM €ro Pa3ioKEHUEM B KOHTAKTe
KucioTHOCTh cHikaercss a0 70,7 mxmons NHs/r. Ilpu BHecenmu I'TIK ymeHbmmaercs uucio
CWJIBHBIX K.II., MPAKTUYECKH HE MEHSAETCS YHUCIO CPEeIHUX K.II. U PacTeT YHUCIO CJIa0bIX K.II.
Kpekunr BI' 1o 6eH31Ha mogaBiseTcst M pacTeT BBIXOJ JIETKOro ra3oiia. C pocTOM KOHIIEHTpaluu
I'TIK B razoBoii daze or 1 10 5 % SiWi, HaiineHo yBeawueHHe ra3000pa3HbIX MpoaykToB ot 10,4
1o 17,5 % u nonu 6yran OyTuneHoBoi ¢pakuuu ot 46,2 1o 56,8 %.
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Tabununma 2
Kucaornocru Al(2.5)NaMM+HY u Al(2.5)NaMM+HY +SiWy, karaauzatopos
KucotHble eHTphI
Oopaserng CogepxaHue K.II. Crabuie <200 Cpenuue 200- CunpHbie > Ob6mas
300 300 KHCJIOTHOCTh
Al(2.5)NaMM + % 45 30 25 100
HY Mxkmois NHs/r 112,5 75 62,5 250
Al(2.5)NaMM + % 67,5 27,9 4,6 100
HY+ SiW, (15 %) Mxmoias NHa/r 47,7 20,0 3,3 70,7

CnenaH BBIBOJ O IIEJIECOOOPA3HOCTH HCIIOJB30BAHHS KATaJU3aTOPOB MOAUMDUIIUPOBAHHBIX
I'TIK pnst momydeHUsl JETKUX razoiuied u ra3oBoi (as3el ¢ yBenmdeHHbIM cojepxkanueM Ci1—Cy
AJIKAHOB M AJIKCHOB.
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and Environmetal protection». Kudowa, Poland. 2002. P. 315-321.

OCHOBbI TEXHOJIOI'MH NOJYYEHUA IIEPPEHATA AMMOHUS U
MOJIMBJAATA AMMOHUA U3 BYJIKAHUYECKOMU ITOPO/IbI
BYJIKAHA KYAPABOI'O

3anaBeckun KoncranTun JleonnaoBuy, KaHa. XuM. HayK, CT. Hay4d. COTpro, OU3NKO-XUMUYECKUI
uHctutyT uM. JI.5. Kapriosa, 105064, Poccus, T. Mocksa, niep. Obyxa, a. 3-1/12, ctp. 6,
E-mail: zakon82@mail.ru
Koanakos Uibs EBrenbeBuy, cTyaeHT, HanroHanbHbINA HCCIEA0BATENBCKUM TEXHUUECKUN YHUBEPCUTET,
MoOCKOBCKHUI HIHCTUTYT CTJIM U CIUIABOB, Hay4. coTp., Ousuko-xumuueckuit uuctutyt um. JI.A. Kapnosa,
105064, Poccwust, T. MockBa, iep. O6yxa, 1. 3-1/12, ctp. 6, E-mail: karovkas@gmail.com

Pennii — oquH U3 peayaliuX 3JIEMEHTOB 3¢MHOH KOpBIL. I10 reoXuMHUECKUM CBOMCTBAM OH CXO0X CO CBOUMH COCEIIMU
TI0 TIEPHOMUYECKOH cHCTEMe — MOJIIMOAEHOM 1 BOJIL()PAMOM U B BHJIE MAJIBIX IIPUMECEH OH BXOAWUT B MHUHEPAJIbl 3THX
aneMeHTOB. B Poccum M3BECTHO TONBKO OJHO SKOHOMHUYECKH BBITOJHOE MECTOPOXKIEHHE PEHHA: 3amackl B HEM
cocTaBiA0T okoo 10—15 ToHH. OTO MecTopoXxaeHHe ObUIO OTKPHITO B 1992 ronmy Ha Bynkane KynpsBerif, ocTpoB
Urypyn. Pennit HaxoauTes 37ech B popme MuHepana peHuut ReS; [1]. Baxueiiniie cBoiicTBa peHus, ONpeaesIOIIne
€ro NMPUMEHEHHE, 3TO: OUEHb BBICOKAsA TEMIIEpaTypa MJIaBJICHHs, XUMHUYeCcKasi CTOMKOCTh, KaTaIUTHUECKasi aKTUBHOCTb.

Lemnpto paboThl sBiIsIETCS pa3pabOTKa OCHOB TEXHOJOTHYECKOTO IWpoIlecca IMOJMydeHHsS IeppeHaTa aMMOHHA U
MOJIHO1aTa AMMOHHUSL.

B paboTe ObIIH HCIIOIB30BAHBI METOABI OKHACIUTENIFHOTO BBHIMIETAYNBAHNSA, SKCTPAKIIUN aHHOHHBIMU SKCTPAareHTaMH, a
TaK)Ke METOJl aTOMHO-2MHUCHOHHAsI CIEKTPOKOIUS C MHAYKTUBHO-CBA3aHHON IIA3MOM [l aHAIN3a UCXOJHOTO ChIPbs U
MIPOAYKTOB PEAKIIUH.

B pesynbrare npoBeneHHOH pabOTHl OBUIM ONpeseNeHbl ONTHMAJIbHBIE YCJIOBHS IPOILECCOB OKHCIUTEIHHOTO
BBIIEJIAYMBAHUS  BYJIKAHMYECKUX MOPOJA a30THOM KHUCIOTOM M OKCTPAaKUUH CMEHIAHHBIM JKCTPareHTOM.
Vcrionb30BaHHBIE TEXHUYECKHE NPHEMBI O0OECIIEUMBAIOT IOJYYEHHE pPacTBOPOB IEeppeHaTa aMMOHHUS M Monmbnara
aMMOHHUSI C coziepXKaHueM npumMeceii He 6onee 0,5 mr/i.

KiroueBble cjioBa: BrimenaunBanne, peHUNT, IEppeHAT aMMOHUSI, PeHU, MOJTMOIeH, a30THAs KUCIIOTA, KUAKO(ha3Hast
3KCTpakuus, ByjakaH KyapsBblil.
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TECHONOLOGY BASIS OF AMMONIUM PERRHENATE AND
AMMONIUM MOLYBDATE PRODUCTION FROM VOLCANIC ROCK OF
KUDRIAVY VOLCANO

Konstantin L. Zanaveskin, Ph.D., Senior Researcher in Karpov Institute of Physical Chemistry, 3-1/12 b. 6,
Obukhova lane, Moscow, 105064, Russia, E-mail: zakon82@mail.ru
llya E. Kolpakov, student, National University of Science and Technology "MISIS", Researcher in Karpov
Institute of Physical Chemistry, 3-1/12 b. 6, Obukhova lane, Moscow, 105064, Russia,
E-mail: karovkas@gmail.com

Rhenium — one of the rarest elements of the earth's crust. On geochemical properties it is similar to its neighbors in the
periodic table — molybdenum and tungsten in the form of small impurities it enters the minerals of these elements. In
Russia, we know only one cost-effective rhenium deposit: stocks there are about 1015 tons. This field was discovered
in 1992 on a volcano Kudriaviy island of Iturup. Rhenium is here in the form of mineral Rheniite ReS,. The most
important properties of rhenium, which determine its application, it is: a very high melting point, chemical resistance,
catalytic activity.

The aim is to develop the foundations of the technological process of ammonium perrhenate and ammonium molybdate.
We used methods of oxidative leaching, extraction with anionic extractants, as well as a method of atomic-emission
spectroscopy with inductively-coupled plasma for analysis of raw materials and reaction products.
As a result of this work optimal conditions of oxidative leaching with nitric acid and extracting with mixed extractant
were identified. The used techniques allow production of solutions of ammonium perrhenate and ammonium molybdate
with an impurity content of not more than 0,5 mg/l.

Key words: perrhenate, rheniite , rhenium, molybdenum, nitric acid , liquid-phase extraction, Kudriavy volcano

HccnenoBanus ByJIKaHUYECKOW MOPOABI ¢ ocTpoBa WTypynm MeToIoM aToMHO-3MHUCHOHHON
CIIEKTPOMETPUHU HHAYKTHBHO-CBsi3aHHOH tuiazmoi ThermoScientific ICAP 6000 moka3amu, 4to
coJiepkaHue MoJMOAeHa B HEH B cpeaHeM cocrtaBisier 2,3 % macc, a peHust — He 6ostee 200 ppm.
OCHOBHBIMH KOMITOHEHTaMH IMOPOIbl SBISIFOTCS OKCHIbl amromuuust (34 % ), xanbeiust (16,7 %)
xene3a (13 %) u kpemuus (25 %). CnexyeT OTMETUTD, YTO COICPKBAHUE PEHUS B UCCIICIOBAHHBIX
o0pa3lax MpakTHYECKH B 5 pa3 NPEBBIIIAET COJEp)KaHHE ITOr0 MeTaula B MOJUOJCHUTOBBIX
KOHILIEHTpaTaX, OOBIYHO MWCIOJb3YEMbIX B NHPOMETAJUIYPrHYECKHX THPOIECccax IOITYy4YEeHHUS
MonubaeHa. OCHOBHOE KOJIMYECTBO PEHUS BXOOUT B cocraB MonubOnenutra (MoS,) B Buze
n3omopuoit mpumecn ReS,. Ilpum sTtom, MommuOaeHWT B mMpobe, NPEACTABICH B BHJIC
MEJIKOAMCIIEPCHBIX CPOCTKOB C BYJIKAHUYECKOH MOPOI0H.

OKcIepuMEeHTBl 10 O0OTAIlIeHWIO0  BYJKAaHHYECKOW  TMOPOABI  TPABUTAMOHHBIM U
(bIIOTalMOHHBIM METOJJaMHM MTOKa3aJId UX HeAPPEKTUBHOCTb, B TO BpeMs, Kak MPUMEHEHHE TPUEMOB
BBIIIIETIAYMBAHUS C TOCIEAYIOIIENH SKCTpaKIMed OpraHMYecKMMHU areHTaMH I03BOJIMIN JOCTUYb
MIOCTaBJICHHYIO LEJTb.

Hawnmyumme pe3ynbraTsl OBUIM  JIOCTUTHYTBHI TIPM  OKHCJIHMTEIBHOM  BBIIIEIAYHMBAHUN
MOJIMOICHUTA a30THOM KWJIOTOM (ypaBHEHHE 1).

MoS, + 6HNO3; — H,Mo00,4 + 2H,SO,4 +6NO(FI) (1)
Copeprkaniuiicss B OpOJIe PEHHI TaKKe IEPEXOUT B pacTBop (ypaHeHue 2).
ReS, + 6HNO; —» H,ReO,4 + 2H,S0, +6NO(F,) (2)

B a30THON KHCIIOTE pacTBOPAIOTCS NPAKTHUECKH BCE COEOUHEHHH, cojepxaiiuecs B
BYJIKAHMUYECKOM NOpOJie, KpoMe TuoKcuaa KpeMHus. [Ipu 3ToM coenHeHus cepbl IPEBpaIatoTCs B
CEpHYIO KUCJIOTY.

OKCIIEpUMEHTHI IO BBILIEIAYMBAHUIO B IIMPOKOM HHTEpBAjJE€ TEMIIEpATyp IOKa3ajd, 4TO
tossko npu 80-90 °C npaktuyecku Bech penuii (90-99 %) mepexoaut B pactBop. IIpu HU3KHX
temnepatypax (40-60 °C) nake UCIONB30BAHUS TOBBINIEHHBIX KOHIEHTPAIU a30THOM KUCIOTHI 1
ee M30BITKA HE TIO3BOJIMIIN JOCTHYh CTEIIEHU U3BJieueHus perust 6oiee78—80 %.

B pesynbrare npoBENEHHBIX MCCIEAOBAHHWN YCTAaHOBJIEHO, YTO HCIOJIb30BAaHUE a30THOMN
KHCIIOTHI C KOHLeHTpauusmu 6onee 10 % mpuBOIUT K 3HAYUTEIHLHOMY YBEJIWYEHHIO CKOPOCTHU
pactBopeHHst MeTauioB, HO mpu Temneparype 80-90 °C  compoBOKIAETCS HMHTEHCHBHBIM
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Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

BBIIEJICHUEM OKHUCIIOB a30Ta. MIMEHHO ATOT (akT SBUJICS OCHOBAHHWEM OIPAaHUYMUTH B Ipoliecce
BBIIEJIAYNBAHNS BEPXHHUNA TIPEIeNl KOHLEHTPAIMK a30THOH kuciaoTel 10 % macc.

YuuThIBas, 4TO B MPOLIECC BbIIIEIAUMBAHUS POBOJUTCS B ABYX(a3HON CUCTEME TBEpPIOE —
KHUJKOCTb, TO €CTECTBEHHO, YTO CKOpPOCTbH IIpoliecca Iepexoja B pacTBOP COEIAMHEHUN PEHUs U
MoninbeHa OyJeT 3aBHCETh OT pa3Mepa YacTHIl BYJIKaHWYECKOW Mopoibl. UeM MeHee KpYIHbIe
4acTULIBI MOPOABI, TEM OOJbIlAs IUIONIAJb UX HNOBEPXHOCTU NPUXOAUTCS HA €IMHUILY Beca 3TON
MOPOJIbI, a, CIEA0BATENbHO, TEM OOJIbIlas MOBEPXHOCTh MOPO/bI JOCTYIHA AJISl B3aUMOJICUCTBUS C
a30THOM KUCJIOTOW. DKCIIEPUMEHTHI MOKA3JIM HAWIYUILIUE PE3YJIbTAThl IIPOLECcCca BbIIIETaUMBaHU
MOJIy4eHbI Ha (hpaKuu MOPOJIBI C Pa3MEPOM 3epeH, paBHbIM U MeHee 0,25 MM.

B HavanbHbBII MOMEHT BpEeMEHH KUCIIOTA TJIAaBHBIM 00pa3oM pacxoayeTcsi Ha B3aMMOICHCTBHE
C OKCHJIaMHU KaJbLUs, JKeJe3a, aAlFOMUHUA U MarHus. KpoMe Toro, a30THast KUCJIOTa OKHUCIISET CEPy
u cynbduasl MoIuOIeHa, jKeIe3a U PeHus, B pe3yabTaTe 4ero o0pasyercs cepHasi KHCIIOTa, KOTopast
TaK)Xe MPUHUMAET y4acTHUE B pacTBOpeHHHM OKcHoB. [loaromy uyepe3 15 MuHyT mocie Hayana
MIPOBE/ICHUS Tpoliecca KOHIEHTpalus a30THOM KUCIoThl cHikaeres ¢ 10 % no 4,2 % wmacc., uto
MIPUBOJIUT K 3aMEJICHUIO PEaKI[UU OKUCICHUS MOJIUOICHUTA.

YuuTteiBas 3JMEMEHTHBIM COCTaB BYJKAHWUYECKON IMOPOJABI U COOTBETCTBYIOLIMUA €My COCTaB
pacTBoOpa, MOJy4aeMblid TOCJIE OKHCIUTEIbHOIO BBILIEIAYMBAHUSA a30THOW KHUCIOTOW, CTAHOBUTCS
SCHO, YTO WU3MEHeHue BenuuuHbl pH pactBopa OyneT HpuUBOAMTH K OOpPa30BAaHUIO TPYAHO
PacTBOPUMBIX COETMHEHHI COJAEPKALMXCSA METAJUIOB U BBIIIAJIEHUIO UX OCAJIOK

IIpn 3Hauenusix pH=1, HaOmonazock oOpa3oBaHHE KEJITOTO OCaAKa, COAEPIKALIETO
COEIMHEHUS Kele3a, MONMMOIeHa U amtoMUHKSA. MUHUMaIbHasi KOHIIEHTpAIHs jKelie3a B pacTBOpe
nocruranace npu pH=3,8, momubnena — npu pH=4, amomunus — npu pH=6,3. CHuxeHue
KOHIIEHTpAallMM MOIMO/JEHAa B pacTBOpPE BBHI3BAHO OOpPa30BaHMEM HEPACTBOPHUMOIO OCajJKa —
monunbnara sxkeneza (I11). Ilpu pH=4 u3 pactBopa BbhIMamanu COCIWHEHUS MapraHila U MarHusl.
YMeHbIIIeHHe KOHIICHTpPAIlMU Kallblisig B pacTBOpe mpu BenuuuHe PH>4 BBI3BAHO OCAXKICHHEM
TUIPOKCHU/IA KAJIbIUS.

HccnenoBanus npouecca dKCTpaKLUU NPOBOJWINCH HA PAacTBOPE, MOIYYEHHOM B IIPOLIECCE
BBIIIIEJIAYMBAHNS a30THOM KMCIIOTON M UMEIOILIEM COCTaB, IPEICTaBICHHbIN B Ta0M.

DJIeMeHTHBIi COCTAB PACTBOPA NS IKCTPAKINHU

DjeMeHT Ca SO, Al Fe Mg Mn Re Mo
Konnenrpanus, r/n 6,8 7,6 3,1 2,1 2,0 0,12 0,04 2,4

W3 nannHbx Tabn. 1 BUJHO, 4TO KOHLEHTpalUs MojnbaeHa B pacTBope B 60 pa3 MmpeBbllIacT
KOHIIeHTpauuio peHus. [loaroMy Ha mepBoil cTanuu mpoliecca ObUIa BblJIENI€HAa OCHOBHAs Macca
MonubaeHa. Ilpomecc sKkcTpakuuu NPOBOAWICS B JBE CTaJAUU — CEICKTHUBHOE H3BJICUCHHE
MOJIMO/IeHa U3 PACcTBOpA U U3BJICUECHHE PEHUSI.

Ha nepBoii craguM SKCTpakUMM UCIHOJB30BajiCs peareHt, cocrosumii u3 40 %
tpubytuindocpara u 60 % kepocMHa. DKCTpareHT TaKOro oOOecleunBaj BBICOKYIO CTENEHb
W3BJICUYEHUS MOJHMO/ICHA TIPY HU3KOM W3BIICYEHUM pEeHHs. DKCTpakims mpooamiack mpu pH=0,5.
Crenenb SKCTpakIuy MonbieHa coctanisiia 84 %.

Jlis BbIENEeHUsT PeHUs] ObLI MCIOJB30BaH SKCTPArupyroIui areHt, cocrosumii uz 20 %
tpuokTHiamuH, 30 % Ttpubytundocdar u 50 % kepocuHa. DKCTpakIMs PEHUS C U3BICUCHHEM
95 % mpoTekaeTr BO BCEM HM3YYEHHOM jauamna3zoHe BenuunH PH pactBopa. Takum oOpaszom,
CEeNIEKTUBHOE H3BJICYEHUE MOJHMOJEHa U pEeHHs] BO3MOXHO IMPH MPOBEIECHUM 3KCTPAKIMM CHadaja
Monnbaena npu pH=0,5 u 3atem npu pH=9 penus. [Ipu sTom sxcTparupyercst 99 % penus u 95 %
MO0 IeHA.

Crpunnusr npoBoauscs 5 %-HeIM pacTBopoM aMMuaka B TeueHue 10 Munyt. B pesynbraTe
00pa3yloTCsl pacTBOPHI NeppeHaTa aMMOHHS ¥ MOJIMOJaTa aMMOHMSL.

Taxum 06pazom, ObLIM pa3pabOTaHbl OCHOBBI TEXHOJIOIMH TOJYYEHUs IeppeHaTa aMMOHHUS U
Monubaata ammonus. [Ipu ucnons3zoBanun 10 % a30THON KUCIIOTHI B pacTBOP BhINIEIAYMBAHUS
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obo mepeBeneHo 98 % mommbnena w100 % penwus. Ilocne cenekTHBHOM KUIKO(DA3HOM
IKCTPAKIUU U3 pacTBopa nepenuio 95 % monudaena u 99 % penus. [locne ¢a3bl crpunmnuHra ObUTH
MOJIy4EHbI PACTBOPHI MEPPEHATa aMMOHHUSA M MOJIMOJaTa aMMOHHUS C COJIEP)KaHHEM IpUMeced He
6ouee 0,5 mr/m.
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J.W. Hedenquist, M.A. Korzhinsky, S.I. Tkachenko, K.I. Shmulovich. // Geochimica et Cosmochimica Acta. 1995. Vol.
59, Is. 9. 1749-1761.
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PacmoTpeH ¢TOpaMMOHHMIHBIA CrOco0 NepepadOTKH THUTAHCOAEPIKAIIEro ChIPbs C KCIOJb30BaHUEM OapabdaHHO-
Bpalaronieiics ey u peHTreHo(ha3oBoro aHali3a GTOpUPOBAHHOTO MPOIYKTA.

Llenp pa®oThl: 3akiroyajach B HM3y4eHHMHM Ipolecca THAPOPTOPUPOBAHMS THUTAHCOIACP)KALIErO CHIPbS B
HOJTYTIPOMBILUICHHOHN yCTaHOBKE.

KaroueBble ciioBa: THOKCHA TUTaHA, THAPOAUPTOPHI aMMOHHS, GTOPHPOBAHHBIHA MPOITYKT.

HYDROFLUORINATION TITANIFEROUS MATERIAL IN DRUM-
ROTATING FURNACE

Alexander S. Kantaev, Ph.D., Associate Professor, Department of Chemical Technology of Rare Elements,
National Research Tomsk Polytechnic University, Physical-Technical Institute, 30, Lenina Avenue, Tomsk,
634050, Russia, E-mail: akantaev@tpu.ru
Anna L. Lashtur, student, National Research Tomsk Polytechnic University, Physical-Technical Institute,
30, Lenina Avenue, Tomsk, 634050, Russia, E-mail: allLl@tpu.ru

The method of flourammonium processing of titanium-containing raw material described by using of drum-rotating
furnace and X-ray analysis of fluorinated product.
Key words: titanium dioxide, ammonium hydrochloride, fluorinated product

Jlnokcna TWUTaHa BXOAUT B JIBAALATKY BAaXXHEHWIIMX HEOPTraHWYECKHX COEIMHEHHH. B
npou3BojicTBe MUurMeHTHoro TiO; ucnonb3yercs okoio 90 % exeroaHo 10OBIBAEMBIX THTAHOBBIX
MuHepanoB. B Poccun mMeroTcss KpynHeWIIHe MeCTOPOXIACHUS THUTAHOBBIX MUHEPAIOB OJHAKO
cobctBenHoro mpousBoacTBa TiOp B Poccum Her. JlakokpacouHass MPOMBIIIICHHOCTh CTpPaHbI
ucnonb3yeT nurMeHTHbIN Ti0,, 3akynaembiii B Ykpaune (30—50 toic. T B ron). IlepcniekTuBHBIE
notrpeOHocTH Poccun B murmentHom TiO; k 2020 roay ouenuBatorcst B 300 toic. T B roa. [lpu
CYLIECTBYIOIIMX TEMIaxX pocTa NOTpeOIeHUs AUOKCH 1A TUTaHA B MUPE JUIsl UCKITIOUEHHUs euiuTa
TpeOyeTcss €XEroAHoe yBEeIMYEeHHE MOIIHOCTeW MO ero mnpou3BojacTBy. CyliecTByomue
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TEXHOJIOTUHU TMepepaboTKH TUTAHOBOTO CHIPhsI (CEPHOKHCIOTHBIA M XJIOPHBIA METOJIBI) SIBJISTFOTCS
SHEPro3aTpaTHBIMH, MHOTOCTAJUHHBIMH M HE COOTBETCTBYIOT COBPEMEHHBIM TPEeOOBAHUSAM
sKosorur. DaKTHUYECKU KIACCHYECKHE TEXHOJOTHH YCTapeiddn W OYeBHIHA HEOOXOJAMMOCTh
pa3pabOTKH HOBBIX METO/IOB MEPEPaAOOTKH TUTAHOBBIX PY/I.

dropamMoOHUiTHas cxeMa rmepepaboTKH Pybl T0CTaTOYHO 3PPEKTHBHA U MOKHO MOI00paTh
OTIEpaLIMU TI0 PA3JEICHUIO PYJ, a TaKkKe UX odorameHuo. [ 'uapoaudTopu; aMMOHHS HTHTEHCHUBHO
pearupyer ¢ THTaH COJCPXKAIIMMHU PyJaMH, OH IPH OINPEICICHHOM COOTHOIIECHHH JIOCTaTOYHO
MOJTHO pa3pyliaeT HWJIBMEHHT B THUTAHOBBIX pynax. llocie BCKPBITHS OCHOBHOTO MHHEpasa
CYIIECTBYET HEOOXOIUMOCTh Mo00pa 3P PEKTHBHBIX ONEpaIUil I MOCISAYIOMIETO pa3aeiICHHUs
PYIHBIX KOMIIOHEHT Ha COCTaBJIsifoIue. B nanHoi paboTe anmpodbupoBan GTopaMMOHUIHBIN CIIOCOO
nepepabOTKH THTaH coJepKamero ceipbsi. COCTaB THTAHCOACPIKAIIETO CHIPhS ONPEISISIIN TPU
MIOMOIIIM aTOMHO-3MHUCCHOHHOTO CHEKTPOMETPA ¢ MHAYKTHBHO-CBsi3aHHOH 1u1a3Moit iCAP6300 Duo
¢bupmbl Thermo Scientific. DileMEeHTHBIN aHATU3 IEPECYUTHIBAIICS Ha OKCH/IBI.

CocTaB THTAHCO/IEPKAUIETO ChIPbS

Obpazen Al,O5 CaO FeO MgO FeTiO; V,05 MnO,
% 2,64 0,25 4,28 2,17 88,67 1,22 0,77

OcHOBHBIE peaKkluy MPOTEKAIOIINE IPU B3aUMOJICHCTBUN KOHLIEHTPATOB.

4FeTiO3+26NH4HF,+0; = 4(NH4)3TiF7+4(NH,4)sFeFs+4NH3+14H,0,

4FeO+12NH4HF,+0; = 4(NH,)sFeFs+6H,0,

CaO+NH4HF, = CaF,+ NH3;+H-0,

A|203+4NH4HF2 = 2NH4A|F4+2NH3+3H20

MgO+2NHsHF; = NHsMgF4+NH3+HF+H,0,

MnO,+3NHsHF, = (NH4)2MHF5+NH3+2H20,

SiO;+4NHHF; = (NH4)3SiF+NH3+HF +2H,0,

V505+4NHHF, = 2NH/VOF4+2NH3+3H,0

TiO2+4NH4HF; = (NHy)3TiF7+NH3+HF+2H,0

Pacuer MarepmanpHOro ©OajaHca MOKa3ad, YTO JUIS  TOJYy4YEHHMs  HIpeAeSbHBIX
(TOPaMMOHHMITHBIX KOMILJIEKCOB M3 | KI' MICXOTHOTO CBIPhSI TIOTPEOYETCS B CTEXHOMETPHYECKOM
cooTHoOIIeHNHn 2,45 Kr ruapoaudTopuia aMMOHHS, NMPH TUAPOPTOPUPOBAHHM HCIIOIH30BAJIACH
cmech ¢ 30 % u30pITKOM 1O ruApoandTOpUY aMMOHMUS, cocTaBisgeT 3,19 kr.

dTopupoBaHUE OCYILECTBIAJIOCH B OapabaHHOH Bpalaromieiics neuu, nuamerp OapabaHa
325mm u puHOM 2500 MM. B meus mpenBaputensHO 3arpykeHo 60 Kr TONTOBKM M 3 Kojoca
auaMeTpoMm 45 MM, JUIS TpeAOTBPALICHUs HAJIWIAaHUS MPOAYKTOB PEeaKlMu Ha CTeHKU OapabaHa.
Koncrpykunonnsrii mMatepuan Cranb 3, HEJOCTaTOK — JOMOJHHUTEIbHAs MPUMECH XKelie3a BO
(GTOPUPOBAHHOM TPOAYKTE. YJaJeHUEe TIa3000pa3HbIX MPOJYKTOB PpEAKIUH OCYIECTBISAETCS
MPOTHBOTOKOM TPOJIBIKCHHIO PEarupyromieil MacChl, 4TO MPEIOTBpPAIIAET COpPOIUI0 aMMHaKa U
BOJIbI HA (PTOPUPOBAHHOM IPOAYKTE U MpensATCTBYeT ucnaperuto n3oeitka NHiHF,.

B pesynprate momyumnm (QTOPUPOBAHHBIA TPOIYKT CTENEHH (PTOPUPOBAHHUS OCHOBHBIX
anemeHToB coctaBiser Fe — 87,8 %, Ti — 94,1 %. Crenenb (GTOpHpOBaHUS ONPEACISLIA MTyTEM
MIPOBE/ICHUS SJIEMEHTHOTO aHaJIM3a PAaCTBOPUMOM YacTH (TOPUPOBAHHOTO MPOAYKTA.

[Tonmy4yenHnslit propupoBaHHBII NPOIYKT MOJBEpraiu peHTreHoda3oBomy aHanu3y (puc. 1) Ha
pentrenoBckoM nudpakromerpe MiniFlex 600 (SAnonus, Rigaku).

[Ipu aHanu3e peHTreHOrpaMMbl HE BBISBICHBI OKCHJIHBIE COCTaBIsIONIME. PeHTreHorpamma
(GTOPUPOBAHHOTO TPOAYKTa coaep:kuT B ocHOBHOM KoMmmoHeHThI (NHj),TiFs, (NH4)sFeFs u
(NH_)2SiFg, »xene30 OKUCIIEHO JI0 TPEX BaJCHTHOTO COCTOSHUSI.

CoNoR~ LN E
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w*

WHTEHCUBHOCTD, YC. E/I.

10 20 30 40 50 60 70
20, rpan

+_ (NH.,TiFs, X~ (NHoaFeFs;  O— (NHo):SiFs

Puc. 1. Pertrenorpamma propupoBaHHOTO MPOAYKTA

B pesynbTare paboThl MosydeHbl 00pa3iibl (PTOPUPOBAHHOIO MPOJYKTa C BHICOKOW CTENEHbIO
¢dTopupoBaHus, OOHAPYKEHO, YTO BCE JKEJIE30 ITEPEXOAMT B TPEX BaJIEHTHOE cocrosHue. He
OOHapyKEHBI OKCHIHBIE COCTABISIONINE PYIHOTO CHIPbS, YTO TOBOPUT O TOM, YTO 3JIEMEHTHI PYIbI
nepenuy Bo GTopuabl 100 BO GPTOPAaMMOHHIHBIE KOMILIEKCHI.
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I/I3y‘leHLI CTUMYJIUPYIOLICTO Z[eﬁCTBPIﬂ HCKOTOPBIX HCHPEACIbHBIX MPONU3BOJAHBIX I'€TCPOLUUKIOB HAa POCT MNIICHHUIBI.
YCTaHOBHeHLI, 4To, 3(1)I/IpOFJ'II/IKOJ'IL OKa3bIBacT 00JIee CUIILHOE BIMSHUE Ha XEMOTPOIMU3M NIICHUIBI, YEM aMUHOCIUPT.
KaioueBrble ciioBa: CTUMYJIHUPOBAHUC POCTA, MPONAPTUIbHBIMU COCAUHCHUAMU, MIIICHUILIBI «KaBkas».

STIMULATION OF WHEAT GROWTH BY PROPARGYL COMPOUNDS

Siyavush F. Garayev, D.Sc., Professor of Department of Organic and Biological Chemistry, Azerbaijan
State University, Chemical Engineering Department, 20, Azadlig Avenue, AZ1010, Baku, Azerbaijan,
E-mail: ahmed_adna@rambler.ru
Gulahmed M. Talybov, D.Sc., Professor of Department of Organic and Biological Chemistry, Azerbaijan
State University, Chemical Engineering Department, 20, Azadlig Avenue, AZ1010, Baku, Azerbaijan,
E-mail: ahmed_adna@rambler.ru

Studied the stimulating effect of some unsaturated heterocyclic derivatives on the growth of wheat. Found that
efiroglikol has a stronger impact on hemotropizm wheat than the aminoalcohol.
Key words: stimulation of wheat, propargyl compounds, wheat of kind “Caucase”

OO6HapykeHue CTUMYJIUPYIOUIEr0 ACUCTBHUS Y HEKOTOPBIX HeIpeneibHBbIX MPOU3BOIHBIX
TeTEPOIMKIOB Ha pocT 1BeToB [l, 2], moOyauiao HAac HU3yYUTh BO3MOKHOCTH MCIOJIB30BAHUS
(YHKIIMOHATIBHO 3aMEIEHHBIX alleTUJICHOBBIX COCIMHEHUHN AJsi HAlpaBIEHHOTO BO3JECHCTBUS Ha
Mop(ooruueckne N3MEHEHNs PaCTEHUH CEJIbCKOXO03SMCTBEHHBIX KYIbTYP.

HccnenoBanmne nelCTBUS psAa CUHTE3UPOBAHHBIX paHee [3] MpOM3BOIHBIX alleTHUJICHA Ha
pocT o03uMOH mmeHHnbl copra «KaBka3z» MO3BONMIO BBIIBUTH JBa Hauboiee 3(PQeKTHBHBIX
ouoctumynsaTopa. MMmu  oOKa3aluch THUAPOKCUICOAEpXKAIIWE  AalleTUIICHOBBIE  COEIWHEHUS:
amuHocnupT(l) u s3pupormukons(ll):

Me
m
Me OCH,C=CCBuU
HCECCHzcl:(CHz)ZNEtZ CI‘)H
|

OH OH
@) (IT)

Oba coenmuenust B mpenenax konueHTparuii 0,0002-0,02 % oxa3eBaroT 3¢ dekTuBHOE
CTUMYJIUpYIOIllee ASHCTBUE HAa NMPHOABKY JJIMHBI U KOJIMYECTBA KOPHEH, a TakXke JUIMHBI cTebeit
CEeMsIH TIICHUIIBI TT0 CPABHEHHUIO ¢ KOHTPOJIEM (BOJIa) MPH XOPOIIEH BOCIPOU3BOIMMOCTH OMBITHBIX
JAHHBIX. B 3TOM OTHOIIEHUHU M3y4YEHHbIE COCTUHEHUS MPEBOCXOAAT CTUMOJISATOP, U3BECTHBIA MOJ
Ha3BaHUEM «He(TsiHOEe pocToBoe BemiectBo» (HPB) [4] (Tabmn.).

XemoTponu3Mm numeHHnsl copra «Kapkas» mox BIusiHHeM rHAPOKCHALIETHIIEHOBBIX COeAMHEHHIT M H3BECTHOIO
pocrocTumyJasitopa HPB (ycpeanenHble JaHHBIE TPeX NOBTOPHBIX ONBITOB)

VBenunueHue
[IpubaBka IIHHBI [IpubaBka IIHHBL
Crumynsrop Konnenrpanus, % N KOJINYECTBA .
KOpHEH, cM . crebeit, cm

KOpHEH, MTyK
| 0,02 2,1 0,8 1,8
s 0,002 6,0 08 19
e 0,0002 9,7 1,0 2,3
I 0,02 4,8 0,8 0,5
s 0,002 10,2 0,9 0,9
s 0,0002 19,7 1,0 29
HPB 0,02 7,0 0,8 1,0
e 0,002 8,4 0,6 1.6
_« 0,0002 9,2 1,0 1.8

65


mailto:ahmed_adna@rambler.ru
mailto:ahmed_adna@rambler.ru

HO]ZuqbyHKI/]MOHCUZbele Xumuueckue mamepuaivl U mexnoaiocuu

B cpaBauTenpHOM acmekte, 3¢uporaukonb(Il) okaspiBaeT Oosiee CUIIbHOE BIUSHUE Ha
XeMoTponu3M TieHuIbl, deM amuHocnupt(l). [locmenHuit nuIIe MO OJHOMY IOKAa3aTEIIo
(mpubaBka JUIMHBI CTEOJIEH) HECKOIBKO MpeBOCXOoAuT aerictBue pocroctumysnsropa(ll). Omgnako,
3TOT TMOKAa3aTelbh HE SBISETCS IOMUHHUPYIONIMM B IJIaHE BIUSHUS HA ypOXKail MIICHUIBI, O YeM
CBUJCTEIbCTBYIOT pe3yJbTaTbl HU3YYEHHUs BIUSHUA OOOMX POCTOCTUMYJISTOPOB Ha Yypoxail
mmennibl «KaBkas» B BereranmoHHBIX oOmnbITax (Tabn.). He uckimodyeHo, 4to Oojiee CHIIBHBIN
poctoctumynupytomuid 3pdext rdpupormukons (ll) cBi3aH ¢ HaTUYHMEM B €ro CTPYKTYpe IBYX
TUAPOKCHIIBHBIX Tpymil (cp. ¢ [5]), cnOCOOCTBYIONIMX JIydIllel YCBOSIEMOCTH PACTEHHUEM 3a CUET
0oJbIIel pacTBOPUMOCTH B Bojie. Ho, CTporo roBopsi, MexaHu3M JEHCTBUS 3TUX OMOCTUMYIISTOPOB
U MX aHaPOOHBI METa0O0IN3M TPEOYIOT CAMOCTOATEIBHOTO U TIIATEIFHOTO UCCIICIOBAHMUS.

Crnucok JuTepaTypsbl
1. A.C.340383(CCCP). Crumynsitop  pocta  pacrenmii.  //M.H.Azepbaes, K.B.Epxanos, T.C.Cansikos,
JL.T .Topenosa, FO.A.T'ansmua /Omny6i. B B.U., 1972, Ne 18.
2. A.C. 374066 (CCCP). Ctumynsrop pocra pactenmii. // I.H. Azep6aes, I11.E. Hcmaiinosa /Ony6a. B BU. 1973,
Ne 15.

3. Kapae C.®. Xumus nponapruibHbIX U TOMOIIPONAPTHIbHBIX CUCTEM: aBTOpedepaT AKCC.... TOKT. XHM. HayK.
MUTXT um.M.JIomonocosa. M., 1981. 58 c.

4, I'yceiinor [I.M. IIpumenenue HOBBIX BUAOB yaoopenuii. M.: Cenbxo3usaart, 1958. 65 c.

5. Owmaposa T.A., EpxanoB K.b., [Tonar6exoB H.I1. VI BcecoroszHast koH(pepeHIs 10 XUMHU alleTHIICHa U ero

npou3BoaHBIX. Tesuce moki. baky. AsSMHEOTEXHMM.1979. 4.2. C.161.

References
1. A.S.340383(SSSR). Stimulyator rosta rastenij. //I.N.Azerbaev, K.B.Erzhanov, T.S.Sadykov, L.G.Gorelova,
Yu.A.Galyapin /Opubl. v B.1., 1972, No 18.
2. A.S. 374066 (SSSR). Stimulyator rosta rastenij. / LN. Azerbaev, Sh.E. Ismajlova /Opubl. v BI. 1973, No 15.
3. Karaev S.F. Himiya propargil'nyh i gomopropargilnyh sistem: avtoreferat diss.... dokt. him. nauk. MITHT
im.M.Lomonosova. M., 1981. 58 s.
4. Gusejnov D.M. Primenenie novyh vidov udobrenij. M.: Sel'hozizdat, 1958. 65 s.
5. Omarova T.A., Erzhanov K.B., Polatbekov N.P. VI Vsesoyuznaya konferenciya po himii acetilena i ego
proizvodnyh. Tezisy dokl. Baku. AZINEFTEHIM.1979. Ch.2. S.161.

YJIK 544.478, 661.728
I'MAPOJIMTUYECKOE 'MIPUPOBAHUE HEJIJIIOJIO3bI C
NCITOJIB3OBAHHUEM BBICOKO®PEKTUBHBIX KATAJIN3ATOPOB
HA OCHOBE CBEPXCHIUTOI'O IIOJUCTHUPOJIA

Kucanna Oabra BurajabeBHa, KaH]. XUM. HayK, JONIEHT Kadeapbl OMOTEXHOJIOTUU B XUMHH, TBepcKoit
TOCYJIapCTBEHHBIH TEXHUYECKUH YHUBEPCUTET, XUMHUKO-TeXHOJIoruueckuii pakynsrer. 170026, Poccus,
r. TBeps, Hao. Ad. Huxkuruna, 22, E-mail: kislitsa@yandex.ru
MamnaenkoB Ouer BukropoBuy, KaHJ. XMM. HayK, JOLEHT Kadeapbl OMOTEXHOJIOTUU U XUMUH, TBepcKoi
TrOCYJApPCTBEHHBIA TEXHUYECKUH YHUBEPCUTET, XUMHUKO-TeXHOJIOrn4eckuit pakynsrer. 170026, Poccus,
r. TBeps, Hao. Ad. Hukuruna, 22, E-mail: ovman@yandex.ru
dusiatoBa AHactacusi EBrenbeBHa, acupanT Kadeapbl OMOTEXHOIOTUH U XUMHH, TBepCcKoi
rOCyJapCTBEHHBIH TEXHUYECKUH YHUBEPCUTET, XUMHUKO-TeXHONIOrn4eckui gakymnsrer. 170026, Poccus,
r. TBeps, Hao. Ad. Huxkurnna, 22, E-mail: afilatowa@mail.ru

B nanHoii pabGore BHepBbIE B NMPOLECCE THAPOIUTHYECKOTO THIPHUPOBAHUS IEJUIIOI03bI OBUIM HCHOJIB30BaHBl RU-
coJieprkalie KaTaau3aTtopbl Ha ocHoBe cBepxcmmroro mnoiuctupona (MN 270) m ero ¢yHKIMOHAIN3UPOBAHHBIX
anasnoroB (MN 100 u MN 500). OnpeeieHbI TEKCTYpHBIE XapaKTEPHUCTHKH ITOJIMMEPHBIX HOCUTENEH M KaTaJIn3aTOpPOB.
YcTaHOBIIEHa 3aBHCHMOCTE MEXIY MOP(OJIOTHYECKUMHE MapaMeTpaMy HOCHTEIEeH W aKTUBHOCTHIO KaTaJIM3aTOPOB Ha
UX OCHOBe. BbUI0 MOKa3aHO, 4YTO HAaMOOJIBIIYIO aKTHBHOCTh mpossisier karamuzarop 1,0% Ru/CIIC MN 270.
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CyMMapHbIi BBIXOJl cOpOMTOJIa U MaHHHTOJA COCTaBWJ B cpexHeM 50 % mnpu KoHBepcuM LesuIoso3bl 85 %, uto
COIOCTaBUMO C IIOKa3aTelsIMM ISl Oojiee CIOXKHBIX W JIOPOTMX KaTaiuu3aTtopoB. [lpw ycioBum pajibHeimien
ONTUMU3AIMU MapaMeTpoB IMpoliecca KOHBEPCUH IEJUTIONO03b U COBEPIICHCTBOBAHUS MPEIOKEHHBIX KaTaau3aTopoB
BO3MOXKHa pa3paboTka BbICOKOd(dekTHBHOrO crocobda mnepepabOTKH LEJUIIOJIO03HOH OHOMAacchl B CHIPBE IS
XMMHYECKOTO CHHTE3a U MMPOU3BOCTBA OMOTOIINBA BTOPOTO MOKOJICHUS.

KaroueBble ci10Ba: nemmoao3a, cCoOpoOUTOII, MOIHOIBI, THAPOIUTHYECKOE THAPUPOBAHIE, CBEPXCIIUTHIN MOIMCTHPOL.

HYDROLYTIC HYDROGENATION OF CELLULOSE OVER HIGH-
PERFORMANCE CATALYSTS BASED ON HYPERCROSSLINKED
POLYSTYRENE

Olga V. Kislitza, Ph.D., Associate Professor, department of biotechnology and chemistry, Tver state
technical university, 22, Af. Nikitina, Tver, 170026, Russia, E-mail: kislitsa@yandex.ru
Oleg V. Manaenkov, Ph.D., Associate Professor, department of biotechnology and chemistry, Tver state
technical university, 22, Af. Nikitina, Tver, 170026, Russia, E-mail: ovman@yandex.ru
Anastasia E. Filatova, postgraduate student, department of biotechnology and chemistry, Tver state
technical university, 22, Af. Nikitina, Tver, 170026, Russia, E-mail: afilatowa@mail.ru

Ru-containing catalysts on hyper-cross-linked polystyrene (MN 270) and its functionalized analogs (MN 100 and MN
500) are used in the hydrolytic hydrogenation of cellulose for the first time. The texture characteristics of the polymer
supports and the catalysts are determined via low-temperature nitrogen adsorption. Experiments on converting cellulose
into polyols are performed in a 50 cm?® steel reactor in subcritical water at 245 °C, a partial pressure of hydrogen of 6
MPa, and a stirrer velocity of 600 rpm. The morphological parameters of the supports correlate with the activity of the
catalysts. The 1.0 % Ru/HPS MN 270 catalyst displays the highest activity. The total yield of sorbitol and mannitol is
50 % on average at a cellulose conversion of 85 %, which is comparable to the figures for more complex and expensive
catalysts. The parameters of cellulose conversion can be further optimized and the proposed catalysts improved to
develop a highly effective procedure for processing cellulose biomass into raw materials for chemical synthesis and the
production of second-generation biofuels.

Key words: cellulose, sorbitol, polyols, hydrolytic hydrogenation hypercrosslinked polystyrene.

Lemnrono3a — oxHa U3 HamboJiee PacpOCTPaHEHHBIX OPTAaHUYECKUX CTPYKTYpP B MPHPOIE —
SBIISICTCS aJIbTEPHATUBOM MCKOMAEMbIM BUJAM TOIUIMBA, IOCKOJIbKY BO30OHOBIIIEMOCTh €€ 3allacoB
crocoOHa 00ecneunTh MPOU3BOACTBO CHIPHS JUISi XUMHYECKOW MPOMBIIUIEHHOCTH W OWOTOIUIMBA
BTOPOTO TMOKOJIeHHsI B Oonblnx 00béMax [1-3]. Bosbinoe KOIMYECTBO THAPOKCUIBHBIX TPYIIIL,
UMEIOIINXCS B COCTaBE MEIUIIONIO3bI, OOYCIOBIMBAET ONTHMAJIbHBIA IyTh €€ KOHBEPCHH — B
nonuonsl [4,5]. Jnas sToro e€ mojaBepraroT TUAPOIUTHUYECKOMY THJPUPOBAHUIO B Cpeje
CYOKPHUTHYECKOI BOJBI TOJI TaBIEHUEM Bojioposa Beiie 2 MIla u B MpUCYTCTBUM KaTaau3aTopa C
oOpa3oBaHueM COpPOWTONA, MaHHHTOJNA M HEKOTOporo komuuectBa mosiuonoB Cs—C, [5-8].
[TockoNMbKY THAPOIM3 WEJUIION03bI B CYOKPUTHUYECKOW BOJE NPOMCXOTUT OYEeHb OBICTPO,
HE00X0AMMO 00€CHeunTh HENMOCPEACTBEHHOE T'MJIPUPOBAaHUE OOpasyrollelcss Mpu THAPOJIM3E U
OBICTPO JAerpaaupylollledl B yCIOBUSIX Mpolecca TIUOKo3bl. M3BecTHO, uro HauOosblIei
aKTUBHOCTBIO B Ipolleccax THAPUPOBAHMS TIOKO3bI 10 copOuTona obmanaroT Ru-comepikamue
KaTajau3aTopsl [5, 6, 9]. OgHako Bompoc 00 ONTUMAIbHOM HOCHUTENNE aKTUBHOM (ha3bl OKA OTKPHIT.

Llenp nmanHOW paboTBl — MCCIIEOBAHHWE BO3MOXKHOCTH MCIONB30BaHUS B IpoOIEcce
THIIPOJIATUYECKOTO THIPUPOBAHUS IIEJUTIOI036I HOBOTO THIA Ru-cojepkammx KaTaau3aTOpoB Ha
OCHOBE NOJUMEPHOI MaTpullsl cBepxcumToro noauctuposa (CIIC).

Memoouxu

Jns  mpurotoBieHus KaTanuzaTopoB ucnonb3oBamu  CIIC  mapku MN 270, 6e3
¢byskuoHansHbIX rpymi, amuHaupoBaHHbId CIIC mapku MN 100 u cynsdupoBanusiit CIIC mapku
MN 500. CootsercrBytomuii Tun CIIC mponuThiBaiy MO BIArOEMKOCTH PAaCTBOPOM PACUETHOTO
KOJIMYeCTBa rUapokcoTpuxiopuaa pyrerusi(lV) B KOMIUIGKCHOM —pacTBOPUTENE, CYIIIIIH,
obpabarsiBanu pactBopamu NaOH u H»O, n ormbiBaniu Bonoil. BoccTanaBnuBanu kaTaan3aTophbl
razoo0pa3HsiM BosopoaoM npu temmneparype 300 °C B TeueHue 2 4yacos.
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KonBepcuio 1emirono3bl B MOJMOJBI OCYHIECTBISIM B cpelie CyOKpUTHYECKOH BOABI MpU
clenymux ycuoBusax: 245 °C, mapuuanbHOe naBieHue Bogopoga — 6 Mlla, yucio o6opoToB
Memanku — 600 06/MuH, BpeMs 5 MUH. DKCIIEPUMEHTHI IPOBOIA B CTAIBHOM PEAKTOPE BHICOKOTO
nasnennst PARR 4843 (Parr Instrument, CIIIA) o6semom 50 cm®,

Pe3ynomameut

B pabote ObLIO MPOBEAECHO CpPaBHCHHE KATATUTHYECKHX XapaKTEpHUCTUK RU-comepkammx
KaTajan3aTopoB, NpuroroBieHHbIX Ha ocHoBe CIIC pa3ubix THHOB. bbUIO yCcTaHOBIEHO, YTO
ONTUMAJIBHBIM, C TOYKH 3PEHUS CyMMApHOTO BBIX0J1a TEKCUTOJIOB (7] exc. ), SBISETCS UCIOIB30BAHUE
karanu3aTtopoB Ha ocHOBe CIIC ¢ ogHOMPOLIEHTHRIM CoOJlep:KaHueM pyTeHus. bbulio mokasaHo, 4To
CIIC mapku MN 270 mo cpaBHEHUIO ¢ IPYTUMHU HOCUTEISIMU 00JIagaeT 0ojee pa3BUTON YIeIbHON
IUIOUIA/IbIO TOBEPXHOCTH, B TOM YHCIIE YEIbHOHN IIONIA/IbI0 MOBEPXHOCTH MUKPOMOP. ITO MOKET
croco6cTBOBaThH (POPMUPOBAHUIO HAHOPA3MEPHBIX MOHOUCIIEPCHBIX YAaCTUIl aKTUBHOUM (a3bl, 4TO
Obu10 moaTBepxaAeHO AaHHbIMU [I9OM. [lokazano, 4to cpeqHuil AUaMeTp 4acTull ISl KaTtaiau3aTopa
Ru/CIIC MN 270 cocraBiser 1,4 £ 0,3 aM.

OCHOBHBIM TPOAYKTOM THUAPOIUTHYECKOTO TUIPUPOBAHMS LIETUIIOJIO3BI SIBISETCS COPOUTON
(C). Kpome Hero obOpasyroTcsi HEKOTOpble KoiudectBa ManHutona (M), 1,4-copourana (1,4-C),
kcunutona (K), spurpurona (3), rmuuepona (I'), mponunenrmukons (III7), stunenrnukons (O1).
XpoMaTo-Macc-CIIeKTPOMETPUYECKUN aHAIM3 TIOKa3al HAUYHe B JKUJIKOH (a3e HEKOTOPBIX
KOJIMYECTB IeJUTO0MO3bI, MeJTIOOUTOMNa, a TakkKe rekcan-1,2,5,6-terpona, rekcan-1,2,3,4,5-nenrona
u ap. B ra3oBoii ¢aze 3adpuKcUpoBaHO HAIMYHME METaHA W CIEAOBBIX KOJIMYECTB dTaHa, MPOIaHa,
n3obyrana. B Tabn. mnpuBeneHsl pe3yabTaThl OKCHEPUMEHTOB IO THUIPOIUTUYECKOMY
THIPUPOBAHUIO 1IEJUTIONIO3BI B CYOKPUTUYECKOW BOJIE B TIPUCYTCTBHH UCCIICTYEMBIX KAaTaIM3aTOPOB.
Ycranosneno, yto katamuzartop 1,0 % Ru/CIIC MN 500 na ocnoBe cynbhupoannoro CIIC
HENPHUTOJICH JUIsl WCIOJh30BAaHUS B JIAHHOM TIporiecce. Bo3MOKHO, HHM3Kas CEIEKTUBHOCTH IIO
TeKCUTOJIaM CBs3aHa C OTPaBJICHHEM KaTaliu3aTopa dJIEMEHTapHOU cepoil, oOpa3yrolencs Ipu ero
BOCCTaHOBJIeHHH. Heckonbko mydmmii pe3ynbrar nokaszan katamuzatop 1,0 % Ru/CIIC MN 100.
[Tpu moutu paBHOM 3HaYeHUH X BBIXOJ T€KCUTOJIOB Ha HeM BhIiie Ha 10 %.

Haunbonee BBICOKHMII BBIXOJl T€KCHUTOJOB TMoiy4deH Ha karaimmsarope 1,0 % Ru/CIIC MN 270.
TpéxkpaTHOe HCIIONB30BaHUE KaTalM3aTopa HE MPHUBENO K CKOJIBKO-INOO 3aMETHOMY CHUKEHHUIO
€r0 aKTUBHOCTH.

3aBHCHMMOCTH KOHBEPCHH HEJLTI0/103bI (X), CYMMAPHOI0 BbIX0/IA T€KCUTOIOB (¥ ,o1.) U CEJIEKTUBHOCTH 110
NMPOIYKTAM 0T BHJA KaTaJIu3aTopa

CenexTuBHOCTH, %

0 0
KaranusaTop X, % |Hooxe, % C M |14C| K ) T Or | OC | CH, | -**
9

POV RUCHEMN | 843 | 504 | 505 | 61 | 62 | 47 | 33 | 21 | 29 | 22 | 32 | 188
9

1,000/0 Ru/CTIC MN 77.0 127 | 127 | 16 2.0 3,3 2.3 1,7 5,2 5,2 56 | 60,4

éboo% Ru/CIIC MN 80.6 1.8 1,8 0,2 0,5 1,0 1,1 0,3 7.8 5,3 8,1 | 73,9

* 245 °C, 6 MIIa H,, 30 M1 Bogsl, 600 munY, 0,028 MMons Ru Ha 1 T HemIionossL.
** BTOpOCTENeHHbIe H TPYAHO HICHTH(UIUPYEMbIE TIPOAYKTHI THAPOTCHOM3a U PACTIA(a TJIFOKO3BI.

Boisoowl

Bbeuto mokazaHo, Wro mcmoik3oBaHume Karamuzatopa 1,0 % Ru/CIIC MN 270 mo3Bosser
JOCTUYh CYMMApHOTO BBIXOJa COPOUTONIA U MaHHUTONA B cpenHeM okoio 50 %, 4To cpaBHUMO C
pe3yibpTaTaMu, TOJydaeMbIMUA TIPU HMCIOJb30BaHUU Oo0Jiee CIIOXKHBIX M, COOTBETCTBEHHO, Ooiee
JIOPOTUX KATATUTUIECKUX CUCTEM.

Karanuzatopsl Ha ocHOBe ero ¢yHkmoHanu3upoBanHbix aHajgoros (MN 100 u MN 500) B
JTAHHOM TIPOIECCe MPAKTUIECKU HE MPOSBIISIOT aKTUBHOCTH.
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Takum obpazom, B mepcrnektuBe Ru-comepxarniue kataim3atopbl Ha ocHoBe CIIC MN 270
MOTYT CTaTb OCHOBOM BLICOKOB(I)(beKTI/IBHBIX KaTAIMTHYCCKUX CHCTCM, MNPCAHASHAYCHHBIX JJIA
KOHBEPCHH IIEJUTIOJI03HONM OMOMAacChl B CHIPbE MAJIi XMMHYECKOIO CHHTE3a M IPOMBIIUICHHOTO
MIPOU3BOJICTBA OMOTOILIIMBA BTOPOT'O MOKOJICHUSI.

Paboma svinoanena ¢ pamxax npoekma, gunancupyemozo PODHU (zpanm Ne 13-08-00126).
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HCCIIEJOBAHMS SIBJISICTCSI M3MEPEHHE TIOBEPXHOCTHO HATSHKEHUs pacTBOpoB Ha npubope Hro-Hyu. Mccnenosan cocras
CMEIIaHHBIX MHLEIUT U aJCOPOLIMOHHBIX CJIOEB HEMOHOT€HHOTo/aHMOHaKTUBHOTO [TAB. YcTaHOBIIEHO OTKIIOHEHHE OT
aIINTHBHBIX 3HAYEHHWH B 3aBUCHMOCTH KPHUTHUYECKOH KOHLEHTPALMH MHIEIO00pa3oBaHHUs W IIOBEPXHOCTHOU
aKTMBHOCTH OT COCTaBa cMecH. Ha OCHOBaHMHU M3yueHHMs! KOJJIOMIHO-XMMHYECKUX XapaKTEPUCTHK U MaTeMaTHYeCKOM
00paboTkn BrIOpaHa ontuManbHas cMmeck [TAB curtamun-5-nogennncynsdar Hatpus (AJCH) B cootHOmenun 10:90
(mompHas mons IJICH B pactBope cocraBmma o= 0,94) oGmamaromias Hambojiee OTPHIATENBHBIM ITapaMeTPOM
B3aUMOJEUCTBHUS B MHUIIEIIE Bm = -9,88. OTMeueHO HemIeanbHOE MOBEICHNE KOMIIOHEHTOB CMECH B aCOPOIIMOHHBIX
CIIOSIX Ha TpaHMIle pasnerna (a3 BoAa-BO3AyX, a TAK)KE B CMEIIAHHBIX MUIEIUIAX.
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The relevance of the study is to get the optimal surfactant mixtures for pulp deresination in pulp and paper industry. The
main aim of the study is to search surfactant mixture which has the best synergism estimated by Rubingh’s pseudo
phase model. The experimental method used is tensiometry by Du-Nui. The composition of mixed micelles and
adsorption layers of nonionic/anionic surfactants are investigated. The deviation from additive values in dependence of
critical micelle concentration and surface activity on mixing proportion is established. The optimal mixture of sintamid-
5 and sodium dodecylsulfate (DDS) in proportion of 10:90 (mole ratio of DDS in solution was ¢,=0,94) with the most
negative interaction parameter p"=—9,88 was chosen, based on the study of colloid properties and statistical analysis of
the results. Non-ideal behavior of mixture components in water-air adsorption interface layers and mixed micelles was
noted.

Key words: surfactants, surface activity, adsorption, surface tension, mixed surfactant systems.

[ToBepxHocTHO-akTHBHBIE BemecTBa (IIAB) mnpumeHstoTcss B pasIuyHBIX — OTPaciix
npombllieHHOCTH.  [Ilupokoe  mpuMeHeHWe OHM  HAalUIM B LEJUIIOJIO3HO-OyMaXKHOU
npombinieHHocTy (LIBIT) kak obeccMonuBaromue nemnonao3y nodaBku. M3sectHo [1], uro ans
nosbleHus 3¢ dexruBHoctu neicteust [IAB npeanoskeHo UCONb30BaTh UX CMeCH, 00JaiatoIne
CHUHEPrU3MOM, UTO MPECTaBIIIET 0COOBIM (pyHIaMEHTANbHBIN 1 IpakTHUecKuil nuTepec. B nanHoi
paboTe NPUBOAATCS KCIIEPUMEHTANIbHBIE JaHHbIE 110 U3yYEHHUIO MOBEpXHOCTHOro HaTskeHus (ITH)
Ha TpaHULE JKUJIKOCTh-BO3/YX, a TaK € OMHCAHME COCTaBa CMEUIAaHHBIX MHUIEI U XapakTepa
B3aMMOJICHCTBHS X KOMIIOHEHTOB C ITOMOIIIBIO TEOPHH UACATbHBIX pacTBOpoB PyOuHa [2].

JInst  OLIEHKWM  CMENIAaHHOTO  MUIeUIoo0pa3oBaHmsi  BbIOpaHbl  ciuenytomme [1AB:
HEHMOHOTEHHBIN CHHTAaMUI-5 W aHMOHAKTUBHBIN poxenwicynbdar nHarpus (IJICH). Kpuruueckue
KoHUeHTpauuu munennoodpazosanus (KKM) unausuayansusix I[IAB u ux cMecelt mosydeHsl 1o
n3zotepmam [TH MeToz0M OTphIBa IIIATHHOBOTO KOJbIla Ha pudope ro-Hywu, a Taxke paccuntanbl
noBepxHocTHeIe akTuBHOCTH (G). Ha puc. 1 mpencrasienst 3aBucumoctd KKM u G ot cocraBa
cmecu [TAB.
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Puc. 1. 3aBucumocts KKM u G ot cocrasa cmecu ITAB

Ha puc. 1 nHaGmronaercss monmMdKCTpeMalibHas 3aBUCUMOCTb, OTJIMYHAS OT PACCUUTAHHBIX
aQIIUTHBHBIX  3HAYCHHWH, YTO  OOYCIIABIMBAETCS  HAIMYMEM  CHHEPreTHYECKOTO WU
aHTaroOHUCTUYECKOTOo 3 dexTa cMmecei.

Cuneprusm Mexny IByMs aMGUPWIBHBIMA COSAMHEHUSMH OIICHUBAICA NpPU TOMOIIU
napamerpa B3aumojeiicTBus [ [3]. s OlEHKH MPOYHOCTH U MPHUPOABI B3aUMOJCHCTBUS MEXKIY
KOMIIOHEHTaMH CMECH B CMEIIAHHBIX aJCOPOIMOHHBIX CIIOSX Ha TPaHHIE PacTBOP-BO3IYX Ha
uzorepmax [TH wmnguBunyansueix [TAB u cmeceit BeiOpaHo ceuenue 35 MHM ' paccuuTaHbl
sHayenus B°, monbHas pons [TAB 1 (JJACH) X7, u kosdduuuentsr akrusaocta JJACH (f°) u
cuaTamuaa-5 (fy) Ipu COOTBETCTBYIOIINX KOHIICHTPALUSIX, HEOOXOAUMBIX Jutst moHkenus [TH 1o
3aJIaHHOT0 3HAYEHHUA; MPUPOAA U IMPOYHOCTh B3aumojeiicTBus IIAB B cMemaHHbIX MHIE/Iax
orpezensiiach Mo TeM ke napamerpam (¢ uaaekcom M) npu KKM. Pacuérnbie nannbie npuBeaeHbI
B Ta0II.

Tapamerpbl B3aumoneiicteust (B°, B™), conepxanue IAB 1 B Monocaoe (X9), conepxanne ITAB 1 B cMemanHoii
muneste (X1, u kodpduuuenrs: akrusnoctu (f{, 9, f1, f3') ounapuoii cmecu INAB JACH-cuntamMmua-5

pa3/IMYHOroO cocraBa

01 X7 p° jid fZ X" p" i "
0,94 0,59 -3,13 0,590 0,338 0,54 -9,88 0.122 0.057
0,88 0,51 -5,39 0,276 0,245 0,51 -5,64 0.259 0.230
0,82 0,48 -5,54 0,223 0,281 0,47 -3,81 0.347 0.427
0,74 0,45 -5,99 0,164 0,296 0,45 -5,99 0.164 0.300
0,66 0,43 —-6,01 0,139 0,334 Crpemutcs k 0 — — —
0,56 0,39 -5,22 0,143 0,451 0,32 -2,44 0.33 0.773
0,45 0,22 -1,43 0,422 0,930 Crpemutes k 0 — — —
0,32 0,23 -2,49 0,226 0,880 0,10 -0,52 0,655 0,995
0,18 0,37 -10,52 0,015 0,243 0,27 -5,02 0.067 0.699

OrpunarensHble 3Ha4enus B° B CMEIIAHHON CUCTEME YKA3bIBAET HAa CHHEPTU3M BCEX CMeECEi
B MoHocioe. Koadduuuentsr aktuBHOCTH f,° U f;) KOMIIOHEHTOB cMeceit mipu 35 mH-M " MeHbmIe
€IMHUIIBI, YTO CBHUJIETEIHCTBYET O HE WJICATHHOM TMOBEJACHUU U B3aMMHOM TPUTSHKCHHH MOJICKYJT
ITAB B cmemanHoM moHocoe [3]. Tpu a3 = 0,94..0,74 ancopOUMOHHBIN CIIOH COCTOUT MPUMEPHO
n3 oguHakoBoro kommuectBa JIJICH u cuntamupa-5. Omnako mpu op = 0,18 B amcopOnmMOHHBII
CIIOl B HauOOMBINEH CTEMEHM HAYMHAET BCTPAUBATHCA CHHTAMU[I-5, UYTO TMPUBOAUT K
3HAUYUTEIILHOMY YMEHBIIEHUI0 3HaueHus mnapamerpa [ (—10,52) a 3HaumT kK OoJee MPOYHOMY
B3auMmozeiicteuto mexay [IAB 1 u ITAB 2.

[loBenenne ampuduIOB B CMEMIAHHBIX MHIEIUIAX CYIIECTBEHHO OTJIMYAETCS OT
ascopOIMOHHOTO MOHOCHOs. bombmuMm cuneprerndeckum shdextrom obmamaer cmecy JJACH-
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cuataMu-5 B cootHoreHu 90:10 (op = 0,94) (puc.1) 9To moaATBEPKAACTCSI MEHBIIIUM 3HAYCHUEM
B™ = 9,88 u KKM o CpaBHEHHUIO ¢ MHIMBHIyalbHBIMM KOMIIOHEHTAMH, YTO MO3BOJIMT CHU3HUTh
pacxoJl XUMUKATOB IPpH OOprOE co cMostHBIME 3aTpyaHeHussMu. C poctom mosbHOU momwm IJICH B
cMmecsax abcomorHble 3HaueHus B pacTyr. Bo3moxHas mpupoaa B3aMMOJEHCTBHS MMEET MOH —
JTUTOJBHBIA MEXaHU3M WJIM KOOPAMHALIUIO MOJMOKCUITUIICHOBOM e BOKPYT aHHOHA. PacuérHble
JaHHBIE TOKAa3bIBAIOT, 4To mpu o3 = 0,66 m 0,45 Munemisl o0orameHsl B OCHOBHOM TOJBKO
CUHTaMHJIOM-5 ¥, BEpOSITHO BCJIEICTBHE OOpa3oBaHHUS «CBOOOAHBIX arperaTtoB» c Ooublieit
IJIOTHOCTBIO TOBEPXHOCTHOTO 3apsijia M3-3a HaJIM4YMsg B pacTBope mnoJisipHbix mojekyn JJICH,
HaOmrogaeTcss aHTaroHuctuyeckuii dddexr. Taxke 3HaYeHHS KOIPPUIMEHTOB AKTHBHOCTH
KOMITOHCHTOB CMECH MECHBIIIE CJUHUIIBI YKa3bIBAIOT HA OTKJIOHEHHE OT HJICaTHHOTO TOBEICHUS
MoJiekys [TAB B cMelIaHHbIX MUIIEIIAX.

BreiBogbI:  UWCClIeIOBaH COCTaB CMEMIAHHBIX MUIEUT W aJICOPOIMOHHBIX  CJIOCB
HEMOHOT€HHOT0 (CHHTaMHA-5) M aHUOHAKTUBHOrO (JoAeuuicyiabhaT HATpHUs) MOBEPXHOCTHO-
AKTUBHBIX BCIIECTB; HA OCHOBAaHWU KOJUIOMJIHO-XMMHYECKHUX  XapaKTEPHUCTUK BBIOpaHA
ontumainbHas cMech ITAB curramua-5-J1JICH 10:90 (monbhas goas JIJICH B pactBope ay = 0,94)
obnafarommas Hauboiee OTPUIIATENLHBIM TapaMeTpoM B3auMoeiicteus B muneie B = —9,88.
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AKTyaJ’ILHOCTL pa60TLI 06ycn0}3neHa TEM, 4YTO IMPHUMCHACMBIC B HACTOALIIEEC BpPEMA TEXHOJOTHUU r{epepa60TKI/I
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Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

UCIIONIb30BAaTh MHMPOBOW OINBIT B TEXHOJOI'MH €ro mnepepaboTkm U TpedyeT co31aHMs NPHUHIMIINAIBHO HOBBIX
TEXHUYECKUX PEICHUH /T PallHOHAIBHOTO U 3 ()EKTUBHOIO MCIOIb30BaHUS TAKOTO MUHEPAIILHOTO CHIPHSI.

Lens paboTel 3axiodanach B HWCCIECJOBAHMM THAPOAM(TOPHIAHOTO BCKPHITHS W BO3MOXKHOCTH KOMIUIEKCHOM
nepepaboTKH pa3InuHbIX BUJIOB PEAKOMETAIUILHOTO CHIPhS C MOJYYEHHEM IPOJTYKTOB BEICOKOTO Ka4eCTBa.

MeTonpl  WCCIENOBAaHWSA:  TEPMOTPABHIMETPHYCCKHNA, PEHTTeHO(A30BEIA, peHTreHo-¢umoopecenTHril, WK
CHEKTPOCKOIMUYECKUI U XUMUYECKAN METOIbI aHAIN3A.

Pe3ynbTaThl: IPOBENEHO MCCIIENOBAaHNE THAPOANPTOPUAHOTO BCKPBITHS IIEEINTa, BOIb(PpamMuTa, cheHa, HIbMEHHTA,
MIEPOBCKUTA, JIONApUTa, OaanenenTta, IaTOJWTa, KPHCTAUIMYECKOTO KBaplia, 30J0TO- W cepedpocoieprkamux
TEXHOTGHHBIX OTXOAOB. YCTAaHOBJIEHO, 4YTO HEKOTOpPBIE pEakIuu (TOPUPOBAHUS MHHEPAIBHOTO  CBIPBS
THAPOAU(TOPUIOM aMMOHHS NPOTEKAIOT yXKe NPH KOMHATHOW Temmeparype wim He Bbime 200 °C, mobodnbe
NpoayKThl (ropupoBanusi (Tapbl BOJABI M aMMHuaka) He coaepkar ¢ropa, 4To 00ecnedMBaeT SKOJIOTHYECKYIO
0€30MacHOCTh TPOU3BOJCTBA W TIO3BOJSAET KCIIOJB30BaTh WX B KOHJCHCHPOBAHHOM COCTOSHHMM B Hpolieccax
aMMuayHoro rujaposm3a. @OTopupoBaHHME MHMHEPAIBHOTO CHIpbS IpOTeKaeT ¢ oOpazoBaHueM (TOpo- WK
OKCO(TOPOMETAIIATOB aMMOHHsI, KOTOpbIe 00ECIeunBaOT PACTBOPUMOCTD MPOJYKTOB M BO3MOXKHOCTH Pa3JIelICHUS
cMmeceil myteM Bo3roHku. IlokazaHo, 4YTO THIPOXU(TOPUI aMMOHHS SIBISETCS MNEPCIEKTHBHBIM pPEarcHTOM IS
KOMIUIEKCHOH TepepaboTKH Pa3IHIHbIX BHIOB PEIKOMETAIIBHOTO CBIPBS, KOTOPBIN MO3BOJIIET U3BJICKATh MO CXOJHBIM
TEXHOJIOTHSIM BCE IICHHBIE KOMIIOHEHTHI B BHJIC KOHEUHBIX OKCHIOB MM IPOMEXKYTOUHBIX MPOCTBHIX W KOMIUIEKCHBIX
¢dTOpHUIOB.

KaioueBble cjioBa: peKOMETaIIbHOE MUHEPATBHOE CHIPBE, IICEIHT, BOIb(PAMHUT, WIBMEHHUT, IEPOBCKUT, JIOMAPHUT,
Oamnenent, JaToONWT, KPUCTAUIMYECKHH KBapl, 30JI0TO- U cepedpocoaepskamiye TEXHOTCHHBIE —OTXOPbI,
ruapoaudropun aMmmMonus, GpropupoBanne, GTOPAMMOHHUEBBIE COIIH.

AMMONIUM HYDRODIFLUORIDE - THE PERSPECTIVE REAGENT
FOR COMPLEX PROCESSING OF MINERAL RAW MATERIALS
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Relevance of the work is conditioned by the fact that known technologies of mineral raw materials processing are
suitable only for certain types of ores with rigid requirements on quality of their enrichment, and involving in
processing nonconventional raw materials does not allow to use effectively world experience in technology of its
processing and requires creation of essentially new technical decisions for rational and effective application of such
mineral raw materials.

The main aim of the study: The investigation of ammonium hydrodifluoride mineral raw materials breakdown and
possibilities of complex processing of various kinds of mineral raw materials with obtaining quality products.

The methods used in the study: Thermogravimetry, X-ray diffraction, X-ray fluorescence analysis, IR spectroscopy, and
chemical analysis.

The results: The investigation of ammonium hydrodifluoride processing of scheelite, wolframite, sphene, ilmenite,
perovskite, loparite, baddeleite, datolite, crystal quartz, gold- and silver-containing technogenic waste was carry out. It
was established that some fluorination reactions of mineral raw materials with ammonium hydrodifluoride proceeded
already at the room temperature or not above 200 °C; fluorination by-products (water and ammonia steams) do not
contain fluorine that provides ecological safety of processing and allows to use them in the condensed state in processes
of ammoniac hydrolysis. Fluorination of mineral raw materials proceeds with formation of ammonium fluoro — or
oxofluorometallate which provide solubility of the products and possibility of separation of mixes by sublimation. It
was shown that ammonium hydrodifluoride was a perspective reagent for complex processing of various kinds of
mineral rare-metal materials which makes it possible to extract all valuable components as final oxides or intermediate
simple and complex fluorides by similar schemes.

Key words: mineral raw materials, scheelite, wolframite, ilmenite, sphene, perovskite, loparite, baddeleite, datolite,
crystal quartz, gold- and silver-containing technogenic waste, ammonium hydrodifluoride, fluorination,
fluoroammonium salts.
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Iappomudropun ammonmst NHyHF, — xpucrammmueckoe BemiecTBo, mMmeromee OOJIBITYIO
XUMHYECKYI0 aKTUBHOCTh M KOMIUICKC OJIarONMPUSTHBIX B TEXHOJOTHYECKOM TUIaHE (DH3UKO-
XUMHUYECKUX CBOMCTB. DU3NKO-XMMUYECKON OCHOBOM Mporiecca GTOPUpOBaHUs THAPOAUPTOPHUIOM
aMMOHHUS SIBIIICTCS TO, YTO KHCJIOPOJCOACPKAIINE COSAMHECHHUS TEPEXOJHBIX W MHOTHUX
HETIePEXOIHbIX 3JIeMeHTOB mnpu B3ammojercTBuu ¢ NHyHF, oOpasyror ouenb ynoOHble muist
nepepabotku (GTopo- uinum okcodTopoMeTamiaTel aMMOHUS [1], KOTOpBIE B CHUTy CBOMX (DHU3HKO-
XUMHUYECKUX CBOMCTB OOECIEYMBAIOT PACTBOPHUMOCTHh IMPOAYKTOB W BO3MOXKHOCTH pa3/eiICHUs
CMECEl NyTEM BO3TOHKH. bOJBIIMM JOCTOMHCTBOM 3THUX KOMIUIEKCHBIX COJIEM SIBJISIETCA
CEJICKTUBHASI CKJIOHHOCTh K CYOJMMAIld WJIH K TEPMHUYECKOH TUCCOITMAIIMU JI0 HEJIETY4YHX
(TOpUIOB, YTO TapaHTUPYET TIIyOOKOE pa3JeliecHHe KOMIIOHEHTOB, a CTYIEHYaTOe OTIICTUICHUE
napoB NHsF nipu tepmuueckoM pas3iokeHHH CO3/1al0T OJIaronpHUsATHBIE YCIOBHS JJIA PEreHepaluu
NH;HF; 1 co3nanus 3aMKHYTBIX B 9KOJIOTHYECKH 0€30MMacHBIX TEXHOJIOTHYECKUX CXeM [2].

ABTOpaMH  TIPOBEJEHBI  WCCICIOBAHUS  THIPOAU(PTOPUIAHOTO  BCKPBITHS  IICEIINTA,
BoJdb(pamMuTa, WIbBMEHHUTa, c(eHa, TMepoBCKUTa, JIOMapuTa, OaxnaenenTa, JaTONHTA,
KPUCTATMYECKOTO KBapIIa, 30JI0TO- U cepedpocoepKaluX TeXHOTEHHBIX 0TX010B. Ha ocHOBaHMM
MOJIYYEHHBIX  PE3yNbTAaTOB  MNPEJIOKEHbl U 3AIIUIIEHBl MaTeHTAaMH  IPUHLUINUATbHBIC
TEXHOJIOTUYECKHE CXEMbl TepepaboTKH ITHX BHUJIOB MHUHEPATBHOTO CHIPbS THAPOIUDTOPUIOM
amMMoHHUA. B Tabn. 1 mpuBeneHbl ypaBHEHUS U3YUYCHHBIX PEAKIUN B3aMMOJCHCTBHS MUHEPAJIOB C
TUAPOIM(DTOPUIOM aMMOHHUS, M3 KOTOPBIX BHUIHO, YTO (DTOPUPOBAHHE BCETIA COMPOBOXKIACTCS
BBIITICHUEM TapoB BOJAbBI M aMMHakKa, a 3T0 YHUDHUIHMPYET MOAXOA K KOHCTPYUPOBAHHIO
COOTBETCTBYIOIIUX aIIapaToB — (TopaTopos.

YpaBHeHus peakumii pTopupoBaHHs NPOMBIIIJIEHHO BaXKHBIX MUHEPATOB

Munepan YpaBHEHME peakuu
[leenut CaWO, + 3,5 NH,HF, = (NH,);WO,Fs + CaF, + 0,5 NH;T + 2 H,07
0,25 0y

BOHB(I)paMI/IT (Fe,Mn)WO4 +5 NH4HF2 —

= (NH,)3WO,Fs + 0,5 (NH,)sFeFs + 0,5 NH,MnF, + 2,5 H,0T
NnbMeHuT FeTiO; + 6 NH HF, = (NH,)sFeFg + (NH,),TiFs+ NH;T + 3 H,OT
Cdpen CaTiSiOs + 7 NH,HF, = CaF, + (NH,),TiFg + (NH,),SiFs + NH; T+ 5 H,0T
IepoBcKHUT CaTiO; + 4,5 NH,HF, = CaF, + (NH,)sTiF; + 1,5 NH;T + 3 H,0T

[Ca, Fe]ZrsSisO19:2H,0 + 35,5 NH4HF, = 5 (NH,)sZrF; + 4 (NH,)3SiF; + (NH,)sFeFs + CaF, +
r

CIPIHPKON | 3 & NH, 1+ 21 H,01

Banenenr ZrO, + 3,5 NHHF, = (NH,)sZrF; + 0,5 NH,T + 2H,0T
Jlatomnut CaBSiO,(OH) + 6 NH4HF, = CaF, + NH,BF, + (NH,),SiFs + 3 NH;T+ 5 H,0T
Xayeaox . .
(xBap) SiO, + 3,5 NH;HF, = (NH,)3SiF; + 0,5 NH;T + 2H,0T

[locne Toro, kak KOHLEHTpAaT TMpd (TOPUPOBAHUU TUAPOAUDPTOPUIOM aMMOHUS
IIpEeBpaIaeTcs B CMECh MPOCTHIX U KOMIUIEKCHBIX (PTOPUIOB MOCIEIYIONIYIO0 MepepaboTKy MOXKHO
OCYILECTBIISATh Ha €IUHBIX NMPUHIUINAX U C YUYETOM paziuuuil B (PU3MKO-XMMUYECKUX CBOICTBax
(dbTOpOMETAIIIaTOB AMMOHUS MOAOUPATh YCIOBUS JJISl MOJIHOTO Pa3/ieleHusi Npo(TopupoBaHHOTO
MUHEPAJIbHOTO MPOJYKTa HAa WHAMBUAYaJIbHbIE KOMIIOHEHTHI. Hampumep, g mociemyromero
U3BJICYEHMS] TUTAHA U3 MIBMEHUTA U OTHEJIECHUS €r0 OT JKEJIE3HOH COCTABIIAIOILEH JIydlle BCETO
MOJIXOJIUT BO3TOHKA (PTOPOTUTAHATOB aMMOHHS, OOECIIEUNBaIONasi BBICOKYIO YMCTOTY MPOJYKTa, a
JUISL TIOCIIEAYIOIIETO M3BJICUEHUSI TUTaHA M3 MEPOBCKUTA — BBILIETAYMBAaHUE MPOPTOPUPOBAHHOTO
ITPOJTYKTa BOJOM.

[lJomuMO 3TOro MPEACTABIAETCS HWHTEPECHBIM Ppa3BUTHE BapuUaHTa <«OQKOHOMHON»
OUPTOPUIHON TEXHOJOTHH, YTO OCOOEHHO aKTyaJbHO AJI KOHIIEHTPATOB TPYIHOPTOPUPYEMBIX
MUHEPAJIOB, TAKMX KaK, PYTWJIOBBIE, TUTAHOMAarHETUTOBBIE, 30J0TOCOAEPXKAIINE TEXHOI'CHHbIE
orxonpl. CyTh €ro B TOM, YTO C HCIIOJIb30BAaHMEM MEXaHWYECKUX MPHUEMOB, HAIIPUMEP, MOKPOTO
CUTOBaHMsI, MarHUTHOW cemapanmuy M JAp. MOXHO Ha CTaJuM, NpeaBapsiomell (GTropupoBaHUE,
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pas3nenuTh ChIpbE Ha (PpakKIuu, YTO TO3BOJMT OTKA3aThCA OT MEpepadOTKU TUIpoaudTOopuIoM
aMMOHHUS BCEH MacCCHI.

Takum oOpaszoMm, ucmnoabzoBanne NHzHF, B TexHomormdeckux mporiieccax OIpeaeuseTcs
(U3NKO-XUMHUYECKUMH CBOMCTBaMH (TOPAMMOHHMEBBIX COJIEH — MPOJYKTOB B3aUMOJCHCTBUS
KHCJIOPOJICOACPIKAIIMX COCIUHEHHH € TUAPOAUGTOPHIOM aMMOHHMs. [mapoaudTopuaHbie, WIHA
OU(TOPUIHBIE, TEXHOJOTUU TIePepabOTKH MHHEPAIBHOTO CHIPbS TO3BOJISIIOT [0 CXOJHBIM
MaJIOOTIepAIlMOHHBIM 3aMKHYTBIM CXE€MaM B TOXOXKHX amrmaparax ¢ BBICOKMUM BBIXOJOM H3BJICKATh
HE TOJIBKO BCE IICHHBIE KOMITOHCHTHI B BHJIE KOHCYHBIX OKCHJIOB WJIH MPOMEXKYTOUHBIX MPOCTHIX U
KOMIUICKCHBIX (TOPHJIOB, HO M 30JI0TO, M Cepedpo W3 YIOPHOTO U TEXHOTEHHOTO CHIPHS.
BosmoxHOCTH TUAPOAU(PTOPUIHBIX MPOIECCOB CPOJHU JOCTOMHCTBAM XJIOPHIHON METaJLTypTrHH.
OT0, npexae Bcero, 3PGEeKTUBHOE 1 TOJHOE BCKPBITHE CHIPhS U TIIYOOKOE pa3/eiiCHUE 1EJICBBIX U
MOOOYHBIX MPOAYKTOB. HO, TOMHMO 3TOrO, BCKPHITHE MUHEPAIBLHOTO CHIPhS THIPOIUPTOPUIOM
aMMOHHSI TIpOTEKaeT MpH 0oJiee HU3KOW TeMIlepaType, SKoJoTHueckass Oe30MacHOCTh ATHX
mporeccoB Oosiee HaAEKHA, a pereHepanus (TOPUPYIOLIETO areHra Oojee MpPocTa, MOITOMY
rUAPOAU(GTOPUT aMMOHHS — TIEPCHEKTHBHBIA pPEareHT i KOMIUICKCHON IepepaboTKu
MUHEPAJIbHOTO CBIPbsl, M «MsTKas» OW(PTOpUIHAS TEXHOJIOTHS JO/HKHA HAWTH IIMPOKOE
MPUMECHECHHE I KOMIUIEKCHOUM IMepepadOTKH MUHEPAIBHOTO CBHIPhS W CTaTh YHHBEPCAIbHOU B
OTHOIIIEHWH MHOTHX BHJIOB PEIKOMETAIIILHOTO CHIPbS.
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Cly4acB KOHIICHTpAIlMHM IICHHBIX JJIEMEHTOB TMPEBBINIAET WX KOHICHTPAMHM B BOJAX, OSKCIUIyaTHPYEMBIX
MECTOPOXKICHUI 3apyOeKHBIX CTPaH.

Lens paboThl: 3akiroyanach B pa3pabOTKe TEXHOJIOTHYECKOH CXeMbl KOMIUIEKCHOH IepepadOTKH Te0TepMajIbHBIX BO/,
J00bIBaeMbIX Ha TEPPUTOPHH SIpociaBcKoi 00acTy.

MeTonp! HCCeOBaHus: aHaIN3, CPaBHEHHE M 0000IIEeHIE SKCICPUMEHTAIBHBIX H TEOPETUIECKUX HCCIIEOBAHUH 110
JUTEPATYPHBIM NCTOUHUKAM.

Pesynbrathl: pazpaboTaHa TEXHOIOTHS MepepabOTKHA TeOTEPMATBHBIX BOJ, MPEAYCMATPUBAIOIIAS TTOTYICHAE TOBAPHOMH
MIPOAYKITUH XJIOPHIHO-HATPHUEBO-KAIBIIUEBOTO THIIA, a TAKKE CXeMa HW3BJIICUCHIS JIUTHUS U3 IepepadbaTsiBaeMOi BOJHI.
KiioueBble cji0Ba: reoTepMalibHBIE BOJBI, a[COPOITHS, SKCTPAKIINS, CYIIKa, OTKUM.

TECHNOLOGICAL PROCESSES OF DIFFERENT TYPES OF PRODUCTS
FROM GEOTHERMAL WATERS

Valery K. Leontiev, Ph.D., Head of Department of Chemical Engineering, Yaroslavl State Technical
University, Faculty of Chemical Technology, 88, Moscow Avenue, Yaroslavl, 150053, Russia,
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Moscow Avenue, Yaroslavl, 150053, Russia, E-mail: vera_burtseva93@ mail.ru

Relevance of the work due to the fact that much attention is paid to natural mineralized waters as a promising source of
many valuable chemical products. The economic feasibility of using natural waters backed up by years of practice for
industrial preparation of these salts of lithium, sodium, potassium, magnesium, boron, bromine, iodine and other
elements in the United States, Japan, Germany, and Italy. Russia has huge reserves of saline waters, which in some
cases, the concentration of valuable items than their concentrations in the waters of the exploited deposits of foreign
countries.

The main aim of the study: was to develop a technological scheme for the complex processing of geothermal water
produced in the territory of the Yaroslavl region.

The methods used in the study: (list the main methods): analysis, comparison and generalization of experimental and
theoretical studies on the literary sources.

The results: the developed technology of processing of geothermal waters, namely to produce marketable products
sodium chloride-calcium type, and the method of extracting lithium from recycled water.

Key words: geothermal water, adsorption, extraction, drying, pressing.

B nocnenHee BpeMs MOBBIIIEHHOE BHUMAHUE YJENSAETCS MPUPOAHBIM MHUHEPAIM30BAHHBIM
BOJIaM KaK TNEpPCHEKTHBHOMY HCTOYHHKY MHOTHX IEHHBIX XHMHUYECKHX TIPOIYKTOB. 3agada
HCIOJIb30BaHUsl MUHEPAIM30BaHHBIX M€OTEPMAJIbHBIX BOJI, 100bIBaeMbIX B Poccuu, npuobperaer
00JIBIIOE 3HAUYEHUE, B CBA3U HE TOJIBKO C BO3MOXKHOCTBIO 3HAUUTEILHOTO YMEHbIIEHUS 00bEMOB
cOpachlBaeéMbIX Ha MOBEPXHOCTh IUIACTOBBIX BOJ, YTO CHOCOOCTBYET YJIYYIIEHHIO COCTOSIHUSA
OKpY’Karolenh cpeabl, HO U JUIsl MepepadOTKh MUHEPAIBHOTO CHIPhs, OoJjiee yriayOJeHHOMY H
KOMILIEKCHOTO HCIIOJIb30BAaHUIO MHHEPAIbHO-CBIPhEBBIX pecypcoB [1].

B npouecce pazsegounoro OypeHus Ha TeppuTOpuu SApociaBcKoi 001acTH OBLITH MTOTyYEHBI
IJIACTOBBIE BOJIBI, KOTOPBIE SIBJISIOTCS LIEHHBIM T'MJAPOMHUHEPAJIbHBIM CHIPHEM U MOTYT CIYKUTh
TUTS TIOJTYYEHUsI COSTUHEHUIH HATPHsI, MarHusI, OpoMa, KaJIbIIUs, JIUTUS U JIp.

Bce u3BnedeHHble U3 reoTepMaIbHBIX BOJ MUHEpaIbHbIE KOMIOHEHTHI HaXOAAT IPUMEHEHHE
B XMMHUYECKOU MPOMBIIIEHHOCTH. Hampumep, pacTBOp XJIOPUCTOrO KalbLMs MCIONb3YETCs Kak
AHTUTOJIOJNETHBIA pEareHT M NpOo(UIAKTHUYECKOE CPEACTBO JJs MPEAOTBpAIICHUS 00pa30BaHUS
JbJa Tepe]] MOHMKEHUEM TeMIepaTypbl. XJIOPUCTHIN KaJlbIUI UCIOJIB3YETCSI B CTPOUTEILCTBE IS
TIOBBIIIEHUS IPOYHOCTH U3JEeNUil U3 OeTOHA.

BaxHO OTMETHTB, YTO B T€OTEPMAIBHBIX BOJAX cOCpeaoToueHo 78 % mpHUpOIHBIX 3armacoB
JIUTHA [2], a IpOrHO3UpYyEMBIii cripoc Ha JIUTUi K 2020 1. yBEJIIMYUTCS B HECKOJIBKO Pa3.

enpto naHHOM paboOTHl sBIAETCS pa3pabOTKa TEXHOJOTUYECKOM CXEMbl KOMILIEKCHOU
nepepaboTKU reoTepMajIbHBIX BOJ, T0OBIBAEMBIX Ha TEPPUTOPHH SIpociiaBckoit obnacTu.
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Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

Ha puc. 1 npencraBieHa TeXHOJIOTHYECKask CXeMa MOTYyYEHHUS Pa3TUYHbIX BUJOB MPOTYKIIUU
13 re0TEePMAIIbHBIX BO/I.

HonpueHue || adeopfyus aa AI{C'H;IS H onLCmKa » SLINANLEARLE
*IRYENIP A
AU AN MUNLESRIE NORYSHINP I ML Kool
(A K] A pl it Flag o EoHE,
l I E e M lete o,
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! I t EFka
NPT GF LK obarus
1 NPOILNESZOAAEINLIL KUl s
oeamdenue SOAILIMOEL I J:;mg o ropucmb NOSIPENAA
;!-2,:'@3 BEMENT F FocT
T T L] L ] -
peasuayus

Puc. 1. TexHonoruueckas cxema nepepadOTKH re0TepMalIbHBIX BOJ

Texnomornyeckas cxemMa KOMIUIEKCHON MepepadOTKH MUHEPATU30BAaHHBIX T'€OTEPMAIbHBIX
BOJI BKJIIOYAeT B ceOs JBa HampaBieHHs: 1) MOJydeHUuEe COJIH JUTHS, 2) MOTy4YeHUE COoJel HaTpus,
KaJblst, MarHus. llepBoe HampaBieHHWE BKIIOYAaeT B ceOs CTanuu: aJCcOpOIMI0O MOHOB JIUTHSA
aktTuBHBIM Al(OH); u momydenwe mutuii-amoMmuHueBoro kouienrpata (JIAK), mpokanuBamnue
JIAK, 3KCTpakiuio AUCTHILIMPOBAHHOM BOIOM 1 ocaxkaeHue comu Li,COs.

Bropoe HampaBieHue 3akiIro4aeTcsi B KOHIEHTPHUPOBAHUE COJIEBBIX MHOTOKOMIIOHEHTHBIX
pacTBOpOB JI0 TIEPEHACHIIIEHUSI OCHOBHOTO KOMITOHEHTA, HAlPUMEp XJIOPUCTOTO HATpHs, C
MOCTEYIOIUM  U3BJICUEHHUEM M3 KOHIEHTPHUPOBAHHOIO paccojia JAPYrMX MHUHEpPalIbHbIX
KOMITOHEHTOB. bbuio YCTAHOBJICHO, YTO IIOCJIC BBIIIApHWBAHUSA ITIOJOBHUHBI paccolia, 6YJICT HUATH
BBITIa/ICHNE KPUCTAITIOB XJopuaa Hatpus. [Ipu aToM BeimapuBanue BenyT a0 ynanenus 90 % Bojbl,
TOJIBKO TOTOM OTOMPAIOT KPUCTAJIbl MOBAPEHHOW COJMM. A 3aTeM BBINAJAIOT COJU XJIOpHUAA
KaJbIUs ¥ XJOPHUIa MarHUSL.

KoHeunbiMH npoayKTamMu nepepaboTKH SIBISIOTCA: COJIb MOBAPEHHAsA, KaJbIIUA XJIOPUCTHIN
TEXHUYECKUH, JOJTOMHUTOBBIN [[EMEHT, MHOTOKOMITOHEHTHBIN TIPOTHUBOTOJIONIEIHBIN MaTepura.

Takum oOpa3zom, B pe3yiabrare pabOThl pa3paboTaHa TEXHOJOTHS TMepepadoTKU
reoTepMaIbHBIX BOJI, MPEAyCMATPUBAIONIAs TOJYYSHHE TOBAPHOW MPOIYKIMH XJIOPUIHO-
HAaTPpUCBO-KAJIbBIUEBOI'O TUIIA, @ TAKKE CXEMa U3BJICUHCHUS JIUTUSA U3 Hepepa6aTLIBaeM0171 BO/BI.
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AXTyanpHOCTh paboThl OOYCIIOBIIEHA TEM, YTO BO MHOTHMX CTpPaHaX MHpa BBISABICHBl HMCTOYHUKU TeOTEPMalbHBIX
PpecypcoB, IPUTOAHBIE ISl IPAKTUYECKOTO UCIIOIb30BaHUSL.

Iens paboThI: 3akiroyanach B pa3pabOTKE TEXHOJOTHIECKOW CXEMBI ITOJMYyIECHHUs KOHIICHTPATa M KPUCTAIIOB COJEH M3
TeOTePMAIBHBIX BOJ| C WCIIOJIB30BAHHEM BBICOKO((EKTUBHOTO BBIIAPHOTO ammapaTra sl KPUCTAIIH3YIOIIMXCS
pacTBOpOB.

MerTo/pI HCCIIEIOBAHMS: aHAIIN3, CPABHEHHE M 000O0IIEHHE SKCIIEPUMEHTAIIBHBIX U TEOPETUUECKUX HCCIEA0BAHUIH 110
JIMTEPATYPHBIM UCTOYHUKAM.

PesynbraTel: pa3zpaboTaHa TEXHOJOTHYECKas CXeMa IIOJydeHHUs] KOHIIEHTpaTa M3 Te0TepMalbHBIX BOJ C BBINAPHBIM
anmnapaToMm Juisi KpACTAJIU3YIOLUIUXCS PACTBOPOB.

KiroueBble cjioBa: reoTepMalbHbIE BOJBI, KOHIICHTPAT, BRIIAPHON ammapar, MUHEPaJIbHBIE COJIM, SHEprocoepekeHue.

TECHNOLOGY AND HARDWARE DESIGN PROCESS OF OBTAINING
CONCENTRATES FROM GEOTHERMAL WATER

Valery K. Leontiev, Ph.D., Head of Department of Chemical Engineering, Yaroslavl State Technical
University, Faculty of Chemical Technology, 88, Moscow Avenue, Yaroslavl, 150053, Russia,
E-mail: leontievwk@ystu.ru
Olga Korableva, Ph.D., Associate Professor of Processes and devices of chemical technology, Yaroslavl
State Technical University, Faculty of Chemical Technology, 88, Moscow Avenue, Yaroslavl, 150053,
Russia, E-mail: korablevaon@yandex.ru
Vera Burtseva, student, Yaroslavl State Technical University, Faculty of Chemical Technology, 88,
Moscow Avenue, Yaroslavl, 150053, Russia, E-mail: vera_burtseva93@ mail.ru

Relevance of the work due to the fact that in many countries around the world identified sources of geothermal
resources suitable for practical use.

The main aim of the study was to develop a technological scheme of production of concentrate and salt crystals from
geothermal waters using high evaporation apparatus for crystallizing solutions.

The methods used in the study: (list the main methods) analysis, comparison and generalization of experimental and
theoretical studies on literary sources.

The results: developed technological scheme of concentrate from geothermal water with evaporator for crystallizing
solutions.

Key words: geothermal water, concentrate, evaporator, minerals, energy saving.
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B 60 crpanax Mupa BBISIBIEHBl MCTOYHUKH TE€OTEPMAJIBHBIX PECYpPCOB, MPUTOAHBIE A
MPAKTUYECKOTO HCMoNb3oBanus. Jlunepamu B 23t1oi  obmactm  siBusitorcst CIIA, Wranus,
Oununnunsel, Snonus, Mekcuka, HoBas 3enanaus, Ucnanaus u Unnonesus [1].

B ycnoBusix pocra sHepronotrpeOiieHus, OrpaHUYEHHOCTH PECYPCOB TPAAUIIMOHHBIX BHUIOB
TOIUIMBA M OOOCTPEHHUS DKOJOTHYECKHUX TMPOOJeM peau30BaHa KOHIICMIHSA paliOHAIBHOTO
BOBJICUCHHUSI B TOIUIMBHO-DHEPTCTUYCCKUN OanmaHC HETPAJAWIMOHHBIX WCTOYHUKOB JHEPIHH.
['eorepmanbHas SHEpPruss — BaXHEUIIUKA W3 HETPAAUIIMOHHBIX BO300OHOBIISIEMBIX HCTOYHHKOB
SHEPTUH, KOTOPBIH YK€ CEroJ{Hs BIIOJIHE KOHKYPEHTHO CITIOCOOEH Ha MUPOBOM PBIHKE YHEPTHH.

O6mactu npuMeHeHusT 1 3P(HEKTUBHOCTH UCIIOIB30BaHUS T€OTEPMATBHBIX BOJI 3aBUCAT OT MX
JHEPreTHYECKOro IMOTeHIMaNa, oOmero 3amaca W Je0uTa CKBaXWH, XHMHYECKOTO COCTaBa,
MUHEpaIU3aluKi, arpeCCUBHOCTU BOJI, HAJIWYHUS TOTPEOUTENSI U €r0 YAAICHHOCTH M HEKOTOPBIX
npyrux QaxtopoB. M3BiekaeMble U3 T€OTEPMATbHBIX BOJ MUHEPAIILHBIE COJIM HAXOMAT IIUPOKOE
[PUMEHCHHE B XUMUYECKOM MPOMBIIIIEHHOCTH [2, 3].

[enb paboOTHI: 3aKTI0YANIACH B Pa3pabOTKE TEXHOIOTUYCCKOW CXEMBI MTOJTyUYeHHUsT KOHI[EHTpaTa
1 KPUCTAJUIOB COJIEH M3 F€OTEPMAJIbHBIX BOJ C BBIIAPHBIM allapaTtoM Jisi KPUCTAJUIM3YIOLIUXCS
pactBopoB. [loydeHHBIE KOHLIEHTpPAT U KPUCTALIBI MUHEPAJIbHBIX COJIEH Jajee IMOCTYMarT Ha
nepepaboTKy UIsl TOMYyYEHHUsl Pa3UYHbIX MPOAYKTOB: MOBAPEHHOW COJIM, XJOPHCTOTO KalbIIU,
JIOJIOMUTOBOTO IIEMEHTA, TPOTUBOTOJIONIETHOTO MaTepraia u T.1.

Ha puc. 1 npencraBmeHa TexXHOJIIOTMYECKass CXeMa IIOJYYEHMs KOHIIEHTpara U3
reoTepMajIbHbIX BOJI.

—_—

KORUERIpE

KRcEannel

Puc. 1. Texnonoruyeckas cxema IMOJYYCHHUA KOHLICHTpATa U3 reoTepMajibHbIX BOJ

['eoTepmManbHBIM Paccol U3 CKBaXXHUHBI | MOTPYKHBIM HACOCOM ITOABOJUTCA K I'PSI3E€BUKY 2,
IJle OYMIIAeTCs OT IpyOBIX 3arps3HeHUi (Iecok, yacTuiel mopoasl U T.1.). Cemaparop rasza 3
IIPOU3BOJIUT OTAEIEHUE IOIMYTHOIO rasa OT paccoya. Jlamee MCXOOHBIA pPaccoil TOCTYNAET B
BBINIAPHOM anmnapat 4 ¢ IPUHYIUTEIbHON IUPKYIALHUEH.

Oco0eHHOCThIO KOHCTPYKIMHU BBIAPHOIO ammapaTa SBISETCS BO3MOXHOCTb OTEJICHUS
KPUCTAIUIOB MHUHEpAJIbHBIX COJIed OT paccona. IIpy 3TOM B 3HAYUTEIIBLHOW CTENEHU CHUXKAETCA
3apacraHue, U 3a0MBKa TPyOOK KpHUCTaNIM3YHOLIEHCs conblo. BeneactBue 3TOro Bo3pacTaroT, U
JUINTEIbHOE BpPEMSl COXPaHSIOTCS HMHTEHCHMBHOCTh pPa0OTHl BBIIAPHOTO ammapara M ero
IIPOU3BOJUTENBHOCTh, YBEJIIMYMBACTCS  MEXIPOMBIBOYHBIM NEPUOJ M IKCILIYyaTAllMOHHAS
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HaJEKHOCTh. [Ipy MpOXOXKAEHUHM HUPKYIUPYIOLIETO pacTBOpa uepe3 TMAPOLUKIOH 7 KPUCTAILIBI
Mo JCHCTBHEM LEHTPOOCIKHON CHIIbI OTOpachIBalOTCSA K CTEHKE amnmapara ¥ HHCXOJISIUM
CHUPAJIBHBIM MOTOKOM ABIMXKYTCSI B HIDKHIOIO YacTh KOHYCa K pa3rpy304HOMY OTBEPCTHIO, a MMOTOK
pacTBOopa paBHOMEPHO BXOWT B TPYOKH IMOJOTrpeBaTeNst 8 u ABMKETCs 1Mo HuUM. OO0rpeB pacTBopa
OCYILIECTBIISICTCSl TPEIOUIUM TapoM, MOJTYYeHHbIH KOHIEHCAT IMOCTYMaeT B €MKOCTh sl cOopa
KoHJeHcata 6. M3 cemapallMOHHOTO MPOCTPAHCTBA BBHIMAPHOrO amnmapara BTOPUYHBIN map
MOCTYNaeT B TEIUIOOOMEHHUK 5, re KOHJISHCHPYETCs, OTHAeT TEeIIO0 BOJAE Ui OTOMUTENbHOMN
CHUCTEMBI U CTEKAEeT B EMKOCTb 6.

YacTh ynapeHHOT0 pacTBOpa BHIBOJUTCS U3 allapara, a OCHOBHAs YacThb OIYCKAeTCsl BHU3 110
cernapaTopy U BXOJUT B IIUPKYISIIIUOHHYIO TPYOy B BUAE HUPKYJISAIUOHHOTO PacTBOpA.

[TonydyeHHBIN KOHIIEHTPAT MUHEPAJIbHBIX COJIEH MOCTYMAaeT B EMKOCTh 9.
B pesymbrate paboThl pa3paboTaHa TEXHOJIOTMYECKAsh CXeMa TMOJydeHHUs KOHIEHTpaTa Wu3
reoTepMaIbHBIX BOJ C HCIIOJIB30BAHUEM BBICOKOA((EKTUBHOTO BBIMAPHOTO ammapara s
KPUCTAJUTU3YIOLIUXCS. PACTBOPOB.

NuTtencudukaiys mnpoiecca BbIlIApUBAHUS JJOCTUTACTCA ITyTEM YCTAHOBKM BO BXOJHOM 4acTu
pPacTBOPHOM KaMmephl amnmnapara TUAPOIUKIOHA, KOTOPBIM CIOCOOCTBYET OTAENIEHUIO TBEP0i (a3bl
1 KHJIKOCTH, YTO YJIy4IIaeT MPoIecc TerI000MeHa.
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VIIK 678.049
HPUMEHEHHUE JOBABOK HA OCHOBE OTPABOTAHHOI'O
MAHIMHHOI'O MACIJIA B 9JIACTOMEPHbBIX KOMITIO3ULIUAX

JlemikeBu4 AHacracusi BnagumupoBHa, Maructpanr, benopycckuid rocyAapCTBEHHBIN TEXHOIOTMUECKUI
YHUBEPCHUTET, PaKyIbTET TEXHOJIOTHH OpraHnyeckux seuiects, 220006, benapycs, r. MUHCK,
yi. Ceepanosa, 13a, E-mail: nastyonke@mail.ru
IMamox Kanna CrtaHucJIaBOBHA, KaHJ. TEXH. HayK, IOLIEHT, benopycckuil rocy1apcTBEHHBII
TEXHOJIOTHUECKHI YHUBEPCUTET, (DaKkyIbTeT TEXHOJIOTUHU OpraHnieckux BemiecTs, 220006, benapyce,
r. MuHck, yi1. Cepioa, 13a, E-mail: zhanna-shashok@mail.ru

AXTyaJbHOCTH PabOTHI 00YCIIOBJIEHa palMOHAIBLHBIM U SKOHOMHYECKUM HCIOJIb30BaHUEM BTOPHYHBIX MPOAYKTOB Ha
OCHOBE HE(TSIHOTO CBHIPBSI, & TAK)KE SKOJIOIMYECKUMHU acTIeKTaMU YTHIM3AIMH OTPaOOTaHHBIX MAIIMHHBIX Macell.

Lenb paboThI: yCTAaHOBJIEHHE BIIUSIHUS HOBBIX IUIACTU(HUKATOPOB Ha OCHOBE OTPAOOTAaHHOTO MALIMHHOTO Macjia B
CPaBHEHHUH C MPOMBIIUICHHBIMU Ha TEXHOJOTHYECKHE CBOMCTBA AJIACTOMEPHBIX KOMITO3UIIHH.

MeTo/ipl HCCIIEIOBAHUS: OTIPEIeICHHUE MIACTO-3IaCTHIECKUX CBOWCTB PE3UHOBBIX CMECE MPOBOAMIOCH HAa CIIBUTOBOM
nuckoBoM Bucko3uMeTpe MV2000 B coorBerctBum ¢ [OCT 10722-76, a uccnenoBanne KHHETUKY BYJIKaHU3AIUH — Ha
peomerpe ODR2000 cormacuo 'OCT 12535-84.

Pe3ynbraThl: XapakTep M3MEHEHHS! CBOWMCTB PE3WHOBBIX CMECEH, CO/AEpXKalIMX HOBBIE IUIACTH(UKATOPHI, HE HMEET
3HAQUUTEIBHBIX Pa3MUYMi 1O CpPaBHEHHIO C KOMIO3WIMAMH, COJEPKAllMMH IIUPOKO IPUMEHSEMBbIE B
MIPOMBIIINIEHHOCTH TacTudukaTopsl — Macna [TH-6 u -20.

KaioueBbie ci1oBa: mactTuukarop, BI3KOCTh 10 MyHH, KHHETHKA ByJIKaHU3aLMH.
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Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

THE APPLICATION OF ADDITIVES BASED ON WASTE ENGINE OIL
INTO ELASTOMERIC COMPOSITIONS

Anastasiya U. Liashkevich, undergraduate student, Belarusian State Technological University, Organic
Substances Technology Faculty, 13a, Sverdlova Street, 220006, Minsk, Belarus, E-mail: nastyonke@mail.ru
Zhanna S. Shashok, Ph.D., Associate professor, Belarusian State Technological University, Organic
Substances Technology Faculty, 13a, Sverdlova str., 220006, Minsk, Belarus,

E-mail: zhanna-shashok@mail.ru

Relevance of the work due to the efficient and economic use of secondary products based on crude oil, as well as the
environmental aspects of the recycling of waste engine oils.

The main aim of the study: the identification of the effect of the new plasticizers on the processing characteristics of the
elastomeric compositions in comparison with industry oil — PO-6 and 1-20.

The methods used in the study plastic-elastic properties of rubber compounds was carried out on the shear disk
viscometer MV2000 in accordance with GOST 10722-76, kinetics of vulcanization was defined on the rheometer
ODR2000 according to GOST 12535-84.

The results: there is no significant difference in processing characteristics between the rubber mixtures containing the
novel plasticizers and the plasticizers commonly used in industry — oil PO-6 and 1-20.

Key words: the plasticizer, the Mooney viscosity, the Kinetics of vulcanization.

B pe3nHOBOW MPOMBINUIEHHOCTH B KaueCTBE IUIACTH(PHUKATOPOB IIMPOKOE MPUMEHEHHE
HaxoJsIT He(TsAHbIE Macliia, CAMbIMH PACIPOCTAPHEHHBIMU U3 KOTOPBIX ABIAIOTCS Macia [TH-6 u
N-20. OgHako B CBSI3U C HEIOCTATKOM HE(TEMPOIYKTOB B HACTOSIIEE BPEMs OCOOYIO BaXKHOCTh
MpuoOpeTaeT MX palHUOHAIBHOE M HSKOHOMHOE pAacXoJ0BaHHE. DTO OTHOCHUTCA HE TOJIBKO K
MOTOPHBIM MacliaM, HO M K HHAYCTPHAIbHBIM, KOMIIPECCOPHBIM, TPAHC(POPMATOPHBIM, TYPOUHHBIM
u apyrum MaciaMm. OtpaboTaHHbIe Macia, MOMaalolIue B OKPYKAIOIIYI0 IPUPOIHYIO CPey, JIHIIb
YaCTUYHO YAAISIOTCS WM 00€3BPEKUBAIOTCS B PE3yJIbTAaTe MPUPOIHBIX MPOLIECCOB.

B Pecnybnuke benapycey mnpenmpustuem OOO «/IBU-MeHemKMeHT» OCYIIECTBISETCS
nepepaboTka OTpabOTAaHHOTO MAIIMHHOTO M MOTOPHOTO Macja. YK€ Ha CcTaauu cOopa ChIphbs OT
IIOCTABIIMKOB MACJIO JEIUTCS Ha IPYNIbI B 3aBUCHMOCTH OT IIPOUCXOKIEHHS U TPAHCIIOPTUPYETCS
Ha MpPOU3BOJCTBeHHYIO 0a3zy JIBU-MeHemkMeHT B OTCEKax MaclOBO30B pa3iefibHO. TeXHOJIOTHs
OYMCTKH 3aKJIFOYAETCs B yJAIEHUH MOAABISIONIETO OOIBIIMHCTBA METAIUIOB, BOJIbI U JIETKOJIETYUUX
YTJIE€BOIOPOAOB BXOJSALIMX B COCTaB OTPaOOTaHHBIX HEPTENpoayKTOoB. OCHOBHYIO 4acTh MPOAYKTa
COCTaBJISIIOT 0a30Bble Macjia, KOTOPblE OTIMYAIOTCS B 3aBUCHUMOCTH OT THUIIA MCXOJHOTO CBIPBS.
JlaHHasi TEXHOJOTUS TIO3BOJISIET TIOJAy4YaTh MPOAYKT, KOTOPBIM XapaKTepHU3yeTcss BbICOKOMN
CTaOMJIBHOCTBIO TIO CBOWCTBAM.

enbto naHHOW pPabOTHI SABISAJIOCH YCTAHOBJIEHWE BIMSHMUSI HOBBIX IIACTU(PUKATOPOB Ha
OCHOBE OTpPa0OTAaHHOI'O MAIIMHHOIO Maclla B CPaBHEHUHU C MPOMBINUIEHHBIMU Maciamu (U-20 u
[TH—6) Ha TexHOJIIOTHYECKUE 3IaCTOMEPHBIX KOMIO3HUIMI HAa OCHOBE CHHTETHYECKOTO OyTaaueH-
crupoibHoro kayuyka CKMC-30APKM-15. Hccnenyemble miacTu(UKaTOpsl IMPOU3BOACTBA
NOO0O «/IBU-MeHemkMeHT» MpeacTaBisioT cMech yrieBogoporgoB  Ci6—Cy (TY BY
690656219.003-2014).  Ilnactudukaroper JIBU-1 u JIBU-2 ornamuarorcs Mexay coOoi
coJiep’KaHuEM JINHEHHBIX M pa3BETBIICHHBIX apadUHOB.

[IpumeHenne mnaacTU(UKATOPOB B COCTABE 3JIACTOMEPHBIX KOMITO3UIMHA CIIOCOOCTBYET
MOBBIIEHUIO UX TUIACTUYHOCTH MPHU MepepaboTKe U 3JaCTUYHOCTHU MpH 3KcIutyatauuu. [lokazarens
BA3KOCTH PE3MHOBBIX CMECEH SBISETCS OJHOW M3 BAXHEMIINX XapaKTEPUCTUK UX PEOJOTHYECKUX
CBOMCTB, a TaKXe oInpeAessseT TMHAMUKY Ipolecca nepepaboTKu, CIYKUT MEPON YCHIINS, KOTOpOe
HE00XO0AMMO MPHUIIOKUTH K MaTepUally JUIsl OCYIIECTBICHHUS TEUEHHsI €r0 C 33JJaHHONW CKOPOCTBIO Ha
TOW WJIA MHOW CTaJuu MpoIlecca.

Ha puc. 1 npencrasiieHa 3aBUCUMOCTD BI3KOCTH IO MyHHM PE3UHOBBIX CMECEH OT T03UPOBKHU
1acTU(PUKATOPOB.
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HCCIIEIYEMBIX PE3HHOBBIX
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TH-6 JIBU-1 JIBYU-2 1-20

B Be3 nobaBku M2,5 mMacc.y. ™ 5,0 macc.u. ™75 macc.y. ™ 10,0 macc. 4.

Puc. 1. 3aBrucUMOCTSD BSI3KOCTH 110 MyHH OT JO3UPOBKH IIIACTU(PHUKATOPOB

YcTaHOBIIEHO, YTO TPU BBEJACHHMM Hccienayemblx rmiactudukaropos JBU-1 u JIBU-2 B
3JIACTOMEpPHBIE KOMIIO3ULIMU, XapakTep H3MEHEHHs BA3KOCTH MO MyHHM pPE3HHOBBIX CMecei
MPAKTUYECKH aHAIOTUYEH CMECSM, COJIEPKAIIUM POMBIIIIJICHHBIE TUTACTH(QHUKATOPEI.

Omnpenenenue BI3KOCTH 0 MyHHM PE3MHOBBIX CMECEl OKa3bIBaeTCsl HE BCEr/la 1I0CTaTOYHBIM
JUIE YCTaHOBJIGHUS BCEX OCOOCHHOCTEH IepepaboTKH 3IaCTOMEPHBIX KOMITO3UIHMN, IT03TOMY
IPUMEHSIOT JOMOJHUTEIBHO pellakcallMoHHbIe Moka3aTenu. Crenuduky nepepaboTKu KaydyKoB U
PE3UHOBBIX CMECEH ONpEeAeNAIOT HX BSI3KOYNPYTHE CBOMCTBA, HPOSBIAIONIMECS B PAa3BUTHU
BBICOKO?JIACTUYECKUX JleopMaluii, HapacTalOIIKUX 10 MaKCUMyMa U peallu3yIolluX CTPYKTYPHYIO
penaKkcannio HaupsHKeHUH.

TanreHnc yria HakjoOHa KacaTeJIbHOM K rpauKy penakcanuu yepe3 1 cek mocjae OCTaHOBKU
poropa (tga') mwiu rpaduka perrakcanuy Ha JOrapu(MUUISCKON IMIKaje, SBISIETCS MEPOH CKOPOCTH
perakcanuy HampsbkeHus. B xone uccienoBanus paccunthiBaiics kodhouuuent penakcauuu (K),
KOTOPBIH SBJISIETCS] IPOIICHTOM CHM)KEHUS BPAIAIOIIEro MOMEHTa 32 1 CeK M MO3BOJISET OI[CHUBATH
nepepadaTbIBAeMOCTh KaydyKOB U PE3MHOBBIX CMECei).

Ha puc. 2 npencraBieHa 3aBHCUMOCTh KOA((UIIMEHTA pelakcaliiil HAIPsSHKEHUH pEe3NHOBBIX
cMecelt OT 1I03UPOBKU BBEIECHHBIX MJIaCTU(UKATOPOB.

E 70'
§&“ 65 -
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g% 55 -
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go
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T1H-6 JIBU-1 JIBY-2 1-20

® Bbe3 nob6aBku ™ 2,5 macc. 4. ™ 5,0 macc. 4. ® 7,5 macc. u. ® 10,0 macc. 4.

Puc. 2. 3aBucumMocTts K03 (HHUIHEHTA pellaKCallii PE3MHOBBIX CMECEH OT T03MPOBKHU BBEICHHBIX IIACTH(HHUKATOPOB

W3 mpencraBieHHBIX JTaHHBIX BBIIBIEHO, YTO BBEACHUE IUIACTH(HUKATOPOB CIIOCOOCTBYET
O0JIETYCHHUIO PENaKCAllMOHHBIX MPOIECCOB, MPOTEKAIIINX B AJIACTOMEPHON Matpuie. B 310 ke
BpeMs OBLIIO YCTAHOBJIEHO, YTO NMPUMEHEHHE ncciaeayeMbix miactudukaropos IBU-1 u JIBU-2 B
Oonplield Mepe CrmocOoOCTBYET YBEIHUYEHHIO CKOPOCTH pellaKcallid HaMpsDKeHUH PEe3NHOBBIX
cMmecei.
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TH-6 JIBU-1 JIBU-2 1-20

B Be3 nob6aBku M 2,5 macc. 4. 5,0 macc. 4. ™75 macc.4. ®10,0 macc. 4.

Puc. 3. 3aBucuMOCTE BpeMeHH JOCTIKEHHS ONITUMAIFHON CTENICHH BYJIKaHU3AIMH (MHH.) OT TO3UPOBKH BBEICHHBIX
ITACTH(QHUKATOPOB

HccrnenoBanrie KHHETHKH ByJIKaHM3alUuu (puc. 3) IMOKa3ano, 4YTO BBEICHHUE Macel
I[MTH-6, 20 u uccnenyemoro miactupukaropa [IBU—1 npuBoauT K HE3HAYUTEITHFHOMY H3MEHEHUIO
BPEMEHHU JIOCTUKEHHUS ONTUMAJIbHON CTENEHM BYJKaHU3alUU. B 3T0 ke Bpems IpHU BBEICHUU
uccneayemoro ractugukaropa JIBU-2 HaOmromaeTcs HEKOTOPOE YBEIHMYEHHE CKOPOCTH
Byakanuzaiuu (Ha 12 %).

Takum 00pa3oMm, pe3yibTaThl HCCIEIOBAHHUA TEXHOJOTHMYECKHMX CBOWCTB 3JIACTOMEPHBIX
komno3uuii Ha ocHoBe CKMC-30APKM-15 ¢ mnpoaykramu, NOJy4eHHbIMA Ha OCHOBE
0TpabOTaHHOT'O MAIIMHHOTO Macja MOKa3aJid, YTO UX UCIOJIh30BAHNE B COCTaBE PE3NHOBBIX CMecei
HE MPUBOJUT K 3HAUYUTEJIbHBIM W3MEHEHHSIM CBOICTB IO CPAaBHEHUIO CO CMECSIMH, COJIEpKallluMHU
[IMPOKO MPUMEHSIEMbIE B TPOMBIIIICHHOCTH TutacTudukaropsl — macia [TH-6 u U-20.

VK 666.35:662.24:662.23:667.6 _
HUHTEI'PUPOBAHHASA CXEMA KOMIIVIEKCHOU IIEPEPABOTKHA
HEJIPEBECHOI'O CbIPbA B ITOJIE3HBIE ITPOAYKTbI

Makaposa ExaTtepuna UBanoBHa, MJ1. Hay4. COTp. JlabopaTopun 6rMokoHBepcuu, DenepanbHoe
rOCyIapCTBEHHOE OI0/KETHOE YUpEKAeHHE HayKu MHCTUTYT MPpo0ieM XMMHKO-IHEPTeTUYSCKUX
texHonoruit Cubupckoro oraeneHus Poccuiickoii akagemun Hayk, 659322, Poccus, r. buiick,
yi. Conmanucruueckas, 1, E-mail: massl@mail.ru

B pabote mpencTaBiIeHO HHTETPUPOBAHHE MPOLECCOB MPEIBAPUTEIEHON XUMIYECKOW 00pabOTKH U PepMEHTATHBHOTO
THIPOJI3a B KOMIUICKCHYIO CXEMy IepepabOTKH HEIPEBECHOIO CHIPhs B IIOJIE3HBIC MPOIYKTHI HA OIBITHO-
npomsbinuieHHOM npou3BojcTBe UIIXOT CO PAH. Lemrono3ocoaepkaiiee Chlpbe (MACKAHTYC ¥ IIOAOBBIE 000JIOYKH
OBCa) MOJABEPrajioch 00pabOTKe pa30aBICHHBIMH pACTBOPAMH a30THON KHCJIOTBHl WIH THUAPOKCHIA HATPHUS C
MOJyYCHHEM TIOJYTPOAYKTOB (JIMTHOIIEIUTIOJO3HOTO MaTephalia WIH BOJOKHHCTOI'O TPOJIYKTa COOTBETCTBEHHO),
KOTOpPBIC, B CBOKO OYepellb, HANPABILUINCH HA XUMHYCCKYIO 00pa0OTKy C IIENBbI0 MOJTyYeHHs LEeJLTHo036l. OOpasmbl
JIUTHOLIGJUTIONO3HOTO MaTeprasia, BOJIOKHUCTOTO MPOAYKTA, a TAKXKe 00pa3Ilbl IEJUTI0I036I HCIOIB30BAJIICh B KA9eCTBE
cybctpatoB  mpu  QepMeHToNM3e B BOAHOW cpeme. Bopmblii  ruaponm3ar  Obul  TIpeoOpa3oBaH  MyTeM
MHKPOOHMOJIOTHYIECKOTO CHHTE3a B 3TaHOJ, OyTaHON WM OaKkTepHaNbHYIO IIEJUTION03y. B 3aBucmMocTH OT crocoba
MTOJTyYEeHHST 00pa3IIbl LEJIII0I036I HCIIOIB30BATUCH ISl OJTYYEHHUS CIOKHBIX U MPOCTHIX 3()HUPOB LEIITIOIO3BI, a TAKXKe
M3TOTOBJIIEHUS OyMaru U KapToHa.

KiroueBble cj10Ba: MHCKaHTYC, IUIOJIOBBIE OOOJOYKH OBCA, KOMIDIEKCHAs cxema IepepadoTKH, 3TaHod, OyTaHOI,
OakTepuaIbHas [EIUTI0I03a, F(PHUPHI IIEIUTFONI036, OyMara.
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CONSOLIDATED FLOWSHEET FOR THE INTEGRATED CONVERSION
OF NON-WOODY BIOMASS INTO USEFUL PRODUCTS

Ekaterina 1. Makarova, Junior Researcher Institute for Problems of Chemical and Energetic Technologies,
Siberian Branch of the Russian Academy of Sciences, 1, Socialisticheskaya Street, Biysk, 659322, Russia,
E-mail: massl@mail.ru

The paper gives insight into the integration of chemical pretreatment and enzymatic hydrolysis into a consolidated
flowsheet for the conversion of non-woody biomass to useful products in a pilot production at IPCET SB RAS.
Cellulose-containing feedstocks (Miscanthus and oat hulls) were subjected to nitric acid solution or sodium hydroxide
solution to afford semi-products (lignocellulosic material or fibrous product, correspondingly), which, in turn, were
forwarded to chemical pretreatment to produce a pulp. The samples of the lignocellulosic material, fibrous product, and
pulp were used as substrates for fermentolysis in water. The aqueous hydrolyzate was microbiologically transformed
into bioethanol, butanol, or bacterial cellulose. Depending on the synthesis method, the pulp samples were employed to
obtain cellulose esters and ethers as well as to fabricate paper and carton.

Key words: Miscanthus, oat hulls, consolidated flowsheet for conversion, ethanol, butanol, microbial cellulose,
cellulose esters, paper.

Llenp paboOThIl — UHTETPUPOBAHUE TPOIIECCOB MPEIBAPUTEIHLHON XUMHUYECKOH 00pabOTKH U
(epMEHTaTUBHOTO THUIPOJIM3a B KOMIUIEKCHYIO CXEeMy MepepadOTKH HEIPEBECHOTO ChIPhS B
I10JIE3HbIE MPOAYKTHI Ha ONBITHO-TIpOMBIIIIIeHHOM Ipou3BoacTee UIIXIOT CO PAH.

KomrmekcHas mepepaboTka pacTUTEIbHBIX MaTepUaoOB SBISETCS OCHOBOM COBPEMEHHBIX
TEXHOJIOTUH, HATIPABJICHHBIX HA YBEIMUEHHE PEHTA0CTHHOCTH MTPOM3BOJICTBA.

[To mpeanoxxeHHoil cxeme (puc. 1) M3 HEIPEBECHOTO IEIUTIOI030COAEPHKAIIETO ChIPhS
MOJTyYaroT:

- IPOU3BOJHBIE  WEJUIIONO3bl  (HUTpAThl  LEJUIIONO3bI,  KapOOKCHMETHIIIIEIUIINI03a,
METHUJIIEIUIION03A);

- IPOJLYKTHl MUKPOOMOJIOTMYECKOTO CUHTE3a (ITaHOI, OaKTepHuaabHas 1eJUII0I03a, OyTaHoM);

- Oymara, KapToOH.

Chippe (MUCKaHTYC M IJIOJOBbIE 00OJIOUKH OBCa) IMojBepraercs o0paboTke paz0aBiIeHHBIM
pacTBOpOM  a30THOW  KHCIOTHI  (koHmeHTpamust  3,0-6,5%, Ttemmeparypa  85-95°C,
MPOAOIDKUTENBHOCTD 2—8 1) MM THApOKcua HaTpus (koHueHTpauus 3,0-6,0 %, temneparypa 50—
90°C, mpoaomKUTENbHOCTh 4—12 ) ¢ mojlydeHrneM 00pa3IoB JUTHOIEUTIOIO3HOTO MaTepraia Wik
BOJIOKHUCTOTO  TPOJYKTa, COOTBETCTBEHHO. Jlamee ¢ IeNpl0  TMOMY4EHHUS  IeJUTIOJIO3bI
JUTHOLIEJUTIONO3HBI MaTephall 00padaThIBaeTCsi PacTBOPOM THIPOKCHAA HATPHUs (KOHIICHTPALUS
3,0-6,0 %, temneparypa 50-90°C, mnponomKHUTENbHOCTh 1-64) — a30THOKHCIBIA CIOCOO,
BOJIOKHUCTBIM MaTepuall — pacTBOPOM a30THOW KUCIOTHI (KoHUeHTpauus 3,0-6,5 %, temneparypa
85-90°C, mpoaomkUTeTbHOCTh 1—4 1) — KOMOMHHPOBAHHBIN CTI0CO0.

OO0pa3ipl JTUTHOLEUTIOIO3HOTO MaTepuaia, BOJOKHUCTOTO MPOAYKTa, a TaKKe MOJIyuYeHHbIe
00pa3Iibl MEJTI0I03bI UCIIOJIB3YIOTCS B KaueCTBE CyOCTpaToB MpH (DEpMEHTONIM3E B BOAHOU Cpefie ¢
UCMOJIb30BaHUEM 3(P(EKTUBHONW MYJIBTUIH3MMHOM KOMIO3UILUHU MpPHU ONTHUMAJIBHBIX HapameTpax
nporecca: pH 4,3-4.,9, temneparypa 43—47°C, nHadanpHas KOHIeHTpamus cyoctpata 60-90 r/m.
[Tonmy4yeHHBIM BOAHBIM THIPONM3aT — PacTBOP CaxapoB C IMPEUMYIIECTBEHHBIM COJIEpKaHUEM
TITIOKO3BI — IyTeM MHKPOOHOJIOTHYECKOTO CHHTE3a MPeoOpa3yeTcsi B 3TAHOJI KYJIbTYpOU APONIKEH
Saccharomyces cerevisiae Y-1693, Oyranon — «kyabryporr Clostridium  perfringens,
OaKkTepHaIbHYIO IeJUTI0NI03Yy — KynbTypoir Midusomyces gisevii J. Lindau.

OOpa3ipl  IEJUTI0NIO3bl, TOJIYYEeHHBIE A30THOKHUCIBIM CHOCOOOM, HCHOJB3YIOTCA IS
MOJTYYEHUSI TIPOCTBIX M CIOXKHBIX 3(PUPOB IEIUTI0I03bI [1], 00pa3Isl 1EUTI0I03bI, MOTYICHHBIC
KOMOHWHUPOBAHHBIM CITIOCOOOM — JIJIs1 U3TOTOBJIEHUS OyMaru U KapToHa [2].

84


mailto:massl@mail.ru

Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

CrIpbe
(MHCKAHTYC, I10J0BBI€ 000/ 109KH OBCA)

L L

ObpaboTxa pacTEopoM A30THOH OfpafoTxa pacTEOpOM THIPOKCHIA

EHCIIOTEL HaTpHA
JIMT HONE/LTI0 . T03 HbIH Bo10KHHCTEIH
MATEPHAI IIpoayKT

Ob&padoTka pacTEOpOM
THIPOKCHIA HATPHA

DepMeHTATHEHEI THIPOTHS

ObpaboTEa pacTEOpOM
230THOH KHCIIOTE

B BOJHOH cpede

!

IMexawaoza

!

HEMHETeCEAR
MOTHOHEAIEA

@ epMeHTATHBHEI
THIPOJIH3AT
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IMenarmo3a

|

CopasHEaHHe

IEJIIENTOSEL

CHHTe? 0AKTePHATEHOR

ByMmara, KapToH

| ! l L
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BbakTepHaabHas
e/ /1101032

HHTpATEI NELIH/I03EI, DTAHOJI
KapﬁOI\'CHZ\IETHJHﬂ'IJ KJ1034,

METHINE/LIHJI0ZA

byTaHoxa

Puc. 1. KomniekcHas 6510k-cxemMa nepepabOTKH HEAPEBECHOTO CHIPbS B ITOJIE3HBIE IIPOAYKTHI Ha ONBITHO-
npoMblneHHoM npoussoactse UIIXIOT CO PAH

Ocoboe monoxeHue B OMUCAHHOM CXeMe 3aHMMaeT HCIOJb30BaHHWE Ha CTaJuu 00pabOTKU
CBIPbSl pacTBOpPA a30THOM KHUCIIOTHL. Ee MCTOYHMKOM SIBISI€TCSI MPOMBIIIJIEHHO-IOCTYIIHAsI CEPHO-
a30THasi CMeCh, UCIOJb3yeMasi B KaueCTBE peakTHBa MpPU MPOU3BOACTBE HUTPO3(hupoB (T. buiick,
1980-2015 r1r.). OTpaboTaHHBIA IO 3aBEPUICHHIO OIHOTO IMKJIAa OOpPaOOTKH TOPIUH CHIPHS
BAPOYHBIA PACTBOP YKPEIUIAETCA KOHLICHTPUPOBAHHOM a30THOW KHUCJIOTOM OO0 HYKHOU
KOHILEHTPAllUl U MCIOJIb3yEeTCs BHOBb B KaueCTBE BAapOYHOI'O pacTBOpa Al o0pabOTKU CBexe
nopuuu cbipbs. Takum o00pa3oM, pa30aBICHHBI pacTBOpP a30THOM KHCIOTHI HCIOJIB3YETCS
MHOrokpatHo. B ¢unane (20-25 1ukinoB) oTpaOOTaHHBIN pacTBOP YTUIM3UPYETCS MO U3BECTHOU
cXeMe MPOM3BOJICTBA MHUHEPAIBHBIX yJOOpEHUI: HelTpanu3anus aMMHakKoM, CyIika u (acoBka
KJIACCMYECKOI0 IIMPOKO PacHpoOCTpaHEHHOTo yaoOpenus. He wuCkiI04eHO HCMONBb30BaHUE
MOJIyYEHHOT'0 PAacTBOpAa B KaYECTBE JKUIAKOT'O KOMIUIEKCHOTO (JINTHOIYMHHOBOTO M MUHEPAJILHOTO)
ynoOpeHus 1Jid BRIpAlIUBaHUS KyJIbTYPHBIX PACTEHUH.

TexHonmorus  mpenBapuTenbHOM  00pabOTKM M (EpMEHTATUBHOIO  THIPOJIN3A
LEJUTI0NI030COAepKAIero Chipbsi [3] MHTErpHpoBaHa B KOMIUIEKCHYIO OJIOK-CXeMy IepepadoTKH
HEJPEBECHOTO CBIPbS B IOJIE3HBIE MPOAYKTHl Ha ONBITHO-NPOMBIILIEHHOM Npou3Boactee UIIXOT
CO PAH B 2010-2014 rr. ¢ HapaOOTKOW YKPYITHEHHBIX MapTUIl JIUTHOLIEIUIIOIO03HOIO MaTepHraia u
BOJIOKHUCTOTO TPOJYKTa, KOTOpbIe 3aTeM OBbUIM MCIIOJIb30BAaHBl B KauyecTBE CYOCTpPAaTOB IpHU
dbepmenTonm3e B ameratHoM Oydepe, B BOJAHOW Cpele M MacIITAOMPOBAaHWH IO 00BEMY B
dbepmenTepe emkocThio 11 11 [4]. 3 hepMeHTOIM3ATOB ABYX BHJIOB CHIPbS MOJyUEHBI dTaHOM [5—7]
1 OakTepuangbHas 1euoio3a [8].
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BpeMsi Kak Ha Teppuropun P® pacnonaraercs yHuKalibHOE EpMakoBCKOE€ MECTOPOXKIEHHE, B pylax KOTOPOIro
conepxanne Oepwnmst pocturaetr 1 %. bBepuimii sBisieTcs CTpaTernyecKUM METajIoM, OH Hallel NpUMEHEHHE B
NIEKTPOTEXHHKE, SJIEPHOI, a9POKOCMHUYECKOH, 3JI€KTPOHHON IPOMBIIIEHHOCTH | Ap. PeIHOK Oepuims B HacTosee
BpeMsl CHJIbHO MOHOIOJIM3UPOBaH. [IpOMBIIIIEHHOCTBIO OCBOEH OJMH METOJ IepepaboTKu OepHuMicoepKaliero
CBIPbS. — CEPHOKUCIIOTHBIM. JlaHHBIN cHoco0 sBisieTcss MOpalibHO ycTapeBHIMM. [Ipon3BoncTBO Oepwiutus, B BUIY
HECOBEPILICHCTBA TEXHOJIOTHH, SIBIISETCS YPE3BBIYAMHO PECypCco- M DHEPrOEMKUM, YTO CKAa3bIBAE€TCS HA CTOUMOCTHU
6epwms. B pabote npuBeeHBI HCCIEIOBAHMS O OIIPEAEICHHI0 3 PEKTUBHOCTH 3aMEHBI BIIEIaYMBAIOIIEr0 areHTa
— CEpHOH KHCIOTBI, Ha THUAPOGTOPHI aMMOHHMA. [IpOBENEHBI HKCHEPUMEHTHI MO (TOPUPOBAHHUIO (DIFOOPHT-
(heHaKUTOBOTO KOHIIEHTpaTa 0€3 TpeaBapUTEILHOW TEPMHUECKON aKTHUBAIMH. Pe3ynbTaThl IKCMEPUMEHTATbHON
paboTHI MOKa3BIBAIOT, UYTO CTENEHb (GTopupoBaHus Oepuimus nocturaet 97,5 % mpu 50 % m30eiTke THAPOdTOpHIA
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aMMOHUSI U BpeMeHH mpouecca — 120 muH. Kpome Gepmiuins Hanbojiee IOJIHO BBIIENAYNBACTCS TOJIBKO KPEMHHH
(96,9 %).

KaioueBsle ciioBa: ¢uroopur-eHaKUTOBBIH KOHIEHTpar, Oepuiuinii, ruapodTopun ammMoHus, Terpadropodbepuiiar
aMMOHHUSI, CTENIEHb ()TOPUPOBAHHUS.

THE USE OF AMMONIUM HYDROFLUORIDE FOR BERILLIUM
CONTAINING RAW MATERIALS PROCESSING

Lev N. Malyutin, postgraduate student, National Research Tomsk Polytechnic University, Institute of
Physics and Technology, 30, Lenina Avenue, Tomsk, 634050, Russia, E-mail: prof1990@tpu.ru

Currently in Russia there is no production of metallic beryllium and compounds based on it, while the Russian
Federation has an unique Ermakovskoe field, in which ores the content of beryllium reaches 1 %. Beryllium is a
strategic metal, he has found application in electrical engineering, nuclear, aerospace, electronics and other industries.
Beryllium market is currently highly monopolized. Industry mastered only one method of beryllium-containing raw
materials processing — sulfuric acidic. This method is obsolete. Production of beryllium because of the imperfections of
technology is extremely resource- and energy-intensive, which affects the cost of beryllium. The paper presents the
research work of replacing the leaching agent — sulfuric acid to ammonium hydrogenfluoride effectiveness
determination. Experiments of fluorite-phenacite concentrate fluorination without prior thermal activation were carried
out. The results of experimental work show that the beryllium fluorination degree is 97,5 % in conditions of
50 %ammonium hydrofluoride excess and process time — 120 minutes. Except beryllium only silicon leaches most fully
(96,9 %).

Key words: fluorite-phenacite concentrate, beryllium, ammonium hydrofluoride, ammonium tetrafluoroberillate, the
fluorination degree.

PaGora BbImonHsIach B paMKax pa3paboTKu (PTOPOAMMOHHIHOW TEXHOJIOTUU TepepaboTKu
OeprUIHIiCOIEpKAIUX MATEPUATIOB Ul TOJIYYEHUS METAUIMYECKOro OepHlIis IporpamMme
BEPJIUT (Gepwiimuid, TUTHIA).

B nacrosmee Bpemsa B Poccuiickoii d®enepanuu  OTCYTCTBYET KakK IPOU3BOACTBO
METAIJIMYECKOr0 Oepuyuiisg, TaKk U MPEANpusiTUs Mo TmepepaboTke Oepuiuinicoaep Kaimx
MaTepuasoB, B TO BpeMsi Kak Ha TeppuTopuu Poccuu cocpenorodeHo KpynHoe EpmakoBckoe
MECTOPOKIEHHE, B PYyJe KOTOPOro cojepkanue Oepuuius coctaBisieT okono 1 % [1]. bepumnmii
SBJIETCS CTparerMueckuM MertaioM. OH Hamlenl NpUMEHEHHE B TakuX O00JacTsaX, Kak
NEKTPOTEXHUKA, SAEpHAsi, adpPOKOCMHUYECKas, JJEKTPOHHAs NPOMBIIUIEHHOCTh U JAp. B mumpe
CYIIIECTBYET BCETO TP CTpaHbI-pousBoauTens ganHoro metaia: CIIIA, Kasaxcran u Kuraii [1].

EAVHCTBEHHBIM TPUMEHSEMBIM B HACTOSIIMA MOMEHT MPOMBIIUIEHHBIM CIIOCOO0M
nepepaboTku  OepuwiUMHcOJEp)KalMX  KOHIEHTpaToB  (OepwyUIOBBIX,  OEpTPaHIUTOBBIX,
(eHAKUTOBBIX) OCTA€TCsS CEPHOKUCIOTHBIM MeTo[. [l COBpeMEHHON MPOMBIIUIEHHON CHUTYyalluu
JaHHBIA CIIOCOO SABJIETCS YCTAPEBUIMM U HMMEET psijl HEJAOCTaTKOB, a UMEHHO: HEOOXOAMMOCTh
WCIOJIb30BaHUS IBYXCTYIEHUATON MPEABAPUTENBHON TEPMUYECKOM aKTUBAI[MN KOHIIEHTPATOB (IIpH
1700°C u 950°C), ucnosib3oBaHWE YHUBEPCATHHOTO (HECETIEKTUBHOTO) BBIIIEIAYUBAIOIIETO areHTa
JUI. U3BJIEUEHUsI OCpUIUTUS — CEPHOM KUCIIOTHI, MHOTOCTaUIHOCTb, HAJMYUE CTAIUil MOJydeHue
MMPOMEXKYTOUYHBIX BBICOKOTOKCHYHBIX coenuHeHnid — runapookucu oepumums (Be(OH)2) [2] Bcee
BbILLIETIEPEUNCIIEHHbIE (DAKTOPhl HETaTMBHO CKAa3bIBAIOTCA HAa CE0ECTOMMOCTH TEXHOJIOTHYECKOTO
nepejiena MoJiy4eHus MeTaNIn4eckoro Oepusuims.

Hccnenoanue 3¢pdexruBHocTr npumenenus rugpodropuna ammonus (NHsHF,) B kauectse
BBIIIIEJIAYMBAIOIIET0 areHTa MPOBOAMUIIOCH Ha (PIIIOOPUT-(PEHAKUTOBOM KOHIIEHTpATE CIIEYIOIIETo
¢azoBoro cocrana (Tabn.)

®a3oBblii cocTaB (II0OpHUT-PeHaAKNTOBOr0 KOHIIEHTpaTa, %0

Be,SiO,

SiO,

CaF,

CaO

Fe,0;

MgO

AlLO,

24,44

13,01

23,65

21,27

1,07

2,51

8,04
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Jns  omnpeneneHuss BO3MOXHOCTH — YCTPAHEHUS  CTagud  TEPMHUYECKOW  aKTUBAIIMHU
KOHIIEHTPATOB OBUIM MPOBEIEHBI AKCICPUMEHTHl TIO0 (TOPUPOBAHHUIO KOHIIGHTPATOB O3
Mpe/IBapUTENIbHON MOAroTOBKH. B KkauecTBe paboueil Temmeparypbl ¢GTOpUpOBaHUS OBLIO
ucnosb3oBaHo 3HaueHue 210 °C [3]. KoMmoHEHTBl KOHIEHTpaTa IpU JIAHHOW TeMmIeparype

BCTYIAIOT BO B3aMMOJICHCTBHE C THUAPOPTOPUIOM aMMOHHS COTJIACHO CIIEAYIOMUM peakiusm (1—
7):

Be,SiO4 + 7TNH/HF, — 2(NH4)28€F4 + (NH4)28|F6 + 4H20T + NH3T, (1)
Al,O3 + 6NHHF, — 2(NH4)3A|F6 + 3H20T, (2)
Fe,O3; + 5NH,HF, — 2(NH4)2F€F5 + 3H20T + NH3T, (3)
CaO + NH HF, — CaF, + H,O1 + NH3T, (4)
MgO + NH;HF; — MgF; + H,O1 + NH3t, (5)
SiO, + 3NHHF;, — (NH4)28iF6 + 2H20T + NH371, (6)
NH,HF, — 2HF1 +NHa. 7)

HaBecky KOHIIEHTpaTa CMEIIMBAIM MOOYEPETHO C THAPOYTOPUAOM aMMOHHS, B3ATOTO
COTJIACHO CTEXHOMETPUYECKOMY 3HauUeHUI0, ¢ U30bITKOM, paBHbIM 10 %, 3atem — 20, 30, 40, 50, 60
u 70 %. IloaroToBieHHYIO CMeCh TOMEINATH B CTEKJIOYIJepOIHBIH crakaH. DTopupoBaHUe
npoBoawin npu 60, 90 u 120 mun npu 210 °C. OTopupoBaHHBIA TPOAYKT PACTBOPSUIA B BOJE,
B3STOH B JBYKPAaTHOM H30BITKE COTJIACHO KOJHUYECTBA, COOTBETCTBYIOIIETO PacTBOPUMOCTHU
terpadropodbepmiata ammonus ((NHz).BeFs) — 323 r/n1 Boaer mpu 25 °C. O6pa3oBaBIIyIOCS
nynbity puiasTpoBanu. [lo cogeprkanuio Oepuunsl B pacTBOPE M OCAJIKE /eIy BEIBOJ O CTEIICHU
(dbTopupoBaHUs KOHIEHTpaTa. Pe3ynpTaThl UCCIIEIOBaHMIA MTPEICTABICHBI B KAYECTBE 3aBUCHMOCTHU
crerieHn (ropupoBanus Oepwums ot m30bitka NHsHF, mpu pasznmunom Bpemenum mporecca
(puc. 1).

W3 »sKCnepuMEHTaNbHBIX MJAaHHBIX BHUIHO, YTO MAaKCHUMAJIBHBIA pe3ylIbTaT — CTEHCHb
¢dbropupoBanus Oepuinusi, paBHbiii 97,5 %, mocturaercs yxe mpu 50 % uzbeitke NH4HF, u
BpemeHu ¢ropupoBanus 120 muH. Bosbioil H30bITOK (HTOPUPYIOMIETO areHTa U AJTUTEIHHOE BPEMS
nporecca MOryT ObITh OOBSICHEHBI CTATUUYECKUM XapaKTepoOM MPOBEAEHUS Ipolecca (OTCYyTCTBUEM
nepeMemuBanms). B Xoxe mpoTekaHus peaknuyd (GTOPHPOBAHUS HA MOBEPXHOCTH PEArHPYIOLINX
YacTUIl HapacTaeT CJIOH TPOAYKTOB pEaKIHH, MPEMSATCTBYIOIMNA MPOHUKHOBEHHUIO pacijaBa
ruapoTOpHIa aMMOHHSI K TIOBEPXHOCTH pearupoBaHus. [Ipym HCHOIB30BaHWM YCTaHOBKH,
obecrieynBarolleil mnepeMenIMBaHUe W pa3MajiblBaHHE 00pa3yrolerocs B Xojie (TOPUPOBAHUS
CIeKa, MOXHO OyneT nooutbces Menbiiero u3ositka NHaHF, u Bpemenu gpropuposanus.

CTeneHb (pTOpHpOBaHIA, %

S8 g
0 10 20 30 40 S0 60 70

II36prTok NH4HF; %

Puc.1. 3aBucUMOCTb cTereH! GPTOpUPOBAHHS OSPHILTHS OT U30BITKA THAPODTOPHIa AMMOHHUS TIPU BPEMEHH
pearupoBanus: 60, 90, 120 Mun

[Ipn ycroBusIX, ONHCAHHBIX BBIIIE, CTENEHU BBIIIEIAYUBAHUS OCHOBHBIX IPUMECHBIX
ANIEMEHTOB B JKUJKYIO (ha3y IMocje pacTBOpeHHs (PTOPUPOBAHHOTO MPOIyKTa cocTaBwid, %: Si —
96,91; Fe — 12,67; Al — 32,51; Ca—1,33; Mg — 11,26.
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Takum oOpazom, BbIIIeNIauynBanne Oepuiumis U3 (PIroopuT-HEeHAKUTOBIO KOHIICHTpATa C
nomotpto NHiHF, sBnsercs sddexktuBHbIM 0€3 mnpenBapUTENbHON BBHICOKOTEMIIEPATypHOU
aKTHBAIIMU: CTETCHb BbIIIENaunuBanus Oepwums coctaBwia 97,5 %. T'mapodropun amMmoHus
SBIISICTCS  CEJIEKTUBHBIM  BBIIIEIAYMBAIOIIMM areHTOM 10 OTHOWICHHIO K Oepuuinio; B
MPOAYKIIMOHHBIA PAcTBOp Kpome OepuyUIvsi MEPEeXOIMT IOJHOCTBIO TOJNBKO KpeMHui. Hwuskas
CTENCHb BBHIIEIAYMBAHUA TpPUMECE TMO3BOJIMT B JaJbHEHIIEM YCTPAaHUTh MHOTOCTaIMHHYIO
CTaUI0 OYUCTKH OepriumMicoaepxamero pactBopa. [lonydeHue Ha TepBOW CTajuu Iepererna
teTpadTopobepriiaTa aMMOHUS, HCIIOJIIB3YeMOTO JUIsl MPOU3BOJACTBA (ropuma Oepuwuius —
COCJIMHEHUS, HEOOXOMMOT0 i METAIUIOTEPMUYECKOTO TOJYYCHUSI METAUTMYECKOTO OSpUILTUS
[4], mO3BONIMT OTKa3aTbCAd OT CTAJUM [OJIY4YEHHUS [POMEKYTOYHOI'O BBICOKOTOKCUYHOIO
nonymnpoaykra — Be(OH)s.
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VK 552.16
®A30OBBIE ITPEBPAIIIEHUSA ITPUPOJIHBIX IEOJIMTOB HAXUBIBAHA

MawmenoBa 'toHes1b Aci1aH KbI3bl, JOKTOP (GHUIOCOPCKUX HAYK IO XUMHH, TOLEHT, 3aBEIYIOIIUI
naboparopueit, HaxusiBanckoe Otnenenne Haunonansnoi Axkagemun Hayk AzepOaiimkana UncTuTyT
[Mpupoxansix Pecypcos, AZ7000, AzepOaiimxkan, r. HaxusiBan, np. ['efinapa Anuesa, 76,
E-mail: chinashka89@yahoo.com

AKTYanbHOCTB pabOThI 00yCIOBIIEHA U3yUYEHUEM XUMHUYIECKON MOAN(PUKAIIUN MECTHOTO II€0NUTa. B pa3BuTn ydeHus o
HEOPTaHMYECKUX COCOMHEHUI HEMATOBa)XHYIO POJb HIPAET M3y4YCHHE CTPOCHHUS CHIIMKATOB, COCTABISIOMINX, Kak
M3BECTHO, OKOJI0 95 % 3eMHOM KOphl. MIcTOpHS MCcCIeI0BaHUS U MIPAKTUIECKOTO MCIIONIB30BaHMS IIE0JIMTOB Hayajaach B
1756 rtomy, korma OBUT OTKPBIT NEpBBIH MuHEpas CTHIBOWT. IlpupomHBIe HEOTUTHI — MEPCHEKTHBHBIA BHJT
HEMETaJNINYECKUX TOJIE3HBIX MCKOMAaeMbIX. LleoNnThl — BOJHBIE AMOMOCHIIMKATBHI LIEIOYEH M IMIETOYHBIX 3E€MENb C
KapKacHOHM CTPYKTypOH, B KOTOpOW MMEIOTCS TIOJIOCTH, 3aHAThIE OOJBIIMMU MOHAMH M MOJICKYJIaMH BOJIbI, IPUYEM H
Te, W Jpyrue oOJIaJal0T 3HAYMTENLHOM IOJBIKHOCTBIO, YTO OOecreunBaeT BO3MOXKHOCTH HWOHHOTO OOMEHa H
oOpaTuMoii neruapaTaiuy. JleruapaTupoBaHHbIe LIEOJUTHI CIIOCOOHBI aJICOPOMPOBATh BMECTO BOJIBI JIPYTHE BEIIECTBA,
Ha 3TUX CBOMCTBaX OCHOBAaHO MX NMPHUMEHEHHE B Ka4eCTBE COPOCHTOB M MOHOOOMEHHHUKOB. 3HAYMTENIHLHOE BIMSHHUE HA
aicopOIIMOHHBIE CBOWCTBA IIEOJIMTOB OKa3bIBaeT XUMUYecKas Mogudukanus. FIHTepec K 3TOMy SBICHHIO 3aKIIOYaETCS B
TOM, YTO C MTOMOIIBI0 XUMHUYECKOH MOTU(PHUKAIIMNA MOXKHO MOJTyYUTh MUHEPAIIBI C TpeOYyeMBIMH ITapaMeTpaMu, a TaKKe
MOJIEIMPOBATH I'€OJIOTHIECKHUE POIECCH, PH KOTOPHIX (POPMHUPYIOTCS MPUPOIHBIE IIEOTHTHI.

Iens paboTHI 3aKITI0YAIach B M3yUCHNUHN BIMSHUS OIEIOYHBIX PACTBOPOB HA CTPYKTYpy LieonuTa HaxdbpiBaHa.
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Mertopl nccaeOBaHMS: HACHTH(HUKALNS LEOINTOBBIX (a3 IPOBOIMIACE METOIAMH XUMHUYECKOI0, PEHTIeHO(]a30BOT0
AQHAIN30B U D3JIEKTPOHHO-MHKPOCKONMYECKHUMHU HCCleIoBaHUsIMUA. (Pa30BBI COCTAaB HCCIENOBAICA C IOMOLIBIO
pentreHoBckoro anamusaropa 2D PHASER «Bruker» (CuK, 26, 20-80 rpam). DaeKTpOHHO-MHKPOCKOMHYECKUE
CHHUMKH OBUTH MOTy4YeHbl Ha MUKpockore HitachiTM-3000.

PesynbpTaT: Ha OCHOBAaHMM IAaHHBIX XHMHYECKOTO, PEHTTeHO()A30BOI0 aHAIU30B M 3JIEKTPOHHO-MHKPOCKOIMHUYECKHX
UCCIICIOBAaHMI OBUIO YCTaHOBJIEHO, YTO IPH TUAPOTEPMANbHOH 00padOTKE MOPIEHHT IpEeBpamiaeTcss B ApYrue
MHHEpaJbl IIEOJIUTOBO IPYIIbBI, a8 UMEHHO MOPACHUT — XHCMOHIMH — (PMIUIUIICUT — aHANBIUM —> THAPOCONANHT.
OmnpeneneHpl 001acTH CTAaOMIBHOCTH MHHEPANOB INPH THAPOTEPMATIbHON 00pabOTKe B Pa3NUYHBIX YCIOBHSX. JTO
MIO3BOJIICT CHHTE3UPOBATH MUHEPAIIBI C JKEIAEMBIMU XapaKTEPHCTUKAMH.

KaroueBble cioBa: TpUPOAHBIA 1eonuT, (a3oBble MNpeBpalleHHs, TIHApPOTepMalbHas o00paboTKa, MOPACHUT,
HaxubiBaH, KOHLEHTpALH TEPMAIBHOIO PAaCTBOPa, MHUHEPAIH3aToP.

PHASE TRANSFORMATIONS OF NATURAL ZEOLITES NAKHCHIVAN

Gunel A. Mamedova, D.Sc., Associate Professor, Head of the laboratory, Nakhchivan Branch of National
Academy of Sciences of Azerbaijan Institute of Natural Resources, 76, Heydar Aliyev Avenue, Nakhchivan,
AZ 7000, Azerbaijan, E-mail: chinashka89@yahoo.com

Relevance of the workto study of chemical modification local raw zeolites.In the development ofthe doctrine
ofinorganic compoundsplays an important roleto study the structureof silicates, constituting, as we know, about 95 %
ofthe earth's crust. The history ofresearch andpractical use ofzeolitesbeganin 1756, when it was opened the first mineral
stilbite. Natural zeolites-a perspective view ofnon-metallic minerals. Zeolites — aqueous aluminosilicates alkali and
alkaline earths framing structure in which cavities are occupied by large ions and water molecules, both of those and
othershaveappreciable mobility, allowing ion exchange andreversibledehydration. Dehydrated zeolites are capable of
adsorbing other substances instead of water, based on these properties in their application as sorbents and ion
exchangers. Significant influence on theadsorption propertiesof zeoliteshaschemical modification. Interest in this
phenomenonlies in the factthat by meansof chemical modificationcan be preparedfromthe mineralsrequired parameters,
and model geological processes, whichare formedinnaturally occurring zeolites.

The main aim of the study the effect of alkaline solutions on the structure of the zeolite.

The methods used in the study: the identification of the zeolite phase was carried out by chemical, X-ray diffraction and
electron microscopy studies. The phase composition was studied by X-ray analyzer 2D PHASER «Bruker» (CuK,, 26,
20-80degrees). Electron micrographs were obtained on a Hitachi TM-3000 microscope.

The results: on the basis of chemical and X—ray diffraction and electron microscope studies have found that when a
hydrothermal treatment the mordenite is converted into other minerals of the zeolite group. The regions of stability of
minerals during hydrothermal treatment under various conditions. This allows one to synthesize minerals with the
desired characteristics.

Key words: natural zeolite, phase transformations, hydrothermal treatment, mordenite, Nakhchivan, the concentration
of the thermal solution, mineralizer.

OcHOBHbBIE HANpaBJIEHUSI COBPEMEHHON HEOPraHMYECKOW XHMHUU — 3TO M3YHYEHHUE CTPOCHHS
HEOPraHUYECKUX COCJUHEHUN U HAIPABICHHBIM CHUHTE3 HOBBIX HEOPraHUYECKHUX BEILECTB.
OTkpbIThIE 0OOJ€E ABYXCOT JIET Ha3aJ HNPUPOJHBIE MHUHEpaibl ILIEOJUTHI B TOCIEIHUE TOJbI
BBI3BIBAIOT MOBBIIIEHHBI HHTEPEC YUEHBIX M MPAKTHUECKUX paOOTHUKOB MHOTHX CTpaH Mupa. OHU
MPUMEHSIOTCS B HEPTEXMMUM KaK OCYUIMTENIM Tra30B U Cped, i OYHUCTKM TNHUTHEBBIX U
TEXHUYECKUX BOJ, JJI U3BJICYCHUSA PAJUOHYKINAOB, B KAYECTBE KAaTaIU3aTOPOB, B CTPOUTENBCTBE,
IS yIydineHust mouBsl [ 1-4].

3HaynTeNbHOE BIMSHUE Ha aJCOPOLMOHHBIE CBOMCTBAa LIEOJUTOB OKa3blBaET XHMHUYECKas
Moauduxamusa. C ee IOMOIIBIO MOXHO BJIMSTh HAa CTPYKTYPY LEOJUTOB MU MOJYYUThH APYTHE IO
XUMHUKO-(PHU3NYECKUM CBOHCTBAM MUHEPAJIbI LIEOTUTOBOM IPYIIIBI.

HeoOxonumo otmeTuth, 4To Ha Tepputopun HaxubiBanckoit ABTOHOMHOHN PecrmyOnuku
HalJICHbI KPYIHbIE MECTOPOKIAECHUS IPUPOJIHOTO LIEOJIUTA, KOTOPBIE UMEIOT KaK IIPAKTUYECKOE, TaK
U TeopeTudeckoe 3HaueHue. LleomuTconepxkaniyie mopoasl MOJOCAaMU MPOTATUBAIOTCS OT CEIECHUS
Maspa OpnyOazackoro paiioHa B ctopoHy [toneit Kemmmak I[laxOy3ckoro paifona. OcHOBHOM
IEOJIMTHRIM MUHepan HaxdupiBaHa mnpejactaBiieH MopiaeHUToM. 58—72 % meonutoB HaxvsiBaHa
COCTaBJISIET MOPAEHUT. Kak N3BECTHO MOPAEHHUT SBJISAETCS IPAKTUYECKH BaXKHBIM LIEOJIUTOM.
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Jlannast pabota ObUTa BBIMOJHEHA C LEIbI0 M3YYEHHS BIUSHUS IIEIOYHBIX PAacTBOPOB Ha
CTPYKTYpY LICOJIUTA.

B kadecTBe MCXOAHBIX 00PA3IOB CIYKUIH IeonuToBble Tyhbl HaxubiBana, cogepxarue 70—
72 % ocHOBHOTO MHUHEpasia — MopeHuTa. OOpa3ibl THIATEIHHO MPOMBIBATUCH AUCTUILITHPOBAHHON
BoJioM u cymmiauchk npu 150 °C B TeueHnue 2 yacoB. 3aTeM NPOBOJIMIIACH UX UCTUPAHUE B TTOPOIIOK
¢ pasmepom uactul 20-50 mukpoH. ['maporepmanbsHas 006paboTka MPOBOAMIACHE B TEPMATLHOM
pactBope KOHB aBtokmaBe. IlapameTpbl 00paOOTKHM MEHSJIUCh B CIEAYIOIIMX HHTEpBAJIaX:
temneparypa — 100-300 °C, konnentpamus menoun — 1-3 N, Bpems — 2—100 gacos.

Wnentudukanuss  LEOJIUTOBBIX da3 MPOBOAMJIACHE  METOJaMU  XUMHUYECKOrO,
PEHTreH0(a30BOr0 aHAIU30B M ANEKTPOHHO-MUKPOCKOMMYECKHUMH HCCIeA0BaHUSIMUA. Da30BbIif
COCTaB HCCIIEAOBANICA C MOMOINBIO peHTreHoBckoro ananmsaropa 2D PHASER «Bruker» (CuK,,
20, 20-80°). DaeKTPOHHO-MUKPOCKOITUYECKAE CHUMKHU OBLIM MOJydeHbl Ha MHKpockore Hitachi-
3000.

B pesynbprare sKcrepuMEHTOB ObLJIO OOHAPY)KEHO, YTO MOPJACHHUT COXPAHSET CTaOMIBHOCTH
CTPYKTYphl M CHOCOOHOCTh K pereHepanuu B pactBopax KOH c¢ konmnentpamueit 1-3N B
temrneparypaom wuHTepBasie 100-300°C B Ttewenwme 100 dwacoB. [lpu H3MEHEHHWH YCIOBHIA
TUAPOTEPMAlIbHON 00paboTKH (BO3pacTaHUU BpPEMEHH, IMOBBIIICHUH KOHIEHTPALWU IIEI0YH U
TeMIIepaTypbl pacTBOpa) MPOMCXOTUT TpaHC(hOpMAIMs MOPIACHHUTA, MOCTEIIEHHO MpPEeBpallaromias
€ro B TUIPOCOJAINUT Yepe3 MPOMEKYTOUHbIE (ha3bl: MOPIECHUT — KUCMOHJIUH — (QHILIUICUT —
aHaNBIIIM — TUApocoJanuT. B mpomecce (a3oBBIX MpeBpalIeHUH BaXXHYI PpOJIb HIPAIOT
MUHEpanu3aTopbl. B mpucyrcTBUM MuUHEpanu3aTopa MPOUCXOIHUT IPEBpallEHUE MOPACHHUTA B
MUHEPAJIbl, KOTOPhIE 3HAYUTEIHLHO OTIMYAIOTCS OT CHHTE3MPOBAHHBIX 0€3 MHUHEepaan3aTopoB. B
npucyrctBuu KCl Obliia cuHTE3MpOBaHa Clieayomnasi Cepus IEOJUTOBBIX MUHEPAIOB: MOPJACHUT —
K-ananpiium — K-mabaszut — K-doxazur. @a3oBbie MpeBpalieHUs] MUHEPAIOB 3aKJIIOYACTCS B
[epEerpynInupoOBKe KPEMHEATIOMOKHCIOPOIHBIX TETPAdIPOB U H3MEHEHUH cooTHOoIeHus Si/Al.

WuTepBaibl CTaOMILHOCTH CUHTE3UPOBAHHBIX MHHEPAJIOB TPU TUIAPOTEPMATBHON 00paboTKe
B pactBopax KOH mpencTaBneHs! B Ta0JI.

HHTepBajibl cTaGMILHOCTH CHHTE3UPOBAHHBIX MHHEPAJIOB NPH FUIPOTEPMATIbLHON 00padoTKe
B pacrBopax KOH

IleonuTsr KOH, N T, °C Bpewms, gac
MopaeHur 1,0 100 10
Kucmonana 1,0-2,0 100 50
Dunnuncur 1,5-3,0 100 — 200 50 - 100
AHansumM 2,0-3,0 100 — 300 10-50
T'uapocomamur 1,0-3,0 200 — 300 50 - 100

PesynpTatr: myrem rujiporepmMaibHoi 00padboTku Mopaenuta HaxusiBana B pactBopax KOH
Obula TOJy4eHa CIEAYIOUas Cepus MUHEPAIOB: MOPIEHUT — KUCMOHIUH — (UUIMIICUT —
aHanbIUM — Tuapocoganut. [lpu tex xe ycnoBusx B mpucyrctBuu KCl Obuta cuHTe3npoBana
npyras cepusi MuHepanoB: MopaeHuT — K-ananpium — K-mabaszut — K-¢doxasut. B pactBopax
KOH B mmpokoM HHTepBajie BpEeMEHH, KOHIIEHTpPAI[MM TepMaJbHOTO PAacTBOpa M TEMIIeparype
00pa3yloTcsl He TOJBKO HHIUBUIYaJbHBIE MUHEpAIIbI, HO U HECKOJIBKO (ha3 aTFOMOCHIIMKATHBIX
MUHEPAJIOB OJHOBPEMEHHO.

B 3axiroueHWM OTMETHM, YTO CBOWMCTBA IIEOJMTA CETOIHS TOJHKO HAYMHAIOT aKTUBHO
M3y4aThCsl COBPEMEHHOM HAayKOM, MO3TOMY He OylIeT yIUBUTEIbHBIM TOT (hakT, 4ToO B OmmKaiiiem
Oynymem cdepa TpUMEHEHHUS JTaHHOTO MPUPOJHOTO MHHEpajia OyJeT 3HAYUTEIhHO pPacIIupeHa,
Omarosapst OTKPBITHIO €ro HOBBIX CBOMCTB W oOjacTeil NMpUMEHEHHs B JKU3HU COBPEMEHHOTO
YeJI0BeKa.
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NCCIEAOBAHUE NOI'JIOIEHUA )KUPOPACTBOPUMBIX

OPTAHNMYECKUX BEHIECTB INIOJIMITPOITMJIEHOBBIM BOJIOKHOM
N3 BOAHO-CIIUPTOBBIX CPE{

Maxkcumenko TaTtbsina AnapeeBHa, cTyneHT, HarmonansHbIi uccnenoBaTenbekuii ToMckuin
TOCY/IapCTBEHHBIN YHUBEpCUTET, XuMudeckuil pakymnprer, 634050, Poccus, . Tomck,
np. Jleranna, 36, E-mail: Maksimenko.taniushka@yandex.ru
Haymoga Jlrogmuiia bopucoBHa, kaHa. XuM. Hayk, JIoUeHT, HallmoHabHBIN HcciienoBaTenbckuii ToMCKuii
rOCy/IapCTBEHHBIN YHUBEpCUTET, XuMudeckuil pakynprer, 634050, Poccus, . Tomck,
np. Jlenuna, 36, E-mail: naumovalb@mail.ru
I'opaenko Hukoaaii [lerpoBud, 1-p TexH. HayK, npodeccop, ToMckuii rocy1apCTBEHHBINH apXHTEKTYPHO-
cTpouTenbHBIi yHUBepcuTeT, 634003, Poccus, r. Tomck, . Consnas, 2, E-mail:gorlen52@mail.ru
Capxucos IOpuii CepreeBuy, 1-p TexH. HayK, npodeccop, ToMcKuil rocyJapcTBEHHBIN apXUTEKTYPHO-
CTpouTeNbHbIH yHUBepcuTeT, 634003, Poccust, . Tomck, . Consinas, 2, E-mail: sarkisov@tsuab.ru

Hcnionp30BaHue EIIEBBIX M JOCTYITHBIX COPOSHTOB ISl OYMCTKH CTOKOB PA3JIMYHBIX IPOU3BOJCTB OT HEOPTaHUUECKHX,
OpraHUYeCcKnX, paJlMOAKTUBHBIX 3arps3HUTEINICH N HE(TETIPOAYKTOB SBISIETCS B HACTOSIIEE BPEMS BECbMa aKTyalbHBIM.
Llens pab®oTel 3aKimrovanack B UCCIEAOBAHMM BO3MOXHOCTH HCIOJIb30BaHuUs nonunponmierosoro (I1I1) Bonokna npu
OUYHCTKE TPOU3BOACTBEHHBIX CTOKOB OT XMPOPAaCTBOPUMBIX Kpacureneill. B paboTe n3ydeHsl copOIMOHHBIE CBOMCTBA
ruapodobHoro III1 BojOKHAa O OTHOIIEHHMIO K >KUPOPAcTBOPUMBIM Kpacurtessim Kpacubiii (cynaH) u CuHui,
CHHTE3MPOBAHHBIX /IS IeNieil OKpaIIMBaHUs XKUPOB, BOCKOB, KPEMOB JJIsI 00YBH, CHHPTOBBIX JIAKOB, OPraHWYECKOTO
CTEKJIa, BOJIOKOH M HHUTEH TeKcTwibHOro HaszHadeHus. Copbumio kpacureneit ¢ ygactuem III1 BomokHa m3ywanm B
CTaTUYECKHUX YCIOBHUSX NMPU MOCTOSHHOM IEPEeMEIINBAaHUM W3 BOJHO-CIUPTOBBIX CPEJ B 3aBUCHMOCTH OT BPEMEHH
KoHTakTa. KOHTponb 3a conepkaHHEM KpacuTeled B HCXOIHBIX M PABHOBECHBIX PACTBOPAX OCYILECTBISUIM
crekTpodoToMeTpudeckuM MeTonoM. CTeneHb W3BICUEHHS KpacUTeNed B MOJCIBHBIX PACTBOPAX PACCUUTHIBAIU II0
Pa3HOCTH KOHLEHTpalMi 10 W IOClIe IMPOBEACHUs Ipoliecca MOMIOMEHHs. BbUlo ycTaHOBIIEHO, 4TO 3a 5 4acoB
KOHTaKTa MOJMIPONMICHOBOE BOJIOKHO H3BJIEKAE€T M3 MOJENBHBIX PAacCTBOPOB JKUPOPACTBOpPHMBIE Kpacutenu Ha 80-
90 %. Iloka3zaHa MepCrEKTHBHOCTh HCIIOJIb30BAHUS IOJIMIPONUICHOBOIO BOJOKHA HE TOJIBKO JUIS OYHCTKH CTOKOB
pa3MYHBIX TPOW3BOJCTB OT >KUPOPACTBOPHMBIX KpacuTeiaeld, HO W BO3MOXHOCTb COpOEHTa OJHOBPEMEHHO
OKpAIIMBATLCS B 3THX YCIOBUSIX UCCIENYyEMbIMH KPACUTEIISIMU.

KaioueBble cjioBa: TIOJMIPONMICHOBOE BOJIOKHO, JKHPOPAacCTBOPHMBIE OpPraHMYECKHME KpacuTeNd, copouus,
OKpaIINBaHHUE.
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A STUDY OF LIPOSOLUBLE ORGANIC PIGMENT SORPTION BY
POLYPROPYLENE FIBER FROM AQUEOUS-ALCOHOLIC MEDIA
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Yuriy S. Sarkisov, D.Sc., Professor of the chemistry department, Tomsk State University of Architecture
and Building, 2, Soleynaya Sq., Tomsk, 634003, Russia, E-mail: sarkisov@tsuab.ru

The paper focuses on wastewater purification from inorganic, organic, radioactive pollutants and petroleum products
with the use of inexpensive and available sorbents. The aim of this work is to study the possibility of using
polypropylene fiber in wastewater purification from liposoluble organic pigments. The paper presents the study of
sorption properties of water repellent polypropylene fiber in relation to such liposoluble pigments as Solvent Red
(Sudan) and Solvent Blue synthesized for pigmenting fats, waxes, shoe creams, spirit varnishes, organic glass, textile
fibers and yarns. Pigment sorption with use of polypropylene fiber is studied in static conditions at constant stirring in
aqueous-alcoholic media depending on the contact time. The spectrophotometric method is used to control the pigment
content in the original and equilibrium solutions. The degree of pigment extraction from test solutions was calculated by
the difference between concentrations before and after the sorption process. The experiments show that polypropylene
fiber absorbs 80-90 % of liposoluble organic pigments from test solutions during 5 h of the contact time. The paper
describes not only the prospectiveuse of polypropylene fiber for waste water purification from liposoluble organic
pigments but also the ability of sorbent to concurrently be pigmented with pigments under study.

Key words: polypropylene fiber, liposoluble organic pigment, sorption, pigmenting

Hcnonb30BaHue JEMIEBBIX U JOCTYNHBIX COPOEHTOB JUIsI OYUCTKM CTOKOB PAa3JIMYHBIX
IPOU3BOJICTB OT HEOPraHUYECKUX, OPraHUYECKUX, pPATUOAKTUBHBIX  3arps3HUTENCH U
He(TEeNpOYKTOB SIBJISIETCSI B HACTOsSIIEE BpeMsl BeCbMa aKTyaslbHbIM. [l ATHX Iiesiell yCHelHO
HCTOJIb3YIOTCS PUPOIHBIE HEOIUTHI, Topd u 1p. [1].

I'uapodobroe monumnponmienoBoe (III1) BosOKHO sIBIsAETCS ACHIEBBIM MaTE€pHAIOM, T.K.
IIOJIyYEHO M3 OTXOJ0B IPOM3BOACTBA MOJUIPONMIEHA U UX IPOU3BOJHBIX, @ TAKKE U3 BTOPUYHOTO
ChIpbsl (IUIaCTUKOBbIE OYTBHUIKM, OaHKH, MAaKeThl, OJHOpPa3oBble IIpHIbl). OHM XOpOLIO
3apeKOMeHJ0BaIu ce0s Kak copOeHThl He(pTH, OEH3MHA, Macia, Ma3yTa, HOHOB METAJJIOB.
XKupopacTBoprMble KpacUTEIN UIMPOKO HCIOJB3YIOT AJIs LeNeld OKpallluBaHUs XKHPOB, BOCKOB,
KpEeMOB /1151 00yBH, CHMPTOBBIX JIAKOB, OPraHMYECKOI'O CTEKJIA, BOJIOKOH M HUTEH TEKCTHIBLHOIO
HazHaueHus [2-4]. IlomagaHue WX B CTOYHBIE BOJABI BBI3BIBAET CEPHE3HYIO HKOJOTHYECKYIO
npobsemy.

JlaHHast paboThl MOCBAIIEHA HCCIIEAOBAHUIO BO3MOXHOCTH Hcrnoib3oBaHus III1 BoiokHa B
LEeISIX OYMCTKU IPOU3BOACTBEHHBIX CTOKOB OT CHHTETUYECKUX MKUPOPACTBOPUMBIX KpacuTesen
Kpacubiii (cynan) u Cunuil. IlonmydeHHBIE CHHTETHUYECKHE >XUPOPACTBOPUMBIE KpacHUTENU MO
XUMHUYECKOMY CTPOEHHIO OTHOCATCA K Kiaccy a3zokpacuTened. X Moyekynabl He conepikar
TUJIpOGUIBHBIE TPYII U TO3TOMY HEPACTBOPUMBI B BOJIE.

CopOuuto kpacuteneit ¢ yuactuem [1I1 BosokoH u3yyanu u3 BoAHO-cUpTOBBIX cpen (1:1) B
CTaTMUYECKUX YCJIOBHSAX IPH MOCTOSHHOM IEPEMEIIMBAHUM B 3aBUCUMOCTH OT BPEMEHU KOHTaKTa.
KonTposnb 3a comepkaHueM KpacuTellel B MCXOJIHBIX U PaBHOBECHBIX PacTBOpPAxX OCYIIECTBIISIN
CHEKTPO(POTOMETPUUECKUM METO0M MpH JUIMHE BOJHBI A =500 HM A7 >KUPOPACTBOPUMOIO
Kpacnoro m A =580 um nmns Cunero coorBercTBeHHO. CTENEHb TOTJIONMIEHUS KpacuTeled u3
MOJIETIbHBIX PAacTBOPOB PAaCCUUTHIBAIM IO PA3HOCTH KOHLEHTPALMH A0 M IOCIE IPOBEACHUS
nporecca norjomenus. [lorpemmHocTs omnpenenenns kpacurtened coctaBuna 3—4 %. Hasecka
copbenta cocraBuia 0,050 r; o0sem pactBopa 20,0 mui; KOHIeHTpauusi Kpacutens — 10 mr/i.
DKcIepuMeHTaIbHBIE Pe3yabTaThI MIPEICTaBICHBI Ha pHC. 1, 2.
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Puc. 1. 3aBUCHMOCTD CTEIIEHU TIOTJIOMICHUA JKUPOPACTBOPHUMOI'O KpaCUTEIIA KpaCHOFO OT BpEMECHU COp6HI/II/I TIIT
BOJIOKHOM M3 BOJHO-CIIUPTOBBIX CPE/I

Kak BugHO M3 prcyHKOB 1, 2 3a 5 yacoB koHTakra [1I1 BOJOKHO H3BJICKAeT M3 MOJACIHHBIX
pacTBOPOB JKUPOpPACTBOpUMBbIE Kpacutenn Ha 76-88 %. Ilpu sTOoM Habmonaercs CTOHKOE
okpamuBanue 111 BonokHa 1iBeToM uccineayemMeix kpacureneid. Cieayer OTMETUTb, YTO B OTJIMYUE
ot kpacurens KpacHoro (cyaana) xkpacutenb CHHUH MMEET BBICOKMI NPOLIEHT COpPOLUM YyXe B
nepBblii yac koHTakra ¢ [III BosokHOM. DTO CBf3aHO, BEPOSTHO, C pa3jIMuYMEM B XMUMHUYECKOM
CTPOECHHUH HCCIIEYEMBIX KPAaCUTENEH.
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Puc. 2. 3aBHCUMOCTD CTENEHH MOTJIOIEHHS )KUpopacTBOpuMoro kpacurens Cunero ot Bpemenu copouuu I111 u3
BOJHO-CIIUPTOBBIX CpPEJ|

Mexanusm 3akpermienue kpacureins Ha III1 BomokHe mnoka He siceH. Bo3MOXHO, neTanbHOeE
uccnenoBanue ¢a3 pactBopa kpacutens u III1 BomokHa 10 M MoOcie MOTJIOMIEHUS MOMOXKET
pazo0paThCs B CIIOKHOM TIporiecce copOmu (aacopOIiun) KpacuTene MaTepruaioM BOJIOKHA.

BeiBog. HccnenoBana copOuuonHas aktuBHOCTh [II1  BONOKHA 1O OTHOWICHHIO K
xupopactBopuMbIiM KpacutensMm (Kpacubiii cynan u CuHuil) B BOJHO-CIHMPTOBBIX Cpelax.
[TokazaHa NEepPCHEKTHBHOCTb MCIIOJIB30BAHMS TOJIMIIPONIMIEHOBOIO BOJIOKHA HE TOJIBKO JUIs
OYHCTKU CTOKOB Pa3JMYHBIX MPOU3BOJICTB OT KHUPOPACTBOPUMBIX KpacHuTeJei, HO U BO3MOXHOCTh
I1IT BosIOKHA OJTHOBPEMEHHO OKPALIMBATHCS B 3TUX YCIOBUSAX UCCIETYEMBIMU KPACUTENSIMHU.
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VJIK 546.65:546.722
HOBbBIU ITIOAXO/I K IIEPEPABOTKE KEJIE3OCOJAEP/KALIUX
KOHIEHTPATOB PEAKO3EMEJIbBHBIX METAJIJIOB

Meabunuenko Eprennst UBaHoBHA, 1-p XUM. HAaYK, 3aBeAyromas CEeKTOpOM BEICOKOMOJIEKYJISIPHBIX
coeZIMHeHM, Beepoccuiicknii HHCTHTYT Hay4HOU U TexHuueckoi uHpopmarmu PAH, 125190, Poccus,
r. Mocksa, yi. Ycuesuua, 20, E-mail: melnichenko.ei@gmail.com

AXTyanpHOCTh paboThl CBsi3aHa C MPOOJIEMOH M3BJICUCHHS] TEXHOJIOTHYECKH Ba)KHBIX PEIKO3EMENIbHBIX METAIOB M3
PYA, OCJIOKHEHHBIX cOJlep)KaHHeM OOJBLIMX KOJMYECTB OKCHIOB kene3a. [lepepaboTka Takoro BHUIA CHIPbSl HE UMEET
CBOEr0 TEXHOJIOTHYeCKoro peuieHus. Llenbio uccienoBanus Obuia pa3padoTka crocoba NpeiBapUTEIbHOTO OTICICHUS
xene3a or P3M. IlpoBeneHO HU3KOTEMIIEpaTypHOE BOCCTAHOBJIEGHHE jKejle3a pa30aBICHHBIM OKCHIOM YIiepoja a0
JBYXBAJICHTHOTO COCTOSTHHSA, KOTOPOE 3a KOPOTKHH MPOMEXYTOK BpeMeHH (< 60 MuH) mpu Ttemmneparype Huxke 20 °C
yaansiercss u3 KoHieHrpara pasoasnennoit HCl. B pesysnbrare mpaktuuecku 100 % Fe? MEPEXOJIUT B PacTBOP U HE
skcrparupyetcs ¢ P3M (koahdunuent pasaenenus ~ 1000).

KuaroueBbie ciioBa: P3M, okcHpl jxene3a, BOCCTAHOBICHUE, Pa3/IeieHUE, COMITHAS KHCIOTA, TEXHOJIOTHSL.

NOVEL APPROACH TO PROCESSING OF RARE-EARTH
CONCENTRATES CONTAINING IRON

Evgenia I. Melnichenko, D.Sc., Head of section “High molecular compounds”, Doctor of Chemistry, All-
Russian Institute of Scientific and Technical Information of Russian Academy of Sciences (VINITI RAN),
20, Usievich Street, Moscow, 125190, Russia, E-mail: melnichenko.ei@gmail.com

The study relevance is determined by the problem of extraction technological important rare-earth metals from ores
with high amount of iron oxides. The processing of such kind of raw materials has not one’s engineering solution. The
goal of this study consists in finding method of pretreatment separation iron from REMs. Low temperature reduction of
iron with diluted carbon monoxide to its bivalent state allowed us to remove soft reduced iron from concentrate with
diluted HCI very fast (< 60 min) at temperature less 20 °C. As a result of almost 100 % Fe?* passed into solution and not
extracted with REMs (enrichment factor ~ 1000).

Key words: REMs, iron oxides, reduction, separation, hydrochloric acid, chemical technology.

Pynsr P3M, kak npaBuio, ene3ucTsie. IT0 OTHOCUTCS. K OCHOBHOMY CHIPHEBOMY MCTOUHUKY
P3M B Kurae (mecropoxaenne bosup-ObO, BuyTpenHss MouHronus), aBcTpaJuiCKUM
MOHAIIUTOBBIM  KoHUeHTparam  (Lynas), kpymHeimemy poccuiickoMy  UYyKTyKOHCKOMY
MecTtopoxkaeHuto (Kpacnosipckuii kpaii) 1 Ipyrum.
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B kuraiickoii pyne P3M naxozmstcs B ¢hopme OactHe3uTa (propkapOonara). ITo jerkas st
nepepaboTKU pyia, MOTOMY 4YTO B HEW HeT ¢ochopa, M KeIe3Has COCTABISAIOMIAs PYAbl JETKO
OTJENSIeTCAd C IMOMOIIBI0 BOCCTAHOBUTENLHOM IJIaBKU B BHJE UYyryHa. 3HAYUTEIBHO CIIOXKHEE
OOCTOUT JIeNI0 C pyAaMH, B KOTOPBIX PEIKO3EMENbHBbIE METAJIBl CPOLICHBI C JKEIEe300KCHIHOU
MaTtpuleid. Marterusanusi KOHIICHTPAaTOB M MarHuWTHas cemapanus B 3TOM CilIy4yae COBEPIICHHO
0ecroJie3Hbl, MOCKOJBbKY pa3[elieHUs] KOMIIOHEHTOB HE TMPOUCXOAMT. TakuM IyTeM HEyIadyHO
MIPOLIUIA MHOTHE UCCIIEA0BATEH.

C mpobGnemoii paznenenus sxkeneza u P3M cromkHynmuch uccienoBarend YyKTYKOHCKUX
MOHAITUTO-)KEJIE3UCTHIX Py (comepkanue okcupaa xkenesa ~ 50 %) [1]. U3-3a dochopa sToT THI
pya HE mojagaBaiicsi 00OTaIIeHUI0, TIOATOMY K HUM HeNb3sl ObUIO MPOCTO MPHUMEHSTh KUTANCKYIO
texHosoruto. HccnenoBarenu oOpaTHIMCh K HAee IMEpeBOJa KEJIEe3HOW COCTaBIAIONICH B
MarHuTHYI (pakuuio (MacHemum uiu MemauiudecKkoe icene3o) MyTeM CMEUIMBaHUS PYIbl C
yIJIEM U MOCIEAYIOIIEro HarpeBaHus MIMXThl B Napax Bojbl B TeueHue 1 4 no 550 (maecnemum) u
900-1200 °C  (memannuueckoe oicenezo). KouuneHTpaTr mnpuoOperaq MarHUTHBIE CBOMCTBA
JIOCTATOYHO JIETKO, HO pa3/IeJICHUs MArHUTHOW U HEMAarHUTHOM (hpakiMii HE MPOUCXOUIIO.

Hecmotpst Ha mpuMeHeHHe TOMUTPAAUEHTHON MarHUTHOM cemapaiuu, aBTopaM He YAaloch
OTAENUTHh Xkene30 oT P3M, KOTopble NpakTUYeCKW PAaBHOMEPHO OBLIM pACHpenesieHbl MEXIy
MarHUTHOM ¥  HEMarHUTHOW  ¢paknusmu. JleTanbHble  3JIEKTPOHHO-MHKPOCKOIMUYECKHE
UCCJICIOBaHKSI Ha CKAaHUPYIOIIUX AJIEKTPOHHBIX MUKPOCKOIAaX BO BTOPUYHBIX 3JeKTpoHax (S-5500)
U B OOpaTHO-OTPAKEHHBIX CO BCTPOCHHBIM SHEPrOAUCIIEPCHOHHBIM CIIEKTPOMETPOM IS
MUKpOpeHTreHocnekTpaabHoro anaimmuza (TM-3000) ¢upmer Hitachi u pentrenoda3oBblii aHaIN3
(JAPOH-3) nokazanyn UCKIIOUUTENBHYIO CPOIIEHHOCTE docdaTtoB P3M ¢ okcuaamu xenesa.

[Ipu noHmxeHun Temieparypsl BoccTaHoBiIeHUs xkene3a 10 400 °C pa3neneHre MarHuTHOU 1
HEMarHUTHOM (ppaKIMii yIydianoch B HECKOIbKO pa3. [1oaToMy [ist momydeHus MarHUTHOM MacChl
3 UyKTyKOHCKHX MOHAIIUTO-)KEIE3UCTHIX PYyA OBUIO TPUHATO pEIICHHE NPUMEHSATH Jpyrue
MpOLIeCChl (MEXaHOAKTUBAIMIO CTATbHBIMU IIAPAMU B IIEJIOYU U 3JCKTPOIH3 B LIEIOYHON cpesie ¢
MOJTyYEHUEM KeJie3a Ha KaToe), HO He MOBBIIIATh TeMiepaTypy Bhie 200 °C.

VY4uuThIBas MONBITKU JPYTUX SKCIEPUMEHTATOpOB pa3aenuTb P3M u xkene3o ¢ MOMOILBIO
MarHUTHOM cemapaiuy W aHaJOTHYHBIE pe3yJbTaThl COOCTBEHHBIX TIOMBITOK, OT Celapamnuu
MarHUTHOM M HEMarHUTHOHN (pakiuil pereHo ObLI0 0TKA3aThCs U MEPEKIIOYUTh CBOE BHUMAHUE Ha
XUMUIO KeJe3a ¢ TOU K€ IENbI0 — HAWTH CENIEKTUBHYIO «Opelib» B CPOIIEHHOCTH OCHOBHBIX P3
KOMIIOHEHTOB C JKEJIe30M.

BuumarenbHo Obula mpoaHaNM3UpOBaHa XMMHS OKCHAOB kene3a [2]. OrtueriuBo
MpOCJeKMBaIach pa3HUIa B Kiaccuueckod xumun Fe;03 FeO u FesO4. Ilockonmbky ans
BocctaHOBNeHHS F€;03; MOHOOKCHIOM yriiepoga TpeOYIOTCS JOCTaTOYHO HU3KHE TEMITEpaTyphl
(pacueTbl MO KOMIbBIOTepHOW mporpamme TERRA), a cam mporecc BOCCTAHOBICHHUS JIETKO
KOHTPOJIMPYETCs, ObUI OMPOOOBaH MMEHHO ITOT areHT BOCCTaHOBIEHUS. K TOMy e MOHOOKCH[
yriiepojia CYMTaeTcs Hanbosiee TEXHOJIOIMYHBIM BOCCTAHOBHUTEJIEM XKeJle3a.

Boccranosnenne npoxomio mpu 350-400 °C B TOHKOM ciioe pa30aBIeHHBIM B 5 pa3 a30TOM
yrapHelM ra3oM B TeueHue 15 wmuH. IlpoaykT mnpuoOperan 4YepHYI OKpacKy, CTaHOBHIICS
MarHUTHBIM U TUPO(OpHBIM. bBBUTO 3aMedyeHo, 4YTO pPACTBOpPEHHE 3Keje3a IMocie KOPOTKOM
HU3KOoTeMIiepatypHoi o0pabotkn CO crano NpoXoguTh OUY€Hb JIETKO, a NpU J00aBICHUU K
pactBopy H20; 11BeT pacTtBopa pe3ko MEHSJICS BCIAEICTBUE OKUCIECHUS Fe?*. Beicokasi XUMIYeCKasl
akTHBHOCTH Fe?* B oTHOWICHNN pazbasnennoit HCl nmeer cBoe oObsicuenue: FeO B Goublieit Mepe
ocHOBHOU okcu, yeM Fe,03 [3], mostomy mepssiii qaxke mpu 7 °C B HCI pactBopsiercs na 30 %, a
BTOpPOW ISl CBOETO pacTBOpPEHMs TpeOyeT MmoBbIIeHHbIX TeMnepatyp. [Ipu 70 °C non neiictBuem
HCI (1:3) 3a 15 mun Bcst Macca keneza U 10-12 % P3M u3 00pabOTaHHOTO BOCCTAHOBHTEIEM
KOHIIEHTpAaTa Mepexoiniia B pacTBOpP.

[Mormxenne TemmnepaTypsl mporecca 10 25-18 °C mano HeoXWHaHHBIA pe3ynbTar. JKene3o
MO-TIPEKHEMY IMOJHOCTBIO MEPEXONMIIO B pacTBOp, a pacTtBopeHue P3M pesko 3amemmuiochk (He
6onee 5 % B cymme). [IpenBaputenbHOE OYEHB MATKOE BOCCTAHOBJICHHE JKeJie3a J1aJI0 BO3MOXKHOCTh
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MTOJTHOCTBIO «Pa3opBaThy CPOLIEHHOCTH kelne3a ¢ P3M, 6maromapst 00pa3oBaHUIO HOBOW CTPYKTYPhI
(xkyOugeckas pemerka FEO BMecTo rekcaroHanbHoi Fe;03) B koTopoii ocharam P3M yxe He
Obl10 MecTa. JlampHEWIIMA Tpolece pacTBOpeHHs «ocBoOoxaeHHOro oT P3M» FeO mpoxomun
CTPEMHTENBHO, MPHYEM IPH TEMIIepaTypax HWXKE KOMHATHOW, Mpu KoTopeix ¢ocharer P3M
pactBopsInch He3HauuTenbHO. Kapruaa mporecca (HCI 1:3, Bpems 1 4, 22 °C) npencraBiicHa B
Tab1.

CpaBHUTEIBHDBIE JaHHBIE 110 PACTBOPEHHI0 KOMIIOHEHTOB KOHIEHTpaTa B pasdasaennoii HCI 1o u mocie
oopadorku CO (ycrnosus odunarossie)

. JHonst metamna B pactBope, %
O0BeKT 00pabOTKH KUCIOTON CeO, L2,0; P,0 Fe,0, ALO,
VcxonHbI KOHIIEHTPAT 3,5 5,0 4.7 0,3 1,3
KoHImeHTpat ¢ BOCCTaHOBIICHHBIM KEJIE30M 22,3 9,0 11,7 97,7 26,1

BumHo, 4YTO CKOpPOCTh pacTBOpPEHHUsS JKele3a IPH KOMHATHOW TeMIiepaType Iocie
BOCCTAaHOBJICHHs Bo3pacrtaeT Oojiee 4em B 300 pa3, Mpu 3TOM CKOPOCTh PACTBOPECHHUS APYTHX
2JIEMEHTOB TaK)Ke BO3pacraeT, HO B MeHbIee yncio pa3 (Al B 20, Ce B 6, a La B 2 pasa). XKeneso
MEPEXOAUT B pacTBOp moiaHocThIo (97,7-99,8 %) B Bume FeCl,, a ne FeClz, uto oyenps BaxkHO 1is
nocnenyromed  dkcTpakiuuu  P3M, MOCKONBKY JIBYXBaJ€HTHOE JKE€JI€30 B OTJIIMYHE OT
TPEXBAJICHTHOrO He 3KcTparupyercs (kodddunuent pasgenenuss ~ 1000). OTMbITHIA BOAO#M
HEPACTBOPHUMBIN OCTATOK JIOCTATOYHO MPOCTO BCKPHIBAJICS U3BECTHBIMH CIIOCOOAMMU.

BBIBOJIBI: ¢ TOMOIIIBIO TIPOCTOM MPOLIEAYPHI TIEPEBOJIA KeJle3a U3 TPEXBAICHTHOTO COCTOSIHUS
B JIBYXBJICHTHOE pelIeHa 3ajlaya OTIEICHHS CpolieHHoro ¢ P3M kene3a B MOHAIIMTOBBIX
KOHIICHTpAaTaX, He MOJIAIOIIUXCS 000TAICHHIO U3BECTHBIMU METOIAMH.
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AKTyambHOCTh Pa0OTHI OOYCIOBIEHa HEOOXOAWMOCTBIO YTHIM3AIMH OTXOAOB (JIMTHWHA) THAPOIU3HOTO U
ILEJUTIOI03HO-0yMa)kKHOTO TPOM3BOACTBA. Llenp paboThl 3aKi0Yanach B HCCIECAOBAHMH TEIUIOTBOPHOW CIOCOOHOCTH
JUTHUHA W (QWIBTPOB W3 HETO, MCHOJIb3YEMBIX B IpoOIieccax coOpOnnu HE(PTEIPOLYKTOB U (PEHOJIOB U3 CTOYHBIX BOI.
ITpn mccaenoBaHUM NPUMEHSUICS METOJ, CKUTaHMs o0Opaslia JIMTHUHA B KaJOPUMETpPHIECKOH OomOe ¢ perucrpanneit
TEIUIOpacCesHNs. PacdeT Temmom3mydeHusl CrOpaHusl JMTHUHA IPOBOJWICS IO 3aKOHY OXJaxaeHus HproToHa ¢
MOMPAaBKOW Ha TEIIOOOMEH, paccuuTaHHOW mo ¢opmyne Penbe-YcoBa. beiia mpoBeneHa cpaBHHUTEIbHAS
XapaKTepUCTHKa TEIUIOTBOPHOW crmocoOHocTH ['JI, a Tarkke JUTHUHHBIX (HIBTPOB COAEPKALIMX HEPTEHPOIYKTHI M
(eHON C TEIUIOTBOPHOM CIIOCOOHOCTBIO JPYTMX BHJIOB TBEPIOrO TOIUIMBA. YCTaHOBIEHA LEIeCO00pa3HOCTh
YTUIN3AlMU JUTHUHHBIX (UIIBTPOB B Ka4eCTBE KaJOpUHHOTO ToruuBa. CopOMpOBaHHBIE Ha JIMTHUHE HE(PTEIPOILYKTHI
U (EeHON TOBBIMIAIOT KAJIOPUHHOCTh JIMITHWHA, 3HAUYCHHWE KOTOPOM NPHONMKAETCS K 3HAUYSHHSM TEIUIOTBOPHOU
CHOCOOHOCTH TOPIOYMX CJIAHLIEB M KAMEHHBIX YTJIeH.

KnioueBble c10Ba: TEIIIOTBOPHAS CIOCOOHOCTb, JIUTHUH, YTHIN3aLNs, TOIUTUBO.

ON THE UTILIZATION OF OIL CONTAINING LIGNIN

Lyudmila V. Minaevskaya, Ph.D., Associate Professor of General, inorganic chemistry, organoelement and
Far Eastern Federal University, school of natural sciences, 8, Sukhanova Street, Vladivostok, 690950,
Russia, E-mail: minaevskaylv@mail.ru
Nina A. Shchegolihina, Ph.D., Associate Professor of General, inorganic chemistry, organoelement and and
Far Eastern Federal University, school of natural sciences, 8, Sukhanova Street, Vladivostok, 690950,
Russia, E-mail: shegolihinana@mail.ru

The relevance of the work is driven by the need to dispose of waste (lignin) hydrolytic and pulp and paper production.
The aim of this work was to study the calorific value of lignin and the filters used in the processes of sorption of oil and
phenol from wastewater. In the study of combustion method used a sample of lignin in the calorimetric bomb with
registration teplorasseanid. Calculation of the thermal radiation of combustion lignin was carried out according to the
law, Newton's cooling for heat transfer, calculated according to the formula of Rainier-Usova. Was carried out
comparative characteristics of calorific value of CH and ligninnyh filters containing oil and phenol with a calorific
value of other types of solid fuel. Appropriate disposal of ligninnyh filters as a caloric fuel. Adsorbed on the lignin
during peat formation process oil and phenol increase the caloric content of the lignin, which is close to the values of
the calorific value of oil shale and coal.

Key words: lignin, the calorific value of the waste, fuel.

OpHMM W3 HampaBJICHUH YTWIM3alUM JIMTHMHA KaK OTXOAAa THAPOJU3HOTO MPOM3BOACTBA
SBJIAETCS UCIIOJIB30BaHUE €r0 B KauecTBE TBEpAOro Torumaa [1]. OnpeneneH 31€MEHTHBIN COCTaB
runpomsaoro murauHa (LJI): 61 % (C); 4,8 %(H); 34,2 % (O), KOTOpEIil 0IM30K K AIEMEHTHOMY
coctaBy Topda. B panee mpoBeneHHOI paboTe ycTaHOBJIEHA BBICOKAsi COPOLMOHHAS CIIOCOOHOCTb
I''l x d¢enomam u HedTempoaykTamM B TPOIECCE OUYMCTKH CTOYHBIX He(ThcOmepKamux u
(deHonbHBIX BOA [2].

Lenbto naHHOW pabOTHI SABISUIOCH UCCIIEOBaHUE yTUiIM3anuu (enoscoaepxamux (JI+®) u
HepThcomepkaux (JI+H) nurHuHHBIX QUIBTPOB B KayecTBE TOIUIMBA. |EIUIOTBOpHas
CHocoOHOCTh UcxoaAHOro (unctoro) ['JI, a Takke TUTHUHHBIX (PUIBTPOB MOCIE UCTIOIB30BaHUS UX B
COOTBETCTBYIOLIMX COPOIIMOHHBIX TIpolieccax Obla OIpeaesieHa METOJAOM CXKHraHus B
KaJIOpUMETpHUECKoil 6oMOe OpHKeTa JIMTHUHA Maccoi | T ¢ perucTpammeil TeriopacCcessHus Yepes
kaxasle 30 ¢ u ¢ tou”octeio 10 0,001 rpagyc. IlpomomkuTenbHOCTE M3MEPEHMS COCTaBIIsLIA
15 mun ¢ yuyetoM 31-ro orcyera temmeparypbsl. [Ipu BbluncIeHMH pe3yibTaTOB ObUIM BBEAECHBI
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MOMPaBKU: Ha MOKa3aHUS TEPMOJATYMKa, Ha TEIJIOOOMEH C OKpY’Kalolled Cpenoll M TemioTy
TOpPEHHS KpEMEeXHOro 3axuma. Pacdersl TerutomsnmydeHus: cropanusi (AH, kJ[k/kr) nurHuHa

IIPOBOAXIIN 110 3aKOHY OXJIAXKICHUSA Hrrotona:

K- (Tx — Ty +4T) + AH*-m*
it = =T +4m |

rae: AH — sHTanbenus cropanus jqurauna, kJHx/kr; K — mocrosHuas kainopumerpa, kJk/rpan.; AH"
— DHTANBNHS CTOpaHus 3amana, KJK/Kr; M — Macca 3ananbHON MPOBOJIOUKH, KI; M — macca
OpuKeTa CropeBllero JUTHHUHA, Kr; To — HaudanbHas TeMIiieparypa IJIaBHOro mnepuona; Tk —
KOHEYHAasi TemrepaTrypa IaBHoro mnepuoja; AT — mompaBka Ha TEIJIOOOMEH C OKpYy)Karolen
cpenoii, koTopas Obuia paccuutana no ¢opmyne LllykopeBa ¢ yrounenuem mno ¢dopmyne Penbe-
VYcoaa:

15
AT=n-VO+,IYL<_¥z (2 ZTK+2T—H.T§ ,
K 0 T
rae: N — YHUCI0 OTCYETOB TEMIEpaTyp 3a TIIaBHBIN mepuol; Vo — CpeqHsisi CKOPOCTh MU3MEHEHHUS
TeMIeparypsl 3a oAuH 30-TH CEKyH/IHbII MHTEpBaJl HauyaJIbHOIO Nepruona; Vk — CpeaHssl CKOPOCTb
M3MEHEHNUS TeMIIePaTyphl 33 OH 30-TH CeKYHIHBI HHTEpBAI KOHSYHOrO Meproa; T k — CPETHSS
TeMIIepaTypa KaJOpHUMETpa 3a KOHEUHBIH MepHON; T o — CPeIHss TEMIepaTypa KaJophMeTpa 3a
HaYaJbHBIN IEPHO/I.

Tak kak TMHaMUYECKHe COPOLIMOHHBIE MPOLIECCH] HA TUTHUHHBIX (GUIbTPaX MPOBOJMINCH U3
BOJHOM Cpeibl, TO Mepel CKUraHueM (GUIbTPHI MOJICYIIMBATINCH B CTAaHAAPTHHIX ycinoBuax (298 K,
101,3 kIla) B Teuenne 10 yacoB 10 MOCTOSTHHOM Macchl W TPUBEICHHE B BO3AYIIHO-CYXO€
COCTOSIHHE, a 3aTeM OPUKETHPOBAIUCH U CoKUTAINCh. COpOLIMOHHAs] EMKOCTh JIUTHUHA B (PUIIBTpax,
KoTopas Oblia onpezaeneHa panee [2], coctapisiia: Mo HePTEMpoIyKTaM — 51:10° mr/kr; o benomy

— 640 Mr/kr.

TennorBopHas cnocooHocTh (—AH, k/[/Kr) TMrHUHA U HEKOTOPBIX BH/I0B TBEPA0ro TOIIUBA

Bun 1 JI+H J+® Topd byperid Kavenr1ii CnaHipsl AHTpauur
TOILINBA yroJb yroJb

—AH, 26700 33100 32000 23200 27400 34300 30300 34300
kJ[K/xr

CpaBHUTENbHAs XapaKTEPUCTUKA TEIJIOTBOPHOM crocobHoctu I'JI, a Takke JIMTHUHHBIX
(GbunbTpoB comepkammux HeGTEMPOAYKTH U (DEHO C TEMIOTBOPHOM CIOCOOHOCTHIO IPYTHUX BHUIOB
TBepJIOro TomumMBa [3] mMmoka3aja LenecooO0pa3HOCTh YTUIM3UPOBATh JUTHUHHBIE (UIBTPHI B
KauecTBe KajopuitHoro toruinBa. CopOupoBaHHbIE Ha JIMTHUHE HEPTENPONYKTHI U  (EHOI
MOBBIIAIOT  KaJOPUHHOCTh JIMTHWHA, 3HAauY€HUE KOTOpOW MNpUONMXKaeTcs K 3HAYCHHUSIM
TEIJIOTBOPHOI CIOCOOHOCTH TOPIOYMX CJIAHLIEB U KAMEHHBIX YIJIEH.
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HCCIEeI0BaTh 3TOT 3D (MEKT B PeakusaX MpeBpalIeHui dTaHo a Ha KuciaotHoM Hocutese Y-Al,Os; ¢ nonamu Cu(+2) us
Au(+3).
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KaTaJIM3aToOPOB B Mapo(a3HbIX NPEBPAILCHMAX 3TaHOA.
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[TonyyeHnue 1EHHBIX MPOAYKTOB W3 JTAHOJA SBISETCA TMEPCHEKTHBHBIM HAlpaBICHUEM
KaTaJUTHUYEeCKOH XHMMHUHM B CBA3M C  YJACHIEBICHHEM MPOU3BOJICTBA OHMOATaHONA Kak
BO300HOBJISIEMOTO U JKOJIOTHYECKH YHCTOTO HMCTOYHMKA OPraHUYecKOro Chipbsi. Hampapienwue
MpEeBpaleHH CHOUpTa 3aBUCHUT OT MPUPOABl MOBEPXHOCTHM M BHECEHHBIX J00aBOK. OKcun
QTIOMUHHUSL SIBIIICTCA TPATUIIMOHHBIM KaTalW3aTOPOM KUCIOTHOTO THMA, HA KOTOPOM MPOTEKAET
Jeruaparanus Coupra ¢ BbICOKMM BbeixogoMm ostwieHa Co,HsOH — CoHs +HO (1),
MpeACTaBIsIoOmas KoMMepueckuii uHtepec [1]. B peakuum mexMONEKyIsIpHOM Jeruaparaiuu

2CoHsOH = C,Hs0C;Hs + HyO obpasyercs audTunoBeiii d¢up (2). LleHTphl peakuuun
OKHUCIJIUTEITbHO-BOCTAHOBUTEIBHOTO THIA (MOHBI TIEPEMEHHON BaJCHTHOCTH) KAaTaJIH3UPYIOT
JeTuapupoBaHue cnupra — obpazoBanue aneranpaeruga C;HsOH — C,H,O +H; (3). HaubGonee
AaKTUBHBI B pPEaKIMaX anupaTUYeCKHX CIUPTOB MeEIbCOJEpKallie KaTanu3atopbl. Panee Obuio
n3ydeHo BimsHHe IeMeHTOB AQ,CU,AU, HaHCCEHHBIX HA OKCHJI IUPKOHHUS W OKCHJI THTaHA
(aHaTa3z) B JeruapupoBaHHUM/Ierujpatanuu OyTaHoida W dTaHona [2,3]. YcCTaHOBJEHO, 4TO
BBOJMMas J00aBKa, a TaKKe IUIA3MOXHMMHUYECKHE 00pa0OTKM HAHECEHHOTO KaTajan3aTopa BIUSIOT
Ha CEeNIEKTUBHOCTH MPEBpaIlleHUi ITaHOa B MapoBoi (ase.

OOpasnpl ¢ MEIbI0 M 30JIOTOM IOJYYad METOJIOM IPOIMUTKA WX COJIIMA OKCHIHOTO
Hocurtens Y-Al,O3 ¢ ynenpHO#M moBepxHOCTHIO 200 M2/T ¢ MOCIEAYIOIEH CYIIKOM U MPOKaIMBaHUEM
npu 450 °C B Tteuenne 1 uaca. Komnentpanus pacrBopoB CuCl, u AICl3 coorBercrBoBana
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MOJIYYEHUIO OJMHAKOBOIO AaTOMHOTO COAEpXaHUS BBOJMMBIX JJIEMEHTOB [UISI MOHO- H
OMKOMITOHEHTHBIX CHUCTEM ¢ aTOMHbIM cooTHomeHneM 3:1 wm 1:3 mms Cu:Au. Hocurtens
MIO/IBEprajicsi TeM e MpOoleaypaM MPOMUTKU BOAOH, CYIIKU U MPOKATUBAHHUS.

AKTHBHOCTh KaTaJIM3aTOPOB TECTHPOBAIM B TPOTOYHOM YCTaHOBKE C XpoMaTtorpaduu-
YeCKUM aHaJM30M IMPOIYKTOB MPEBpAllCHMs] 3TaHOJa B CMECH IapoB CHOUPTAa C TeIUeM IpH
nossleHnd temmeparypsl ot 100 1o 400 °C B MukpopeakTope, B KOTopoM obpaser; maccoii 0,03 r
ObLT MOMEIIIEH Ha CTEKJIIHHBIN (PUIIBTP, YTO UCKITI0YaNo MU (y3uOHHBIE OrpaHUYEHUS.

XapaKTepUCTUKN KaTaJUTHYECKOW aKTMBHOCTH TpEACTaBieHBl Ha puc.l, 2 m B Tabn. U3
pHC. 2 BUIHO, YTO Ha OKCHUJE ATIOMUHUS MPOTEKAET TOJIbKO JEruapaTainus CoupTa U TeMieparypa
paBHOIi cenekTuBHOCTH 110 oeduny u 3¢upy (50 %) cocrasnser 270 °C, Torna Kak y HaHECEHHBIX
KaTaJIn3aTOPOB C MOHMKEHHOHN KucIoTHOM GyHKIner oHa Ha 100 °C Beime. Okcu amrOMUHES OBLIT
caMbIM aKTUBHBIM B oOpa3zoBanuu ojeduHa. [locie HaHeceHUs MeAW W 30JI0Ta HAa TOBEPXHOCTH
Al,O3 MOSBISAIOTCS LEHTPHI, CIHOCOOHBIE K BOCCTAHOBJICHHIO-PEOKUCICHHIO (JIMMHTHPYOLIAs
CTaaus ETHIPUPOBAHUS CIIUPTA) U U3 BCEX KATAIU3aTOPOB HAUOOJbINAs aKTHBHOCThH MO BBIXOIY
ampieruga y obpasua 3Cu-1Au/Al,O; (puc. 2, B). M3 rucrorpamMmbl BHAHO, YTO J00aBKa
«HEAKTHBHOTOY» 30JI0Ta K MEIU YBEIIMYUBACT BBIXOJ| ajbJCTHIA, KaKk U JoOaBKa Oojiee aKTUBHOU
MeAu K 30J0Ty, T.e. B OHHApHBIX CHCTEMax B pEAKIUH JETHAPUPOBAHUS HAOIIOIAeTCs
cuneprerudeckuii apdexr. OnHako, Ha BBIXO] STUICHA BTOPOH KommoHeHT He Bimsiet (3Cu—1Au)
Wi HeMHoro ero camkaet (1Cu—3Au).

4 Al M 4 3CU-1A N\ e 1CU-3A N\
2 u-1Au u-oAU
S, S, S
% %
A
\“AM»A«AQI&@“‘-"‘A‘A}“
A
T, °C T, °C
N\ J g . J
a 6

Puc. 1. TemneparypHble 3aBUCHMOCTH CEJIEKTHBHOCTH 110 osieuny (0), audtuiioBomy 3¢upy (1) u aneranpaeruay
(A) na mocurene y-Al,03 (a) 1 GMKOMIIOHEHTHBIX KaTanu3aTopax (6, B)

4 ) 4 N 3(])np\ 4 N A.m,z(erm?
-1
— b3.
=3
-
°C
! o
N Y N\ 1,°C J Y
a 0 8

Puic. 2. TemnepaTypHbIe 3aBUCHMOCTH BBIX0/a IPoxykTos (N, MKMOIb-T -4 ') peakuuii Aeruaparamu (a, 6) u ero
CpaBHEHUE ISl pEaKLUK AETHPUPOBAHKS IIPU BYX TeMIlepaTypax peakuuu (B):
1-Al,0O; 2—-Cu, 3—-Au, 4 - 3Cu-1Au, 5 - 1Cu-3Au
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OnbITHBIEC JHEPIHU AKTUBANMHU 00pa3oBaHus NpoayKToB (k/Ix/Moab) u3 C,H;OH

00pas3Ibl KaTaIn3aTopOB
MPOIYKT 1 2 3 4 5
Al,O4 Cu Au 3Cu-1Au 1Cu-3Au
a¢up 121 141 116 151 88
onehuH 107 82 75 91 90
allbIET U HET 61 123 125 48

BaxxHbIM pe3ynbTaToM SIBJISIETCS MHOTOKPATHOE YBEIMYEHHE CKOPOCTH oOpaszoBaHus 3dupa
Ha karammzarope 1Cu-3Au/Al,O3 (puc. 2,6), mnpeBocxoasmem 1o aktuBHoctd AlyOs.
3aBHCHMOCTH BBIXOJ1a d(Upa MPOXOAAT yepe3 MakCUMyM Tmipu Temrmeparypax 250-320 °C, Bbiie
KOTOPBIX HAYMHAETCS peakius oOpa3oBaHMs OSTHiIeHA. Y akTHBHBIX oOpasioB Al,O3 u 1Cu-—
3AU/Al,O3 onoxenne makcumyma Ha 50—70° Huke 1o cpasuenuto ¢ Au, Cu u 3Cu-3Au.

ApPpEHHYCCOBCKHE 3aBHCHMOCTH JUUISl COOTBETCTBYIOIIEH 00JacTH TeMmmepaTyp ¢ HU3KOU
KOHBEPCHCH IMO3BOJIMIIA PACCYMTATH ONBITHBIC SHEPTUN aKTUBAIMU 00pa3zoBaHus mpoaykToB Ea. M3
Tabnuubl BUgHO, uTo y cucteMbl 1Cu-3AU camas Hu3kas Ea oOpasoBanus sdupa, 4to H
ompesenseT e¢ CaMyl BBICOKYID aKTHBHOCTh B PEAKIIMH MEXMOJEKYISIPHOW JeTUIpaTaIluU
aTaHoja. B ciaydae stuieHa takoro addexra HET, HO MOKHO OTMETUTh, 4T0 y 06pasioB Cu/Al,Oz u
AU/Al,O3 3Hauenus E, anxe Ha 25-30 % otHocuTtensHo Al,Os.

B peakuumu oOpa3zoBaHus anpleruia Ha Meb-COJACPKAIIMX KaTajau3aropax TaKkKe
HAOJIIOJIaeTCS YMCHBIIICHWE OSHEPruM aKTHBAIlMM Ha Karajgu3aTtope 4 10 CpPaBHCHHIO C
KaTaJIu3aTopoM 2, cJeloBaTelbHO, Ha OWMHApHBIX IHeHTpaXx CU—AU MPOYHOCTH CBS3H MOJICKYII
aJICOPOMPOBAHHOTO CIUPTA IOBBIINICHA, YTO W ONpPENEISIeT MX OoJiee BBICOKYIO aKTHBHOCTH B
JICTHAPUPOBAHUH 3TAHONA. DTO BO3MOXHO CBS3aHO C HAIMYHEM BOCCTAHOBICHHOH (popmbr AU,
oOHapyKCHHOW B UCXOIHBIX (70 KaTanm3a) o0pasiax ¢ 30J0TOM MeTogoM POA.

Takum 00pa3oM, B peakuusx MOJYYCHHUs allbJCTHAa W JUITUIOBOTO d(upa U3 ITaHOJIA HA
KarajnM3aropax ¢ MeIbI0 W 30JI0TOM, HaHeceHHbIX Ha Yy-Al,O3, mMeeT MecTo KOOomepaTHBHBIN
a¢dekT, CBA3aHHBIN C MOHIKEeHHeM Ea peakiinu B IpUCYTCTBUM BTOPOTO KOMIIOHEHTA.

Cnucok JIuTepaTypsbl
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3. o Txtou Maii, Muxaneunko W.U., [Teumauna A.U. Tlapodasusie npeBpaiienus taHona va Ag, Cu, Au/TiO, //
Kypuan pmsmueckoit xumuu. 2014. T. 88. Ne 10. C. 1475-1481.

References
1. Denise Fan, Der-Jong Dai and Ho-Shing Wu. Ethylene Formation by Catalytic Dehydration of Ethanol with
Industrial Considerations // Materials. 2013. Vol. 6. P.101-115.
2. Pylinina A.l., Mikhalenko I.1. Activation of Cu—,Ag—, Au/ZrO, catalysts for dehydrogenation of alcohols by low
temperature oxygen and hydrogen plasma // Theoretical and Experimental Chemistry. 2010. Vol.49, No 1. P. 65-69.
3. Mai Do Tkhyui, Mikhalenko I.1., Pylinina A.l. Hydrothermal ethanol conversion on Ag, Cu, Au/TiO, // Russian
Journal of Physical Chemistry A. 2014. Vol. 88, No 10. P.1637-1642.

102



Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

V]IK 544.478.1
AHAJIN3 COCTABA NOBEPXHOCTH Pt/Ti IJEKTPOKATAJIU3ATOPOB
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AXTyaJIbHOCTh TE€MBI CBsI3aHa ¢ pa3paboTKoii criocoba YMEHBIIEHHUS COJIEp)KaHHUs B BOJHOW Cpelle XJIOpOpraHMYeCKnuX
BelecTs (MOHO, IU-, TPUXJIOP(EHONIOB), KOTOpPBIE OTHOCATCA K Hauboyee pacHpOCTPAaHEHHBIM M AKOJIOTHYECKH
OTACHBIM 3arpsi3HUTENSAM H3-32 BBHICOKOW TOKCHYHOCTH W KAHIEPOTCHHOCTH. XJIOP()EHOIB UMEIOT HU3KOE 3HAUCHUE
IAK (mo 0,1 MKr/m B BoAE), 9TO 3aTPYOHSIET UX KOJIMIECTBEHHOE ONpECIICHIE, OHU OYCHb YCTOWYHMBHI K PAa3JIOKEHHIO,
MTO3TOMY TTOHUCKY 3()(HEKTUBHBIX METOIOB JErpajaluil XJIOP(HEHOIOB, B TOM YHCIE M ITyTEM 3JICKTPOKATATUTHICCKOTO
OKHUCIICHHS, yaeseTcs 0opioe BHIMaHue [ 1].

KiroueBbie cioBa: XI10p(heHO, HIEKTPOKATATUTHISCKOE OKHACICHHUE, 3apIOBBIE COCTOSHIS IUTATHHBI Ha TOBEPXHOCTH
PU/Ti-amekTpoKaTain3aTopos.

THE XPS ANALYSIS OF Pt ELECTROCATALYSTS SURFACE
COMPOSITION
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Russian Peoples™ Friendship University, Faculty of Physico-Mathematical and Natural Sciences, 6, Mikluho-
Maklay Street, Moscow, 117198, Russia
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Russian Peoples™ Friendship University, Faculty of Physico-Mathematical and Natural Sciences, 6,
Mikluho-Maklay Street, Moscow, 117198, Russia
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Russian Peoples’ Friendship University, Faculty of Physical-mathematical and Natural Science, 6, Mikluho-
Maklay Street, Moscow, 117198, Russia, E-mail: imikhalenko@mail.ru

Key words: chlorphenol, electrocatalytic oxidation, platinum charges on the surface of Pt/Ti-electrocatalysts

CocTaB MOBEPXHOCTH I'€TEPOr€HHBIX KaTaJUu3aTOPOB /0 U MOCJE BO3AECUCTBUS PEAKIIMOHHOMN
Cpeabl CYIIECTBEHHO oTiHyaercs. Tak, MpH 3JIeKTPOKATAIUTHYECKOTr0 OKUCIIEHUS XJI0P(EHOIOB B
MPUCYTCTBUM CEPHOI KHCIOTHI MOXKHO 0KHJIaTh 00pa3oBaHUE OBEPXHOCTHBIX CEPOCOJAEPKAIINX U
XJIOPCOAEPKAILUX COCIUHEHUN C METallIOM, YTO CHIXKAET JOJI0 aKTHBHBIX LIEHTPOB KaTalu3a.
DNeMEeHTHBIN COCTaB U 3apsiIOBbIE COCTOSIHUSI aTOMOB MTOBEPXHOCTHOTO CJIOS 3aBUCAT OT METOAUKHI
NPUTOTOBJICHHS M YCJIOBHUIl mpoBeaeHus: onbiToB [2]. Beumm npuroroBnensl Pt-comepxamme Ti-
NEKTPOABl M OXapaKTepU30BaHbl MX JJIEKTPOXUMHUYECKHE CBOMCTBA METOJOM IUKINYECKON
BOJIbTAMIIEPOMETPHH. DJIEKTPOOCAKIACHUE TuaTuHel Ha Ti-gomery (99,9 %) npoBoamnu w3
pactBopa K3[Pt(NO3),] oanHaKoBOH KOHIIEHTpAIMKA C Pa3IHYHON JIUTEIBHOCTHIO 1,5, 2 u 4 u.
KonnyectBo mnatunsl cocraBuio 10, 15, 38 Bec. % oT TuTaHa (AaHHBIE PEHTIEHO(IIOOPECIICHTHON
cnekTpockonun). IlpeacraBnsyioch BaKHBIM ONPEAETUTh BIUSHUE cofepaHus Pt Ha sieMeHTHBIN
COCTaB TOBEPXHOCTH M 3apsA0BOE COCTOsSHHE IUIaTuHbl B Pt/Ti-anekrpokartanmsaropax Imocie
OKHCJIEHHUS XJIOP(EHOJIOB B BOJHOM Cpefie B MPUCYTCTBUU CEPHOI KUCIOTHI mipH 25 °C.

Ilenp paboTbl — METOJOM  pEHTTeHO(OTOdEKpOoHHOH  cnekTpockonuu  (PDIC)
IIPOAaHAIM3UPOBATh COCTAB IOBEPXHOCTHOTIO CJIOS M ONPEAEIUTh COOTHOIIEHUE Pa3HBIX 3aps10BBIX
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dopm turatuHbl B oOpasiax Pt/Ti-amekrpokarann3atopoB ¢ pa3HbBIM OOBEMHBIM COOTHOIICHHEM
Pt/Ti.

VY o6pasma ¢ 38 % Pt aroMHOe copepikaHue TUIATHHBI Ha IIOBEPXHOCTH ObLIO HAUMEHBIIIUM, a
P®D-cniekTp maTuHbl LIYyMHBIM, YTO BHJIHO U3 pe3yiabTaToB Tabi.1l. [loBepxHOCTHOE conepxaHue
TUTAaHa HE YMEHBINAIOCh, a YBEIUYHMBAJIOCH C POCTOM KOJUYECTBA HAHECCHHOH IUIATHHBI.
HauGonbIras KOHIIEHTpallKs TJIATUHEI B IIOBEPXHOCTHOM CJIOE€ KaTalu3aTropa Oblia y oOpasmna 2 u
coctaBmia 2,5 at. %. Y 3Toro xe oOpasiia Mbl BUIUM CaMO€ BBICOKOE COJCPIKaHUE CEPhI, XJIopa U
KHCJIOpPOAa Ha TOBEPXHOCTH, YTO MOXET CBHIETENbCTBOBATh O CTAaOWIM3AaLMU IUIATHHBI Ha
IMOBEPXHOCTH B BHJI€ OKCUIHOM 1 cyabduanoi hopm (PtO, PtO,, PtS).

Tao6auma 1
KoHueHTpauuu 3J1eMEHTOB Ha MIOBEPXHOCTH, PACCUMTAHHBIE 10 0030PHOMY CHEKTPY
Ne O6pasen 0] C N Cl S Si Na Pt Ti
1 Pt 10 % 13,8 79,4 3,2 0,2 15 0,8 - 11 -
2 Pt 15 % 27,6 56,9 7,7 1,6 3,1 0,2 0,2 2,5 0,2
3 Pt 38 % 18,2 75,2 3,7 0,4 0,9 1,0 0,1 <0,1 0,4

Ha puc. 1 mokazan crektp aymiera Pt4f, u3 koroporo pasnoxkeHneM Ha KOMIOHEHTBI IS
BO3MOXHBIX CTereHeil okuciuenus Pt Pt™ u merammueckoii mnatuusr Pt° ONPEACISUINCH 10U
aTOMOB IUTIaTUHBI ([3) B 9TUX 3apsAIOBBIX COCTOSHUAX. 3HAUCHUS SHEPTUH CBSI3U M 3HAUCHUS [3 Ui
TPEX UCCIICIOBAaHHBIX 00PA3IIOB IPUBEICHBI B TA0J.2.

8000 |

ol 10 %Pt

6000

16000

15 %Pt
12000
5000 |

4000 [ 8000 -

WNHTEeHCMBHOCTL, mn/c
NHTEeHCMBHOCTbL, UMmn/c

3000 |
4000 |-
2000 |

84 80 76 72 68 84 80 76 72 68

OHeprus cBsian, 3B OHeprus cBsisu, 3B

Puc.1. PO3-cnektp Pt4f-anexTpoHoB 06pa3ios snekTpokaTanu3atoposl u 2

Tab6auma 2
Jonmn aTOMOB IJIATHHBI Pa3Hoii cTeneHu okucienus (f %)

obpazerr | — Pt 10 % obpazer; 2 — Pt 15 % obpazen; 3 — Pt 38 %

Creneits Ecpso0. 9B . Ecpson. 2B . Ecyu. 9B .
ORHCICHIT Ptaf,, | Ptdfy, | P70 | Ptafy, | Ptafy, | P70 | Ptdfy, | Ptafy, | P
P’ 71.1 74.4 51 71.0 74.3 10 71.0 74.3 43
Pt 72.7 76.1 41 73.1 76.4 70 73.4 76.8 42
Pt 74.6 77.9 8 74.6 77.9 20 74.4 77.7 15

W3 tabnuuel cnenyer, 4yTo y oOpasia ¢ HaMMEHbIIMM COAEP KaHUEM IUIaTHHBI IIpeodiIaiaeT
BOCCTAHOBJICHHAsl JI0 MeTajuia (opma Pt® u Guuskas eif 1o KOJIMYECTBY MOJYyOKHUCIIEHHas dopma
Pt™2. Jlons mnaTUHBL B cTeneHu okucieHus +4 cocrapisier MeHee 10 %. AHaIOTUYHBIN pe3ynbTaT
[0 COOTHOLICHUSIM MBI BUIUM M Yy oOpasua 3. [lonu Pt® i Pt* MPUOJIM3UTENIBHO OJMHAKOBBIE U
paBHbI ~42 %, a aroMHbIi mpoueHT Pt™ yBemmumncs B 2 pasa mo cpaBHeHHIO ¢ o6pasmom .
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[IpoTHBOMONOXKHBIA pe3ybTaT TMOMY4YeH Uil oOpa3ma 2, y KOTOpOro HaumOoJbIas O
3apsHKCHHBIX MOHHBIX ()opM TuaTHHBI (cymMmapHO 90 %).

Huxe mnpuBomATCS CKOPOCTH 3JIEKTpOOoKHcieHus: xijopdeHonoB (X®P), moiydyeHHblE Ha
OCHOBaHUM  YD-CIIEKTPOB  IOIVIOLICHUS  PEAKUMOHHBIX  pacTBopoB. Ilo  ymeHpmeHuto
WHTEHCUBHOCTH TOJIOCHI moromieHus X® (A = 220 HM) BO BpEMEHH PEaKIMH PACCUYUTHIBAINCH
ckopoctd okuciieHus: X@ 10 OEH30XMHOHOB. J[MMTENBHOCTh pEaKIUH COCTaBIISJIA HECKOJIBKO
yacoB. Temneparypa peakiuu — 25 °C. Hwke npuBenen npumep s 2,4-nuxiaopdeHosna npu ero
HAvYaIbHOI KOHIeHTpawuy B pactBope Co= 1-10"> Moub/11.

Ta6auma 3
Ckopocru oxkuciienusi quxjaopgdenona W B moanv/(1-¢) Ha Pt/Ti-anekrpokaraim3aropax

obpazer; 1 — Pt 10 % obpazer; 2 — Pt 15 % obpazen; 3 — Pt 38 %
57-10°° 3,55:10°° 6,18-10°°

W3 naHHBIX TaOMMIBI BHAHO, YTO HAaWMEHBIIYI0 aKTUBHOCTh MMeeT oOpaser 2: CKOpOCTb
peaknuu 3IeKTpooKucieHus B 1,6 u 1,75 pa3 MeHbIie Mo cpaBHEHHWIO ¢ oOpasmamu | u 3
COOTBETCTBEHHO. 3HAYEHHsI CKOPOCTU PEAKIIMHU KOPPEIUPYIOT C COOTHOIIEHHEM BOCCTAHOBIICHHOM
(Pto) Y OKHCIICHHOU (Pt+2) (dopM MIATUHBI HA TIOBEPXHOCTH IJICKTPOKATAIA3ATOPA, YTO BUIHO U3
puc. 2.

1w
_ [ |

6 [ |

5 -

4 -

3 (I)Tﬂomemre Pt/ Pt+|2
0 05 1 15

< 540 L ogt2
Puc.2. 3aBUCUMOCTb CKOPOCTH PEaKIIMK OT COOTHOIICHHUS BOCCTaHOBIEHHOM (Pt”) u okucnensoii (Pt™) hopm miaTuHsl
Ha ITOBEPXHOCTH JIEKTPOKATAIN3aTOpa

Takum 00pa3oM, YyCTaHOBJEHO, 4YTO OpyTTO-cocTaB wucxogHoro Pt/Ti-amektpona u
MOBEPXHOCTHBIA  coctaB  Pt/Ti-anekTpokaTanu3aropoB, HCCICIOBaHHBIX MeTogoM PDIC,
CYLIECTBEHHO OTJIMYAETCS. Y CTAHOBJIEHO, 4YTO CKOPOCTb PEAKLUUU OKHUCIIEHHS CHHXKAETCS C
YMEHBIIECHUEM JI0JIH Pt (yBEnMUEeHHEM COEpKAHUS Pt+2) Ha MOBEPXHOCTH: HAauOOJbIIAs CKOPOCTh
3JIEKTPOOKHCICHHS MXI0p(EHONa y 0GpasioB ¢ OAMHAKOBEIM cofepxkannem (opm Pt® i Pt T.e.
otnomenuem P/Pt?=1-12.

Asmopul svipasicatom Orazooapuocms dekany Xumuyeckozo ¢paxynremema MI'Y, axademuky B.B. Jhynumy 3a
npeodoCmasienHyr0 803MONCHOCMb UCNOIb308AMb 000PYOOBAHUE YEHMPA KOLIEKMUBHO20 NONb308AHUSL XUMUYECKO20
¢axyremema MI'Y, a makoice kano. ¢us.-mam. nayx K.U. Macnakogy 3a evinoineHuble ucci1e008anus.
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AXTyasbHOCT pabOTBl MOKHO OOBSICHHUTH 3HAYMMOCTBIO Pa3BUTHS SHEPro- M PECcypcocOEeperaronux TEXHOJIOTHH,
UCTIONB3YIOMINX JKOJOrHYecKn Oe3zomacHble MeTonbl. [IpencraBieHHBI MaTepuan BKIIOYAaeT B ce0sl MCCIEIOBaHUE
COBMECTHO#H reHepaiuu nepokcuna sBogopoaa (H,0,), mepbopara Hatpus (NaBO,-H,0,:3H,0) u runoxmnopura HaTpus
(NaCIO) B anexTponusepe GUIBTP-IIPECCHOTO TUIA ¢ PalMOHAJIBHONW YTWIM3AIMeH KaKk KaTOJHOTO, TaK M aHOIHOTO
TOKOB. Jnekrporenepauus H,O, ocymectisercs Ha ra3-muddysuonHom karoge (GDE), mokpeitom caxedr Black
Pearls 2000 (BP 2000), oopasoBanue NaBO, -H,0,-3H,0O — B KaTOAHOM MPOCTPAHCTBE B PE3YJIbTATe B3aUMOIACHCTBHUS
H,0, ¢ meraboparom asiextponuta 1 NaClO — nHa memsnammBaemom anoze (dimensionally stable anode — DSA). B
YKa3aHHBIX TIpolieccax MpH rmojydeHun mneneBoro npoxaykra (H,O,) morpebisiiachk JHIIb HacTh 3JIEKTPOIHEPIUH,
Jpyrasi 4acTh pacxoJI0Bajlach Ha aHOJE Ha BbIJENIEHHE Kuciaoposa B atMochepy. C menbio 3¢(HEeKTHBHOTO MoaXoa K
npobiieMe ¥ palMOHAIBLHOTO HCIOJIb30BaHHMS aHOJHOTO TOKa HaMH MNPEANPUHSTA IONBITKA pPEalM3aldd B OIHOM
JNIEKTPOJIU3EPE OIHOBPEMEHHOTO TIOJIyYCHHUsS] OKHCIHTENed — TepoKCHIa BOJOpOJa WM €ro IMPOHM3BOJHOIO —
nepbopara HaTpusl B KATOJAHOM IPOCTPAHCTBE M THIIOXJIOPUTA HATPHUS HA aHOJE.

OCHOBHOW 1LIENBIO HCCIICAOBAHUS SIBISCTCS pa3BUTHE OPUTHMHAIBHBIX METOJOB M JW3aifHA OpUTHMHAIBHOTO
IIEKTPOXMMHUUYECKOTO peakTopa Juisl JoKajdbHO! rerepanun H,O, coBMecTHO ¢ mepOopaToM M THIOXJIOPUTOM HaTpHsl.
B koHTekcTe recnenoBanus 3amianupoBana cxema ussneueHus NaBO, H,0,-3H,0 u3 peakropa.
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MeTo/bl, HCIIOJIB30BAHHBIE B HCCIIEIOBAHHUM: DJIEKTPOCHHTE3 OKUCIIUTEINICH B JIEKTpOJIM3epe (GpriIbTp-NpeccHOro THia ¢
AHMOHHOOOMEHHOI MeMOpaHOil, aHANUTHYECKUI XMMUUECKHI KOHTPOJIb IPOJYKTOB, PEHTIeHO(a30BbIH aHAIIU3.
Pe3ynbraThl M BBIBOJBI: yCTaHOBJIEHa BO3MOXKHOCTH OJHOBpEMEHHOro siekrpocunreza H,0, NaBO,-H,0,:3H,0 n
NaClO B anmekTponusepe GUIBTp-IpeccHOro THMa. YcioBus pabdotel: karon — GDE, anoq — DSA, memOpana — AMI
7001S, xaromuT — 1meno4Ho# pactBop Metabopara Hatpus (0.7M NaBO; + 0.3M NaOH), aHonHT — meI09HON pacTBOP
xnopuma Harpust (0,5 M NaCl + 0,3 M NaOH), temneparypa — 28-30 °C. Brixox mo toky H,O, (COOTBETCTBEHHO |
NaBO,-H,0,-:3H,0) nmocne 3 — gacoBoro amekrponmza coctasmwi 67 %, NaClO — 71 %, pacxop 31eKTpo’HEpTHA Ha
nonmygerne NaBO,-H,;0,-3H,0 — 1.8 kBtu Kr’l, Ha oOpa3oBanue NaClO — 3.6 kBtu krl.

KaioueBble cjioBa: SJIEKTPOSM3, CHUHTE3, IEPOKCHI BOJOPOJA, MEpOOpaT HATPUs, TUIOXJIOPUT HATPHs, Ia3-
G y3NOHHBIHN KaToI, HensHamnBaeMblil anox (DSA), annoHoOOMeHHas MeMOpaHa.

ELECTROSYNTESIS OF OXIDIZERS - HYDROGEN PEROXIDE, SODIUM
PERBORATE AND SODIUM HYPOCHLORITE
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Last decennaries importance of energy-efficient and resource-saving technologies using ecological safety methods are
out of any doubt which explains the relevance of the presented study; the latter is directed to the simultaneous
generation of hydrogen peroxide (H,0,) at the gas-diffusion electrodes (GDE) covered by Black Pearls 2000 (BP 2000)
or sodium perborate (NaBO,-H,0,-3H,O) in cathode compartment and sodium hypochlorite (NaClO) atan
dimensionally stable anode (DSA). In this mentioned processes only a part of an energy is consumed for production of
goal product (H,0,) in the course of electrolysis, other part is used for oxygen (O,) formation (at anode). The goal of
this work — efficient approach to the problem of total application of energy during the process of co-generation; To
decrease the price cost of the product we carried out the investigations to establish the possibility for realization of
combined simultaneous electrosynthesis of H,0,, NaBO,-H,0,-3H,0 and NaClO.

The main aim of the study is the development and design of original methods and electrochemical reactor for the
combined on-site generation of H,0, at the cathode NaBO,-H,0,-3H,0 in the cathodic chamber and NaClO at anode.
In the context of the research the scheme for the extraction of NaBO,-H,0,-3H,0 from the reactor was scheduled.

The methods used in the study: electro-synthesis of oxidizers in filter-press type electrolyzer divided by anion-exchange
membrane; analytical control of products; X-ray phase analysis.

The results: Feasibility of simultaneous electro-synthesis of hydrogen peroxide at a cathode, sodium perborate in a
catholyte and sodium hypochlorite at an anode was established in filter-press type electrolyser divided by anion-
exchange membrane AMI 7001S by the use of gas-diffusion cathode and DSA. Operating conditions: catholyte —
alkaline solution of sodium metaborate (0,7 M NaBO, + 0,3 M NaOH), anolyte — alkaline solution of sodium chloride
(05M NaCl + 0,3M NaOH), temperature — 28-30°C. Current efficiency of H,0, (and respectively of
NaBO,-H,0,-3H,0) in 3 hours of electrolysis comprises 67 %, NaCIO — 71 %; power consumption for production of
NaBO,- H,0,-3H,0 comprised 1,8 kWh kg™, for NaCIO — 3,6 kWh kg™.

Key words: Electrolysis, Synthesis, Hydrogen peroxide; Sodium perborate; Sodium hypochlorite; Gas-diffusion
cathode; Dimensionally stable anode DSA; Anion-exchange membrane.
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Hydrogen peroxide and its derivatives (percarbonates, perborates etc.) as well as
halogenoxide compounds are among the strong oxidizers of large-scale industrial chemicals) [1].
Annually 2.2 million tons only of hydrogen peroxide is used in medicine, in everyday life as
antiseptics and a disinfectant, in pulp and paper industry and in detergents as bleacher, in the
technology of wastewaters treatment etc. [2-4]. Along with ozone and oxygen, H,O; is eco-safe
oxidizer which forms oxygen and water at reduction) [5]. Moreover, hydrogen peroxide can be a
source of formation of OH’ radicals which are the most strong oxidizers after fluorine (E° = 2.8 V)
[6-9].

Nowadays world production of hydrogen peroxide is based on catalytic reduction of organic
solution of alkylanthraquinone by hydrogen-containing gas in the presence of a catalyst with a
formation of alkylanthrahydroquinone and its further oxidation by oxygen or air up to hydrogen
peroxide which is extracted by water. The main disadvantages of this process are its unsafety and
profitableness only at large-scale production [10-12]. Therefore an elaboration of small
autonomous plants for production of hydrogen peroxide immediately in consumption place is of
specific interest. Generation of hydrogen peroxide by electrochemical method by two-electron
reduction at carbon gas-diffusion cathode is one of the efficient ways of resolution of this problem
(Equation 1). Research of electro-generation of H,O, in acid media has been performed and
described in several publications [13-15].

Cathode: 0, + 2H" + 2¢& - H,0, (Equation 1)
Anode: H,0 - 0.50, + 2H* + 2é (Equation 2)

Hydrogen peroxide can be synthesized in neutral or alkaline media in electrochemical cell by

reaction (Equation 3) [16]:
cathode: 0, + H,0 + 2¢ - HO; + OH™ (Equation 3)
anode: 20H™ - H,0 + 0.50, + 2¢ (Equation 4)

In all above-mentioned processes only a part of an energy is consumed for production of goal
product (H,O;) in the course of electrolysis, other part is used for oxygen formation (at anode). To
decrease the price cost of the product we carried out the investigations to establish the possibility
for realization of combined simultaneous electrosynthesis of the oxidizers: hydrogen peroxide at
gas-diffusion cathode and/or sodium perborate in cathode compartment and sodium hypochlorite at
DSA.

An electrolyte for obtaining of sodium perborate by indirect electrochemical way was
prepared by mixing of 0,7 M solution of boric acid or 0,2 M solution of sodium tetraborate with
sodium hydroxide of various concentrations (0,3-2,6 M) at the temperature of 60 °C by reactions
[16]:

H3;BO3; + NaOH - NaBO, + 2H,0 (Equation 5)
or
Na,B,0, + 2NaOH - 4NaBO, + H,0 (Equation 6)

Prepared solution was cooled at 20-25 °C and was fed by pump in intermediate vessel of
catholyte circulation cycle. Crystals of sodium perborate were identified by X-ray phase analysis by
means of “DRON-3M” diffractometer using of CuKa radiation in monochromatic conditions.
Concentration of hydrogen peroxide was determined by titration using standard solution of 0.1M
KMnO,4 and it was recalculated for sodium perborate. Current efficiencies were calculated by
obtained data:

nprod. = Myeq.-100/q17 (%), (Equation 7)
where nprog. — current  efficiency of product ( %); mrea— real weight of product, (g); g -
electrochemical equivalent of products; | — supplied current (A); t— time of electrolysis (h).

The concentrations of OH and CIO were determined by standard neutralization and iodometric
methods, respectively.
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Carbon cloth covered by ‘Black Pearls 2000” (Sweden Company Electro Cell AB) was used
as a cathode. An anode was meshed titanium plate, coated with mixed TiO,—RuO, oxide layers
(TECHWIN Co. LTD, South Korea). Anion-exchange membranes MA-40 (Russia), AMI 7001S
(USA) and cation-exchange membrane MK-40 (Russia) were tested for the separation of anode and
cathode compartments. Based on experimental requirements oxygen or air was supplied to the
electrolyzer from air fen.

Measurements of current, voltage and pH were carried out using M2015 ammeter,
M106 high-impedance voltmeter and MP512 (SANXIN, Chaina), respectively.

Principal scheme of the electrochemical cell is shown in the Fig. 1, where (1) is GDE, (2) —
anode, (3) — ion—-exchange membranes, (4) and (5) — cathode and anode distributors, respectively.
Electrodes were pressed between rubber gaskets (8); oxygen (or air) was supplied through
10x10x0.2 cm size gas chamber (6) and stainless steel mesh, which served as current feeder to the
reverse side of O,-diffusion cathode (7); 9 — PTFE plates; 10 — stainless steel plates.

m.4.8].7 Z B |
Mmaegla [da] B¢ =

He H H H P

- o

T

1 84 8 3 2 8 5 8 9 10

3 TEs

Fig. 1. Location of cell components

The schematic diagram of the experimental setup used in the study is shown in Fig. 2. The
electrochemical cell consists of anolyte and catholyte circuits and NaBO;-H,0,:3H,0
crystallization line. During the electro-synthesis the catholyte circulated through the first tank. After
the saturation of solution with sodium perborate, catholyte was transferred to crystallization circuit
by turning of the three-way stopcock valve. At the same time circulation of electrolyte between the
second tank and electrochemical cell was started. Saturated electrolyte was transferred to
crystallizer by free flow, where it was cooled to temperature 20 °C by cooling system. Obtained
suspension was filtrated, thereafter mother liquor was transferred to a correction tank, where
specific amount of NaBO, and water was added. Corrected solution was fed to cathode
compartment through the first tank and cycle was continued. Damp crystals
of NaBO,-H,0,-3H,0 as an obtained product were downloaded from the filtration unit to the dryer.
In order to avoid decomposition of a product, after drying at 95-100 °C, NaBO,-H,0,-3H,0 was
packed in container well isolated from environment.

Electrochemical cell

Anolyte tank —

Fig. 2. The experimental setup of generation of H,0,, NaBO,-H,0,-3H,0 and NaClO
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Anolyte solution was circulated through the anode compartment of electrochemical cell to
corresponding tank by pump. In the course of electro-synthesis of NaClO in alkaline media

OH ions as well as CI ions were consumed by the following reaction with a formation of
hypochlorite-ion:
Cl” + 20H - ClO™ + H,0 + 2e (Equation 8)

Influence of nature of a membrane on the electro-generation of H,0O, at the cathode and
NaClO at the anode.

Cathion-exchange membrane MK-40 and anion-exchange membranes MA-40 and AMI-
7001S were tested as dividers of anode and cathode compartments of the electrochemical cell. In
case of MK-40 cathion-exchange membrane, 0,5M Na,SO4 was used as a catholyte and (1 M NacCl
+ 0,5M NaOH) - as an anolyte. Air was fed to cathode gas chamber by air pump at the pressure of
350-400 Pa. Current density comprised 0,07 A cm?, cell voltage — 5,5 V. In the course of electro-
synthesis of NaClO at an anode OH and CI ions were expended and an equivalent amount of
Na* ions was penetrated in cathode compartment through a membrane and neutralized HO, and
OH anions, formed at cathode reaction (Equation 3). As a result, anolyte pH was decreased
whereas catholyte pH was increased. Current efficiency of HO, over one hour varied from 90 % to
85 % and of NaClO — from 70 % to 2 % (Fig.3).
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Fig. 3. Dependence of current efficiencies of H,O; (in the catholyte) and of NaCIO (in anolyte) on time in electrolyzer
with cathion-exchange membrane MK-40

Sharp decrease of current efficiency of NaClO may be explained by oxidation of Cl to

Cl, (Equation 9) and by further hydrolysis of obtained chlorine with a formation of HCI and HCIO
(Equation 10, Fig. 4).

2Cl" - Cl, + 2e (Equation 9)

Cl,+ H,0 2 HCIO+H* +Cl” (Equation 10)

\ —_—
O, W=

| $OH-__Nat- 2Na*
Lo e S al
e
CHOy Na*™ Ols * |

PR
HCIO H+cF

Cathode  Cathion-exchange membrane Anode Cathode Anion-exchange membrane Anode

Fig. 4. Scheme of migration of ions in the electrolyzer Fig. 5. Scheme of migration of ions in the electrolyzer
with cation-exchange membrane (anolyte did not contain with anion-exchange membrane
alkaline)

The following experiments were carried out in electrochemical cells divided by anion-
exchange membranes MA-40 and AMI 7001S, other experimental conditions were similar to the
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above data. OH ions formed by reduction of O, (Equation 3) penetrate to anode compartment
through anion-exchange membrane and partially participate, together with CI , in oxidation reaction
with a formation of CIO (Equation 8); another part is oxidized to O, and H,O (Fig. 5).

As shown in Fig. 6, current efficiency of HO, decreased from 92 % to 81 % in 180 min
operation of electrochemical cell, in the same period current efficiency of CIO varied from 85 % to
71 %.
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Fig. 6. Dependence of current efficiencies of H,O, (in the Fig. 7. Current efficiencies of H,O, in the electrolyzer
catholyte) and of NaClO (in anolyte) on time in equipped by anion-exchange membranes AMI 7001S
electrolyzer with anion-exchange membrane AMI 7001S and MA-40

Comparison of the operation of anion-exchange membranes MA-40 and AMI 7001S at
fulfilling of similar experimental conditions has shown that at the use of a membrane AMI 7001S
cell voltage decreased by 0,9 V (3,6 V instead of 4,5 V) and current efficiency of OH, is higher
than for a membrane MA-40 (Fig. 7).

This fact may be explained by higher selectivity of AMI 7001S. Diffusion of CIO™ through
the membrane AMI 7001S is lesser, therefore current efficiency of NaClO is higher by 3-5 % that
at the use of a membrane MA-40 (Fig. 8). Specific consumption of electric power at the use of a
MA-40 membrane comprised 9,1 kWh kg and for AMI 7001S membrane — 4,6 kWh kg ™.
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Fig. 8. Influence of AMI 7001S and MA-40 anion- Fig. 9. Dependence of saturation of electrolyte with
exchange membranes on current efficiency of NaClO sodium perborate upon the time from concentration of

NaOH (i=0,07 Acm?:1-0,3M NaOH; 20,8 M
NaOH; 3 -1,3 M NaOH
Generation of sodium perborate in catholyte
Synthesis of sodium perborate was carried out at the setup presented in Fig. 2, where H,0,
obtained at a cathode reacted with sodium metaborate in alkaline-metaborate solution by the
reaction:
NaBO, + H,0, + 3H,0 - NaBO, - H,0, - 3H,0 (Equation 11)
Study of preparation of NaBO,-H,0,-3H,0 in metaborate electrolyte at various content of
sodium hydroxide (0,3-1,3 M) and at current density 0,07 A cm* and temperature 28-30 °C has
shown that an increase of alkaline concentration enhances the solubility of sodium perborate. At the
presence of 0,3 M NaOH in a catholyte the crystals of NaBO, H,0,-3H,0 began to separate at
attaining of their concentration to 45 g L%, at the presence of 0,8 M and 1,3 M NaOH — to 55 g
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Ltand 89 g L}, respectively (Fig. 9). Obtained saturated perborate solution was fed for cooling (to
20°C) into crystallizer. Obtained pulp was filtered, a precipitate was washed and dried at 100 °C.

Generation of sodium perborate in catholyte and sodium hypochlorite in anolyte

Feasibility of simultaneous preparation of sodium perborate in catholyte and sodium
hypochlorite in anolyte has been established at the setup shown in the Fig. 1. Electrochemical cell
was divided by anion-exchange membrane AMI 7001S, the electrodes (cathode and anode) were the
same as described above. Alkaline solution of sodium metaborate (0,7 M NaBO, + 0,3 M NaOH)
was used as a catholyte and a solution (0,5 M NaCl + 0,3 M NaOH) — as an anolyte. Volumes of
electrolytes were 500 ml, current density — 0,07 A cm 2, cell voltage — 3,5 V. Temperature of the
catholyte reached 30 °C during the electrolysis.

Anode process: Cl” + 20H - ClO™ + H,0 + 2¢ (Equation 8)
Cathode process: 0, + H,0 + 2é - HO, + OH™ (Equation 3)
The process in cathode area:
100
n (%) ——NaBO02-H202+3H20
90 + ——-NaClO

80 1
70 - al
>

60 +

50 1

40 T
0 20 40 60 80 100 120 140 160 180

Time (min)

Fig. 10. Dependence of current efficiencies of NaBO,-H,0,-3H,0 and of NaClO from electrolysis time at their
simultaneous generation: i = 0,07 A cm2, AMI 7001S membrane, catholyte — (0,7 M NaBO, + 0,3 M NaOH), anolyte —
(0,5 M NaCl + 0,3 M NaOH)

Current efficiency of sodium perborate over 180 min of electrolysis was varied from 84 % to
67 %. At the same time current efficiency of sodium hypochlorite decreased from 85 % to 71 %
(Fi%. 10). Energy consumption of NaBO, H,0,-3H,0 comprised 1.8 kWh kg, NaCIO — 3.6 kWh
kg .

Conclusions

Feasibility of simultaneous electro-synthesis of hydrogen peroxide at a cathode, sodium
perborate in a catholyte and sodium hypochlorite at an anode was established in filter-press type
electrolyzer divided by anion-exchange membrane by the use of gas-diffusion cathode and DSA.
Operating conditions: catholyte — alkaline solution of sodium metaborate (0,7 M NaBO,+ 0,3 M
NaOH), anolyte — alkaline solution of sodium chloride (0,5 M NaCl + 0,3 M NaOH), temperature —
28-30 °C. Current efficiency of H,0O; (and respectively of NaBO,-H,0,-:3H,0) in 3 hours of
electrolysis comprises 67 %, NaCIO — 71 %; power consumption for production of NaBO,-
H,0,3H,0 comprised 1,8 kWh kg™, for NaClO — 3,6 kWh kg .
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KATAJIMTUYECKAA T'NAPOI'EHU3ALIUA CJIAHIEBOU CMOJIbI
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E-mail: aigul_serik_kz@mail.ru
MeiipamoB Makut I'abaymoBuy, KaHI. XMM. HayK, 3aBEAYIONINI 1abopaTtopueit xumun yrisi, UHCTUTYT
opranunyeckoro cunresa u yriexuuu PK, 100000, Kazaxcran, r. Kaparanna, yn. AnuxaHosa, 1,
E-mail: majit_m@mail.ru
Axmetrkapumosa Kannap CamaToBHA, KaHI. XUM. HayK, CT. Hay4. COTp. Ja00paTopuu XMMHUH YTJIs,
WucTutyT opranmdeckoro cunaresa u yrinexunu PK, 100000, Kazaxcran, r. Kaparanna, yin. Annxanosa, 1,
E-mail: zhanarf@mail.ru

AXTyaJIbHOCTH paboThI 00YCIIOBIIEHA TEM, YTO OCHOBHBIE METO/bI MHTEHCH(HUKALINH MTPOLIECCOB MIEPEPaAOOTKU TAKEIOTO
YTJIEBOJIOPOTHOTO CHIPbS B 3KOJIOTHYECKH UYHCTBIC TOIIMBA CBS3aHBI C pa3pabOTKOH 3((PEKTHBHBIX KaTaIM3aTOPOB,
YCKOPSIIOIUX TEPMOXUMHYECKUE TPEBPAIICHNS] OPraHWYEeCKONH Macchl CiIaHIeBo cMoubl. Hanbonee nepcrieKTMBHBIMU
MY TSIMU TIEpepaOOTKH CIIAHIIEBOH CMOJIBI SIBISIFOTCS KaTaTUTHYECKast THAPOTeHU3aIusL.

Lenbto paboOTHI SIBHJIOCH M3yYEHHE IPOIecca KAaTaNWTHYECKOW THAPOTCHH3AINHM CIAHIIEBOH CMOIJIBI B NPHUCYTCTBHU
KOMITO3MTHOIO KaTaM3aTtopa — OKCHIA Jkene3a Ha yriuepoaHoM Hocutene (Fe,0y/YH). I'naporeHn3anuio CraHeBord CMOJIBI
MPOBOJMJIM B BpallarolieMcsi aBTOKJIaBe W3 HepxkaBeromied cramu emkoctbio 0,05 ., mpu Temmeparype 400 °C,
HavanbHOM faBiieHnn Bopopona 3,0 MIla Breyenune 60muH. B mccnenoBaHMM KOMIIOHEHTHOTO COCTaBa MPOAYKTOB
THIPOTEHU3AINH CJIAHIIEBOW CMOJBI, OTPAaXKAIOIIME BIMSHHE  KAaTalW3aTOPOB Ha MPOIECC THIAPOTEHH3AINH,
HCIIOJIB30BAJICS METOJ] XpOMAaTO-Macc-crekTpockonuu Ha npubope Agilent 7890A(USA) ¢ macc-criektpoMeTpom 5975
inert XL u razoxkunkoctHas xpomartorpadus Ha npudope KpucramJliokc 4000 (Poccust). CoctaB TBepioro ocrarka
aHAIN3UPOBAIM METOAOM peHTreHogazoBoro aHammza (PDPA). POA tBepmoro ocrarka NMpoBOAWINM Ha YCTaHOBKE
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JAPOH -2.0 meToioM nopomkoB ¢ ucnonb3oBanueM Fe-uzmydenus ¢ Ni, 1160 MnO ¢unbsTpom B quanasone ot 2 1o 37
B. UureHcuBHOCTH AM(PPAKIMOHHBIX MaKCUMYMOB OLCHHBIN aHAJIUTHYECKUM METOIOM B TETparoHaJIbHOMN
cuaronuu.). Ilo naHHBIM Xpomaro-macc-criekTpoMerpuyeckoro (XMC) aHanu3a HCXOJHAas ClaHLEBas CMoJa
conepxut 21,21 % cymmapHbBIX (eHOJIOB, cCyMMapHas cMoJia rocie skcrpakuuu 70 % pactBopom crnmpra—6,35 %.I1o
pe3ynpTaTtaM 1a00paTOPHBIX HUCIBITAHMH HAMHU OBIJIO YCTaHOBJIEHO, YTO JIyUIINE SKCTPAKIHNOHHBIC CBOWCTBA POSBISIET
70 %-HBIif BOIHBIA 3TAHOI C CIIAHIIEBOI CMOJIOH B cooTHOMICHNH 1:1. BBIXoa ®UIKUX IPOIyKTOB Bo3pacTtaeT a0 71 %
1pH faBiaeHuH Bogopoaa 3,0 Mlla u B mpuCyTCTBUM KOMIIO3UTHOI'O KaTaanu3aTopa — OKCH/A YKEJe3a Ha YITIEPOAHOM HOCUTENE
(Fe,OyVH). Comepxanre (EeHOIOB B TMPOAYKTAX peakmud CHU3WIOCH g0 7,12 % mpu HCTIOJIH30BaHUHT
CHHTE3MPOBAHHOTO HAMH BBICOKOVICIIEPCHOTO KOMITO3UTHOTO KaTaIM3aTopa— OKCHIA JKele3a Ha YIIEPOJHOM HOCHTENE
(Fe,Oy/VH). Takmm oOpasom, Oblla HapaOoTaHa ciaHIeBas cMmoia w3 ciaHmeB 1IyGapKoIBECKOTO MECTOPOKICHHS
MeTooM nupoiu3a npu temneparype 600 °C Bpiio ycTaHOBIEHO, YTO Jy4IINe SKCTPAKIMOHHBIE CBOMCTBA MPOSBISIET
70 %-Hb1il BOIHBIM 3TaHOJ. YCTaHOBJIEHO YTO BBIXOJ JKUJAKHUX IPOAYKTOB BO3PACTACT B MPUCYTCTBHH KOMIIO3UTHOTO
KaTajm3aTopa — OKCHJIA JKese3a Ha yrepomaoM Hocutene (Fe,O4/YH).

KaioueBble ci1oBa: ciaHieBas cMojia, THAPOTEHU3AIMS, KaTaln3aTop, GeHobl.

CATALYTIC HYDROGENATION OF SHALE OIL

Aigul T. Ordabayeva, Ph.D., Leading Researcher Laboratory of Chemistry of coal, Institute of Organic
Synthesis and Chemistry of coal the Republic of Kazakhstan, 1, Alihanova Street, Karaganda, 100000,
Kazakhstan, E-mail: aigul_serik_kz@mail.ru
Mazhit G. Meiramy, Ph.D., Head of the Laboratory of Chemistry of coal, Institute of Organic Synthesis and
Chemistry of coal the Republic of Kazakhstan, 1, Alihanova Street, Karaganda, 100000, Kazakhstan,
E-mail: majit_m@mail.ru
Zhannar S. Akhmetkarimova, Ph.D., Senior Researcher Laboratory of Chemistry of coal, Institute of
Organic Synthesis and Chemistry of the Republic of Kazakhstan, 1, Alihanova Street, Karaganda, 100000,
Kazakhstan, E-mail: zhanarf@mail.ru

Relevance of the work due to the fact that the basic methods of process intensification processing heavy hydrocarbons
in environmentally friendly fuel associated with the development of efficient catalysts that accelerate the
thermochemical conversion of organic mass of shale oil. The most promising ways of processing shale oil are catalytic
hydrogenation. The aim was to study the process of catalytic hydrogenation in the presence of shale oil composite
catalyst - iron oxide on a carbon support (Fe,O3 / UN). The hydrogenation is carried out in a shale oil rotating stainless
steel autoclave with a capacity of 0,05 liters., At a temperature of 400 °C, an initial hydrogen pressure of 3,0 MPa
vtechenie 60min. The research component of shale oil hydrogenation products, reflecting the effect of catalysts on the
process of hydrogenation method was used gas chromatography-mass spectroscopy on the instrument Agilent 7890A
(USA) with a mass spectrometer 5975 inert XL and gas-liquid chromatography apparatus Kristallyuks 4000 (Russia) .
The composition of the solid residue was analyzed by X-ray diffraction (XRD). XRD was carried out on solid DRON -
2,0 powders by using Fe-radiation with Ni, MnO or filter in the range from 2 to 37 V. The intensity of the diffraction
peaks were evaluated by analytical method in the tetragonal system. ). According to gas chromatography-mass
spectrometry (HMS) analysis of the source shale oil contains 21,21 % of total phenols, total gum after extraction with
70 % alcohol, 6,35 % .Po laboratory tests we have found that the best extraction properties shows 70 % aqueous ethanol
with shale oil in the ratio 1: 1. Liquid yield increases to 71 % at a hydrogen pressure of 3,0 MPa and in the presence of a
composite catalyst — iron oxide supported on carbon (Fe,Os/\VVH). The content of phenols in the reaction product had
dropped to 7,12 % when using our finely synthesized composite oxide catalysts for carbon-supported iron (Fe,Os/ VH).
Thus was accumulated shale oil from shale deposits Shubarkol by pyrolysis at 600 °C has been found that the best
extraction properties shows 70 % aqueous ethanol. It is established that the yield of liquid products is increasing in the
presence of a composite catalyst — iron oxide supported on carbon (Fe,Os/ VH).

Keywords: shale oil, hydrogenation catalyst, phenols.

OOBbeKTOM  HCCNEOBaHMUS  SBUJIOCH TOJYYEHHWE CIAHIIEBOM CMOJIBI M3  CJaHLa
[Iy6apKoiIbCKOT0 MECTOPOXICHHsT MeTo oM muposin3a [1]. Hamo oTMeTuTh, 4TO KOJIMYECTBEHHOE
cojiepkaHue (PEHOJIOB SIBIAETCS OJHUM M3 CACPKUBAIOUIMX (PAKTOPOB MPOMBIIIIICHHOTO
WCIIOJIb30BAaHUsl  CJAHIIEBOM CMOJBI, HO, B TO K€ BpEMs, PACKpbIBAET IMEPCHEKTUBBI I HX
U3BJICYEHUS] C LEIbI0 INPUMEHEHUS B XHMMHUYECKOW npomblluieHHOCTH [2]. Ilocnme ynmaneHus
(GeHOJI0B claHIeBas CMOJIa MOXKET OBITh MCIIOJB30BaHAa Kak YIJIEBOJOPOJHBIM MaTepuan s
JanbHeHel nepepaboTku B MOTOPHOE WIIM KOTEIbHOE TOIUUBO [3].
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[enpto paboOTHI SIBUJIOCH M3YYEHHUE MPOIECCa KATATUTUYSCKON THIPOTESHU3AIMHU CIIAHIIEBOU
CMOJIBI B TPUCYTCTBHUHM KOMIIO3UTHOTO KaTaM3aropa — OKCHZA jKelie3a Ha YITIEPOIHOM HOCHUTENE
(Fe,O5/YH).

B mccienoBaHny KOMIIOHEHTHOT'O COCTaBa MPOJYKTOB T'HIIPOT€HU3ALMH CIAHIIEBOW CMOJIBL,
OTpaXalolllie BIMSHUE KaTaIM3aTOPOB Ha IMPOLIECC THAPOTEHU3ALMU HCIIOJIb30BAJICS METOJ
xpomaro-macccrekrpockonus (XMC) na npubope Agilent 7890A(USA) ¢ Macc-crieKTpoMeTpoM
5975 inert XL u razoxxuakoctHas xpomarorpadus Ha npudope Kpucrtan/lroke 4000 (Poccus) [4].

B mensx m3ydeHHs BO3MOKHOCTH M3BJICUCHHUS (PEHOJIOB HEMOCPEICTBEHHO W3 CIIAHIEBOU
CMOJIbI HAMU IIPOBeJIeHa paboTa Mo SKCTpaKuu (EHOJIOB U3 CIIAHIIEBOI CMOJIBI C UCIOIb30BAHUEM
HKCTPAreHTOB Ha OCHOBE BOAHBIX PACTBOPOB TEXHHUUECKOTO TaHoa KoHIeHTparuei 70 % [5]. [ns
3TOro ObliIa B3sITa CIAHIIEBasi CMOJIA C SKCTPAareHTOM pacTBopa 3TaHoiia B cootHomienuu 1:1. [Tocne
B30aNThIBaHUS B T€UeHHE | yaca 3anMBaeM B OIOPETKY JUIS Pa3/eNIeHusl Ha JATUTEIbHOEe Bpems (24
yaca). [lo manaeiMm XMC-aHnanu3a ucxojHas ciaHieBas cMmona coaepkut 21,21 % cymmapHbIX
(heHonoB, cymmapHas cMouia nociie 3kcrpakmuu 70 % pactBopom crimpra—6,35 %.

l'upporeHu3anuio CIaHIEBOM CMOJBI TPOBOAWIM B  BpAIIAlOIIEMCs aBTOKJAaBE U3
HepkaBerolel cranmu emkoctbto 0,05 1., mpu Ttemmneparype 400 °C, HavyalbHOM JaBJIEHUU
Bogopona 3,0 MIla Breyenne 60 muH. 3a Hayajgo peaklUMUd CUYUTATU MOMEHT JIOCTHKCHUS
aBTOKJIaBOM pabouei Temmeparypbsl. CKOpoCcTh HarpeBa aBTokiaBa coctasisuia 10 °C B MUHYTY.
CrnaHieByro CMOJTy B KOJIMUYECTBE 3 MJI CMEIIMBAIIU C KaTaau3aTopoM — 5 % Ha OpraHMYecKyr Maccy
CMOJIBI TIOMEIIAIIM B PEAKTOp, 3aKPBIBAIH, MPOAYBAIHW BOJAOPOJOM U JaBalH H30BITOYHOE
JaBlIeHHE BOJOpOJa. PeakIMOHHYIO cMeCh HarpeBajd [0 HEOOXOJUMOW TeMIeparypbl Hu
BBIICP)KMBAIM B TEUYCHHE 3aJaHHOTO BpeMeHH. llocie oxmaxaeHus aBTOKIaBa 0 KOMHATHOU
TEeMIIepaTyphl Ta3 cCOOMpaIy B ra30BYI0 MUIETKY /I aHanu3a. CoJepKuMoe aBTOKJIaBa pa30aBisuiu
O0eH30oM ¥ (QWIBTPOBAIM. TBEpABIi OCTATOK OTACNSUIM OT JKHIKHAX IPOIYKTOB C ITOMOIIBIO
CTEKJISIHHOTO (UiIbTpa, MpOMbIBaIM OeH3zonoM, cymmiau npu 378K M aHanM3upoBaau COCTaB
TBEPJIOTO OCTATKa METOJIOM PEHTI'€HO(pA30BOr0 aHAJH3a.

Breixon xuakux mpoaykToB Bo3pactaeT 1o 71 % mpu maBienuu Bomopoxaa 3,0 MIla u B
MPUCYTCTBUHM TOMYYeHHOTO HAaMH KOMIIO3UTHOTO KaTajin3aropa — OKCHIA JKelle3a Ha YIJIepOIHOM
Hocurtede (Fe;Oz/YH).

B Ttabm.moka3aH cOCTaB MPOAYKTOB THUAPOTEHHW3AIMH CIAHIIEBOM CMOJBI Ha KaTaau3aTope
Fe,O3 Ha yroinpbHOM HOCHUTETIE.

CocTaB NPOJYKTOB IMIPOreHU3alMN CJIAHIEBOI CMOJIbI Ha KaTaau3aTope Fe,0; Ha yroabHOM HOCHTeTe

KomnoneHT Bpewms, mun Konuenrpanst, %
Tonyon 3,62 8,82
®denou 4,57 1,06
2-MeTriheHOT 5,23 0,07
4-metrneHoT 5,37 0,16
2-3THIA(EeHOI 5,96 0,10
2.4-mumertrindheHoa 6,12 0,14
3-aTHadeHon 6,29 0,14
2,3-mumetrindheHoa 6,49 2,83
2-trn-4-metunnheHoa 6,53 0,50
3,4-mumertmindheHoa 6,53 0,50
Ha(TAINH 6,88 0,92
2,4,6-tpumeTtmiiheHOT 7,06 0,17
2-nponHII(QEeHOIT 7,21 1,22
3-THn-5-mMetuineHon 7,66 0,25
I'pynmnoBoii cocTas:
deHoIIb! 7,12
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Kak BumHO M3 maHHBIX TabJ. copepikaHue (EHOJIOB B MPOAYKTaX PEaKIUU CHHU3HIOCH IO
7,12% nupw WCMONB30BAaHUM CHHTE3UPOBAHHOTO HAMHU BBICOKOAUCIIEPCHOTO  KOMITO3UTHOTO
KaTajmM3aTopa — OKCHJIA XKesie3a Ha yriiepoiHoM Hocutene (Fe,0sz/YH).
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AKTyanbHOCTh paboThl 00YCIIOBIEHAa HEOOXOJMMOCTBIO CHIKEHUS IPOM3BOJCTBEHHOW HArpy3kKu Ha OCHOBHOM
nepezien ocakeHns o6opoTHoH conu. [lepepaboTka MaTOYHBIX PACTBOPOB I'MJIPONIN3A MO OTACIHHOMN TeX HOJIOTHYECKON
BETKE, BKIIIOYAIONIasl IOCIEOBATEIFHOE THAPOINTHYECKOE OCaXIEHHEe M BaKyyMHOE BEIAPHBAHME IO3BOJSET B
pe3ynbTare IONy4UTh «OOraTyro» OOOPOTHYIO COJb T€pMaHHs, TEXHHUYECKYIO0 COJb (TaluT), BBECTH IOJIyYEHHBIN
KOHJMIIMOHHBIA JUCTHIUIAT B IIMKJI BOAOCHAOXKEHUs PEeNpHUATHS. Y CTAHOBJIEH ONTHMAaIbHbIN quana3oH pH nporecca
OCaXKJICHUsI, TEMIIEpPAaTyPHBIE PEXHUMBI BHINIApUBaHMs, I03BoJsIone Ha 99,99 % n3BiekaTh repMaHuii U3 MaTOYHBIX
pPacTBOPOB M HCKIIOYAIOIIMMHU €ro «IPOCKOK» B TUCTHIUIAT. TEeXHHYECKHM pPE3yJbTaTOM pPadOTHI SIBISETCS BBIBOJ
MaTOYHBIX PACTBOPOB THAPOJIN3A U3 OOIEr0 TEXHOJIOTHYECKOTO IIUKJIIa MPEATIPUSITHS.

KitroueBble citoBa: repMaHmii, OcaXkIeHHUE, BRIIApUBAHIE, KPUCTAIUIM3ALNS 3 pacTBOPA.

PROCESSING TECHNOLOGIES DEVELOPMENT OF THE MOTHER
LIQUOR HYDROLYSIS OF GERMANIUM DIOXIDE

Elena A. Selina, Technology of hydrometallurgical plot CEO of “Germany:, 1, building 107, Transportniy
driveway, 660027, Krasnoyarsk, Russia, E-mail: selina_elena@list.ru
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Oleg 1. Podkopaev, Ph.D., CEO of “Germany”, 1, building 107, Transportniy driveway, 660027,
Krasnoyarsk, Russia, E-mail: germanium@krasmail.ru
Vladimir P. Zhereb, D.Sc., Professor, Siberian Federal University, Head of the Department metallurgy and
heat treatment of metals, 95, “Krasnoyarskiy rabochiy” Avenue, Krasnoyarsk, 660025, Russia, E-mail:
vpzhereb@rambler.ru

Relevance of the work due to the need to reduce the production load on the main redistribution of precipitation back
salt. Recycling of the mother liquors hydrolysis separate processing branch comprising the sequence of hydrolytic
deposition and vacuum evaporation allows the result to get a «rich» reverse germanium salt, technical salt (halite) ,
enter the resulting conditioned distillate water cycle in the enterprise. The optimum pH range of the deposition process,
the evaporation temperature modes , allowing 99,99 % extract germanium from the mother liquors and excludes its
“breakthrough” in the distillate . The technical result is the conclusion of the mother liquors from the total.

Key words: germanium, precipitation, evaporation, crystallization from solution

[Ipouecc ruaponn3a sBISETCS 3aBepIIAIONICH CTaaueld THIPOMETAITyprUYECcKOro Inepenaesa
IIPOM3BOJICTBA repMaHusi B TexHojormdyecko cxeme OAO «I'epmanunii». CymmapHas peaxuus
mpolecca rupoin3a MOXKeT ObITh Mpe/icTaBIeHa peakiueit 1.

GeCL4 + (x + 2) H,O — GeO; - xH,0 + 4HCL + Q 1)

Breibop ycrnoBuil mpoBeneHUs TUAPOJIM3a OCHOBAaH, TMPEXKAE BCEro, Ha JAHHBIX I10
pactBopumoct GeO7 B CONSTHOM KUCIIOTE, KOTOpasi MUHUMaJIbHA TpH ee KoHIeHTpauu 5,0—5,5 N.
Jis mopepxaHWsT KHUCIOTHOCTH MYNbIBI MpoOLECC BeayT Mpu 6,5—7 KpaTHOM U3O0BITKE
JNEMOHU3UPOBAaHHONW BOAbl. [l MPOU3BOJCTBA MOJUKPUCTAIIIMYECKOTO IOIYIPOBOAHUKOBOIO
repMaHusi, MOJNYYEHHBIH B pe3yiabTaTe TUAPOIHM3a AUOKCHUI IO COJAEP>KAHUIO MPUMECEH IOJKEH
YIOBIICTBOPSTH CIEAYIOIIM TpeGoBanmsim, He Goee %: As 7-10°°%; Fe 7-10°% A15-10°°; Si 7-10°>;
Gau Cumo 5 1077; Cl, 1-10°%. Iomumo JTUOKCHJIa TepPMaHHUs, B IPOIEcce THIPOIN3a 00pa3yloTcs
MaTOYHBIE COJITHOKUCIIBIE PACTBOPBI.

MatouHble pacTBOPHI TUAPOJIH3a, B 3aBUCHMOCTH OT BUJAA MOJIy4aeMOW IBYOKHCH HMEIOT
HOpMaJbHOCTH B Ipenenax ot 1,5 no 3 N. B crnenctBue noreps B mpolecce ruipoan3a, IPOMbIBKH
U CYLIKH JIBYOKHCH, MAaTOYHbIE DPAacCTBOPBI COAEpKaT repmMaHuil B konuuectse 1,8 no 4 1/m;,
KJIacCCUPUIIUPYIOTCS KaK Oorateie, TpeOyrolue naabHenIeit mepepaboTKu C IENbI0 10 U3BJICUCHUS
10 METally.

[Ipouecc mepepabOTKM MATOYHBIX PACTBOPOB THPOJU3a IO KIACCHUECKOH CXEMe paHee
3aKJIIOYaCcsl B OOBEJUHEHWH HX C JIPYTUMH IPOM3BOACTBEHHBIMH PACTBOPAMH U OCAXKIACHUU
repMaHusl XJOPHBIM KEJIE€30M B IMPUCYTCTBUM aMMHauHOM Bojbl. Ilponecc ocaxaeHust cunraercs
3aKOHYEHHBIM INIPH OCTAaTOYHOM COJAEP)KaHUU AMOKCHAA TepPMaHMsl B OCBETICHHON YacTH MYJIbIIbI
<2,56 wmr/n, npu nomnepxxanuu pH pactBopoB 8-9. Ilpouecc nanpHeimen mnepepabOTKH
3aKJII0YaeTcsl B (MIBTPALMM MYJbIbI OCAXIEHUS C IMOJydyeHHeM OOOpOTHOH COJM TepMaHus,
HampaBJIIeMONl Ha TMepenen paslokeHus U (QuiIbTpaTa-sBISIIOIIErocs COPOCHBIM pPacTBOPOM,
HanpaBJsIeMbIM Ha repejien nepepadboTKU pacTBOPOB METOJJOM BaKyyMHOI'O BhITapUBAHUS.

HenocraTkamu npu nepepaboTke MaTOYHBIX PACTBOPOB METOAOM OCAKIEHUS C THIPOKCHIOM
KeJe3a sIBJISIOTCS:

1)  wucmonb30BaHUE B KAYECTBE OCAJAUTENS XJIOPHOTO JKeje3a, KOTOPOe Ha JTAaHHBIA MOMEHT
ABIISIETCS JOCTATOUYHO JE(PUIMTHBIM;

2)  moay4eHue 00OPOTHOM COJIM — repMaHaTa JKelie3a CO CPeIHUM COJIePKAHUEM repMaHus
He Oonee 10-12 % u ¢unpTpara, TpeOyroLero nanbHemeil yTuan3amnu;

3)  HUCroNB30BaHUE B MPOIECCE aMMHUAYHON BOJIbI, KOTOPOE TPEOYET JKECTKOTO KOHTPOJIS
[1/IB no ammuaxy;

4)  oObenmMHEHHE MATOYHBIX PACTBOPOB C JIPYTMMH TPOWU3BOJICTBEHHBIMH pPacCTBOPAMH,
nepepaboTka UX Ha Tepeesie OCAKIACHUS 3arps3HSIIOT MOJYICHHBIA JTOM3BJICUCHHBIN TepMaHUil B
BUJIE TOJYNPOAYKTa, B CIEICTBUE YErO WAET «3alUKIMBAHUE» MPUMECHBIX 3JIEMEHTOB, KOTOpHIE
HaIpaBJIAIOTCS B 000POT.
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Hcxons U3 BbIIECKAa3aHHOTO, ONTUMAaIbHBIM BapUaHTOM MEepepabOTKH MaTOYHBIX PacTBOPOB
TUIPOJIN3a ABJIETCS TEXHOJIOIUS OCAXKIACHHS T€PMAaHATOB LIEJIIOYHBIX METAJUIOB B PACTBOPE €IKOT0
HaTpa C MOCIEAYIOIIUM OTJEJIEHUEM COJIEBBIX OCTATKOB METOJOM BaKyyMHOM neperoHku. Beibop
METO/a HMCIApeHUsl MOJIy4aeMOro IOCiie HEeHTpalu3aluu pacTBOpa, B OTIMYMM OT (pUIbTpanuu
ocaZika repmMaHara HaTpus OOBSCHSETCS CIEIYIOLIMM: BO-TIEPBBIX BO3MOXKHO IIPU HCIAPEHUU
moJiydath He (UIBTpaT, TPEOYIOUINI JanpHEHIIeld nepepadOTKH M YTHIM3AIHUU, a AWCTUIUIAT,
TOAHBIN JJI1 UCIOJNB30BAaHUS B IPOM3BOJACTBEHHBIX HYXJaX, a BO-BTOPbIX Ha (MIBTP Ipecce
BO3MOXXEH <«IIPOCKOK» MEJKHUX B3BECEl TIepmMaHaTa HaTpus, 4YTO IPUBEAET K IOBBILICHHOMY
coJiepkaHuio B (uibTpare repManus. B mpouecce ucnapeHus pacTBOp KOHLEHTPUPYETCS U IPH
UCKJIIOUEHUM JIETYYUX COEIAMHEHUN IepMaHMs, NpU MOJAEpXKAHUM ONTHMAalIbHOro 3HadeHus pH
cpezbl, BeCb F'epMaHuil 0CTaeTcsi B COJIEBOM OCTaTKe ucnapuress. Heo6xonumMo oTMETUTh, U4TO MPH
NPUMEHEHUH TPOLecca MPOCTOW (HUIBTPAIMM ILIEJIOYHBIX PACTBOPOB, BO3HHKAIOT TPYIHOCTH
TEeXHHYecKoro xapakrepa: npu pH Gonee 8 (u1s yaep)kaHus repmMaHaTroB B Bujae 0ojee KPyMHbIX
0CaJIKOB) TIPOMCXOIUT 3aMbUTMBAaHKE cal(heTOK PUIBTP mpecca, 3HAYUTEIBHOE CHUKEHNUE CKOPOCTH
GUIbTpalMy IETOYHOM MyJbIbl U MOJYYEHHE CMELIaHHBIX OCAJIKOB COJEH: XJIOpUAA HATpus U
reépMaHaTOB, KOTOPbIE COBMECTHO OYAYyT HalpaBiieHbl B 000pPOT IPOU3BOCTBA.

Jlns peanuzanuy mpeiaraeMoi cxeMsl nepepaboTKU ObUIM MPOBEICHBI ONBITHBIE pabOThI, B
X0 KOTOPBIX OBUIM yCTAaHOBJICHBI:

- ONTUMAJIBHBIA ~ pacxoJ IIeJoYd, B cpeaHeM npesblmatromuii Ha 2,12-4,5%
CTEXHMOMETPUYECKUH, COOTBETCTBYET JNocTHxkeHUo pH ucxomusx pactBopoB oT 8,2 no 8,3. Ilpu
ykazaHHOM pH pacTBOpOB mosrydeHbl HamOoliee KPYIHBIE OCAJKH, HAXOISIIUECS B CTa0MIBHOM
COCTOSIHMM OKOJIO 24 4acoB;

- u3MeHeHne pH mnoaydyeHHOro AMCTUIUIATA M COAEPKAHME B HEM TI'€pMaHUsI HUMeEET
MPSIMYIO 3aBUCUMOCTb OT 3HaueHus pH HMCXOHBIX pacTBOpPOB, MOCTYNAIOLIMX HA UCHApEHUE, a He
OT OOILEro cofiep>KaHusl FepMaHus B UCXOAHBIX PACTBOpaAXx;

- BO3MOXXHOCTh pEallM3allii LMKIJIA I[epepadOTKH MaTOYHBIX PACTBOPOB TUAPOJIH3A C
BO3BpaTOM (QuiIbTpaTa M IPOMBOJ Ha HCIApE€HUE, COBMECTHO C HCXOJHBIMU pacTBOpaMu 0e3
YXYALIEHUS Ka4eCTBA MTOJIy4aeMbIX IPOAYKTOB;

—  pasJelieHHEe COJIEBOIO OCTaTKa MCIapeHHs Ha 0OOPOTHYIO COJb — FepMaHaT HaTpus U
xJiopua Hatpus. TeopeTHueckuit pacyeT MPOLECCOB BBIMAPKH, OTMBIBKM W (UIbTpaluu ¢
JIOCTaTOYHO BBICOKOM TOUHOCTHIO BOCTIPOM3BOJIUTCS HA MPAKTHUKE;

—  YCTaHOBJIEHBl pPEXUMBI pabOThl BaKyyMHOTO MCIAPEHUS] M TEXHOJIOTMYECKHE
IapaMeTpsl BEJEHUS Mpoliecca.

[TonydeHHble conecoaepkaliye NpoIyKThl: FepMaHaT HATpUs CMELIAaHHOIO COCTaBa U HATPUI
XJIOPUCTBIM aHaIM3UpoBald Ha peHTreHoBckoM crnektpomerpe Lab Center XRF1800 wmapku
XRF1800 Shimadzu. I[lo paHHBIM peHreHo(}a3oBOro aHajqu3a KOJMYECTBO IPHUMECHBIX
KOMIIOHEHTOB B XJiopHuJe Hatpus He Oonee 2 %, mukpodororpadguu o0pas3loB MOKa3bIBAIOT
JIOCTaTOYHO TMPaBUJIbHBIE T'PAHU KPUCTAIOB, YTO CBUIECTEIBCTBYET O PaBHOBECHBIX YCIOBUSX
KPUCTAJIJIN3AL1H.

B npornecce nepepaboTKM MAaTOYHBIX PAacTBOPOB THAPOJIM3a ObUIM MOJYYEHBI CIEAYIOLIUE
MIPOYKTBHI:

— JTUCTUIUIT, cooTBeTcTBYOmM TpedoBanusim ['OCT 6709-72 nnsa nAuCTHIITUPOBAHHOM
BOJIbl, HAMIPABJIsIEeMblil HA BHYTPEHHHE HYK/IbI TPEAIPUATHS;

— KOHIIEHTpAaT MHUHEpanbHbI «ramuty, TY 2111-004-003 52851-05 ot BeICHIETO [0
IIEPBOTO COPTA, PEAIM3yEMbIIl CTOPOHHUM OPTraHU3ALINSM;

- 000poTHas coyib FepMaHusl, HampaBisemMas Ha Hepeliesl Pa3IokKeHUs, C COAepKaHUEM
repmanus ot 36 o 38 %.
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Puc. 1. CHUMKH KPHCTAJIIOB COJIeH XJIOPUCTOrO HATPHUsI Ha onTHYeckoM Mukpockomne AXio Observer Alm, Carl Zeiss

BriBoabl

YcTaHOBNEH 3aMKHYTBIM IUKI MepepadOTKU MATOYHBIX PACTBOPOB THIPOJIH3a C BO3BPATOM
¢duabTpaTa W MPOMBOJ] HA HCIAPCHHE, COBMECTHO C HCXOJIHBIMH PAcTBOpaMH 0€3 yXYAIICHUS
KauecTBa MOJIy4YaeMbIX POAYKTOB.

B of6mem ciydae, BBIBEJCHHE MAaTOYHBIX PACTBOPOB THAPOJIM3a W3 IHKJIA TepepaboTKu
nepezaena ocaxaeHus npeanpusatus OAO «'epManHuii», IpUBEIET K 3HAUUTEILHOMY YMEHBUICHUIO
MIPOU3BOJICTBEHHON HArpy3Ku Ha Mepeliesl OCAKICHHUS, MOJYyYEeHUI0 «Ooratoi» 0OOpOTHOM COJH,
BBEJICHUIO KOHIUIIMOHHOTO JUCTHIIIATA B IIUKJI BOJOCHAOKEHUS MPEITPUATHS.
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AKTyansHOCTb paboThl 00YCIIOBIIEHA TOMCKOM CIIOCOOOB MOJTyYEHHsI KaTAIMTHYECKUX CHCTEM JUIsl PEaKIMH TITyOOKOTro
okucnenus C;—C; yrieBoiopoIoB.

Llens paboTsl: nccnenoBaHue BIMSAHUS KomudectBa Mn(ll) B HaHOBOJIOKHHCTOM OKCHUTHPOOKCHIE ANTIOMHHHUS —
npekypcope MnO,—Al,O; katanu3aTopoB Ha (a3oBbIil COCTAB M 3aKOHOMEPHOCTH B PEAKIMU TTyOOKOIO OKHUCICHHS
C;—C3 — ankaHOB.

MeToap! nccnenoBaHus: xpomarorpadus, peHTreHo(ha30BbIi aHAIN3, KaTalu3.

Pesymprarer: OOHapykeHo BimsHue konwmdectBa Mn(ll) B HAHOBOJOKHHUCTOM OKCHUTHAPOOKCHAE ANTIOMHUHHUS —
npexypcope MnO,—Al,O3 kaTanu3aTtopoB Ha (a30BBI COCTaB M 3aKOHOMEPHOCTH B PEAKIMH TIIyOOKOTrO OKHCIEHHUS
C;—C3 — ankaHOB.
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OKHCIICHHE YIIJIEBOJIOPOIOB
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Relevance of the work is caused by search of ways of receiving catalytic systems for reaction of deep oxidation of C;—
C; of hydrocarbons.

The main aim of the study: research of influence of quantity of Mn(ll) in a nanofibrous oxyhydroxide of aluminum — a
precursor of MnO,—Al,O5 of catalysts on phase structure and regularities in reaction of deep oxidation of C;—C3 —
alkanes.

The methods used in the study: chromatography, X-ray phase analysis, catalysis.

The results: Influence of quantity of Mn(l1) in a nanofibrous oxyhydroxide of aluminum — a precursor of MnO,—Al,O4
of catalysts on phase structure and regularities in reaction of deep oxidation of C,—C; — alkanes is revealed.

Key words: manganese-containing systems, nanofibres of aluminum oxyhydroxide, deep oxidation of hydrocarbons

I'myOokoe KaTaTuTUYECKOE OKUCIICHHUS YIIEBOJIOPOAOB, B EPBYIO OUYepeab MPUPOIHBIX HIIU
MOMYTHBIX HE(PTAHBIX Ta30B UMEET SIBHBIC MPEHMYIIECTBAa Nepea (aKeIbHBIM CXKUTAaHHEM, TaKue
KaK: HU3Kas TeMmIlepaTypa CKUTaHUs 1O CPaBHEHHMIO ¢ (DakeIbHBIM M, COOTBETCTBEHHO, OoJjee
Boicokuii KIIJ] TemnoycTaHOBOK; BO3MOMKHOCTH JIOKHTAHHS O€IHBIX Ta30-BO3AYIIHBIX CMECEH;
3HAUUTENIBHOE CHIKEHHE OMHUCCHUM IPOJYKTOB HEINOJHOIO OKUCJIEHHS W OKCHJIOB a3o0Ta,
3arpsi3Hstomux  atmocdepy [1]. Hambomnee pacnpocTpaHeHHBIMH KaTaM3aTOpamMu TIIyOOKOTO
OKHUCIICHUS] YTTICBOJIOPO/IOB SIBIISIIOTCSL CHCTEMBI COJIepiKalie OnaropofaHbie Metamwisl [1, 2],
MPOSBIISAIONINE BBICOKYIO aKTUBHOCTb IPU HU3KHMX Temrieparypax. Kartamusaropsl, coaep:kaiiue
O5aropo/IHble METaJlIbl UMEIOT Pl HEAOCTAaTKOB [1, 3], UMEHHO: BbICOKasi CTOUMOCTh; OTPABJICHHUE
aKTUBHOTO METaJUla CEpPHHUCTBHIMH COEAMHEHUSMHU; CIIeKaHWe AaKTUBHOM @Qa3pl. B kauecTtBe
BO3MOXXHBIX AJIbTEPHATUBHBIX KaTaJIM3aTOPOB OKUCIIEHUS YIIIEBOJOPOAOB MCCIEAYIOTCS CUCTEMBI,
coJieprKalire B KauyecTBE aKTUBHOM (pa3bl OKCUABI MEPEXOIHBIX METAJIOB: HUKENS, MEAH, XpOMa,
K00asbTa, MapraHila, HAHeCEHHbIE Ha TEPMOCTOMKNE OKCHU/IBI: 0JIOBA, LIMPKOHUS WIN alfoMUHuA [1,
3, 4]. Yacto B KauecTBE HOCUTENSI aKTUBHOM (pa3bl UCHOJIb3YETCS YUCTHIA WIM IPOMOTHUPOBAHHbBIN
OKCH/JI aJTIOMUHMSI ¢ HAHECEHHBIMHM OKCHJIaMH MapraHiia /Ui MOJY4YEeHUs TEPMHUECKU CTaOMIIbHBIX
KaTaJIn3aTOPOB CXKUTAHMS YTIIEBOIOPOIOB [S].

[TpoBeneHHBIC HCCIIEIOBAHUS 110 BapbupoBaHuio coaepxkanus Mn(ll) B pactBope ruaponmsa
HAaHOPA3MEPHOTO aJIOMUHUS TIOKa3aJld, YTO HAHOBOJIOKHUCTBIA OKCHUTHUIPOKCH[ aFOMUHUSA,
mouduimpoBanHbiii oHamu Mapranma(ll), sBiasercss mpeKkypcopoMm KaTajau3aropa B peakIHu
ITyOOKOTO OKHMCIIEHUS YIJIEBOJIOPOJIOB, aKTHBHOCTH KOTOPOTO OIPENENETCs] KOJINYECTBEHHBIM
conepxannem nonoB mapranua(ll) B okcoruapoxcue.

VYcTaHoBIIEHO, 4YTO  JUIs  TOBBIIIEHWS  aKTHUBHOCTH  KarajuM3aropa  HeoOxoauma
Mpe/iBapUTeNibHas TEPMOAKTUBALMS MOJU(PUIIMPOBAHHOTO OKCOTHIPOKCHAA aTIOMUHHUS IpH
temneparype 850 °C B armocdepe BO3ayXa BO BCEM HCCIEIYeMOM IHana3zoHEe KOHIICHTPAIIHid
nonoB mapranua(ll). [penBaputenbHas TEpPMOAKTUBALNS TPUBOJUT K (POPMUPOBAHUIO IIMTUHETH U
CHIDKEHHIO TEMIlepaTypbl IOJIHOM KoHBepcun MertaHa 1o 650 °C. B kadecTBe KaraimmzaTopa
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rIIyOOKOrO OKHUCIIEHHS YTJIEBOJOPOAOB Oojiee NEPCIEeKTHBEH KaTallu3aTop C COJepKaHHeM
10,5 macc. % wmapranna(ll) B npekypcope, HECMOTPsi Ha TO, YTO CKOPOCTh OKHMCJCHHS METaHa Ha
HEM HIDKe, YeM Ha Kartamusatope ¢ cojaepxanuem Mapranna (II) 5,7 macc. %. B omimume ot
Karanusaropa ¢ cojepxanuem wmapranma(ll) 5,7 macc. %, rae OKcHI aqIOMHHUS HAaXOIUTCS B
MmetactabuiasHOl (popme (o-Al,O3), karamuzatop ¢ comepskanuem 10,5 macc. % wmapranmna (1)
COJICP)KHUT B CBOCH CTPYKTYpe TEPMOJMHAMHUECKH M TEPMHUYECKU cTaOmibHYI0 ¢a3y a-Al,Osz, uto
no3BoyisieT paboTaTh JaHHOMY KaTalu3aTopy BO BCEM TEMIEPAaTypHOM JMaNa3oHEe peakluuu
okucnenusi C1—Cs yrieBogopoaoB
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AKTyanbHOCTh pPabOTHI: OOyCIIOBIIEHA 3HAYMMOCTHIO IOMICKa Hambosee 3(P(EeKTHBHBIX CIIOCOOOB KOMILICKCHOM
nepepaboTKH MPUPOIHOTO JIEKAPCTBEHHOTO ChIPhst 6epé3oBoro rpuba uaru Inonotus obliquus.

Iens paboThI: 3aKiIroyanack B UCCIECAOBAHNH 3aBHCUMOCTH W3BJIEKa€MOCTH JTAaHOCTAHOBBIX TPUTEPIICHONUAOB U3 CHIPHS
Yard ¥ aHTHOKCHAAHTHOW akTWBHOCTH (AOA) BOJHOTO SKCTpakTa OT IMOCIEIOBATEILHOCTH BOJHOW M OPTaHUYECKOMH
9KCTPAKIUH U OT BU/IA HCIOJIb3YEMOT0 OPTaHNIECKOTO SKCTPArcHTa.

MeTobI HCCIIEOBAHMS: 3KCTPAKIHS, Ta30Basi XpoMaTorpadus-Macc-crieKTpoMeTpust, m3mepenne AOA.

Pe3ynbraThl: cTENeHb M3BJICUEHHS JIAHOCTAHOBBIX TPUTEPIICHOMJOB YBEJIMYWIIACh MOCHE IMPEABAPUTENLHON BOJIHOM
skcrpakuu; AOA BOZHOTO 3KCTpaKTa HE 3aBUCENA OT MOPS/IKA €ro ITOJTyYEeHUs.

BrIBozbl: onTHMHU3anMs KOMIUIEKCHOHM NepepabOTKU CHIphSl Yard 3aKiIOvYaeTcs B NPOBEACHUHM Ha e€ IepBOM dTare
BOJTHOI 9KCTPaKIMK JUIS N3BJICYEHHS aHTHOKCUAAHTOB; OCTAIOIINIICS IPOT COJEPIKUT NMPAKTHUECKH BCE JIAHOCTAHOBHIC
TPUTEPIIEHOUBI, KOTOPbIE B HEM OoJiee JOCTYIIHBI, YeM B HATUBHOM ChIpbE, U 3(P(PEKTHBHO M3BJIEKAIOTCS HAa BTOPOM
9Tare HEeMoJISIPHBIM OPraHMYECKUM PacTBOPUTENIEM (TEKCaHOM, XJIOPO(GOPMOM).

KioueBsie cioBa: dara, Inonotus obliquus, skcTpakuust, aHTHOKCHIaHTHAS aKTUBHOCTD, TPUTEPIICHOUIBL.

OPTIMIZATION OF COMPLEX PROCESSING OF MEDICINAL RAW
BIRCH FUNGUS INONOTUS OBLIQUUS
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Relevance of the work is caused by importance of search for most effective methods of complex processing of natural
medicinal raw birch fungus Inonotus obliquus.

The main aim of the study was to investigate changes in extractability of lanostane triterpenoids from raw chaga and
antioxidant activity of aqueous extract under variation the sequence of water and organic extraction and using different
organic solvents for lanostane triterpenoids extraction.

Methods used in the study: extraction, gas chromatography-mass spectrometry, antioxidant activity assay.

Results: the degree of lanostane triterpenoids recovery increased after preliminary water extraction; the antioxidant
activity of water extract was independent on processing options.

Conclusion: optimization of complex raw birch fungus processing is to carry out the water extraction first to obtain an
extract with antioxidant action; the residue from water extraction contains almost all lanostane triterpenoids, which are
more available from the residue, than from the native material, and efficiently extracted by nonpolar organic solvents
(hexane, chloroform) at the second stage of raw material processing.

Key words: birch fungus, Inonotus obliquus, extraction, antioxidant activity, triterpenoids.

Tpyrossiii Tpu6 Inonotus obliquus, u3BecTHbIi kak 6ep&30BbIii TPUO Yara, UCIOIH30BAIICS C
XIl Beka B orTeyecTBeHHOW HapoAgHOW MeaunuHe [l1]. AHanM3 COBPEMEHHBIX HayYHBIX
JUTEPATypHBIX JaHHBIX MNPUBOAMT K 3aKIIOYEHHUIO, YTO BOJHBIM S3KCTPAKT Yaru oOiagaer
AHTHUOKCHJIAHTHOW aKTHBHOCTHIO [2]. M3BneueHwe u3 4Yaru OPraHUYeCKHUM OJKCTPAareHTOM
TETPALMKINYECKUX  JIAHOCTAHOBBIX  TPUTEPIICHOUIOB AaKTYaJIbHO Ui  MCCIENOBAaHUSA  HX
(dapmakonornueckord aktuBHOCTH [3]. JlaHHas paboTa TIOCBAIIEHAa TIOMCKY HamOosee
3¢ peKTUBHOTO crocoda KOMIUIEKCHOM MepepaboTKU ChIpbsl 4Yark, COYETaloIled BOJHYIO U
OpraHMyecKyro dKcTpakiuuio. lLlenpio paOoThl OBUIO HCCIIEAOBAHHWE 3aBHUCHUMOCTH CTENEHU
W3BJICUEHUS JJAHOCTAHOBBIX TPUTEPIICHOUIOB U3 CHIPhS M aHTUOKCUJAHTHOW aKTUBHOCTH BOJHOTO
JKCTpaKTa OT TIOCIEI0BAaTEIbHOCTH BOJHOM M OpraHMYEcKOM OHKCTpakIMM U OT BHJA
HCIOJIb3YEMOT0 OPraHUYECKOT0 PaCTBOPUTEIIS.

B T1abn. 1 mnpencraBneHbl pe3yibTaThl MCCIEIOBAaHMS H3BIEKAEMOCTH JIAHOCTAHOBBIX
TPUTEPIIEHOU OB U3 HATUBHOIO CHIPbS Yark Pa3HbIMH OPraHUYECKHMMHU PACTBOPHUTEISIMU. Y CJIOBUS
AKCTParupoBaHUS: KUIISTYEHUE ChIPhSI B PACTBOPUTENIE C OOPAaTHBIM XOJIOAUILHUKOM B TEUEHHE Yaca
IIpU COOTHOIIEHMH O00BEMa sKcTpareHTa (Mi1) M Macchl cbipbsi (r), paBHoM 20:1. CoctaB u
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CoJiep)KaHWEe KOMIIOHEHTOB 3KCTPAKTOB ONPEACTSUIM METOAOM Ta30BOHM Xpomarorpaduu-macc-

CIICKTPOMCTpPHUH.

Tab6unuma 1

CpaBHeHne CoIepKaHUuA JJAHOCTAHOBBIX TPUTEPIICHOUAOB B PA3HBIX OPraHU4Y€CKHUX IKCTPAKTAaX U3 HATUBHOI'O
CbIPbs Yaru, MKT/T HATHBHOI'O CbIPpbsL

CoennueHus OKCTpareHTs
I'ekcan Xiopodopm Orunanerar
HWuoronmon 835+ 85 605 + 60 200+ 20
Jlaroctepun 270 =30 105+ 10 63 +7
TpameTeHoIOBasI KUCIIOTA 163+ 17 165+ 17 5+1
3B-T'mppokcnnanocra-8,24-nnen-21-anp 98+ 10 97+ 10 33+3

AHaJII/I3I/Ipy51 JaHHBIC Ta0JI. 1, MOXKHO CA€JIaTb BBIBOJ, YTO HM3BJICKACMOCTH JIAHOCTAHOBBIX

TPUTEPIIEHOUIOB U3 Yark YMEHBIIAETCS C YBEIMYEHUEM MOJIIPHOCTH PACTBOPUTEIIS.

B T1abn. 2 mnpencrtaBieHbl pe3yibTaThl HCCIEJOBaHMS H3BICKAEMOCTH JIAHOCTAHOBBIX
TPUTEPIIEHOUJIOB XJIOPO(POPMOM M3 HATUBHOIO CHIPbS Yard M IMPOAYKTOB €ro MpeaBapUTEIbHON
BOJHOM SKCTPAKIMU — CYyXOI'0 OCTaTKa BOJHOT'O 3KCTPAKTa U LIPOTa (CoAepkKaHUe TPUTEPIIEHOUI0B
B IPOAYKTaX NepepadOTKU yKa3aHO Ha Maccy MCXOJHOIO ChIPbsl, U3 KOTOPOTO MOJIy4eHbl BOJHBIN

SKCTPAKT M LIPOT). Y CIIOBUSI U3BIICUCHUS TTPEKHHE.

Tab6auma 2

CpaBHeHHe cofiepKaHUsI TAHOCTAHOBBIX TPUTEPIEHONI0B B XJIOPO(OPMHBIX IKCTPAKTAX H3 HATHBHOIO ChIPbS
Yaru U NPpoAYKTOB ero NpeIBapuTeIbHOIi BOJHOI SKCTPAKIMH, MKI/T HATHBHOT'O CBHIPbS

O0pasisl
Coettens ) HROZ[YKTBI BOJHOM 9KCTPAKLHIH
HartusHoe cbIpbé Cyxolt ocTaTok
IIpot
BOJTHOT'O IKCTPAKTA

WuoTonnon 605 + 60 5+1 2002 £ 200
JlanoctepuH 105+ 10 - 327 £35
TpamereHoI0Basi KMCJIOTA 165+ 17 - 573+ 60
3B-I'unpokcunanocra-8,24-nuen-21-aip 97+ 10 - 218 £ 23

AHanu3upys IaHHble Tabj. 2, MOXKHO clieJaTh BBIBOJ, YTO JAHOCTAHOBBIE TPUTEPIIEHOMIbI
IIPY BOJHOW DKCTPAKIMM HATUBHOTO CBHIPbSl YarW OCTAIOTCS B COCTAaBE LIPOTa, U3 KOTOPOTO
M3BJIEKAIOTCS 3aTEM OPTaHUYECKUM PACTBOPUTENEM B OOJIbIIECH CTENEHH, YEM U3 HATUBHOI'O CHIPBS.
VYBenuueHne M3BIEKAEMOCTH TPUTEPIICHOMIOB IOCJIE IPEABAPUTENBHONM BOJHOM 3KCTpaKLIUU
OOBSICHSIETCS, BEPOSATHO, 3HAUUTEIBHOM CTPYKTYpPHOH NEPECTPOMKON ChIpbs: BOJAa W3BJIEKAET W3
HEro 4acTuipl MenaHuHa pasMmepoM 60-160 HM [4], 4TO yBenMYMBAEeT MOPUCTOCTH IIPOTA IO
CPaBHEHHIO C HATHBHBIM CBIPHEM M CHOCOOCTBYET Oosiee IIyOOKOMY JOCTYIYy OpPraHMYECKOTo
9KCTpareHTa K TPUTEPIIEHOUAHBIM COEMHEHMSIM.

W3mepeHne aHTHOKCHAAHTHOM aKTHBHOCTH BOJHBIX SKCTPAKTOB MPOBOAMIN METOIOM,
MCTOJIB3YIOUIMM MOJIENIBHYIO PEAKLUIO0 OKUCICHUS Cylb(uUTa KUCIOPOAOM B BOJHOM pacTBope [5].
AHTHOKCH/IAaHTHAsI aKTUBHOCTb BOJHOIO 3KCTPAaKTa, MOJYYEHHOTO W3 HATUBHOTO ChIpbS 4Yaru, He
OTIMYAETCA OT AaKTUBHOCTH BOJHOTO OKCTPAaKTa, IIOJIY4EHHOIO IIOCIE€ IPEIBAPUTEIBHON
OpPraHWYECKOM 3KCTPAKIUH, U SKBUBAJIECHTHA COACPKAHUIO 5,2 MI' TAJJIOBOM KHUCIIOTHI B | T cyxoro
OCTaTKa BOJAHOI'O DKCTPAKTA.

Takum o0pa3oM, onTUMH3alUs KOMIUIEKCHON MepepadOTKH ChIpbs Yaru 3aKiII4aeTcs B
NPOBEJICHUU Ha €€ MepBOM OJTarne BOAHOM »HKcTpakuuu. [lomyyaemass BBITSDKKA 00JagaeT
AHTUOKCHJIAHTHBIM JielicTBUEM. OCTaromuiicsi MPOT COACPKUT MPAKTUUECKU BCE JTAHOCTAHOBBIE
TPUTEPIICHOUIHBIE COCTUHEHUS, KOTOpble B HEM Oojiee OCTYNHBI, YeM B HAaTHUBHOM ChIpbE, U
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3G (PEeKTUBHO  WM3BIEKAIOTCS  HEMOJSIPHBIM  OPraHMYECKUM  pPacTBOpPHUTENIEM  (T€KCaHOM,
XJIOpo(hOpMOM) Ha BTOPOM 3Tare nepepaboTKH ChIPhHSI.
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B paGote npencraBieHbl pe3yiabTaThl MCCIENOBaHMH COPOLMHU JIM30LMMa MEeMOpaHaMH Ha OCHOBE apOMaTH4eCKOTO
monamMuaa W comonmamuma ¢ 10 mom %  ¢parmenToB C cyip(oHATHRIMH < TrpynmamMu. Jns  ommMcaHUS
AKCIEPUMEHTAIbHBIX KMHETHYECKHX 3aBUCHMOCTEH HCIOJIB30BAIM MOJAMMUIMPOBAHHYIO ITU(P(Y3HOHHYIO MOJETb U
MOJIeNb COPOITMH, KOHTPOJIMPYEMOH B3amMojeicTBueM copbat/MeMmOpana. [loka3aHO BIUSHHUE DJIEKTPOCTATHYECKUX
B3aMMoJIelicTBHI OelIoK/MeMOpaHa Ha MEXaHU3M, CKOPOCTh U IITyOuHy copOrmu. [lomydeHHbIe pe3yabTaThl OTKPHIBAIOT
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BO3MOXKHOCTb JIJIsl YIIPaBJI€HHUsS COPOIMOHHBIMY TPOLECCAMH MPH MPAKTUYECKOM HCIOIb30BAHUH CHHTE3UPOBAHHBIX
MeMOpaH.
KaioueBbie ci10Ba: MeMOpaHbl, yIbTpadUiIbTparys, COPOIHs TU301UMa, MEXaHU3M COPOIMH, KHHETHKA.

THE INFLUENCE OF ELECTROSURFACE PROPERTIES OF
ULTRAFILTRATION MEMBRANES BASED ON AROMATIC
POLYAMIDES ON THE LYSOZYME SORPTION KINETICS

Natalya N.Smirnova, Ph.D., Associate Professor of chemistry department, Vladimir State University named
after A.G. and N.G. Stoletovs, 87, Gorky Street, Vladimir, Russia, E-mail: smirnovann@list.ru
Irina A. Nebukina, postgraduate student of the chair of chemistry department, Vladimir State University
named after A.G. and N.G. Stoletovs, 87, Gorky Street, Vladimir, Russia,
E-mail: irinanebukina@rambler.ru

Investigation results of sorption of lisozyme by membranes based on aromatic polyamide and co-polyamid with
10 mol. % sulfonate-containing fragment has been done in present work. To describe the experimental Kinetic
dependences the modified diffusion model and sorption model controlled by interaction protein / membrane have been
used. The influence of protein/membrane electrostatic interactions on mechanism, speed and the depth of sorption has
been shown. The results obtained offer the possibility to control the sorption process in case of practical use of the
synthesized membranes.

Key words: membranes, ultrafiltration, lysozyme sorption, sorption mechanism, kinetics

CormacHo  CyIIECTBYIOIIMM  NPEACTAaBICHHUSIM B  OCHOBE  pEalu3yeMoro  mpu
yAbTpadUIbTPALlUU Pa3JeIUTEIbHOTO MEXaHu3Ma JIKUT pa3MepHas CeleKTUBHOCTh. B ciyudae
buabTparuu  OCIKOBBIX  PAaCTBOPOB  HAOMIOMACTCS Pl CHEMUPUISCKUX  OCOOCHHOCTEH,
OIpeNIeNIIEMBIX KaK COCTaBOM M CTPOEHHEM MAaKpOMOJIEKYJ O€JIKOB, UX KOH(OpMallMOHHBIM
COCTOSIHUEM U CTPYKTYpOH, TaK M CBOMCTBaMH MEMOpaH, YTO, B KOHEYHOM HTOT€, M OKa3bIBaeT
BIMSIHME Ha XapakTep B3auMojaeHcTBUIl Oenok/MemOpana. CrenctBueM Bbllle 0003HaUEHHBIX
0CcOOEHHOCTEH SBISETCS 3HAYMTEIBHBIN BKIJIAJ COPOIIMOHHBIX IMPOIECCOB B pa3eUTEIbHBIC H
TpaHCHOPTHBIE CBOIcTBa MeMOpaH [1].

B mHacrosmeit paboTe mnpennpuHsATa MOMNBITKA OLEHUTh HAIWYWE M CTENEHb BIMSHUA
AJIEKTPOMIOBEPXHOCTHBIX CBOWCTB TOPHCTHIX MEMOpaH Ha OCHOBE AapOMAaTHYECKUX TOIH- W
CONoJIMaMMJa Ha KHHETHUKY copOumu Ju3ouumma. B kauecTBe OOBEKTOB HCCIIEOBAHUS
WCTIOJ30BAJIMCh TIONyYeHHBbIE (Da30MHBEPCHOHHBIM METOJIOM MOKPOTO (OPMOBAHHS MOPHUCTHIE
MeMOpaHbl U3 apomarudeckoro noimumamuga (ITA) u comonmmammpa, coxepxamero 10 moit. %
¢bparmeHToB ¢ cynbpoHaTHbiMU rpymnamu [1IA-10(—). Benuumna ( — moTeHimaiza oOpa3ioB
MemOpan cocraBmia +2.4 u —43.8 MB (ITA u ITA-10(-) coorBercTBeHHO). McciaemoBaHust
nposoamuck mpu pH = 6,86 (ploys = 11,0).

Jns onmucaHusi ckopocTH copbumu Lys B cratmyeckoM pexxume Ha memOpanax ITA u
I[MTA-10(-) wucnonp30BAIM  MOTUPHUIMPOBAHHYIO TUPPY3UOHHYIO MOJENb, YYUTHIBAIOIILYIO
M3MEHEHHE M0 Mepe MPOTEKaHUs MpoLecca JOCTYIHON At COpOLUH MOBEPXHOCTH 00pa3LoB [2]:

s _ 0{1— S}CO (2)“2

dr S, 7T
rae S — copOLUMOHHAs eMKOCTh MeMOpaHbl B MOMEHT BPEMEHHU T; S — COpOLMOHHAs €MKOCTh B
MOMEHT paBHOBECHS; Co — KOHIEHTpanusi Oeinka B pacTBope; T — BpeMs; D — koapduiueHt
mipdy3un; o — KodPUIHMEHT, XapaKTepU3YIOLUil CTeNeHb, 10 KOTOPOH COpOIMOHHBIN Hpolecc
KOHTPOJIMPYETCS TIEPEHOCOM BEIIeCTBA K TIOBEPXHOCTH MeMOpaHbI W MOJENb COpOIHH
KOHTPOJUPYEMO B3auMoieiicTBIEeM copbaT/MemOpaHna [2]:

Q
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rae Ki, Ko — KOHCTaHTBI CKOPOCTH COpOLMH W jaecopOumu Oelika MOJIMaMHIHBIMH MeMOpaHaMu
COOTBETCTBEHHO, Cs — KOHIICHTpaIusi OelKa B MPHUIIOBEPXHOCTHOM ciioe, Q — MakchManbHas
copOIIMOHHAs EMKOCTh MeMOpaHbI (Mojienb JIeHrMIopa).

KoaddutimeHnTsl 1 KHHETHYECKHE apaMeTphl copomuu Lys moauaMuIHEIME MeMOpaHaMH TIPH
Pa3IMYHBIX TEMIIepaTypax, pacCYUTaHHBIC C HMCIIOJIb30BAHMEM JIAHHBIX MOJEJICH IPECTaBICHBI B
TadJ1.

Koa¢pduunents! copouun Lys nonuaMuiHbIMu MeMOpaHaAMM IIPU PA3JIMYHBIX TeMIlepaTypax

MO/JIeJb K03(h(pUIHECHTBI A [A-10()

A a 23°C 40 °C 23°C 40 °C
dbpyoam a 0,0168 0,0369 0,0360 0,0596
IOy R? 0,8652 0,7742 0,7990 0,8837
copbuwm, Ko, MuH > 0,0139 0,0170 0,0141 0,0175
KOHTPOITHPYEMOH S,, Mr/cM? 0,045 0,082 0,105 0,157
B3aUMOACHUCTBUEM
Gesiox/MeMbpana R? 0,9633 0,9291 0,9553 0,9571

AHanu3 KMHETHYECKUX JTaHHBIX MO3BOJIMI YCTAHOBHUTH, YTO MPOLECC COPOIMU B M3YUCHHBIX
CHCTEMax oOIpenessieTcs B OCHOBHOM He muddysmeid monekyn Oenka n3 o0bema pacTBopa K
MOBEPXHOCTH MeMOpaHBbl, a coOCcTBeHHO copOrmeit. [lokazaHo, 4TO B pacCMaTpUBAaEMBIX CHCTEMax
Oenok/MeMOpaHa dJIEKTPOCTATHYECKHE CHIIBI BIHUSIOT, KaK CKOPOCTh (B Ha4YalbHBIA TEPUOL
BPEMEHH), TaK W Ha TIyOMHY COpOLMOHHBIX NPOLECCOB. 3HAYEHUS HHEPruil aKTHBALUH,
paccuMTaHHBbIC Ha OCHOBAaHHM TEMIICPATYPHBIX 3aBUCHMOCTEH COPOIMOHHON €MKOCTH 00pasloB,
coctaBisitoT ~ 40 u ~ 20 xJx/mounb aist [TA u [TA—10(—) COOTBETCTBEHHO.

[TonumManue OCHOBHBIX 3aKOHOMEPHOCTEH COPOLMOHHBIX IIPOLECCOB B HCCIEIOBAHHBIX
CHCTEMaX OTKPBIBACT BO3MOKHOCTh HE TOJIBKO JIJIsl YCTAHOBJICHHSI PEAIM3YEMOr0 B HUX MEXaHU3Ma,
HO W, KaK CJIEACTBUE, — JJIS YNpPaBJICHHUs pacCMaTPHUBAEMBIMHU IPOLECCAMH TPU IMPAKTHYECKOM
UCII0JIb30BAHUY CHHTE3UPOBAHHBIX MEMOpaH.
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Lens paboTHI 3aKiII0YaNach B IPEUIOKEHUH CXEMBI IIepepadOTKH MUPUTHBIX OT'apKOB

MeToabl HCCIeOBaHus: MPOKAJIKa OrapKoB U XJIOPUPOBaHHE

PesynbraThl: cTEneHb XJIOpUPOBaHUs keje3a cocTaBmia 93,6 %

KaioueBble ci1oBa: XJIOpH aMMOHMS, IIMPUTHBIE OT'apKH, XJIOpaMMOHUITHAs TexHoiorus, okcnn xeinesza(lll), xmopun
xenesza(lll).
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RECYCLING OF IRON-CONTAINING WASTE BY AMMONIUM
CHLORIDE

Andrey A. Smorokov, student, National Research Tomsk Polytechnic University, Institute of Physics and
Technology, 30, Lenina Avenue, Tomsk, 634050, Russia, E-mail: wolfraum@yandex.ru

Relevance of the work is due to the accumulation of large amounts of the iron-containing waste

The main aim of the study is to offer recycling scheme of the pyrite cinder

The methods used in the study: heat and chlorination of cinders

The results: chlorination degree of iron is 93.6 %.

Key words: ammonium chloride, pyrite cinders, chlorammonium technology, iron oxide(l11), iron chloride(lll).

ExxerogHo B Mupe NpPOMU3BOJAUTCA OKOJO 12 MIIH. TOHH OTXOAOB IPOM3BOJCTBA CEPHOMU
KHCJIOTHI — MUPHUTHBIX OrapkoB [1]. MakpOKOMIIOHEHTaMH MUPUTHBIX OTApKOB (Ta0JI.) SBIISIOTCS

OKcHuIbI Jkene3a (1o 75 % B mepecuere Ha OKCHUT).

Cocras MHPUTHOI'O0 Orapka

DnemMeHT Si Fe Ca Zn Cu As Au Ag
CopepxaHue 7% 52 % 4.4 % 0,4 % 0,5% 0,15 % 21/t 10 o/t

OTMe4YeHO MPUCYTCTBUE TAKUX DJIEMEHTOB KaK LIMHK, MEIb, KaJbllMi, MBIIIbSIK, cepa. B PD
HakoryieHo Oosiee 30 MJIH. TOHH, HOITOMY HaJW4HME€ BO3MOYKHOCTH KOMIUIEKCHOW mepepaboTKu
JAHHOT'O POJa OTXOJOB C H3BJIICYEHUEM IIEHHBIX KOMIIOHEHTOB IIO3BOJIUT PELIUTH MpoOIemMy
HAKOIUJICHUS TaHHBIX OTX0J10B [1].

Cy1ecTByromye TEXHOJIOTUHU NepepabOTKU MUPUTHBIX OTapKOB OCHOBAHbI HA UCIIOJIb30BaHUU
XJIOPU/I0B METAJUIOB MJIM CEpHOW KHUCIOTHl. OCHOBOW CEPHOKHUCIOTHOM TEXHOJOTHH SIBIISIETCS
pacTBOpEHUE MUPUTHBIX OTapKOB B CEPHOM KHUCIOTE C IMOCIEAYIOLIUM BbIJACIECHUEM LBETHBIX U
0J1aropoIHBIX METaJIOB. JOCTOMHCTBOM BBIIIEONHMCAHHOIO Ipoliecca SBISETCS HCIOJIb30BAHHE
HU3KUX TEMIEparyp B Ipoliecce nepepaboTKu. Y JIaHHOTO METoAa NMepepadOTKH €cTh OOJbIION
HE/I0CTaTOK — HEO0OXOAMMOCTh YTWIIM3AllMK PacTBOpa Cyib(ara jKejae3a U CTOUHBIX CIAOO0KUCIBIX
BoAa [1]. XnopuaHas TEXHOJIOTHS 3aKitoyaeTcsi B 00pabOTKe NMPOKAIEHHBIX MUPUTHBIX OTapKOB
XJIOPUJIOM HATpHsl B NPUCYTCTBUHU BO3AYyXa C MOITAIIHBIM BBIIECICHUEM BCEX KOMIIOHEHTOB CMECH.
HepnocraTkom qaHHON TEXHOJIOTHM SIBJSETCS OOJbIlask SKOJOTHYEcKasi Harpy3Kka Ha OKpY’Kalollyro
cpeny [2]. BelmenepeuncieHHbIE TEXHOJOTUM OPUEHTHPOBAHBI B OCHOBHOM Ha W3BJICUYCHUE
LBETHBIX MeTaJlIoB. JIOCTOMHCTBAMM XJIOPAMMOHUHHOW TEXHOJOTMM SBISIOTCA: BO3MOXHOCTH
pereHepanyy XJIOPUPYIOIIETO peareHTa, KOMIUIEKCHas mepepadoTKa ChIpbs, HJKOJIOTHYECcKas
0€30I1aCHOCTb.

Llenbto paboThl sBISETCS M3Y4YEHUE XJOPUPOBAHMS OKCUAA TPEXBAJICHTHOIO >Kejle3a U
MUPUTHOTO Orapka XJOPUIOM aMMOHHS C YCTaHOBJIEHHMEM OINTHMAJbHBIX YCIOBHI MPOBEIEHUS
mporecca.

[Ipouecc mepepaboOTKM  NHUPUTHBIX  orapkoB  (puc. 1) mpeiaraercss MOpPOBOJIUTH
XJIODUPOBAHMEM TIPEABAPUTEIBHO TNPOKAIEHHOIO IHUPUTHOIO Orapka XJOpPHUAOM aMMOHHS C
MOJIyYeHHUEM XJIOPHAOB 3JIeMEHTOB. B dacTHocTH, ’kene30 obOpasyer Tpuxjiopuna sxenesa. Ero
MO>KHO OTJENIUTh OT OCTAJIbHBIX XJIOpUA0B cydmumanueit npu 318 °C.
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Texnozennoe coipoe, 100 000 mu
Si Fe Ca Zn Cu Au Ag As
7000 mu 52000 mn 4400 mu 400 mu - 500 mn 2 2/mn 10 2/mn 150 mu

i

Bosdyx, 5 Obocue )
- O: 700 °C NH.C] €———— NH.CI
Vmunuzayus - > )
‘ 4FeQ + O 2Fe:0: | 200 000 mu XN
A5:05 + JHS — A58 + 3H0 —
S0: + NH: + H-O — NH.HSO: \L
Xaopuposanue H-0;
\L 250 °C —> NH:
As:S. NH.HSO. Fe:0: + 6NH.Cl —»2FeCl; + 6NH; + 3H.0
250 mu 300 mu
_| Bozcouka sicenesza | H:
350 °C 3 000 mn
Boccemanosnenue pT -
- ; (’U{) . (,, - !.’( i+ l’]?(l’}ln’ﬁ’(”ffl(’
2FeCl; + 3H. — 2Fe + 6HCI :

Fe
50 000 mn

H-0—>{6. Boonoe sbiyerauusarie|

Si0:;
CaSOs,; CuCl:;
Au; ——— L N
Ag H-0
¥

[~ Huanuposanue  Je—NaCN
10 mn

Si0:;
CaS0:
30 000 mu

I Hzeneuenue zonoma I

iu - 0,16 mn
1g - 0,8 mu

Puc. 1. Cxema HCpepaGOTKI/I MUPUTHBIX OT'apKOB A0 MCTAJLIIMYCCKOIO KeJie3a

Cnnae Hope

[TocnenoBaTenbHOCTh TEXHOIOTUYECKUX OMEpaIUi.

1.  OxucnutenbHblii 00xur. [IupuTHBIE Orapku MOABEPraroTCs OKUCIUTEILHOMY OOXKUTY
npu 700 °C ¢ nenbio nepeBojia Jkeyes3a B TPeXBaJICHTHOE COCTOSIHUE:

4FeO + O, — 2Fe,03

2. XnopupoBaHue. OKUCIIEHHBbIE MUPUTHBIE OTapKH 00padaThIBAIOTCA TBEPABIM XJIOPHIOM
ammonust nipu 250 °C ¢ mepeBojioM B XJIOpUIHYIO (opMy ’Kelle3a W BBIBOJOM B ra3oByro ¢azy
aMMMaKa U BOJBI:

Fe,O3; + 6NH,Cl — 2FeCl; + 6NH3 + 3H,0

3. Bosronka sxenesa [3]. IIpu 315 °C mpoucxoauT BblAeTI€HNHE B Ta30BYI0 (pa3y Tpuxiopuaa
JKeJe3a, B TBEPJIOM BUE OCTAIOTCS COSTMHEHHS KPEMHUS U KaJIbIIHSI.

Cranuu 4-9 mmpoKo onucaHsl B IUTEpaType:

4.1. [TonyyeHue okcuaa jxene3a. TpUXIIOpHI JKelle3a oOpabaThIBaeTCs MapaMu BOABI C
BBIJIETICHUEM TTOPOIIKOOOPAa3HOTO OKCHIA JKeje3a U ra3000pa3Horo xjiopoBoaopoaa [3]:

2FeCl; + 3H,0 — Fe,O3 + 6HCI

4.2. TlomyyeHne MeTaJUTMYECKOTO XkKele3a. Tpuxyiopua xene3a oopadaTbiBaeTCsi BOJOPOJOM C

BBIZICJICHHEM TIOPOIIKOOOPa3HOTO METAJUTMYECKOTO JKeJie3a U ra3000pa3Horo xjaopoBoaoposa [3]:
2FeCl; + 3H,; — 2Fe + 6HCI

5.  Perenepanus xnopuna ammonusi. PacTBopsl aMMHaka 1 XJI0pOBOJ0OPO/Ia 0ObETUHSIIOTCS

C MOJIy4YE€HUEM XJIOPUIa aMMOHHUS:
NH3; + HCI — NH,CI

6.  l3BieuyeHHE IIBETHBIX METAJIOB, C MOCIEAYIOIIUM MOJyYEHUEM MeTaoB [4].

7.  U3Bneuenue 3050Ta U cepedpa.

8.  YTunuzauus MbIIbsKa U JUOKCUA CEPBI.
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BriBonr:

1)  yCTaHOBIJIEHO, YTO MPOIIECC XJIOPUPOBAHHUS OKCH/IA JKEJIe3a MPOXOIUT YCICIIHO U UMEET
KOJIMYECTBEHHBIN XapakTep (CTerneHb XJI0PUPOBaHuUs cocTaBisieT 93,6 %);

2)  TpemIoKeHa TEXHOJOrMYecKas cxemMa IepepabOTKH MHPUTHOrO KOHIICHTpaTra ¢
MCIOJIb30BaHUEM XJIOpUa AMMOHMUSI.
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In the framework of this study for processing the future of heavy hydrocarbons is encouraged to use alternative oil-
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CerogHd MHTEHCHU(MKALMA Pa3IMYHBIX XMMHUYECKHUX IIPOIECCOB, HAlpaBIEHHBIX Ha
pa3pabOTKy TEXHOJOTMHM CHHTE3a MOHOMEpPOB [UIi MOJU(PYHKIMOHATIBHBIX XUMHYECKHX
MaTepualioB U HOBBIX BUJIOB TOIUIUB, CBA3aHA C IOMCKOM aJIbTEPHATHBHBIX MPOMBIIIIEHHBIX
CHUHTE30B M MCTOYHHUKOB YIJIEBOJOPOJIHOIO ChIpbs. PelieHue 3Toro Bompoca MpeanoaraeT mouck
3G GEeKTUBHBIX KaTaJU3aTOPOB, YCIOBUH IPOBENCHHUS NPUHLIMIINAIBHO HOBBIX XHUMHYECKHX
IIPOLIECCOB, C BHEAPEHUEM SHEProcOeperarolux annaparoB U CO3JaHUEM DKOJIOIMUYECKH YHCTBIX
pou3BoACcTB. IIpeanaraemple B HACTOSIILEM COOOIIEHUU METO/IbI U MTOJIXO/BI K PELICHUIO BOIIPOCOB
WHTCHCU(UKAIMA  TPAJAWIUOHHBIX  XMMHUYECKHX MPOIECCOB  CHHTE3a MOHOMEPOB IS
NOMU(GYHKIMOHATBHBIX ~XMMHUYECKMX MAaTepHalioB M HOBBIX BUAOB TOIUIMB, SIBJISIOTCS
MPUHLIMIIHAIBHO OTJIMYHBIMU OT OOLIEPUHATHIX METOAO0B U IPUEMOB.

CornacHo mnpeiaraeMoil (pa3paOOTaHHOM) TEXHOJOTHHM, WHTEHCU(UKAIMS XUMHUYECKHX
MIPOLIECCOB JOJKHA 3aKJII0YaThCsl B BOBJICUEHUM aJIbTEPHATUBHBIX MCTOYHHKOB YIJIEBOJOPOIHOTO
ChIpbS B TPAJAMLMOHHBIE TMpolecchl HedTenepepaboTKH B KayecTBE JONOJIHHUTEIHHOTO
BO300HOBJISIEMOTO0 ¥ HETOKCUYHOTO MCTOYHMKA CHIPbsI, KOTOPBIM 110 CBOEMY COCTaBy OJIMKE BCETO
CTOUT K yIJIeBoJlopoJiaM He(TH. B kadecTBe Takoro anbTEpPHATUBHOIO ChIPbsS MOXET BBICTYHATh
O6romacca, 3aracbl KOTOpOM MPaKTUYECKH HeHcUepnaeMbl, OCKOJIbKY OroMacca caMOIpOU3BOIbHO
CHUHTE3UPYETCS U BOCIPOU3BOAMUTCS MPUPOIOH B mporiecce PoTo u OMOCHHTE3A.

AHanu3 paHee BBINOJHEHHBIX pa0oT [1] (Ha kadenpe) B Poccuiickoit denepanuu u B MUpe
MoKa3aJl, YTO U3 OOJBIIMHCTBA AIbTEPHATHUBHBIX HCTOYHHUKOB YIJIEBOJOPOIHOTO  CBHIPbS
HauOOJbIINKA HHTEpEC NPEACTABISIOT Macja PacCTUTEIBHOTO U JKMBOTHOTO TPOMCXOXKICHHUS.
TexHonornM MX NPOU3BOACTBA M IPUMEHEHUS B KAueCTBE MOHOMEPOB JUIsl IOJIMMEPHBIX
MaTepuasoB, a TaKKe KOMIIOHEHTOB MOTOPHBIX TOIUIMB, OTPabOTaHbl M C YCIEXOM pealn30BaHbl B
MIPOMBIIIIEHHOM Macitade 3a pyoexxom [2]. K Haubonee mUpoKko MCHONAb3yEeMbIM (TEXHUUECKUM)
MacjiaM OTHOCATCS — palcoBO€, KOKOCOBOE, COEBOE€, IOJCOJIHEYHOE, a TaKXkKe psaa JIpYyrux
HK30THUYECKUX Macell, KoTopble B Poccuiickoit (heaepannu He mpoU3pacTaoT U He MPOU3BOAATCS. B
MocJjieZlHee BpeMsl OHU CTalM MPaKTHYECKH HEAOCTYNMHBIMH H3-3a2 PE3KOr0 TOBBIIIEHHS IEHBI
(mageHue Kypca pyOsist 10 OTHOIIEHMIO K JI0JUIapY) B CBSI3U C BBEIEHUEM SKOHOMUYECKHUX CAHKIIUH.
Opnako, ans coOmoneHuss EBpo-crangapra, >KUPHO-KHUCIOTHBIE IPOM3BOJHBIE PACTUTENBHBIX
Maces1, He00X0JMMO B 0053aTEIbHOM MOpsAKE 100aBIATh B JU3EJIbHOE TOIIUBO (T.K. TpeOOBaHHUS K
CBOMCTBaM OMOTOIIMBA HUKTO HE OTMEHSL).

B pamkax HacTOSIIEro MCCIEAOBAHUS JJs MOJTy4EeHHUS KOMIIOHEHTa OMOTOIUIMBA, a TaKXKe
CHUHTE€3a MOHOMEpOB [UIsl MOJU(YHKIMOHAIBHBIX XHMHUYECKHMX MAaTepuaoB IpeIaracTcs
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WCIOJIb30BaTh aJIbTEPHATUBHBIN MacCIOCOIEPKALIUI YIIeBOAOPOAHBIH HCTOYHUK PACTUTEIHHOTO
MPOUCXOXKACHUS — TAIJIOBOE Macjo, KOTOpoe oOpa3yercsi B KauecTBe MOOOYHOTO MPOAYyKTa Ha
OOJILIITMHCTBE  ICIUTIONIO3HO-OyMakHbIX ~ koMOumHarax  (IIBK) Poccum. Opnako, wu3-3a
SKOHOMMYECKUX CaHKUUM, BBeAeHHBbIX B 2014 romy mpotuB Poccuu, 1eHBI Ha CBIPOE TalIOBOE
MacJIO Pe3KO BBIPOCIIH, U OHO CTaJl0 HE KOHKYPEHTHOCIOCOOBIM MO OTHOILEHHUIO K 3apyOeKHBIM
o0Opa3laM pacTUTENbHBIX Macel. lIpoBelneHHBIE WCCIEAOBAaHUS IMOKA3ald, YTO CHIPOE TAJLJIOBOE
MacjI0 MOXXET OBIThb JIETKO MOJYYEHO W3 JIMTHOCOAEPIKAIMX OTXOJIOB, HAXOMASIIUXCS B IpyJax-
HakonuTensax OonpmmHCTBA Poccuiickux 1IBK, a mena Ha Takoe macio Oyner B 5—6 pa3 HUXKe,
TOBapHOro o0Opasua.

B  pesynaprare  mpeABapUTENbHBIX — WCCIEAOBAaHWM  OBLJIO  yCTAHOBJIEHO, YTO B
JUTHOCOJIEPKAIINX ~MPOAYKTAaX, HAXOAAIIUXCA B MPYyJax-HAKOMUTENSIX IIOMUMO BOJABI H
MEXaHUYECKUX TpHUMeced, HMeeTcs OOJbIIO HaOOp: HACBHIIIEHHBIX KapOOHOBBIX KHCIIOT
HOPMaJIBHOTO M PAa3BETBICHHOIO CTPOEHUs, coaepxkammx oT 6 1o 20 u Gojee aTOMOB YIiiepoja;
HEHACBIIIECHHBIX KapOOHOBBIX KUCIOT oJiepuHOBOTO (C10—Cp4) U alIETUIICHOBOTO PSAJIA; THAPOKCH- H
KETOKUCJIOT; JBYXOCHOBHBIX U QIUIUKINYECKHX COCAMHEHM. B OONBIIMX KOJIMYECTBaX 4eM B
TOBapHBIX oOpasuax TaJJIOBOTO Macia PUCYTCTBYIOT MPOIYKTHI, UMEIOIIne
[UKIONEeHTa()CHAHTPEHOBbIE  TPYIIUPOBKH;  YIJIEBOJOPOJAbI  TEPIEHOUAHOTO  CTPOCHUS
(TepreHoBOTO psizia); MUKINYECKHE COCTUHEHNS KaHU(OIU U UX MPOU3BOIHBIC; IIEPOIBI — MPOCTHIC
3¢upHl BBICHIMX CHUPTOB U MHOTHE APYTrU€ KOMIIOHEHTHI, OObEIUHEHHbIE B TPYIIbBI MPOCTHIX,
CIIOKHBIX M IUKJINYECKUX JUMHUI0B. Pa3paboTaHHbIE TEXHOIOTUHU MEepepaboTKH STHX MPOIYKTOB B
pa3IuyYHble XUMUYECKUE COCTUHEHUS — TJaBHBIM 00pa3oM CJIOXKHBIE 3(DUPBI MO3BOJSET MOIYYaTh
HAa WX OCHOBE NPAKTUYECKU JIIOOBIE YIIEBOJAOPOABI, KOTOPHIE YK€ CErOJHS MOTYT OBITh
WCIOJIb30BaHbl B KAaueCcTBE TOIUIMBA M CBHIPhSA JUIsI CHHTE3a MOHOMEPOB, HEOOXOAMMBIX ISt
MIPOU3BOJICTBA MOJU(DYHKIMOHATBHBIX XUMUYECKUX MareprasioB. OCHOBHBIE METOJBI U TMPUEMBI
MOJIyY€HUsI OSTUX COCAMHEHHMH OCHOBAaHbBl HA HCIOJIb30BAHUU TPAJULUOHHBIX M BHOBB
pa3paboTaHHBIX MPOIECCOB MEPEepPadOTKH YIIIEBOJOPOIHOTO CHIPhs, MOJPOOHO O KOTOPBIX OyAer
COOOIIEHO B JOKJIAIE.
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B naGopatopHbIX yclIoBHSX ObUT OPOOOBAaH MEPUOANUECKHUI MIPOLECC TEPMOKATAIUTUYECKOTO MPEBPAICHHs IKHUPHBIX
KUCJIOT TaJUIOBOIO Macjia B COOTBETCTBYIOIIWE Napa(uHOBBIE M HHBIE YITIEBOJOPOIBI ¢ IIENbI0 MOHMCKa Haumboiee
MOJXOSIINX YCIOBUI [UIsl IPOBEACHHS PeaKkMil 1eKapOOKCHIMPOBaHUS M JeKapOOHUIMPOBaHHS. Y CTAHOBJICHO, YTO
npu temieparypax ot 280 10 300 °C B npoayKTax peakiuy HabII0anoch YBEINYeHHe KOHIIEHTPAIMY Napa@uHOBbIX U
0J1e(h)MHOBBIX YITIEBOJOPOJOB (MOHOKapOOHOBBIE KUCIOTHL B TAJUIOBOM Macie, IPEUMYIIECTBEHHO UMEIOT 0JIC(hUHOBYIO
1 INCHOBYIO CTPYKTYypY) Oonee dem Ha 50-60 % mo macce.

KaroueBble cioBa: aexkapOOKCHIMPOBAaHHE, IEKapOOHWIMPOBAHUE, TAJUIOBOE MAacio, mapadUHOBEIC YIIIEBOZOPOMIEL,
0JIe()UHOBBIC YTIICBOAOPO/IBL.
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In laboratory conditions it has been tested the periodic process of thermal catalytic conversion of fatty acids tall oil to
the appropriate paraffin and other hydrocarbons to find the most suitable conditions for carrying out the reactions of
decarboxylation and decarbonation. It has been established that at temperature from 280 to 300 °C in the reaction
products it was observed an increase in concentration of paraffin and olefin hydrocarbons (monocarboxylic acids in tall
oil are predominantly of olefinic and diene structure) more than 50-60 % by weight.

Key words: decarboxylation, dekarbonilirovaniye, tall oil, paraffin hydrocarbons, olefinovy hydrocarbons.

NHTepecsl okpykarmen cpeasl U BCE BO3PACTAONIMI CIIPOC HA AU3EIbHOE TOIUIMBO EBpo

CTaHJapTa CTUMYJIHUPYIOT OTEUECTBEHHBIX M 3apyOEKHBIX MPOU3BOAMTENCH Oojee HHTEHCUBHO
MOJICPHU3UPOBATh CYIIECTBYIOIINE YCTAHOBKH IO €0 TPOU3BOACTBY HA OCHOBE HE(TSIHOTO CBHIPHA,
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a TaK)Ke MCIOJIb30BATh JOCTYITHBIE BO30OHOBIISIEMbIE HCTOYHIKH PACTUTEIILHOTO MPOUCXOKIACHUS,
no0aBKa KOTOPBIX TO3BOJIAET CYIIECTBEHHO YIYYIIUTHh OSKOJOTHYECKHE CBOWCTBA 3TOTO BHJA
toruBa [1]. [Ipy mPOMBIIIIICHHOM MPOWU3BOACTBE OMO-IM3EIIEHOTO TOIUIMBA aBTOPHI HACTOSIICH
paboOTBl OCHOBHOE BHUMAaHHE YACHSAIOT J00aBKaM, KOTOpPbHIE TIOJYYalOTCS B pe3yibTare
nepepadOTKH TEXHUYECKUX PACTUTENLHBIX Macell W JKMBOTHBIX JKHPOB, COACpKalIMX B cede
TPUIIIULIEPUAB] KUPHBIX KHUCIOT, TAJUIOBOE MAcjo, a TAK)KE UX IMPOU3BOAHBIM [2]. DTO CBS3aHO C
TEM, YTO JJIMHHBIC, HEpPa3BETBJICHHBIC M, B OCHOBHOM, HACBIIICHHBIC YIJICBOJOPOJIHBIC IEIH
KHUPHBIX KHCJIOT COOTBETCTBYIOT YIJIEBOJOPOJAaM, KOTOpBIE IPEICTABICHBl B TPAJAULMOHHBIX
HEPTSIHBIX JU3EITBHBIX TOIUIHBAX.

Ha mnepBom »srtame wuccnenoBaHuii ObulM  ONMPOOOBaHBI TPAJUIMOHHBIE TTOAXOIBI IS
nepepadOTKH PAaCTUTEIBHBIX Macel B TOIUIMBO, KOTOPBIE BKIIIOYAIM B ceOs, mepedTepuduKanuio
TPUTIIMLEPUAOB WU STEPUPHUKAIMIO KUPHBIX KHUCIOT TAJJIOBOIO Maciia METWJIOBBIM M WHBIMH
CIIUPTAMHU C TOJIYYCHHEM COOTBETCTBYIOIIUX CJIOKHBIX 3(UPOB B MPUCYTCTBHU IICIOYHOTO HIIH
KHCJIOTHOTO KaTanu3aTopa. OJHAaKO HAJIMYuEe KapOOKCHIIBHOW TpymIbl (IPUCYTCTBUE KHUCIOPOJA),
BBICOKAs BSI3KOCTh M TICHKOOOpa3yromas CiocOOHOCTh MOJIYYEHHBIX TPOIYKTOB OTPAaHHMYMBACT MX
[IMPOKOE MCIIOJIb30BAaHKE B O0JIACTSIX C OYE€HB XOJIOIHBIM U TEIUIBIM KIIMMATOM.

HexenarenbHbI KHCIOPOJ, MOXET ObITh yAalieH W3 JKAPHBIX KHUCIOT WIU 3(PUPOB
nmocpecTBoM jekapoonmupoBanus (yaaneraue CO) wnu aexapOookcunupoBanus (yaaienue COy).
AHamu3 JUTEpaTypHBIX HWCTOYHUKOB TIOKA3all, YTO PEAKIHUI0 JACKapOOKCHWIMPOBAHHS MU
NE€KapOOHMIMPOBAHMS  PEKOMEHIYETCs  NpOBOAWTHL  mpu  Temmeparype  200-400 °C,
npeanoururensHo mpu 250-350 °C, npu mnasnenuu ot armocdeproro pasiaenus (0,1 MIla) go 15
Mlla, npennoururensHo npu 0,1-5 MIla, 1 noiaydeHus: B kKauecTBe NMPOIYKTa CMECH JIMHEHHBIX
YIJIEBOJOPOJIOB, IPEAMOYTUTEIILHO JIUHEHHBIX YIIIEBOJAOPOIOB MapauHOBOTO Psilia, BHIKHITAFOIIIX
B juanasone 180-350°C, (mmama3soH TPagMIMOHHOIO HE(PTAHOrO [IM3EILHOIO TOIUIMBA), M
MMEIOIINX Ha OJIMH aTOM YTJIEpO/ia MEHBIIIE, YeM B UCXOHOM KUPHO-KUCIOTHOH IICTIH.

B 71a00paTOPHBIX YCIIOBHUSX ObLI onpoOoBaH MEPUOTNICCKUN nporecc
TEPMOKATATUTUYECKOTO MPEBPAIIEHHs] KUPHBIX KUCJIOT TaJIOBOIO Macjia B COOTBETCTBYIOLIHE
napauHOBBIE M WHBIC YIJIEBOJOPOJBI C IENBI0 IMOMCKa Hanboee MOIXOAAIINX YCIOBUH s
MIPOBE/ICHUS] PEAKUUH JeKapOOKCUIMPOBAHUS U JEKapOOHWIMPOBAaHUS. YCTaHOBJIEHO, 4YTO 3a
XO0JIOM TIpoIiecca J1eKapOOKCHIIMPOBAHIS MOKHO HAOIIOIaTh 110 YMEHBIIEHUIO KUCIIOTHOTO YHCIA U
quciaa OMBUICHHS, KOTOpOE€ OTBEYaeT 3a HalUuue WIM OTCYTCTBHE KapOOKCHUIBHON TPYHIIBI.
IMpouecc usydancs B xKuUAKo# (asze B uarepsane Temueparyp ot 240 no 320 °C ¢ marom B 20 °C B
MPUCYTCTBUM HUKEJIEBOIO KaTajau3aTopa Ha HOCUTeNe. YCTaHOBIJIEHO, YTO HpU TeMIeparypax oT
280 1o 300 °C B mpoayKTax peakimuy HaOJI0JaloCh YBEIUYEHHE KOHIEHTPAUH Tapa@UHOBBIX W
0JIE(pMHOBBIX YIIIEBOJOPOIOB (MOHOKAapOOHOBBIE KHCIIOTHI B TAJUIOBOM Macie, MPEeUMYIECTBEHHO
UMEIOT 0JIe()MHOBYIO U JJUSHOBYIO CTPYKTYpY) Ooiee ueM Ha 50—-60 % o macce.

Crucok JuTepaTrypsbl

1. BrrakoB b.H. AnbTepHaTHBHOE TOIUTHBO B ABHTaTeie BHyTpeHHero cropanns / b.H.berakos, .K. UepHosa, B.B.
ComnobeB // Beec. HayuHO-TexHnYeckas koHpepenmus . Kupos, 1988. C.60.
2. ComnosreB B.B. Bropuunsie pecypcsl — pe3epB SKOHOMHUKH H YIIy4IIeHHs okpyskaromeit cpezas! / B.B. ConoBses,

E.N. ®unumonosa, b.H. berukos, M.K. Yepnosa // Beec. cosemanue. Cymbr, 1987.

References
1. Bychkov B.N. Al'ternativnoe toplivo v dvigatele vnutrennego sgoraniya / B.N.Bychkov, [.K. Chepnova, V.V.
Solov'ev // Vses. nauchno-tehnicheskaya konferenciya g. Kipov, 1988. S.60.
2. Solov'ev V.V. Vtorichnye resursy - pezepv ‘ekonomiki i uluchsheniya okpuzhayuschej sredy / V.V. Solov'ev,
E.I. Filimonova, B.N. Bychkov, .LK. Chepnova // Vses. soveschanie. Sumy, 1987.

133



HO]ZuqbyHKI/]MOHCUZbele Xumuueckue mamepuaivl U mexnoaiocuu

VIIK 544.473: 544.478.1
NCCIEJOBAHUE KATAJIMTUYECKOI'O T'MIPUPOBAHUA
HUTPOBEH3O0JIA B CPEJE CBEPXKPUTHYECKOI'O JMOKCHJIA
YIJIEPOJA C UCITOJIB30OBAHUEM Ru/HPS KATAJIU3ATOPOB

Cyabsman Jcpupbs MuxaiijoBHa, 1I-p XUM. HayK, podeccop kadeapsl ONOTEXHOJIOTHH 1 XHUMUH,
TBepckoii ToCyIapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET, XUMHUKO-TEXHOIOTHYeCcKui pakymnprer, 170026,
Poccus, . TBeph, Ha6. A.Hukutuna, 22, E-mail: sulman@online.tver.ru
Paxkntn Muxana FOpbseBu4, acnupanT, TBepckol ToCcyJ1apCTBEHHBIH TEXHUUYECKUN YHUBEPCUTET,
XUMHUKO-TeXHOJOrHYeckuit paxkyipret, 170026, Poccust, T. TBepsb, Hab6. A.Hukutnna, 22,

E-mail: sulman@online.tver.ru
IlerpoBa Anena UropeBHa, cTyaeHT, TBepckoil rocy1apCcTBEHHBIN TEXHUUECKUI YHUBEPCUTET, XMMHUKO-
TexHoJoruueckuil pakynstet, 170026, Poccus, r. TBeps, Ha0. A.Hukutuna, 22,

E-mail: sulman@online.tver.ru

AXTyanpHOCTh paboThl 00YCIIOBIIEHa YMEHBIIEHHUEM II0’KapOOIACHOCTH MpOILecca KAaTATUTUYECKOTO THAPUPOBaHUS
HUTPOOEH30J1a NPH KCIOJIb30BAaHUU CBEPXKPUTHUUECKOTO IHOKCHIA YIJIEPOAa, JIETKOCThIO OTAENEHHS MPOAYKTa OT
pacTBOpHTENs, yBEIMYEHHEM KOX(PQUIMEHTOB TEIIo- M Maccolepenady, M3MEHEHHWEM HallpaBJIeHHs IpOLECCOB B
CBSI3U 00pa30BaHMEM HOBBIX MOJEKYJSPHBIX KOMIUIEKCOB. Llenb paboThl 3akiroyanach B MCCIECIOBAaHWU aKTHBHOCTH
RU/HPS kaTann3atopoB B cpelax M30IPOIMIOBOIO CIIMPTAa M CBEPXKPUTHIECKOTO THOKCcHAA yrieposa. KayecTBeHHast
U KOJNWYECTBEHHAs WIACHTHU(HKAIMA TIOJYNPOAYKTOB CHHTE3a MPOBOAWIACH METOJIOM  Ta30-)KUAKOCTHOH
XpoMmarorpaduu C Macc-CIeKTPOMETPHIECKUM AETEKTHPOBAaHMEM BemlecTB. s 3TOTO WCIOIB30BAM Ta30BBIH
xpomarorpady GS-2010 (Shimadzu, SAnonus) ¢ xamwuipaoi kojgoukoit HP-1IMS 30Mx0.25mMMmx0.25 MxwM,
3¢ deKTHBHOCTH KOoTOpOii cocTaBisuia 4300 TeopeTHUECKUX TapeyoK IO MEeHTaleKaHy, U Ta30BbIid OJHOKBAAPYIOIHHBII
Macc-cnekTpomerp GSMS-QP2010S (Shimadzu, SAnmonust). KornnerTpamnun HuTpoOeH3071a U aHIIIMHA OTIPEICISUTH 110
CTaHAapTHBIM BEIECTBAM M COOTBETCTBYIOIIUM KaJIMOPOBOYHBIM 3aBHCUMOCTSIM C HCIIOJIb30BaHHEM NH()EeHUIAMUHA B
KayecTBe BHEIHEro cTaHaapra. Karamurnueckoe ruiapupoBaHHE HUTPOOEH30Ja B Cepeie M3OIMPONMIOBOIO CIUpPTA
npoBomwioch Ha yctanoBke Parr Series 5000 Multiple Reactor System. [Ins mpoBeacHHs peakiin B Cpeie
CBEPXKPUTHYECKOT0 JUOKCHAA YIIIepoa UCIONb30BalIcCa PeakTop BeICOKOro aaBieHus Parr Instruments 4307 (CHIA), ¢
061 0GBeMOM KOOI 250 cM® i MAKCHMAITLHBIM pabounm mapnenueM 1000 atM. I nepexaunBaHUs YTIIEKHUCIOTHI
HCIIONB30BANICS TUTYHXKEpHBIi Hacoc Supercritical 24 (CIIA). Ipu ucnons3oBanun 1 % RUu/HPS, 3 % Ru/HPS, 5 %
Ru/HPS BrisiBIIeHO, 4TO HAMOOMBIIEH AaKTUBHOCTBIO B CpeJie U30MPONUIOBOro crupra obnanaer 3 % Ru/HPS. B cpene
CBEPXKPUTUYECKOI0 JTHOKCHAA Yrjiepoga Hpu ucmoib3oBaHud 3 % RU/HPS HaGmonanoch NOBBINICHHE BBIXOJA
aHWIMHA IPY YMEHBIICHUN TEMIIEPaTyphl IPOBEAEHHS POLiecCca U COKPALIEHNH BPEMEHH PEAKIIUH.

KnroueBble ci10Ba: HHUTPOOCH30J, aHWIMH, CBEPXKPUTHYECKHil nuokcuna yriaepoaa, RU/HPS  kartanmsatopsl,
THIPUPOBAHHE.

RESEARCH OF HYDROGENATION OF THE NITROBENZENE IN
SUPERCRITICAL CARBON DIOXIDE WITH USE Ru/HPS CATALYSTS

Esfir M. Sulman, D.Sc., Professor of Department of Biotechnology and chemistry, Tver State Technical
University, Department of Chemical-technology, 22, A.Nikitina Avenue, Tver, 170026, Russia,
E-mail: sulman@online.tver.ru
Mikhail Yu. Rakitin, postgraduate student, Tver State Technical University, Department of Chemical-
technology, 22, A.Nikitina Avenue, Tver, 170026, Russia,
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Relevance of work is caused by decrease of fire danger of process of catalytic hydrogenation of a nitrobenzene when
using supercritical carbon dioxide, ease of separation of a product from solvent, increase in coefficients warm and
material transfers, a veering of processes in communication by formation of new molecular complexes. The purpose of
work consisted in research of activity of Ru/HPS catalysts in environments of isopropanol and supercritical carbon
dioxide. High-quality and quantitative identification of intermediates of synthesis was carried out by a gas-liquid
chromatography method with mass and spectrometer detecting of substances. For this purpose used a gas
chromatograph of GS-2010 (Shimadzu, Japan) with the capillary column HP-1MS 30m-0,25 mm-0,25 micron which
effectiveness made 4300 perfect plates on pentadecane, and a gas one-quadrupole mass spectrometer of GSMS-

134


mailto:sulman@online.tver.ru
mailto:sulman@online.tver.ru
mailto:sulman@online.tver.ru
mailto:sulman@online.tver.ru
mailto:sulman@online.tver.ru
mailto:sulman@online.tver.ru

Cexyus 3. Bvicokoagpgexmusnvie u pecypcocbepezatoujue memoosi nepepadomru nPUpoOH020 U UCKYCCMBEHHO20 CbIPbs

QP2010S (Shimadzu, Japan). Concentration of a nitrobenzene and aniline determined by reference substances and the
corresponding gage dependences with use of diphenylamine as the external standard. Catalytic hydrogenation of a
nitrobenzene in the environment of isopropanol was carried out on the Parr Series 5000 Multiple Reactor System
installation. For carrying out reaction in the environment of supercritical carbon dioxide the reactor of high pressure of
Parr Instruments of 4307 (USA), with a total amount of flask of 250 cm® and the maximal working pressure of 100 MPa
was used. For flowing through of carbonic acid the plunger pump of Supercritical of 24 (USA) was used. When using
1 % Ru/HPS, 3 % Ru/HPS, 5 % Ru/HPS are revealed that the greatest activity in the environment of isopropanol 3 %
Ru/HPS possess. In the environment of supercritical carbon dioxide when using 3 % Ru/HPS increase of an yeild of
aniline at decrease of temperature of carrying out process and reduction of time of reaction was observed.

Key words: nitrobenzene, aniline, supercritical carbon dioxide, Ru/HPS catalysts, hydrogenation

Karanutuueckoe  THIpUpPOBaHME  HUTPOOEH30JIa  SBISAETCS  B@KHBIM  XHMHKO-
TEXHOJIOTUYECKUM IIPOIIECCOM IMOJIyYeHUs aHWIMHA, KOTOPBIH B CBOIO OUYEpe/lb MCIIOJIB3YETCS B
KayecTBE TMOJYNPOAYKTa B CHHTE3€ NOJMYPETAaHOB, PE3WHBI, (apMaleBTUYECKHX IPEaparTos,
nectTuiuaoB u repounuaos [1]. [IpoMelnieHHoOe TUApPHpPOBAaHHME HUTPOOEH30JIa OCYIIECTBISETCS
KaKk B Ta30BOW, Tak W B xuakoi (aszax. IIpomecc razodasHoro ruapupoBaHus HHTPOOEH30JIA
00BIYHO OCyIIecTBisieTcss ¢ ucmoib3oBanneM Ni- wim  Cu-comepammx —KaTaau3aTopoB,
napuyalbHOM JaBieHHH Bojopoma 1-5 arm. m temmepatype 250-300 °C [2], B TO Bpems Kak
xuakodasHoe TUAPUpOBaHKe — ¢ ucmosb3oBanuem Pt-, Pd-, Ni-comepikaiimx Katain3aTopoB MpH
temneparype 50-100 °C u naBiaenun 10-50 aTM. Kak B cpelie pa3IUnYHBIX PaCTBOPHUTENEH, TaK U B
WX OTCYTCTBUHU [3], MPH 3TOM CEJIEKTUBHOCTH I10 LIETIEBOMY POAYKTY cocTaBisieT 75-95 %.

[IpuMeHeHHe CBEPXKPUTUYECKOTO JUOKCHIA YIiepoja B MPOIECCEe CEIEKTUBHOTO
THUAPUPOBAHUS HUTPOOEH30JIa BBI3BIBAET 3HAUMTENBbHBIA MHTEpPEC HCCIeOoBaTesei, dTo
00YyCJIOBJICHO TPEHMYIIECTBAMU HCIIOJIb30BAaHUS CBEPXKPUTUYECKOTO JIMOKCHJIA YIiepoja B
OpPraHMYECKOM CHHTE3€: YBEIUYeHHE KOIPPHUIMEHTOB TEIJI0- M MAacCOolepeayd, HU3MEHEHUe
HaIpaBJICHUS MPOIECCOB B CBSI3M 00pa30BaHUEM HOBBIX MOJIEKYJSPHBIX KOMIUIEKCOB, JIETKOCTh
OTJIEJICHUS MTPOYKTa OT PACTBOPUTEIIS U YMEHBIIIEHUE MOXKAPOOIAaCHOCTH Tiporeccos [1, 4, 5].

CraHmapTHBIA SKCHEPUMEHT B CpeAe H3OMPOINMIOBOTO CHUPTA TPOBOAMIHN CIIEIYIOIIUM
obpazom. Kosnly ¢ HaBeckamu KaTainu3aTropa, HUITpOOEH301a U U30MPOIUIOBOIO CIIMPTA MPOyBaIH
3 pa3a 100 mn a3ora nox gasinenueM 2 Mlla, 3aTem HarpeBajiv 40 HEOOXOJUMOW TeMIEpaTyphl B
aTMocdepe a30Ta U MoJlaBaJIu Ta3000pa3HbIil BOAOPOI.

CraHmapTHBIA SKCIIEPUMEHT B CPele CBEPXKPUTHYECKOTO AMOKCHAA YTIIepoJa MPOBOIMIA
crenytomuM obpazom. Kosnba ¢ HaBeckamu Karanu3aropa M HUTpoOeH30Jla MpojayBajachk 3 pasa
JTUOKCUZIOM yriepoaa moxa aasieHuem 2 Mlla, nepemgaBiauBaics razo00pa3Hblii BOJOPO, MOCIHE
Yero o/iaBaiach yrileKUcaoTa A0 JOCTHXKEHHs paBHOBecHs. [1o JOCTHKEHNH paBHOBECUSI HACOCOM
nogasaocs 180 cm® YTIIEKHUCIIOTHI, PEAKTOP JAOTPEBAJICS 10 3aJaHHOM TeMIIepaTyphl, U HAUMHAJICS
oTcuéT BpeMeHM peakuuu. [lapuumanbHoe maBneHue Bojgopoja cocramisiio 3 MIla, mapumansHOoe
naBieHue Auokcuaa yriepoaa — 18 Mlla.

AKTUBHOCTh  KaTaqu3aTOpPOB TpeacTaBieHa B Tabn. Temmepatypa ykazaHa Juis
MaKCHUMAaJIbHOTO BBIXO/Ia aHWJIMHA TP MaKCHUMAJIbHOW KOHBEPCHUH HUTPOOEH30Ia.

AKTHBHOCTDb HUCCTEAYyEeMbIX KaTa/JIu3aTopoB

Konsepcus Boixon
Temneparypa, | CeneKTUBHOCTD,
Karanu3arop PactBopurenb oC o HUTPOOCH301a, aHWJIMHA,
0 % %
1 % Ru/HPS M3onponunoBblii cIUpT 170 81,8 99,6 79,2
3 % Ru/HPS M3onponunoBblii cIUpT 190 96,0 99,8 95,3
5 % Ru/HPS M3onponunoBblii cIUpT 140 88,2 96,2 84,9
3 % Ru/HPS CBerK%“S“%CK““ 170 98,0 99,8 96,2
2

Crnenyer OTMETUTh, UTO MCIOJIb30BAaHUE CBEPXKPUTHUECKOTO JIMOKCHU/IA YIIEpOJa MO3BOJISIET
CHU3HTH Temrmeparypy mnpoBeaeHus mpormecca ¢ 190 °C mo 170 °C mpu cokpaiieHud BpeMEHU
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peakuun ¢ 45 go 30 munyTt. Ilpm 3TOM B cCpelle CBEPXKPUTHYECKOTO IHOKCHUIA Yriepoja
MOBBIIIACTCS BBIX0 aHuinuHa (96,2 %) u poct cenexktuBHOCTH Tporiecca (98,0 %) mo cpaBHEHUIO ¢
MIPOBEACHUEM PEAKIIUHU B cpejie u3onponuiaoBoro ciupra (95,3 % u 96,0 % cooTBETCTBEHHO).

Jluokcua — yriaepona  SBISETCS  NEPCIEKTUBHBIM — PAacTBOPUTENIEM Ui MPOBEACHUS
OpPraHMYECKUX CHHTE30B, B TOM YHCIIE THAPUPOBAHMS HUTPOIPOU3BOAHBIX. Ha mpumMepe mpouecca
KaTaJIMTUYECKOr0 THJIPUPOBAHUS HHUTPOOEH30la ¢ wucnonb3oBanueM RU/HPS  karammzatopos
MOKA3aHO TMOJIOKUTEIbHOE BIMSHHUS CBEPXKPUTHYECKOTO AMOKCHIA Yriepoaa: HalIo1aeTcs
yBEIMYEHUE CKOPOCTH 00pa30BaHUs LIEIEBOTO MPOAYKTA, MPU POCTE CEIEKTUBHOCTH IPOILECCa.
Taxxke yCTaHOBJIEHO YMEHBUICHHE BJIMSHUS MaTPHUIl HAa AaKTUBHOCTb KaTajlu3aTOpPOB, 4YTO
CBHJIETEIILCTBYET 00 YBEIMYCHHUHU JTOCTYITHOCTH aKTUBHBIX LEHTPOB JJISl Pearnpyromero cyocrpara
B CpeJle CBEPXKPUTUYECKOIO JUOKCH/IA YIIIepo/ia U MOBBIIICHUN BbIXO/A LIEJIEBOr0 MPOIYKTA.

Cnmcok JInTepaTypsl
1. Fujita S., Yoshida H., Asai K., Meng X., Arai M. Selective hydrogenation of nitrostyrene to aminostyrene over
Pt/TiO, catalysts: Effects of pressurized carbon dioxide and catalyst preparation conditions // Journal of Supercritical
Fluids. 2011. Vol. 60. P.106-112.

2. Petrov L., Kumbilieva K., Kirkov N. Kinetic model of nitrobenzene hydrogenation to aniline over industrial
copper catalyst considering the effects of mass transfer and deactivation // Applied catalysis. 1990. Vol. 59. P. 31-34.

3. Downing R.S., Kunkeler P.J., H. van Bekkum. Catalytic syntheses of aromatic amines // Catalysis Today. —
1997. Vol. 37, Is. 2. P. 121-136.

4, Zhao F., Ikushima Y., Arai M. Hydrogenation of nitrobenzene with supported platinum catalysts in supercritical
carbon dioxide: effects of pressure, solvent, and metal particle size //Journal of catalysis. 2004. Vol. 224. P. 479-483.

5. Meng X. Selective hydrogenation of nitrobenzene to aniline in dense phase carbon dioxide over Ni/y-Al,Oxs:

Significance of molecular interactions / X.Meng, H.Cheng, Y.Akiyama, Y.Hao, W.Qiao, Y.Yu, F.Zhao, S.Fujita,
M.Arai // Journal of catalysis. 2009. Vol. 264. P. 1-10.

YK 662.998
BJIOYHBIE IEHOCUJ/IMKATBI HA OCHOBE MUKPOKPEMHE3EMA

CyBopoBa Ouibra BacuibeBHa, KaH/. TEXH. HAYK, CT. Hay4. COTpP., UHCTUTYT XUMHH U TEXHOIOTUU PEAKUX
3JIEMEHTOB U MUHEPaJIHHOTO ChIpbs UM. 1.B. Tananaesa, mabopaTopust MUHEPAJIBLHOTO CHIPhS U
CHJIMKAaTHOTO cuHTe3a, 184209, Poccus, r. Anarutel, Mypmanckas 00J1., AkaJieMropook, 26a,

E-mail: suvorova@chemy.kolasc.net.ru
ManaxoBa Hane:xxna KumoBHa, kaHJ. TeXH. HAyK, Hay4. COTpP., UHCTUTYT XUMHUH U TEXHOJIOTUU PEIKUX
3JIEMEHTOB U MUHEPaJIHHOTO ChIpbs UM. 1.B. TananaeBa, mabopaTopust MUHEPAJIBHOTO CHIPBS U
CWJIMKATHOTO cuHTe3a, 184209, Poccus, T. Anarutel, Mypmanckas 0611., AKaieMropojok, 26a,
E-mail: manakova@chemy.kolasc.net.ru

AKTyanpbHOCTh pabOTBI O0OyCIOBIIEHa BOBJIEYCHHEM B IepepaboTKy TEXHOT€HHBIX OTXOJOB C MOJyYCHHEM
3G (QEKTUBHBIX MaTepuasioB Uil CTPOUTENBHOW HWHIAYCTpHH. [IpUMEHEHHEe OTXOJOB [O3BOJISIET IOBBICUTH
KOMIUIEKCHOCTb HCIIOJIb30BAHHUS MHHEPAIbHO-CHIPBEBBIX DPECYPCOB, CHHU3UTH IOTPEOHOCTH B IEPBHYHOM CBHIphE U
YIYYIIUTh SKOHOMUYECKHE U 9KOJIOTHYECKHE OKa3aTe I IIPON3BO/ICTB.

Lens paboTsl 3akmovanach B (PU3NKO-XMMHUYECKOM M OKCIIEPUMEHTAJIbHOM OOOCHOBAaHMH IOTYYEHHs OJIOYHBIX
MIEHOCWJIMKATOB HA OCHOBE MHUKPOKPEMHE3EMA, SIBJIAIOIIEIOCS 0TXO0JIOM IEPEepPadOTKH IBIUAINUTOBBIX PY/I.

Meroapl  MccnenoBaHuS: pEHTreHo(]a3oBbId, AepuBaTOrpaduUecKuid, CIEKTPaIbHBI M XHUMHYECKHE aHAJIH3bI,
ANIEKTPOHHAsT MUKPOCKOIIHSI U METOJbl OLIEHKH IOTOBOW MPOIYKUIUH (METOJbI ONpPEAEICHHUs MPOYHOCTH MPU CHKATHH,
IUTOTHOCTH, TOPUCTOCTH, BOJOTIOTIIONICHHS, TETIOTPOBOTHOCTH).

Pe3ynbraThl: yCTAaHOBJIEHBI ONTHMAaJbHBIE COCTABbl KOMITO3MIMH W TEXHOJOTMYECKHE IapameTpbl JJIsl MOJYYEHUs
3G (PEKTUBHBIX MOPUCTHIX MEHOCTEKIOKPUCTAUINYECKUX MATEPHAIOB HAa OCHOBE KPEMHE3EMCOJEpPIKAaIIUX OTXOHOB
nepepabOTKK  SBIAMANUTOBBIX pyHA. IlonmydeHHble OJIOYHbIE TMEHOCHIMKATBI MOIYT OBITh PEKOMEHOBAHbI ISt
MIPOM3BOJICTBA TEIUIOM30JISILIMOHHBIX MaTEPUAIIOB.

KnaioueBble cjioBa: IEHOCHIMKATHI, MUKPOKPEMHE3EM, TEXHOTE€HHBIE OTXObI, TEIUIOW3OJISIIIMOHHBIE CTPOUTEIbHBIE
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BLOCK FOAM SILICATES ON THE BASIS OF MICROSILICA

Olga V. Suvorova, Ph.D., Senior researcher, 1.V.Tananaev Institute of Chemistry and Technology of Rare
Elements and Mineral Raw Materials; the Laboratory of mineral raw materials and silicate synthesis,
184209, 26a, Akademgorodok, Apatity, Murmansk region, Russia,
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A topical issue of recovering man-made wastes in constructive materials production is discussed. This allows to achieve
a higher degree of utilization of mineral resources, diminish the consumption of fresh raw materials and improve the
economic and environmental characteristics of production.

The work objective was the obtaining of block foam silicates for heat insulation from microsilica of the eudyalite ore
concentration waste.

The research methods included: X-ray diffraction, derivatographic, spectral and chemical analyses, electron
microscopy, and also the methods used in assessing the quality of ready products, i.e. determining of the compressive
strength, density, porosity, water absorption and heat conduction.

As the result, there have been established the optimal compositions and process parameters of effective porous foam
glassy-crystalline materials on the basis of silica-containing waste of eudyalite ore concentration. The product can be
recommended for heat insulator production.

Key words: foam silicates, microsilica, man-made wastes, heat-insulating building materials.

ITo mepe yBenmueHHus 00BEMOB JTOOBIYM MHHEPAIBHO-CHIPHEBBIX PECYpPCOB MPOUCXOIUT HX
UCTOIIEHUE, YXY/IAeTcss KaueCcTBO, BO3PAcTalOT MX ce0ECTOMMOCTh M KOJIMYECTBO OTXOJ0B. B
CBSI3U C 3THUM IepepaboTKa TOPHONPOMBIIIJICHHBIX OTXO/OB SBISIETCS aKTyalbHOW mpobiemoit [1].
Vcnonb30BaHue BTOPUYHOTO ChIPbsl MO3BOJISIET CHU3UTh MOTPEOHOCTH B IEPBUYHOM ChIphE U, TEM
CaMbIM, YMEHBIIUTh OOBEM CHEIHAJIbHBIX TOPHBIX BBIPAOOTOK. Takoi MOAXOA HE TOJBKO
pacumpsieT MUHEPaJIbHO-ChIPbEBYIO 0a3y CTPOMTENBbHON MHIYCTPUH, HO M MO3BOJIAET 00ECIIEUUTh
HKOJIOTHIECKYIO 0€301TaCHOCTh OKPYKAIOIIEH CPeIbl U COXPAHUTh MTPUPOTHBIE TAaHAITA(THI.

IIpu kuciaoTHOM mepepaboTKe 3BAMANUTOBBIX pyA Kombckoro momyoctpoBa oOpasyercs
O0MBIION 00BEM KPEMHE3EeMCOJIepIKAIINX MPOAYKTOB. B TO ke BpeMs, W3BECTHO, YTO aMOPQHBIH
KPEMHE3eM MOXKET MCIIOJIb30BaThCs /Ml CO3/1aHUs IEHOCUIIMKATOB 33 CUET 00Pa30BaHUs BSXKYIIUX
KOMIO3uIMi co 1menoyamu [2,3 u j1p.]. McrouHnukoMm mnopooOpasyromero rasza sBIsSETCS
TMJIpaTUPOBAaHHAs MOBEPXHOCTh CHJIMKATHBIX YacTHI, KOTopas (opMUpYyeTCs NpU YBIAKHEHUU
MEJIKOAMCIIEPCHOM MpoOBl BOAHBIM pacTBopoM Imienouun [4, 5]. XKuakoe cTexso, KoTopoe
MpeJCTaBIseT COOOW  THUAPATHPOBAHHBIC INEIOYHBIE CHJIMKATBI ~XHMHYECKOTO  COCTaBa
R20-mSiO;'nH,0, cnocodHO GopMHPOBaTE XOPOIIO PA3BUTYK MOPHCTYIO CUCTEMY MPU HU3KOM
TeMIeparype.

JUis  W3roTOBIIEHHMsSI TEHOCHJIMKATOB HCHOJb30BaIM Mpo0y KpeMHE3eMCOAEpIKallero
MPOAYKTa, KOTOpash TPEICTaBIseT COOOH TOHKOAWCIEPCHBIH IMOPOIIOK Cepo-0ermoro ImBera ¢
VICIBHONH TOBepXHOCTBIO 279 MY/r. OTcyTcTBHE pedIeKCOB M IIMPOKO DA3BHTOE Tano Ha
IupakTorpaMMax —HMCCIEAOBAHHBIX MPOO CBUAETENBCTBYIOT O HUX PEHTITE€HOaMOP(HOCTH.
Haceimnas ninotHocts Marepuana — 523 Kr/M°. XuMuueckuil cocTan npoOsI, Macc. %: SiO, 69,90,
TiO; 0,78, A1,03 0,91, Fe,O3 2,03, CaO 0,91, MgO 0,45, R,O 0,35, MnO 0,32, P,0s 0,04, ZrO;
428, m.a.m. 13.15.

CocraB cMecu, Macc. %: KpemMHE3eMcoJepKamuii MpoaykT 68—83, oTxoasl oOorameHus
anatuto-HeenuHoBoi pyasl (AHX) B xauecTBe mMoauduuupyromeil 100aBku (I yBETHUSHHS
MPOYHOCTHBIX XapaKTepUCTUK MaTepuana) 5—15 %, ruapokcua HaTpus (B nepecuere Ha NayO) 15—
20 %. ITocne nzmenbueHus 10 Sy, = 9850 CMZ/P, MU3MEPEHHOU METOJIOM BO31yXONPOHUIIAEMOCTH, U
TIIATEIBHOTO TIepEMENTNBAaHUS MHKPOKpPEMHE3eMa M anaTuTO-He(EeINHOBBIX XBOCTOB TOTOBHJIACH
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CYCHEeH3Hs ¢ M00aBJIEHUEM BOJHOTO PAcTBOpa THIPOKCHIA HATPUsS A0 TUIACTHYHOTO COCTOSHHSL
[TnacTuunyio Maccy moMemainu B kepamuueckyto (Gopmy. Ilocne cymku Ha Bo3nyxe He MeHee 24
4acoB MaTepuall moaBeprajics Tepmooopadotku ot 600 mo 700 °C.

C 1menpi0 yCTaHOBJICHUS ONTUMAJBHBIX YCIOBHH MOJYYEHUs NMEHOCHIIMKATOB MPOBOJMINCH
WCCIICIOBAHMSI B3aUMOCBSI3M TUIOTHOCTH OOpa3IOB C KOJMYECTBOM J00aBIsIeMOi mienodn (B
nepecuere Ha NayO) (puc. 1) m Temmeparypoil BCHy4YMBAaHHS JJsI COCTAaBOB C Ppa3IMYHOU
kpynHocTthio AHX (puc. 2).

0,6 -
1 0,55
5
= 08 4 " |
5
= =
* 06 - 0,45
= =
(3} Q
2 04 1 S 04
g 5 3
2 021 g 0,35 - *
0 , v . . , 03 4 1
5 10 15 17 20 2
X 0,25 T T
d s \ 0/, ’
KomuectBo Na, 0, % 60 &0 506
Temnepartypa, °C
Puc. 1. 3aBUCHMOCTP IITIOTHOCTH IIEHOCHIMKATA OT Puc. 2. 3aBUCUMOCTB INIOTHOCTH OT TEMIEPATYPHI
KOJIMYECTBA IIEIIOYN 00pabOTKN TIEHOCHIINKATOB:

1) 6e3 AHX; 2) ¢ 10 % AHX ¢p. —1 mm;
3)c 15 % dp. -1 mm; 4) ¢ 10 % Ppp. —0.05 mm;
5) ¢ 15 % ¢p. —0.05 mm.

AHanmm3 TOJTYYEHHBIX PE3yJIbTaTOB IOKA3bIBAET, YTO MEHBIINM 3HAYCHHWEM IUIOTHOCTH H,
COOTBETCTBEHHO, JIYYIIMMHU TEIUIOM3OJUPYIOIMMH  CBOWCTBAMM  00Jajal0T  oOpasibl ¢
cojiepkanneM Tuapokcuaa Hatpus (B nepecuere Ha Na,O) 17 %. BeeaeHnue 00JIbIero KoJIM4ecTna
LIEJIOYM HelenecooOpa3HO MO MPUYMHE YKPYHNHEHUS  ra30BbIX HY3bIPBKOB M 00pa3oBaHUs
HEPAaBHOMEPHOM KPYITHOIIOPHUCTOM CTPYKTYPbI II€HOMATE€pUAIOB, IPUBOJALIEH K CHUKEHUIO
MPOYHOCTHBIX XapakTepUCTHK wu3aenuil. OnTtumanbHOW TeMmepaTypoll BCIYyYMBaHHUS MOXKHO
cautatb 650 °C. Ee yBenmndyeHune Takxke CcrnocoOCTByeT (HOPMUPOBAHHIO HEPABHOMEPHOCTH
MOPHUCTOH CTPYKTYphI MaTepuaia.

V3MeHeHne KPYIMHOCTH CBHIPHEBBIX MAaTEPHAJIOB CYIIECTBEHHOTO BIIMSHUS Ha IUIOTHOCTH HE
okasbiBaeT. OniHaKo Oosiee MPEANOYTUTENIBHO BBEACHUE B CMECh alaTUTO-HE(ETMHOBBIX XBOCTOB
¢pakuuu —1 MM, TOCKOJNBKY TpyOOAMCHEPCHBIE YACTUIBI OOECIIEYMBAIOT CO3JIaHHE YKECTKOTO
KapKaca, a TOHKOAMCIIEPCHAs U JKHUJIKasi COCTABIIAIONINE 3aNOIHSIOT 00pa3yroleecs B HEM TOPOBOe
MPOCTPAHCTBO, YTO MPUBOJIHUT K MOBBIIICHHIO MEXaHUIECKOM MPOYHOCTH TIEHOCUIIMKATOB [ 6].

[IpoBeneHHble  HcClEOBaHUS  OOECTIEUMIM  BO3MOMKHOCTh  M3TOTOBJIEHHS  OJOYHBIX
MEHOCWJIMKATOB HAa OCHOBE KPEMHE3eMCOAEP)KAlINX OTXOJOB IMepepabOTKH HIBAWAIUTOBBIX DY,
UMEIOIIMX JIOCTaTOYHO HM3KYI MiIoTHOCTh (0,28-0,5 r/cM®) U paBHOMEpPHYIO MEIKOIOPUCTYIO
cTpykTypy. [lomydeHHbIE MaTepuanbl MOTYT OBITH MCIIONB30BAaHBI B CTPOUTEIHCTBE /ISl TETIIOBOM
M30JIALUN BHYTPEHHUX CTEH, KPOBIIU, YepJauyHbIX MEPEKPHITUH, TT0JIOB 3aHUHN U COOPY>KEHHH.

Paboma svinonnena 6 pamrax Ipozpammer OXHM PAH «Co30anue HOBbIX MEMANIULECKUX, KEPAMUUECKUX,
CMEKN0-, NOTUMEPHBIX U KOMNOZUYUOHHBIX MAMEPUATOB).
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MMPOAYKTOB KOKCOBAHUA.
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Relevance of the work due to the need for a comprehensive assessment of the quality of coal concentrates used in the
process of coking and chemical products of coking resources to produce on the basis of this information for coking coal
blend.

The main aim of the study: study the influence of the quality characteristics of the Kuznetsk Basin coal concentrates on
the yield and composition of chemical coking products in order to make on their basis for coking coal blend.

The methods used in the study: GOST 11022-95 «Solid mineral fuel. Methods for determination of ash», GOST 6382-
2001 «Solid mineral fuel. Methods for determining the release of volatile substances», GOST 18635-73 «Coals. Method
for determining the output of chemical products of coking».

The results: the main quality indicators studied coals and egress of chemical products of coking.

Key words: coal, charge, coking, coke, coking chemical products

B ycnoBusAX NOCTOSHHOTO COKpAIllEHUs 3allacoB KOKCYIOLIMXCS MapoK YIUIEH, TPaJIULMOHHO
HCIOJIb3YEMBIX KOKCOXMMMUYECKUMHU NPOU3BOACTBAMHU, U YXYALIEHUS HMX KayecTBa, 00OCTpsieTcs
npobjemMa MoSy4yeHHsl KaueCTBEHHOIO0 KOKca M JIPYIMX HpPOAYKTOB KOKCOBaHHUs. B Hacrosiiee
BpeMsl 3HAaYUTeNIbHAs 4YacTb KOMIIOHEHTOB YIOJbHOW IIUXTHl NpPEJACTaBlIeHA KOHIEHTpaTaMu
oborarurenbHbIX (adpuk. KoHIeHTpaThl, Kak MpaBMIIO, SIBISIOTCS CMEChIO YIJIed HECKOJIbKHUX
MapoK U He MOTYT OBbITh OTHECEHBI K omnpeaeneHHol maxrtorpynmne ¢ npumeHenuem ['OCT 25543
[1]. Taxxe B CBSA3M CO CIIOXHBIIEHCS CUTyallu€dl HAa YrOJbHOM PBIHKE 3a4acTyl) OTCYTCTBYET
BO3MOXXHOCTh O0€CIEeUeHUsI KOKCOXUMUYECKUX MPEANPUATHN BCEMU 3asiBJICHHBIMU MapKaMu YIJIs.
ITosToMy Heo0XoauM MOAOOpP ONTUMANBHOTO COOTHOIIEHUS YrOJBHBIX KOHIIEHTPATOB C
MOJIyYeHHEM MaKCHUMAaJIbHO BO3MOXKHOT'O KauyecTBa KOKca JUIsi JOMEHHOro mpou3BojcTBa. llpu
COCTAaBJICHMHM YTOJBbHBIX IIHUXT HEOOXOJUMO B TIOJHOH Mepe UCIOJIb30BaTh CIHEKaroIInH,
KOKCYIOIIMM M OTOIIAIOMIUN MOTEHIHAIbl WMEIOIUXCS B HAJIWYUU KOMIIOHEHTOB. JTO JIETKO
BBIIIOJIHUTh, KOIZla KOMIIOHEHTHl OJHOPOAHBI 10 Mapo4yHOMy cocraBy. llpakthueckn xe
MPUXOAUTCA paboTaTh C Pa3IWYHBIMU MapKaMU M THUIAMH YIJIEH, YUCIO KOTOPBIX B CMECAX
JOCTUTaeT AEBATU-TISTHAALATH, TOITOMY MpoOjeMa OLEHKH CIO0XHBIX 110 MAapOYHOMY COCTaBy U
TUIaM yTJieil KOHIEHTPATOB yriieo00oraTUTENbHBIX (HadpHK 3acayXuBaeT 0co0oro BHUMaHus [2]. B
ITHX YCIOBHUSAX KPOME KIACCHUYECKUX METOOB aHAIN3a Ka4eCTBA YIJIEH 10 OCHOBHBIM IOKa3aTesaM
TEXHUYECKOTO aHaln3a, CIEKaeMOCTH M TETpPOrpapuMueckoro aHaiau3a HEOOXOAMMO TaKkXke
OLICHMBATh COCTAaB M BBIXOJ XHMHYECKUX IPOAYKTOB KOKCOBaHHUS, TaK KaK OHHU SABIISIOTCA
HMCTOYHUKOM IIEHHBIX XUMHUECKUX BEIIECTB.
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N3ydyeHne 3akOHOMEpPHOCTEH BBIXOJAa XMMHYECKHX IMPOIYKTOB KOKCOBAHHUS M3 Pa3TMYHBIX
yria€d W YrojibHbIX IIMXT JJISl MPOTHO3UPOBAHUS BBIXOJAa XMMHUUYECKUX IPOAYKTOB B IIPOLIECCE
KOKCOBaHUS SIBJISIETCS OYEHb BaXHOW MPAKTUYECKON 3ajaueid, Tak Kak XUMUYecKasi Ipupojaa yrien
U YCIIOBHS MPOTEKAHUS MPOLECCa KOKCOBAHUS SBISIFOTCS OCHOBHBIMH (DaKTOpPaMH, BIUSIOMIMMHU Ha
BBIXOJ] U KayecTBO JaHHbIX MNpoaykToB [3]. IloaToMy wuccienoBaHue BBIXOJlAa XUMHUYECKUX
MPOAYKTOB KOKcOBaHMs u3 yried Ky3Henkoro OacceiiHa sBIsieTCS OYE€Hb 3HAYMMBIM JUISI
COCTaBJICHHS ONTUMANIbHBIX YTOJIBHBIX HIUXT KOKCOXUMUYECKUX MTPOU3BOJICTB.

C umenpio pemieHuss TPOOTIEMBI TMONMYYCHHS KAa4eCTBEHHOTO KOKCAa OBUIM TMPOBEICHBI
uccienoBaHus kadectBa yriel KysHenkoro 6accelina, HCIONIb3yeMbIX B KaUYECTBE ChIPbEeBOM 0a3bl
OAO «Koxkc» 1. KemepoBo. B mpormecce uccrnemoBanuii OblT MPOBEIEH TEXHHUUYECKUH aHAIM3
UCCIIETyeMbIX YTOJbHBIX KOHIIEHTPATOB, PE3yJbTaThl KOTOPOro MIpeiacTaBieHbl B Tabm. 1. s
JAHHBIX YIVIEH TaKXe NPOBOAMICS aHAJINW3 BBIXOJA XUMHYECKMX HPOIAYKTOB KOKCOBAHUS,
Pe3yNbTaThl KOTOPOTO MPEACTABICHBI B TAa0I. 2.

Tab6nuna 1
TexHUYECKHUI AHAIN3 KOHUEHTPATOB yIJIeii

Ipennpustie, OD Mapxka Ad, % Vdaf, % | R, % Vi, % Sdt, % Y, MM Sl
«bepesosckany K 7.2 21,0 | 1,267 54 0,34 13 5
(«Y4. KokcoBbrit»)

«bepe3oBckasi» KO+KC 6,8 21,8 1,046 41 0,36 10 2
«bepe3oBckasi» IK+KO 6,7 30,0 0,803 12 0,49 16 7
«bepe3oBckasi» TK+KO+KC 7,6 29,5 0,807 75 0,44 15 4
«MexTypedeHCKas» OC 11,6 19,8 1,335 51 0,17 12 3
«AHTOHOBCKas» K 8,9 33,8 0,758 86 0,41 19 7%
«AHTOHOBCKas» K+XK 10,9 34,0 0,790 89 0,50 24 8
«TatonHCKasI» K 9,1 19,0 1,155 62 0,31 13 3%
«TatonHCKasI» OC 8,4 18,8 1,274 50 — 12 3

Tadoauma 2
BbIX0oa XHMHUYECKHX MPOAYKTOB KOKCOBAHHUS HA CYXYH) MacCy

XUMHYeCKUe MPOYKThl KOKCOBaHUS, %0

Ipennpustue, OD Mapka % % = o§ o, S >§ § g §

2 5| 2 2| T C° 38| =¢
«bepesoneam K 8390 | 313 | 061 | 097 | 021 | 040 | 062 | 10,16
(«Y4. KOKCOBBIN»)
«MexTypeueHCKas» oC 82,05 2,05 0,73 2,03 0,27 0,81 0,47 11,59
«Taiibuackas» K 83,43 2,62 0,67 2,71 0,18 0,75 0,60 9,04
«Taiibuackas» oC 81,40 1,59 0,74 2,55 0,23 0,46 0,54 12,49
«AHTOHOBCKas» 'K 70,67 5,50 0,69 431 0,45 1,39 1,29 15,70
«AHTOHOBCKas» TK+XK 72,11 5,26 0,81 3,55 0,49 0,68 1,67 15,43
«bepe3oBcKasi» KO+KC 78,26 3,85 0,71 2,22 0,30 0,58 0,79 13,29
«bepe3oBcKasi» TK+KO 73,31 5,68 0,76 2,82 0,45 0,71 1,21 15,06
«bepe3oBcKasi» TK+KO+KC 73,67 417 0,77 3,42 0,26 1,18 1,53 15,00

[TonydeHHbIe pe3ynbTaThl UCCIEI0BAaHUI MO3BOJISIOT MOBBICUTH A ()EKTUBHOCTH IPUMEHEHUS
yriel HEeHHBIX MapoK, (GOpPMUPOBATh ONTUMAIbHBIA COCTaB yroJbHBIN MIMXTHI A1 KOKCOBAHUS C
L[eJIbIO TOBBIIIEHUSI BBIX0/1a KOKCA U YIYUYIIEHHs €ro KauecTBa U, HapsiAy C ATUM, APYTUX LIEHHBIX
MIPOAYKTOB KOKCOBaHuUs, U3 yriei Kysnerkoro 6acceiina.

Paboma evinonnena @ pamxax npoexkmuoul wacmu cocyoapcmeennozo sadanusi Nel0.782.2014K
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AXTyanbHOCTH Pa0OTHl CBSi3aHAa C HEOOXOIMMOCTHIO ITOBBIIICHUS TYBCTBUTEIBHOCTH, CEJICKTHBHOCTH, HAIEKHOCTH
METOJMK ONPEAEICHUS PAa3IMYHBIX BEMIECTB METOIOM HHBEPCUOHHON BOJIBTAMIIEPOMETPHH.

Lenpro manHON pa®OTHI SBISETCA CO3JAHHE HOBBIX CEHCOPHBIX CHCTEM HAa OCHOBE HOHOIPOBOSMINX ITOJUMEPHBIX
KOMITO3HUIIMHA MOIU(PHUIIMPOBAHHBIX OJIaropOJHBIMH METAJUIAMH JUIS BOJIBTAMIIEPOMETPHUYECKOTO aHAIN3a, H3YYEeHHE UX
IEKTPOXUMHUUYECKHX CBOWCTB M OCHOBHBIX 3aKOHOMEPHOCTEH ()OPMHUPOBAHHUS aHATUTHUECKOTO CUTHATIA.

MeToabl HCCIIEZIOBAaHMS: WHBEPCHOHHAas BOJbTaMIepoMeTpus, KoHaykromerpus, HWK-, Y®d-cnekrpockonus,
3JIEKTPOHHAsI MUKPOCKOIIMSI, BUCKO3UMETPUSL.

PesynbraTel: a1 GopMHpOBaHHS MOJIMMEPHON MATPHUIBI METAJUIIOIMMEPHOTO DJIEKTPOAa OBUIM HCIIOJIb30BaHBI
COIOJIMMEPBl METAaKpUIOBOM KHUCJIOThl M METWJIMETAaKpuiaTa pPa3IMYHOIO COCTaBa, a TaK € BOJOPAaCTBOPUMBIN
COIOJIMMEDP METAKPUJIOBOM KHUCJIOTHI. [lonumepsl mojyyaaud METOLOM PAJMKAIBHOM TEPMHYECKOM MOJUMEPHU3ALUHU B
0J0Ke ¢ MOCIEeNYIOIMM pPAaCTBOPEHHEM B CMECH pacTBopuTenedl. B kauecTBe MHHIMaTOpa IOJMMEpH3AIUU
WCTIONB30BAIA JUHUTPHI a30M30MACIICHHOW KHCIIOTHI WM Tepokcuyj Oensomna B koimdectse 0,05 % macc. mpum
temrnepatype 70 °C. BHeapenue yacTull MeTala B KOMIO3UIMIO MIPOBOAMIN ITyTEM PAacTBOPEHHS TpU(TOpPAIETaTOB
cepebpa M PTYTH WIM BHECEHHEM OJKCTPAKTa 30JI0TOXJIOPHUCTOBOJOPOAHONW KHCIOTHI B Oyrmianerare. Pabouyro
MIOBEPXHOCTH AJIEKTPOAa (GOPMHUPOBAIN METOJIOM «IIOJIMBa» PACTBOpA MOJMMepa Ha TpadUTOBYIO MOMIOKKY. M3ydeHo
BJIMSTHUE COCTaBa COMOJIMMEpA, MPUPOJIBI PACTBOPUTEINS, COAEPKaHNE MeTala MOAN(HUKATOPA, BA3KOCTH KOMITO3UIIHH,
TOJIIMHBI TUIGHKM W YCIOBUH ee (OpMHUpPOBaHHMA Ha SJIEKTPOXUMUYECKHE W MEXAHWYECKHE XapaKTePUCTHUKH
ANEKTPOAHBIX CHUCTEM. AMpOoOaIus AIEKTPOAOB MPOBEACHA MPU OMNPEACICHUH HOHOB ITMHKA, KaJMUs, CBHHIA, MEIH,
PTYTH, MBITIIBsIKA, cenena, xene3a(ll, 111) B mpupoaHsix 06beKTax U MUMIEBBIX TPOAYKTaX.

KnrouesBble  cioBa: 9NEeKTPOXMMUYECKUH  CEHCOp,  MOAMGHUIMPOBAHHBIA  3JEKTPOJ,  HWHBEPCHOHHAs
BOJIETAMIIEPOMETPHS, HAHOpPa3MEpHBIE YaCTUIBI 30JI0Ta, HAHOpa3sMEpHBIC YaCTHIBI cepedpa, HOHOMPOBOSAIIUI
TIOJIUMED.
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The relevance of this work is associated with the necessity of increasing the sensitivity, selectivity, reliability of
techniques for detection of various substances by the method of stripping voltammetry. The aim of this work is the
creation of the new sensor systems based on the ion-conductive polymer compositions modified by noble metals for
using in voltammetric analysis, the studying their electrochemical properties and the main laws of analytical signal’s
formation.

Research techniques: stripping voltammetry, conductivity, IR spectroscopy, UV spectroscopy, electron microscopy,
viscometer.

The results: The copolymers of methacrylic acid and the various compositions of methylmethacrylate and also water-
soluble copolymer of metakrilovy acid were used for the metal-polymer electrode’s polymeric matrix creation.
Polymers were obtained by the method of radical thermal polymerization in the block with the subsequent dissolution in
the mixture of solvents.

Azobisisobutyronitrile or peroxide of benzoil in amount of 0,05 % of mass. at a temperature of 70 °C were used as the
initiators of polymerization. The introduction of metal particles to composition was carried out by the dissolution of
silver and mercury triftoratsetates or by the introduction of chloroauric acid extract in the butyl acetate. The working
surface of an electrode was formed by method of "watering" of polymer’s solution on a graphite substrate.

The influence of copolymer’s composition, the solvent nature, the content of metal-modifier, the viscosity of
composition, the film’s thickness and conditions of its formation on electrochemical and mechanical characteristics of
electrode systems was studied. The approbation of electrodes was carried out by the detection ions of zinc, cadmium,
lead, copper, mercury, arsenic, selenium, iron(ll, I11) in natural objects and food.

Key words: electrochemical sensor, modified electrode, stripping voltammetry, gold nanoparticles, silver nanoparticles,
ion-conductive polymer.

VYIIydmuTh METPOJIOTUYECKHE XapaKTEPUCTHKH METOAMK OIPENEICHUSI PA3InYHbIX BEUIECTB
METOZOM HHBEPCHOHHOH BOJIbTAMIIEPOMETPUM MOXKHO IyTeM MOJIM(UKALUN [OBEPXHOCTU
pabouux smexTpoaoB [1]. B kadecTBe MOau(pUKATOPOB Halle BCErO HCIOIB3YIOT OJaropoHbIe
METaulbl ¥ OpraHUYecKue JIMraHjpl, oOpasyrole JIaOUIbHbIE METAJUIOKOMILJIEKCH €
oTpeieNIIeMbIMUA KOMITOHEHTaMH [2, 3]. MBI nipeyiaraeM mpoBOAUTH MOAM(PHUKAIINIO TTOBEPXHOCTH
rpadUTOBBIX 3JEKTPOIOB OAHOBPEMEHHO OJaropoJHBIMU METAJJIAMU U MosiudiekTponutamu. [lpu
3TOM METaJIbl BBICTYIAIOT B POJIM MEAUATOPa 3JEKTPOJHOrO MPOIecca, a MONIUIIEKTPOIIMT 3a CUET
crenn(pUYecKoro B3auMOACHCTBUS C ONpeAesieMbIM KOMIOHEHTOM O0ECIeYUBAET CEJICKTUBHOCTD
aHann3a. B kadecTBe OCHOBBI Uil (POPMHUPOBAHUS MOBEPXHOCTU AJIEKTpOJa B JIaHHOM padore
HCMOJb30BAJM CONOJIMMEPHl METHJIMETAaKpuilaTa C METAaKpHJIOBOM KHCIOTOM, JOMMPOBAHHBIE
PTYTBIO M HAaHOYACTULIAMHU 30JI0Ta U cepebpa. BHenpeHue MeTangoB B IMOJKMMEp MPOBOIMIN
pacTBopeHueM TpudropareratoB cepebpa M PTYTH B pacTBOpe NOJIMMEpa WM BBEJCHHEM
OKCTpPaKTa 30JI0TOXJOPOBOJOPOJHON KHUCIOTHI B  Oyruiarerare. OmnpeneneHHbld  00beM
MOJTMMEPHON KOMIIO3MILMM HAHOCWJIM Ha TOpel IpadUTOBOTO HMMIIPETHUPOBAHHOTO 3JIEKTPOJA,
PaBHOMEpPHO pacHpelesuld U, HE JOIMYyCKas HCIapeHHs] pacTBOPUTENS, MOrPYKajdd B BOJHBIN
pacTBOp s KOarymsauuu mnonuMepa. [Ipy 3TOM Ha MHOBEPXHOCTH HIIEKTpoAa oOpaszyercs
BBICOKOIIOpUCTasl IJIEHKA, CIOCOOHasi oOecreunBaTh MOHHBIA TPAHCIOPT MOHOB K IOBEPXHOCTH
rpagura.

[Ipn HanoxeHMM TMOTEHIMala HMOHBI PTYTH, cepeOpa M 30JI0Ta BOCCTAaHABIMBAIOTCS B
nojgumepe, o0Opa3ys HaHOYacTHIBl MeTaioB. OOpa3oBaHME HAHOYACTHUI[ 30J0Ta M cepedpa
MOATBEPKIAETCs TOsiBieHneM Ha Y@ crhekTpe MIa3MOHHBIX MHUKOB Tipu 540 HM u 385 HM
COOTBETCTBEHHO. KOCBEHHBIM IMOATBEP)KICHHEM OOpa30BaHUS HAHOYACTHUI] 30JI0TA SIBJISETCS U
MaJInHOBask OKpacka IUICHKH. PTyTh oOpasyer B mopax mojumepa Oosiee kpymHbie gacTuilbl (0,5
1 MKM) KOTOpBIE OTYETJIMBO BHJHBI Ha HM300paK€HUSX, MOITYUYEHHBIX C MOMOIIBIO 3JIEKTPOHHOTO
MHUKpOCKOMa. MexaHu3M (OpMHUPOBaHUS METAJUINOJIMMEPHBIX 3JEKTPOJOB Ha OCHOBE 30JI0Ta U
PTYTH paccMOTpEH Hamu paHee [4, 5].

K mHauKaTOpHBIM 3JIEKTpOJIaM ISl BOJIBTAMIIEPOMETPUYECKOTO aHAIN3a MPEAbSIBISIETCS Pl
TpeOOBaHUI: XUMHUECKasi YCTOWYMBOCTh B PA3IMYHBIX HEOPIaHUYECKUX U OPraHUYECKHX Cpelax;
ANEKTPOXUMUYECKAsi UHEPTHOCTh B IIMPOKON 00JacTH MOTEHIMAJIOB; BBICOKOE MepeHanpsKeHUe
BBIJICJICHUSI BOJOPOJAa W/MIAM KHUCIOPOJA; HU3KOE OMHYECKOE CONPOTUBICHME; J1OCTATOYHAS
MEeXaHW4YecKas IPOYHOCTb, BO3MOXKHOCTb KOHIIEHTPUPOBAHUS OMNPEIENIIEMOI0  BEIECTBa;
BO3MOXKHOCTh ~ JIETKOM MHOTOKpPaTHOM pereHepauuy JUIsi TOJYYEHUS  BOCHPOHM3BOJIUMOM

145



HOﬂM(f)_)/HKL{uOHaJleble Xumuveckue mamepuajvl U nmexnojiocuu

noBepxHoCcTH. s (hopMHpOBaHHS CEHCOPHBIX CHCTEM, OTBEUAIONIUX JAHHBIM TPEOOBAHUSM,
M3YYCHO BIIMSHHE COCTaBa COIMOJIMMEpa, MPHUPOABI PACTBOPUTENS, COJCpKAaHUE MeTasia
MoaudHKaTopa, BSI3KOCTH KOMITO3UIIMH, TOJIIMHBI IUICHKHM W YCJIOBHH ee¢ (OpMHUPOBAHHS Ha
INMEKTPOXUMUYECKUE U MEXAaHUYECKHE XaAPAKTEPUCTUKH IEKTPOTHBIX CUCTEM. Y CTAHOBJICHO, YTO
HAWJTYYIIAMH XapaKTEPUCTHKAMU 110 COBOKYITHOCTH 3JICKTPOIPOBOAHOCTh — YCTOMYHMBOCTH B
BOJHBIX pPacTBOpax 00JIaZaeT COMOIUMEpP METHIIMETAKpuiaaT — MeTakpuwioBas kuciora 6:1. [pu
BBEJICHUU B PAcTBOp IOJUMEpa cojied MoaupuKaTopa MPOUCXOIUT IMaJeHUE BSI3KOCTH PacTBOpa
MOJIMMEpa 3a CYET CITUBKY MOJUMEPHBIX IeTel KAaTHOHAMH METAIIOB M YBEITUYCHUS TUCCOIMAIINN
KapOOKCHJIBHBIX TPYII 3BEHbEB comojaumepa. [Ipy  3TOM  3JIEKTPONPOBOJHOCTD  IUICHOK
yBenmuuBaeTcs. C yBelIMUYEHUEM KOHIICHTpAIMH COJIeH MOIU(PUKATOPOB B PACTBOpPE MOJIUMEpa
3JIEKTPOIPOBOJIHOCTh IUICHOK PACTET TOJHKO HAa HadaJbHOM dTamne Koaryisnud. OJHAaKO Iocie
HACTYIUJICHHS] PAaBHOBECHS JIEKTPOIIPOBOJHOCTh TUICHOK MPAKTHUECKU HE 3aBUCUT OT COJCPIKAHUS
MoaudukaTopa, 9T0 OOYCJIOBICHO, BHIPAaBHHBAEM KOHIICHTPAIMM HOHOB METaJlyla B PE3yJIbTaTe
nepexo/ia u3 MOJIMMEPHON TUICHKH B 00beM (POHOBOTO pacTBOpa. YBelnHueHHE 00beMa pacTBOpa
nojiiMepa Ha TIOBEPXHOCTH TpadUTOBOrO 3JCKTPOJA TNPUBOIUT K YBEIUYCHUIO TOJIIUHBI
oOpa3yrolielcss MOJMMEPHON IIJICHKHU, a, CJICIOBATEIIbHO, K YMEHBIICHUIO 3JICKTPOIPOBOAHOCTH
AJIEKTPOJHON CHCTEMBbI B II€IOM. B TOXe BpeMs 3aBHCHMOCTh AHAJIMTHYECKUX CHUTHAJIOB OT
TOJIIUHBI TUICHKH TPOXOJUT Yepe3 MaKCHMyM, YTO MOXKET OBITh OOYCIIOBICHO YBEITHYCHHUEM
KOJIMYECTBA METAJUTUYCCKUX MUKPOLIEHTPOB, (DOPMUPYIOIIUXCS HA TPAHUIIC TPpadUT — OJTUMED.
ArmpoGarusi MOAH(PHUIIMPOBAHHBIX AJICKTPOJIOB MPOBEICHA HA NIPUMEPE ONPEICIICHUsS NOHOB
LIMHKA, KaJIMUsi, CBUHIIA, MEJTU, PTYTH, MBIIIbsAKA, celeHa, xkenesa (11, 111) B mpuponusix o0bekTax u
MUIIEBBIX TPOJYKTAX 10 METOAMKAM, B KOTOPBIX (DOPMHUpOBaHNE aHATTUTHYSCKUX CUTHAIOB UJCT Ha
PTYTHOTPapHUTOBBIX, 30JI0TOrPAPUTOBBIX, CEPEOPSIHOTPAPUTOBBIX AIEKTPOIAX.
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AXTyansHOCTh paboThI 00YCIIOBIIEHA OTCYTCTBHEM Ha JaHHBI MOMEHT ONTHMAJIBHO ITO{00PaHHBIX METOINK M METOJIOB
aHanM3a IS JKEJIE30COIePXKAINX O0BEKTOB B PEasMsIX COBPEMEHHOTO TEXHOJOTHYECKOTO OCHAIICHUS J1abopaTopHid.
PernamentupoBaHue mpuMeceld B MPOAYKTax METAJUIONPOKAaTa M MX BBIIENICHHE B IEISIX HauOojee pannoHaIbHOTO
UCTIONI30BAHMS NMPHUPOAHBIX PECYPCOB SBISIFOTCS OJHUMH M3 TIABHBIX HAIPABJICHHH TEXHOJOTHYECKOTO M HAYYHOTO
pa3BUTHS OTpacid. B cBA3M ¢ 3TUM MOHUTOPHHI XMMHYECKOTO COCTaBa >KEJIE30COJEPIKAIIECTO ChIPhS U MOTydaeMbIX
MIPOAYKTOB Ha BCEX TEXHOJIOTHYECKUX CTAIUSIX SABJSIETCS OJHOM M3 KIIFOUEBBIX 3ahad NMPOU3BOACTBA. MBI IpeasaraeMm
HOBBIE TOJXO/IBI B 00JIACTH MPOOOMOATOTOBKH M aHANIM3Aa JKEJIE3HBIX PYA B3aMEH YXOMSIIETO B MPOILIOE XUMUYECKOTO
aHanu3a. B Hacrosiiee BpeMs CyLIECTBYET LIMPOKHUI CHEKTP METO/OB, OCHALICHHBIX COBPEMEHHBIM 000pYyJOBaHHEM,
MO3BOJIIIOIIMX pEIIaTh 3aJadd OJHOBPEMEHHOTO OIpeAeNieHHS MHOXKECTBAa KOMIIOHEHTOB B CHCTEMax CJIOXHOTO
coctaBa. Ho naxke MCHojbp30BaHHE COBPEMEHHOIO OOOPYAOBaHMS HE OCBOOOXKIACT aHAJMTHUKA OT ONTHMHU3AIMU
CHoco00B MMPOOONIOArOTOBKH, pa3pabOTKH M METPOJIOTHYECKOI aTTECTAI[MM METOANK BBIIOJTHEHHS H3MEPEHHUM.

Lens paboTel 3akmoyasach B IOA0OpE COBPEMEHHBIX AHATWTHYECKHX METOZOB, pa3paboTKe CHocoOoB
IIpOOOIIOATOTOBKH M ONTHMU3AIMH YCIIOBHH MPOBEICHNS aHAIIN3a KEIE30PyTHBIX OOBEKTOB.

Meronsl wmccrnenoBaHus: JlyroBas aTOMHO-3MHCCHOHHAsE CIIEKTPOCKONHS C MHOTOKaHAIBHBIM —aHalIN3aTOPOM
smMuccHoHHBIX cekTpoB (JADC ¢ MADC), macc-CieKTpOMEeTpusl ¢ WHAYKTHBHO-cBs3aHHOW mimaszmoint (MCII-MC),
aToMHO-a0copOuumonHas criekrpockonus (AAC), cnekTpogoToMepus, XUMHUYECKIH aHAIIN3.

Pesymnpratel: mogobpanbl metoasl ompenencuust Fe, Si, P, Mn, Ti, Cr B xene30pyIHOM ChIphe U TPOAYKTAX €ro
nepepaboTKy, NpeokeHbl (G PEeKTUBHBIE CIIOCOOBI POOONOATOTOBKH, pa3pabOTaHbl COOTBETCTBYIONIME METOAMKU H
MIPOBE/ICHA UX MPeIBapUTEIIbHAS METPOJIOTHYECKas aTTEeCTaLUs.

KiroueBble cJjioBa: >kele3Has pyda, aHaIN3, METOAWKA BBINOJHEHHWS W3MEPEHHUH, NPOOOIIOAroTOBKa, Macc-
CHEKTPOMETPHSI C MHIYKTHBHO-CBSI3aHHOM IJIa3MOiA, Jkele30, Gpocdop, aTOMHO-IMUCCHOHHAS CHEKTPOCKOIHSL.
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Relevance of the work is determinated by absence of optimal matched methodologies and methods of analysis for ferric
objects in conditions of modern technical equipment of laboratories. Regulation of impurities in products of metal-roll
and its separation with aim of efficient using nature resources are one of main lines of technological and scientific
development of branch. As a result monitoring of chemical composition of ferric raw materials and products at all
technological stages is one of the most significant tasks of production. We suggest a new approach in sphere of sample
preparation and analysis of iron ores instead of chemical analysis. Now broad spectrum methods with modern
equipment allow to solve problems of synchronous determination of great number components in systems with complex
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composition. But using of modern instrumentation don’t release analyst from optimization of ways sample preparation,
development and metrological certification of methodologies of carrying out of measurments.

The main aim of the study was concluded in selection of modern analytical methods, development ways of sample
preparation and optimization of conditions for analysis of iron ore objects.

The methods used in the study: arc atomic emission spectroscopy with multichannel analyzer of emission spectrums
(AAES with MCAES), inductively coupled plasma mass spectroscopy (ICP-MS), atomic absorption spectroscopy
(AAS), spectrophotometry, chemical analysis.

The results: methods for determination of Fe, Si, P, Mn, Ti, Cr in iron ore raw materials and products of treatment were
matched, effective ways of sample preparation were suggested, corresponding methodology was developed and prior
metrological certification was carried out.

Key words: iron ore, analysis, methodology of metering, sample preparation, inductively coupled plasma mass
spectrometry, iron, phosphorus, atomic emission spectroscopy.

B kadectBe wmccienyeMoro MaTepualia HMCIOJIB30BAIMCH JKeNe3Hble pynabl bakdapckoro
MECTOPOXKJICHUS U NPOAYKTHl MX IepepaboTku. JlaHHOE MeCTOpPOXAEHUE TOJIBKO HAYMHAET
pa3pabarbIBaThbCs, B CBSI3U C YeM BBEJCHHE B MPOU3BOJICTBEHHBIN LIHKI COBPEMEHHBIX METOIUK
MOHUTOpPHUHTA SBJIAETCS BEChMa aKTyalbHbIM. Pyna comepxut B cebe okono 40 % Fe, 10 % Si u
5 % Al xak OCHOBHBIX KOMIIOHEHTOB, a Takxe nopsaka (0,1-1) % P, V, Ti, Mn, Cr u np. C uenbto
palMoOHAIBHOIO MCIIOJIb30BaHUS PECYPCOB 3ajiaueil MPOMBILIUIEHHOMN MpeIBapUTeIbHOM 00paboTKu
pyabl sBIsieTcss oOoramieHune e€ JKene30M, a TaKKe BBIICNCHHE M paslelieHHue NpuMeced s
CHIDKEHMSI MX COJIEpXKaHMs 10 MUHMMYyMa MM HEOOXOIMMOIO 3HAYEHHS M IOJIyYEHHUs] YHUCTBIX
BEIIECTB B MPOMBINUICHHBIX MaCIITa0aXx.

ConepxaHue yKa3aHHBIX BbIIIE€ 3JEMEHTOB Ha KaX10i cTaguu oOpaOOTKM JOJKHO OBITh
CTPOTO PETJIAMEHTHPOBAHO B COOTBETCTBHM C TpPeOOBaHMAMHU K IeJIeBOW mpoaykuuu. Ho mpu
CTaHJAPTHOM XMMHYECKOM aHaJM3€ BO3HUKAeT NpolieMa HX KOMIUIEKCHOI'O ONpeAeeHHUs,
o0yCIIOBJICHHAsT B3aUMHBIM  MemapmuM  BiusHHeM. CoOBpeMEHHbIE  METOIBl  aTOMHOUN
CIEKTPOCKOIIMM M MacC-CIIEKTPOMETPUM MO3BOJSIOT PELIUTh 3Ty MpoOieMy MyTeM pa3paboTKu
AQHATTMTHYECKUX METOJWK, BKIIOYAIOUINX ONTHMH3ALUI0 CIIOCOOOB MPOOOMOArOTOBKH, OIMCAHUE U
YCTaHOBJICHHME CTPOTUX MpaBUJI IMPOBeeHUs aHaiu3a. B xo/e uccnenoBanust 6bUT UCIIOIB30BAH PSIJT
METOIOB aHaJN3a.

AHanmu3 OCHOBHOTO KOMIIOHEHTa keie3a Haumbosjee BOCTpeOOBaH U BO3MOXKEH 0e3
OTIpEJIeJIEHUs] COIYTCTBYIOIINX 3JIEMEHTOB. Hambosee panmoHaTbHBIM JUIS 3TOW LETH SBISETCS
MeToj, aToMHO-abcopOunonHoil cnektpomerpun (AAC) [1], KOTOpBI MPaKTHYECKU IMOJTHOCTHIO
WCKJTFOYAET BIUSHHUE JPYTUX IEMEHTOB, HE TPEOYET CIIOKHON MPOOOTOATOTOBKY TTIOMHUMO TIOJTHOTO
nepeBo/ia pyibl B pactBop. OH SKCHPECCHBIN U MPOCT B UCTIOIHEHUH.

Ananmu3  kpemHus Bo3MokeH Merogamu  MCII-MC wu  peHTreHodIyopecieHTHOM
cnektpockonuu (P®A). OnTuMmanbHON MPOOONOArOTOBKOM Ul JaHHBIX OOBEKTOB SIBIISETCS
CIUIaBJICHWE C pPa3NUYHBIMH  (QIIOcaMH, B TOM 4YHciae OOpaTHBIMH. OTO  IO3BOJISET
TOMOT€HM3MpOBaTh NpoOy M BBIMTH Ha TOUYKY, I/I€ pPACIUIaB MOXKHO BBUIUTH B (GOpMy U
aHaM3upoBaTh MeTooM PMDA wim mepeBecTH B pacTBOP M HMCIIONB30BaTh JUISl aHAIIM3a JAPYTHe
metozbl, B ToM uncie UCII-MC. ITockonbky 3HaUMTENbHOE COJiepkKaHnue Fe CyllecTBeHHO MEHseT
MOKa3aTelH IUIaBJICHHSI, €T0 CIEeyeT MPeABAPUTEIHLHO OTACITUTH [2].

Omnpenenenue dpochopa meronamu UCIT-MC, JADC ¢ MADC 0ClnoKHEHO CIEKTPaTbHBIMU
UHTEPPEPEHIMSIMHA, MTO3TOMY OCHOBHBIM METOJIOM TIO-TIPEKHEMY SIBIISIETCSI CIIEKTpodoTOMEpHs
(C®D) c¢ wucnomnp3oBanueM MoauOAeHOBBIX cuHe [3, 4]. B pabore mnonoOpaHbl ycioBus,
HUBEJIMPYIOIINE BIUSHUE jKelle3a Ha onpeesenne Gpocdopa.

IIpumecn 1UBETHBIX METAUIOB palUoOHAIbHO onpenenars merogoM JADC ¢ MADC,
MTOCKOJIBKY OH TO3BOJISIET TIPOBOJIMTH aHAIH3 BCEX KOMITOHEHTOB PY/IbI OJHOBPEMEHHO B IIMPOKOM
nuarnasoHe koHrenrpanuii (0,1-100) ppm [5].

Pesynbrathl aHanm3a ¢ UCNOIH30BAHUEM OITMCAHHBIX BHIIIE ITOXO/IOB Ha PETIaAMEHTHPYEMbIC
AJIEMEHTBI JUIS KeNE3HOU Py/Ibl TOCIe MArHUTHOM cenapaiyy npecTaBieHbl B Ta0II.
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DJIEMEHTHBIH COCTAB HCXOHOI 000ralIeHHOM #KeJIe3HOH pPyabl

OmnpenensieMbIid Copneprxanue B pyae bakuapckoro mectoposkaenus, % mac.
DJIEMEHT Jlo MarHuTHO¥ cenapauuy (UICXOIHON) Ilociie MarHUTHOM cenapanuu

Keneszo 44 + 4 59+5
Kpemuuii 10£2 45+0,7
AroMuHUN 49+09 1,6+0,3
Maruuii 0,57+0,12 0,60+0,14
dochop 0,58 +0,15 0,70+ 0,12
Kanbiuii 0,23+ 0,04 0,42 + 0,07
Banaguii 0,23+ 0,05 0,34 + 0,06
Turan 0,20+ 0,04 0,30+ 0,05
Mapraserg 0,14 + 0,03 0,25+ 0,05
Xpom 0,06 +0,01 0,06 £ 0,01
Hupkonwuii 0,014 + 0,003 0,010 + 0,003

PenkozemenbHbIE 371EMEHTBI, METAJUIBI TFIATUHOBOW TPYMIIBI U IPYTHE, COJEPKALIUECS B PyAE
B MUKPOKOJIMYECTBAX, lenecoo0pasHo onpeaensits metogom UCITI-MC, umeromumM camble HU3KHE
npeaeibl OOHAPYKEHHUS.

BeiBogpl: myTeM mom0Opa palMOHANbHBIX METOJIOB, YCOBEPIICHCTBOBAHUS CIIOCOOOB
HpO6OHOI[FOTOBKI/I M OINTUMHU3AIUMKU NPOBCACHUSA aHAJIU30B, NPCIJIOKCH aHaJIUTHYECKUHU KOHTPOJIb
KEJIE30PYTHOTO ChIPhS HA PA3JIMYHBIX TEXHOJIOTUYECKUX CTAHSIX €0 MepepadOTKH.
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AxTyanpHOCTh paboThl OOYCIIOBICHA OTCYTCTBHEM METOAMKH KOMILICKCHOW OIEHKHA KOPPO3UOHHON aKTHBHOCTH
IPYHTOB 0 KOJHYECTBEHHOMY BKJIaAy TakuX ()aKTOPOB KaK BIaXHOCTh, pH, KOHIEHTpAIMs HEKOTOPHIX HOHOB,
KHCJIOPOZA ¥ MPOYMX BEILIECTB, CIIOCOOCTBYIOIIUX KOPPO3UH TpyOOorpoBoaoB. Kpome Toro, 0TCYyTCTBYIOT MOOHIIbHEIE
MpUOOPHI 11 MOHUTOPHHTA OCHOBHBIX IAPAMETPOB IOYBHI, BIMSIONIUX HA PAa3BUTHE KOPPO3UOHHBIX IPOIIECCOB B
MaruCTpPalbHbBIX TPYOOIPOBOIAX.

Lenp paboThl: 3aKito4anach B BBIOOpE WHIMKATOPHOTO JIEKTPOAA M pa3pabOTKe alnropuTMa MpOBEACHHS U3MEPEHUH
METOJIOM MPSAMOU OTCHIIMOMETPUHN HEITOCPEICTBCHHO B IPYHTE.

MeTo/ipl HCCIIEIOBAHUS: TIPSIMAasi IOTEHIIMOMETPHSI, BOJIbTAMIICPOMETPHSL.

B pesynbrate paboThl H3y4€HBI 3JEKTPOHBIC XaPAKTEPUCTHKH 2-X THUIIOB MEMOPAaHHBIX 3JIEKTPOIOB U CepeOpsSHOro
anekTpoga | poja B CTaHAApTHBIX PAaCTBOpaxX XJIOpHAA Kaldus W B MOJCIBHBIX CHCTEMax: MECOK, TOp(d, TIUHA.
Uccnenosano BrnusiHue psiia (GakTopoB: HPUPOABI (OHOBOTO IJICKTPOJUTA, KOHIIEHTPALUH XJIOPHJ — WOHOB,
temrnepatypel, pH cpenpl  Ha amekTpoaHyo (GyHKIH0. M3ydeHO BiMsHHE BPEMEHH HA TOTEHIMAN JJICKTPOJa MpHU
pa3NUYHON TeMmeparype H3MepseMoi cpenbl. BbIOpaHbl ONTHMalbHBIC YCIOBUsS. M3ydeHbl 3KCIUTyaTallMOHHBIE
XapaKTePUCTHUKH SUeHKU. [Ipe/IIoKeHbI BAPHAHTHI OYMCTKH PA00YHX JICKTPOIOB B MMPOIECCE aHAJk3a FPYHTA.
KiroueBble cjioBa: MeOpaHHbIH MOTEHIMAN, TPYHT, XJIOPUI-UOHBI, HOHOMETPHSI.

DEVELOPMENT TECHNIQUE FOR MEASURING CHLORIDE IONS
CONCENTRATION IN THE SOIL FOR MONITORING CORROSIVITY
STEEL PIPELINES

Valentina N. Batalova, Ph.D., Associate Professorof Department of Analytical Chemistry, National
Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: batvn@sibmail.com
Natalya A. Shumakova, student, National Research Tomsk State University, Chemistry Department, 36,
Lenina Avenue, Tomsk, 634050, Russia, E-mail: tasha_shumakova@mail.ru
Polina A. Kapustyanskaya, student, National Research Tomsk State University, Chemistry Department, 36,
Lenina Avenue, Tomsk, 634050, Russia, E-mail: polinochka80794@mail.ru

Relevance of the work due to the lack of integrated assessment techniques ground corrosion activity to quantify the
contribution of factors such as humidity, pH, concentration of certain ions, oxygen and other substances that contribute
to pipeline corrosion. In addition, the lack of mobility devices for monitoring major parameters of the soil, affecting the
development of corrosion processes in the main pipelines.

The main aim of the study was to select the indicator electrode and to develop an algorithm for measuring the
concentration of chloride ion by direct potentiometry directly in the ground. The methods used in the study: direct
potentiometry, voltammetry. The results: electrode characteristics of 2 types of membrane electrodes and silver
electrode were investigated in a standard solution of potassium chloride and in model systems: sand, peat, clay. Some
factors were examined: the nature of the background electrolyte, concentration of chloride, temperature, pH. The effect
of time on the electrode potential at different temperatures has been studied. The optimum conditions were selected.
Operational characteristics of the cell were investigated. Options for the treatment of working electrodes during the
analysis of soil have been proposed.

Key words: the membrane potential, soil, chloride ions, ionometry.
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N3BectHo, uro Haubosiee 3HAYUMBIM (PAKTOPOM, BIHSIOIIMM Ha IMPOLECC KOPpPO3UHU
MOJI3EMHBIX TPYOOIIPOBOJIOB SIBJISICTCS COCTAB M CBOMCTBA KOHTAKTHPYIOLIETO ¢ HUMH I'PYHTa HIIU
1ouBbl. CKOPOCTh KOPPO3HH 3aBUCUT OT pH, BIaXXHOCTH, aHHOHHOT'O COCTaBa, KOHIIEHTPALMH PAJa
BEIIECTB B IpyHTE, TemrepaTypsl U mp.[1]. O6beMbl KOPPO3HOHHON MOBPEKIAEMOCTH OIPEACIISIOT
HE0OXOIMMOCTh MPOBEICHUS MAcCIITAOHBIX W JOPOTrOCTOSIIIUX PEMOHTOB TpyOompoBoaoB. B
HACTOsIIee BpeMs KOPPO3HMOHHYIO aKTUBHOCTh T'PYHTOB OIICHHMBAIOT I10 BEJIHYMHE YJIEIBHOTO
anekTpuueckoro compotusieHus cormacao 'OCT P 51164-98 [2] u TOCT 9.602-2005, no mis
MPOTHO3UPOBAHMUS KOPPO3UM HEOOXOJUMO 3HATh COBOKYIIHOCTH I1apaMeTpOB, B TOM 4YHCIE
XUMUYECKUA COCTaB TPYHTA, YTO MO3BOJIUT Ooiiee 3(HEKTUBHO OOPOTHCS C ATOM mpobiemoii. B
9TOM CBsI3U pa3pabOTKa YyBCTBUTEIHHOTO M HAAEKHOTO JaTUMKA COJEPKAHHUS XJIOPUI-HOHA B
TPYHTE, BIUSIOUIET0 HA CKOPOCTh KOPPO3UH, ABIISETCS, HECCOMHEHHO, aKTyaJbHOM.

Lenp pa®oThl 3akiI04angach B BBIOOpE MHIMKATOPHOTO DJIEKTPOAA U pa3pabdOTKe alropurMa
MIPOBEJICHUSI U3MEPEHUI METOJIOM MPSMO MOTEHIIMOMETPUU HEMTOCPEACTBEHHO B TPYHTE.

JIJiss onTUMAaIIbHOTO BEIOOpA pabodero 31IeKTpoa HE0OXO0JMMO YI9eCTh MHOKECTBO (haKTOPOB,
TaKMX Kak, MapaMeTpbl aHAIM3UPYEMOW Cpeibl: TUana3oH KOHIEHTpalluid aHaIu3upyeMOoro HMOHa,
TeMmIeparypa, HaJIMYMe MEIIAIONINX HWOHOB, HAJMYUE BEIECTB, AarpeCCHBHBIX K MaTepHuaiy
ANEKTPoaa, (PU3NYECKOE COCTOSHUE aHAJU3UPYEMOro Marepuala, KOH(Urypamus 3JIeKTPOJIOB U
¢dbopma dyBCTBUTEIHHONH MeMOpaHbl. OCHOBHOW XapaKTEPHUCTUKOW H3MEPUTEIBHOTO 3JIEKTPOJa
SBIIETCS JHMAMa30H OMNpeJeNieHUsl, TO €CTh Takas o00JacTh SJEKTPOAHOW (YHKIMH, B KOTOPOU
OTKJIOHEHUS OT JTMHEWHOCTH HE MPEBBIMIAIOT HEKOTOPYIO 33JaHHYIO BeMUYMHY, Hanmpumep pX=0,2
[3].

B pab6ore ncnonp3oBanu noHomep tumna M—-150, snekTpon cpaBHEHUS — XJIOpUACEepeOpsIHBII
tunma OCp-1 ¢ HaceimeHabiM  pactBopoM KCI. B kadecTBe HMHIMKATOPHOTO BIIEKTPOIA
uccienoBanbl: MeMOpaHHbld kpuctaummdeckuit tuna DJIMC — 131 (;1abopaTopHBIN) U AIEKTPOJ
MeMOpanHbiii Tuna OM—C1-01 (ans 1abopaTOpHBIX U MPOMBIIUICHHBIX Pa0doT). DJIEKTPO THIIA
OJIMC - 131 wumeer wmemOpaHy Ha OCHOBE IpeccoBaHHOro nopomka AgyS +AgCl u
MOJMBUHUIIXJIOPHJIA, HE TPEOYET 3aloIHEHUs] BHYTPEHHUM pacTBopoM. DnekTpoa tuna OSM—-C1-01
uMeeT MeMOpaHy Takoro K€ XHMMHMUYECKOTO COCTaBa, COCTOAILIYI0 M3 cojeil cepebpa, HO
OpPraHUYECKyI0 MAaTpUIly — Ha OCHOBE IIOJIUCTHpOJa U TpeOyeT 3aloJIHEHUs BHYTPEHHUM
pactBopom 0.1M KCI nepen npuMeHeHUEM.

Jlnst pa3paboTKU METOAMKH BBITOJHEHHUS U3MEPEHUI KOHIEHTPAIMH XJIOPUI-UOHOB B TPYHTE
METOZOM TMpPSIMOH MOTEHIIMOMETPUN HW3YYEHBI DJEKTPOJIHBIC XapaKTEPUCTHKU 2-X THUIIOB
MeMOpaHHBIX 3JEKTPOJIOB U cepedpsiHoro 3ekTpona | poga. Ha crangapTHBIX pacTBOpax XJIOpuaa
KaJIisl ¥ Ha MOJICNBHBIX CHCTEMax: Mecok, Top¢, rauHa. VccienoBaHo BIMSHUE HA AJIEKTPOTHYIO
¢yHKIMIO psiga (aKTOpOB: MPHUPOAbI (OHOBOIO HIEKTPOJINTA, KOHUEHTPALUHM XJIOPUI-HOHOB;
Temneparypsl. M3ydeHo BIUsSHHE BPEMEHH Ha IMOTEHIIMAN 3JIEKTPOJIa IPH Pa3IMdHON TeMIIepaType
u3MepsieMoit cpeabl. BrIOpaHbl onTHMaNIbHBIE YCIOBUS.

I'pagynpoBounsie 3aBucuMocTr Ha (oHe 0,1 M NaSO4 st 1ByX MEMOpPaHHBIX AJIEKTPOJIOB
NpeJCTaBIeHbl Ha puc. I, U3 KOTOPOro BUAHO, YTO KPYTH3HA OAJIEKTPOAHON (yHKIMHU
(koadduMeHT TpU X B YpaBHEHHUH TPSIMOI) JIEKTpoJa 2 HECKOJBKO BHINIE, YeM dJieKTpoaa 1 u
MPAKTUYECKH COOTBETCTBYET TEOPETHUYECKH pacCUMTaHHOMY 3HadeHuto 54 MB. AHanoruunsle
nanable nonydeHsl s Gona 0,1 M KNOs, cienoBarenbHO, €ro Takke MOXHO HCIOJB30BaTh B
Ka4yecTBE PEryysiTopa HOHHOW CHJIBI.

W3yueHne BIUSHUS BPEMEHH Ha TIOTCHIMAN SYCHKH TI0Ka3ajio, 4YTo (OPMHPOBAHUE
CTaOMJIBHOTO TIOTEHIMAa 3JIEKTPOJa MPOUCXOAUT YKE uepe3 5 CeKyHJ Mocie Havajga U3MepeHui
g KoHueHtparuit B ob6mactu 0,001-0,1 mons/m u depe3 2 MHUHYTHl s KOHLEHTpPALUU
0.0001 monb/n, puc. 2. YCTaHOBIIEHO, YTO TOBBIIICHHE TEMIIEPATyphl UCCIEAYEMOI0 pacTBOpa B
uHTepBAie OT 5 10 25°C moBBIIAET KPYTH3HY OJEKTPOTHOW (QYHKIUH. AHAJOTHYHBIC
MCCIIeIOBAaHMsI TPOBEACHBI JUIs MIECKa, TIIMHBI U Topda.
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BOM-C1-01
BriBoabl

BeiOpanbl onTuManbHbie ycioBus onpexaeneHuss Cl-MOHOB B rpyHTe MeETOJIOM HPSMOM
IIOTEHIMOMETPUHU c HMOHCEJICKTUBHBIM KPUCTAJUIMYECKUM 3JIEKTPOJIOM. N3yueHbl
OKCIUTYaTallMOHHBIC XapaKTePUCTUKU stueiiku. I[IpemyoskeHbl BapuaHTBl OYMCTKH  pabOUYMX
3JIEKTPOJIOB B IIPOLIECCE aHANIN3A TPYHTA.
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VK 541.183
OJTHOBPEMEHHOE OIPEJIEJIEHME HOHOB MEJIU(I1)
KOBAJBTA(I1) C MOMOIIBLIO TECT-UHAUKATOPHBIX TPYBOK HA
OCHOBE KAPBOKCUJIbHBIX KATUOHUTOB

BookoBa JlionmMuiaa AnekcaHapoBHA, KaH/A. XUM. HayK, IOLEHT Kadeapsl HEOPraHWUIECKOH XUMUH,
HammonansHbIi uccnenoBarensckuil TOMCKHH rocyqapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUH (PaKyIbTeT,
634050, Poccus, 1. Tomck, mp. Jlenuna, 36, E-mail: labobkova@rambler.ru
’KapxoBa Basentnna BukropoBHa, acnupanT kadeapsl HeOpraHnieckoi xuMun, HannonanbHbIi
WCCIIeIOBATENbCKUI TOMCKHIA TOCYTapCTBEHHBIN YHUBEPCUTET, XUMUUeckuit (akymnbreT, 634050, Poccus,
r. Tomck, mp. Jlenuna, 36, E-mail: petrovavalentina2012@mail.ru

Pa3zpaboTka TecT-MHIMKATOPHBIX CHCTEM JUIS SKCHPECC-ONPEAETICHHs] COAEPKAaHUS HOHOB METAUIOB B IPHPOHBIX
BOJIAX SIBJISICTCS aKTyalbHOH. B paboTe MCCIe[0BaHA BO3MOKHOCTh OJHOBPEMEHHOTO ompeaenenus nonos Cu’’ u Co”*
TECT-WHANKATOPHOH TPYyOKOH Ha OCHOBE MaKpOCeT4aThIX KapOOKCcmiIbHBIX KaTHoHHTOB Kb-20-10 m Kb-23-16.
MeTooM (poHTaNTBEHOI XpoMaTorpaui H3ydeHa JuHAMHAKA copbimu oo Co®*, Cu®*, Ca?* u Mg”'. YcranoBieHo,
9TO MAKpPOHOHBI MPHPOAHBIX BoA (Ca”* u Mg®) mrpaior poib pasieisiOmUX KOMIOHEHTOB B TECT-HHIMKATOPHOM
Tpy6ke. Morsr Ca®* B psity M36HpaTeqbHOCTH 3aHUMAIOT IPOMEXKYTOUHOE monoxkenne Mexay Cu’* u Co?*. Pasnenenue
xpoMmarorpadudeckux 308 nonos Cu?* n Co?* maGmomaercst npu conepxanmu Ca?* Ha yposre 0,01 mons/im. Poms Mg?*
B pa3/eIeHUH 30H Cu* u Co* yMeHbInaercsi ¢ poctoMm koHueHntpauuu meau(ll) u xobansta(ll) B BomHOM pactBope.
Pa3paGoTaHa MeTO/MKa OJHOBPEMEHHOTO MOTyKOIMYECTBEHHOro ompeaeieHus Cu’’ u Co* B IPUPOAHBIX BOJAX C
UCIIONIb30BAaHHEM TECT-WHIUKATOPHBIX TpyOok Ha ocHoBe katnoHuToB KB-20-10 u KBb-20-16 mo mmpune
xpomarorpaduueckux 30H HWOHOB. Jluama3oH ompenenseMblx coaepkanuii  cocrapiser 0,088-3,175 wr/m.
IpaBuasHOCTS onpenenenus uouos Cu’’ u Co?* okasaHa METOXAMH «BBEICHO — HAMICHOY», CIIEKTPOGOTOMETPHH I
CpaBHEHUEM CO CTaHIAPTHHIMU O0pa3lnamu. BennunHa OTHOCHTENBHOTO CTaHAAPTHOTO OTKJIOHEHMS JJIsi KaTHOHHTA
Kb-25-10 ~ 0,2; ot Kb-25-16 ~ 0,3.

KaioueBble ci10Ba: TeCT-MHANKATOPHBIC TPYOKH, KapOOKCHIIbHBIH KaTHOHUT, HOHBI Meau(l1) u kobansta(ll).

SIMULTANEOUS DETERMINATION IONS OF COPPER(II) AND
COBALT(II) WITH THE TEST INDICATOR TUBES BASED ON
CARBOXYLIC CATION EXCHANGERS

Lyudmila A. Bobkova, Ph.D., Associate Professor of Department of Inorganic Chemistry, National
Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: labobkova@rambler.ru
Valentina V. Zharkova, postgraduate of Department of Inorganic Chemistry, National Research Tomsk
State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,

E-mail: petrovavalentina2012@mail.ru

Development of a test indicator systems for rapid determination of metal ions in natural waters is relevant. The
possibility of simultaneous determination of Cu?* ions and Co?" test tube indicator based on carboxyl cation exchangers
KB—2E-10 and KB—2E-16 was studied. The dynamics of sorption of ions Co®*, Cu**, Ca*" and Mg?** was studied by
frontal chromatography method. Found that natural water macroions (Ca?* and Mg”") play a role of separating
components of the indicator in the test tube. By the selectivity range Ca®" ions are located in an intermediate position
between Cu?* and Co?". Chromatographic separation zones Cu?* and Co?" ions is observed when Ca®* content of 0.01
mol/l. Role of Mg?* of the separation zones Cu** and Co®* is reduced with increasing concentrations of copper(ll) and
cobalt(ll) in aqueous solution. The technique of simultaneous semi-quantitative determination of Cu?* and Co?*" in
natural waters by using test tubes indicator based on macroreticular cation exchangers KB—2E-10 and KB-2E-16
across the width of the ion chromatographic zones was discoved. The range of determined contents are 0,088-3,175
mg/l. Accuracy of the determination of Cu®* and Co®* ions was show by methods «introduced — found»,
spectrophotometry and standard samples (GSO). The relative standard deviation of cation exchanger are KB—2E-10 ~
0.2; for KB-2E-16 ~ 0,3.

Key words: test indicator tubes, carboxy cationite, copper(ll) ions and cobalt(I1) ions
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TecT-unaMKaTOPHBIE CUCTEMBI B BUJE HHAMKATOPHBIX TPYOOK OOECHeuMBalOT MPOCTON M
IKCIIPECCHBIN KOHTPOJIb COACPIKaHUsI HOHOB METAJUIOB B IPUPOJIHBIX Bojax [1].

O} PexTUBHBIMU HAMOJHUTEISIMU WHAMKATOPHBIX TPYOOK SABISAIOTCA MaKpOCeTdaThble
kapOokcmibHble KaTHOHUTBI Kb—23-10 u Kb—23-16, cunre3uposanusie Kemeposckum OO0 10
«Tokem» Ha OCHOBE IMOJUMETaKpujaTa W JUBUHWIOBOTO 3upa AuATHWICHrIuKonsA [2]. Onu
06IIaal0T BBICOKOH M36uparenbHOCThI0 K moHam Cu?™ um Co* (Ky ~10°-10° ma Na—dopme),
XOPOLIMMH KHHETHYECKIMH cBoiicTBaMi. OKpammBanue copoenToB npu moromennn Cu?* u Co®*
MO3BOJISICT IPOBOJIUTH NMPSAMYIO OIICHKY MX cojaepkaHus. [loHnxkeHHas Ha0yxaeMoCTh KaTHOHUTOB
3a CYeT BBICOKOM CTENEHH CIIUTOCTU OOECIeYMBAET YETKHE MEepPeXoibl XpoMaTorpaduueckux 30H
HOHOB.

Lleib JAHHOI PaGoThI — H3YYCHHE BOSMOKHOCTH OHOBPEMEHHOTO OmpeencHus noHos Cu’’
1 Co”" IpH MX COBMECTHOM IPHCYTCTBHH B IPHPOHBIX BOJAX C MOMOIIBIO TECT-UHIMKATOPHBIX
TpyOoK Ha ocHOBe KaTuOHUTOB Kb—20-10 1 Kb—29-16. B ocHOBY BbIOOpa yCIIOBHIA pa3aeiieHUus U
konnentpupoarnst Cu”* n Co®* U3 BOJHO-CONEBBIX PACTBOPOB OBLIM IOJOKEHBI PE3YNHTATHI
JUHAMHUKU COPOIMU STUX HOHOB B MPHUCYTCTBUU Ca®* u Mg®*, koTopbie SBISIOTCS (OHOBBIMH
MOHAMHM MMPUPOIHBIX BOJI.

ViccieoBaHust IPOBOMIIA METOLOM IIOCTPOCHHS BBIXOAHBIX KpHBBIX HoHOB CO°*, Cu?*, Ca®*
u Mg2+ Ha Na—¢popme katnonutoB Kb-29-10. CopOuuio u3yyanu B pacTBOpax HUTPATOB C
Ha4yaJIbHOW KOHIICHTPAIIMEH HOHOB 21072 monb/1, pH ~ 4,5, nonnoii cuioit 0,1 (NaNO3). Pactop ¢
MIOCTOSTHHOM CKOPOCTBIO 1 MII/MUH MPOITyCKallk Yepe3 KOJOHKY ¢ nuamerpoM 0,5 cM, 3a110JTHEHHYIO
copoentom Ha BbicoTy 4,8 cMm. CoaepkaHue HOHOB B MOPUUAX (QUIbTpaTa OMPEICIIIN
KOMILUIEeKCOHOMeTpruecku. Ha puc. 1 mpencraBineHbl BBIXOJHBIE KPUBBIE COPOIMHM B KOOPJMHATAX
C/Co= f(Vg), Tme V¢ — o0bem ¢uibrpara, C/C, — OTHOIICHNE KOHIEHTPALUH HOHOB B IOPLUH
¢bubTpaTa U NCXOAHOM PacTBOpE.

0 50 100 150 200
VcbvmpraTa! Mn

Puc. 1. Beixozusie kpusbie copOumn nonos Co?*, Cu?*, Ca** u Mg?" na xatnonnte Kb—23-10

Kak BuiHO u3 puc. 1, BeIxojHas kpuBas noHoB Mg?* pacmonoxena mocie kpusix Cu?* u
Co?, a kpusas nonos Ca®" — Mesxxy HEMH. MOXHO FOBOPHTb 00 yMEHBIICHHH H30HPATEIbHOCTH
IOITIOIIEHNs. HOHOB B JAHHBIX yCIoBHAX B psgy: Cu®, Ca**, Co?*, Mg*. Ha npakruxe mpu
copOIHK MOHOB U3 OOIIEro pacTBOpa HAOIIOJaeTCsl YeTKOe pa3/eieHHe 30H OKPAIIeHHBIX HOHOB
Cu* u Co™, KOTOPOMY, BEPOSITHO, CII0COGCTBYET MOTIIOLICHIE HeoKpalueHHbX nouos Ca’’ u Mg,
B orcyrereun Ca”* u Mg?* xpomarorpaduueckue 30us Cu®* 1 Co®* paxrruecky mepexpsiBaores,
a a(pdekT pazaeneHus MOABISIETCS NMPU T00ABICHUN OJTHOTO M3 MOHOB — Ca®" wm Mg2+ (tabm. 1).
BeposiTHO 1ipu cop6uun 30ub1 Ca?* 1 Mg®* BCTPAMBAIOTCA MEKY 30HAMU Cu* u Co*".

Dddekt pazneneHuss HOHOB Cu? u Co* 6bUI HCIIOIB30BAH I pa3pabOTKH METOJUKH HX
OJTHOBPEMEHHOTO OIPENIETICHHsI B BOJJHO-COJIEBBIX PAacTBOpaxX C MOMOIIBIO MHIUKATOPHBIX TPYOOK,
3anosHeHHbIX KaTnoHuTaMu Kb—20-10 u Kb-29-16. Jlns ananu3a ucnosip3oBaiu 25 MII pacTBopa
c pH ~ 4,5, conepxaiiero cmech Cu®*" u Co%, ¢ noGasnennem NaNOs, Ca(NO3); mm Mg(NO3), 10
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1 ™omp/nm. PacTBOp mpomycKaim cO CKOPOCThIO 1 MII/MUH. dYepe3 CTEeKISHHYI TpYyOKy,
3anmonaeHHyI0 Na—dopmoii karnornra Kb—29-10 wiu Kb—25-16 Ha BeIcOTY 4 CM.

Tabnuna 1
Bumsinne Ca?*, Mg®* na pasnenenne 30u nonos Cu’* u Co” na xkarnonnre Kb—23-10
(BbICOTA ci0s1 copdenTa 4 cm; pH ~ 4,5)

WcxoHble KOHLEHTPAIIMH HOHOB B PACTBOPE, MOJIB/JI Hanuuue passieneHus 304
cu™ Co™* Cca’ Mg HOHOB
— — HET
o o 0,01 0,01 ecTs
1,5-10 1,5-10 0,01 — o
- 0,01 €CThb

IIpu copOuuu cioi KaTHOHUTA OKPALLMBAJICS B XapaKTEPHbIN /111 MOHOB Cu* u Co** uger.
W3mepsiin  JJIMHY OKpPAlI€HHOM 30HBI KaXJIOro HOHAa M IO TpaJlydpOBOYHBIM Ipadukam
pPacCUMTBIBAIA €r0 KOHIIEHTPALMIO B AHAIM3UPYEMOM pacTBope. Jluama3oH oIpenessieMbix
coJiep KaHuM U Ipejesl 0OHapy>KEeHHUsI HOHOB IPUBE/IEHBI B Ta0II. 2.

Tab6auma 2
MeTpoJiornyecKkue XapaKTepUCTUKH METOJMKH ONpe/ieJieHHs] HOHOB Cu®* u Co*" HH/IMKATOPHBIMH TPy6aMu Ha
ocuoBe kKaTnoHuToB Kb-29-10 1 Kb-23-16 (n =3, P =0,95)

Vox Jlmamna3zoH onpenesieMbIX KB-25-10 | Kb-25-16
COZIepIKaHUit, MI/J1 [Ipenen oOHApYKEHHUS, MT/IT

cu” 0,095 — 3,175 0,28 0,26

Co** 0,088 — 2,945 0,32 0,31

IpaBunbHOCTh ompexencHus CuU?* u Co®" jokasaHa MeTOJaMH  «BBEICHO-HANICHON,
CTIeKTpO(POTOMETPUHU U CpaBHEHHEM cO cTaHiapTHeIMU oOpasmamu (I'CO). Meronuka mpoBepeHa
Ha peaJbHBIX 00pa3iax MpUPOAHbIX BoA. OTHOCUTENHHOE CTAHAAPTHOE OTKIOHEHUE /TSl KATHOHHUTA
KB-23-10 ne npessrmaet 0,2, mis Kb—29-16 — 0,3.

BriBoabl

B03MOXHOCTB OJHOBpeMeHHOTo onpesencans Cu”" u Co®* B IpHpOIHBIX BOKAX C ITOMOIIBO
TECT-UHIUKATOPHON TPyOKM Ha OCHOBE MAaKpOCETYATHIX KapOOKCHIIbHBIX KATHOHUTOB CBSI3aHA C
paszeneHneM xpomaTorpaduuecknx 30H. Passenenue obecriednBaroT nonbl Ca’*, 3aHmMaromme B
psiny U30MpaTeNbHOCTH MPOMEKYTOUHOE MOJIOKEHUE MEKITY Cu®*" u Co®*. Pos Mg** B paszieneHuu
30m woHoB Cu** u Co”* yMeHbInaercs ¢ poctoM koHueHTpauuu menu(ll) u kodansra(ll) B BogHoM
pacTBope.

Pazpaborana MeToanka OqHOBPEMEHHOTO TIOJYKOJIHYECTBEHHOTO ONPEIeICHUS Cu®* u Co® B
MPUPOJHBIX BOAAX C MCIIOJIB30BAHHEM TECT-MHIMKATOPHBIX TPYOOK Ha OCHOBE KaTHOHHTOB Kb—
20-10 u Kb-2D-16 no mupuHe Xpomarorpapuyeckux 30H HOHOB. J[Mama3oH ompeaenseMbIX
conepxkanuit 0,088 — 3,175 mr/n. BenuunHa OTHOCHUTEIHHOTO CTAHAAPTHOTO OTKIIOHEHMS IS
katuonuta Kb-29-10 ~ 0,2, nns Kb—-25-16 ~ 0,3.
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HNCCIEAOBAHUE YYBCTBUTEJIBHOCTHU CEHCOPOB HA OCHOBE
KAHTUJIEBEPOB U3 AHOJHOI'O OKCHUJIA AJTIOMUHUA

BoiinoBa Oabra BnagumupoBHa, kany. xuM. Hayk, 1. IOHX umean HAYY. COTP. Kypuakosa PAH,
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CeHCOpBI — KaHTHJICBEPBI MOTYT OBICTPO U 3()(HEKTUBHO PabOTaTh HE TONBKO B JKUIKOCTSAX, AaBasi CCIICKTUBHBIN OTKIUK
mopsiaka ppt, HO W B rasax, B TOM 4YHCJIE BakyyMme. biarogaps aHOIHOMY OKCHIY AQJIFOMUHHs, W3 KOTOPOTO
c(hopMHUpPOBAH MAacCHB, MOXKHO BaphbHpPOBaTh MOAYJb FOHra, TakKiMM 00pa30M U3MEHSISI KECTKOCTh MaTepuaa u mpeaes
oOHapyxeHUsI MOJieKkyl. Ilenbpro maHHOW pabOThI SABJIACTCS U3yYCHHE YYBCTBUTCIBHOCTH KAHTHJICBEPOB M3 aHOIHOTO
OKCHJa ATIOMHUHHS Ha TMpUMEpe CeleKTUBHOW ancopOumu. [locnemyrommii aHanu3 3TOH aacopOIMKM OCHOBaH Ha
H3YYCHUH CIICKTPa aMILTUTYIHO-YACTOTHBIX XapaKTEPUCTUK ceHcopa. B xoje uccienoBanus ObUTH TOMYYEeHBI CIEKTPbI
KosiebaHuii CBOOOAHOTO M MOTU(PHUIMPOBAHHOTO KAHTHICBEPOB, MPOBEACHA OICHKA YYBCTBUTEIBHOCTH MOMYYECHHBIX
CCHCOPOB, MPOJEMOHCTPUPOBAHA JIMHEWHAss 3aBUCHMOCTb YACTOT COOCTBEHHBIX KOJICOAHUI KAHTUIICBEPOB OT
MOPHUCTOCTH.

KaioueBble ci10Ba: KaHTHICBEP, IOPUCTBINA OKCH] ATTFOMUHHS, MUKPOMEXaHHUYECKUI CEHCOP.

NANOMECHANICAL DETECTION BY CANTILEVERS FROM POROUS
ALUMINA

Olga V. Boytsova, Ph.D., 1. Senior Researcher Kurankov Institute of General and Inorganic Chemistry
RAS, 31, Leninskii Avenue, 119991, Moscow, Russia, 2. Moscow State University, Department of Materials
Science, 1/73, Leninskie gory, Moscow, 119991, Russia, E-mail: boytsova@gmail.com
Polina A. Melnikova, student, Moscow State University, Department of Materials Science, 1/73, Leninskie
gory, Moscow, 119991, Russia, E-mail: melnikova.p.a@gmail.com

Microcantilevers can transduce a chemical signal into a mechanical motion with high sensitivity. Anodic alumina
possess an unique set of mechanical properties — low and tunable Young's modulus coupled with sufficient flexibility,
suggesting it possible use in micromechanical sensors, i.e. microcantilevers. We present here behavior of resonance
frequency and sensitivity of porous cantilever arrays and modified cantilever in dependence porosity. In a similar vein,
porous materials issue a challenge to micromechanical systems.

Key words: cantilever, porous alumina, micromechanical sensor.

MukpoMexaHU4YeCKHEe CEHCOpBI-KaHTUJIEBepbl (puc. 1) o0iagaroT  HCKIIOYUTEIbHBIM
MOTEHIMAJIOM [yl JIeTeKTHMPOBAHUS CUTHalIa B (PU3UYECKUX, XUMHMUYECKHUX U OHOJIOIMYECKHX
cucteMax. MexaHu3M OOHapyKeHHUss OOBEKTOB OCHOBAaH Ha W3MEHEHUH IMOBEPXHOCTHOTO
HaTsDKEHUs OalKu KaHTUJIEBEpa MpH aJcopOIMM Ha HErO MOJIEKYJ BellecTBa. AHaIM3 aacoOpIuu
OCYILIECTBIISIETCSl 3a CUET M3MEpPEHUs Pa3HOCTH KOJeOaHWW CHUTHAJIOB MOJU(PHUIIMPOBAHHOTO M
6a30BOro KaHTHJIeBepa. B Hacrosimee Bpems aKTUBHO pa3BUBAIOTCS MHUKPOKAHTUIIEBEPHI W3
AQHOJHOTO OKCHJa aJIOMUHUS. YHHKalbHblE MEXaHWYECKHME CBOMICTBa 3TOro MaTepuaia cC
YIOPSII0YEHHON CUCTEMOM HOp M BO3MOXHOCTh M3MEHATHh MoAyJsb FOHra yepes3 KOHTpOIMpyeMble
napaMeTpbl TMOPHUCTON CTPYKTYpbl (IMaMeTp TOp, PACCTOSIHME MEXIy I[OpaMH) TIO3BOJSIOT
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Cexyus 4. Xumuxo-ananumuieckuii KOHmMpOoIb U MOHUMOPUHS BeleCms, MAmepuaios u 06vexmos okpyicaioweti cpeosl

JNETEKTUPOBATh HEKOTOPBIE BEIIECTBA B BAKYYME C TOYHOCTBIO MOPSAAKA ppt, a B KUAKOCTAX U ra3ax
—ppb [1-4].

CuHTe3 KaHTWJIEBEPOB IIPOBOJMJICS IIOCIEIOBAaTEIbHO B JiBa H3Tama: MOJYYEHHUE IUICHOK
OKCHJa aJIOMHHHUSA, MOAU(UIIMPOBAHHE TMOBEPXHOCTH JUIA co3/laHus penbeda. CHHTE3 aHOAHOTO
OKCH/JIa QJTFOMHUHHUSI OCYIIECTBIISUICS C HOMOLIBIO 3JIEKTPOXUMHUYECKOTO OKUCIEHUS MTPEABAPUTEIIBHO
IIOATOTOBJIEHHON MOJUIOKKHU amtoMuHus B pactBope 0.3M 1maBeneBoil KUCIOTHI NPU HAIPSKEHUU
120B. [ns ¢dopMupoBaHHMS MacCMBa KaHTHJICBEPOB, cCoOeCpKalmux 4 OTACIbHBIX OaJIKu, W3
[OJyYEHHOM NOPUCTOM IUIEHKH OKCHJA aJOMUHHS MCIIOJb30BAJICS MHOTOCTAAUMHBIA METOJ
xumuueckor Qoronurorpaduu. Ilporekanume Kaxaod cTaguM KOHTPOJIHMPOBAIOCH METOJaMU
ONTUYECKON U CKaHUPYIOILEH 2JIEKTPOHHOW MUKPOCKOIIMIA.

Puc. 1. Cxema paboThl MUKpOMEXaHHIECKOTO CEHCOPa-KaHTHIIEBEPa

B pesynbrate paboThl ObUIH CHHTE3UPOBAHBI MACCUBBI KAHTUJIEBEPOB C TOJIIIUHON MOPUCTOTO
cimosg 10 u 20 mxm. C momomeio aromHo-cuiioBoro Mukpockona NTEGRA Aura (NT-MDT,
Poccust) ObUIM TONyd4eHBl aMIUIUTYAHO — 4YacTOTHbIe XapakTepucTuku (AYUYX) coOCTBEHHBIX
Konebanuii kKautuinesepos. B quanazone ot 0 10 550 kI'u uaenTudunuposanst 2,3,4,5,6 u 7% Moasl
HOpMaJIbHBIX KoJleOaHuil kaHTHiaeBepa. [loaTBepxieHo, YTO MpUMECHbIE (TOPCHOHHBIE) KOJIeOaHus
He BHocsAT Bkiang B AUX kantuneBepa B aumanazoHe 0-200 k['m. C moMompio anMiauTyIHO-
YaCTOTHBIX  XapakTEepUCTHK IMpPOBEAECHAa OIEHKa IpeAena OOHApyKeHHs  MOJY4YEHHBIX
MHKDPOKAHTHJICBEPOB, TIOPSIIOK KOTOPOro coctasmm 1074 1,

Tak ke OblI0 U3y4eHO BIMSHHUE MOPUCTOCTH aHOAHOTO OKCHJIA ATIOMUHUS HA aMIUIUTYHO —
YaCTOTHBIE  XAPAKTEPUCTHKH  MHKPOKAHTWIIEBEPOB. J[si STOro MaccWBBI  IOJyYEHHBIE
MHUKPOKaHTHJIEBEPbI pacTpaBiIuBaiInch B pactBope 5 % H3PO4 npu remneparype 60°C. U3 cnektpa
AUX ObLIO BBISIBJICHO, YTO YacTOTa COOCTBEHHBIX KOJIeOAHWM KaHTIIEBEpa JTUHEHHO 3aBUCUT OT
MOPUCTOCTH MeMOpaHsI (puc. 2).

190 T T T T

188 4 N
186 - "
184 4 e

182 4 /

180 - 7

175- /
176 A 7

174 4

Yacrora, Ky,

T T T T T T
0 5 10 15 20 25 30

MopuctocTs, P, %

Puc. 2. 3aBUCUMOCTE 4aCTOTHI COOCTBEHHBIX KOJIeOaHHUIt KaHTHWJIEBEPA OT MMOPHUCTOCTU MCM6paHI:I
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Wzyuenne ancopOmuM Ha TOBEPXHOCTh KAaHTWIEBEpPA MPOBOIWIOCH Ha TpUMEpPE
MEXMOJICKYJISIPHON CBSI3KM CTPENTaBUAWH — OMOTHH, UMEIOIIEH CPOJICTBO K aHTUTETaM, IPU 3TOM
MOBEPXHOCTH KaHTWJIEBEpa MOAUGDUIIMPOBATUCH CTPENTABUAMHOM. METOJOM paMaHOBCKOU
CIEKTPOCKONUKM  3aUKCUPOBAHO  CBS3bIBAaHME O€lKa C  aJCOpOMpPYEeMBIM  aHTHUTEIOM
(B3ammogelictBue  OMOTHH-CTpenTaBuauH) (puc. 3). Macchl  amcopOMpPOBaHHBIX  MOJICKYII
olpejesieHbl U3 CIEKTPOB KosieOaHUM KaHTWieBepoB. [loMUMO MEXMOJIEKYISIPHON CBSI3KU
CTPENTAaBUIMH-aBUAMH  UCCIENOBAaCh M TpsiMas  aAcopOImst Ha  MHKPOKaHTHIIEBED,
MPEIBAPUTENILHO MOKPHITBII TOHKHUM (OKOJO 5 HM) CJIO€M 30JI0Ta, HAHECEHHBIM MarHETPOHHBIM
nansumaTesieM Quorum Technologies Q150T Turbo-Pumped Sputter Coater/Carbon Coater.
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. 1448 cm™ 1548,4 cm
T
£0,6 ]
o
5
804 B B
5 1661,5 cM
=
(8]
0,2 -
o
I
=

o
o
1

it ‘Nm i AW ] . A

T v T Y T v T v
1300 1400 1500 1600 1700
BonHoBoe uncro, cm’’

Puc. 3. PamaHOBCKUil CIIEKTp MOBEPXHOCTH KaHTUIIEBEPA

CpaBHeHHE aMIUIMTYJHO-YAaCTOTHBIX XapaKTEPUCTUK II0Ka3ajo, 4TO aJACOpOLMOHHbIE
CBOMCTBA 30JI0Ta MUMEIOT TOT K€ MOPSAOK, YTO U CEJIEKTUBHBIN CJIOW CTpENTaBUAMHA, PaBHBII
10 .

3aKiro4eHne

1. VBenuueHue MOPUCTOCTH  YBEIMYMBAET  YacTOTy  COOCTBEHHBIX  KoJieOaHM
KaHTHUJIEBEPA.

2.  Ompenenenbl co 2-0if mo 7-10 MOABI HOPMAaIbHBIX KOJICOAHWH KaHTWUIEBEPOB B
nuana3oHe yactoT 0-550 kI,

3. KantuneBepel ¢ MOAMDUIMPYIOIIUMH CIIOSIMH 30JI0Ta W CTPENTaBUAWHA HMEIOT
CXO0XYIO YyBCTBUTEIBHOCTD (l'[Op}II[Kal(YIZ r).
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Relevance of the work is the detection limits of the method enables the simultaneous detection of rhodamine and eosine
used as water or water-oil tracers in large reservoirs.

The main aim of the study: Determination of the rhodamine and eosine with a simultaneous separation from the sample
matrix, choosing the right sorbent material is a very important step. The PMM is organic polymer, theoretically the
protonated and the deprotonated molecules can be used for extraction.

The methods used in the study: colorimetric analysis

The results: Dyes were enriched out of 50 mL sample and extracted with 1 plate of PMM. The volume ratio results into
an enrichment factor 380. Extraction efficiencies of dyes were determined by comparing after SPE of water and oil-
water samples containing 2 mg/L of each. The accuracy and precision of the results of the determination of the test
components were verified by the standard addition method.

Key words: rhodamine, eosine, oil reservoir, trace monitoring, ecology.

Rhodamine and eosine are suitable water tracers in oil reservoirs, ground and soil water
studies [1, 2]. Currently this dyes are tested as indicators in leaching studies for carbon
sequestration techniques. The main advantage of xanthene dyes are due to their similar chemical
and physical behavior and their large number the possibility of conducting several simultaneous
studies at the same reservoir or location without interference [3, 4]. Because of high dilution in
large reservoirs and high cost for most of the tracers, enhancing their detection limits is still of great
importance. Because of the high salinity and organic compounds in samples of oil reservoir studies,
capillary electrophoresis and HPLC-UV are less suitable techniques for determination at trace level
due to unwanted interferences in detection or separation [5-8]. Therefore not applicable for a
selective solid phase extraction of xanthene dyes from highly saline reservoir samples. The
detection limits of the method described in this paper enables the simultaneous detection of
rhodamine and eosine used as water or water-oil tracers in large reservoirs.
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The interactions between dyes and the immobilized in PMM reagents were studied by solid-
phase spectrophotometry under batch conditions [9]. For this purpose, reagent was put into 50.0 mL
of an analyte solution of different concentrations and pH and stirred with PMM for 5-30 min (Fig.
1,2). After that absorption spectra or absorbance of PMM was measured. Besides, visible color
changes of PMM were estimated with digital imaging by means of a scanner. The PMM image was
captured and transferred to a computer and the color was interpreted using imaging software where
the colorimetric data in RGB format were related to the concentration of the dyes [10, 11].

With regard to the adsorption of adsorbates on synthetic polymeric adsorbent PMM in water
and water-oil solution, hydrophobic interaction is usually considered to be a dominant driving force.
When the adsorbates are not easily water-soluble, the adsorption will be significantly reduced
because of the polarity mismatching between the adsorbates and the polymeric matrix.

The working curve of the spectra absorbency of the standard rhodamine and eosine solution
with different known concentrations was firstly measured, and two well fitted regression equations,
A =0,23C+0,04 (for rhodamine) and A = 0,07376C (for eosine), were achieved with the correlation
coefficient R higher than 0,999 in diapason 0,05-50 mg/L . The absorbency of the rhodamine and
eosine solution adsorbed by PMM was measured and the equilibrium concentration, was calculated
based on the working curves.

For separating analytes from interfering sample matrices and for simultaneous
preconcentrating, solid-phase extraction is a well suited technique, especially when the analytes are
contained in complex environments. For a successful enrichment of the rhodamine and eosine with
a simultaneous separation from the sample matrix, choosing the right sorbent material is a very
important step. The PMM is organic polymer, theoretically the protonated and the deprotonated
molecules can be used for extraction. Nevertheless, the high content of inorganic ions in aqueous
reservoir samples will overload any sorbent. However, the solid-phase extraction material will resist
the high organic load solved in aqueous samples and still enrich the different adsorbates.

The signal-to-noise ratio is the most frequent parameter used to report the diapason
concentration (RDC) and the limit of detection (LOD). In this study, the LOD was defined as the
real concentration required to produce a signal-to-noise ratio of three. The medial for the rhodamine
was found to be approximately 0,06 mg/L and 1,2 mg/L in case of eosine. The LOD discounts the
solid-phase extraction step. Including the enrichment, the detection limits lower down by factor
380. To proof the capability of the SPE, the extraction efficiency (EE) was determined. Since the
SPE is followed by esterification the extraction efficiency instead of the recovery rate is obtained.

The ratio between sample volume before and after solid-phase extraction equals to the
enrichment factor. The concentration of the rhodamin or eosin before SPE is known. The
concentration after SPE is the product of the concentration prior to SPE multiplied with the
enrichment factor.

Conclusions

Adsorption of rhodamine into PMM was studied in batch mode. The effects of various
operating conditions, namely, pH, initial dye concentration and temperature were investigated for
the batch operation. The equilibrium process was investigated as well. The adsorption of rhodamine
occurred in the pH range from 3 to 12, achieving maximum values at pH 5-12. The complete
sorption on 0.6 mg of the PMM was attained for 150-170 mL of the solution. For lower initial
concentration of the dye, the adsorption is very fast. After 210 min of operation, the dye adsorption
was 99,2 % for an initial dye concentration of 0.5 mg/L but 46 % for 50 mg/L.
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Relevance of the work is the fluorobenzene acids extraction with low concentrations from water solutions and water-oil
emulsions with preconcentration is proposed on a sorbent with a surface layer of Zn, Cu, Co, Ni phthalocyanines..

The main aim of the study: Usage of various metal phthalocyanines as modifying components for solid phase extraction
and chromatorgaphic determination of flourobenzoic acids in oil-water reservoir.

The methods used in the study: chromatographic analysis

The results: Minimal FBA concentration, which can be determined in model solution at standard concentrating
procedure, is 3-10° mg/I. It is possible to use metal phthalocyanines as sorbents during fluorobenzene acids extraction
from water solutions. HPLC methods with preconcentration are proposed to evaluate fluorobenzene acids by means of
solid-phase extraction on a sorbent with a surface layer of Cu phthalocyanines with extraction effectiveness of 78 %.
Key words: fluorobenzene acid, oil reservoir, trace monitoring, ecology

Fluorobenzene acids extraction with low concentrations from water solutions and water-oil
emulsions with preconcentration is proposed on a sorbent with a surface layer of Zn, Cu, Co, Ni
phthalocyanines. During the past years fluorobenzene acids (FBA) have become a major substance
for the oil tracer monitoring. FBA are characterized by their poor biodegradability, conventional
treatment techniques such as flocculation, chemical oxidation, and membrane separation are not
suitable. Nevertheless, adsorption is shown to be potentially powerful because of its imaginable
opportunity to design the chemical composition of the adsorbent surface [1-3]. During oil field
monitoring it is necessary to control fluorobenzene acids content at level no less than half of
maximum allowable concentration (MAC), i.e. 5-10° mg/l [4]. In almost any analysis method
determining low concentration of analyte requires preconcentration, more often carried out by solid
phase or liquid extraction [5-7]. Within separation and concentration methods the solid phase
extraction is widely applied because of its relative simplicity, usage of minimal organic solvent and
high concentration factors [8, 9].

The study focuses on testing chelate containing sorbent on metal phthalocyanines for
fluorobenzene acids solid phase extraction from water solutions and on improving fluorobenzene
acids pretreatment when analyzing water samples.

Chelate containing sorbents were synthesized from phthalic anhydride urea, silica gel (label
Silipor 075) with bonded metal chloride [10] and ammonium molybdate after heated up agitating at
2 °C/min up to 180°C into a reactor and after that held in isothermal conditions for 6 hours (table
1). Infrared spectroscopy on SPEKORD-75JR and thermal analysis on derivatograph Q-1500D
were used to examine synthesis products.

Calculation of bonded metal atoms from wash solutions polarography data showed that as a
result of chemical bonding there were (2,6-3,0)-10%* metal atoms, which corresponds to scientific
data on four hydroxyl groups for each Silipor surface nm? [11]. Derivatographic method also
determined the amount of metal phthalocyanines formed after chemical bonding. There was high
thermal stability of the complex bonded noticed, i.e. destruction begins at temperatures higher than
330 °C. Polymeric sorbent Oasis HLB (Waters) is the same time has hydrophilic and hydrophobic
properties, combined inversed-phase and anion-exchange functions for solid phase extraction from
water solution.

Usage of various metal phthalocyanines as modifying components changes initial sorbent
acid-base properties. There were kinetic curves of metal phthalocyanines obtained to understand the
influence of modifying additive on sorbent acid-base properties. For example, NiPhC has basic
property, while ZnPhC has acid one.

The sorption concentrating was carried out with chelate containing sorbents in comparison
with standard Oasis HLB polymeric sorbent and liquid extraction, which is usually used for similar
pretreatment (tables 1, 2).

162


mailto:gavrilenko@mail.tsu.ru

Cexyus 4. Xumuxo-ananumuieckuii KOHmMpOoIb U MOHUMOPUHS BeleCms, MAmepuaios u 06vexmos okpyicaioweti cpeosl

Table 1
Results of FBA HLPC determination with varying concentration methods
Acids Inserted, Identified, pg/l
ug/l LE Oasis HLB ZnPhC NiPhC
3-Fluorobenzene 15 1,2+0,2 1,5+0,1 1,3£0,2 1,5+0,1
4-Fluorobenzene ) 1,3+0,2 1,5+0,1 1,4+0,2 1,5+0,1
3-Fluorobenzene 20.0 18,0+2,0 20,0+1 18,0+3,0 20,0+1,0
4-Fluorobenzene ) 20,0+2,0 20,0+1,0 18,0+2,0 20,0+1,0
3-Fluorobenzene 60.0 61,0+5,0 60,0+3,0 56,0+5,0 60,0+2,0
4-Fluorobenzene ' 63,0+5,0 60,0+3,0 55,0+6,0 60,0+2,0
Table 2
FBA extraction ratio, %
Acids LPE Oasis HLB ZnPhC NiPhC
3-Fluorobenzene 7442 813 7943 8444
4-Fluorobenzene 69+2 77+2 7643 814

Chelate containing sorbents allow sorbing fluorobenzene acids more effectively than Oasis
HLB, because of specific intermolecular interactions of electron-donor oxygen atoms in sorbates
functional groups and metal acceptor ions in chelates. Fluorobenzene acids, prone to donor-acceptor
interaction as electron pair donor, retain more strongly in chelate complexes than on Oasis HLB
electron-donor surface because they form associate with electron-deficient part of metal complex.

Sorbent with Cu phthalocyanine shows selectivity towards FBA, which is due to sorption
through selective complexation of electron-deficient chelate parts in adsorbed layer with
nucleophilic substances. It is the most efficient variant to use this sorbent for fluorobenzene acids
preconcentration from water solutions with following HPLC determination because it displays
stability under water vapour influence.

Zn phthalocyanines sorbs FBA less effectively compared to Ni phthalocyanines, which is due
to partial destruction of a bond with the complex surface during methanol desorption. In eluting mix
through sorbent containing Zn phthalocyanine, the latter shatters, and the longer the process, the
less it is possible to model analysis results.

Conclusions

Minimal FBA concentration, which can be determined in model solution at standard
concentrating procedure, is 3-10° mg/I. It is possible to use metal phthalocyanines as sorbents
during fluorobenzene acids extraction from water solutions. HPLC methods with preconcentration
are proposed to evaluate fluorobenzene acids by means of solid-phase extraction on a sorbent with a
surface layer of Cu phthalocyanines with extraction effectiveness of 78 %.
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AXTyasbHOCTh pabOoThI 3aKJIIOYAETCs B MCIOJIb30BAaHWHU JIEIIEBBIX M IOCTYIHBIX MPUPOJIHBIX COPOEHTOB, TAKHX Kak
TOpd, LEOJIUTHl Ui OYMCTKM CTOYHBIX BOJ OT BOAOPACTBOPHMBIX OPraHWYECKUX 3arpsi3HUTENeH - Kpacurelnei,
HNCTOYHUKAMH KOTOPBIX SBJIIIOTCA TEKCTWJIBHAas W JIAKOKPAcodHas IPOMBIIUIEHHOCTh. [l addekTuBHOTO
UCTIONIB30BAaHMA COPOEHTOB B IEISIX OYMCTKHU BOZ OT 3arpsA3HUTEICH Ba)KHO 3HATh MEXaHU3M HMX HoriomeHus. JlanHas
paboTa TOCBSIIIEHA N3YYCHUIO KMHETHKH Toriomenns kpacutened PomammuoB C u XX npuponasiMu copOeHTaMH B
3aBUCHMOCTH OT KOHIICHTPAIIMU ¥ TEMIIEpaTyphl PacTBOpa, a TaK XKe OT pajnyca 3epeH copOeHToB. Kunetuky copOrmmio
OpPraHWYECKUX 3arpsI3HUTEINCH M3ydald METOJJOM OIPaHNYEHHOTO 00BbEMa B TEPMOCTATHPYEMOM COCYJE B CTATHUECKUX
YCJIOBUSIX TIPH IOCTOSIHHOM II€PEMENIMBaHMH PACTBOPOB C HAaBECKaMH COpOEHTa. DTOT METOA JIOMYyCKaeT ObICTpoe
npepbiBaHie KOHTaKTa (a3 B Jr000H MOMEHT BPEMEHH M ONpeJeNieHNs] TUMUTUPYIOLEH cTaluu mnpoliecca coporuu. B
KauecTBe COpOEHTOB ObLIM BBIOpaHbl MoaupuiupoBanubie wonamu xernesa(lll) mpupoxaHbie 1eOaUTH (XOHTYPHH,
reracuH) U HU3UHHBIA TOopd. MoanpuurpoBaHue LEOIUTOB M TOP(a OCYIIECTBISIIM METOAOM HACHIIIECHHS/HOHHOTO
ooMeHa. TopdsiHbIC KOMITO3UTHI [OMOJHUTEIBHO TOABEPrajd 00paboTKe KapOOKCHIMETHIIICIUIIONO30H IS
MIPEJOTBPALICHUS BBHIIEIAYMBAEMOCTH U TpaHYISANUU. PelleHue KHHETHYECKMX 3ajjad CBOAWIOCH K ITOCTPOEHHIO
3aBUCHMOCTH  CTEIICHH 3aBEpIICHHOCTH Tponecca F or Bpemenm U. [l BBIABICHUS MeEXaHHM3Ma IIOTJIONICHUS
HCCIIEOBAIN BIMSHUE KOHIIEHTPAIMM M TEMIIEpaTyphl PacTBOpa, a TakK XK€ pajuyca 3epeH cOpOEHTOB Ha CKOPOCTh
nornowmeHus kpacurened PogamuuoB C u JK. AHanu3 MONY4YEHHBIX KMHETHYECKUX 3aBUCHUMOCTEH MOKaszaj, 4TO
ckopoctb oomeHa Pogamuuos C n XK Ha neonmrax u Topde 3aBUCHT OT paanyca 3epeH COpOEHTOB, OT KOHLIIEHTPALUH 1
TEMIIepaTypbl UCXOAHBIX PacTBOPOB. Hanmmune yka3aHHBIX MPU3HAKOB CBHIETEILCTBYET O CMEIIaHHO-I1(dy3HOHHOM
MexaHu3Me moriomeHus. Jns obmactu BHyTpeHHeW aup¢dy3um B cMmemraHHO-IU((GY3HOHHOM Mpoliecce OBLIH
paccuuTaHbl KOHCTAaHTBI CKOPOCTH, 3(dekTHBHbIE KOIDPUIUEHTH BHYTpeHHEeH Anb@y3uu M DHEPrHUM aKTHBAIUU
mporecca. IlokasaHo, 4To 1 TOP(HSHOIO M I[EOJUTHOTO KOMIIO3UTOB B CMEIMIAHHO-THU(P(PY3MOHHOM KHUHETHKE
MIPEBATUPYET BHYTPEHHS Tuddy3us.

KiroueBble ciioBa: Top(h, 1E0TUT, MOTU(PUKALINS, KPACUTEIIH, COPOLIUS, MEXaHU3M.
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The paper describes the use of inexpensive and available natural sorbents, such as peat and zeolites for wastewater
purification from different soluble organic pollutants, namely pigments produced by textile and paints and varnishes
industries. In order to effectively use sorbents in wastewater purification, it is very important to study mechanisms of
their absorption. This paper presents the study of pigment absorption kinetics, such as Rhodamine C and Rodamine G,
with natural sorbents depending on the solution concentration and temperature and their grain radius as well. A limited
volume method was used to study the absorption kinetics of organic pollutants in thermostat under static conditions and
constant stirring of solutions with sorbent weights. This method allows a quick interruption of phase contact at any
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given time and definition of limiting stage of the sorption process. Natural zeolite (hongurin) and black peat modified
by iron (Il1) ions are used as sorbents. Zeolite and peat modification is performed by ion exchange/saturation.
Additionally, peat composites undergocarboxymethyl cellulose treatment to prevent leachability and granulating. The
paper describes the dependence of the solution concentration and temperature and sorbent grain radius on the rate of
Rhodamine C and Rodamine G absorption. The analysis of kinetic dependences shows that the exchange rate of
Rhodamine C and Rodamine G on zeolite and peat depends on the sorbent grain radius and concentration and
temperature of original solutions. These properties prove the presence of the mixed-diffusive mechanism of absorption.
Rate constants, effective coefficients of internal diffusion and activation energy process were calculated for the internal
diffusion in the mixed-diffusiveprocess. There sults show that in ternal diffusion prevails in the mixed-diffusive kinetics
of zeolite and peat composites.

Key words: absorption kinetics, organic pollutants, Rhodamine, ion exchange, ion saturation, mixed-diffusive kinetics,
sorbent.

3arps3HEeHNEe CTOYHBIX BOJ Pa3IMYHBIMU PACTBOPUMBIMU OPTaHMYECKHMMU COCAMHEHUSIMH —
I1aBEJIEBON KHUCIOTOM, (peHOJOM, (OpMANIBIETUAOM, PA3IMYHBIMU KPAaCUTEISIMHU, HUCTOYHUKAMU
KOTOPBIX SIBJISIFOTCSI TEKCTUIJIbHAS, JIAKOKPACOYHAs! IIPOMBIIIJIEHHOCTb, IIPOU3BOICTBA OTAEIOYHBIX
MaTepHalioB U MOIOIIMX CPEJCTB MPEICTABISET B HACTOAIIEE BPEMS CEPhE3HYIO HKOJOTHYECKYIO
ornacHocTb. OuH U3 HauboJiee aKTyalIbHbIX U HOBBIX IyTE€H pelIeHUs TPOOIEMbl OUUCTKU CTOYHBIX
BOJl OT DPA3JIMYHbIX HEOPraHMYECKMX M OPraHMYEeCKHX 3arps3HUTENICH SBIIAIOTCA COPOLMOHHBIE
METOJIbl C HMCIOJB30BAaHUEM JELIEBBIX NPUPOJHBIX COPOEHTOB, B YAaCTHOCTH, aKTUBHBIX YIJIEH,
topda, neonutoB u ap.[ 1-4]. st 3 PekTHBHOrO KCHONB30BaHKsI COPOCHTOB B LIEJISIX OYUCTKU BOJ
OT 3arpsi3HUTEIIEN BaXKHO 3HATh MEXAHU3M HUX IOTJIOICHHUS.

JlanHas paboTa MOCBsIIEHA U3YyYeHUIO KMHETUKHU TorioueHus kpacureneid Ponamunos C u
K npuponHbiMH cOpOEHTaMH B 3aBUCUMOCTH OT KOHLEHTPALMU U TEMIIEpaTyphl pacTBOPA, a TaK JKe
OoT paauyca 3epeH copOeHTOB. KuHeTuky copOLHMIO OpraHMYecKUX 3arps3HUTENeH H3ydanu
METOJIOM OIPaHMYEHHOI'0 00bEMa B TEPMOCTAaTHPYEMOM COCYI€ B CTaTHMUECKUX YCIOBUSAX IpU
MIOCTOSIHHOM TepeMELIMBAaHUN PACTBOPOB C HaBECKaMH COpOeHTa. DTOT METOJ JIOIMYCKaeT ObIcTpoe
npepbpIBaHNe KOHTakTa (a3 B JII0OOOW MOMEHT BPEMEHHU M ONPEACICHUsS JIMMUTHPYIOUICH CTaIuu
nporecca copbuuu. B kadecTtBe copOeHTOB ObUIM BBIOpaHBl MOIUGHUIMPOBAHHBIE HOHAMU
xene3a(Ill) mpupoaHbIi 1eonUT (XOHTYPHH) U HU3UHHBIN TOpd. B CTpyKType 11e0nToB UMEIOTCS 2
TUMAa KHCIOTHBIX IIEHTPOB: OpPEHCTEIOBCKHE WU JbIOMCOBCKME. Hannume KUCIOTHBIX IIEHTPOB
00yCJIOBIIMBAET CHIIbHOE B3aMMOJICUCTBUE aJCOPOUPYEMBIX MOJIEKYJI C aICOPOCHTOM. Y HUKaIbHBIC
MOHOOOMEHHbIE CBOWCTBAa, HU3Kasg CE0ECTOMMOCTh M TNPAKTUUYECKH HEOTPAHWYEHHBIE 3aIlachl
OTIpEENSAI0T 3HAUMTEIbHO Oo0Jiee MIMPOKHE BO3MOKHOCTH HX MCIONb30BaHUS B HApPOJIHOM
XO03SICTBE, B NMPOMBILIUIEHHOCTH, JJIS1 OUYUCTKU MPUPOJHBIX U CTOYHBIX BOJ OT Pa3IMYHOrO poja
3arpsisHuTened. MoauduiupoBHue ~— neonuta M Topda  OCYIIECTBISIIM  METOJIOM
HaCBHIIIEHUS/UOHHOTO  oOMeHa. [locrme  HachlleHWsT KOMITO3UTHI  OTMBIBAIM  BOAOH 70
OTpHULIATENILHOM peakuuu Ha HOH-MOAU(UKATOp U BhICYIIMBAIU. TopdsHbIE KOMIO3UTHI Aaee
nojasepraim  obpaborke  KMIL[  (kapOoKcHIMETWINEUIIoN03a) Ul HpeAOoTBpaLECHUs
BBIIIIEJIAYMBAHNS, TPAHYJIUPOBATIN U BBICYIIUMBAIM B cymmiabHOM mikady npu 105 °C. Ilonaranw,
9T0 MOAM(HIMPOBAHKE IEOIMTOB HOHaMH Fe®* [MO3BONMT MOBEICHTH CTENEHH H3BICUCHHS
KpacuTelleil — 3a CYeT YBEJIMYEHHUs 4Yucia aKTUBHBIX LIEHTPOB B KOMIIO3UTE M, KaK CIEACTBHE,
YBEIUYEHUE CTENEHH TMOTJIOUICHUs 3arpsA3HUTENs. PerieHne KMHETHYeCKMX 3a7ad CBOJHIIOCH K
MTOCTPOCHUIO 3aBUCHUMOCTHU CTENEHU 3aBEpIIeHHOCTH mpouecca F oT Bpemenu t. [y BbISIBICHUS
MeXaHU3Ma MOTJIOIIEHHs UCCIeI0BAIM BIAMSIHUE KOHIEHTPALUU U TEMIIepaTypbl pacTBOPOB, a TaK
e paanyca 3epeH cOpOeHTOB Ha CKOpOCTh ToronieHus kpacureneit Pogamunor C u XK. KorTposnb
3a colep)KaHHEeM KpacHuTeJIed OCYIIECTBIISUIM CHEKTpO(POTOMETpUYEeCKU. AHaIU3 MOJyYEHHBIX
KMHETHYECKUX 3aBUCUMOCTEH TMOKa3aj, 94To cKopocTh oomeHa PomamuuoB C m XX Ha meonute u
Topde 3aBUCUT OT pajuyca 3epeH COpPOEHTOB, OT KOHIIEHTPALlMM W TeMIepaTypbl HCXOJHBIX
pactBopoB. Hannume yka3aHHBIX TNPU3HAKOB CBHJIETEIBCTBYET O CMEIIAHHO-AU(PPY3HOHHOM
MexaHuzMe mnorjouienus. s obrmactu BHyTpeHHed nud¢y3un B cMmemaHHO-AU( y3HOHHOM
nporecce ObLIM paccuMTaHbl KOHCTAHTBI CKOPOCTH, 3 (deKkTrBHbIE KO3()PUIMEHTH BHYTpEHHEH
i Qy3un U SHEPTUU aKTUBAIMHU Mporecca. [Ipu 3ToM KOHLEHTpanus Kpacuteneil cocrasuia 10
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Mmr/n; ooseM pactBopa — 20 mi; paamyc 3epeH — 0,2 CM COOTBETCTBEHHO. DHEPTHI0 aKTHUBAIMH

paccuuThIBald 110 ypaBHEHHIO AppeHuyca.

B TabOI. 1, 2.

3KCHepI/IMCHTaJIBHBI€ JaHHBIC TMPCACTABJICHBI

Tab6unuma 1

3nauenns 3¢ dexTUBHBIX K03hPuunenToB nupdysuu (D,y) n 3neprun akrusanun (E,) npouecca copouun
Popnamuna C. [lorpemnocts onpenesaenus 3-5 %

Fe-conepxamuii D, cM/cex
KOMIIO3UT T=298 K T=323K T=348 K E,, x[lx/Mo0mBb
XOHTYPHH 43.10°" 1,2:10°° 1,9-10° 32,3
Topd 7,810 1,2:10° 2,010 36,1
Tabunuua 2

3nauenns 3¢pdexTUBHBIX K03hPuunenToB nupdysuu (D,y) n 3neprun akrusanuu (E,) npouecca copouun
Ponamuna 7K. Ilorpemnocts onpenenenust 3—5 %

Fe-conepxaruii D, cM/cex
KOMITIO3UT T=298 K T=323K T=348 K E,, xJ[>x/Mo01b
XOHT'YPHH 6,9-107 1,1-10°° 2,1:10° 30,9
Topd 74107 1,2:10°° 3,010° 33,7

N3 Tabn. 1,2 BugHo, uto sddektuBHbIe KO3DPUIHEHTH BHYTpeHHeH nuddy3uu Ha
TOP(HSHOM U LIEOTUTHOM KOMITO3UTE OJHOTO TOPSIIKA U SHEPTUU aKTUBAIMH OJIM3KH MEXKIY COOOM.
OTO CBUAETEIBCTBYET, BEPOATHO, O EAMHOM MEXaHU3ME MOTJIONICHUS KPACUTENeH Ha UCCIIeyeMbIX
copOeHTax. BpiCOkne 3HAYeHHS PHEPTUM AKTHUBAIMHM YKa3bIBAIOT HA TO, 4TO s TOP(SIHOTO U
[[EOJIMTHOTO KOMITO3UTOB B CMEHIAHHO-AU(P(PY3UOHHON KHHETHKE TMPEBATUPYET BHYTPEHHSS
T y3us.

BriBOoIbI.

[Tomy4ens! >xene3ocojepKainiie KOMIO3UTH Ha OCHOBE MPUPOAHBIX IeonuTa M Topda. Ha
MOJyYEHHBIX KOMIIO3UMIIMOHHBIX MaTepHuajax H3ydyeHa KHHETHKA TIOIJIOIEHUsS KpacuTenen
PonamunoB C m XX B 3aBUCHMOCTH OT KOHIIGHTPAIlMM W TEMIEpaTypbl pacTBOpa, a TaKke OT
JaMeTpa 3epeH COpPOEHTOB. YCTaHOBJEHO, YTO CKOPOCTb ONpeAesstomel craauell sBisercs
cmemanHoany3uonnsnii nporecc. [Tokazano, 4To s TOPGSHOTO U MEOTUTHOTO KOMITO3UTOB B
cMemaHHoAn ()P y3nOHHOM KMHETHKE MpeBaIupyeT BHYTpeHHss Auddy3us.

Jlannoe nayunoe ucciedosanue 8vinonneHo npu noooepaicke I[lpoepammer « Hayunwiii pono TI'Y um. [ U.
Menoeneesa» ¢ 2015— 2016 2.
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H3ydeHo BoibTaMiepoMerpuueckoe mnoseneHue teiutypa(IV) Ha TBEpIOM MexaHHWYecKH OOHOBIsIeMOM in  Situ
WHJIMKaTOPHOM D3JIEKTpoje U3 TpadHUTO-3MOKCHIHOr0 Kommnosuta B pactBopax KOH. Ilokasano, 4ro Ha KaToIHOM
BOJIbTAMIIEPHOH KpHBOI HaOmoxaeTcst ot 1 10 3 nmukoB. Bua KpuBOi 3aBUCHUT OT KOHIIEHTPAWH TEIUTYypa M IIEJI0YN B
pactBope. Jli1st onpeienieHns CoAepkaHus TeIUTypa MPEAsIORKEHO UCIIO0IB30BaTh IIIOMIAb 1101 BOJIBTAMIIEPHONH KPHBOM.
I'pagynpoBovHas 3aBHCHMOCTB TSI MHTEpBalla KOHICHTpanui tenypa 12,7—127 1/1 npsMomuHelHa W BBIXOAHT W3
Hyns. [lpeanmoxeHa MeToOMKa ONpEAENEHHS TEIIypa BOJBTAMIIEPOMETPUYECKUM METOJOM B TEXHOJOTHYECKHX
JneKTpoauTax.  lIpaBUIBHOCT  pE3yNbTaTOB  aHAJU3a  yCTAHOBIEGHA  CPAaBHEHHEM C  pe3yJbTaTaMU
JMXPOMATOMETPUYECKOT0 TUTPOBaHus. OTKIIOHEHUE pe3yJIbTaTOB He MpeBbIliaio 7 % oTH.
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VOLTAMMETRY OF Te(1V) IN ALKALINE SOLUTION
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The electrochemical behavior of tellurium(lV) in KOH solutions on solid mechanical updatable in situ indicator
electrode made of graphite-epoxy composites is studied by voltammetry method. One-three tellurium reduction peaks
on the current-voltage curve are observed. The form of curves depends on the concentration of tellurium and alkali in
solution. For the determination of tellurium is proposed to use the area under the voltage-current curve. The linear
dependence of the area under the current-voltage curve of the concentration of tellurium in solution is obtained for the
concentration range of 12,7-127 g/l. A voltammetric analysis of tellurium in technological electrolytes was developed.
The obtained results of the analysis are compared with the results obtained by dihromatometric titration. The deviation
is not more than 7 %.

Key words: Voltammetry, tellurium, macro concentration, solid electrode, methods, analysis
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HOﬂM(f)_)/HKL{uOHaJleble Xumuveckue mamepuajvl U nmexnojiocuu

[Tonydyenue temtypa BBICOKOM CTENEHU YHUCTOTHI JOBOJIBHO CIIOXKHBIM MPOLECC, OJAHOU U3
CTaJNil KOTOPOTO SIBJISIETCS AJIEKTPOJUTUUYECKOE €T0 BBIJCICHUE M3 LIEJIOYHBIX pacTBOpoB [1, 2].
KauecTBOo kaTogHOrOo Ocaaka Teilypa 3aBUCUT OT IJIOTHOCTHM TOKa M €ro KOHIEHTpaluu B
anekTposiute. Tak, 37eKTposin3 0OBIYHO BEIYT 0 CHMXKEHUSI KOHIIGHTpALMU TeJuTypa nopsaka 30—
70 1/1. B cBS3UM ¢ 3TUM BO3HHKaeT HEOOXOAMMOCTh KOHTPOJIS COJAEpKaHUS Telypa B pacTBOpE B
IIPOLIECCE  BJIEKTPOJIMTUUYECKOrO H3BieueHHUs. Llenplo HacTosAlero HCCieloBaHUS —SIBUIACH
paspaboTka JKCIIPECCHOM METOJIUKH BOJIbTAMIIEPOMETPHUECKOTO ornpezeneHus
MaKpOKOHIIEHTpaLMH TeJUTypa B IIEJI0YHBIX pacTBOPaX.

UccnenoBanusi ~ KaTOJHOTO  TOBENEHUS  TelUlypa  MPOBOAMIOCE € IOMOIIBIO
JIEKTPOXMMUYECKOTO CEHCOpa, BKIIOYAMOIIETO B ceOs BCTpoeHHbI motenunuocrat IPC-Micro,
ANEKTPOXUMUYECKYIO TPEXANEKTPOAHYIO sA4YEeHKYy (MHAMKATOPHBIA AIEeKTpoA U3 rpaduro-
STOKCUHOTO KOMIIO3UTa, BCIIOMOTATENbHBIN 3JEKTPO U3 rpaduTta M XJIOpCcepeOpsSHbIA 3IEKTPOI
CPaBHEHHUS) U YCTPOMCTBO JUIsI MEXAaHUYECKOIO0 OOHOBJICHHS TBEPAOTO MHIMKATOPHOIO AJIEKTPOjIa
[3]. Ilpu kaTogHOM OCaKACHHHM TEUIypa HAOIIOAANACh 3aBUCHMOCTH ()OPMBI BOJBTAMIICPHOM
KpUBOM OT KOHIIGHTpAIlMK CBOOOJHOW IIETOYM B OJIEKTPOJIUTE. YCTAaHOBIEHO, YTO TOK
BOCCTAHOBJICHMSI T€JUTypa YMEHBIIAJICS C YBEIMYEHUEM KOHIIEHTpAUH 111ei104u 10 3 M, a 3areM He
u3mensuics. Takum 00pas3oM, B KauecTBe (POHOBOTO AneKkTponnTa 661 BeiOpan 4 M pactsop KOH.

HccnenoBanus Takke MOKa3aid, YTO Ha BOJIBTAMIEPHON KPHUBOW TEITyp-COAEPKAILErO
pacTBopa B 3aBUCMMOCTU OT YCIIOBHH 3JIEKTPOJIM3a HAOII0ajIoCh OT OJHOTO 10 TpEX MUKOB. B
Ka4yecTBE aHATMTUYECKOTO CUTHaIA ObLT BEIOpAH MUK, MPOSBISIOMIUICS B 00JaCTH MOTSHIUAIOB —
(1,0-1,2) B, popma u BeauyrHA KOTOPOTO YAOBJIETBOPUTEIHLHO BOCIIPOU3BOIUINCH M 3aBUCETH OT
KOHLEHTpaluu Tejurypa B pactBope (puc. 1, a). Xopomass BOCHPOM3BOJUMOCTh TOKa ITHKa
obecrieunBagach OOHOBJIEHHEM paboOdYeill MOBEPXHOCTH HHIMKATOPHOTO 3JIEKTPOJAA Cpe3aHueM in
SitU MOBEPXHOCTHOTO CJIOS TIEPE]T KaXKIABIM OIIPEICIICHUEM.
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Puc. 1. Vi3meHeHue pOPMbI KATOAHBIX BOIBTAMIICPHBIX KPHBBIX B 3aBHCHMOCTH OT KOHLEHTPALMH TeJutypa (MoIb/am°):
1-0;2-0,1,3-0,2,4-0,3;,5-0,4;,6-0,6;7-0,8;8-1,0.
®onoBwIit anekTposuT — 4 M KOH, ckopocTh pa3BepTku noteHuana 20 mB/c (a).
3aBUCUMOCTH TUIONIAIHU TI0]] BOJbTAMIIEPHON KPUBOM OT KOHIIEHTpauy TeJurypa B pactBope 4 M KOH (6)

I'pamynpoBoYHbIE 3aBUCUMOCTH, MocTpoeHHble B koopauHarax I, = f(Cre) 1 Q = f(Cre) (puc.
1, 6), BEIXOAWMIIM U3 HYJNIA U ObLTH JTMHEWHBI B AMAna3oHe KoHLeHTpauuid 12,7—-127 /1, Ho B IepBOM
cilydae pa30opoc ASKCIEPUMEHTATBHBIX TOYEK MPH JIMHEWHOW aIlMpOKCHMAIMHM KaTHOPOBOYHOM
KpHUBOM ObUT TOpa3io GobIIe.

BonbramnepoMeTpuyeckuM  METOAOM  MPOAHAIM3UPOBAHBI MPOOBI  MPOU3BOICTBEHHOIO
pacTBopa, OTOOpaHHbIE B pa3HOE BpeMs B Mpollecce 3JeKTposu3a. [IpaBUIbHOCTD PE3yiIbTaTOB
aHaJIM3a yCTaHABIMBAJIM IIyTEM CPABHEHUS C pe3yIbTaTaMH, IOJyYEHHBIM JUXPOMAaTOMETPUUECKUM
tuTpoBaHueM. OTKIIOHEHHE pe3yabTaToB He mpeBblmano 7 % oTH. i 3KCIpeccHOM MeToIUKH
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aHaJM3a TEeJUTypa B JIEKTPOJIUTE €ro M3BJICUEHHs] PEKOMEHJIOBAH CIIOCOO pacueTa KOHLEHTPALUU
TEJUTypa I10 IJIOMAAH 10 BOJIBTAMIIEPHON KPUBOA.
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AXTyanbHOCTE PabOTBl 0OYyCIIOBJICHA MIMPOKMM HCIIOJIb30BAHHEM XHMHYECKH MOJIU(DUIIMPOBAHHBIX CHIIMKaresiei
(XMC) B mnpakTHKe XHMHYECKOTO aHajiW3a W BO3MOXHOCTHIO pa3pabOTKM Ha HMX OCHOBE COPOLMOHHO-
(oTOMETPHIECKNX METOIMK OIPEAEIICHISI HOHOB METAJUIOB PA3JIMYHOM NPUPO/IBI, B TOM YHCIIE W IUNITATHHOBOW TPYIIIIHI.

Lenn paboThl 3akiIroyasichk B pa3pabOTKe METOIUKH COpOIMOHHO-(oTOMeTpHdeckoro omnpeaeneHus nammanusi(ll) c
UCTIONIb30BAHMEM MEPKANTONPONMIBHOTO CHIIMKAresisi U JTUTH30HA W YCTAHOBJICHWU BIIMSHHS KOJMYECTBA HMPUBHTHIX
TPyl Ha MHTCHCHUBHOCTb OKPAacCKH IIOBEPXHOCTHBIX PA3HOJHMIAHIHBIX KOMIUIEKCOB M  METPOJIOTHYECKHE
XapaKTepUCTUKH Pa3pabOTaHHOW METOAUKH.

MeToapl HCCIEAOBAHUS: CHEKTPOCKONUS JU(PPY3MOHHOTO OTPaKEHWSI M aTOMHO-3MHCCHOHHAS CIIEKTPOCKONIHS C
MHAYKTUBHO CBSI3aHHOM ITIa3MOH.

PesynbpTarel:  paspaboTaHa  MeTOAMKA  COPOIMOHHO-poTOMEeTpudeckoro  ompeaenenus  mammamusa(ll) ¢
Mepkanronponwicwinkareaem (MIIC) um auTu3oHOM. YCTaHOBJIEHO BJIMSHHE YHCIAa (PYHKIMOHANBHBIX TPYIN Ha
HMHTEHCHBHOCTh CIIEKTPOB IU()(DY3MOHHOTO OTpaxkeHHs: pa3HomuranaHbix kommwiekcoB PA(Il) u mautusona. Ilokasano,
YTO YMEHBIICHHE MOBEPXHOCTHOI KOHIEHTPAIMK MEPKAITO IPYII NPUBOJNUT K YBEIHUCHNIO HHTEHCUBHOCTH OKPAcKH
pasHosuranaHeix kommiekcoB PA(ll) ¢ IMTH30HOM M CHH)KEHHIO OTHOCHTENBHBIX MPEACIIOB OOHAPY)KEHHUS JJIEMEHTA.
Pa3paborannass meronuka ompoboBaHa mpu omnpeneneHun nawtaausa(ll) B MenHo-HuKeneBBIX HIaMax. MeTonmka
MI03BOJISIET TIOJTyYaTh NPaBUIIbHBIE U BOCIPON3BOIUMBIE PE3yIbTATHI.

KaioueBble ci10Ba: criimkaresb, MEpKaTONPOIHIIBHBIE TPYIIIBI, TUTU30H, MAJIaIHH.
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SORPTION-PHOTOMETRIC DETERMINATION OF PALLADIUM(II) AS
MIXED-LIGAND COMPLEX USING SILICAWITH MERCAPTO GROUPS
ATTACHED TO THE SURFACE AND DITHIZONE

Anna |. Kashkevich, undergraduate, Siberian Federal University, Institute for Non-ferrous Metals and
Material sience, Department of Analytical and Organic Chemistry, 79, pr. Svobodny, Krasnoyarsk, Russia,
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Olga V. Buyko, Ph.D., Researcher of Siberian Federal University, 79, pr. Svobodny, Krasnoyarsk, Russia,
660041, E-mail: bujko86@gmail.com

Relevance of the work is due of wide used chemically modified silica (CMS) in the practice of chemical analysis and
the ability of develop sorption-photometric methods for determination of metal ions, including the platinum group
metals.

The main aims of the study are: developing of palladium(ll) determination sorption-photometric method with
mercaptopropyl silica and dithizone and clearing the quantity of grafted groups of the surface on the mixed-ligand
complexes color intensity and perfomances of the method.

Methods: diffusion reflection spectroscopy and atomic emission spectrometry with inductively coupled plasma.

The results: method of palladium(ll) sorption-photometric determination with mercaptopropyl silica (MPS) and
dithizone is developed. The influence of the functional groups quantity on the diffuse reflection spectra intensity of
mixed-ligand complexes Pd(Il) and dithizone is cleared. Decrease of mercapto groups surface density leads to increase
of color intensity of Pd(ll) and dithizone mixed-ligand complexes and decrease of detection limits. The developed
method was used for the determination of palladium(ll) in the copper-nickel sludge. The method is characterized by
high accuracy and reproducibility.

Key words: silica, mercaptopropyl groups, dithizone, palladium.

[Ilupokoe mNpUMEHEHHE MNaIaJAus B PA3IUYHBIX OO0JACTAX HAYKH W TEXHUKH TPU €ro
JIOCTaTOYHO HU3KOM COJCPKAHUH B MIPUPOIAHBIX MaTepHaliaX CTAaBUT 33a[auy pa3paOdOTKU MPOCTHIX U
JIOCTYITHBIX CITIOCOOOB OIpECNICHHs] ero Maibix KOHIeHTpauui [1-2]. [lepcrieKTUBHBIM SABIISIETCS
COpOLMOHHO-()OTOMETPHUYECKUI ~ METOJA,  COUYETAOIUH  COPOLMOHHOE  KOHICHTPHPOBAHUE
JIEMEHTOB U HUX TOCJEAyIollee ONpeseNieHHe HEMOCPEACTBEHHO B (a3e copOeHTOB
(OTOMETPHUYECKUM METOJIOM. 3a CUeT COPOIIMOHHOTO KOHIIEHTPUPOBAHHS JOCTUTACTCS OTIIEIICHUE
OTIpEJNIeNIIEMOr0 3JIEMEHTAa OT COINYTCTBYIOIIUX KOMIIOHEHTOB W CHU)KEHHE OTHOCHTEIbHBIX
npeaenoB ooHapyxeHus. Hambonee »hPexTUBHBIMU ISl BBIIETEHUS IJIATUHOBBIX METAUIOB U
najjgaguss B YACTHOCTH, SBJISIOTCS COpPOEHTHI HAa OCHOBE KPEMHE3EMOB, XHWMHYECKU
MOAMGUIIMPOBAHHBIX cepocojiepkamuMu rpynnamu [3—4]. JlanHble copOeHTH HE 00JaAaroT
COOCTBEHHOW OKpacKkoW, 4YTO IO3BOJISIET HCIOJIb30BaTh UX B COPOLIMOHHO-(OTOMETPUYECKOM
aHaJuse.

Koportkas (mponubHas) HOXKa, MOCPEACTBOM KOTOpO GbyHKIIMOHATbHAS
MEpKAaINTONPOIMIBHAS TPYIIA CBS3aHA C MOBEPXHOCTHIO CHIIMKATENsI MPETSITCTBYET 00pa30BaHUIO
KOOP/AMHAIIMOHHO-HACHIIIEHHBIX COEAMHEHUH (110 MPUBUTOMY JIMTaHy) METAIIOB. B 3TOM cityuae
peanu3yercsi BO3MOXKHOCTh JOMOJHHUTEIBHON KOOPIWHAIMY JIMTaH/Aa W3 PacTBOpa, B YAaCTHOCTH
auTH30HA. JIaHHBIA MOAXO0J paHee ObUT peajr30BaH MPHU ONpPEeNCHUN NaJula s U 30J10Ta B BHJIE
CMEIIaHHOJIUTaHTHBIX KOMIUIEKCOB C 3aKpETUIEHHBIMHU Ha MTOBEPXHOCTH AUTPONMMIINCYITH(OUTHBIMH
rpynnamMu U THOKeToHoM Muxuiepa [5].

B pesynberare 06padoTku mosepxuoctd MIIC ¢ copouposanusim Pd(I1) BogHO-3TaHOIBHBIME
pacTBOpaMH JIMTH30HAa TIOBEPXHOCTh COpPOEHTAa OKpAIIMBAETCS B KPACHBIM LBET, CIEKTP
muddy3Horo orpaxkenus (CO) mpencraBisieT co0OMl HMIMPOKYIO MOJOCY ¢ MAaKCUMYMOM TIpH
540 HM. VIHTEHCHBHOCTb OKpPAacKd COPOEHTOB MPH OJMHAKOBOW IMOBEPXHOCTHOW KOHIIEHTPALUU
Pd(Il) Ha uX MOBEPXHOCTH 3aBHCUT OT KOHIIEHTPAI[MH MPUBUTHIX MEPKANTOMPONUIBHBIX TPYII H
yYMEHBIIIaeTCsl ¢ ee yBenuueHueM. JlaHHBI »@QexT cBi3aH ¢ TeM, 4YTO NpPU BBICOKOH
MMOBEPXHOCTHOW KOHIICHTPAIIMU MEPKANTONPOIHIBHBIX TPYI 00pa3yTCsl KOOPAHMHAIMOHHO-
HACBIIICHHBIC IO TNPUBUTOMY Juranay komiuiekcel Pd(Il), uro 3arpyaHser KOOpIUHAIIUIO
BHEIIHETO JINTaH/a — TUTH30HA.
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OOpa3oBaHne HMHTEHCHBHO OKpAIIEHHBIX pa3HOJMTaHAHbIX KomruiekcoB Pd(Il) ¢
3aKpEIUICHHBIMU MEPKANTOMPONUIBHBIME TPYIIIAMH U JUTH30HOM HCIOJB30BAHO MPH Pa3paboOTKe
METOJMKH €ro COpPOIMOHHO-(POTOMETpUYECKOro ompeneneHus. OnpeneneHno TNautaaus He
MEIIAIOT I[BETHBIC METaJUIbl, OTICIIAIONIMECS Ha CTaJdd COPOIIMOHHOTO KOHIICHTPHUPOBAHHUS, a
3omoto(lll) BoccranaBmuBaercs g0 3omota(l) B mpomecce copbuum Ha MIIC u obpasyer
KOOPAMHAIIMOHHO-HACKIIICHHBIE KOMIUIEKCHI ¢ (YHKIIMOHAJBHBIMU TpyIHIIaMd copOeHTa, B
pe3yJabTaTe Yero OTCYTCTBYET BOBMOKHOCTh KOOPIMHAIIMY JUTU30HA.

Jlns  pa3paboOTaHHON METOAUMKH COpPOIMOHHO-(poToMeTpuyeckoro ompeaeiacuus Pd(ll)
paccyrTaHbl OTHOCHTEJIBHBIC TPEICIbl OOHAPYKEHUS 0 3S-KPUTEPUIO U JHAINa30Hbl JTMHEHHOCTH
rpajyHpOBOYHBIX TIpadUKOB, NPHU PaA3TUYHON KOHIICHTPALMH MEPKANTONPONMIBHBIX TPYIIII
copOeHTa, METPOJIOTHUECKUE XapaKTEPUCTUKH IPUBEICHBI B Ta0I. 1.

Tab6unuuma 1
Metposiornueckne XxapakrepucTuku Meropauku onpeneienus Pd(11) ¢ ucnoabzoBannem MIIC, ¢ pa3in4HbIM
KOJIMYECTBOM MPUBHUTHIX rpynm, u auru3ona (N =5, P =0,95)

KoHIeHTpalys npuBUTHIX Hunanazon OmpeIeNIIeMBIX Tpenen oGHapysenHs, Mir/0, It S,
TPYIIIL, MMOJB/T conepxanuii, Mxr/0, 1T
0,2 (MIIC1) 0,1-7 0,006 0,04
0,5 (MIIC2) 0,5-10 0,01 0,07
0,7 (MIIC3) 2-20 0,03 0,06

Kak BHIHO M3 TaOJNUIBI yBETMYCHHE IMOBEPXHOCTHOW KOHIICHTPALUU (PYHKIIMOHAIBHBIX
TPYNI TPUBOJIUT K YBEIMYCHHUIO IMPEACIIOB OOHAPYXEHUS MaUIagusi W YBEIUYCHUIO IHAla30Ha
OTIPEIENIIEMBIX KOHIICHTPAIIHH.

Pa3paboranHbie METOJIMKH WCIOJB30BAHBI MPH OMPEICICHUH MAUIAANs B OSHHBIX MUIaAMax
ME/IHO-HUKEJICBOTO MPOU3BOJCTBA. Pe3ynbTarhl mpuBeaeHbl B Ta0i. 2. [IpaBHIBHOCT METOIUKH
MIPOBEpPEHA COMOCTABIICHUEM C PE3YJIbTaTaMH, TIOJyYEHHBIMA ATOMHO-IMUCCHOHHBIM ¢ HHIYKTHBHO
CBSI3aHHOM TN1a3Moi MeTofioM (Tabm. 2).

Tab6auma 2
Pe3yabTatsl onpenenenus nasiaausa(ll) B MenHo-HHKeNEBBIX IIJIAMAX ¢ HCIOJIB30BAHNEM CHUJIHKATEJIS,
MOIU(PHUIIMPOBAHHOIO MEPKANTONPONWILHBIMM rpynnamMu, u autuszona (n = 3, P = 0,95)

O6pasen Haiineno namnanus, MKr/Mi.
CopO1roHHO-()OTOMETPUUECKUM METOI0M AtomHo-3MuccroHHBIM ¢ UCIT MeToiom

nam 1 3,7£0,3 3,8+0,1

Ilnam 2 2,7+0,2 2,7+0,1

13 MOJIYYCHHBIX  JAHHBIX BHJAHO, UYTO  HUCIIOJIB30BAHUC  MCTOIHUKHU COp6I_II/IOHHO'
CbOTOMeTpI/I'-IeCKOFO OMPEACIICHUS MaJIanud B BUAC PASHOJIUTAHAHOTO KOMIIJIEKCA C IIPUBUTHEIMU HA
MOBCPXHOCTU KPEMHE3CMa MCPKAIITOMMPOIMMWJIBHBIMHA I'pyIlIIaMud U JUTH30HOM ITO3BOJISCT IMOJIYYHUTH
IMPaBHUJIBHBIC U BOCITPOU3BOANMBIC PE3YIIbTATHI.

Crucok JuTepaTypsbl

1. BacunseBa M.E. CopOIMoOHHO-aTOMHO-3MHCCHOHHOE OIpeAeeHHe 30JI0Ta, TUIATHHBI W Majulagus B TOPHBIX
mopojax M pyaax c¢ ucnoin3oanuem copberra [ICTM-3T / FO.H. Ioxunaes, H.H. Biacosa, M.I'. Boporkos 10.A.
Oununuenko / Ananuruka u koHtposb. 2010. T. 14, Ne 1. C. 16-24.

2. @Oemonnaa H.H. Bnusaue npuponsl copOeHTa Ha 0OpaTHMOE KOHIEHTPHUPOBAHWE IUIATUHOBBIX METAUIOB C
TIOCJISAYIOIINM OMpPEIEICHHEM METOJIOM Macc- CIIEKTPOMETPHUN ¢ MHIYKTUBHO CBs3aHHOU mna3moii / H.H. ®eatonuna,
K.b. Ocunos, M.A. Cratkyc, U.®. Ceperuna, I'.1. lusur, M.A. bombiioB / AHanutuka u koHTposib. 2012, T. 16,
Ne 3. C. 260-268.

171




HOﬂM(f)_)/HKL{uOHaJleble Xumuveckue mamepuajvl U nmexnojiocuu

3. Tsysin G.l. Methods of the preconcentration of trace components: Development in Russia (1991-2010) / G.I.
Tsysin // J. Anal. Chem. 2011. Vol. 66, Is.11. P. 1020-1028.

4. JIucnukun I'.B. Xumudeckoe MoanpuIMpOBaHHE ITOBEPXHOCTH MHUHEpaibHBIX BemiectB / [.B. Jlucuukun //
CopocoBckuii 00pa3oBaTesbHbIN XypHalL. 1996. Ne 4. C 52-59.
5. Losev V.N. Sorption-spectrometric determination of palladium and gold using silica chemically modified with

dipropy! disulfide groups / V.N. Losev, E.V. Boradina, O.V. Buyko, N.V. Maznyak, A.K. Trofimchuk // J. Anal. Chem.
2014. Vol. 69, Is 5. P. 462-468.

References

1. Vasil'eva I.E. Sorbcionno-atomno-'emissionnoe opredelenie zolota, platiny i palladiya v gornyh porodah i rudah
s ispol'zovaniem sorbenta PSTM-ZT / Yu.N. Pozhidaev, N.N. Vlasova, M.G. Voronkov Yu.A. Filipchenko // Analitika
1 kontrol'. 2010. T. 14, No 1. S. 16-24.
2. Fedyunina N.N. Vliyanie prirody sorbenta na obratimoe koncentrirovanie platinovyh metallov s posleduyuschim
opredeleniem metodom mass- spektrometrii s induktivno svyazannoj plazmoj / N.N. Fedyunina, K.B. Osipov, M.A.
Statkus, I.F. Seregina, G.I. Cizin, M.A. Bol'shov // Analitika i kontrol'. 2012. T. 16, No 3. C. 260-268.
3. Tsysin G.I. Methods of the preconcentration of trace components: Development in Russia (1991-2010) / G.I.
Tsysin // J. Anal. Chem. 2011. Vol. 66, Is.11. P. 1020-1028.
4. Lisichkin G.V. Himicheskoe modificirovanie poverhnosti mineral'nyh veschestv / G.V. Lisichkin // Sorosovskij
obrazovatel'nyj zhurnal. 1996. No 4. S 52-59.

5. Losev V.N. Sorption-spectrometric determination of palladium and gold using silica chemically modified
with dipropyl disulfide groups / V.N. Losev, E.V. Borodina, O.V. Buyko, N.V. Maznyak, A.K. Trofimchuk // J. Anal.
Chem. 2014. Vol. 69, Is 5. P. 462-468.

VK 541.183
HNEPCIHHEKTUBbI UCITOJIB3OBAHMUSA ITPUPO/THOI'O COPBEHTA
BEPMUKYJIUTA JJI51 OUUCTKHA ]%OI[HI)IX CPEJ OT
3AT'PABHUTEJIEAN

Kucenésa Mauna AnekcanapoBHa, KaHJl. XHM. HayK, JONEHT KadeIpbl aHATUTHYECKONH XUMHH,
HammonansHbIi viccnenoBarenbckuil TOMCKUHN TOCYapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUHN (PaKyIbTeT,
634050, Poccwus, . Tomck, mip. Jlennna, 36, E-mail: makisseleva@ngs.ru
Haymoga Jlronmuiia BopucoBHa, KaH/. XUM. HayK, JOIEHT KadeIpbl aHATUTHYECKONH XUMHH,
HarmonansHeIi viccnenoBarenbckuil TOMCKUH rOCyapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUH (PaKyIbTeT,
634050, Poccus, r. Tomck, mp. Jlenuna, 36, E-mail: naumovalb@mail.ru
KnenukoB Muxaua CTaHUCIaBOBUY, CTYJCHT, HarmmoHanpHBIN Hccaen0BaTeIbCKuid ToOMCKUH
TOCY/IapCTBeHHBII YHUBEPCUTET, XuMU4Yeckuil paxymnbrer, 634050, Poccus, r. Tomck, nip. Jlenuna, 36,
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AXTyallbHOCTh paboThl 00YCJIOBJIEHa HEOOXOAMMOCTBIO MOMCKA d(PPEKTUBHBIX METOJO0B OYMCTKH MOBEPXHOCTHBIX H
CTOYHBIX BOJI, 3arpsI3HEHHE KOTOPBIX CBSI3aHO C YCHIIEHHEM aHTPOIIOTCHHOTO BIHMSHUS HA YKOCUCTEMY .

Lens paboThl 3aKiovanach B HUCCIEJOBAaHMU COPOLMOHHOM M KaTAINTHYECKOH aKTMBHOCTH NPHUPOJHOTO copOeHTa
BEpMUKYIHTa KpacHOSAPCKOTO MECTOPOKAEHHS W OLICHKE BO3MOXKHOCTH HCIIOJIB30BAHUS €r0 JJISi OYMCTKH BOJHBIX
cpen. CopOLMOHHBIE METO/IBI B ITOCTIEJHEE BPEMS IIMPOKO MCIIOJIB3YIOTCS IJIsl N3BJIEUEHUS 3arpsisHuTenei [1].
Meronp! uccnenoBanus: criektpodoromerpust, UK — cnekrpockonus, KOMILIEKCOHOMETPHSI.

PesynbraTel. OnpeneneHsl GU3MKO — XMMHUECKHE XapaKTEPUCTHKU cOpOeHTa — Ha0yXaeMoCTh M II0JIHAas OOMEHHas
émiocte (ITOE). 3mauenns IIOE BepMmmKynmHTa MO OCHOBHBIM TpYIIIaM 3HAYUTENBHO OObIIe EMKOCTH IPYTHX
MIPUPOJHBIX COPOEHTOB — XOHT'YpHHA, IeracuHa, Topda. M3yuena n3oupaTenpbHOCTh COPOLMU OMACHBIX OPTaHWYECKUX
3arps3HMTENE: (eHosa ¥ IaBesieBOW KHCIOTHI M3 BOJIHBIX PAcTBOPOB B 3aBHCHMOCTH OT MAacchl COpOEHTa,
KOHIIGHTPAIlMM PacTBOPa, BPEMEHM KOHTAaKTa COpPOEHTa C pPacTBOPOM. Y CTAHOBJICHBI ONTHMAJbHBIC YCIOBHUS IS
M3BJIICUEHUST COpOMpyeMbIX BemiecTB. lIpoBeneHa oreHka Bo3naeicTBus yibTpaduoneroBoro obmydenus (YPO) B
MPUCYTCTBUM BEPMHUKYJINTA, B cocTaB kKotoporo Bxomut Fe (I1l), u mepokcuma Bomoposa Ha paspyiueHue (eHola U
IaBesaeBor KHUCIOTHL. [loka3aHo, 4To COpOSHT MOXeT Mcmojb3oBaThes Kak ucrounuk Fe(lll) B cucreme Padda —
deHTOHA /ST ETpalaliii OPraHUYECKUX 3arpsA3HUTENE: MPOIEHT yaajleHus aBeaeBoi kuciorsl cocrasmseTr 80 %,
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denona 60 %. WMsyuena copbums nomos Fe**, Cu®*, Pb? ma HCXOZHBIX M MOZM(UIMPOBAHHBIX PACTBOPOM
komruiekcona |l (ODTA) obpasunax Bepmukynura. [lokasano, 4ro MoandHUUIMpOBaHHE COpOEHTa IPUBOIUT K
CYIIECTBEHHOMY YBEJIMYEHHUIO CTEICHHU YJaJeHUsI HOHOB W3 MOJICNIBHBIX PacTBOpoB. HaiijieHbl onTHMalibHBIE YCIIOBHS
usBneyeHust noHoB Ha (70 — 80) % .

KiroueBble cjioBa: cOpOCHT, CTENICHb U3BJICUCHUS, (PEHOII, IaBeIeBas KUCIOTa, MOAU(UIIUPOBaHHE, O0TydeHHE.

PROSPECTS OF USING NATURAL SORBENT VERMICULITE FOR THE
PURIFICATION OF AGUEOUS MEDIA FROM POLLUTANTS
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Relevance of the work due to the need to find effective methods of water purification waste.

Pollution is associated with increased anthropogenic impact on the ecosystem.

The main aim of the study: the sorption and catalytic activity of natural sorbent vermiculite Krasnoyarsk field and
assessing the possibilities of its use for the purification of aqueous media. Sorption methods are recently widely used to
extract pollutants [1].

The methods used in the study: spectrophotometry, infrared spectroscopy, complexometry.

The results. Defined physico-chemical characteristics of the sorbent. Capacity of vermiculite on the main groups are
much larger than other natural sorbents. We studied the sorption of hazardous organic pollutants: phenol and oxalic acid
from aqueous solutions. It depends on the mass of the sorbent, the concentration of the solution, time of contact of the
sorbent with a solution. Ustanovleny optimal conditions for extraction of sorbed substances. Evaluation of the effects of
ultraviolet irradiation on the destruction of organic pollutants obtained in the presence of vermiculite and hydrogen
peroxide. The sorbent can be used as a source of Fe(lll) in the system Raffa — Fenton. For degradation of organic
pollutants. The percentage removal of oxalic acid is 80 %, phenol-60 %. Sorption of ions Fe3+, Cu2+, Pb2+ were
studied on the original and modified samples of vermiculite. Modification of the sorbent leads to a significant increase
in the degree of removal of ions from model solutions. Conditions for optimal recovery (70-80) % installed.

Key words: the sorbent, the degree of removal, phenol, oxalic acid, modification, irradiation.

B pabote mpencrtaBieHbl pe3ynbTaThl OLIEHKH BO3MOXXHOCTH MPUMEHEHHS] MPHPOJHOTO
copOeHTa BepMUKYJIUTa JJIsl OYHCTKH BOJHBIX Cpell OT 3arpsisHuTeneil. B cocraB BepMukynura
BXOJAT OKCHUIBl KPEMHHs, MarHus, >Kejies3a, AJIIOMHHHS W HEKOTOPBIX JPYIHX OJEMEHTOB.
CopO1MOHHYI0 CTTIOCOOHOCTh BEPMUKYJIUTA 110 OTHOIICHHIO K (DEHOY, 11aBeJIeBOM KUCIOTE, HOHAM
TSOKENBIX METAJIOB HCCIENoBaIM O MeTojauke, omucaHHoW B [2]. I[loka3aHa 3aBHCHMOCTH
MPOIIEHTa COPOIMH OT MAaCChl HABECKH, KOHIIEHTPAIIMN PAcTBOpA M BPEMEHH KOHTAaKTa cOpOeHTa ¢
pacTBOpOM. Y CTaHOBJICHBI ONTHUMalbHbIE yciaoBusicopOuuu. CoriacHo MOMy4YeHHBIM pe3yibTaTaM
MIPOIICHT COPOIMH IIABEIEBON KUCIOTH Hamboisiee Bhicokuit: R =49 %. BeposiTHO 3TO CBsi3aHO C
KoMILIeKkcooOpa3zoBanueM B (aze copOenta. M3BectHo, uto Fe(lll) co maBeneBoit kuciaoToi
o0pasyeT mpOYHbIE KOMIUIEKCHI.

HccnenoBana karanuTuyeckas aKTHBHOCTH copOeHTa. BosneiictBue ynpTpaduoiaeToBoro
ob6mydenust (Y®O) B nmpuUCYTCTBUH BEPMHKYJIUTA M TIEPOKCHAA BOAOPOJA MOKA3ajl0, YTO COpPOSHT
MOJKHO HCHOJIb30BaTh, kak uctrounuk Fe(lll) B cucreme Padhda — dentona (Fe3++H202+Y(I>O), B
X0JIe KOTOpOW TIPOUCXOJUT HEMpephIBHOE (HOTOBOCCTAHOBICHUE Fe**no Fe®* u reHepanus
panukaioB ‘OH [3], umeromux BBICOKYIO PEAKLIMOHHYIO CIIOCOOHOCTh B PEAKIMIX OKHCICHHUS
OpraHWYECKUX 3arpsI3HEHUN.

Pe3ynbrarthl uWccnenoBaHUS TOKa3ald, YTO CTENEHb Jerpajaly IIaBeleBOM KHCIOTHI
(R=80 %) Bbime crenenn paerpaganuu denoma (R =60 %). Dto cBs3aHO ¢ 00pa3oBaHHEM
($oTOaKTHBHOTO Karanuzaropa — (eppuokcanara, 00ycClaBIMBalOIIEro OoJibliiee pa3pylieHHe
11aBesIeBOM KUCIOTHI pH Bo3aencTBUN Y DO 1o cpaBHEHUIO ¢ (EHOJIOM.
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Usydena copOuus HOHOB TsoKémbix MerawioB Feo', Cu®*, Pb®* ma wucxomsoM wu
MoaudummpoBanHoM pactBopoMm komiuiekcona |l (DDTA) Bepmukymure. MonudunupoBanwue
copOeHTa  TOPUBOJUT K  CYIIECTBEHHOMY  YBEIMYECHHUIO  CTENEHU  YAaJeHUS  HOHOB.
DKCcrepuMEHTAIIBHEIC TAHHBIC TTPE/ICTABICHBI B TAOIHIIE.

CreneHb U3BJIEYEHUsT HOHOB TSKENBIX MeTALTOB (R %0) BEpMUKYJIHTOM H3 MOAETHLHBIX PACTBOPOB
(Vp-pa= 20 mu1, C=0,01M0J1B/71., Myapecicn= 0,5000r.). Ilorpemnocts onpeneaenns — (3-5) %

Honnl
Bepmukynur
Fe¥* cu* Pb**
Ucxonnerit 6,4 45 3,7
MonuduuupoBaHHEII 83,5 75,5 70,3

CriocoOHOCTHh MOIU(UITMPOBAHHOTO BEPMUKYIIUTA MOTJIONIATH HOHBI CBS3aHA TIOBHIUMOMY C
KOMILIEKCOoOOpa3oBanueM B ¢aze copbenta. 1o nmoareepxaaroT MK-crekTpbl 06pas3iioB copoeHTa
MOCJie €ro KOHTAaKTa C PacTBOPOM, COJIEPKAIlMM HOHBI CBHHIIA, TOJYyYEHHBIE C MCIOJIb30BAHUEM
HK-cniekrpomerpa Nicolet 6700 FT-IR npucraska HIIBO (kpucrain — anmas). [losiBeHne mosiockl
noryomenuss npu 1643 cm COOTBETCTBYET BaJeHTHbIM Kojebanusm cBsizu C—O conei
KapOOHOBBIX KUCIIOT [4].
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Puc. 1. UK — criektpsl BepMUKyJIUTa: 1— HCXOAHBIN; 2— MOAM(UIIMPOBAHHBIN;
3— MoaudUIIUPOBAHHBIH TOCIE COPOIUU Pb**

[IpencraBnenHsle B paboTe pe3yibTaThl HCCIEAOBAHMM IMOKA3bIBAIOT, YTO IMPHPOJHBIN
COpOEGHT BEPMUKYJIUT SIBISETCS MEPCIEKTHUBHBIM COPOEHTOM JJisi OYMCTKH BOJHBIX CpEl OT
3arpsA3HUTEIICH.
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AKTyampHOCTH paboThl. 3ydueHne mporecca B3anMOISHCTBHS MEXKTy IPUPOIHBIMU U CHHTETHUECKUMHE TTOpprUpHHAMEU
1 OMOJIOTHYECKH aKTHBHBIMH COSIWHCHHUSMH, BKIFOYAIOIIETO MEPEHOC ANEKTPOHOB, SHEPTHH H, B HEKOTOPBIX CITydasX,
CTaIu¥ HAIMOJCKYJSPHOW CaMOOPTaHW3alMHd W WrPAIIEr0 BaXHYK pOIb B (PU3UKO-XUMHYCCKHX U
(hOoTOOMONOTHYECKUX TMpoIleccaX, SBISETCA CYMIECTBEHHOW 3ajadedl NpH TOWCKe (U3UKO-XUMHUYECKHUX MOJIENEH,
MO3BOJISIIOIUX BBISIBUTH (DYHKIMOHAJIbHBIE OCOOCHHOCTH OpTraHM3allii NpUpoJHOro ¢orocuHTe3a. B HEM 3J1eKTpOHBI
or Mosekyn xiuopodmmmia (Xn) B BO30YXKISHHOM CHHIJIETHOM COCTOSIHUM MOCJIEAOBATENFHO IEPEeNatoTcs 1o
3JIEKTPOHTPAaHCIIOPTHOU LEenu c y4acTuem 00paTUMBIX NIEPEHOCYHKOB, TaKuX KaK
HUKOTHHaMHIaneHuHuHyKIeotuapochar (HAD). DHeprernka u nuHamuka repeHoca 3jektpoHa ot Xi k HAJID
W3Y4YEHBI JJOCTATOYHO IMOJPOOHO Ha HATHUBHBIX OOBEKTaX M B YCJOBHUSIX, MOJEIUPYIOUIMX KOJWYECTBEHHBIH COCTAB
¢dorocuHTeTHUECKOTO anmnapara. OIHAKO CJI0KHOCTh MOJIEKYJIsipHOU cTpyKTypbl HAJI® M Hanuuue nosoc norjiomeHus
B BUAMMOW oOmact u OmmkHeM Y®-gmama3oHe IMO3BOJSIET TaKXKe HE HWCKIIOYaTh W albTCPHATHBHBIC ITYTH
B3aumojeicTBust HAJI® ¢ Xu B 3aBUCMMOCTH OT MX KOJMYECTBEHHOTO COOTHOIIEHUs. [Ipu 3TOM BO3MOXKHO Kak
KOMILIEKCO0Opa30BaHue, TaK M MEPEHOC YHEPTUH BO3OYKICHUS.

Lenb maHHOTO WCCIEOOBAaHUS — HM3YYHTh B3aMMOJACHCTBHE XJOpodmmia ¢ (GOTOIYBCTBHTEIBHBIMH aKIETITOPAMH
anekrpoHa HAJ[® B mmpoxoM HHTEpBalie KOHIICHTPALUH C UCTIOF30BAaHIEM CIIEKTPAIFHBIX METOIOB.

Mertoabl uccienoBanus. McenenoBanue MPOBOAMIN C MOMOIIBIO CIEKTPOGOTOMETPHYECKOTO MeToa (Aqor,= 200900
M) ¢ ucrnonszoBanuem UV-VIS crekrpodoromerpa TU-1901 dupmer «Beijing Purkinje General Instrument Co, Ltdy
u criekrpodmoopumMerpa «Pmoopar-02 [Manopama» pupmsl « TFOMIKC» (Agoss = 430 HM).

Pesynbrarsl. [lokazaHo Ha OCHOBaHMM JaHHBIX M3 CHEKTPOB MOIJIOIIEHUS M JIOMUHecHeHUuHu cucteMbl Xia+HAID,
4yTO B3amMmojeicTBrue Mexay Xa u HAJI® npoucxoaut ¢ obpazoBaHuEM KOOPAMHAMOHHOTO KOMIUIEKCA C YIacTHEM
COTIPSDKEHHOM CHCTEMBI ABOMHBIX CBSI3€H MaKpOTeTEpOIMKIIA XJIOPOPHIUIA, YTO, OJHAKO, HE UCKITIOYAeT yJacTHe MOHA
Maraust B cBsizbiBaHuM HA /D, Garonaps HATMYHIO KUCIOPOCOAEPIKAIINX 3aMECTUTENIEH B €T0 MOJIEKYJIE.
KiroueBble ciioBa: xyopoduiul, HIKOTHHAMUIAICHUHANHYKIEOTHPOoCc(hAT TepeHOC SHEPTUH, IEPEHOC SJIEKTPOHA,
MIOTJIOIEHHE, (ITyOPECIICHITHS
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COORDINATION COMPLEXES FORMATION BETWEEN CHLOROFYLL
AND NADF ACCORDING TO ELECTRONIC AND FLUORESCENT
SPECTROSCOPY

Inna V. Klimenko, Ph.D., Institute of Biochemical Physics behalf N.M. Emanuel of the Russian Academy
of Sciences, 4, Kosygina Street, Moscow, 119334, Russia, E-mail: inna@deom.chph.ras.ru
Anton V. Lobanov, Ph.D., Institute of Biochemical Physics behalf N.M. Emanuel of the Russian Academy
of Sciences, 4, Kosygina Street, Moscow, 119334, Russia, E-mail: avlobanov@mail.ru

Relevance of the work. Study of interaction process between natural and synthetic porphyrins and biologically active
compounds involving the transfer of electrons and energy and, in some cases, the stage of supramolecular organization
and playing a very important role in photobiological processes is an essential task in searching of the physical and
chemical models allowing to reveal functional features of the natural photosynthesis organization. During
photosynthesis in nature, the electrons from a chlorophyll (Chl) molecule in singlet-excited state are transferred in
sequence along the electron transport chain with the help of such reverse electron transporters as nicotinamide adenine
dinucleotide phosphate (NADP). The energy and dynamics of electron transfer from Chl to NADP have been
investigated in detail for natural objects and under conditions that simulate the quantitative composition of a
photosynthetic apparatus. However, the complexity of the molecular structures of NADP and the availability of
absorption bands in the visible and near UV range of the spectrum cannot rule out alternative interactions between Chl
and NADP, depending on the ratios of their contents. Both complex formation and the transfer of excitation energy are
possible.

The main aim of this work is to study the interaction between Chl and photosensitive electron acceptors NADP over a
wide range of concentrations by means of spectroscopy methods.

The methods used in the study. Absorption spectra (Ass 200-900 nm) were recorded on a TU-1901 UV-Vis
spectrophotometer from Beijing Purkinje General Instruments Co Ltd. The fluorescence spectra were recorded on a
Flyuorat-02 Panorama spectrofluorimeter (Lyumeks) (Aex = 430 nm).

The results. Absorption and fluorescence spectra of the system Chl+NADF show that interaction between Chl and
NADF occurs with the formation of coordination complex with the participation of the conjugated system of double
bonds of the Chl macroheterocycle. However, due to the availability of oxygen-containing substituents in the NADP
molecules, it does not rule out the participation of magnesium ions in the bonding of NADP.

Key words: chlorophyll, nicotinamide adenine dinucleotide phosphate, energy transfer, electron transfer, absorption,
fluorescence

Co3naHue JEKapCTBEHHBIX UM JIPYrUX OHOJOTMYECKM aKTHUBHBIX IpernapaTtoB Ha
OCHOBE NOP(GUPHUHOB SABISETCS  OAHMM U3  TNEPCHEKTUBHBIX  MPUKIAJAHBIX  HAIpaBJICHUN
HCIOJIb30BaHUsl 3TOTrO KJjacca COEAMHEHMH. [J1aBHOM NpPUYMHON IPUCTAIBHOTO BHHUMAaHUA K
UCCIIEIOBaHUsIM B 3TOM o0nacTu SBIsSIETCS NPUHAUIEKHOCTh K KIAcCy MOPQUPHUHOB JBYX
OPUPOJHBIX  OMOJOrMYECKH aKTUBHBIX COeAMHEHMH — xjopodpmwmna (X)) U rema,
(YHKIIMOHUPOBAHHE KOTOPBIX B 3€JEHBIX JIMCThSIX PACTEHUM M KPOBU YEJIOBEKA U >KUBOTHBIX
OIIPEAEIAIOT BO3MOXKHOCTh MX CYLIECTBOBAHMS U pa3BUTHUsA. M3yueHue npouecca B3auMOJAEHCTBUSA
MEXAY MNPUPOJHBIMU M CHHTETHYECKMMH MOppUpUHAMHU U  OHOJOTMYECKH aKTHBHBIMU
COEMHEHUAMH, BKIIIOUAIOLIETO MEPEHOC JJIEKTPOHOB, DHEPIUM M, B HEKOTOPBIX CIyYasX, CTaguu
HAJMOJIEKYJIIPHOW CaMOOPTaHM3allud W HUIPAIOLIEr0 BaXKHYIO poJib B (DU3MKO-XMMHUYECKUX H
¢dboToOnoMOrNUecKuX mpoleccax, SBISETCS CYLIIECTBEHHOW 3amayel mpu Toucke (QU3HKO-
XUMHUYECKUX MOJIENeH, MO3BOJIAIOMIMX BBISBUTH (DYHKIIMOHAIBbHBIE OCOOEHHOCTH OpraHU3alluu
IpUPOJHOro (OTOCHHTE3a. B HeM 371eKTpoHBI OT Mosekyn xjuopodmuia (Xi) B BO30YXICHHOM
CHUHTJIETHOM COCTOSIHUM IIOCJIEIOBAaTENbHO TMEPEAAl0TCsl MO AJIEKTPOHTPAHCHOPTHOW IenHu C
yJyacTHeM OOpaTHMBIX MEPEHOCYMKOB, TaKUX KaK HHUKOTHHAMUAAJCHUHIUHYKIeoTHI(dochaT
(HAI®). Monexyna HAJI® oOHapykeHa BO Bcex THMaxX KJIETOK. B xjopormiactax pacTUTETbHBIX
KJIETOK NpHU CBETOBBIX peakiusx (orocunTesa HAJI® BoccraHaBiuBaeTcs, MpuHUMas Ha ceOs
BOZIOPOJ U AJIEKTPOHBI (heppeloKCHHa, U 3aTeM OOEeCIeurBaeT BOAOPOJIOM CHHTE3 YIJIEBOJOB B
TEMHOBBIX peakuusax nukiaa Kanpsuna [1]. DHepreTuka u [uHamMHuKa repeHoca 3JeKTpoHa oT XII K
HAJI® u3ydeHbl JOCTaTOYHO MOJPOOHO HAa HATUBHBIX OOBEKTaX M B YCJIOBUAX, MOJEIUPYIOIIMX
KOJIMYECTBEHHBI COCTaB (POTOCHHTETHYECKOro ammaparta. OJHAKO, CIOKHOCTh MOJIEKYJISIPHON
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ctpyktypsl HAJI® u Hanmmume 1mosoc moryionieHus: B BUANMOM o01acT U OmkHeM Y D-nuamna3one
MIO3BOJISIET TAKXXE HE HUCKIKYaTh W albTepHATHBHbIE NMyTH B3aumonencteuda HAID c¢ X B
3aBUCUMOCTH OT MX KOJUYECTBEHHOTO cooTHomieHus. I[lpy 93ToM  BO3MOXHO  Kak
KOMIUIEKCOOOpa3oBaHue, Tak W IMEPEHOC JHepruu Bo30yxkaeHus. llodtomy, mis 0OBEKTUBHOMN
OLICHKH PEaKIIMOHHOM CHOCOOHOCTH MOP(GUPHHOB MO OTHOLIEHHIO K Pa3IMYHBIM IO MHPUPOJE
MoOJIeKyJaM  Ooyiblloe  3HAYCHHWE HWMEeT  M3Y4YeHHE  B3auMOJEHCTBHA — Xxjopodumia ¢
(hOTOUYBCTBUTEILHBIMU aKienTopamMu iekTpoHa HAJI® B mmpokoM MHTEpBae KOHIICHTPALUHA C
HCII0JIb30BAHUEM CIEKTPAJIBLHBIX METO/IOB.

B skcnepumente ucnonb3oBanu pactBopel X1 1 HAID ([Xn] = 1 .107° M, [HAAD] =
5.10° - 5.10° M) B BogHO->TaHOIBHON cMec 1:1. CeKTpbI OMTHYECKOro morsomenus (200—
900 M) peructpupoBaiu ¢ nomouipto UV-VIS cnekrpodoromerpa TU-1901 dupmer «Beijing
Purkinje General Instrument Co, Ltd». AHamu3 IUI0XO pa3pelIEHHBIX CICKTPOB IOTJIOMICHHUS
IIPOBOAMJIM Ha OCHOBE pPAa3jOXKEHHUS €ro Ha IayCCOBBI COCTaBisolIMe. Perucrpauusi CrekTpoB
¢dbayopecrieniiun B obsmactu 600—800 HM MPOBOAMIN C HMCHOJIB30BAHUEM CIEKTPOQIyOpUMETpa
«®Dmoopar-02 Tlanopama» ¢Gupmsl «JIromMdKey». JnrHa BoHBI BO30Y)IeHHs cocTaBisuia 430 HM.
Bce u3mepeHus mpoBOAMIIM MPU KOMHATHOM TeMIiepaType B CTaHIAPTHBIX KBapIEBBIX KIOBETAX
K10 ¢ qynHo# ontuueckoro nmytu 1 cM.

B Boano-3TaHONbHOM cMmecu (1:1) B cTpykType criekTpa moriomieHus: XJ1 HabIoJaloTcs ABa
OCHOBHBIX MaKCHMyMa, cOOoTBeTcTBYIoMIHE rosioce Cope nipu 435 am u Q-mostoce npu 668 HM (puc.
1). B ciekTpax (hayopecueHIuu CONepKUTCS OCHOBHASI TI0JI0CAa SMUCCUU MPHU 673 HM U MU0 MPH
730 uMm (puc. 2). Jo6asnenue k pactBopy Xu B BogHom stanHosie HAJI® no konuenrpanuu 5 - 104
M He mNpUBOAUT K U3MEHEHHSM B CIEKTPE TMOIJIOMEHus XJI, OJHAKO MHTCHCHUBHOCTh
bayopecueHIMU X1 U3MEHSIETCS CaMbIM CYIIECTBEHHBIM 00pa3oM, YMEHBIIASCh MPU YBEIUUECHUU
koHnentpauuu HAJI® na mopsimok (puc. 1). M3BecTtHO, uTO TylieHHe (DIyOpEeCHEHIIMH MOXKET
MMETh Pa3IMYHbIe MEXAaHU3MBI: MEPEHOC DHEPrHH, U3MEHEHHE BHYTPUMOJEKYISPHBIX KOHCTAHT,
Jerpajanus AJIEKTPOHHOTO BO30YXKIACHHS, MEXKMOJEKYJSIpHBIA TiepeHoc »diekTpoHa [2]. B
paccMaTpuBaeMbIX pacTBOpax MEPEHOC SHEPTUU ANEKTPOHHOTO Bo30OyxkaeHus oT Xia k HAJID mo
CUHTJIETHBIM YPOBHSIM HCKIIIOYEH, TaK Kak mojioca norjiomenus HAJI® (MakcuMyM MOTJIONICHUS
260 HM, IIMHHOBOJHOBBIN Kpait mornomenus 300 HM) JIeKUT B 0ojiee KOPOTKOBOJIHOBOM 00s1acTu
0 OTHONIEHUIO K mojoce Quryopecuenumu Xi (puc. 1, 2).

ONTHYECKas INIOTHOCTH D

T T T T T T T T 1
250 300 350 400 450 500 550 600 650 700

A, HM

Puc. 1. Cnextpsl mornomeHus cucteMbl Xa—HAJ[D.
KonuenTpanusa X 1 - 10° M. Konuentparmus HAA®D: 1 -5 - 10°M,2-1-10°M,
3-25-10°M,4-5-10°M,5-25-10*M,6-5-10"M,7-5-10° M.
XJ1 — pacTBOp HHIMBUAYATHLHOTO XJI0pOhHILIa
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Puc. 2. Cnektpsl puryopecternmu cucteMsl Xia—HAID.
Konnentpanus Xmn 1 - 10° M. Konnentpauus HAIA®D: 1 -5 - 10 M,2-1- 10° M,
3-25-10°M,4-5-10°M,5-25-10"M,6-5-10*M,7-5-10° M.
XJ1 — pacTBOp MHANBUYaJIBHOTO XJIOpOdHILIa

Haubonee BeposSTHBIM MEXaHHU3MOM TYyIICHHUS (QuyopecleHIMH XJI B JAHHOM CIy4dae
SIBJISIETCSL TIEPEHOC 3JICKTPOHA MEXKAY JOHOPOM — BO30YXKIACHHOM MoJieKyiaol XJI U aKIEenTOpoOM
anekTpoHa — HAJI®, 1o ecTh TyuieHne (QIyOpeCHeHIMH W MEPEHOC 3JIEKTPOHA MPOUCXOMAST IO
JTUHAMUYECKOMY MEXaHU3MY, PEalu3yeMOMY IpPU CTOJKHOBHUTEIBHBIX B3aUMOJCUCTBUAX XJI U
HAJI®. Onnako npu KoHieHTpauuu Xi 1 .10° M u HAJI® Goxnee 5 - 10% M HaOJIFO1aeTcs
CyLIECTBeHHasl TpaHchopMalus CHEKTPOB MOTJOMIEHUS U (IIyOpEeCIeHIIMH, KOTOpas B ciydae
CIEKTPOB TOTJIOMICHUSI HE MOXKET OBITh OMUCAHA CYNEPIO3UIIMEN HHINBUIYAIbHBIX CIIEKTPOB XJI U
HAJ1®. HabmronaeMslit 3 dekT CBUAETENBCTBYET O JOCTATOYHO CUIILHOM B3aUMOJICHCTBUU MEXKIY
T-3JIEKTpOHHOM cuctemor Xi u mojekyinamu HAJI® u yka3piBaeT Ha 00Opa3oBaHHE KOMIUJIEKCOB,
opranu3oBaHHbIX M3 Mosiekyn Xu 1 HAJI®. [Ipy 3TMX KOIMYECTBEHHBIX COOTHOIIEHUAX X1 U
HAI® Takxke nNpoucXoIuT TylieHue dQuiyopecueHuun Xia (puc. 2), HO, MO-BUAMMOMY, IO
CTaTUYECKOMY MEXaHU3MY.

Takum oOpa3oM, B BOJIHO-DTAaHOJBHBIX pacTtBopax Xiua (1 - 107 M) u HAJ® (5 - 10° —
5.10 M) nabmromaercst goropasaeneHue 3apsiaoB, MPUBOJANIEE K JUHAMUYECKOMY TYIICHUIO
¢bayopecueniuu Xia. Ilpu xoruentparmu HAJID 5 - 10 M u 6osee HaOII01aeTCs CYIIECTBEHHAS
TpaHcopMaIisl CIEKTPOB ToromeHuss u  (rayopecueHunn X, CBHUICTENBCTBYIOMIAs O
KOOpAMHAIIMOHHOM B3aumojeicTtBun X u HAJI® ¢ yyacTueM CONpsHKEHHON CHCTEMBI JTBOWHBIX
CBSI3€M MaKpOTreTepoIMKiIa XJIopoduiia, 4yTo, OJHAKO, HE HMCKIIOYAeT ydyacThe HOHA MarHus B
cBs3piBaHun HA JI®, Gnarogapsi HAIMUUIO KUCIOPOICOAEPIKAIINX 3aMECTUTEIIEH B €0 MOJICKYJIE.

Cnucok JIuTepaTypsbl

1. Tapuesckuii .A. OcHoBbl horocunTesa. Kazans: M3n-Bo Kazanckoro yn-ta, 1971. 294 c.
2. Tepenun A.H. ®otonuka monekyin kpacuteneil. JI.: Hayka, 1967. 616 c.
References
1. Tarchevskij I.A. Osnovy fotosinteza. Kazan': 1zd-vo Kazanskogo un-ta, 1971. 294 s.
2 Terenin A.N. Fotonika molekul krasitelej. L.: Nauka, 1967. 616 s.
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BI7KX-MC U3YYEHHUE ITPOAYKTOB OKUCJIEHUA TEHUCTENHA

Kpasuopa Ceersnana CTenaHoBHA, KaHI. XUM. HayK, TOLECHT Ka(eapbl OpraHUueCKON XUMHUH,
HammonansHbI# uccnenoBarensckuil ToMCKHH rocyqapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUH (aKyIbTeT,
634050, Poccus, . Tomck, ip. Jlenuna, 36, E-mail: sskrav@mail.ru
XacanoB Buxtop BazukoBu4, kaHa. XuM. HayK, JOIEHT Kadeapsl opraHuuecKkoi XumMur, HarmonansHb1i
MCCIIeIOBATENbCKUI TOMCKHIA TOCYTapCTBEHHBIN YHUBEPCUTET, XUMUUeckuit (akymnbreT, 634050, Poccus,
r. Tomck, mp. Jlenuna, 36, E-mail: xasanov@chem.tsu.ru

AKTyanbHOCT pabOTBl OOYCIIOBICHA aHTHOKCHIAHTHBIMH CBOMCTBaMH ()JIAaBOHOMIOB U HX BIUSHHEM Ha
OHMOIIOTHYECKHE TIPOLIECCHI.

Llenp pa®oTHI: 3aKiIOYanach B HM3YYCHHH HPOMEXYTOUYHBIX IMPOIYKTOB OKHCIICHHS TeHHCTeHHa 10 (parMeHTam
MOJICKYJIIPHBIX HOHOB.

MeTtobI HCCNENOBaHUS: BBICOKOA()(EKTUBHAS KUIKOCTHAS XpOMATOrpadus ¢ MacC-CIEKTPaIbHBIM JIeTEKTHPOBAaHHEM
(BOXKXX-MC/MC).

PeSyJ’ILTaTI)II TMOJYYCHHBIC JaHHBIC BHOCAT BKJIaJd B YCTAHOBJICHUC MEXaHU3MOB OKHUCJICHUS (bJ'IaBOHOI/I,HOB, HUX CBA3b CO
CTPOCHUEM U 6I/IOHOFI/I'-ICCKOI‘/‘I AKTUBHOCTBIO, HAKOIUICHUE JAaHHBIX TII0 IMOBEACHUIO MOJICKYJIAPHBIX HOHOB IIpU
¢dparmenranuu B yciaoBusx MC-ananusa.

KoaioueBble ci1oBa: reHucTenH, (pyaBOHOU/IbI, OKUCICHUE, MOJIEKYJISIpHBIE HOHBI, (hparmeHTarus, BOXKXX-MC.

HPLC-MS STUDY OF GENISTEIN OXIDATION PRODUCTS

Svetlana S. Kravtsova, Ph.D., Associate Professor of Department of Organic Chemistry, National Research
Tomsk State University, Chemistry Department, 36, Lenin Avenue, Tomsk, 634050, Russia,
E-mail: sskrav@mail.ru
Victor V. Khasanov, Ph.D., Associate Professor of Department of Organic Chemistry, National Research
Tomsk State University, Chemistry Department, 36, Lenin Avenue, Tomsk, 634050, Russia,
E-mail: xasanov@chem.tsu.ru

Relevance of the work: antioxidant properties of flavonoids and their effects on biological processes.

The main aim of the study: was to study the genistein oxidation intermediates from fragments of its molecular ions.

The methods used in the study: High performance liquid chromatography with mass spectral detection (HPLC-MS/MS).
The results: the findings contribute to the establishment of mechanisms for the oxidation of flavonoids and their relation
to the structure and biological activity, the accumulation of data on the behavior of molecular ions in the fragmentation
under MS analysis.

Key words: genistein, flavonoids, oxidation, molecular ions, fragmentation, HPLC-MS

ITpu BbIcOKUX 3HaueHUsIX pH (1aBoHOU B! OJBEPKEHBI JIETKOMY OKUCIIEHUIO O] BIUSHUEM
pas3nuuHbIX okucauTeneil [1], mpexnae Bcero KHCIOpoAa BO3/1yXa, OCOOCHHO IMPH MOBBIIMICHUU
temneparypbl. OOpasyrolyecs MPOIYKTHl OKUCIEHUS MPAKTUYECKH IOJHOCThIO TEPSIOT
OMOJIOTMYECKYI0 aKTUBHOCTH [2—4]. VccnenoBanue myrell (parMeHTaluM MOJIEKYJISPHBIX HOHOB
(1aBOHOUOB MO3BOJISIET YCTAHOBUTH CTPYKTYPY MCXOJHOW MOJEKYNbI, a M0 Hel- U MeXaHH3Ma
okuciaeHud. HakoruieHue naHHBIX 1O (parMeHTanuu (IaBOHOUAOB OOJIEryaeT IOCIETYIONHe
UCCIIEIOBaHUS.

JInst viccrieToBaHuit MCTOJIb30BAI CPABHUTEIIBHO TPY/THO OKUCIISIONINICS TeHucTenH (Sigma,
99 %). B cmecu aneronutpui — 0,1 M docdatnsrit 6ydep pH 7,5-8,0 (50:50) pacTBopsian HaBecKy
(d1aBoHOMAA U PAcCTBOP BBIIEPKUBAIU B a’pOOHBIX YCIOBUAX (TPU JOCTYyNE KHUCIOpOAa) MpH
temnepatype 70-80 °C B TeueHue 24 4acoB, ¢ OCTENEHHBIM TIOHMKEHUEM TemIepaTyps 10 25 °C.

[IponykTsl okucineHusi reHuctrenHa nojnsepraan BOXX anammzy, nHa npubope Dionex
Ultimate 3000. IlosBneHue NPOAYKTOB OKHCIEHUs peructpupoBamn Y® 254 vM, a ans
YCTaHOBIICHHSI CTPOEHHsI ObITH M3y4eHbl MS 1 MS/MS xapakTepuCTHKU CTaHAAPTHOTO TeHUCTENHA
U TPOAYKTOB €ro OKUcJIeHUs. [ 9Toi 1enu ObLT MCIIONIb30BaH TPOWHOW KBaJpYHOJIbHBIN Macc-
cnektpomerp API 2000, xommanuu AB Sciex.
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I'enucrenn B ycnoBusix BOXKX paszgenenusi, mpuBEACHHBIX BBIINIE, OOHAPYKUBAET MUK CO
BpeMeHeM yaepxkuBanus 10,73 muH. B pe3ynpraTe OKMCIEHUS 3TOT UK YIIUPSAETCS C IEPEIHETO
(bpoHTa, U3 Yero MOXKHO CIeNlaTh BBIBOJ 00 oOpa3oBaHMM 0oJiee MOJIIPHOTO COCTUHEHHS, BPEMs
yIIeP)KUBAHMSI KOTOPOTO HE3HAYUTEITFHO COKPAIIAETCS B YCIOBUAX oOpamieHo-(pazooit BOXKX.

B ycnoBusix MS ¢ unrepdeticom ES|I Ha oTpunarenbHbIX HMOHAX HATHBHBIA TC€HUCTCHH
dbopmupyeT curHaia ¢ m/z = 269, coOTBETCTBYIOIUI JASPOTOHUPOBaHHON Mojekyiae [M-H]. B
pekume MS/MS  poauTenbCKuil MOJCKYISAPHBIM HOH M/Z =269 reHepupyer (GparMeHThl ¢
m/z = 241, 151, 135, 133,107, 105, 91. Ha puc. 1 npuBenena cxema U NpoayKThl (hparMeHTaLUH
MOJIEKYJISIPHOTO HOHA IO CBA3SM MPOMaHOBOIO IIUKJIA.

[TpoxyKT OKMCICHUS TeHUCTEHMHA ¢ M/Z = 285 Obu1 aHanu3upoBaH B pexxume MS/MS, criektp
KOTOPOT'O IOKa3ajl HaJIM4ke OCKOJIOYHBIX HOHOB ¢ M/z =257, 229, 151, 149, 133, 121 (puc.2).

ComnocraBneHne MpoAYKTOB (hparMeHTAIUN MOJICKYJISIPHBIX MOHOB MCXOAHON M OKUCICHHOU
(GOpMBbI TeHHCTEHHA MO3BOJIIET YCTAHOBUTH MECTOIOJIOKEHUE JOMOJHUTEIbHON TUAPOKCUIBHON
rpynnsl B Mosekyie (Koiablo B), a mpuBenéHHBIM NpUMEp HIUIIOCTPUPYET CaMy BO3MOXKHOCThb
npumenenuss BOXX-MC/MC g npeiBapuTeIbHOTO YCTAaHOBIICHUS CTPYKTYPBI COSTUHEHUS.
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The paper describes a new colorimetric sensor for determination of heavy metals ions. The colorimetric sensors were
made of optically transparent polymethacrylate matrix (PMM) with physically immobilized analytical reagent which is
responsible for the extraction of the analyte into the sensing material and changing its color. The developed colorimetric
sensor can be used in determination of various heavy metals ions using both solid-phase spectrophotometer and naked
eye.

Key words: colorimetric sensor, transparent polymeric matrix, immobilized reagents, heavy metals
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Optical chemical sensors play an important role in industrial, environmental and clinical
monitoring as a result of their low cost, possibility for miniaturization and great flexibility [1].
Among different types of optical sensor, colorimetric sensors are especially attractive because they
recognize analytes through color change that allows obtaining the visually observed and easily
measurable analytical signal [2, 3]. The measurement of the analytical signal can be carried out
using not only standard spectrophotometric equipment, but some modern engineering solutions like
portable fiber optic spectrometer connected to a laptop or cell phone and also the naked eye without
the use of expensive equipment. Colorimetric sensors usually utilize reagents immobilized in a solid
matrix usually in the form of a monolith or a thin film. The immobilized into the matrix reagents are
responsible for the extraction of the analyte into the sensing material and generating an optical
signal proportional to change in the analyte concentration. Choice of a support matrix depends on
various parameters like permeability for the analyte, mechanical stability and suitability for reagent
immobilization. In the work presented here, we propose to use transparent PMM with physical
immobilized analytical reagents as the sensing phase in an colorimetric sensor for heavy metal ions.
This allows to combine both the solid phase capability to immobilize reagents without losing the
matrix transparence and the reagents capability to participate in the analytical reaction with analytes
accompanied by an optical effect [4].

Methods. The PMM is a specially created material containing functional groups which
provide ability to extract both the reagent and determined substance. PMM in the form of
transparent plate with surface 0,5 cm?, thickness of (0,06-0,08) cm and mass of 0,05 g was
synthesized under laboratory conditions by radical block polymerization [4]. All reagents were of
analytical grade and used as purchased without further purification. Deionized and distilled water
was used in all experiments. The required pH was adjusted using acid (sulfuric acid, nitric acid,
phosphoric acid) and sodium hydroxide. Reagents were immobilized into PMM by adsorption from
a solution in the batch mode. The interactions of analytes with the immobilized in PMM reagents
were studied by solid-phase spectrophotometry under batch conditions. For this purpose, PMM with
an immobilized reagent was put into 50,0 mL of an analyte solution of different concentrations and
pH and stirred for 5-30 min. After that absorption spectra or absorbance of PMM was measured.
Absorption spectra and absorbance of PMM matrix were recorded on UNICO 2800 against a
polymer plate prepared under the same conditions, without reagents. The pH values were measured
by 1-160 ion meter with a glass pH-selective electrode.

Results. The reagents keep the analytical properties after immobilization into PMM. PMM
does not influence upon optical and analytical properties of reagents. The absorption spectra of
immobilized reagents and products of analytical reaction in PMM after contact with determined
substance coincide both in the solution and in the matrix. For example, the complexing reagents
keep the analytical properties after immobilization into PMM. PMM with immobilized complexing
reagents changes color in water solutions after contact with determined metal owing to formation of
complexes into polymeric matrix. Spectrophotometric characteristics of immobilized reagents and
their complexes with metals ions are investigated. The absorption spectra of complexes inside PMM
are similar to obtained in solutions that confirm the formation of complexes with identical structure
both into a polymeric matrix and solutions. Formation of metals complexes with reagents into PMM
depends on pH of aqueous solution. The optimal values pH (pHop) Of metals solutions for
complexing with immobilized into PMM reagents and characteristics of formed into PMM
complexes are resulted in tabl. 1. These characteristics are practically similar to those of compounds
formed in solutions. This leads us to the conclusion that the properties of the reagents in the
solution and in the polymer matrix are similar. Thus, the well-known conditions of the
corresponding reactions in the solution can be used for the reaction in the polymer.
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Table 1
Characteristics of metal complexes in PMM
Color of . )
Reagent Metal complex into Amax, nm R_atlo Mel. R pHopt
PMM in complex
Cu(ll) Violet 555 5-6
Zn(I1) Red 515, 545 5-8
Cd(Il) Red 520, 545 5-7
. Pb(Il) Red 540 1:2 5-8
1-(2-pyridylazo)-2-naphtol Mn(Il) Crimson 515, 540 6-7
Ni(1l) Crimson 525, 565 4-7
Co(ll, 111) Green 580, 620 4-11
Pd(1l) Green 615, 665 1:1 0-4
Hg(Il) Orange 485 1:2 0-3
dithizone Ag(l) Red-violet 520 251 5-11
Pd(1) Brown 450 1:2 2-6
Violet 530 1:1 0-1
2,2’—dipyridyl Fe(Il) Red 520 1-3 4,555
1,10—phenanthroline Orange 510 ' 4555
diethyldithiocarbamate Cu(ll) Yellow—brown 430 1:2 4-8
1:1
diphenylcarbazide Cr(VI) Red-violet 545 diphenylcarba-zonate 0-1
Cr(l1)
Table 2
Optical sensitive membranes on the base of PMM with immobilized reagents
Analyte Immobilized reagent RDC* mg-L* Obijects of analysis
cu(ll) diethyldithiocarbamate — Pb(11) 0,02-1,00
complex
TR 1-(2-pvridvlazo)-2-naphtol o pharmaceutical
Co(ll, 1) (2-pyridylazo)-2-naphto 0,03-0,50 oreparations, water
Ag(l) 0,04-0,80
dithizone
Se(l1V) 0,09-0,50
1-(2-pyridylazo)-2-naphtol
Pd(Il) — 0,1-1,0
dithizone environmental, waste and
2,2°-dipyridyl drinking water
Fe(ll, 111) 1,10-phenanthroline 0,250
Cr(VI) diphenylcarbazide 0,01-0,50

We investigated the raise of selectivity of reagents by the example of DThZ and DDTC at
their use in the form of complexes with metals. This way is based on exchange reaction of one
metal ion on another. The metals ions capable to an exchange were chose accordantly by literature
data so that the determined metal ion formed stronger complex than the expelled from this complex
metal ion. The Pb(ll)—diethyldithiocarbamate (Pb(Ddtc),) is chosen as reagent for determination of
Cu(ll) and Cu(Il)—dithizonate (CuDz) is chosen for determination of Hg (11). The exchange reaction
interacting Hg(Il) with immobilized into PMM the CuDz is carried out with formation of keto-
complex Hg(Dz), at pH of solution Hg(Il) equal 1-2. Replacement Pb(ll) in Pb(Ddtc), on Cu(ll)
into PMM occurs in the pH interval 4,5-6,5. The immobilization of Pb(Ddtc), and CuDz into PMM
was proceeded in two stages. First, the initial sample was exposed to the solution of reagent (Ddtc
or DThZ); then, the plate modified by the reagent was kept in solution of metal ions (Pb(ll) or

cu(ln)).
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Furthermore, immobilized reagents and their complexes with metals do not affect the
transparency of PMM. That allows spending the direct measurement of optical characteristics of a
sensing phase with high accuracy. The sensing phase in the proposed colorimetric sensor for the
determination of heavy metals in various objects using spectrophotometry are presented in tabl. 2.
The relative standard deviation for these determinations was in the range of 3-20 % depending on
analyte concentration.

The aim of this paper is to present an easy-to-use optical-sensing material. The proposed
colorimetric sensor on the base of PMM can be used for determination of heavy metals without the
use of expensive equipment. The analysis with application of the presented sensors is simplicity,
rapid, sensitive and inexpensive.
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OmHUM U3 YCIIOBHI HOPMAaIBHOTO (PYHKIMOHHUPOBAHHS OpPTaHU3MA SIBIICTCS CTA0MIBHOCTh €r0 XHMHUYECKOTO COCTaBa.
W3MeHeHns conepKaHus XUMUIECKHX JIEMEHTOB, 00YCIIOBICHHBIE SKOJOTHUSCKUMH, KITMMATOTeOrpadUIeCKUMH H JIp.
(akTopamu, MOTYT MPHBOJAUTH K MATOJOTMYECKAM OTKJIOHEHHSM 3JI0pPOBbs ueinoBeka [1]. B coBpeMeHHOU MpakTHKe
JAAArHOCTUKHW MAakKpo- U MHUKPOIJIEMCHTOB B OPraHMU3ME€ 4Y€JIOBCKA CYHICCTBYIOT MCETOJbI UX ONPEACICHUA B HeJ’lBHOﬁ
KpOBH, MOYe, BOJOCaX, CIIOHE, 3yOHOM JEHTHHE M KOCTHOM TkaHM. Cpeau yKa3aHHBIX OMOJIOTHYECKHX CyOCTpaTroB
BOJIOCHI, Kak OOBEKT HCCIeoBaHUs, Oojiee MPeANOUYTHUTENbHB. WX OTIWYaeT JOBOJILHO MOCTOSIHHBIM XUMHYECKHMA
coctaB (Omarogaps KepaTHHOBOW HApYKHOH 000J0YKe), BBICOKAS KOHIICHTpAIUS MHKPOAJIEMEHTOB BCIIEACTBHE
CBA3BIBAHUA C THOJIOBBIMH TIpyHnIiaMd HUCTECUHA W HAKOIUICHHWA, Majlagd 3aBUCHUMOCTb OT CHUCTEM, PEryJIUupYyrOIUX
romeocrta3s (BOCCTaHOBJICHHE YTPAau€HHOTO PABHOBECHSI), BOSMOXXHOCTh HEOTPAaHUIEHHOTO XpaHEeHHE Oe3 CIeHaIbHOTo
000pyioBaHusI, HEMHBa3UBHOCTH ITPU 0TOOPE NMPOO M JIETKOCTH Y/aIeHHs BHELIHNX 3arpsi3HEHHH.

AxXTyansHOCTE paboThl 00ycioOBiIeHa ASUIMTOM IKCIPECCHBIX, METPOJIOTHUECKH aTTECTOBAHHBIX METOJMK aHaln3a
6rocyOCTpaTOB YEI0BEKa, B TOM YHCIIE BOJIOC.

Llens paboTsl 3ariovanach B pa3pabOTKe METOAWKH KOJIMYECTBEHHOTO OIpPECNICHUS] MaKkpo- U MHUKPOIJIEMEHTOB B
BOJIOCAX MAlMEHTOB C LENbI0 JUAarHOCTHKHM pa3JIMUHBIX 3a00JI€BaHWH W BBIABICHUS KJIMHHUKO-J1a00paTOPHBIX
KOppesiui.
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Metoapl HccIeNOBaHUSA: JIyroBas aTOMHO-I)MHCCHUOHHAs CIEKTPOCKONMS C MHOTOKAaHAJIbHBIM aHAIU3aTOPOM
smuccuoHHBIX cnekTpoB (JJADC ¢ MADC), macc-cieKTpoMeTpusi ¢ MHAYKTUBHO-cBsi3aHHOM mnaszmoi (MCII-MC),
aToMHO-abcopOumonHas criektpomerpust (AAC), ciekrpodoTomepusi, MUK-criekTpockomus.

PesynbraTel: PazpaboTana yHuBepcaibHash METOAMKA JyroBOTO CIIEKTPAILHOTO aHalli3a BOJIOC HA colepikaHue Ooiee
4eM 25 3IIEMEHTOB IS TUarHOCTUKH 3a00JI€BaHNI M OLIEHKH CPEJIbl OOMTaHMUS YEIOBEKa.

KnaroueBble ciioBa: OmocyOCTpaThl, 3JIEMEHTBHI, aHAIW3, METOAWKA BBIMOJHEHNS H3MEPEHUH, HPOOOMOArOTOBKA,
aTOMHO-3MHUCCHOHHAs CIIEKTPOCKOIIHNS, MacC-CIIEKTPOMETPHSI C HHAYKTHBHO-CBSI3aHHOH IIa3MOH.

CHEMICAL AND ANALYTICAL CONTROL OF PERSON’S
BIOSUBSTRATES TO DIAGNOSE OF DISEASES AND THE ASSESSMENT
OF INHABITANCY

Irina S. Kuskova, postgraduate student of Department of Analytical Chemistry, National Research Tomsk
State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: kuskova.i@mail.ru
Vladimir I. Otmahov, D.Sc., Professor of Department of Analytical Chemistry, National Research Tomsk
State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: otmahov2004@mail.ru
Elena V. Petrova, Ph.D., Associate Professor of Department of Analytical Chemistry, National Research
Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
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Chemical constituent’s stability of organism is one of the conditions for the normal organism functioning. Changes in
chemical elements content due to environmental, climatic and other factors can cause development of pathosiss human
health deviations [1]. In current practice of organism macro- and microelements diagnosis, there are methods of
definition the elements in whole blood, urine, hair, saliva, tooth dentin and bone. Hairs, as an object of study, are more
preferred among the biological substrates. They are distinguished by constant chemical composition (due to the keratin
outer shell) and high concentration of microelements affected by binding with the thiol groups of cysteine and
accumulation. Also by small dependence on the systems that regulate homeostasis (restoring the lost balance) and
possibility of unlimited storage without any special equipment, non-invasive sampling and easy of remove external
contamination.

Relevance of the work is determined by the scarcity of express, certified metrological techniques analysis of human
biosubstrates, including hair.

The main aim of the study: the development of method to quantify of macro- and microelements in the patients hair for
diagnosis of various diseases and to identify clinical laboratory correlations.

The methods used in the study: atomic emission spectroscopy with direct arc with application of multichannel analyzers
of emission spectra (DAES with MAES), inductively coupled plasma mass spectrometry (ICP-MS), atomic absorption
spectrometry (AAS), spectrophotometry, infrared spectroscopy.

The results: A universal method of hair content arc spectral analysis for more than 25 elements was developed for
diagnosis diseases and assessment of a condition of habitat of the person.

Key words: biosubstrates, elements, analysis, method of measurement, sample preparation, atomic emission
spectroscopy, inductively coupled plasma mass spectrometry

KonnyecTBeHHOE oOIpenesieHne Makpo- M MUKPO3JIEMEHTOB B KOHIIEHTpaTax HpoO BoJOC
MIPOBOJIMITA METOJIOM JYTOBOM aTOMHO-3MHUCCHOHHOU criekTpomeTpun ([IADC) ¢ ncnonp3oBaHuEeM
koMmiuiekca «['panHay», BKIIOUAIOMIETO  CHEKTPOAHAIUTHYECKU  TeHeparop  «Be3yBuii-3»,
nonuxpomatop «PoynaHa» W MHOTOKaHAJIbHBIM aHAIU3aTOpP AMHUCCHOHHBIX crekTpoB (MADC)
(HITO «Omntosnexktponukay, Poccust). IIpoOGsl Bojoc (00e3KUpEeHHBIE aleTOHOM, IPOMBITHIE
OMIMCTUILUTMPOBAHHOW BOMOM W  BeICymieHHbIe) Maccord 0,5000-1,0000r momemanu B
MpeIBapUTENIbHO TPOKAJCHHBbIE U B3BeUICHHBbIE KBapueBble TUrIU. JoGammsmu 20 mxn HpSOq4
(koHII.) W 03077 B MyQeabHON TMeYd [0 CBETJIOTO0 OCTaTKa, IOCTENEHHO TIOBHIIIAs €e
temneparypy a0 450-500 °C. OxjaxxaeHHbIE TUTIIM B3BEUIMBAIM, NOOABISUIM K MHUHEPATILHOMY
ocraTky rpaduToBbiii mopomok (OCY-6-4) w TmAaTenpHO MEpEeMEINBAIA O OJHOPOIHOTO
coctosinusi. HaBecku mpo0® u cranmaptHeix obpasnoB (CO) cocraBa rpaduTOBOrO KOJUIEKTOpA
mukpornpumeceir COI'-37 (I'CO 8487-2013) maccoi 0,015 r ucnapsuim u3 KaHajga rpaguTOBOTO
anekTpoza. s mpuBeieHus B CTPOroe COOTBETCTBHE MPOO BOJIOC CO CTAHJAPTHBIMU 00pa3liaMu Ha
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rpaguTOBOM OCHOBE HEOOXOAMMO OBLIO YCTAaHOBUTH MPHUPOAY 30JIbHOTO ocTarka. OmnpeaereHue
MaTPUYHBIX 3JIEMEHTOB B 30J1€ IIPU pa30aBiIeHUNU ee TpadUTOBBIM MOPOLIKOM B cooTHOIeHUH 1:100
npoBoauan mertoaamu JJADC ¢ MADC. [Ins npoBepKU MPaBUIBHOCTH PE3YJIbTATOB MCIOJIb30BAIH
metoapl MC-UCIT (Agilent 7500 cx, «Agilent Technologies», CIIIA), AAC u I[I®d (SOLAAR
cepun S, «Thermoelectron», CIIIA). V3 mpoBeneHHBIX HCCIIEIOBAHWN YCTAaHOBJIEHO, YTO 30Jia
BOJIOC COCTOMT, TJIaBHBIM 0Opa3oM, M3 CIEAYIOUIMX JJIEMEHTOB B MOPSAKE BO3pACTaHUS HX
conepxkanusi B mpobax: Ca> Mg> Zn> K> Na> P. [Ipuuem copepkaHue KaJibIUsl TPEBOCXOIUT
COJIep’KaHUE JpYrux DdJIEMEHTOB Ioutu Ha mnopspok. C nomompio MK-cnexkrpockonuu ¢
ucronb3oBanueM Dypbe crekrpomerpa «Nicolet 6700» ycTaHOBIEH aHUOHHBIA COCTaB 30JIbI,
KOTOpBIM IOKa3aja, 4TO OCHOBHAs I10JI0CA IOIVIOIIEHUS JIEKUT B uHTepBaie 1250-1000 oM u
MPUHAJUICKUAT CYJIb(paT-uoHAM S04, TaKKe UM COOTBETCTBYIOT MOJIOCKHI morjonieHust 678 u 612
cM . HeGombmroii mepern6 B obmacti 1100-1000 cv ' mpumamrexur docdar-nonam PO,
TTonoce! mormomenus 1490-1410 CMfl, a Takxke 878 et MpUHAJICKAT KapOOHAT-aHHOHAM COng
[3]. Takum obpa3om, o pesynbpratam MK v aTOMHOMN CIIEKTPOCKONUU MOYKHO CZEIaTh BBIBOJ, YTO
30J7a BOJIOC MPEHMYILIECTBEHHO COCTOMT U3 cCyinbdaTa KajblUs C MPUMEChI0 KapOOHATOB H
¢docdaroB. YcraHOBICHHBIE 3aKOHOMEPHOCTH TI0 MAaTPHYHOMY COCTaBYy 30JIBHOTO OCTaTKa BOJIOC
noATBepkAeHbl Ha mnpumepe Oonee 100 manuenToB. Pe3ynpTaTsl ompeneneHuss MaTPUUHBIX
AJIEMEHTOB IIPU PA3IMYHBIX CTEMECHAX Pa30aBICHUS MOKa3alld, YTO 307y HEOOXOAMMO pa30aBIIsATh
rpadurom He menee yeM B 100 pa3. IIpoBepka mpaBMIBHOCTH MPOBOAMIACH IO METOIY J100aBOK.
Opnnako ompeneneHue 0onpIIOTO Yncia npuMeceit Ha yposae 1-100 ppm Ge3 yuera MaTpu4HOTO
BIUSIHUSL JIaeT 3aHIDKEHHBIE pe3ynbTarhl. [loaTOMy ansi mpuBeAEHHUS cOocTaBa Ipod B CTpOroe
COOTBETCTBHE C IOCYJapCTBEHHBIMH cTaHAapTHbIMU oOpa3uamu (CO) COI'-37 (I'CO 8487-2013), B
COCTaB MOCIEAHUX B KaueCTBE MOIUGUIIUPYIOLIEH 100aBKU BBOAUIU CYIb(aT KaIblUs, HaKaIlbIBas
€ro HACBHIIICHHBII PAacTBOP HEIMOCPEICTBEHHO B Kparep rpaduroBOro 3jiekTpona. Pesynbrarsl,
nosiydeHHble oTHocutenbHO CO ¢ nob6askoit CaSO,, cpaBHUBANMYU C pe3yibTaTaMu, MOTYy4YEHHBIMU
JOPYTUMHU aHAIUTUYECKUMU METoAamMHu (TabiL.).

Pe3yJ’leaTbI 3JIEMEHTHOI'0 aHAJIN3a BOJIOC*

S IeMeHT ConiepkaHue 37eMeHTOB (MKI/T), yCTAaHOBJICHHOE METOAAMH
A3C c MADC MC-UCIT AAC, I1d u COM
Al 125 138 —
Ca 5590 5260 —
Cu 23 22 —
Fe 37,1 38,2 34,4
Mg 798 835 —
Mn 4,6 4,1 4,5
Ni 4,8 57 —
P 16,6 — 15,7
Pb 0,34 0,24 —
Si 280 — —
Sn 2,6 2,9 —
Sr 32,7 29,0 —
Ti 2,5 3,0 —
Zn 470 380 537
Zr 78,9 71,2
Na — — 150
K — — 213

*TlorpemHocTs onpeaeneHus He npesbimaer 10 otH. %.

B cootBerctBHM ¢ moaxomamu 1o pazpadotke meromuk (JADC ¢ MADC) [4] co3mana

METOJHKA IJIA aHaJlu3a 6H00y6CTpaTOB " NPOBCACHA €€ METPOJIOTNYUCCKAd aTTCCTAllUA.

BreiBonbl. Pa3zpaboTana Meroanka aHATUTHYECKOIO KOHTPOJIS OMOCYOCTpaToOB 4eIoBEeKa C

OCJIIBO JUAarHOCTUKH 3a00JIeBaHUN U OLIEHKHU YKOJIOTHYECKOM 0e30IMacHOCTH CpCabl 0o0HuTaHMUs.
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V]IK 543.544.45
CUHTE3 XEJATCOJEPXKAIIIMX COPEEHTOB JIJISI T'A3OBOM
XPOMATOI'PA®PUHU U UCCIIEJOBAHHUE UX PUIUKO-XUMHNYECKUX
XAPAKTEPUCTHUK

MaxkapsbiueBa Asekcanapa Uropesna, acniupant, HaurionanbHbIi vccienoBatenbckuil ToMCKuid
rOCYJapCTBEHHBIH YHHUBEPCUTET, XUMHUUECKH (akynbTeT, 634050, Poccus, r. Tomck, mp. Jlenuna, 36,
E-mail: sandra_tsu@mail.ru
IHonomapenko Anuna KoncranTunoBHa, cTyneHT, HauroHansHbIM HccneaoBaTenbckuil ToMckuii
rOCYJapCTBEHHBIH YHHBEPCUTET, XUMHUUECKH (akynbTeT, 634050, Poccus, r. Tomck, np. Jlenuna, 36,
E-mail: alina.ponomarenko.23@mail.ru
CauzxoB FOpuii 'enHaabeBUY, KaH]. XMM. HAYK, IEKAaH XUMUIECKOTO (aKyJIbTeTa, 3aBE YOI
kadeapoii oprannveckor xumuu, HarmoHanbHbIN HccIen0BaTeIbCKUH TOMCKUH roCy1apCTBEHHBIN
YHUBEPCHUTET, XUMHUueckuil pakynbret, 634050, Poccus, r. Tomck, np. Jlennna, 36, E-mail: decan@xf.tsu.ru

AxTyansHOCTE paboThl 00ycIIOBIEHa pa3HOOOpa3zWeM 3a/ad, CTOSIIUX Iepe] METOJOM Ta30BOH Xpomarorpaduui,
KOTOpBIE TPEOYIOT IeIeHAPaBISHHOTO CO3JaHNsI HOBBIX COPOEHTOB IS pa3JesIeHHsI CIIOKHBIX CMecell OpraHNYeCKUX
COEIMHEHU.

Lenb paboTel 3aKiIfoYaniack B HCCIECIOBAHUM (PH3UKO-XMMHUYECKHX CBOICTB XpoMaTorpauuecKux COpOEHTOB,
MOIH/I(I)I/IHI/IpOBaHHBIX 8-OKCHMXMHOIMHATHBIMYM KOMILIEKCAMU MNEPEXOJAHBIX METAJUIOB, a TAaKXEC B YCTAHOBJICHUH
BJIMAHUA MIPUPOAbI METAJIJIa U KOJIMYECTBA UMIIPETHUPOBAHHOI'O XCJIATHOI'O KOMIIJICKCA Ha IMOJAPHOCTD, COp6HI/IOHHBIe
U CEJIEKTHBHBIE CBOCTBA CHHTE3UPOBAHHBIX MATEPUATIOB.

Mertons! uccnenosanus: MK-, KP-cnekrpockonusi, TEpMUYECKHH aHalW3, pacTpoBas 3JIEKTPOHHAs MUKPOCKOMHS,
PEHTIEeHOCTIEKTPAIBHBII MUKPOAHAJIN3, a/ICOPOLIMOHHAS TOPOMETPHS, Ta30Bas Xpomarorpadus

PesynbraTel: B pabote nomyueHsl copOeHTsl Ha ocHOBe Cuioxpoma C80, MoaupHUIIMPOBaHHOTO 8-OKCHXUHOJIMHATAMA
Cu(ll), Co(ll) u Ni(ll). TlocpenctBam KomIuleKca (DU3HKO-XHUMHYECKHX METOJOB HCCIEHOBAaHBI HX CTPYKTYPHO-
COpOIIMOHHBIE XapaKTEPUCTUKH M Xpomarorpaduyeckue cBoiicTBa. [IpoBeneHa cpaBHUTENbHas KOJIMYECTBEHHAS
OIIEHKa IOJISIPHOCTH MOJYYEHHBIX COPOCHTOB C TMOMOIIbI0 K03((dHUIMEeHTOB mosapHOCTH PopuHaiizepa, Ha OCHOBE
TEPMOJUHAMHUYCCKUX MHNAHHBIX, a TaKXE C HMCIOJIb30BAHUEM MOJICIHN COJbBATAIMOHHBIX IapaMETpOB A6an3Ma.
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YCTaHOBHeHO, YTO MpUpoga BXOAAIIETO B COCTAB XCJIATOB METaJlJIa U CTPOCHUEC KOMITJICKCA OKAa3bIBAIOT OIIPEACIIATIOICE
BJIMSAHHUC HA (IJI/ISI/IKO'XI/IMI/I‘IGCKI/IC CBOMCTBa cop6eHTa.

KiaroueBble cjioBa: rasoBas XpOMaTOFpa(l)I/IH, XeJaTcoacpiKaume COp6eHTLI, OKCUXHHOJIMHATLI, MOJIAPHOCTH, MOJCIIb
COJIbBAaTallTUOHHBIX IMapaMeTpPOB

SYNTHESIS OF CHELATE-CONTAINING SORBENTS FOR GAS
CHROMATOGRAPHY AND STUDY OF THEIR PHYSICO-CHEMICAL
CHARACTERISTICS

Aleksandra I. Makarycheva, postgraduate student, National Research Tomsk State University, Chemistry
Department, 36, Lenina Avenue, Tomsk, 634050, Russia, E-mail: sandra_tsu@mail.ru
Alina K. Ponomarenko, student, National Research Tomsk State University, Chemistry Department, 36,
Lenina Avenue, Tomsk, 634050, Russia, E-mail: alina.ponomarenko.23@mail.ru
Yuriy G. Slizhov, Ph.D., Dean of Chemistry Department, Head of Chair of Organic Chemistry, National
Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: decan@xf.tsu.ru

Relevance of the work connected with a variety of gas chromatographic tasks, which require purposeful creation of
new sorbents for gas chromatographic separation of complex mixtures of organic compounds.

The main aim of the study was to investigate physico-chemical properties of the chromatographic sorbents modified
with 8-oxyquinolinates of transition metals, as well as to find out the influence of the nature and amount of the metal
chelate complex on the polarity, selective and sorption properties of the synthesized materials.

The methods used in the study: IR and Raman Spectroscopy, Thermal Analysis, Scanning Electron Microscopy, X-ray
Microanalysis, Adsorption Porosimetry, Gas Chromatography

The results: new packings based on Silochrome C80 modified with 8-oxyquinolinates Cu(ll), Co(ll) and Ni(ll) were
prepared. Their structural, sorption characteristics and chromatographic properties were investigated through a complex
of physico-chemical methods of analysis. The polarity of obtained sorbents was studied and compared by analysis of
Rorshnayder’s polarity indexes , thermodynamic data and using the model of solvation parameters. It was found that the
nature of metal and complex structure influence on the physico-chemical properties of the sorbent.

Key words: Gas Chromatography, Chelating sorbents, Oxyquinolinates, Polarity, Solvation parameter model

MoaudunupoBaHue MOBEPXHOCTH XpoMaTorpaguyecknx MaTephajoB W CHCTEMATHYECKHE
u3yueHue (U3NKO-XUMHUYECKHX 3aKOHOMEpPHOCTEH MX B3aUMOJEWUCTBUS ¢ copOaTaMu pa3iuyHOIo
TUNIA TIO3BOJIIIOT CO3/IaBaTh COPOCHTHI C 3aJaHHBIM KOMIUIEKCOM CBOMCTB Uil PEUICHHUS
KOHKPETHBIX aHATUTHYECKHX 3a]1ad.

B xonme paboThl mony4yeHsl HOBbIE COpOLMOHHBIE MaTepuanbl Ha ocHoBe Cunoxpoma C80,
amcopOionHo  Moaupuimposannoro  8-okcuxuHomumHatamu  Cu(ll), Co(ll) wu  Ni(ll).
[TpumMeHsBIIHECS B KQ4eCTBE MOJU(PUKATOPOB CHHTE3UPOBAHHBIE KOMILJIEKCHBIE COSMHEHUS ObLIN
nuzyuensl Merogamu MK-, KP-cnekTpockonuu ¥ TEpMHUYECKOTO aHaiu3a. Y CTaHOBIIEHBI BEpXHHE
npenensl Iuarna3oHa padoyux TeMmIepaTyp TIOJYYEeHHBIX XpOMaTOrpapUuecKuX MaTepHaos,
kotopele mpesbimaroT 300 °C.  MeromamMu  pacTpoBOW  DJIEKTPOHHOW  MHKDOCKONMHM U
PEHTTeHOCTIEKTPAILHOTO MHKpPOAHAJIM3a TI0KAa3aHO JOCTaTOYHO PAaBHOMEPHOE pacIpeaeieHne
XeNaTHBIX KOMIUIEKCOB Ha TIOBEPXHOCTH copOeHTa. Hanecenue Ha moepxHocTh Cumoxpoma C80
YKa3aHHBIX BHYTPHUKOMIUIEKCHBIX COEIMHEHHWH MPUBOIHWT K CHIDKECHHIO BEIMYMHBI €T0 yIeTbHOU
noBepxHocTu (Ha 7-27 M%/I B 3aBHCHMOCTH OT KOJHYECTBA Xenara), a TaKXe CIOCOOCTBYeT
MOBBIIICHUIO  OJHOPOJHOCTH ITOBEPXHOCTH COpPOEHTa COTJIaCHO JaHHBIM — aJCOpOIMOHHON
nopometpuu [1].

OmnpeneneHbl mnapaMeTpbl yIEpKUBAHUA TECTOBBIX COEIMHEHUIH pa3JIMYHBIX KIJIACCOB,
TEPMOJMHAMHYECKUE XapaKTEPUCTUKH, OICHEHBI A((EKTUBHOCTh W CEIIEKTUBHOCTh, a TaKXKe
T Py31OHHBIE TPOLECCHI IS TPUTOTOBIICHHBIX HACAJOUHBIX KOJIOHOK.

KonnyecTBeHHast OlleHKa MOJISPHOCTH MOTYYSHHBIX COPOCHTOB ObLIa MPOBEICHA C TTOMOIIBIO
ko3 duunenToB noyusipuoctu PopuHaiinepa. Hapsay ¢ atum ananu3 BenuuyuH nuddepeHuaisHon
CBOOOTHON MOJBHON sHeprum aacopoumu (AG) (tabn.l), mapuuanbHON MOJBHOW SHTAIBITAN
pactBopenus (AH) n uzocrepuyeckoit TenaoThl aacopouuu (Q) s cOpOEHTOB ¢ Pa3TUUYHBIMU §-
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OKCUXHMHOJIMHATAMHU METAJIOB MTO3BOJIMJI OIICHUTh XapaKTep MEXMOJICKYISIPHBIX B3aUMOICHCTBUH
cop0aT-coOpOCHT M IPOCIECIUTh UX 3aBUCUMOCTh OT TMPUPOJIBI METAJUIA U KOJIMYECTBA HAHECEHHOTO
xenara. [losydeHHble pe3yiabTaThl OBUIM  COMOCTABJIICHBI C  PACCYMTAHHBIMH  JaHHBIMHU
MOJTYIMITUPUIECKON MOJICITH COTbBATAIIMOHHBIX TTapamMeTpoB Abpaxama [2, 3] (Tabm. 2).

Tao6auma 1
NuddepenuuanbHas cBo0OAHAS MOJIbHAsI JHeprus aacopouun, 150 °C
—AG, xJI>x/MoIb
Copbent Benzon DTaHon MDBK Hurpo- Tupu- —CH,—
TpOTaH JIAH
Cunoxpom C80 4,47 10,83 14,27 12,54 21,11 1,75
Cunoxpom C80 + 8 % Cu(Oxh), 6,37 8,26 12,30 11,69 19,41 2,49
Cunoxpom C80 + 8 % Co(Oxh), 5,64 7,40 11,07 13,93 19,42 2,27
Cunoxpom C80 + 4 % Ni(Oxh), 6,68 6,49 10,14 12,70 20,35 2,65
Cunoxpom C80 + 8 % Ni(Oxh), 4,55 4,68 10,22 12,69 19,45 2,51
Tab6auma 2
KoppeasiunoHHble KOHCTAHTBI JJIS1 HCCJIeyeMbIX cOpOeHToB, 150 °C
CopOent r S a b | iii%ﬁﬁﬁ:ﬁﬁ;
Cunoxpom C80 -0,082 0,042 | 0,023 | 0,478 | 0,079 0,970
Cunoxpom C80 + 8 % Cu(Oxh), —0,058 0,006 | 0,009 | 0,461 | 0,097 0,957
Cunoxpom C80 + 8 % Co(Oxh), -0,074 | 0,102 | 0,030 | 0,297 | 0,110 0,948
Cunoxpom C80 + 4 % Ni(Oxh), -0,070 | 0,044 | 0,004 | 0,359 | 0,108 0,928
Cunoxpom C80 + 8 % Ni(Oxh), —0,081 0,055 | 0,009 | 0,349 | 0,110 0,936

Heo6xonumMo  ormetuTh, dYTO0 B HeinoM  moauduuupoBanue Cumoxpoma  C80
8-oxcuxunommuatamu Cu(ll), Co(II) m Ni(Il) B menom mpHBOAMT K YMEHBIICHHIO TOJSPHOCTH
copOenToB. Ilpu 5TOM HamMmMeHee 3HAYUTEIBHO W3MEHSETCS CIIOCOOHOCTh COPOEHTOB K T-
KOMILJIEKCOOOPA30BaHUIO C MOJIEKYJIaMH copOaToB (Ha 4To ykasbiBatoT 3HaueHus |, AH, Q, AG mis
OeH3oma U KoppersiuuoHHOro koagduimenta r). CoriacHo OIEHKE MOISPHOCTH MO METOAY
Popuinaiinepa, a TakKe IOJYYEHHBIM TEPMOJAMHAMUYECKUM BEIMYMHAM COpPOIIMH TECTOBBIX
COeAMHEHUH, MOAM(PULIUPOBAHHE YMEHBIIACT MOJSAPHOCTH COPOEHTOB IO OTHOLIEHHIO K
AJNIEKTPOHOJOHOPHBIM MOJIEKYJIaM CHUPTOB M KETOHOB 32 CYET CHID)KEHHUS CIHOCOOHOCTH K
00pa30BaHUIO BOJIOPOJTHBIX CBSI3€HM M K JIOHOPHO-AaKLENTOPHOMY B3aUMOJEHCTBHIO C MOJIEKYJIaMU
copbatoB. Eciau o0paTuThCs K KOPPEISIMOHHBIM Kodbduimentam a u b, orpakarommm
CIOCOOHOCTh COpOEHTa K OCHOBHBIM M KHCJIOTHBIM B3aWMOJICHCTBHAM COOTBETCTBEHHO IIpU
o0pa30BaHUM BOJOPOJIHON CBSI3U C MOJIEKYJaMU XpomarorpadupyeMoro BEIIeCTBa, TO OHU TaK¥Ke
yMeHbIatoTces nocie mMoauduimponanus Cunoxpoma C80 xenmatHpIMU KoMIuiekcamu. Hekotopoe
BJIUSIHUE HAHECEHHE OKCHXMWHOJMHATHBIX KOMIUIEKCOB OKAa3bIBAET Ha CIOCOOHOCTH IMOJIy4aeMbIX
COpPOCHTOB K AUCIEPCHOHHBIM B3anMoieiicTBUAM (AG_chH2-, KoHcTaHTa | Bo3pacraror).

Takum oOpa3zoM, B xoA€ palbOThl OBUIO TMOKa3aHO, YTO PA3IHYHBIC TMOAXOABI K OIICHKE
Xpomarorpauyeckoi TMOJSIPHOCTH COPOCHTOB JAIOT BIOJHE COIVIACOBAHHBIE PE3YJbTATHI.
KoHcTaHTsl MoOJenu coJIbBaTallMOHHBIX I1apaMeTpOB, HE 3aBHUCAIIUME OT MPHUPOJBI TECTOBBIX
COeMHEHUH, NaroT MH(POPMALMIO O CBOMCTBAX COPOIMOHHBIX MAaTEpUAOB, COOTHOCSIIYIOCS C
BBIBOJIaMU KJIACCUYECKUX TOJXOJOB MO ONPEIETICHUIO MOJSPHOCTH. YCTAHOBJIEHO TakKXke, 4TO
noJisipHocTh MoauduuupoBaHHoro Cunoxpoma C80 He3HAYUTENBHO KOPPETUPYIOT C KOJIHMYECTBOM
HAaHECEHHOI'0 XejlaTa U OCHOBHBIMHU (pakTOpamu, BIMSIOIMIMMU Ha XpoMaTorpauueckue CBOWCTBA
copOeHTa, MO-BHUIMMOMY, CIEAYET CUMTAThb HMPUPOJIY BXOJAILIETO B COCTaB XE€JIAaTOB MeTalla U
reOMETPUI0 KOMILJIEKCA.
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VK 53.06: 53.043: 54.03
ONPEJEJEHUE COJAEPKAHUSA NPUMECHBIX DJIEMEHTOB (Li, Al,
Ca, Na, K, Mg, Fe u Mn) B TIPUPOJJTHOM KBAPIIE METOJ0M MACC-
CIIEKTPOMETPHUM C UHIYKTUBHO-CBSI3AHHOM IVIABMOM U
JA3BEPHOM ABJISIHUEN
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AKTyanbHOCTh pabOTHI O0OYCJIOBJICHA HEIOCTATOYHBIM HCCICOBAHUECM BIUSHHUHA MAapaMETPOB JIA3EPHOTO H3IYyUCHUS
IIPH OTIPE/ICIICHUH 3JICMEHTOB-TIpUMecel B Ta30BO-KuAKkux BrroueHusx (I7KB) B ucxomHoM 0co00 4UCTOM KBapleBOM
ceipe. OcHOBHas 1edb pabOTHl 3aKiOYalach B HCCICJOBAaHUM OCOOCHHOCTEH HWCHapeHwWs KBapIuTa U
MPUCYTCTBYIONMX B HEM MHKPOBKIIOYCHHH MOCIE MOA0Opa ONTHMAIBHBIX MapaMEeTPOB JIA3EPHOTO H3IYYCHUS C
MOCTICTYFOIIUM aHAITM30M MHUKpPO3JeMeHTHOro coctaBa nmpumeceii (Li, Al, Ca, Na, K, Mg, Fe u Mn). bsutn BeIoTHEHBI
npenBapuTeIbHbIE MHKPOCKOMMYECKHE METOMIbl HccienoBaHuss o0pasuoB Ha Mukpockone Olympus BX51, ¢
JajdbHEHIIMM HMX aHAJU30M MPH TOMOINM KOMIUIEKCa Jia3epHOi aOJsiiid Ha OCHOBE KBaJAPYIOJBHOIO Macc-
criektpomerpa NexION 300 D u mazepnoit mmatdpopmel NWR-213 Ha ocHoBe TBepaorenpbHoro Nd:YAG maszepa ¢
paboueit amuHOM BoaHBI 213 HM. OOHApY)KEHO, YTO MPOIECC ONTUMAIBHOTO JIA3epHOTO TUTaBlieHus u ucnaperus [ KB
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B IPUPOJHOM KBaplLie 3aBHCHT OT psifia (paKTOPOB: IMapaMeTpPOB HM3IY4eHUs (JJIMHBI BOJHBI, MOIIHOCTH, IUIOTHOCTH
SHEPTHH); XUMHUYECKOTO COCTaBa UCCIIEAYEMBIX 00pa3lioB; CTPOSHUSI MUHEPAJIOB M CBOWCTB OBEPXHOCTH; IPUCYTCTBHS
MIPUMECHBIX M COOCTBEHHBIX Je(eKTOB CTpyKTypbhl. OOHApYXEHO, YTO MPOLECC JIA3EPHOI0 MCHAPEHUS B KaXKIOM
KOHKPETHOM Clly4ae HMMEET JOCTATOYHO WHIMBHIYalIbHBIH XapakTep, YTO BIIOCIEJICTBHU TpeOyeT ero MnoJpoOHOTo
W3YYEHHS AJIS yIy4IIeHUs aHATUTHYECKHX XapaKTepUCTHK MpHu ucciepoBanmu npumecei JIA-MICII-MC-metomoMm, a
TaKKe U ONTHUMHU3AINH YCIOBUH MPOBEACHUS JTa3epHON a0y Ipod «CyNEepPKBApIUTOBY M KBapla B LEJIOM.

KnaroueBble c0Ba: Macc-CIEKTPOMETpHS C HMHAYKTHBHO-CBSI3aHHOM IIIa3MOM, Ja3epHas aOisanms, Jia3epHoe
HCTIapEHHE, SIIEMEHTHBIN aHaIN3, KBapll, «CYNEpKBAaPLUT», Ta30BO-KUIKHE BKIIOUCHNS, CTAHAAPTHBIE 00pa3Ibl.
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(Li, Al, Ca, Na, K, Mg, Fe and Mn) IN THE NATURAL QUARTZ BY
INDUCTIVELY COUPLED PLASMA MASS-SPECTROMETRY AND
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The relevance of the work due to insufficient study of the influences of the parameters of laser radiation in the
determination of trace elements in the gas-liquid inclusions (GLI) in the source of especially pure quartz raw materials.
The main objective of this work was to study the features of evaporation of quartzite and present it to the micro
inclusions after the selection of optimal parameters of laser radiation with subsequent analysis of the elemental content
of impurities (Li, Al, Ca, Na, K, Mg, Fe and Mn). Were performed preliminary microscopic methods for the
examination of samples on the microscope Olympus BX51, with further analysis by means of complex laser ablation-
based quadrupole mass spectrometer NexION 300 D and the laser platform NWR-213 based on solid-state Nd:YAG
laser with operating wavelength of 213 nm. Found that the optimal process of laser melting and evaporation of gas-
liquid inclusions in natural quartz depends on a number of factors: the radiation parameters (wavelength, power, energy
density); the chemical composition of the samples; the structure of the minerals and surface properties; the presence of
impurities and native defects in the structure. Found that the process of laser evaporation in each case has enough
individual character, which subsequently requires detailed study to improve analytical performance in the study of
impurities LA-ICP-MS method, and to optimize conditions for laser ablation samples "superquartzite and quartz as a
whole.

Key words: mass spectrometry with inductively coupled plasma, laser ablation, laser vaporization, elemental analyses,
quartz, «superquartzites», gas-liquid inclusions, reference materials

B Hacrosmee BpeMs OCHOBHOW MpoOJeMOM B KBapleBOM oOTpaciu sBIseTcs MHoa00p
ONTHUMAJIBHBIX CXEM O0OOralleHusi MPUPOJHOTO KBapla JJs IMOJY4YEHHs] BBICOKOKaueCTBEHHBIX,
XMUMHUYECKH YHCTBIX KBAPIEBBIX MPOAYKTOB, KOTOPBIE MOTYT ObITh KOHKYPEHTOCIIOCOOHBI KaK Ha
OTEYECTBEHHOM, TaK U Ha MUPOBOM pbIHKE. [[pMHIIMNINAIBHO BasKHBIM SIBIISIETCSA TIOHUMaHHE, KaKue
TUIIBI IPUMECEN NMPUCYTCTBYIOT B JAHHOM THIIE KBaplla KOHKPETHOI'O MECTOPOXACHMS, KaK OHU
MOTYT OBITh YJAJIEHbl U Ha KaKUX CTaJUAX TEeXHOoJormueckod oOpaborku. VIMeHHO, conepkaHue
IpyUMeceld B KBaplle IIOCJIE€ ONEpaluii TEXHOJOTMYECKOro Iepesena OMNPEAENseT CIEKTp €ro
WCIIOJIb30BAaHUS B PA3JIMYHBIX 00JIACTAX MPOMBIILIEHHOCTH. COBpEMEHHBIE METO/Ibl HCCIeI0BAaHUS
IpUMecei MO3BOJSIOT M3Y4aTh COCTAaB JKUAKHX, TBEPJABIX M ra3oBbIX (Da3 HE paspylias CTPYKTYpy
BkimoueHut (uH@pakpacHas (MUK) u ynerpaduoneroBas (Y®P) abcopOuus, TpaaullMOHHBIE
MHUKPOCKOIIMYECKNE METOIbI, paMaH-CIIEKTPOCKOIHS ), TAK U CO BCKPBITUEM U MU3BJICYEHHEM ra30B U
KHUAKOCTEH (Macc-CIIEKTPOMETPUYECKHE M Ta3oXxpoMaTorpaguueckue ONpeleNeHUs, METO/bl
MHUKpOaHaJIn3a, OCHOBAaHHBIE HA MCIIOJIb30BaHUH JIA3EPHOTO U3JIy4YEHUs).

Ha ceronusimiamii 1eHb OOJIBIIMHCTBO TEOXUMHUUYECKHX HCCIEAOBAaHUN O0a3uPYIOTCS HA Macc-
CIEKTPOMETPUYECKUX JIaHHBIX, NPUYEM B HAHOOJBIIEH CTENEHH HCIONb3YIOTCS MPUOOPHI C
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BO30YXJICHHEM MacC-CIeKTpa aHAIM3UPYEMbIX MPo0 B MHAYKTHBHO-CBs3aHHOW miazme (MCII).
Macc-cnekrpoMeTpust c WHIYKTUBHO-CBSI3aHHOU IJ1a3Mou (UCII-MC) SIBJISICTCS
BBICOKOUYBCTBUTEJILHBIM ~ METOJIOM  aHaliu3a, IO3BOJIAIOIIMM MPOBOAUTH  OJHOBPEMEHHOE
orpezesieHue OOJIBIIOTO YHCIIA YIEMEHTOB C HU3KHMH | YIBTPAHU3KUMH MpeesiaMu 0OHapYKEHUS
(MKT/T). Bnarogapsi MOsIBICHHIO J1a3€pOB BBICOKOM MOITHOCTH ObUTa pelieHa mpodsiemMa MpsMOro
MHUKPO3JIEMEHTHOTO aHaim3a TBEpAo(a3HbIX OOBEKTOB, TAKMX KaK TMPUPOTHBIC MHUHEPAIIBI,
MeTaJlIbl, cTekia [1].

MeTto Macc-CIIeKTpOMETpHsi ¢ MHAYKTHUBHO-cBsi3aHHOU Tiazmoit (MCIT-MC) B couetanuu ¢
JIa3epHBIM HCIIaPEHHEM MO3BOJIAET MPOBOIUTH JOKAJIBHBIM aHAIU3 OTAENIbHBIX MUKPOBKIIIOUCHUH B
MUHEpaJiaX JIOCTaTOYHO MallbIX 1Mo pasmepaM (10 5 MiM). OCHOBHBIMH TPEUMYIIECTBAMU
nazepHoro ucnapenus (JIA) ais npoboor6opa B coueranuu ¢ MCII-MC no cpaBHeHHIO ¢ JpyTUMHU
IIUPOKO MPUMEHSEMBIMU aHATUTUYECKUMHU METOJIaMH SIBJISIFOTCSI OTCYTCTBHE CTaAUI Pa3ioKEeHUS
(pacTBOpeHUs1), MPOBEACHHUE JIOKATHHOIO HCCIEIOBAaHUS JIe(PEKTOB HAa MOBEPXHOCTH, PA3IUYHBIX
MUHEPATBHBIX BKIFOUEHUH B TITYOMHHBIX CIIOSX MaTepUaa.

B Wucturyre reoxumuu CO PAH Obuto mposeneHo ucciepoBanue [KB (puc. 1) B
cynepkBapiuTax mecropoxaenusi bypan-Cappaar (pecriyonuka Bypsitus, Poccunst) mpu momomu
KOMILJIEKCa JIa3epHOM abisuu Ha OCHOBE KBaJpynoibHOro macc-cnekrpomerpa NexION 300 D u
na3zepHoi miatdopMbl Ha ocHoBe TBEpHoTenbHOTr0 Nd:YAG nazepa ¢ pabodeld nmuHON BOJHBI 213
HM NWR-213. JlanHast pa3HOBUAHOCTb KBAPLUUTOB, AJI BBIIECICHUS UX OTIMUUTEIbHBIX CBOMCTB OT
JIpYrUX KBapIUTOB, MOJy4yuia pabouee Ha3BaHUE — «CymepkBapuuT». OHH XapaKTEepPU3YIOTCS
BBICOKOM XMMHYECKOM YNCTOTOM U MPAKTUUECKH MOJTHOM MOHOMUHEPAIbHOCTHIO [2].

Puc. 1. Bropuunsie ra3oBo-XuaKue BKIOUYEHHS B cymnepkBapimTe. POTO BRIMONHEHBI Kamepoit Olympus,
ycraHoBleHHOW Ha Mukpockorie Olympus BX51

bruto oGHapyxeHo, uTo cogepxkanue snemeHToB npumeceid: (Li, Al, Ca, Na, K, Mg, Fe u Mn)
B 00J1aCTSIX, B KOTOPBIX OTCYTCTBYIOT BKJIFOUEHUS, HECKOJIBKO OTiM4aercs ot ydactkoB ¢ [JKB. B
CBOIO OY€pe/b, B HEKOTOPBIX CIy4asX B ONTHUYECKH YUCTBIX OOJNACTAX COJACp)KAHUS MO 3aJaHHBIM
JJIeMEHTaM OBUTM HaMHOTO OOJIbINE, YeM HAa ONTHYECKHM HEOTHOPOJHBIX y4acTKaX M OOJacTIX C
IDKB. [nst takodt nnuHbl BONMHBI (213 HM) wHccienyemble KBApIUUTHI SIBISIOTCS MPAKTHUECKU
MIPO3payHbIMU CPEaMU U B3aUMOJAEHUCTBHE C JIa3€PHBIM JIyUOM MPOUCXOIUT MIPEUMYIIECTBEHHO Ha
HEOJTHOPOJHBIX O00JACTSIX, YTO MPHUBOJUT B KOHEYHOM HTOTE K Pa3MBITHIO 30HBI aOJSAIUH U
HEXeIaTeIbHOMY 3axBaTy M30BITOYHOTO KOJWYECTBA oOpaslia ¢ mpuieraromeid odmactu. Bropoit
MPUYMHON TOJYYeHHs] TaKUX JaHHBIX MOXXET OBIThb — HEIMOJHOE COOTBETCTBHE MATPUYHOTO U
MHUKPO3JIEMEHTHOI'O COCTaBa MCIIOIb30BAaHHBIX CTaHAAPTHBIX 00pa3lloB, YTO B KOHEYHOM HTOTE
MOBJIUSJIO HA PE3YNIbTAThl PACUETOB.

Bbbu10 0TMEUeHO, 4TO UCTOIb30BAaHHOE HAMU U3TyYeHHE C JUIMHOM BOJIHBI 213 HM 10CTaTOYHO
3¢ (HEeKTHBHO TOTJIOMIAETCS CYNEPKBAPIIUTOM, HO B TO K€ BPEMsI KBApIUT TaKOW YHUCTOTHI MUMEET
psiT 0COOCHHOCTEH, CKa3bIBAOIINXCS HA METOTUKE aHAIH3a.
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I'ymuHoBele BemectBa (I'B) BXomsT B cocraB oOpraHn4eckod Macchl Topda, yrieil, HEKOTOpbIX MOYB |
nurHocysisonata (MOOOYHBIN MPOAYKT mMepepaboTK ApeBecuH). I'B BBIMOIHIIOT B OMOC(Epe MHOXKECTBO BaXKHBIX
(GYHKIMNA: aKKyMYJISITUBHYIO, TPAHCIIOPTHYIO, PETyJISITOPHYIO, TIPOTEKTOPHYIO, (PU3NOJIOrHYecKyto u psin apyrux. ['B —
oJlHa 13 HauboJiee CIIOKHBIX JJIs M3YUSHHMs TPYIII IPUPOIHBIX COCAMHEHNI 1 MX MHOT'OYHCIICHHBIE (D)YHKIIMH U3yUYEHBI
€lle HEeNO0CTaTO4YHO. M3BECTHO, 4YTO NaHHbIE OPTaHUYECKUE BEIECTBA B 3HAYUTEIbHOM CTEIEHM KOMIIEHCUPYIOT
oTpHIaTeNbHbIl 3P (EeKT aHTPOMOreHHOro BO3AEHCTBUS, B KauecTBE IIPUMEpPa MOXKHO YIIOMSHYTh CHIIKEHHE
COJIepKaHMsl MOJBIDKHBIX (DOPM HEKOTOPBIX TSDKEIIBIX METAJUIOB, & TAK)XKE PETYIISALHIO BINSHUS KHCIBIX aTMOCHEPHBIX
ocankoB. I'B nelicTBYlOT MHOroo0OpasHO: Kak COpOEHTBI, KaK KaTajlh3aTopbl Ha IIPOLECCHl T'HAPOJH3a, Kak
COMIOOMITM3UPYIOIINE areHThl, BIMSIOT HA MUKPOOHOJIOTHYECKHE MPOLECCHI, BEICTYNAIOT Kak (POTOCEHCHOMIM3aTOPhI U
TymuTtend. B nmaHHOW paboTe mccienoBaHbI CIIEKTPaTbHO-JIIOMHHECHEHTHBIE CBoificTBa TyMuHOBBIX kucioT (I'K),
MIOJTYYEHHBIX M3 00pa3ioB BepxoBoro Topga bakuapckoro mecropoxiaeHus ToMckoil 001acTH, B3ATBIX € PA3IMYHON
riryounsl. Beigenenne 'K u3 Topda mpoBoaunn menodnsiM MeTooM. Taxoke ObUT MpoBeaEH CPaBHUTEIBHBIN aHAIN3
JaHHBIX KUCIOT ¢ oOpasuom 'K, BeaeneHHBIM U3 Oyporo yriis. Beuti n3ydeHs! 2IeKTpOHHbBIE CIIEKTPHI MOTIIOMEHUS U
¢yopecuennnu. B xome mcciemoBaHMS ONpeNeNeHo, YTO KaxIpli oOpaser o0jagaeT CBOMMH XapaKTEPHBIMH
ocobenHoctsmu. 'K, BbIieeHHBIE U3 OJTHOTO THIIA UCTOYHMKA TaK K€ OTIMYAIOTCS MEXTy coOoi. JlaHHBIE OTIHYNS
00yCIIOBJICHBI CJIOKHOCTBIO CTPOCHHUS MCCIIETyEMbIX BEIIECTB.

KiroueBble ¢J10Ba: TyMUHOBBIE KHCIIOTHI, 3JIEKTPOHHAS CIIEKTPOCKOIIHNS, TOpd, OypHIil yroib.
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RESEARCH OF SPECTRAL AND LUMINESCENT PROPERTIES OF
HUMIC ACIDS OF VARIOUS ORIGIN
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The Humic Substances (HS) are a part of organic mass of peat, coals, some soils and a lignosulfonat (a by-product of
processing of wood). HS carry out a set of important functions in the biosphere: accumulative, transport, regulatory,
tire-tread, physiological and some other. HS are one of the groups of natural connections, most difficult for studying,
and their numerous functions are studied not enough. It is known that these organic substances substantially compensate
a negative effect of anthropogenous influence, it is possible to mention decrease in the maintenance of mobile forms of
some heavy metals, and also regulation of influence of a sour atmospheric precipitation as an example. HS work is
diverse: as sorbents, as catalysts on hydrolysis processes as solyubiliziruyushchy agents, influence microbiological
processes, act as photosensitizers and quenchers. In this work spectral and luminescent properties of the humic acids
(HA\) received from the samples of riding peat of the Bakcharsky field of the Tomsk region taken from various depth
are investigated. Allocation of group of companies from peat was carried out by an alkaline method. Also the
comparative analysis of these acids with the sample of group of companies allocated from brown coal was carried out.
Electronic ranges of absorption and fluorescence were studied. During research it is defined that each sample possesses
the characteristics. Groups of companies allocated from one type of a source also differ among themselves. These
differences are caused by complexity of a structure of the studied substances.

Key words: humic acids, electronic spectroscopy, peat, brown coal.

Bseoenue. I'ymunossle Bemiecta (I'B) — 310 ciioskHbIe cMecH yCTOMUMBBIX K OMOJECTPYKLIUU
BBICOKOMOJIEKYJISIPHBIX TEMHOOKPAIIEHHBIX OPraHNUYEeCKHUX COEAMHEHHI MPUPOJTHOTO
MIPOUCXOXKACHUS, O0Opa3ylIIUXCcs TpU pPa3lIoKEHHH S>KUBOTHBIX OCTAaTKOB TMOJ JIeHCTBHUEM
MUKPOOPTaHU3MOB U aOMOTHUeCKHX (PaKTOpoB cpeasl. B 3aBUCHMOCTH OT pacTBOPUMOCTH B
KHCIIOTaX W IIeNouax BBIIEISIOT Tpu cocTaBisitomue ['B: rymun, rymuHoBbie kuciotel (I'K) u
bynpBOKKCTOTHL. B oTiinune ot ¢poTocHHTE3a 00pa3oBaHNE T'YMHUHOBBIX BEIIECTB HE HAIPaBIISETCS
TeHETUYECKUM KOJIOM, a UJIET 10 MPHUHIIUITY €CTECTBEHHOTO 0TOOPa — OCTAIOTCS CaMble YCTOWYNBBIE
K OMOPa3I0KEHUIO CTPYKTYPHI.

['yMuHOBBIE KHCTIOTHI SBJSIOTCS Haubojee peakIMOHHOCIIOCOOHONW KOoMMoHeHTol ['B,
AKTMBHO YYACTBYIOIIEW B XHMMHWYECKHX Ipoleccax, MpOTeKarmux B 3kocucremax. [lo cBoeit
XUMHUYECKON MPHUPOAE OHU MPEACTaBISAIOT CO00 HEperyispHbe COMOJIMMEPHI apOMaTHUECKHUX
OKCHUIIOTMKAPOOHOBBIX KUCJIOT C BKIFOYEHUSIMU a30TOCOACPIKAIINX U YTIIIeBOIHBIX PpparmeHToB. [' K
BBITIONMHSIOT IIENbI  HAa0Op BaXHBIX OHMOCPEepHBIX (YHKIUH: CTPYKTYPHPOBAHUE TOYBHI,
HAKOIUUIEHWE TMHUTATEIbHBIX DJJIEMEHTOB M MHUKPOA3JIEMEHTOB, PETryJIUPOBAHUE T€OXUMHYECKUX
MMOTOKOB METAJJIOB B BOJHBIX U MOYBEHHBIX SKOcHUcTeMax [1].

Ha ceronmssimianii 1eHb OJHOW W3 OCHOBHBIX MPOOJIEM SIBISETCS XUMHYECKOE 3arps3HEHUE
oKpyxaromen cpenbl, modTomy kK ['K goGaBumack emie u mpoTtekTopHas ¢yHkus. JlanpHeiniee
HCCIIEIOBAHUE OMACHOCTH 3arpsi3HSIONINX BEIIECTB, CKOPOCTH UX HAKOIUJICHUS] U BPEMEHU JKU3HU B
OKpYyXarlIleld cpele HEBO3MOXKHO 0Oe3 yueta B3aumopeiictBus ¢ 'K, koTopoe cymiecTBeHHO
M3MEHSIET XMMHUUYECKOTO TTOBEICHNE TOKCHKAHTOB [2].

[lenpto maHHON pabOTHI SABISAJIOCH BBIIETEHHE TYMHHOBBIX KHCIOT W3 00pasnoB Topda
pa3IUUYHBIX ~ MeCTOpokaeHuid ToMmckoil 00JacTM W WCCIENOBAaHWE WX  CIEKTPAIbHO-
JIFOMUHECLIEHTHBIX CBOKWCTB.
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Okcnepumenmanvuas yacmo. Ilpu Beimenenun 'K monb3yroTcs OCHOBHBIM CBOWCTBOM —
cioco6HocThIO 'K pacTBOpATHCS B 1Ie7049ax 1 00pa30BBIBAaTh OCAIKU IPHU MOAKUCICHUH CPEIbI.

B nannoit padore Beiienenue I'K mpoBoamiocs u3 o6pasioB BepxoBoro topda bakdapckoro
MECTOpOXXKJIeHHS TOMCKOH 00nacTu, B3ATBIX C Pa3IUYHONW TIyOMHBI. MeETOAMKa BBIICICHUS
onucana B [3].

Tak ke, JUIg cCpaBHUTEIBHOTO aHalu3a, Obuta uccienoBana 'K, Beiaenennas us 6yporo yrisi.

Oopaser pupmbl Fluka mapku Code: 1307944 30907051.

Jns mpuroToBieHus MaTpuyHOro pactBopa HaBecky 'K maccoii 2,5 mMr pactBopsuid B 5 M
0,1H pactBopa NaOH. Pa36aBnenreM MaTpUYHOTO PACTBOPA AUCTHIUIMPOBAHHOW BOAOHN MOTYUHIIH
pactBopsl 'K ¢ xonnentpanuerr C = 0,07 r/1. CnekTpanbHO-TIOMHUHECIICHTHBIC XapaKTEPUCTHKU
UCCIICIyeMBbIX PAacTBOPOB OBUIM 3aperuCTPUPOBaHBbl C TOMOIIBIO crekrpoduryopumerpa Solar
CM2203 (benapycs).

Pezynomamer u ux ob6cyscoenue. Ha puc. 1 mpencraBieHbl CIEKTPHl MOTJIOMIEHUS
uccinenyembix KucioT. [lo rpaduky BuAHO, YTO HAMOONIBIIYI0 HHTEHCUBHOCTH UMeeT obpazen ['K
¢upmbl Fluka. Ero crnekrp caBuHyrT B 0osiee JUIMHHOBOJHOBYIO CTOPOHY, 10 CPAaBHEHHIO C
ocTajbHbIMU OOpa3znamu. JaHHBIM (akT MOXKET OBITh OOBSICHEH MpeobialaHueM apoOMaTHYECKUX
¢parmentoB ['K Han amudarndecknumu. [lo criekTpaM Tak ke SICHO BHJIHO, YTO KaKAOMY 00pasiy
COOTBETCTBYIOT CBOl MaKCHMYyM IOTJIOIIEHUs. YIIUpeHHas (opMa MOJOC TOBOPUT O CIOKHOM
CTPYKTYpE HCCIIEAYEMBIX COCIWHEHHH, HAIWYAH CTAOMIM3UPYIONUX MEXKMOJICKYISIPHBIX
B3aMOEHCTBUMH.
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Puc. 1. CnexTpsl NOTIOEHUS UCCIEAYEMBIX TYMUHOBBIX Puc. 2. CekTphl JIOMUHECHEHIIMH UCCIIEYEMbIX
KHCJIOT TYMHUHOBBIX KHCIIOT

Ha puc.2 npeacraBiensl crekTpbl ¢uyopecueHuuu. IlpencraBieHHble  0Opasiibl
oOHapyxmuBatoT ciaboe ceuenue B oOmactu or 400 mo 600 M. Tak ke, Kak U B CIEKTpax
norjomenus: obpasen; ¢upmbl Fluka oOnamaer Oousbleii MHTEHCHBHOCTBIO 110 CPAaBHEHHIO C
OpyruMu oOpasuamu.

Takum 00pa3zoM, MOKHO CZeNaTh BBIBOJI, YTO MOJIyY€HHBbIE HAMU 0Opa3libl, BBIJCICHHBIC U3
Topda, CyImEeCTBEHHO OTIMYAIOTCSI OT BRIOPAHHOTO HaMU CTaHAapTHOTO oOpasiia 'K, momydenHoro
u3 Oyporo yras. CTOUT OTMETUTb, 4TO Kaxablii oOpazenr 'K ummeer cBom XapakTepHbIe
0c00EHHOCTH, 00YCIIOBIIEHHBIE CIIO)KHOCTBIO CTpOEHHUS. V3ydeHne CrieKTpalbHBIX CBOMCTB TaHHBIX
O0BEKTOB JIaeT BO3MOXKHOCTh pa3iMyaTh MX U IO3BOJISIET JelaTh BBIBOJ O MpeodsiagaHuu
apOMAaTUYECKUX, 100 anndaTnaeckux GparMeHTOB B CTPOCHUH CTOJb CIIOKHBIX CTPYKTYD.
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ONPEJEJEHUE MEXAHU3MA ®OTOOKUCJIEHUSA As(l11) B
MPUCYTCTBUU NOHOB Fe(lll)

Ho3nnsikoB UBan IlaBiioBMY, KaH[. XUM. HAYK, CT. HAy4. COTP. MHCTUTYTa XUMHYECKOW KUHETUKU U
ropenust uM. B.B. BoeBozckoro, 630090, Poccus, HoBocubupck, yi. Mucturyrckas, 3,
E-mail: pozdnyak@kinetics.nsc.ru
®@enr Y, ri1aBa MKOJIBI HAYK O peCypcax U OKpyXaromiel cpene, kadempa oKpyKarolei cpepl,
yauBepcutet I. Yxanb, KHP, 430072, Yxaunsb, Xyo0eii, E-mail: fengwu@whu.edu.cn
I'puBun Bsuecnas IlaBioBuy, kaHj. (Gu3.-MaT. HAYK, CT. HAy4. COTP. MHCTUTYTa XUMHUYECKOH KHHETUKH U
roperust uM. B.B. BoeBozckoro, 630090, Poccusi, HoBocubupck, yi. UacTuryTckas, 3,
E-mail: grivin@kinetics.nsc.ru
Inocuun BukTtop ®enopoBud, 1-p XMM. HayK, 3aBEAYIOIINI TabopaTopueil HHCTUTYTa XUMUYECKOH
kuHeTUKU U ropeHus uM. B.B. Boesojckoro, 630090, Poccusi, HoBocubupck, yin. MHCTHTYTCKAS, 3,
E-mail: plyusnin@kinetics.nsc.ru

AxTyanpHOCTh paboThl OOyClOBJE€HA OONBIIMM HAy4YHBIM HMHTEPECOM K XHMUHM W TpaHcopMmanuu COeJNHEHU
MBIIIBSKA B OKpY’Kalolled cpene, Tak Kak 3arps3sHEHHE MBIIIBIKOM CTaJ0 OOIEMHPOBON NpoOIeMOH B CBS3U C
KaHIIEPOTEHHBIMH M TOKCHYHBIMH 3()(eKTaMu NaHHOTO 3ieMeHTa. JlaHHas paboTa IOMOTaeT MOHSTH MEXaHWU3MBI
¢dorookucnenuss AS(Il) no As(V) B ycioBusiX OKpy)Karolieil cpeibl, KOrja NPUCYTCTBYIOT BBICOKHE KOHIIEHTPAIUU
MOHOB JKeJIe3a U apCeHUTa.

Lens paboThI: 3aKiIr0YaNiach B BeIICHEHHH MexaHu3MoB (dorookucienus AS(I1l) B mpucyTcTBumn HOHOB *kene3a IyTeM
OTIpeJIeTICHUs] aKTUBHBIX WHTEPMEANATOB, KOHCTAaHT CKOPOCTEH 3JE€MEHTapHBIX CTaJUi W TOCTPOCHMS IETabHOH
cxembl (oTompoueccoB. JTa wuHpopMmanms HeoOXonuMa IS HAMpPaBJICGHHOTO TIOMCKa W MOJAU(DUKAIIH
(OTOXMMHYECKHX CIIOCOOOB JETOKCU(DHUKALINY U yIAICHHUSI COSITUHEHUI MBILIbsIKA.

MeToabl UCCEOBAaHUS: ONTHYECKas CIEKTPOCKOMNMs, cTannoHapHbld (308 HM) M uMmyibcHbIH (266 HM) ¢oTonus,
aTOMHO-(JTyOpEeCLIEHTHAsI CIIEKTPOMETPHS C TeHepalell TUIPUI0B, PEHTTEHOBCKash POTOAIEKTPOHHAS CIIEKTPOCKOITHS
Pesymnbrater: [Ipn Hu3KOW KOHICHTpamuu apcenuta B pactBope (< 1 MM) oxkucnenme AS(lIl) ceszano ¢ <OH
paavKaioM, TeHepUpyeMbIM MpH (HOTOIHU3e FeOH?" komruiekca. IIpu BBICOKOH KOHIEHTpauuu apceHuta (> 10 MM)
nipoucxouT obpasosanme dotoaxtusroro Fe(Il)-As(IIl) kommmekca (dpnor ™ = 0,012). TIpn BeeX KOHIEHTpAIHSX
apcenuta Bo Bpems ¢oromusa AS(lIl) B npucyrcteum noHoB Fe(lll) naGmromaercs obGpa3soBaHHE HEPaCTBOPUMOIO
ocamka apcenara xeneza (FeAsO,). Fe(lll)-As(lll) xommiekc B TBEpAOM COCTOSHHM TAaKXe NEMOHCTPUPYET
(boTOaKTHBHOCTE moJ JeiicTBieM Y®-o0nydeHus. OTu pe3ynbTarsl cBuaeTenscTBYOT, 4to Fe(ll)-As(lll) kommuekc
gyyBcTBuTeNeH K cBety U AS(lll) moasepraercst okucnenuro 10 As(V) B pesynbTate mpolecca HepeHoca 3JIeKTPOHa B
KOMIUIEKCE KaK B )KHJKOH, Tak 1 TBepoi (a3ax. laHHble HAOII0ICHNS BaXKHBI JJ1s1 TOHUMAaHUS SBOJIOLNH COSANHEHUH
As(111) B okpyxaromei cpee u is JeTOKCH(DUKALUH 3arpsI3HEHHBIX MBIIIBSIKOM BOJHBIX CHCTEM.

Kurouesble ciioBa: apcenut, apcenar, OH pagukain, pOTOOKHUCIEHNE, Ta3ePHBIA MMITYJILCHBIN (HOTONINUS.
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PHOTOOXIDATION OF As(l11) IN PRESENCE OF Fe(l11) IONS: A
MECHANISTIC STUDY

Ivan P. Pozdnyakov, Ph.D., Senior Researcher of V.V. Voevodsky Institute of Chemical Kinetics and
Combustion, 3, Institutskaya Street, Novosibirsk, 630090, Russia, E-mail: pozdnyak@kinetics.nsc.ru
Feng Wu, Head of School of Resources and Environmental Science, Department of Environmental Science,
Wuhan University, Wuhan, 430072, China, E-mail: fengwu@whu.edu.cn
Vyacheslav P. Grivin, Ph.D., Senior Researcher of VV.V. Voevodsky Institute of Chemical Kinetics and
Combustion, 3, Institutskaya Street, Novosibirsk, 630090, Russia, E-mail: grivin@kinetics.nsc.ru
Victor F. Plyusnin, D.Sc., Professor, Head of laboratory of VV.V. Voevodsky Institute of Chemical Kinetics
and Combustion, 3, Institutskaya Street, Novosibirsk, 630090, Russia,E-mail: plyusnin@kinetics.nsc.ru

Relevance of the work is connected with big scientific interest to chemistry and transformation of arsenic species in
environment as the arsenic contamination has become an urgent problem at a global scale due to carcinogenic and toxic
effects of this element. This work helps to understand the photooxidation of As(lll) to As(V) in environmental
conditions when high concentration of both iron and arsenite are presented.

The main aim of the study is to reveal the mechanisms of As(l11) photooxidation in the presence of iron species by the
determination of active intermediates, rate constants of elementary stages and construction of detailed kinetic scheme of
photoprocesses. This fundamental information is urgent for task-oriented search and modification of photochemical
approaches of arsenic species detoxification and removal.

The methods used in the study: optical spectroscopy, stationary (308 nm) and laser flash (266 nm) photolysis, hydride
generation atomic fluorescence spectrometry (HG-AFS), X-ray photoelectron spectroscopy.

The results: At low arsenite concentration (< 1 mM) oxidation of As(IIl) are produced by *OH radical formed by

FeOH?" complex photolysis. At higher arsenite concentration (> 10 mM) formation of photoactive Fe(l11)-As(l11)

complex takes place (q>ph0t3’°8r"’1 = 0,012). At all concentration of arsenite formation of insoluble ferric arsenate

precipitate (FeAsO,) during photolysis of As(lll) in presence of Fe(lll) ions was observed. Solid product of Fe(lll)—
As(111) complex also exhibit photoactivity under UV-C irradiation. These results imply that Fe(I11)-As(I11) complex is
photosensitive to the light and As(l11) is subject to oxidation to As(V) by LMCT both in liquid and solid phases. These
findings are important for understanding the evolution of As(lll) species in environmental conditions and for
detoxification of As(l11)-polluted water systems.

Key words: arsenite, arsenate, iron complexes, ‘OH radical, photooxidation, laser flash photolysis

Arsenic contamination has become an urgent problem at a global scale due to carcinogenic
and toxic effects of this element. Arsenic pollution at levels dangerous to health was observed in
many countries [1, 2]. To overcome arsenic contaminations in water sources, surface waters and
wastewaters, various remediation technologies with different ecological friendliness to environment
and efficiency to remove arsenic were developed and employed [2]. Recently, photochemical
transformation of As(I11) to As(V) have been reported, which indicates that photochemical reactions
might play an important role in environmental fate of arsenic species [3, 4]. Xu et al [5] have
investigated the surface complexation between As(Ill) and colloidal ferric hydroxide. The
mechanism of As(Ill) photooxidation was explained by ligand-metal charge transfer process.
However, mechanism and characteristics of photochemical reactions of the Fe(lll) - As(ll)
complexes in the form of dissolved species remains unclear.

In this work the photooxidation of As(Ill) in presence of Fe(lll) ions was investigated in
acidic media (pH 3) by means of laser flash (266 nm, 6 ns, Nd:YAG laser) and steady-state
photolysis (308 nm, XeCl excilamp). At low arsenite concentration (< 1 mM) oxidation of As(l1I)
are produced by *OH radical formed by FeOH?* complex photolysis. At higher arsenite
concentration (> 10 mM) formation of photoactive 1:2 Fe(lll)-As(Ill) complex takes place. The
excitation of this complex leads to photo red-ox reaction which was confirmed by detection of
As(IV) species in laser flash photolysis experiments and formation of Fe(l1) (¢™!" 38 "™ = 0,012,
o e 2660 = 9 03) during steady-state irradiation of the complex. At all concentration of arsenite
formation of insoluble ferric arsenate precipitate (FeAsO,) during photolysis of As(l11) in presence
of Fe(lll) ions was observed. General scheme of photoprocesses for Fe(lll) — As(l1l) system in
acidic media is shown at Fig 1.
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FeOH2* + As(I11) === Fe(IIl)-As(lII)

complex
hv As(I11) by
Fe(ll) + OH As(I1V) + Fe(ll)
Fe(lll), O,, ROS o
2
As(V)
Fe(lll) + ROS
Fe(lll)l
FEAS(V)O4
presipitate

Fig. 1. General scheme of photoprocesses for Fe(l11) — As(l11) system in acidic media

Solid product of Fe(lll)-As(lll) complex was prepared and characterized, and the
photochemical transformation of As(lll) to As(V) in solid Fe(lll)-As(lll) complex was also
confirmed by HG-AFS and X-ray photoelectron spectroscopy. These findings are important for
understanding the evolution of As(l11) species in environmental conditions and for detoxification of
As(I11)-polluted water systems.

The work was financially supported by Russian Foundation for Fundamental Research (grants 12-03-00482, 12-
03-91153-GFEN), NSFC-RFBR grants (21211120159 and 21281220200) and National Natural Science Foundation of
China (Grant No. 21077080).
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VK 543.33
COPBIMOHHASA N KATAJIMTUYECKAA AKTUBHOCTD ITPUPO/IHBIX
KOMIIO3UTOB I1O0 OTHOIEHHUIO K PACTBOPUMbIM
OPT'TAHUYECKUM 3AI'PASHUTEJIAM

CBupugoBa Enena MuxaiinoBHa, cryaeHTka, HanmonaabHbIM Hccae10BaTEIbCKUM
Tomckwii TOCyTapCTBEHHBI YHUBEPCUTET, XUMU4ecknuil ¢akymnbret, 634050, Poccus, r. Tomck, np. Jlennna,
36, E-mail: elenasolnishko92@mail.ru
Haymoga JIrogmuiia BopucoBHa, KaHz. XUM. HayK, JOLEHT KadeIpbl aHATUTHYECKON XUMHH,
HammonansHbIi uccnenoBarensckuil ToMCKHH rocyqapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUH (PaKyIbTeT,
634050, Poccus, r. Tomck, mp. Jlenuna, 36, E-mail: naumovalb@mail.ru
Baranosa Basentuna HukosnaeBHa, KaHJl. XMM. HayK, JOLUEHT KadeApbl aHATUTHYECKONH XUMHH,

HannonanbHbll necnenoBarenbCKuii TOMCKUN TOCYIAPCTBEHHBIN YHUBEPCUTET, XUMUYECKUN

daxyneTet,634050, Poccus, r. Tomck, np. Jlenuna, 36, E-mail: batvn@sibmail.com

OmuH n3 Hambolee aKTyalbHBIX W HOBBIX MHyTeHW pelIeHHs NpOOJIEMbl OYMCTKH CTOYHBIX BOJ OT pasIMuHBIX
PacTBOPHUMBIX OpPraHWYECKHX 3arps3HUTENeH, B YaCTHOCTH KpacHTeleH, SBISETCS HCIOIb30BaHUE JELICBBIX U
JOCTYIHBIX HPUPOIHBIX copOeHToB (Topd, meonutsl). JlaHHas paboTa MOCBslIEHa MOJTYYSHHIO KOMIO3WUIIMOHHBIX
MaTepHalioB Ha OCHOBE NMPHPOIHOTO LEONHTa XOHI'YPHUHA IIYTEM €ro XHMHYECKOTO MOANGHIMPOBAHUS U U3YUCHHIO
COpOIIMOHHONH W KaTaJWTHYCCKOH AaKTHBHOCTH IIOTYYEHHOTO KOMIIO3MTA B PEAKLIUH OKUCIHUTEIBFHOH AECTPYKLUH
pacTBOpUMBIX opraHmdecknx Kpacuteneil Pomamuua C m DosmHa B ycioBmsix cucteMbl Padda-Dentona. [Ipomece
XMMHYECKOTO MOJU(UIIMPOBAHUS OCYIIECTBISIM METOJaMHU HOHHOTO oOMeHa/HachimieHus u [ledmnu. Ilocnenumit
UCTIONB3YeTCS Ml IOJTyYeHHs MHOTOKOMIIOHEHTHBIX BBICOKOAMCIIEPCHBIX OKCHIHBIX MarepuanoB. B kadecTse
MOJ1(UKATOPOB B METO/E HACHIILICHNS HCTIONB30BaiIn pacTBopsl coneir Meau(ll), sxenesa(ll,ll); B merone [eunnn —
okcunel, Hukend, tutaHa(lV), nepusa(lV) u camapusa(lll). Cop6rmoHHYI0 M KaTaJUTHYECKYIO aKTUBHOCTh
KaTaJM3aTOPOB M3y4aldd B CTATHYECKUX YCIOBHMAX ITPU IOCTOSHHOM MEpEeMEIIMBAaHUM CYCIIEH3UM KpacUTels U
KaTajau3aTopa Ha MarHUTHOW Mewrajike 0e3 u B ycinoBusax Y@ oOmydenus. KoHTponb 3a Jekosiopuzanueil Kpacurenei
MIPOBOAMIIMA CHEKTPO(OTOMETPHYECKU TPH OMNPENSICHHOW JJMHE BOJHBI. MeXaHW3M yJalleHusl KpacuTeield Humeer
CJIOKHBIH XapakTep, T.K. 3aBUCUT HE TOJILKO OT COPOIMOHHOM (cTerneHb u3Bneyenus cocrasuia~17-20 % 3a 30 MmunyT)
U OT (OTOKATATUTHYECKOH aKTMBHOCTHM KaTanu3aTopoB (B ycrmosusx M"/Y®O/ H,0,), HO M OT Ccrmoco6HOCTH
TIOTJIOIIATh CBET CAMUMHM KpacHUTeIsIMU («XOJocToi» onbIT mius Do3uHa coctaBui 0 %, a s Pomamupma C ~ 12 %
COOTBETCTBEHHO). [loKa3aHo, 4TO MOJTyYEHHBIE MPUPOJHBIE KOMIIO3HIIMOHHBIE MaTepHalIbl SBIAIOTCS 3((HEKTHBHBIMU
KaTaJM3aTOpaMu OKHCIUTEIbHON nectpykinu Pogamuna C n Do3uHa B ycnoBusx cucremsl Padda-Dentona n mMoryr
OBbITH PEKOMEH/IOBaHbI ISl OYMCTKU COUHBIX BOJ OT PACTBOPHUMBIX OPraHMUYECKHX 3arpsI3HUTEIEH.

KaioueBble ci1oBa: kpacuTeny, MOANGHUKALUS, TPUPOJHBINA LIEOTUTHBIN KOMITO3UT, Y D o0irydenue, nerpaganus.

SORPTION AND CATALYTIC ACTIVITIES OF NATURAL COMPOSITES
IN RELATION TO SOLUBLE ORGANIC POLLUTANTS

Elena M. Sviridova, student, National Research Tomsk State University, Chemistry Department, 36, Lenina
Avenue, Tomsk, 634050, Russia, E-mail: elenasolnishko92@mail.ru
Ludmila B. Naumova, Ph.D., Associate Professor of Department of Analytical Chemistry, National
Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: naumovalb@mail.ru
Valentina N. Batalova, Ph.D., Associate Professor of Department of Analytical Chemistry, National
Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: batvn@sibmail.com

One of most relevant and novel methods of wastewater purification from different soluble organic pollutants, in
particular, pigments, is the use of inexpensive and available natural sorbents, such as peat and zeolites. The paper
focuses on the production of composites based on chemically modified Hongurin’s zeolite and the study of sorption and
catalytic activities of Rhodamine C and Eosin under conditions of Ruff-Fenton degradation. The process of chemical
modification was performed by ion exchange/saturation and Pechini method. The latter is used to obtain
multicomponent superfine oxide materials. The following modifiers are used: copper(ll) and iron(ll, I11) salt solutions
in ion saturation; nickel, titanium (1V), cerium (1V) and samarium (111) oxides. The sorption and catalytic activities of
composites are studied at static conditions at constant stirring the pigment suspension and catalyst in a magnetic mixer
exposed and unexposed to ultraviolet radiation. The spectrophotometric analysis is used to control pigment
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decolorizationat a certain wavelength. A mechanism of pigment removal depends not only on sorption (~17-20 %
extraction in 30 min) and photocatalytic activities (M"™/UV radiation /H,0,), but also the ability to absorb the light by
pigments themselves (blind test for Eosin is 0 %, while for Rhodamine C~ 12 %). The test results show that natural
composites are efficient catalysts for oxidation decomposition of Rhodamine C and Eosin under conditions of Ruff—
Fenton degradation and can be used for waste water purification soluble organic pollutants.

Keywords: pigments, modification, natural zeolite composite, UV radiation, degradation.

Opun u3 Hambosee aKTyalbHBIX M HOBBIX IyTeH pelieHusi mpoOaeMbl OYUCTKU CTOYHBIX BOJ
OT Pa3IUYHBIX PACTBOPUMBIX OPTraHHMYECKUX 3arps3HUTENCH, B YaCTHOCTH KpacHTelNeH, sBIseTcs
MCIOJIb30BaHUE MPUPOJHBIX cOpOeHTOB (TOopd, 1eonuTsl). LleoauTsl HaxoAsT Bce GoJiee MIHUPOKOE
NPUMEHEHHE B Pa3IMYHBIX OOJIACTSIX HAPOJHOTO XO3siicTBa Onarojapsi BBICOKOH COpPOIIMOHHOM
CIIOCOOHOCTH, JOCTYIMHOCTH M AemieBu3HbL. YuuthiBas, uro Al(lll) mmeer B KkpHcTalMuecKoim
pemeTke 4 CBSI3M, TO TakoW (pparMeHT MpUOOpeTaeT YaCTUYHBIN OTPULATENBHBINA 3apsil U MOXKET
KOMIICGHCHUPOBAThCS JIIOOBIM KaTHOHOM. B CBA3M € OSTUM 1LEOJUTHI JIETKO IOABEPraroTCs
MOTUGUIMPOBAHUIO, YTO TIO3BOJIAET YIydllaTh €ro COpPOLMOHHBIE W  KaTAIUTHYECKUE
XapakTepuCcTUKU. OCOOEHHOCTHIO IIEOTUTOB SBISETCS HANMYUE MYCTOT U KaHAIOB B UX CTPYKTYpE.
3TO MO3BOJSET UCIOIB30BATH MX KaK MOJIEKYJSPHbIE U MOHHBIE cuTa. CyIIECTBYET Psii METOOB,
MO3BOJISIIOIIMX Pa3pyllaTh pPacTBOpPUMBIE opraHndeckue Bemectsa B Bojgax A0 COz u H,O. K Hum
OTHOCATCS: 030HUPOBaHME, 00pabOTKa CHIILHBIMU OKHCIUTEISIMH, HUCIIOJIB30BAHNUE JJOPOTOCTOSIINX
karanu3atopoB (Co, Au, Pt, P3D), Bo3aeiictBue Y® o0OnydeHwus, mpuMeHseTCS CUCTEMa Pa(g(ba-
DeHTOHa, B XOJ¢ KOTOPOH MPOHMCXOAUT HempepeiBHOE (oroBoccTaHoieHne Fe** no Fe’* u
rereparus -OH paaukanoB. Hapsny ¢ coemuHEeHUSIMU jkeie3a MOTYT MCIOJB30BaThCA U JAPYrUe
nosjuBaieHTHeie Metaiisl (Mn, Cu) [1-4].

llenpro HaHHBIX HCCIENOBAHUM SBISETCS MOTYYCHHE KOMIIO3WIMOHHBIX MAaTepHalloB Ha
OCHOBE MPHPOJHOTO IEOJUTa XOHTYpMHA M H3YYE€HHE €ro COpPOIMOHHONH M KaTaMTHYECKOU
AKTUBHOCTH B PEAKIMH OKHCIUTEIbHON AECTPYKIMHU PACTBOPUMBIX OPraHHMUYECKHUX KpacuTenei
Popamuna C u Do3uHa B ycioBusix cuctemsl Padda-DenToHa.

[Iporlecc  XMMUYECKOrOo  MOAMMDUIIMPOBAHMS  OCYLIECTBISUIM  METOAAMU  HOHHOIO
obomena/Haceiienus u [leunnu. TocneqHuii HCmonb3yeTcs U TOTY9eHUS MHOTOKOMIIOHEHTHBIX
BBICOKOJIUCIIEPCHBIX OKCHJHBIX MaTepuanoB. B kadecTBe Moau(UKaTOPOB B METOJE HACHIIICHHUS
WCTIOJB30BAJIM PACTBOPHI COJIEH Menu, jkene3a; B Merone lleuymHm — OKCHIBI Kele3a, HUKEIs,
TUTaHa, epus u camapus. Cxema MONydeHHUsl KaTaau3aTopoB MeToaoM [leunHu mpeacTaBieHa Ha
puc. 1.
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Puc. 1. Cxema nporecca, riae 1 — JIUMOHHAsI KUCIIOTA, 2 — STUIIEHTIIUKOIb, 3 — METalll
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CopOLMOHHYI0O M KaTaIUTHUYECKYI0 aKTUBHOCTb KaTaJlM3aTOPOB HU3ydaldd B CTATHUYECKUX
YCIIOBUSIX MPU MOCTOSTHHOM MEPEMEIINBAHUN CYCIIEH3UU KPACUTEII U KaTaau3aropa Ha MarHUTHOMN
Menranke. [lomaranu, 94To Bo-NepBbIX, UCCIEyeMble KPACUTEIH, UMESI B CBOEM COCTaBe JIOHOPHbBIE
atombl (S,N,O), Moryr ancopOupoBaThCsi 32 CUET B3aUMOJICHCTBUS C KUCIOTHBIMH IICHTPaMHU
Bbpencrena u Jlptonca Ha MOBEPXHOCTH M B MOpax ILIEOJIHMTA, BO-BTOPBIX, B YCIOBHSIX CHUCTEMBI
Padpda-DenTona He HCKIIOUEHO, YTO B KpacuTene KojeOaTeNbHBIE IBIKEHUS XPOMOGOpPOB
UHIYUUPYIOT OCUMJUIALUN dHEPTUU (GOTOBO30YKICHHOTO COCTOSHUSA, TepeaBas ee KaTalinu3aropy.
O6pazoBasmrecss OH' pagukaiibl, B3aMMOJICHCTBYSI ¢ HEHACHIIICHHBIMH MOJIEKYJIAMH KPaCHTEJIS,
MOryT ero oobecuBeunBaTth. KOHTponb 3a  JeKolopu3alueil  KpacuTened  MpOBOIMIN
CHEKTPO(HOTOMETPUUECKH. DKCIIEPUMEHTAIILHBIC JaHHBIC TIPEICTaBICHbI B Ta0N. 1 u 2.

W3 Tabn. 1, 2 BUAHO, YTO BCE HCCIEAyeMble KOMIO3UTHI IPU JAaHHBIX YCIOBHUSIX MOKA3bIBAIOT
JIOCTaTOYHO BBICOKYI0 (DOTOKATAIIMTUYECKYIO AKTHBHOCTh TI0 OTHONICHHUIO K HCCIIETyeMbIM
KpacuTelsiM. MexaHu3M yaajieHus: KpacuTelel UMeeT CIIOKHBIN XapakTep, T.K. 3aBUCUT HE TOJIbKO
OoT copOmmoHHOW (crenmeHb wu3BieueHUs cocraBmwia ~17-20% 3a 30 wmuHYT) ®W  OT
(OTOKATaTUTUUECKON AaKTUBHOCTU KaTalau3aTOpPOB (B YCIOBUSX M™/V®O/ H,0,), HO u oT
CIIOCOOHOCTH TIOTJIONIATh CBET CAMUMH KPACUTEIISIMH («XOJIOCTON» OMBIT JUIi DO3WHA COCTaBHII
0%, a mmgs Pomammnma C ~ 12 % coorBercTBeHHO). [lokazaHo, 4TO MOJTY4YEHHBIE NPUPOIHBIC
KOMITO3UITMOHHBIE MaTepualibl  MOTYT OBITh PEKOMEHJOBAHBI JIJIi OYUCTKU COYHBIX BOJA OT
PacCTBOPUMBIX OPTaHUYECKUX 3arpsi3HUTEINICH.

Tabnuna 1
Crenenn aexosopusamuu (R %) Ponamuna C Ha 11€0JIHTOBBIX KOMIIO3UTAX B yciaoBusax Y dO.
C(H,0,)=3,75 - 107 M; m(ueosinta) = 0,5 r; C(kpacureis) = 10mr/ia;spems YOO = 30 muH.;
00beM pactBopa 20 mu. IlorpemHocTs onpenenenus cocrapmia 3-5 %

Kommo3sur MeTon HaChITICHHS Meton Ileunnu

Fe(ll) 90 —
Fe(l11) 85 —
Cu(ll) 83 —

TiO, 50

CeO, 84
Sm,03 75

NiO 78

Tabnuma 2
Crenenn aexosopusanuu (R %) J031nHAa HA HEOJIUTOBBIX KOMIO3UTAX B ycjaoBusax YPO.
C(H,0,)=3,75 - 10° M; m(ueosnta) = 0,5 r; C(kpacureis) = 10mr/i; Bpemss Y®O = 30 muH; 00beM pacTBOpa
20 mur. ITorpemHoCTh ONpeneeHus coctaBuiaa 3—5 %

Kommozur MeTon HachIIEeHUS Merton Ileunnn

Fe(ll) 96 _
Fe(ll) 92 —
Cu (1) 85 -

TiO, 71

CeO, 89
Sm,03 85

NiO 70

BriBon

[Tomy4eHbl KOMIO3MIIMOHHBIE  MaTE€pPHAJIbI/KaTAIM3aTOPhl  MyTEeM  MOJIUGHUIMPOBAHUS
IPpHUPOAHOr0 IMCOJIMTa HOHAMH IIOJMBAJICHTHBIX MCETAJIOB MCETOAAMHM HACBIIMICHUA U Ileunnmn.
HccnenoBana  (oTokartanuTUyeckass akTHUBHOCTb  IMPHUPOJHBIX  KOMIIO3UTOB B  PEAKIMU
OKHUCJIUTEIbHON JECTPYKIMHM OpraHuueckux Kpacurteneil Josuna u Pomammua C. Ilokazano, 4to
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MOJIy4eHHbIe KaTanu3atopbl B cucteme Padda-DeHToHA MPOSBISIIOT BBICOKYIO KAaTaJIUTHUYECKYIO
AKTUBHOCTb 110 OTHOILIEHUIO K UCCIIETYEMbIM KPACUTEISIM.

Jannoe nayunoe ucciedosanue 8blnoiHeHo npu nodoepoicke Ilpoepammer « Hayunwiii pono TI'Y um.
J.U. Menoeneesay ¢ 2015 — 2016 ee.
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THE EFFECT OF EOR TECHNOLOGIES ON THE CONTENT OF
PETROPORPHYRINS AND NAPHTHENIC ACIDS OFRECOVERED
HEAVY OILS FROM USINSKOYE FIELD
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The effect of EOR technologies on the contents of petroporphyrins and naphthenic acids in recovered crude oil was
studied using heavy oils from Usinskoye oil field (Republic Komi), which has high viscosity and high content of resins
and asphaltenes, metallporphyrins, naphthenic acids. It is found that EOR system in combination with thermal-steam
treatment injection brings about an increase in the content of vanadyl porphyrins of crude oils. As a result of the EOR
system injection, the naphthenic acids content would decrease in heavy oils.

Key words: heavy oil; EOR technologies; naphthenic acids; petroporphyrins

The production of heavy oils in most oil fields of Russia is carried on using water shutoff
technology. The Enhanced Oil Recovery (EOR) technologies used for the development of heavy
oils formations are based on water injection into the oil reservoir or on thermal-steam treatment of a
net of injection wells. In point of fact, well flooding is displacement of crude oil from crumbling or
porous rock. Crude oil production results in reservoir underbalance; therefore, the volume of
injected water would make up for that of produced crude. The use of EOR technologies developed
in combination with thermal-steam treatment methods permits reduction in crude oil viscosity and
increase in oil displacement factor. Some of these methods employ surfactant-based systems,
chemical reagents which cause generation of carbon dioxide and ammonia, thereby creating an
alkaline buffer system. When used in combination, the above EOR technologies may cause
chemical transformation of crude oil due to the exposure to high temperatures. Oil displacement
with water and residual oil recovery from low permeability reservoirs might also bring about certain
changes in the composition and properties of native heavy oil [1-4]

Heavy crude oil, is a complex mixture of organic compounds predominately composed of
hydrocarbons, and often contains large amounts of other compounds such as organic and inorganic
sulfur species, trace metals, metall,orphyrins and naphthenic acids. Naphthenic-based crudes
contain a higher percentage of naphthenic acids. Naphthenic acids constitute about 50 wt % of the
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total acidic compounds in crude oils [5]. Porphyrins and their geological derivatives (vanadyl and
nickel ,orphyrins) are unambiguous indicators of biological activity because they are widely
distributed among all living organisms and crude oils on planet and, unlike other molecules such as
amino acids, lipids, and polyaromatic compounds, cannot be abiotically produced in measurable
amounts under natural conditions [6, 7].

The effect of EOR technologies on the composition and properties of recovered heavy crude
oil was studied using samples from Usinskoye oil field of the Permian-Carboniferous formation
Usinskoye oil field (Republic Komi). The studied crudes has high viscosity and high content of
resins and asphaltenes [8].

Three samples were collected from No. 2752 well, two samples — from No. 2805 well, two
samples — from No. 3418 well and two samples — from No. 4243 well at different time intervals
after the EOR system injection (treatment) in 2014 year.

The separation of heavy oils was carried on by the method of liquid-adsorption
chromatography on a column packed with Al,O3 (4™ degree of activity); the eluents used were
hexane, carbon tetrachloride, benzene and benzene-chloroform mixture in the volume ratio of 1:1.
The petroporphyrins were examined with the aid of a spectrophotometer ‘SPECORD UV VIS’
(Carl Zeiss Jena, Germany), using the adsorption band intensity in the visible region of the spectrum
(550 nm for nickel porphyrin and 570 nm for vanadyl porphyrin) [9, 10].

Using alcohol solution of potassium hydroxide, potentiometric titration was carried on to
determine the carboxylic (COOH) group and content of naphthenic acids in crude oil samples [11].

The results of variation in the contents of petroporphyrins and naphthenic acids are listed in
Table.

As is seen from the data presented in Table heavy oils contain substantial amounts of vanadyl
(133 — 288 nmole /g) and nickel (44 — 71 nmole /g) porphyrins. The vanadyl porphyrins content has
increased in the crude oil samples collected from No. 2752, 2805, 3418 and 4243 wells two months
after the EOR system injection. Evidently, the vanadyl porphyrin content of crude oil is turning
back to the initial value with time. It can be seen that the nickel porphyrin content remains
practically unaffected by the EOR system injection.

The effect of EOR system treatment on the content of petroporphyrins and naphthenic
acids in heavy oils from Usinskoye oilfield

Petroporphyrin
Well Date of EOR contenFt), n?’ngle /g Content, wt %
No. sampling technologies nickel vanadyl COOH — groups na%r::tizimc
07.2014 — 56 223 0,33 2,1
2752 09.2014 after treatment 46 288 0,15 1,0
10.2014 after treatment 44 238 0,09 0,6
2805 07.2014 — 41 171 0,29 1,8
09.2014 after treatment 47 220 0,11 0,7
3418 08.2014 - 69 263 0,11 0,7
10.2014 after treatment 71 277 0,10 0,6
4243 07.2014 - 44 133 0,14 0,9
10.2014 after treatment 66 205 0,13 0,8

As can be seen from the data presented in Table naphthenic acid content in the heavy oil from
Usinskoye oilfield is in the range from 0,6 to 2,1 wt %. The content of acids would first (2-3
months) to decrease (2752, 2805, 3418 and 4243 wells) as a result of treatment to finally return to
the initial value. Consequently, it is more economical to isolate these acids from naphthenic-based
crudes.
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The results obtained can be used to develop effectiveness criteria for oil displacement EOR
systems studied and to determine the operation time of the same systems under real oil production
conditions.
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nayk (CEOXU PAH), 119991, Poccus, r. MockBa, yi. Koceiruna, 19, E-mail: savoninae@mail.ru

XUMHKO-aHATUTHIECKUHA KOHTPOJb OKPY)KAIOMIeH cpenbl HEOOXOAMM IS MONYy4eHHS OOBEKTHBHBIX TaHHBIX O
COJICP)KAaHMU  3arpsI3HSIONIMX BEIIECTB, B TOM 4YHCJIE TOKCHYHBIX. HedTenmpoayKTbl BXOAAT B YHCIO YacTo
oTIpe/ieIsIEMBIX KOMITOHEHTOB B 00bEKTaxX OKpYy»Katoleil cpensl. [Ipi MOHUTOPHHIE COCTOSHHS MOYB JUIS OTIPEIeNICHUS
He(TEeNPOIYKTOB HCHONB3YIOT B OCHOBHOM HMK-criektpomerpuueckuii u (IyOpUMETpPUYECKHUA METOIbl aHaIn3a.
CraHpapTHBlE METOAMKM aHAIM3a II0YB Ha coJepKaHHe HEe(TENpPOAYKTOB YKa3aHHBIMH METOJaMH OTJIMYAIOTCS
JIOBOJIBHO JUIMTEIBHOW MPOOOIOIrOTOBKOH, BKIIOYAIONIEH M3BJICUEHHE HEPTENPOIYKTOB M3 00pa3ua (IKCTpakIys) C
IIOMOIIBI0  OPTraHWYECKOTO  PACTBOPHUTENS, BBIIAPUBAHWE W PEIKCTPAKIUI0O (MpH  (QIyopHMETPHIECKOM
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JCTEKTUPOBAHNH), OYUCTKY IKCTPAKTa OT MOJISPHBIX coenuHeHuid. [Ipu »ToM npoGonoAroroBka 3aHUMaeT HE MeHee 3
4. llenp naHHOM pabOTHI 3aKiI0YaIach B OIEHKE BO3MOXKHOCTH NMPUMEHEHHS! IIPOTOYHOIO CIIoco0a MpoOOomoaroToOBKH
JUIsl aHallk3a 3arps3HEHHBIX I0YB, B TOM 4YHCJIE Ha cojepXaHue He(TenpoayKToB. s peanu3anud MPOTOYHOTO
SKCTPAarMpoOBaHMsl HMCIOJB30BaJM MHKPOKOJIOHKY CIIEIHATbHOW KOHCTPYKLUH, JUII OYHUCTKH JKCTPaKTa HPUMEHSIIH
NaTPOHBI, 3aIIOJHCHHBIE OKCHIOM QIIOMUHHS M KIACCHYSCKHE XpoMaTorpauyeckue KOJOHKH. JleTeKTHpoBaHHE
HE(PTETPOAYKTOB MPOBOIIIN Ha KoHIEeHTparomepe HedTenponykroB KH-2M (MK-cnextpomerpus). [Tokasano, 9to
NPUMEHEHHE MHKPOKOJIOHOK IJI IPOTOYHOIO 3KCTPArMPOBaHHS HE(TENPONYKTOB M3 IIOYB MO3BOJACT 3HAYHUTEIHEHO
cokpaTuTh Bpems aHamm3a (mo 1 4). IIpm 3ToM >deKTHBHOCTH H3BICUEHUS HE(PTEMPOAYKTOB BBIMIC, YeM IIPU
CTaHJAPTHOM CII0CO0€ MPOOONOATOTOBKH. JJaHHBIH cTIOCO0 TPOOOITOATOTOBKH MOKET OBITH HCITOJIB30BaH U MPH APYTHX
BUJIaX aHAJIN3a, TPEOYIOMIMX IIPEIBAPUTEIEHOTO H3BJICUCHHS 1IEICBOr0 KOMIIOHSHTa U3 00pasia.

KaioueBble ciioBa: npo6omnoaroroBka, HeTENPOIYKTHI, aHAIN3 MOYB, XUMUKO-aHAJTUTHUECKUH KOHTPOJIb, POTOYHOE
skctparupoBanue, UK-criekrpomerpusi.

APPLICATION OF FLOW SAMPLE PRETREATMENT METHODS TO
THE CHEMICAL AND ANALYTICAL CONTROL OF SOIL
CONTAMINATION

Andrei V. Soin, Inspector of environmental control of Troitsky and Novomoskovsky administrative
districts, Department of Natural Resources and Environmental Protection of Moscow, 11, building 1, Novy
Arbat Street, Moscow, 119019, Russia, E-mail: soinandrey@yandex.ru
Tatiana A. Maryutina, D.Sc., Leading Researcher, Laboratory of concentration, Federal State Institution of
Science of the Order of Lenin and the Order of the October Revolution, V.I. Vernadsky Institute of
Geochemistry and Analytical Chemistry. Russian Academy of Sciences (GEOKHI RAS), 19, Kosygin
Street, Moscow, 119991, Russia, E-mail: t_maryutina@mail.ru
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Geochemistry and Analytical Chemistry. Russian Academy of Sciences (GEOKHI RAS), 19, Kosygin
Street, Moscow, 119991, Russia, E-mail: savoninae@mail.ru

Chemical and analytical monitoring of the environment is necessary to obtain relevant data on the content of pollutants,
including toxic ones. Oil products are components to be determined in the environment. Infrared spectrometric and
fluorometric analytical methods are mainly used for monitoring of oil contamination in soil. Standard techniques of soil
analysis for the determination of the content of oil products by using these methods are characterized by a relatively
long sample pretreatment including the extraction of oil products from the sample with an organic solvent, evaporation
and re-extraction (for the fluorometric detection), purification of the extract. In this case sample pretreatment takes at
least 3 hours. The aim of this study was to evaluate the possibility of using a flow-through sample pretreatment method
for the analysis of contaminated soils. A microcolumn of special design was used for the flow extraction of oil products
from contaminated soils. The cartridges filled with aluminium oxide and conventional chromatographic columns were
applied to the purification of extracts. IR spectrometry (device KN-2M) was used for the detection of oil products. It
has been shown that the use of flow extraction in microcolumns can significantly reduce the analysis time (down to 1
h). In this case the efficiency of oil products extraction is higher than by using the standard sample pretreatment
techniques. The proposed sample pretreatment method can be used in other types of analysis required the extraction of
the target component from the solid sample before detection.

Key words: sample pretreatment, oils, soil analysis, chemical and analytical control, flow-through extraction, IR
spectrometry

OcHOBHOH cTajgueil Bcex METOJIOB aHajM3a SBJIETCS IMpoliecc MPOoOONOIrOTOBKU, KOTOPHII
IIOCTOSIHHO COBEPLIECHCTBYETCS B IIOMCKE HOBBIX TEXHUYECKMX pELIEHWI, HalpaBiICHHBIX Ha
MOBBIIIEHNE A(PQPEKTUBHOCTH BBIJCIECHUS aHAIM3UPYEMbIX BemlecTB. [NaBHbIMM crnocoOaMu
U3BJICUEHUS OpraHnueckux TokcukanToB (ITAY, ¢enonos, HehTENPOIYKTOB, IECTUIMIOB U JIp.) U3
II0YB ABJIAIOTCA: TepMonecop6um{; KHUIKOCTHAA SKCTPAKIHA, DKCTpAaKIHd B MUKPOBOJIHOBOM II0JIC,
HKCTPAKLUsl CYOKPUTHYECKOM BOJIOH; CBEpXKpUTHYEcKas (IIOMIHAS SKCTpakIus; napodaszHas
OKCTpaKIH. B COBpeMeHHOﬁ IMMPAKTHUKE SKOJIOTMYCCKOTO MOHUTOPUHIA JJIsI KOHTPOJIA COACPKAHNA
HEe(PTENPOAYKTOB B IMOYBAX MCIOJIB3YIOT TIJaBHBIM obOpazom HWK-cnekrpomeTrpudeckuii u
(bayopuMeTprudecKuii MeTObI aHanu3a. [Ipu 3TOM HEKOTOPBIMH HCCIIEIOBATEISIMUA MMOKa3aHO, YTO
npumeHeHne MK-cnexkrpoMeTpun sBIsSETCS NPEANOYTHTEIbHEE, TaK KaK IO3BOJISIET IOJYyYUTh
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0ojee TOCTOBEpHBIE pE3yJabTaThl 3a MEHbIIEE BpPeMsl MO CpaBHEHHIO C (IIyOpUMETpUUYECKOI
metonukor ananmm3a (ITHI @ 16.1:2.21-98) [1, 2]. B cBs3u ¢ atum HMK-cnektpomeTpus Obuia
BbIOpaHa ISl OIICHKHM BO3MOYKHOCTH MPUMEHEHHUS MPOTOYHOrO Crocoda MpoOOMOArOTOBKU MpU
aHanm3e Herezarps3HEeHHBIX MTOYB.

W3BecTHO, YTO CUCTEMBI IPOTOYHOTO SKCTPArupOBaHUs, K KOTOPBIM, B YaCTHOCTH, OTHOCSITCS
MUKPOKOJIOHKH, BEChbMa MEPCIEKTUBHBI JJIs IeJIel IKCTPAarupoOBaHUs Pa3IUYHBIX KOMIIOHCHTOB M3
mouB. MMUKPOKOJIOHKA MpeACTaBisieT CcoO0OW  MOJBIM  UWIMHIP-KOHTEWHEp C  JABYMSA
3aBUHYMBAIOIIMMUCS KPBIIIKAMU, B KOKIOW U3 KOTOPBIX MMEETCS OTBEPCTHE JUIS MPOKAYMBAHUS
JKcTpareHTa. BbIMbIBaHMIO 00paslia M3 KOHTEWHEpa NpPEenATCTBYIOT —alleTaTHO-LIEIUII0JIO3HbIE
¢unpTpel (Millipore), ycTaHOBJICHHBIE Ha «BXOJAE» M «BBIXOJE» W3 KOJOHKH. OpraHndeckuit
pacTBOpUTENb (IKCTPAreHT) MPOKAUMBAETCA 4Yepe3 KOJIOHKY C MOMOIIBIO IMEePUCTAIBTHYECKOrO
Hacoca.

O} PexTUBHOCTh SKCTparupoBaHusi HEPTENPOAYKTOB OLICHUBAIU TMPHU HCIOIb30BAHUU
crangaptHoro oopasua noussl (I'CO 8673-2005 cocraBa MoOYBHI, 3arpsI3HEHHON HEYTENPOTYKTaAMN)
U MOJEIIBHOTO 00paslia 3arps3HEHHON IMOuBbI, MpHUroToBIeHHOro Ha ocHoBe ['CO 8702-2005
COCTaBa IMOYBHI (JEPHOBO-TIOA30JUCTAs TSHKEIOCYTIIMHUCTAS TTOYBA) MPH T00ABICHUU JAU3EITHHOTO
toruuBa (AT nernee). Ananu3 HedTe3arpsA3HEHHBIX IOYB BBHINOJNHSUIM Ha OCHOBE METOJUKH
IMHA®D 16.1:2.2.22-98 «MeToauka BBITIOJHEHUS U3MEPEHUH MacCOBOU JOIH HEPTEMPOIYKTOB B
MOYBaX M JOHHBIX OTIOKEeHHsX wmerogoM HMK-cnekTpoMeTrpun» TMpu  IKCTPArMpOBaAHHUH
TeTpaxjiopMeTaHoM. Macca aHanmu3upyeMbix oOpasinoB mouB cocTaBisia 1,0 r. Pesynbrars
aHalM3a MpeICcTaBIeHbI B Ta0.

Pe3y.]'leaTbI IKCTPAarupoBaHust He(l)TerO)IyKTOB u3 06[)33[103 Mmo4B € NOMOIIbI0 pa3/IHYHBLIX METO0B

(n=3,P=0.95)
Conepxanue HepTEPOAYKTOB, MI/KI
Ob6pa3zen BCTPSXHMBAaHUC HA 9KCTpParupoBaHUE B
niekepe MHKPOKOJIOHKE
I'CO 8673-2005 (mecuanast mo4Ba, CepTUPHIUPOBAHHOE
3HaYeHue 5654 + 325 mr/kr) 5000300 9360 £ 280
lr: §£a§702—2005 (IepHOBO-TIOA30JIMCTAS TSDKEIOCYTIMHHACTAS 1790 + 50 7660 + 160

YyuteiBas ToT akt, uto obpazern 'CO 8673-2005 cocTaBa mouyBbI ObLI CEPTUPHUITUPOBAH HA
ocHose meronuku [THA®D 16.1:2.2.22-98, npegycmarpuBaroieil SKCTparupoBaHue Ha Ieikepe, He
YIUBUTEILHO, YTO PE3YIbTATHl aHAJH3a, TIOJTYYEHHBIE B ClIydae MPOOOIOATOTOBKH BCTPIXHUBAHHEM
o0pa3lia ¢ SKCTpareHTOM Ha Ileiikepe, Mokas3anu HauOosee OJIM3KUE K CEpTUPHUIMPOBAHHOMY
3HAYeHUsl MO cojiepkaHuio HepTenpoAaykToB (88 %). OgHako NMpu CpaBHEHUU PE3YNbTATOB IIO
COJIEpKaHUI0 HE(PTENPOAYKTOB B SKCTPAKTAX, MOITYYEHHBIX MPHU MPOOOMNOATOTOBKE B MPOTOYHOM
peXuMe, BUAHO, YTO OHHM NMPAKTUYECKH B JIBAa pa3a MPEBBIIIAIOT CEPTHPHUIMPOBAHHOE 3HAUCHHE.
Taxum oOpa3oM, s3kcTparupoBaHue 1o crangaptHoit meroauke [THAD 16.1:2.2.22-98 e no3Bonser
MOJTHOCTBIO  M3BJEYh HePTENMpOAyKTHI U3 HccienyemMoro obOpasma. B cmywae oOpasma,
3arps3HEHHOr0 JM3ENIbHBIM TOIUIMBOM, HAOMIOAaeTcss aHajoruyHas teHjaeHuus. [lomoOHoe
pasnuuue B pe3ysbTaTax, MOJyYeHHBIX MPU UCIOJIb30BaHUM Pa3HbIX CIIOCOOOB MPOOOIMOITOTOBKH,
OOBsICHACTCSI TeM (PaKTOM, YTO TPU HCIOIH30BAHUU MHUKPOKOJIIOHKH IKCTParupoBaHHE MPOTEKAET
IIPU IOCTOSTHHOM OOHOBIJIEHHH KCTpPAreHTa.

Ha puc. 1 mpuBeneHa kpuBasi H3BJICYCHUST HEPTEMPOAYKTOB U3 CTAHIAPTHOTO 00pa3Iia MOYBEI
(I'CO 8673-2005).
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Puc. 1. N3Brnedenne HePTEIPOOYKTOB U3 cTaHAapTHOTO oOpasna moussl ('CO 8673-2005) ¢ npumeneHneM
MHKPOKOJIOHKH

W3 pucyHka BUAHO, YTO AJISl U3BJICUEHUSI HEPTENPOIYKTOB U3 00pa3ia 3arpsi3HEHHON MOYBHI
nocratoyHo 60 MUH., B TO BpeMs KaK 3KCTParMpoOBaHHE 0 CTAHJAPTHOW METOJMKE TpeOyeT He
MeHee 3 4.

Takum 00pa3oM, TPOTOYHBIC CIIOCOOBI IKCTPArUPOBAHUS TIO3BOJISIOT OBICTPO U 3(PPEKTUBHO
U3BJIeKaTh HE(PTSIHBIC YIIEBOAOPOIbl M3 3arpsA3HEHHBIX IOYB, YTO BAXKHO IMPH XHUMHKO-
AQHAJIMTUYCCKOM KOHTpOJiE 3arps3HeHus. [lomydaemblii JKCTpakT MPAKTUYCCKH HE TpedyeT
JaNbHEUIIe OYMCTKU Tepel MOCIeAYIoIUM aHanu3oM. OTaeneHue MONSPHBIX YIIEBOIOPOAOB,
MENIAIOIINX aHaJIN3y BO3MOXXKHO B pEXHME on-line ¢ IMOMOIIBI0 CICIHATBHBIX IMAaTPOHOB C
COpOEHTOM (OKCH/T aJTFOMHHHUS ).
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HccnenoBanne n nmouck Hambonee 3P(PEKTUBHBIX METOJOB YAAIECHHS OPraHWYECKHX TOKCHKAHTOB SBILIETCS BasKHOM
3ajadeil Ha ceroaHAWHUN AeHb. [IpumeHeHne Y@ wu3iydeHHE MO3BOJSIET YOAJIUTh LIMPOKUN P OpPraHUYECKUX
COCIMHEHUH, WM CHeTaTh BO3MOXHOHN NambHEHIIyl0o WX OHOAETpajaldio B NPUPOAHBIX OOBekTax. M3yueHsl
KMHETUYECKHE AaCIeKThl aerpagannu  2,4-nuxiaop(eHOKCHYKCYCHOW KHCJIOTHI IIPU IOMOIIM MajorabapHTHOTO
MIPOTOYHOTO peakTopa. B kauecTBe NCTOUYHMKOB M3IydeHHUs OblIa ucnoip3oBaHa KrCl — skcnnamna ¢ [JUIMHHOM BOJIHBI
mnydeHnss (A ~222 ©Mm). KOHIEHTpanmWuM WCXONHBIX pPEAarceHTOB, a TaKKe OCHOBHBIX (POTONPOIYKTOB
KOHTpoJupoBanuch npu nomomu BIXX. ®dortopeakrop MomuduumpoBan pobGaBieHneM peakTnBa DeHTOHa H
nepeKkrchio Bogopona. 2,4-J1 (50 Mr/m) mosHOCTBIO JErpaanupyeT Kak B MPHCYTCTBHU JIOTIOJHUTEIBHBIX OKHCIUTEICH
Tak ¥ 0e3 HHUX. DPPEKTUBHOCTH NErpajaliy JOCTUTAeTCsl MPU MacCOBOM COOTHOLIEHWHM nepekucu u 2,4-J1 2:1.
[Tpumenenne poropeaxropa mo3BosIMIIO0 NpoBecTH Aerpananuto 2,4-J1 B reuenne 20 MuH.

Kaiouesbie ciioBa: poronerpananus, 2,4-J1, SKCHIaMIIb, EPEKUCH BOAOPOJIA.

KINETIC STUDY OF PHOTODEGRADATION 2,4-D BY PHOTOREACTOR
BASED ON KrCl EXILAMP

Irina V. Sokolova, D.Sc., Professor, National Research Tomsk State University, Chemistry Department, 36,
Lenina Avenue, Tomsk, 634050, Russia, E-mail: sokolova@phys.tsu.ru
Nikolay O. Vershinin, postgraduate student, National Research Tomsk State University, Chemistry
Department, 36, Lenina Avenue, Tomsk, 634050, Russia, E-mail: nik_vershinin@mail.com

Research and find the most effective methods for removing organic toxicants is an important task for today. Application
of UV radiation makes it possible to remove a wide range of organic compounds, or make it possible to further their
biodegradation in natural objects. Kinetic aspects of degradation of 2,4-dichlorophenoxyacetic acid, using a
photoreactor was studied. The radiation sources was used KrCl - excilamp with a wavelength (A ~ 222 nm).
Concentration of initial reagents, as well as major photoproducts were controlled by HPLC. Adding modified
photoreactor Fenton's reagent and hydrogen peroxide. 2,4-D (50mg / L) completely degraded in the presence of
additional oxidants and without them. Degradation efficiency is achieved when the mass ratio of [H,O,] and [2,4-D] 2:
1. Application photoreactor allowed for the degradation of 2,4-D for 20 min.

Key words: photodegradation, 2,4-D, exilamps, hydrogen peroxide

B npupone nox neiictBuem cosiHeyHOTO cBeTa 2,4-J1 MoKeT moaBepratbes (oTOPa3IoKEeHHIO.
W3BecTHO, 4TO mpoIiecchl TpaHChOpMallUU U pa3pylIeHUs] OPraHUYECKHX BEIIECTB B HIKOCHCTEMAX
MIPOTEKAIOT MOJ] BO3AEHCTBUEM (PU3UKO-XUMHUUYECKUX M OHonoruueckux ¢akropos. [lepcriekTuBHOM
TEXHOJIOTUEH A pa3pyllieHUs OpraHMYeCKUX COETUHEHHUH SBISETCS NMPUMEHEHHE KOMOWHAIMU
(U3MKO-XMMHUYECKUX  METOJ0B, a Takke MeToJoB Ouogerpamauuu. DoroxuMuyeckas
TpaHchopMalMs  XJOPCOACPHKALIMX —aAPOMATHUECKUX TepOMIMIOB MOXET COINPOBOXKIAThCS
NEXJIOPUPOBAHUEM, YTO JeNlaeT MPOAYKTHl (OTONMM3a MEHEee YCTOMYMBBIMU K JaJIbHEHIIEMY
6uopaznoxenuro [1]. M3-3a moBceMecTHOro NpUCyTCTBUA XJIOP(EHOIOB B MPUPOIHBIX CPeAax U UX
TOKCUYHBIX CBOMCTB, IOHSTHE KHHETHUKM W MEXaHHW3Ma MpolLeccoB (oToaerpagauu 3THX
COeIMHEHUI Kareropuyecku BaxkHo. HecMoTpst Ha OoJbIIOe KOIMYECTBO MyONIHMKalUi, HEKOTOpPbIE
BOIIPOCHI ~ KacaTeIbHO MeXaHM3Ma peakiuil  ¢oTonerpagauuu  TpeOyIOT — JalbHEWIIEro
UCCIIEIOBaHUS.

B nocnennee Bpems Bce 00ibllle BHUMaHUS YAENSETCS SKCHIIaMIlaM B KaueCTBE HCTOYHHMKOB
cBeTa. DKCHJIaMIIbl KaK MCTOYHHMKHM CIIOHTAHHOT'O W3JIy4YE€HHs, SIBJSIOTCS CPaBHUTEIBHO MOJIOIBIM
CEMEHCTBOM HCTOYHUKOB cBeTa. OHM OKa3aJIMCh JOCTaTOYHO HEIOPOTMMH HCTOYHUKAMH
n3nydeHus (LleHa SKCHJIAMIBbl, 10 KpaHEeH Mepe, Ha MOpsAoK MeHblle IeHbsl Y®P- wim BYO-
na3zepa). 3HAYUTENBHBIX YCIIEXOB B HCCIIEIOBAaHUU M pa3pabdOTKe SKCHJIAaMI JOCTUIIU y4YEHBIE
HNucturyra cunbHoTouHOM 31ekTpoHku CO PAH (1. Tomck) [2].

IMpu nerpaganmu 2,4-J1 mon neiicteuem Y® wmsnydenuss KrCl (222 um) nHabmomaetcs
CHI)KEHHE KOHILIEHTpAallMU MCXOJHOTO COEIMHEHUs NMPAKTUYECKU 10 Hyis. CKOpOCTh Aerpajanuu
3aBUCHUT KaK OT HayaJlbHOM KoHuUeHTpauuu 2.4-J], Tak u ot odbema pactBopa, [Ipu nobGaBienuu
MEPEeKUCH BOJIOpOoJia HaOJr0faeTcsl YBEIMYEHHE CTENEHU JAErpajallid M CKOPOCTH JAerpajaluu
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TOKCHKaHTa. D(deKTHBHAs aerpamalis J0CTUracTcs mpu MaccoBoM cootHorrenuu [H,0,]:[2,4-/1]
2:1[3].

104 - ~

0,84

0,6 4

——2
—A—3
w4

0,4

0,2

0,0 T T T T T 1
0 20 40 60 80 100 120

Bpewmsi 06nyyeHunsi, MuH

Puc. 1. CpaBHeHHe METOIOB Jierpaaaliii BOAHOro pactBopa S0 mr/n 2,4-J1 npu: peakuus
®dentona 0e3 obnyueHus (1); YO obnyuenueM B poropeaktope Ha ocHoBe KrCl sxcumammnsr (2);
¢ nobaBieHueM nepekucH Bojopoaa (3); ¢ nodaBiIeHHeM nepeknucH Bojopoaa u peakunu Oenrona (4)

Kak mokazano Ha puc. 1, mpu coBmemennn peaktuBa denrona u H,O, HabGmomaercs
HauOOJBIIANA TIOJOKUTEIBHBIN 3P (deKT. 3aBUCUMOCTh KOHCTAHT CKOPOCTEH peaKIMH JCTpaaliuu
OT HKCIIEPUMEHTATIbHBIX YCIOBUIA MTPE/ICTaBICHA Ha PUC. 2.

k, min™*
0,254

0,204 /

0,15 ||
0,10

0,05+

0,00 T T T T

Ycnosusi akcnepumeHTa

Puc. 2. 3aBHCUMOCTh KOHCTAHTBI CKOPOCTH JIerpaaaliu BogHoro pacteopa 50 mr/a 2,4-J1 npu (1) neiictBuu peareHra
®denrtona 0e3 YO uznydenus; (2) Toapko YO usnyuenue Gotopeakropa;
(3) mpu nobasnennu H,O, 100 mr/m; (4) npu nobasnennu H,O, u peaktusa @eHToHA

Takum oOpazom, mpumeneHue ¢oropeakropa Ha ocHoBe KrCl skcmmammbl obecrieunBaeT
nerpananuto 2,4-J1 B tedenne 20 MuH. AHanM3 Ha OOIIMN OpPraHWYECKUI Yriaepoja Mokasaj, 4To
MUHEpaIN3alMisl pacTBOpa HW3MEHSAETCA He Tak JAUMHAMHUYHO. COOTBETCTBEHHO B PacTBOpE
HAKaIIuBaloTCs (POTOMPOIAYKTHI, KOTOPHIE TAKKe MOABEPraroTcs POTOAEeTpa aIIH.

Paboma evinonnena npu ¢unancosoii nooodepoicke co cmoponvt Munobpnayxu Poccuu (3adanue Ne 2014/223 na

BbINONIHEHUE 20CYOAPCMBEHHBIX pabOm 6 chepe HaAYUHOU OesmerbHOCMU 8 PAMKAX OA30801U 4acmu 20Cy0apCmeeHHO20
3a0anus Munobpnayxu Poccuu), koo npoexma 1766.
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OpHoM U3 3a7a4 XUMUYECKOH MPOMBIIIJICHHOCTH SIBIISIETCS pa3paboTKa pecypco- U 3HEprocOeperaronmx TeXHOIOTHi
nepepaboTKH BPEIHBIX MPOU3BOJCTBEHHBIX OTXO0/I0B, KOTOPHIE, HEH30€KHO 00pa3yroTcs Jake Ha CaMbIX COBPEMEHHBIX
MPEINpUATHAX, BIAJCIOMNX Hanbojaee COBEPUICHHBIMH TEXHOJIOTHYECKUMH Ipolieccamu. IlpobieMa ux yTunmuzanuu
O CHX TIOp HE pemieHa W OoJbIIas YacTh JIMTHO-IIIAMOB cOpachkiBaeTcs B TPYABl HakomuTenu. Hamwmdwme BOIEI,
JKUPHBIX, CMOJISIHBIX KHCIIOT, HEOMBUIIEMBIX BCIIECTB WM JINTHHHA, KaK OKAa3alloCh, CIIOCOOCTBYET O0Opa3oBaHUIO
MIPOYHOW M TPYJHO PaCCIAWBAIONIMICSA dMYJIbCHU. B 3TOW CBs3M, NalbHEWIINE MCCICIOBAHUS OBUIM HANPABJICHBI Ha
MOUCK TPOCTBIX U JOCTYHMHBIX METOAOB PA3pyLIEHHUS CTOMKONH SMYIbCHU U BBLACICHUS OTAENBHBIX KOMIIOHEHTOB,
HanOoJee IEHHBIMU U3 KOTOPBIX SIBJISUINCH — JJUTHUH U CHIPOE TAJTIOBOE MAaCIIO.

KuroueBble cjioBa: npyzsl-IIIaMOHAKOIUTENH, OTXO/BI, ChIPOE TAJNIOBOE MACJO, TUTHUH, yTUIA3ALUS.

DEVELOPMENT OF THE RECYCLING PROCESS OF PULP AND PAPER
MILLS CONTAINMENT PONDS
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Mariya A. Smirnova, student, Yaroslavl State Technical University, Chemical and Technological Faculty,
88, Moskovsky Avenue, Yaroslavl, 150023, Russia, E-mail: Supermanechkal@mail.ru
Mariya S. Krasikova, student, Yaroslavl State Technical University, Chemical and Technological Faculty,
88, Moskovsky Avenue, Yaroslavl, 150023, Russia.

One of the objectives of the chemical industry is the development of resource and energy saving technologies for
recycling of harmful industrial waste, which, inevitably formed on even the most modern enterprises, which owns the
most advanced technological processes. The problem of their utilization is still not solved and a large part of ligno-
sludge is discharged into the ponds drives. The presence of water, fat, resin acids, unsaponifiable matters and lignin, as
it turned out, promotes the formation of strong and difficult stratifying emulsion. In this respect, further research was
aimed at the search of simple and accessible methods of destruction of stable emulsions and separate components, the
most valuable of which was - lignin and raw tall oil.

Key words: pulp and paper, waste, crude tall oil, lignin, utilization.

OnHoil M3 3a7a4 XUMHUYECKOW MPOMBIIUICHHOCTH SIBISIETCA pa3pabdoTKa pecypco- u
sHeprocOeperaroIux TEXHOIOIUN epepaboTKU BPEAHBIX MPOU3BOICTBEHHBIX OTXO0J/I0B, KOTOPHIE,
HEM30EKHO O0pa3yroTCsl Jake Ha CaMbIX COBPEMEHHBIX NPEANPHITHSAX, BIAICIOIIMX Hambosee
COBEpLICHHBIMU TEXHOJIOTUYECKUMU TporieccaMu. K TakuM OTX0JaM MOYKHO OTHECTH HLUIaM-
nurauHOBBIe oTx01bl (IIIJIO), mpucyTcTByIONME MPAKTUUECKH Ha BCEX IEJUIIOJIO3HO-OyMaXKHBIX
kombuHatax (IIBK) Poccuu. [Ipobnema nx yrunuzanuu siBisieTCsl 10CTaTOYHO OCTPOIl, Tak Kak OHU
MPEJCTABISAIOT €000 Yrpo3y OSKOJOTHYECKOW O€30macHOCTH JJIsi HaceleHWs B pailoHaxX HX
pacnionioskenusi. Konuuecrso IJIO, HakOmIEHHBIX B IUIAMOOTBANIAaX, TOCTUIIO0 Oonee 20 MIH. T.
CeroHsi mpyzbl HaKONUTENX (LLJIAMOOTBAJIbI) IBITAIOTCA JIMKBUAUPOBATH IYTEM IOCTENEHHOTO
CKUTAHUS B CIELUUAIBHO CKOHCTPYMPOBAHHBIX AJis 3TOro nedyax. OJHAKo OObEeMbl €XeroJHON
YTWJIN3aLKUU HE BeNUKH, U cocTaBisitoT oT 20 1o 50 Teic.T. Takum 00pa3zoM, cTerneHb HaKOIUIEHUS
JIUTHOCOJIEPKAlINX OTXOAOB Ha JIECATKU IOPSIIKOB BBILIE, YEM CTENEHb UX YTUIN3ALUHU, HE TOBOPS
yke 00 HMCIIOJIb30BAaHMH HUX YIIIEBOAOpOoaHOro moteHimana. Ha nemom psge LIBK Apxanrenbckoit
00JIaCTH JIMTHOCOJESKAIINE OTXOJbl MPEACTABISIFOT COOOM KPYMHBIA TEXHOI€HHBIH HMCTOYHHMK
JIUTHUHA, )KUPHBIX U CMOJISTHBIX KUCJIOT TaJJIOBOTO Maciia, HEOMBUIIEMBIX BEIIECTB, IOCIEIHNUE U3
KOTOPBIX IO CBOMM (DPM3HKO-XMMHUYECKUM CBOMCTBaM CTOAT OJIMKE BCErO K YIiIeBoAOpoAaM HedTu
(B ocoOeHHOCTH K €€ Ou3eIbHOE W Ta30WIeBOM (pakiuy, BBIIEISIEMBIX B XO0J€ MEPBUYHOMN
nepepaboTku HeTH). Tak Kak Mpyapl HAKOMMTENIM HAXOJATCS HAa OTKPBITHIX IJIOLIAKaX, TO B
0TX0J1aX MMOMHMMO BBILIE MEPEUNCIICHHBIX BEIIECTB COJAEPKUTCS: BOJA, IPUMECH IECKa, Ujla, 3eMJIU
U IPOYMX INPHUMECEH TEXHOTEHHOTO XapakTepa — mycopa. Ecim oT Bcex 3THX mpuMmeceil muiam-
JUTHUHOBBIE  OTXOJbl  JIETKO  OTAENSIOTCS ~ METOJaMU  OTCTauBaHMs,  (QUIBTPOBAHMUS,
LHEHTPUPYTUPOBAHUSA, TO pa3JeIeHUE OCTaBIUEHCS CMeCH TNPUPOAHBIX  YIJIEBOAOPOJIOB
MIPEACTABIISIET ONpeACIIEHHBIC TPYAHOCTH[1].

Hanuune BOXBI, XUPHBIX, CMOJSHBIX KHCJIOT, HEOMBUISIEMBIX BEIIECTB W JIMTHUHA, Kak
0Ka3aJ10Ch, CIOCOOCTBYET 00Pa30BaHUIO IPOYHON U TPYAHO pacCIauBarOIINIICS SMyJIbCUU, KOTOpast
JlaKe TOCIie HArpeBaHUs W BBUIEPXKUBaHHUA Npu Temmeparype Onuskod k 100 °C memieHHO
paccianBanach.

B oroil cBsi3u, nanpHelmMe ucciaenoBaHMS ObUIM HAmpaBieHbl HAa MOUCK TMPOCTHIX U
JOCTYIHBIX METOJIOB pa3pyLIEHUs] CTOMKON SMYyJIbCHU M BbIAEICHHUS OTAEIbHBIX KOMIIOHEHTOB,
HanboJiee IEHHBIMU U3 KOTOPBIX SIBIISUTUCH — JIUTHUH U CHIPOE TAJJIOBOE MacCIIo.

O6a >TuxX MpOJyKTa SBJISIOTCS TOBAPHBIMHU, U BBITYCKAIOTCS KaK LIEUIIOJI03HO-0yMaKHBIMU
KOMOMHATaMH, TaK U TUJPOJIU3HBIMU 3aBOJIAMH.

J{nst BBIIENIEHHS] JIMTHUHA U CBHIPOTO TAIOBOro Macia u3 smyiabcu JICO Ha mepBoM 3tame
UCCIIeIOBaHUM  OBbIT  OMpOOOBaH METOJ HCIHOJBb30BAHMS PA3IMYHBIX pAcCTBOpUTENIEH Kak
anudaruyeckol, TaKk M apoOMaTHYECKOW TMPUPOJBI, a TakKe I[IUPOKO TMPUMEHSEMBIX B
npomsinuieHHocTH: [IM®A, IIMCO, dypdyporna, HehTIHOro colbBeHTa U ckunuaapa [2].

B pesynberare umcciemoBaHuii OBLIIO HAWIEHO, YTO aMM(paTHYCCKHUE PACTBOPHUTEIN B CHITY
CXOACTBA MOJIEKYJISIPHOTO CTPOEHUS IPEUMYLIECTBEHHO PAacTBOPAIOT KOMIIOHEHTHI CBHIPOTO
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TaJJIOBOTO Macjla — JKUPHbIE KHUCIOTBI, U CPABHUTEIBHO IUIOXO PACTBOPSIOT JIUTHUH, OJHAKO
MPOSIBIISIIOT HU3KYIO H30UPaTEIbHOCTD.

XOpolIyl0 pacTBOPSIOILYI0 CHOCOOHOCTh, HO HHM3KYIO CEJIIEKTUBHOCTH ITOKA3bIBAIOT TaKXkKe
JIMCO, IM®A wu npouune mojo0HbIC BEIECTBA.

Apomarnyeckue pacTBOPUTEIM MUMEIH XOPOIIME MOKAa3aTeNd 110 U3BJICUCHHUIO JMTHUHA Kak
BELIECTBA APOMATUYECKOM CTPYKTYPBI, B TOM YHCJIE U CTOUKH 3PEHUS UX CEJIEKTUBHOCTH.

Hawnyumne pe3ynbraThl ObLIM OKa3aHbl IPU IPUMEHEHUH CIIMPTOB HOPMAJILHOTO CTPOCHMUS
(mpormioBoro MW OYTHIIOBOTO), KOTOpble mpu oObeMHOM cootHomeHuu JICO :cmupr 1:1 m
temmeparype mposenenus mporecca 3040 °C, mo3BONMIM NPAKTHYECKH MOIHOCTHIO OTHENIUTH
JIUTHUH OT OCHOBHOM MaccChl CHIPOI0 TAJJIOBOTO Macia, BOAbI U MEXaHUYECKUX ITPUMECEH.
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HanmonanbHeIi nccnenoBarebckuit TOMCKUH rOCyTapCTBEHHBIH YHUBEPCUTET, XUMUUECKUH (DaKyIbTeT,
634050, Poccwus, . Tomck, ip. Jlenuna, 36, E-mail: Inskvorcova@inbox.ru
3axapoBa Ji1b3a ApMHHOBHA, KaH/I. XUM. HayK, cT. Hay4. coTp. OO0 «HIIIT «Tompananut», 634021,
Poccus, . Tomck, ip. @pynse, 240a/14, E-mail: elaz38@mail.ru

AXTyasbHOCTE PabOTHl 00yCJIOBIICHa HEOOXOANMOCTBIO CO3JaHUSI BBHICOKOTYBCTBUTEIBHBIX METOAUK OIPEAEICHUS
¢opm mermbsika(lll, V) B Bogax pa3muaHOTO MPOUCXOKIACHUS.

Lenb paboTHI: 3aKITIOYanach B MOWCKE ONTUMANBHBIX YCIOBHU oTAencHus Memarommx noHoB xene3a(lll), meau(ll) u
mapranna(ll) meromom wmoHHOTO OOMeHa mist mocnexyromiero omnpeneneHust ¢Gopm wmbimbska(lll, V) meromom
WHBEPCHOHHOH BosbTamnepomerpuu (MB).

MeTonpl WCCIENOBAaHUS: WHBEPCHOHHAS BoJbTamiepomerpus (aHammsatop TA-4), wonHas xpomarorpadus
(xpomarorpad ICS 5000 (USA), aromHO-abCOpOIMOHHAS CIEKTPOCKOMHUSI C DIICKTPOTEPMHUECKON aToMHU3AIei
(AACQ).

Pe3ynbraThl: ¢ NPUMEHEHHEM MaTEMaTHYECKOr0 MOJICIMPOBAHMS HaleHa ontuMaibHas kuciotHocth (pH 1,5) mis
ynanenus u3 pacrsopa wouos Fe(lll), Cu(ll) u Mn(ll) Ha CHITBHOKHCITOTHBIX KATHOHUTAX MPU ONPEICICHUN PA3IMIHBIX
dopm As(l11, V) metogom UB. Ha MosieNibHBIX pacTBOpax IMOKa3aHo, UTo JJIs YCTPAHEHUS MEIIAIOIIETO BIMSHUS HOHOB
Fe(lll), Cu(ll) u Mn(ll), mpucyTCTBYIOIIMX B BOAAX pPAa3IMYHOTO MPOMCXOXKICHHUS, HApSLY CO IIBEHIAPCKUAM
KapTpHIKeM, 3all0JTHEHHBIM CyJIb(OKAaTHOHUTOM, MOTYT OBITh UCIIOJIB30BaHbI CynbhokatnoHuTsl KY—-2-8 (Poccus) n
Pirolite C100 (Bemukobputanus). PazpabotanHas MeToanKa MPOOOMOATOTOBKH ObLIa MPOTECTUPOBaHA MPU AHAIU3E
IIUTBEBBIX M CHETOBBIX BOJ Ha coxepxanue Mbimbsika (I, V) meromom MB. IlpaBuibHOCTE METOAMKH JOKa3aHa
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CpaBHEHHEM DE3YJIbTATOB aHaM3a, MOJIYYCHHBIX pasHbIMM MeTojaMM no t-kpurepuio. st cpaBHEHMs NPUMEHSUIN
MeTo] HoHHOH xpomatorpaduu (onpeneneuue As(V)), meton AAC ¢ anekTpoTepMHuIecKoil atoMmusaiueit (00muit As).
KnaioueBble cjioBa: WOHHBIA OOMEH, MEUIAIONIME HWOHBI, MBIIIBSIK, METOJ WHBEPCHOHHOI BOJIbTAMIEPOMETPHH,
MIUTHEBast BOJIA.

THE USE OF ION EXCHANGE TO REMOVE THE INTERFERING Fe(l11),
Cu(ll) IONS AND Mn(I1) IN THE DETERMINATION OF DIFFERENT
FORMS OF ARSENIC IN WATER BY STRIPPING VOLTAMMETRY
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Avenue, Tomsk, 634050, Russia, E-mail: injurious_girl@mail.ru
Lidia N. Skvortsova, Ph.D., Associate Professor of Analytical Chemistry Department, National Research
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Elza A. Zakharova, Ph.D., Senior Research Scientist of Limited Liability Company «Research and
Production Enterprise Tomanalyt», 240a/14, Frunze Avenue, Tomsk, 634021, Russia,
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Relevance of the work is justified by the need to develop highly sensitive techniques for As(l11, V) detection in different
waters.

The main aim of the study: the search of optimal conditions for removal of interfering ions Fe(l11), Cu(ll) and Mn(Il) by
ion exchange followed by the determination of As(I11, V) by stripping voltammetry.

The methods used in the study: stripping voltammetry (analyzer TA-4, TomAnalyt, Russia), ion chromatography
(Thermo Scientific Dionex 1CS-5000+ HPIC, USA), electrothermal atomic absorption spectroscopy.

The results: mathematical modeling was used to determine the optimal pH (1.5) for removal of Fe(lll), Cu(ll) u Mn(ll)
ions from a solution using strong-acid cation-exchange resin to make it possible to detect As(lll, V) by striping
voltammetry. It was shown using simulating solutions that the sulphocationite KU-2-8 (Russia) and PiroliteC100 (UK)
as well as Swiss sulphocationite cartridge can be used to eliminate interference of Fe(lll), Cu(ll) u Mn(ll) ions, present
in different waters. The developed sample preparation technique has been tested in the analysis of drinking and snow
water for As(lll, V) by stripping voltammetry. The accuracy of the technique has been confirmed by the analysis of
results obtained with different methods using t-criteria. The following methods have been used for the result
comparison: ion chromatography (for the As(V) determination) and electrothermal atomic absorption spectroscopy
(determination of total As(V)).

Key words: ion exchange, interfering ions, arsenic, stripping voltammetry, water.

B cBs3u ¢ BBICOKOI TOKCHYHOCTBIO COEAMHEHHWH MBIIIbSKa, €ro COAEp)KaHHEe B OOBEKTax
OKpY’KaroIlen cpeabl MOoANeKUT o0s3arenbHoMy KoHTpouto [1]. ITJIK Melbsika B Boge cocTaBisieT
0,01 mr/m, mosTOMYy A7l €ro OIpeesIeHUs] 0COOYIO POJIb UTPAET OJMH U3 BBICOKOUYBCTBUTEIBHBIX
METOJIOB aHajn3a — METOJA HWHBepcHOHHOW BosbTammnepomerpuu (MB) [2]. B nutheBoil Boge
omnpezeneHuto Mbibsika Memraot nonsl Fe(l11), Cu(ll) u Mn(1l), npucyrcTByromye B 3HAYUTEIEHO
OONBIIMX KOJMMYECTBAX, YeM MbIIbAK. [lOCKONbKY JaHHbIE HMOHBI HaXOAATCS B BOJE
MPEUMYILECTBEHHO B KaTnOoHHOU (opme, a Heopranmueckuir AS(I11, V) — B kucnopoaconepxammx
aHMOHHBIX (hopMax, JIsl UX OT/EIEHUS MOXKHO MCIIOJIB30BaTh METO HOHHOTO oOMeHa [3].

B Hacrosiieii pabote mpeacTaBiIeHbl Pe3yabTaThl OICHKH Bo3MokHOCTH oTaeneHust Cu(ll),
Fe(lll) u Mn(ll) ¢ mpumMeHeHHEM CHIBHOKHUCIOTHBIX KaTHOHUTOB JUISl OTPEACICHUS Pa3InIHbBIX
dhopm meIbska metonom MB.

B kauecTBe (POHOBOTO 3JIEKTPOIUTA NMPHU ONpEAETCHUH Mblbika mpuMeHsSoT NapSOs, a
KHCJIOTHOCTH cpenbl co3aaBanu pactBopom HCI (0,1-0,01 M), a ucciemyeMbie MEIaonue HOHBI
MOTYT 00pa30BBIBATh XJOPHUJHBIE M THIPOKCOKOMIUIEKCHI. [locpencTBoM pacdyéra MOJbHBIX J0Jen
paznuuHbiX hopm mpoBeneHa oeHka cocrosiaust nonos Cu(ll), Fe(l1), Mn(I1) u As(l11, V) ¢ tenbio
ontumuzaimu koHueHnTpauuu HCI. [lns pasnenenus Beiopano pH = 1,5, npu KoTOpoM Memaromniue
KaTHOHBI HAXOJATCS B PaCTBOPE ¢ HAUOOJIBIINM 3apsA0BbIM unciioM, a Meimbsak (111, V) — B popme
aHMOHOB. OTeJeHNE MEMIAIOIINX HOHOB OCYLIECTBIISUIN IPOKaYMBAaHUEM MOJEIBHOIO PacTBOpa C
nomouipio mmpuna veped kaptpuk (ILBeitapus) wnm npornyckaHueM 4Yepe3 MOHOOOMEHHYIO
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KOJIOHKY, 3amojHeHHylo cyiabpokarnonuntamu KY-2-8 (Poccus) wmmm  Pirolite C 100
(BenukoOpuranus) co ckopoctbto 1| wmi/muH. Honuter KY-2-8 wu Pirolite C 100 Obumm
HCCIIEIOBAHbI C ISJIbI0 CO3/IaHMsI OTCYECTBEHHBIX KApTPUIKCH.

tid
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nkoal

n
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HNAEDODNNLSRD W
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Puc. 1. Bonmsramneporpamma As(l11): a — B mpucyrcreuu Cu(ll); 6 — mocne nonooomentroro otaenenus Cu(ll)

B mpucyrctBun memaronmx noHoB aHanmutudeckuit curHan As(ll) cumpHO uckaxéH, 6o
oTcyrcTBYyeT BoBce. Ha pucyHke mpuBeneH mpumep BoibrammeporpamMm AsS(lIl) B npucyrctBuu
Cu(ll) u mocne e€ ynanenus. Bunno, uro nocne ynanenus Cu(ll) mux As(l1l) BoccranaBnuBaeTcs.
AHanoru4Hoe BIUsiHUE HAOII01aeTCs U B MPUCYTCTBUU APYTHX MEIIAIOUINX HOHOB.

Pesynbratel ompenencHuss pasiMYHBIX (OPM MBIIIbSIKAa B MOJEIBHBIX PAaCcTBOpax IOCIE
MOHOOOMEHHOI0 OT/EJECHUS MEIIAIONIMX HOHOB CBHUJCTEIbCTBYIOT (Tabjl.) O TOM, 4YTO BCE

MOHOOOMEHHBIE CHUCTeMbl moaxozsT st otaeienus umono Fe(lll), Cu(ll) u Mn(ll) or monos
As(I11,V).

Pe3y.]'leaTbI onpeaeaceHusi padjii4IHbIX q)OpM MbIIIBSAKA B MOJICJIbHOM pacTBOpE 1nmocjie HOHOOOMEHHOT0
OTACJCHUA MECIIAKINUX HOHOB

COOTHOIIICHHS BBeneno, Mr/m Hatineno, mr/n
Hon | Me:As | Me:As As As . -

an V) an V) kaptpumk (IIBetirr) KYy-2-8 Purolite C100
Fe 500:1 | 200:1 | 0,004 0,01 As(I11) As(V) As(I11) As(V) As(I11) As(V)
Mn 25:1 10:1 0,0040 0,00987 0,00390 0,0091 0,0039 0,01004
Cu 25:1 10:1 + + + + + +

0,0002 0,00012 0,00013 0,0015 0,0002 0,00013
Pa3pa60TaHHa${ METOANKA HpO6OHO,I[FOTOBKI/I NpUMCHCHA [JId  OIIPECACIICHUS (I)OpM

Mmeibaka(lll, V) npu ananuze nutbeBoit u cHeroBoil Bog meroaoM MB. IlpaBuibHOCTE METOIUKN
J0Ka3aHa COIOCTABJICHUEM pe3yJbTaTOB ONPE/ACICHUS MBIMIbSIKa B BOJAX Pa3HBIMH METOJaMHU:
As(V) — meromom wonHON xpomarorpaduu, As(I11+V) — meromom AAC ¢ 3aeKTPOTEPMHUECKOM
aTOMM3ALIUEH.

BriBobr:

1) paspaborana meroauka HOHOOOMeHHOTro oTneneHus memaromux noros Fe(lll), Cu(ll)
u Mn(I1) mpu onpenenennn As(I11,V) B nmutheBo# 1 cHeroBo# Bogax Metozom MB;

2)  cynabdokarrnorutsl KY—-2-8 u Pirolite C100 mepcneKTHBHBI s CO3IaHHS Ha UX OCHOBE
OTEUECTBEHHBIX HOHOOOMEHHBIX KapTPUKEH.

Cnmcok JInTepaTypsl
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AXTyalbHOCTh pabOTHl 00YCIIOBJIEHA BO3pacTaHWEM TPEOOBaHUI K KOHTPOJIIO 32 COCTOSIHUEM BOJHBIX 0acCeilHOB W
BHEJPEHHEM HOBBIX CXEM OYHCTKH (DEHOJICOJCPIKAIIMX CTOYHBIX BOJ| NPOU3BOZACTB, IMO3BOJIIOMINX MOJIHOCTBIO
JIMKBUMPOBATh COpachIBaeMbIe 3arps3HEHHbIC BOABI B IOBEPXHOCTHBIE BOJOEMBL.

Lenps paboThl: 3akiroyasiach B HCCIEIOBAHUU MPOLecca KOHLIEHTPUPOBAHUSI PE30PLUHA METOIaMH COPOLIMU NOPUCTHIM
MOJMMEPHBIM MaTepUalioM Ha OCHOBE NEHOMOJIMYpeTana U 3KcTpakiuu Tpudytuiadranatom (TED).

MeTop! HCCIIEIOBAHMS: METObI KOHIIEHTPUPOBAHUS — COPOLUS U IKCTPAKIHA, (POTOIIEKTPOKOIOPUMETPHSI.
Pe3ynpraThl: METOZOM MAaTEeMaTHYECKOTO IITAHHMPOBAHHMSA OSKCIIEPHMEHTa YCTAHOBJICHO BIHSHHE IIPOLEHTHOTO
conepxxannss Th® B MommpummpoBanHoi TabieTke smacTuaHOoTo THeHomnonmypetana (III1Y»), pH, Temmepatypsr,
BPEMEHH HKCTPAKIHOHHO-COPOLMOHHOTO HW3BJICUCHUS HA CTENCHb W3BJICUYECHHUS pPE30pPUMHA W3 BOJHOM cpenpl.
YcraHoBIIEHO, YTO MOAU(UIIMPOBAaHNE NEHONOINypeTaHa TpuOyTHiIdochaToM MOBHIIAET U3BJICUCHUE PE3OPLIHA U3
BOJHBIX cpen 10 98 %.

KaioueBble ci10Ba: pe3opLuH, SKCTPAKIIMOHHO-COPOIIMOHHOE U3BIICYEHUE, ICHOMIOJINYpeTaH, TpUOyTridocdar.

RESORCINOL METHOD OF EXTRACTING FROM THE AQUEOUS
MEDIUM

Ludmila A. Kharitonova, Ph.D., Lecturer, Department of Physics and Chemistry, Military Training and
Research Center of the Air Force, “Air Force Academy. Professor N.E. Zhukovsky and Y .A. Gagarin”,
Department, 54a, Old Bolsheviks Street, Voronezh, 394000, Russia, E-mail: h_|_a@mail.ru
Sergey S. Nikulin, D.Sc., Professor of the Department of Organic Synthesis Technology and
macromolecular compounds, Voronezh State University of Engineering Technology, Department of
Environment and Chemical Technology, 19, Revolution Avenue, VVoronezh, 394036, Russia,
E-mail: nikulin_sergey48@mail.ru
Inna N. Pugacheva, Ph.D., Associate Professor, Department of Environmental Engineering, Voronezh State
University of Engineering Technology, Department of Ecology and Chemical Technology, 19, Revolution
Avenue, Voronezh, 394036, Russia, E-mail: eco-inna@yandex.ru

Relevance of the work is due to an increase in the requirements for monitoring the state of water basins and the
introduction of new schemes phenolic wastewater treatment plants, allowing completely eliminate contaminated water
discharged into surface waters.

Obijective: was to study the process of concentration of resorcinol methods sorption porous polymeric material based on
polyurethane and extraction tributilftalatom (TBP).

The methods used in the study: methods of concentration — sorption and extraction, photoelectrocolorimeter.

The results: The method of mathematical planning of the experiment established the influence of the percentage of TBP
in the modified tablet flexible polyurethane foam (PPUe), pH, temperature, time of extraction and sorption on the
recovery of resorcinol from an aqueous medium. It is found that the modification of polyurethane foam tributyl
phosphate extraction increases resorcinol from aqueous media up to 98 %.

Key words: resorcinol, extraction and sorption extraction, polyurethane foam, tributyl.

B pPE3yIbTaTe (I)YHKLII/IOHI/IpOBaHI/Iﬂ HpCI[HpI/ISITI/II\/'I, CBA3aHHLIX C ITPOU3BOACTBOM Kpacheneﬁ,
mIacrMacC, NeCTUIUA0B, KOKCOXHMMHUYCCKUX H He(l)TeXI/IMI/I'-IeCKI/IX 3aBOJOB TOKCHUYHBIC (beHOJ'II)I
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[ONAJal0T B TPUPOAHBIE BOJOEMBI, PE3KO yXYyIIlas MX JKOJOIMYECKOE COCTOSHUE U
OpPraHOJIENTUYECKHE CBOWCTBA BOJBl. TOKCHYHOCTh (PEHONBHBIX COCIMHEHHWHA pPa3lInyHa,
COJIEpKaHUE UX B CTOYHBIX BOJAX OINPENEIAETCS TEXHOJIOIMEN MPOU3BOICTBA U PErNIAMEHTUPYETCS
npenenbHo gomyctuMbiMu koHneHTpamusivu (ITIK). Tounoe ompenenenue ¢GeHOIOB B BOIHOU
cpeae Ha ypoBHe [1/IK BkirodaeT npenBapuTenbHOE KOHIIEHTPUPOBAHUE.

[Ipenmerom uccieOBaHUM SBISAIOCH M3YyYEHHE KOHLEHTPUPOBAHUS DPE30PLMHA METOJaMU
cOpOLMY U SKCTPAKLUK C IPUMEHEHUEM 31acTU4HOro nenononuyperana (I1I1Y») u sagpdexrusnoro
skcrparenta Tpubdyrmwidocdara (ThD) [1, 2]. dnsg 3KCTpaKIMOHHO-COPOIIMOHHOTO W3BJICUCHUS B
20 cM™ BOAHOTO pacTBOpa pE3OpLMHA BBOJWIM MOAUMDUIMPOBAHHYIO TabJETKy 3JIaCTUYHOIO
MEHOMONNYypeTaHa, MOAU(PUINPOBAaHHOTO TPUOYTHI(hOCHaTOM U BCTPIXUBAIN HAa BUOpOCMECHUTEIE
B TeueHue 15 MUH 710 ycTaHOBJIeHUs Mexda3Horo paBHoBecus. [locne paccnanBanus a3 oroupanu
PaBHOBECHBIN BOJHBIN pacTBOP, COJEPKaHUE PE30pLUHA B KOTOPOM ONpeAessuin (oTOMETpUIECKU
10 PeaKIMU C AUA30TUPOBAHHON CyIb(aHUIOBON KUCIOTON. ONTHUYECKYIO MJIOTHOCTh U3MEPSIIU Ha
dotoanexkrpokronopumerpe Mapku KOK-2 npu anmune BomHb A = 400 HM.

Jlis mpolecca 3KCTPaKIIMOHHO-COPOLMOHHOIO M3BJIEUEHMsI PE30pLMHA U3 BOJHBIX Cpel
MIPUMEHWIM IUIAHUPOBAHUE SKCIEPUMEHTa [0 CXEME TIpeKo-JaTHHCKOro kBazaparta 4x4. bbiio
HCCIIEIOBAHO BIIMSIHUE Ha Imporecc ueThipex (akropoB: A — pH BoaHoro pacrBopa; B —
npoueHtHoe cojaepkanne Th® B mommdunmpoanHoii tadmerke [MI1Y»3, % wmac.; C — Bpems
koHTakra, muH; D — Temmeparypa, °C. B kauectBe (QYHKIMH OTKIMKAa BBIOpaHA CTENEHb
W3BJICUCHHS pe3opiuHa u3 BomHOM cpenbl (R, %). AHamu3 MOMyYEeHHBIX SKCIEPUMEHTAIBHBIX
JAHHBIX TI0Ka3bIBae€T, YTO HaWOOJbIIAS CTENEeHb H3BJICYCHMS pPE30pLUHA W3 BOJHOW Cpejbl
nocturaercs npu pH = 2, npouentaom conepxannu ThD B monupunmposannoit Tabnerke I11TY»
67 % mac., BpeMeHu KoHtakra 60 munyt, remueparype 20 °C.

Taxum 00pa3oM, MOKHO CIIeNIaTh CIETYIOIINE BHIBOJIBI:

- [IOJIy4YEHO PErpecCUOHHOE ypaBHEHHE, ONMchIBamollee BiausHue pH BoaHOro pacrtsopa,
nporenTtHoro  cojepxkanus Thb® B mMomudpummpoBannoit Tabnerke IIIIY»s, Bpemenu
HKCTPAKLMOHHO-COPOLIMOHHOTO U3BJIEUEHHs] M TeMIIEpaTyphl Mpolecca Ha MOJHOTY H3BJICYEHHUS
pe30plIvHa U3 BOAHBIX CpeJl
R=5,45-10"°+(79,65— 8,76 a) - (-52,05 + 2,64 b — 0,021 b%) - (21,78 + 0,13 ¢) - (51,66 — 0,90 d)

-C TMIOMOIIBI0 MaTeMaTHYECKOro IUJIAaHUPOBAaHUS JKCHEPUMEHTa YCTAHOBIIEHO, YTO
HauOoJNblIas CTENEHb W3BJICUEHUS pe30pLUHa U3 BOAHOM cpedpl nocturaercss npu pH =2,
npoueHTHoM cojiepkaHun Th® B momuduuuposannoit tabnerke IIIIY> 67 % wmac., Bpemenu
KoHTakta 60 MuHyT, Temrneparype 20 °C;

- YCTaHOBJIEHO, YTO MOAM(UIMPOBAHHE MEHOMONMYypeTaHa TpUOyTHiI(ochaToM MOBBIIAET
U3BJICUEHHUE PE3OPIIMHA U3 BOJHBIX cpef 10 98 %.
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VIIK 544.35 _
KOHTPOJIb KAYECTBA MUHEPAJIbBHOU BO/1bI

Hpipo Jlapuca BacuibeBHa, KaH[. XUM. HayK, JIONEHT KadeApsl HU3MUECKON U KOJUIOUAHON XUMUH,
HammonansHbI# uccnenoBarensckuil ToMCKHH rocyqapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUH (aKyIbTeT,
634050, Poccwus, . Tomck, nip. Jlenuna, 36, E-mail: tsyro@xf.tsu.ru
Anexcanaposa Cperiana fIkoBieBHa, KaH[. XUM. HayK, JOUEHT Kadeapsl PU3NIECcKON U KOJUIOUTHON
xumuu, HalmmoHaneHel ueenenoBareabckuil ToMCKHM rOCyJapCTBEHHBIN YHUBEPCUTET, XUMUUECKHIMA
dakynetet, 634050, Poccus, r. Tomck, ip. Jlenuna, 36, E-mail: alsya8@ya.ru
Yurep ®@enuxc I'eprapaoBuy, 1-p XuM. HayK, podeccop Kaeapsl GU3NIECKOH U KOJITOUIHON XHUMUH,
HammonansHbIi uccnenoBarensckuil ToMCKHH rocyapCTBEHHBIN YHUBEPCUTET, XUMHUYECKUH (PaKyIbTeT,
634050, Poccus, 1. Tomck, mp. Jlenuna, 36, E-mail: felix.unger@yandex.ru

AXTyalbHOCTH pa0OTHl OOYCIIOBIIEHA TEM, YTO MHHEpAJIbHBIE BOABI IO MPOUCXOXKAECHHUIO OBIBAIOT KaK HMPUPOIHBIMHU,
MOTy4aeMbIMU M3 NMPHUPOAHBIX HCTOYHHUKOB, TaK M MCKYCCTBEHHBIMH, ITOJy4a€MBIMH ITyTEM PACTBOPEHHS B MUTHEBOM
BOJIC HEKOTOPBIX MMHHEpAIbHBIX COJEH C HACHIIICHHEM €€ YIJIEKUCIOTOH. VICKycCTBeHHas MMHEpalu3amus
OCYIIECTBIISICTCS ITyTEM HACHIIIECHHS HEOOXOIUMBIMU COJIIMH AJISI BOJABI JaHHOM MapKu MpEJBapUTEIFHO OYMIIEHHOH
BOJIOTIPOBOAHOHN BOJBI. [IpOM3BOACTBO NCKYCCTBEHHOW MUHEPAIN30BAHHOM BOABI — 3TO ITMPOKOMACIITAOHBIN MpoLece,
MO3BOJIIOIINN TMONy4YaTh BOJY, KOTOpas OTBeYaeT ompeneneHHpIM TpeboBanusmM ['OCTa. OpHako He Bce
XapaKTEPUCTUKHU BOJBI MOTYT YIHTBIBATHCS STUMHU TPEOOBAHUAMH.

Lenb paboThI: OlIEHKA BO3MOXHOCTEH METOJOB HCCIIEOBAHUS ISl KOHTPOJIS KauecTBa MUHEPaJIbHOM BOJIBI.

Mertopp! ucciienoBanus: (POTOHHAS KOPPEJSILIMOHHAS CHEKTPOCKOMNHS, 3JIEKTPOHHBINA CIIUHOBBIN PE30HAHC.

PesynbraThl: mokazaHo, 4To B 00pasiax, MoCTYNAaIHUX B IPOJaXKy, pa3Mepbl YaCTUI] TUCTIEPCHOH (a3bl 1 KOJIUYECTBO
CIIMHOBBIX IIEHTPOB CYIIECTBCHHO NPEBBIMIAIOT JAHHBIE MOKA3aTeN! Uil NPUPOAHOM BOABI U3 CKBa)KUHBI, YTO MOXKET
CBUJIETENIBCTBOBATH 00 UCKYCCTBEHHON MMHEPATIH3alluK TOPTOBBIX BOI.

KnaioueBble cioBa: MuHEpaipHas Boja, ()OTOHHAS KOPPEIALMOHHAS CIIEKTPOCKONHUS, pa3Mep 4YacTHI, METOX
9JIEKTPOHHOTO CIIMHOBOTO PE30HAHCA.

QUALITY CONTROL OF MINERAL WATER

Larisa V. Tsyro, Ph.D., Associate Professor of Department of Physical and Colloid Chemistry, National
Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: tsyro@xf.tsu.ru
Svetlana Ya. Aleksandrova, Ph.D., Associate Professor of Department of Physical and Colloid Chemistry,
National Research Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050,
Russia, E-mail: alsya8@ya.ru
Feliks G. Unger, D.Sc., Professor of Department of Physical and Colloid Chemistry, National Research
Tomsk State University, Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: felix.unger@yandex.ru

Relevance of the work due to the fact that mineral waters by origin happen as natural, derived from natural sources, as
well as artificial, prepared by dissolving in the drinking water of some mineral salts with the saturation with carbon
dioxide. Artificial mineralization is carried out by saturating the necessary salts for water this brand pre-purified tap
water. Production of artificial saline water — a large-scale process, which yields water that meets certain requirements of
GOST. However, not all the characteristics of the water can be taken into account these requirements.

The main aim of the study: assessment of the capabilities of methods used in the study to control the quality of mineral
water.

The methods used in the study: photonic correlation spectroscopy, electron spin resonance.

The results: It’s shown that in the samples that arrive in sale, the sizes of particles in a disperse phase and quantity of
spin centers substantially exceed these indexes of natural water from a mining hole, that can indicate an artificial
mineralization of trading waters.

Key words: mineral water, photonic correlation spectroscopy, size of particles, the electron spin resonance method

[TuTheBble MUHEpaIbHBIE BOJBI COAEPKAT OINpPEAEICHHOE KOJUYECTBO MUHEPAIBHBIX COJIEH,
o0afatoT CrenupUUECKUMH Ta30BbIM COCTABOM, ITOBBIIIECHHBIM COJEpKaHHUEM OHOJIOTHMYECKH
AKTUBHBIX MHUKPOKOMITOHEHTOB, oIpeieICHHON TEeMIEepaTypoil, KHUCJIOTHOCTBIO,
pPalMOAaKTUBHOCTBIO W JAPYIMMM  IapaMeTpaMu. MuHepaibHble BOABI HMMEIOT  OOUIYIO
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MUHEpAJIU3alMI0 CBBIMIE | T/ M MCHOJB3YIOTCS B JICUEOHBIX W MPOMBINUICHHBIX Iemsix [1]. Bee
neyeOHbIe CBOMCTBa MHUHEPAIBHBIX BOJ B paMKaxX TEpareBTHUYECKOTO JEHCTBUS OIPENENISIOTCS
UCKJIFOUUTEJIbHO HOHHBIM COCTaBOM, KOTOPBIH BECbMa Pa3HOOOPA3€H y pa3IMYHbIX HUCTOYHUKOB.

OObIYHO K MHHEPaJIbHBIM MHUTHEBBIM BOJAM OTHOCST TOJBKO JIE4€OHO-CTOJIOBBIC
(Munepanuzaius oT 1 1o 10 r/n) u neyebHbIe Boabl (MuHEepanu3amus 10—15 r/m), npeacrtaButensMu
KOTOPBIX U SIBJIAIOTCS MUHEPAJIbHBIE BOJIbI, BRIOPAaHHBIC HAMHU B KaUeCTBE 0OBEKTOB MCCIIEJOBAHUSI.

MuHepalibHble BOJbl IOCTYMAalOT B TOPrOBYK0 CE€Th B CTEKJISHHBIX WM IUIACTHUKOBBIX
OyTBUIKaxX pa3IMYHON EeMKOCTH, C 3THUKETKAaMH, Ha KOTOPBIX, KpPOME OOBIYHOW MapKHUpPOBKH,
YKa3bIBAE€TCSI XUMUYECKUH COCTAB BOJIbI, €€ Ha3HAYCHHUE.

B wmuHepanpHOW BOJE, KOTOpas COJCPKHUT OOJBIIOE KOJUYECTBO COJEH, JOIyCKaeTcs
o0pa3oBaHMe €CTECTBEHHOro ocajaka. Ilpomeccel ocaxaeHHs B TakKUX CHUCTEMax MOXKHO
3adukcupoBath MeToOM (POTOHHOW KoppemsnuoHHoi crekrpockomuu (PKC). IlpoBeneHHbIC
HKCHEPUMEHTHl IOKa3bIBAIOT, YTO YK€ IIPU KOMHATHOM TeMmIeparype B MHUHEPaJIbHOH Boje
TOproBoi Mapku Ne | pUCYTCTBYIOT YacTHUIIBI AUCHIEPCHON (a3bl, pa3Mepbl KOTOPHIX KOJIEOIIOTCS
B npenenax 34-264 .

ConocraBneHue AaHHbIX, noiaydeHHble MeTonoM PKC s oOpa3snoB MUHEPAIBbHOW BOJBI
ToproBoii Mapku Ne 1 OT pa3HbIX H3rOTOBUTENEH M TNPUPOAHOM BOJBI M3 CKBAaXKHHBI,
CBHJIETEIILCTBYET O TOM, YTO Pa3Mep YacCTHIl AUCIEPCHON (ha3bl CyIIECTBEHHO OTJIMYAETCS — JUIs
BCceX OOpa3loB pajnyCc YacTHUIl MPEBBIIIACT AHAJOTHMYHBIA IOKa3aTeslb s MPUPOTHON BOIbI
pUMepHO B 2,5—-8 pa3. AHaiM3 IHCTOrpaMM paclpeesieHUuss HHTEHCUBHOCTEN CBETOpPACCESHUS U
MaccoOBOT'0 paclpe/ieleHusl YacTHll JUIsl MUHEpalbHOM BOJbI TOProBoit Mapku Ne 1 oT u3rotoButesns
1b n npupogHON BOJBI M3 CKBaKHMHBI ITOKa3aj, 4yTo oOLIee CoJep)KaHUE YacTull B oOpasle u3
CKBa)XMHBI CYIIECTBEHHO HUXeE, YeM B JIpyrux oOpa3uax, HaOlro1aeTcst OTCYTCTBHE YAaCTHI] MaJIbIX
pa3MepoB. Takue pa3iauuus MOTYT TOBOPUTH O TOM, YTO B MUHEPAJIbHBIX BOJaX, MOCTYMAIOIIUX B
IPOAAXy NMPUCYTCTBYIOT JUCIIEPCHBIE YAaCTHULbI B 3HAUYUTEIHHO OOJBIIMX KOHLIEHTPALUSAX, YEM B
NPUPOJHON BOJE, B3ATOM M3 HCTOYHHMKA. [IOMHMO 3TOro, MOJUAMCIEPCHOCTH OOpPa3LoB
MUHEPAJIBHOM BOJBI, IOCTYNAIOIIEH B MPOJIaXy, HAMHOIO BBILIE, YEM IPUPOAHOM. B cBs3M ¢ aTM
MO>KHO TOBOPUTH O MPOUCXOXKACHUN MUHEPATILHON BOJBI.

B Ttabnune npuBeneHsl pe3yibTarthl uccienoBaHus MerogamMu PKC M 31€KTPOHHOTrO
crimHoBOTO pe3oHanca (DCP) psna oOpa3iioB MUHEPATLHOW BOABI TOProBBIX Mapok Ne 2.1 — 2.3.
JUid naHHBIX BOJ y HAac HET MNPHUPOAHOIO aHajora, IMO3TOMY €CTh BO3MOXHOCTb CpPaBHUThb
MIOJIy4YE€HHBIE PE3YJIbTAThl TOJILKO MEX1Y COOOH.

MuHepanbHble BO/IbI TOProBbIX Mapok Ne 2.1 — 2.3 ucnonb3yroTcs B JIe4eOHON NMpPaKTUKE B
OCHOBHOM Ipu AByX Temmepatypax 20 u 40 °C. DkcnepuMeHTsl, npoBeaeHHbie MeTogoMm OKC,
MOKa3bIBaIOT, uTo yke npu 20 °C GuKCHpYIOTCS YacTULBI CO CPEAHEB3BELUICHHBIMU PaJuyCcaMu OT
15 o 170 um. C pocrom Temneparypsl (40 °C) yBenuuuBaercs paguyc dactuil ot 45 1o 350 Hm.
HaGmtonaercst ymeHbllIeHHE BPEMEHH HAKOIUICHHsI Ha CIIEKTPOMETPE C POCTOM TeMIepaTyphl, YTO
CBSI3aHO C YBEJIMUYEHUEM YHCIIa YACTHI] B UCCIIETYEMON CUCTEME.

JlaHHbIe TaOIUIIBI OKA3BIBAIOT Pa3INuns B MUHEPAIbHOM BOJie TOProBbix Mapok Ne 2.1 — 2.3
10 pa3Mepy YacTHUIl U KOJIMUecTBY cmHOBBIX MeHTpoB (CL]) B ocamkax oqHON M TOM K€ TOPTOBOM
MapKu OT pa3HbIX u3rorosureneil. g Toprosoit Mapku Ne 2.1 1o 3TUM moKa3aTessaM MOJIy4aeTcs
CYLIECTBEHHAsl pa3HULA, YTO MOXXET CBUJECTENbCTBOBATh O PAa3HOM MPOMCXOKJIEHUU 3THUX BOJ,
aHAJIOTMYHO JUIsl TOProBeIX Mapok Ne 2.2 m Ne 2.3. JIns toproBoit mapku Ne 2.2 oT pa3HOH JaThl
po3iMBa Takke HAONIOAAIOTCS PACXOXKJEHUsS, YTO SBISETCS OTPaXEHHUEM TEXHOJOTHYECKOIro
IpoLecca Npou3BOACTBA JaHHBIX BOJI, HECMOTPs Ha cooTBeTcTBHE ATUX BoA ['OCTy.

Jlnist mpocpOYeHHBIX 00pa3loB HaOIIOAAIOTCA T€ K€ CaMble 3aKOHOMEPHOCTH, YTO M IS
MUHEpaJIbHON BOJBI TOProBoil mMapku Ne 1, yTo cBHAeTeNbCTBYET 00 OOIIHOCTH MPOTEKAIOUIUX B
3THX CUCTeMax IporeccoB. HecMoTps Ha To, 4YTO HaMH OBUIM MCCIIEIOBAHBI MUHEpAJIbHBIE BOJBI B
CTEKJIIHHOM M IIJIAaCTUKOBOM YIAKOBKE, HEJNb3s JaTh OJHO3HAYHBIM OTBET HA BONPOC: Kakas Tapa
myuie?
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PesyabTaThl aHATH3a MHHEPATbHOI BOABI TOProBuix Mapok Ne 2.1 — 2.3 merogamu ®KC n 9CP

T(;II:;)OI;M HsrotoBurens Tapa 20°C f, M 20°C CCH~1O’20, CIIMH/T
No o1 2.1A MJIaCTUKOBAsS 70 £26 120 £ 40 0,52
T 2.1b MJIaCTUKOBAsS 16+3 45+ 5 3,37
crexistaaasg, 05.09 r. 110 £ 39 198 + 30 2,76
2.2A crekistHaas, 12.09 . 74 £ 17 156 £ 15 13,36
[IJIACTUKOBAS 49 + 16 141 £23 5,85
Ne 2.2 29E CTEKJISIHHAS 73 £21 126 £ 20 3,62
’ MJIaCTUKOBAsS 59 £25 174 £27 6,43
2.2B CTEKJISTHHAs 77+ 17 227+ 19 1,48
22T MJIaCTUKOBAsS 73 £15 118 £29 4,62
CTEKJISTHHAs 74 £22 120+ 15 12,35
MJIaCTUKOBAsS 60+ 7 108 £8 4,32
2.3A ITIACTHKOBAs HE ONpeJIeNieH | He ompejesieH 2,44
Ne2.3 CTEKIISTHHAs - HE ONpeNieNieH | He omnpeJieieH —
CTEKIISHHAS 61 £23 169 £ 20 13,20
2.3b [JIACTUKOBAs 77 £ 15 115+21 8,83
2.3B CTEKJISTHHAS 170 £ 62 347+ 73 6,19

I — paguyc gactui; 20 u 40 °C — TemnepaTypa omnbiTa
! 0Bpaser ¢ HCTEKIIIM CPOKOM TOAHOCTH, XPAHHBIIMIICS B Pa3repMETH3HMPOBAHHON GYTHITKE
2 0Bpasel ¢ UCTEKIIHM CPOKOM TOAHOCTH, XPAHHBIIMIICS B TePMETH3HPOBAHHON GYTHITKE

BriBOIbI.

Metonamu ®KC u OCP ayig muHepanbHOM BoAbl TOproBoil Mapku Ne 1, mokaszaHo, 4yTo B
o0pa3iax, MOCTYNAKUIMX B MPOJIAXKYy, pa3Mephl YacTUI] IUCHEPCHOM (a3bl U KOJTUYECTBO CIIMHOBBIX
LIEHTPOB CYIIECTBEHHO MPEBBIIIAIOT JaHHbIE [TOKA3aTeNH Il IPUPOJIHON BOJBI U3 CKBAXKUHBI, YTO

MOXCT CBUACTCIBCTBOBATH 00 HCKYCCTBGHHOﬁ MHUHCpAJIU3alun BOAO.

Jli1s 006pa3iioB MUHEpaIbHOM BOJIbI TOProBeIX Mapok Ne 2.1 — 2.3, nmocTymnaoimux B TOProByrO
ceTb OT pasHbiXx usrorosurene, meronaMmu @OKC n OCP mnokazaHo, 4ro 1O H3YYEHHBIM

xapakTepucTukaMm (pazmep gactuil u koandecTBo CL[) 3To BOJbI pa3HOTO MPOUCKOKICHUSI.

CoBmecTtHOe ncnonb3oBanue MeTo0oB PKC u OCP naer BO3MOXKHOCTH IyTEM CPABHEHMS
XapaKTePUCTHUK JUCIEPCUIl IPUPOIHBIX MUHEPAJIBHBIX BOA M MX TOPTrOBBIX aHAJIOIOB YCTaHOBUTH
UX MPUPOAHOE WM MUCKYCCTBEHHOE ITPOUCXOKIECHHE, a UIsl BOJ OJHOW M TOM K€ TOProBOM MapKu
BUJIETh Pa3/InyMsl B IPOLIECcCax MOIYYEHHsI BOI.

Cnmcok JInTepaTypsl
1. [upoxora B.A. IIpecHsie u muHepanbpHabie Boabl Capentsl // [Ipupona. 2006. Ne 8. C. 31-36.
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VK 581.192
CHEKTPAJIbHBIN AHAJIN3 JEKAPCTBEHHBIX PACTEHU
dJIOPHI CUBUPU

Hleser ExaTtepuna CepreeBHa, cryaent, HanimonanbHbli uccienoBatenbckuil TOMCKUM ToCcy1apCTBEHHBIN
YHUBepCUTET, xumudeckuil paxynprer, 634050, Poccus, . Tomck, mp. Jlennna, 36,
E-mail: katya.3320@mail.ru
Baranuna Anacracus AHApeeBHa, MaructpanT, HanmonanbHbIM HecaenoBaTenbckuil ToMckuit
TOCY/IapCTBEHHBII YHUBEPCUTET, XUMU4eckuil hakymnpret, 634050, Poccus, T. Tomck,
up. Jleanna, 36, E-mail: slastenka2709@mail.ru
PaGueBuu EBrenus CepreeBHa, actiupant, HanimonanbHbIl nccienoBaTeabckuil ToMCKui
TOCY/IapCTBEHHBIN YHUBEpCUTET, XUMUdeckuil pakymnpret, 634050, Poccus, T. Tomck,
mp. Jleanna, 36, E-mail: evgenia882-a@mail.ru

AXTyanpHOCTh paboThl 00yCIOBIEHa HEOOXOIUMOCTBIO HCCIIEIOBaHHS 3JIEMEHTHOTO COCTaBa PACTUTENBHOTO CHIPbHS,
HCTIOJIB3YEeMOTo JJIS TIOJIyUeHHs JIEKapCTBEHHBIX CPEACTB. PacTeHus ABIAIOTCS ITydIIMMH HPUPOAHBIMH UCTOUHUKAMHU
MakKpo- ¥ MHKPORJIEMEHTOB, UIPAIOIINX BAXKHYIO POJIb B OMOTeHE3¢ OMOJIOTHYECKH aKTUBHBIX BEHIECTB. DJIEMEHTBHI,
BXOJIAIINE B COCTaB KOMIUIEKCHBIX M METAITIOPTaHUYECKUX COCMHEHNH, XapaKTepU3yIOTCS BEICOKOH (DyHKIIMOHAIBHOM
aKTHBHOCTHI0. OHHU XOPOIIIO YCBAaMBAIOTCS OPTaHN3MOM UENIOBEKA.

B onmemeHTHOM aHanmmM3e pacTeHWH TIEPCHEKTHBHO TPHUMEHEHHE METOJa JyrOBOW aTOMHO-3MHCCHOHHOW
CHEKTPOMETPHUH, TIO3BOJISFOIIETO OJJHOBPEMEHHO OIIPEEISAT B CIOXKHBIX IO COCTaBY MPOOax OOJNBIION KPYT 3JIEMEHTOB
¢ mpenenamMu obHapykeHus Ha yposHe 0,01—1 ppm U OTHOCHUTENBLHOW MOTPEHIHOCTHIO (0), He mpeBbimaromiei 20 %
OoTH. OCHOBHBIM HMCTOYHHMKOM IIOTPEIIHOCTH SIBJIETCS NMpOlieaypa MPOoOOMOATOTOBKY, BKIIOYAIOIIAs BBHICYIIIMBAHUE
npo0 10 TOCTOSIHHOM Macchl, O30JIEeHHWE, pa30aBleHHE 30JIbHOTO OCTaTka rpadUTOBBIM MOPOIIKOM, BBEICHHUE
crabummupyromux O0ydpepoB u T.0. Cragus 030J€HHS BEIET HE TOJBKO K Pa3JIOKECHUIO OPraHUYeCcKOro BEIecTBa
pacTUTENBHBIX P00, HO M KOHICHTPUPOBAHHUIO KaK MaKpo-, TaK M MHUKpPOAJIEMEHTOB. KOHLIEHTpUPOBaHUE MOCIIEIHUX
ONaronpusTHO Ul aHalli3a, a HAaKOIUIGHHEe MaKpOdJIEMEHTOB B aHAJHWTE NPUBOAMT K «MaTpUYHOMY 3(PQEKTy»,
KOTOPBIH, 3aHIKast TMO0 YBEIMUNBAs aHAINTHICCKUE CUTHAIIBI OIPEIENIIEMbIX MUKPO3JIEMEHTOB, CYILIECTBEHHO BIHSICT
Ha KauecTBO NMPOBOJMMBIX aHAIN30B. BO3HMKaeT HEOOXOJMMOCTh MPEBAPUTENBHON OLEHKH COJACP)KAaHHUS OCHOBHBIX
JJIEMEHTOB 30JBHOTO OCTaTKa C TeM, 4YTOObl B TIPOLEAypY TNPOOOIOATOTOBKM BBECTH COOTBETCTBYIOIINE
KOPPEKTHPYIOIINE CTa1H.

Lens paboThl 3aKiovanack B pa3paboTke criocoO0B MpoOOMOIroTOBKH M ONTUMH3AINH YCIOBUI MPOBEICHHS aHATIM3a
JIEKapCTBEHHBIX PACTEHUI METOIaMH aTOMHOM CIIEKTPOCKOITHH

MeTtoapl HCCIeOBaHMA: TyroBas aTOMHO-DMHCCHOHHAS CIHEKTPOCKONHMS C MHOTOKAHAJBHBIM aHAIHU3aTOPOM
sMucCcHOHHBIX crekTpoB (JADC ¢ MADC), macc-CIeKTpoMeTpusi ¢ MHAYKTUBHO-cBA3aHHON mmasmoit (MCII-MC),
aToMHO-abcopbumonHas criektpomerpust (AAC), cnexrpodoTtomepus, MK-cnexTpockomnus.

PesynbraThl: npezioxeHsl 3G eKTHBHBIE CIIOCOOBI TPOOOIIOATOTOBKH U pa3paboTaHbl METOAMKU ONpe/esieHus Ooliee
30-TH 2JIEMEHTOB B JIEKapPCTBEHHBIX PACTEHUSIX, IPOBECHA UX MPe/IBapUTEIbHAS METPOJIOTHYECKask aTTECTAIIHS.
KiroueBble cjioBa: JICKapCTBEHHBIE PACTEHHs, OJJIEMEHTHI, aHAJIW3, METOJWKA BBIIOJHEHUS HW3MEPEHHH,
IpoOOIIOAr0TOBKA, aTOMHO-3MHICCHOHHAS CIIEKTPOCKOIIHSL.

SPECTRAL ANALYSIS OF MEDICINAL PLANTS
OF THE SIBERIAN FLORA

Ekaterina S. Sheleg, student, National Research Tomsk State University, Chemistry Department, 36, Lenina
Avenue, Tomsk, 634050, Russia, E-mail: katya.3320@mail.ru
Anastasia A. Batanina, undergraduate student of Department, National Research Tomsk State University,
Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia, E-mail: slastenka2709@mail.ru
Evgeniy S. Rabtsevich, postgraduate student of Department, National Research Tomsk State University,
Chemistry Department, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: evgenia882-a@mail.ru

Relevance of the work is determined by the need to study the elemental composition of plant materials used to obtain
medicinal products. Plants are the best natural sources of macro- and micronutrients that play an important role in the
biogenesis of biologically active substances. The elements that make up the complex and organometallic compounds
are characterized by high functional activity. They are well absorbed by the body.
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In the elemental analysis of plants prospective application method of arc atomic emission spectrometry, allowing
simultaneous determination in complex samples a large range of elements with detection limits at the level of 0,01-1
ppm and a relative error () of not more than 20 % rel. The main source of error is the procedure of sample preparation,
including drying samples to constant weight, pressurized digestion, dilution bottom ash graphite powder, the
introduction of stabilizing buffers, etc. The stage of the pressurized digestion leads not only to the decomposition of
organic substances of plant samples, but also to the concentration of both macro and micronutrients. The concentration
of the latter is favorable for analysis, but the accumulation of macronutrients in the analyte leads to a "matrix effect",
which affects significantly the quality of the analyses lowering or increasing the analytical signals of the designated
minerals. There is a necessity of the preliminary assessment of the content of basic elements of the ash residue to add
the appropriate corrective stage to the procedure of sample preparation.

The aim of the study is to develop methods of sample preparation and optimization of conditions for the analysis of
medicinal plants by atomic spectroscopy

The methods used in the study: atomic emission spectroscopy with direct arc with application of multichannel analyzer
of emission spectra (DAES with MAES), inductively coupled plasma mass spectrometry (ICP—MS), atomic absorption
spectrometry (AAS), spectrophotometry, infrared spectroscopy.

The results: proposed effective methods of sample preparation and methods of determination of more than 30 elements
in medicinal plants, their preliminary metrological certification have been done held.

Key words: medicinal plants, elements, analysis, method of measurement, sample preparation, atomic emission
spectroscopy.

CKpUHUHTOBBIN aHANIHU3 30JbHBIX OCTATKOB JIGKAPCTBEHHBIX PACTCHUN MPOBOJIUIN METOJOM
OMUCCHOHHOM CIIEKTPOMETPUU C HCIIOJB30BaHHEM KoMimiekca «['paHm» ¢ MHOTOKaHAIBHBIM
aHanu3zatopoM sSMuccuoHHbIX crnekTpoB (MADC), (HIIO «Omntosnextponuka», Poccus).
IIpobonoozomoska: BeICymeHHBIe TTPOOBI Maccoit 0,2500—0,5000 T momMeniaau B MpeIBaAPUTEIHLHO
MPOKaJICHHBIC M B3BEIICHHBIC KBapreBble TUTIH, noOaBmsum 20 mxa H,SO, (konir.). OzoneHue
MPOBOAMIIM B MYy(EIbHOM MEeYu 10 MOCTOSIHHOH MAacChl, MIOCTETICHHO IMOBBIMIAS TEMIIEPaTypy 0
450-500 °C. OxmaxaeHHbIC THIJIM B3BCIIMBAIM, a MHUHEPAJIbHBIM OCTATOK TINATEIBHO
IepEMEIIMBAIM JI0 OJHOPOJHOTO COCTOSIHMA M pa30aBisiiu mocienoBaTenbHo B 10 u B 100 pa3
rpadutoBeiM mopomkoM (OCY-6-4). AHaIOrMYHO MPOBOJIMIM XOJOCTOW OMBIT 0e3 Jo0aBieHUs
npoObl  pacTeHuid. JlJisi JOCTOBEPHOCTH MPOBOAMMBIX AHAJIM30B YCTAHABIUBAIHM COJCPKAHHE
OCHOBHBIX (MaTpUYHBIX) 2JIEMEHTOB B 30JIbHBIX OCTaTKaX PAaCTeHHMN U OIEHUBAIM UX BIUSHUE Ha
MPABWIBHOCTh ~ ONPEACICHUS KOHTPOJMPYEeMbIX mpuMeceii. KomdecTBeHHOE —ompeseieHne
IIEIOYHBIX METAJJIOB TPOBOAMUIN M3 PACTBOPOB 30JbHBIX OCTATKOB METOJOM ILIaMEHHOM
doromerpun Ha cnektpomerpe «SOLAAR cepun S» mpomsBoactBa «Thermoelectron» (CIIA).
CoaeprxkaHie 3JIeMEHTOB OCHOBBI B 30JI€ pacTeHHil Ha mpuMmepe Agrimonia pilosa mpeacrasieHsb B
TalJI.

Conepskanue MATPUYHBIX 3JIeMeHTOB (MKI/T) B 3001¢ Agrimonia pilosa

Paiion coopa Al Ca Fe K Mg Na P Si Zn
r. ToMck 950 90750 3640 186570 22420 2150 15300 4240 4900
r. Kosmareso 3850 | 124410 7950 174520 31610 1790 16000 28150 1690
r. AbakaH 270 135300 8000 149760 33890 1740 12790 19680 1230

[MorpemHocTh onpenenenus He npessimaer 10 % oTH.

Kak cnenyer u3 [aHHBIX TaOJMIBI, 30Ja PAcTEHUH COCTOUT, IJIaBHBIM 00pa3oM, u3
CIIEIYIOLINX 3JEMEHTOB (B mopsiake yObiBaHus uX B mpobax): K > Ca > Mg > Si > P > Fe > Zn.
[IpyueM copepxaHue Kadusl W KalblMs 3HAYUTEIBLHO TPEBOCXOIUT COJEp’KaHUE JPYrHX
2J1eMEHTOB. MMest Hu3Kue noTeHIManbl MOHU3alMY, OHU MOTYT OKa3bIBaTh CYIIECTBEHHOE BIUSHUE
Ha MPOLIECCHI, TPOTEKAIOIIKE B IJIa3Me JTyTOBOTO pa3psija.

XapakTep HUCHapeHHsl KOHTPOJUPYEMBIX 3JEMEHTOB 3aBUCHUT HE TOJIBKO OT (DU3HKO-
XUMHUYECKUX CBOMCTB 3JIEMEHTOB OCHOBBI, HO U OT (DOPMBI CYIIIECTBOBAHUS UX B 30JIbHOM OCTaTKe.
C mnomoupto HK-cnekTpockonuu ¢ ucnoib3zoBaHueM @Dypbe crnekrpomerpa «Nicolet 6700»
YCTAQHOBJIEH AHUOHHBIM cocTaB 30ibl (puc. 1). M3 pucyHka BHAHO, 4YTO OCHOBHas I0JIOCA
MIOTJIOLIEHUS JIEXUT B uHTEepBane 1450-1410 et u NPUHAIISKUT KapOOHAT-aHUOHAM COs*, um
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TaK)XK€ COOTBETCTBYIOT TIOJIOCHI TIOTJIOMEHUS 878 em i 712 em L. Tonoca noriomenus 1100-1000
em ! MPUHAUICKUT hocdar-noHam PO,* [1]. Takum o0pa3om, clenyeT MPeAnoI0KUTh, 4YTO OCHOBA
30161 PAaCTEHUH MPECTaBIIAET COOOM KapOOHATHI KaJIMA U Kallblus ¢ mpuMecsiMu ¢pocdaros. B aTom
e BHJIE, MPEINONIOKUTEIBLHO, HAXOJATCS BCE OCTAIbHBIC 3JIEMEHTHI. Pe3ynbTaThl ONpeaesieHHs
MaTPUYHBIX AJIEMEHTOB MPU Pa3IMUHBIX CTEHECHIX pa30aBieHUs MOKa3alld, 4TO 30JIy HEOOXOAMMO
pa36aBnsaTh rpadgurom He MeHee ueM B 100 pas. [IpoBepka mpaBUIBHOCTH MTPOBOANIACH IO METOLY
nob6aBok. OxgHako ompeneneHue npumeceid Ha ypoHe 1-100 ppm mo OOJBITMHCTBY 3JIEMEHTOB
JTAeT 3aHIKEHHbIE pe3ysbTaThl. [103TOMY [ yyeTa MaTpUYHBIX BIUSHUNA U MPUBEICHUS] COCTaBa
po0 B COOTBETCTBHE C COCTABOM T'OCYJIAPCTBEHHBIX CTaHAApPTHBIX oOpa3ioB COI-37 (I'CO 8487-
2013), B craHmapTHble 00paslbl HEOOXOAMMO BBOJHUTH KOPPEKTHPYIOIIHE M00aBKH B BHIE
KapOOHATOB KaJHs U KaJbIUs B KOJIMYECTBE, COOTBETCTBYIOIIEM UX COACPKAHUIO B IPOOaX.

Mperyeranie

Ts0 e s00
o1

Puc. 1. UK-ciekTpsl HOTIONMIEHHS 30161 PACTCHUI

Takum oOpa3oM, B pe3yibTaTe NPOBEIEHHBIX HCCIEIOBaHUN OTpabOTaHbl MPOLETYPHI
AQHAJIUTUYECKOTO COMPOBOXKIACHUS CO3JaHUSl JIEKAPCTBEHHBIX IPENapaToB, 3aKIIOYaoOIIUecs B
noJI00pe BapHAHTOB CIIOCOOOB MOJTOTOBKHM MPOO, KOTOpPHIE IMOJIOKEHBI B OCHOBY pa3pabOTKU U
aTTeCTallMU CIIEKTPAIbHBIX METOIHUK [2, 3].

Hacmosawas paboma evinonnena 6 axkkpeoumosawrom TOMCKOM pPe2UOHATbHOM YeHmpe KOLLeKIMUBHO20
noavzoeanus (ammecmam axkkpedumayuu Ne POCC RU.0001.517686), Hayuonanshozo uccnedo8amenbcko2o
Tomckoeo 2ocydapcmeennozo yhugepcumema (T1°Y).
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AXTyalbHOCTh paboThl 00YCIIOBJIEeHa HEOOXOIUMOCTBIO CO3JaHHs HaJIeKHBIX, YYBCTBHUTENIBHBIX, SKCIPECCHBIX U
MOOMJIBHBIX METOJIOB KOHTPOJISI COJIEP KaHHS TIECTHLIUIOB B 00BEKTaX OKPYKAIOLIEH Cpebl.

lenpro maHHOM paboOTBI  SBISETCS CO3JaHHME CEHCOPHOTO YCTPOWCTBAa  (RJIEKTpOna) Ui ONpPEACICHUS
dochopconepxkamiero mecruimaa — kapbodoca (aeictByromiee BemectBO  — wMamatnoH — CioHigOgPSy)
BOJILTAMIIEPOMETPHUIECKIM METOIOM.

Meroapl  HCCIIEOBAaHUS:  BOJbTamMrepoMerpus, KoHayktomerpus, WK-, VY®-cnexTpockonus, 3IeKTpOHHAsS
MHUKPOCKOTIHSI.

Pezynpratel: B kauectBe  OCHOBBI Uil  (OPMHPOBaHMS ~ MHIMKATOPHOTO  3JIEKTPOJA  HMCIHOJIB30BAH
3MEKTPOHOIIPOBOIAMNN MOJUMEP — MOJIMAHIINH, JONMHMPOBAaHHBIN HAaHOYACTHLIAMH 30JI0Ta. [loMMaHMIMH MoONydanu
METOJIOM OKHCJIHTENIFHOW MOJIMMEPHU3alMU B COJITHOKHCIOM pacTBOpe TpPH KOMHATHOM Temmeparype. B kadecTe
WHHUIUATOpPAa MWCIOJIb30BalM repcyibdar ammonus. [locne BHeceHHs WHHIMATOpPA, B PacTBOp J100ABISUIH
30JI0TOXJIOPOBOIOPOJIHYIO KHCIIOTY, NMPH ATOM TETpaxjopaypaT HOH OPUEHTHPOBAICS OTHOCHUTEIBHO IOJIOKUTEIHHO
3apsDKEHHOTO a30Ta NOJIMMEPHOI 1enu. MHAMKAaTOPHBIN 35IeKTpoJ] (POPMUPOBAIM IIyTEM HAHECEHUS! TOHKOW IUICHKH
MOJMMEPHON KOMIIO3UIIMM Ha MOBEPXHOCTb HMMIPErHUPOBaHHOro rpadura. HaHouacTuupl 3050Ta B IHOJUMEPHOM
IUICHKE TIOJTy4Yalll IyTeM MOJSIpH3aluK 3JeKkTpona npu noreHmuane —0,3 B oTHocuTenbHO XiopuucepeOpsHOTO
anekrpona B pactsope 0,1 M HCI. DiexTponpoBOAHOCTE MJICHKH KOHTPOJIMPOBATIUH KOHAYKTOMETPHYECKHM METOIOM.
Ompenenenne manatnoHa nposoxunu Ha ¢GoHe KOH mpu pH=10. DnekTpoKOHIEHTpUpPOBAaHWE INPOBOIAMIH IIPH
nmoreHimane 0,2 B (oTHocuTensHO XopuacepeOpsHoro arekrpona) B tedenne 20 — 180 c¢. KaronHsle BonbTaMnepHbie
KpHBbIE MOJydYaJId NPH JMHEHHOM CKaHWPOBAaHUM NMOTeHIMana B auanasoHe ot 0,2 mo —1,0 B co ckopocts 150MB/c.
AHaJIUTHYECKUM CUTHAJIOM CITYXHJI KaTOAHBIA MUK 1pH roreHnuaine —0,65 B. 3aBHCMMOCT BETMYMHBI KATOJHOTO ITHKA
OT KOHIEHTPAIMH MaJaTHOHA B PAacTBOpE jmHeiiHa B amamasone 0,002—1,0 mr/am°. AnpoGamus pa3paGoTaHHOTO
ceHcopa MpoBeIeHa MU aHanu3e kapbodoca u pydaHoHa, B COCTaB KOTOPHIX BXOJUT MaJaTHOH.

KiroueBble cJji0oBa: DSIEKTPOXUMHYECKHH CEHCOpP, MECTHUIMIBI, MAajJaTHOH, MOJHAHWINH, BOJBTaMIEPOMETpPHS,
HaHOPa3MEpHBIE YaCTHUIIHI 30J10TA.

VOLTAMMETRIC SENSORS TO DETECT PESTICIDES
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E-mail: shvw@chem.tsu.ru

223


mailto:shvv@chem.tsu.ru
mailto:abba1983@mail.ru
mailto:amv@chem.tsu.ru
mailto:shvv@chem.tsu.ru

HOﬂu(f)yHKUMOHMbele Xumuveckue mamepuajvl U nmexnojiocuu
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Relevance of the research subject-matter to the necessity of creation safe, sensitive, express mobile, control methods of
monitoring pesticides in objects of the environment.

The purpose of this research is creation of sensor device (electrode) to identify phosphorus pesticide (Malathion) by
voltammetry.

Research methods: voltammetry, conductivity, infrared-, UV-spectroscopy, electron microscopy.

Results: As a base for the formation of indicator electrode was used polyaniline (conductive polymer) doped by gold
nanoparticles. Polyaniline was obtained by oxidative polymerization in hydrochloric acid solution at room temperature.
Ammonium persulfate was used as an initiator. After that chloroauric acid was added into the solution herewith
tetrachloroaurate ion oriented relatively to positively charged nitrogen that is situated in the polymeric chain. The
indicator electrode was formed by infliction thin film of polymeric compaosition on a surface of impregnated graphite.
Gold nanoparticles from polymeric film were produced by electrode polarization at a potential —0.3 VV comparatively
AgCI electrode in solution 0.1M HCI Film conductivity was controlled using conductometric method. Malathion was
detected in alkaline condition (KOH PH=10). Electrical concentration was made at potential 0.2V (comparatively AgCl
electrode) in duration 20-180 sec. Cathodic current-voltage curves were obtained by linear scanning of potential in
range from 0.2 to — 1.2 V with a velocity 150mV/sec. Cathodic peak served as an analytical signal at potential —0.85V.
The value of the cathodic peak is linear dependent from concentration of malathion in range from 0.2 to 1.0 mg\dc3.
Approbation of this electrochemical sensor was made on fufanion which are containing malathion.

Key words: electrochemical sensor, pesticides, Malathion, polyaniline, voltammetry, gold nanoparticles

[lecTuMAbl MIMPOKO HMCIIONB3YIOTCS B CEIBCKOM XO3SHCTBE Ul YBEIMYEHUS U COXPAHEHUS
ypoxkasl, OJHAKO Hapsly C HECOMHEHHOW TMO0b30#, KpyHmHOMacmTaOHOE NPOU3BOJACTBO U
OECKOHTPOJIbHOE NPUMEHEHHE MEeCTULHUIOB IPUBEIO K  CYLIECTBEHHOMY OOOCTPEHMIO
skojornueckod oOctaHoBku [l1]. Tlockosbky JaHHBIE BEIHIECTBA SIBJISIOTCS TOKCHYHBIMH,
HEOOXOAMMBI HAJEXKHbIE, SKCIPECCHble M MOOWJbHBIE MeTOAbl HUX KOHTpous. Illupokue
BO3MOXKHOCTH ISl ONIPENIEICHUS] Pa3InYHBIX KJIACCOB BEIIECTB MPEACTABISAIOT JIEKTPOXUMHUUECKHE
METOJIbl, AHAIUTUYECKUE BO3MOYKHOCTH KOTOPBIX OIPENEISIOTCS CBOWCTBAMHU HCIOJB3YEMBIX
anekTponoB.  Haumbonee  mmpokoe — UCHONIB30BaHWE  JJI  ONPENCNICHUs  MECTUIUI0B
IEKTPOXUMUYECKUMH METOAAMU HaXOJAAT AJIEKTPOAbl, MOAM(UIMpPOBaHHBIE OHOMaTepHaIaMu
(bunocencopsl) [2,3], Haxg co3naHueM KoTopelx B Poccum paboraer Kazanckas 1mikona
IEKTPOXUMHUKOB [4]. OpHako, o00nagasi BBICOKOM CENEKTUBHOCTBIO U YYBCTBUTEIBHOCTHIO,
OMOCEHCOphl HMMEIOT P  HEAOCTaTKOB, CpPEIUM KOTOPBIX CIEAYET BBIICIUTH CII0KHOCTh
W3TOTOBJICHUS U OTPAHUYEHHBINA CPOK CITYXKOBI.

B kauectBe OCHOBBI i1 (DOPMHPOBAHUS HWHAMKATOPHOIO 3JEKTPOAA MbI IMpeIaracM
UCMOJIb30BaTh  AJEKTPOHONpOBOAANMi momumep — nonuanwiuH (ITAH), nonmupoBaHHBIN
HaHoyacTUIaMH 30j10Ta. [lolMaHWIMH ToOMyYanu METOJIOM OKHCIMTEIbHOW MOJUMEpU3allud B
COJITHOKHMCIJIOM PacTBOpPE ITPU KOMHATHOM TeMrieparype [S]. B kauecTBe MHMIIMATOPA UCIIOJIB30BATIN
nepcynbpar  ammoHus.  Ilocme  BHeceHMss — MHUIMATOpa, B pacTBOp  JA00aBisLIU
30JI0TOXJIOPOBOJOPOIHYIO ~ KHCJIOTY, TpH 3TOM TeTpaxjopaypaT HMOH OpPHEHTHPOBAJICA
OTHOCHTEJIBHO TOJIOKHUTEIIBHO 3apsSHKEHHOr0 a30Ta MOJMMEPHOM 1enu. MHINKAaTOPHBIN 3JI€KTpO.
(dbopMHpOBaTM MyT€M HAHECEHUS TOHKOW IICHKH MOJMMEPHONH KOMIIO3MIIMM Ha IOBEPXHOCTb
MMITPETHUPOBAHHOTO Tpaduta. HaHouacTHIpl 30710Ta B MOJUMEPHOHN IUIEHKE MOJIyYadd MyTEM
MOJISIPU3ALIUY ANeKTpoa npu norenuane —0,3 B oTHOcUTEeNbHO XI0pUaCepeOpsIHOrO IEKTpoaa B
pacteope 0,1 M HCI. KonuenrpupoBanue kapbodoca (MasaTHOHA) Ha MOAUDUIIMPOBAHHOM
EKTPOAE MPOUCXOOUT 3@ CUET DIIEKTPOCTATUYECKOTO B3aUMOJEHCTBUS  IOJIOKUTEIBHO
3apsbxeHHoro a3zota [IAH u gyacTuyHO oTpuIIaTeNbHO 3apsyKEHHBIX Cepbl M KHCIopoaa kapbodoca,
IIPU HTOM HaHOYACTHUIIBI 30JI0TA BHIMOJIHAIOT (GYHKIIMIO MEAUATOPA AJIEKTPOAHOTO IpolLiecca:
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[Tpu xatonuoit monspuzanuu a3otr [TAH BoccranaBnmBaercs, a kapoodoc necopbupyercs B
pacTBoOp, B pe3ysibTaTe 3TOro Mpolecca Ha BOJTAMIIEPHON KPHUBOW MPOSBISIETCS KAaTOIHBIN MUK,
BEJIMYMHA KOTOPOTO MPSAMO MPONOPIHOHATIbHA KOHIICHTpaLuu Kapoodoca B pacTBoOpe.

W3ydyeno BiMsHHME TPUPOJBI WHUIMATOpPA HA MpoIlecc MOJUMEpHU3alMu aHWIMHA. bonee
BBICOKOM AJIEKTPONPOBOJHOCTHIO O0JAIAl0T CUCTEMBI, T/Ie B Ka4YeCTBE MHHIIMATOPA MCIIOJIH30BaH
nepcynbpar aMMOHHUS (6,910°  S/cM).  DIEKTPONPOBOAHOCTh  IUICHOK  KOHTPOTHPOBATH
KOHJYKTOMETPUYECKH 0 paHee pa3padoTaHHO MeTtoauke [6]. s onTuMu3aluy aHaIUTHYECKOTO
curHaiga kapOodoca H3y4eHO BIUSHUE KOHIICHTPAIMM 30JI0TOXJIOPOBOJOPOAHONW KHCIOTHI B
MOJTMMEPHOW  KOMIO3MIMU. MaKkCUMallbHBIH TOK mHKa KapOodoca Habmomaercs mpu
konrenrpanuu HAUCI, 0,2 mr/kr nonumepa. Onpenerienne MaiaTHoHa rpoBoamin Ha ¢pone KOH
npu  pH=10. TIlockoiabKy  MeXaHU3M  DJIEKTPOKOHIICHTPUpOBaHUS  Kapbodoca  Ha
MOTUGUIMPOBAHHOM TOJUAHUIMHOM JJIEKTPO/E aJCOOLMOHHBIA, 3aBUCUMOCTh TOKa MHKA OT
MOTEHIIMAaja UMEET CIIOKHBIN XapakTep. MakcuManbHbIN aHATUTUYECKUIM CUTHAJ TIOy4YaeTcs Mpu
noreHuuane 0,2 B (0THOCHUTENBHO XJIOPUICEPEOPSHOIO IEKTPOJa), MPU KOTOPOM U MPOBOIWIIN
HakoIuieHue B nanbHeimem B Tedenue 20-180 c. Karoanble BoibTamImepHble KpHUBBIE MOTydalld
IIpU JIMHEHHOM CKaHWPOBAaHUH MoTeHIMana B auanazone ot 0,2 1o —1,0 B co ckopocts 150 MB/c.
3aBUCHUMOCTh BETMYHMHBI KAaTOJHOTO MUKAa OT KOHIICHTPAIMM MalaTHOHA B PAacTBOpE JIMHEWHA B
mmarnasore 0,002—1,0 mr/mv°. Armnpobanusi pa3pabOTaHHOTO CEHCOopa MPOBEACHA IPU aHATU3E
kapbodoca 1 pydaHoHa, B COCTaB KOTOPBIX BXOJUT JCHCTBYIOIIEE BEIIECTBO MAJATHOH.
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N3YYEHUE BOSMOKXHOCTHU UCITOJIB30BAHUSA TBEPJ1OI'O
KOMIIO3UTHOI'O SJIEKTPOJA JJIAA IOTEHHUOMETPUYECKOI'O
OIIPEAEJIEHUSA TAKEJIBIX METAJIVIOB
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AKTyaTbHOCTH paboTHI 00yCIIOBIICHa HEOOXOAUMOCTHIO COBEPIIICHCTBOBAHHUS METO/Ia MMOTCHIIMOMETPHIECKOTO aHATIH3a
BewecTB. OJHUM U3 COBPEMEHHBIX HAIPABJICHUN Pa3BUTHSA METOJA SIBISIETCA U3YUYEHHUE U BHEIPEHHE B MPOU3BOACTBO
MIEPCIICKTUBHBIX JJIEKTPOXUMIUYECKUX CEHCOpOB. VIcrmomp30BaHWE TBEPABIX KOMIIO3HTHEIX 3JiekTponoB (TKD) B
ANEKTPOXUMHUICCKAX METOAaX KOHTPOJS BEIIECTB OOECIeYMBACT OIpeesiCHHbIC MPEUMYIIEeCTBA: HU3Kas CTOMMOCTB,
MaJblii BEC, BBICOKOE OTHOIIEHHME CUTHAJI-IIYM, IIMPOKUI AMANa30H ONpeAesieHUs] MOTEHLHUANOB, CONPOTHUBICHUE K
MIACCUBALIUH, COBMECTUMOCTh C KOHIICTILIHMEH TaKk Ha3bIBaeMOH «3eJIeHON aHaTUTHYecKOH XUMHN». CONpOTHBICHHE K
MTACCUBALMN U BO3MOXHOCTH JJIEKTPOXUMHYECKOH OUMCTKH SBISETCA OCOOEHHO BaXKHBIM, IOTOMY YTO 3arps3HEHUS
MTOBEPXHOCTH 3NEKTPOA, BEPOATHO, ABISETCA CaMbIM OOJBIINM MPEMATCTBHEM K INPUMEHEHHUIO 3IEKTPOXMUMUYECKUX
METOJIOB B HCCIICJIOBAHUIX OKpYXKarolled cpenbl. Bo3MOXKHOCTP XMUMHUYECKOW MOAM(UKALWK, HPOBOISIIEH WK
OUAJIEKTPUUECKO (a3pl, MIM UX IOBEPXHOCTH U BBICOKAS MEXaHHMYECKas MPOYHOCTh, II03BOJIAET IIHPOKO
rcnoiib3oBath TKD B IPOTOUHBIX CUCTEMAX U B MOJIEBBIX U3MEPEHUSIX.

Lenp paboThl: 3akiovaiach B HCCICAOBAHMH BO3MOXXHOCTH mpuMeHeHWs TKD g MOTEeHIHOMETPHYECKOTO
ONPEIEIICHUSI HEKOTOPBIX TSHKEBIX METAJUIOB.

MeTto1bl Hccae10BaHUS: TATPUMETPUYECKUN aHAJIN3, TOTEHLIMOMETPUUECKOE TUTPOBAHUE.

Pesynbrarel: IlonyyeHHble Ha HM3y4aeMOM OJJIEKTPOJE KPHUBBIE OCAIUTENBHOIO TUTPOBAHUS HMMEIOT HUCXOISIIYIO
(hopMy, BEICOKHMIT CKA4OK IMOTEHIMAa B 00JaCTH TOYKH YKBUBAICHTHOCTH M XOPOIIYIO BOCIPOU3BOIUMOCTb. 3y4eHBI
ONTUMAaJIbHBIE yCIOBHA M paszpaboraH cnocoO6 ompenenenus meau (II), ceumma(ll), pryru(Il), xammusa(Il) B
WHAMBUIYaNbHBIX  pacTBOpPax MOTCHIMOMETPUYECKHMM TUTPOBaHMEM IMATHIAMTHOKapOaMaTOM  HaTpus ¢
HCTIOb30BaHHUEM TBEPOTO KOMIIO3UTHOTO HHIMKATOPHOTO 3JIEKTpoa. Bpems n3MepeHus noTeHnnana HHIIKaTOPHOTO
anektpona 60 — 90 cexynn. Ilpu comepxanum menu (II), ceurma(ll), pryru(Il), kagmua(Il) B nuanasone paboumx
KOHIIEHTpaIun 1-10*-10°M. BenMYMHA OTHOCHTEIHHOTO CTaHAapTHOTO OTKJIOHeHUs koyebnercs ot 0,002 mo 0,012.
[TorpenrHOCTh pe3ynbTaToOB aHaln3a He TpeBbimaet 2,3 %.

KnaioueBble cjioBa: IOTEHIMOMETPUYECKOE THUTPOBAaHHE, KOMIIBIOTEpHAash 00pabOTKa MaHHBIX TUTPOBAHMS, METOJ
JIMHEeapU3aliu, TBEPIblH KOMIIO3UTHBIHN 31EKTPOS,.
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The relevance of the present work is due to the necessity of perfection of the potentiometric analysis technique. One of
the modern directions for the development of the method is research and industrial application of perspective
electrochemical sensors. The use of solid composite electrodes (SCE) in electrochemical methods of control of
substances provides certain advantages: low weight and price, higher signal-noise ratio, wide potential detection range,
passivation resistance, and overall compatibility with the “green analytic chemistry” concept. The passivation resistance
along with a possibility of electrochemical purification is specifically important because the contamination of electrode
surface is probably the largest problem for a more frequent application of electrochemical methods in environmental
studies. An ability of chemical modification of conductive or dielectric phases, both bulk and surface and high
mechanical strength allow the wide use of SCE in flow systems and field measurements.

The purpose of the present work is to study the possibility of SCE application for potentiometric detection of certain
heavy metals.

The methods used in the study: titrimetric analysis, potentiometric titration.

The results: The precipitation titration curves obtained on the studied electrode have descending shape, high potential
drop in the equivalence point area, and a good reproducibility. The optimal conditions are studied and a technique of
detection of Cu(ll), Pb(ll), Hg(Il), Cd(ll) in individual solutions via potentiometric titration by sodium
diethyldithiocarbamate with the use of SCE. The time of indicator electrode potential measurement takes from 60 to 90
seconds. With the amount of Cu(Il), Pb(II), Hg(Il), Cd(Il) in the working concentration range of 1:110*-10"°M the
relative standard deviation varies from 0.002 to 0.012. The experimental error of measurement does not exceed 2,3 %.
Key words: potentiometric titration, computer processing of titration data, linearization method, solid composite
electrode.

MeTtoa MOTEeHIMOMETPUYECKOT0 TUTPOBAHMSI, HECMOTPsl Ha OypHOe pa3BUTHE (PU3UYECKUX U
(U3NKO-XMMHYECKUX METOOB, IIHPOKO HCIIONB3YeTCs Ha MNpakTUKe. [ JaBHBIM 00pazoM 3TO
CBSI3aHO C MPOCTOTOH anmapaTHOro o(opMieHHs, TOYHOCTbIO, IKCIPECCHOCTBIO U JOCTYIHOCTBIO.
B nocneagnee Bpems HccieqoBaHUs, IPOBOJAUMBIE B 00JACTH MOTEHIIMOMETPUYECKOTO aHaIu3a B
OCHOBHOM CBSI3aHHBI C Pa3pabOTKONW HOBBIX MJIM YCOBEPIIEHCTBOBAHUEM YXKE€ CYILECTBYIOLIMX
MOTEHIIMOMETpUUECKNX ceHcopoB [1]. B manHoii pabore paccMaTrpuBaeTcs BO3MOXXHOCTD
UCIOJb30BaHUsA, HeAaBHO pa3paboranHoro TKD, cocrosdmero u3 cmecu MNONMITWIEHA U
TEXHUYECKOI'0 YIJVIEPOJa, B KAayeCTBE ITOTEHLHOMETPUYECKOro ceHcopa. [loreHnmmomerpuueckoe
TUTpoBaHue npoBoauan Ha pH-merpe/monomerpe UTAH B pexxume nsmepenus 3.1.c. MonenbHbIe
pactBopsl cBuHna(ll), kaamus(Il) prytu(Il) u meau(Il) roToBuIM pacTBOpeHHEM TOYHBIX HABECOK.
JInsi TOTEHIMOMETPUYECKOTO OIPENCIICHUS] TSDKENBIX METaUIOB B BOJHBIX CpElax METOJI0M
OCAXACHMUS, B  KAueCTBE IOTCHIMOMETPUYECKOTO  TUTPAaHTa  IIHPOKO  HCIOJB3YETCS
mtunautnokapdbamar Hatpus (JJATK-Na), ero cnocoOHOCTh 00pa3oBbIBaTh BeCbMa IMPOYHBIE
KOMIUIEKCBI C IIHPOKMM KPYTOM KaTHOHOB IIO3BOJIIET MCIOJIb30BaTb €ro B KAauyecTBE
IIOTEHIIMOMETPUYECKOr0 pEareHTa JUisl aHalu3a MAakKpo- M IOJYMHUKPOKOJIMYECTB METAJIOB B
paznuuHbix  pactBopax. PactBop JIJITK-Na roroBunm w3 mpemapata, OYMILEHHOTO
MIEPEKPUCTATUIM3ALMEN B ATAHOJIE.

KpuBble MOTEHIIMOMETPUYECKOTO TUTPOBAHUS, MOJIY4YEHHBIE IpHU Hcnosnb3oBanuu TKD, B
KauecTBE MHAMKATOPHOTO 3JIEKTPOJIa, BO BCEX CIIydasX, UMENH BUJ, aHAJOTUYHBIA BUJy KPUBOM,
npeacraBieHHoil Ha puc. 1. Ha Bcex KpHUBBIX  IOTEHIIMOMETPUYECKOTO  TUTPOBAHHUS
WHIUBUAYAIBHBIX MOHOB (PUKCUPYETCSl YETKOE NpPOSBICHHE CKauka MOTEHIUasa, YTO IO3BOJISET
JOCTaTOYHO TOYHO ONPEAETHTh SKBUBAJCHTHbIE 00BEMBI pacTBopa TUTpaHTa. Ha dopmy kpuBoit
TUTPOBAHUSA OKAa3bIBAIOT BIUSHUE KHUCIOTHOCTh CpEIbl, COCTaB (OHOBOTO 3JIEKTPOJIUTA,
orpeJiesnsgeMble KOHIEHTpauuu W BennuumHa Ks oOpasyrommuxcs ocankoB. Jlias HOBBILIEHUS
TOYHOCTH HAaxOXKIEHMsI TOUYKH SKBUBAJIEHTHOCTH, KPUBbIE TUTPOBAaHUSA 0OpaldaThIBaId METOJOM
¢parmenTapHoil nuHeapuzaimu [2]. Ha HadambHOM yyacTKe KpHUBOM TUTpOBaHMs, HaOIIOIaeTCs
HEKOTOPOE aHOMAaJbHOE BO3pacTaHue 3JeKTpoaHoro moreHnmana (puc. 1, mo Touku E). Ckopee
BCET0, 3TO MOKHO OOBSICHUTH OTKJIOHEHUEM noTeHiuana TKD oT HepHCTOBCKUX 3HAUSHHM, TaK KaK
MIPU HU3KUX KOHLEHTPALHUAX OIMpENeIsieMOro MOHA B HAayaJlbHOM CTaguM TUTPOBAHHS BO3MOXKHO
o0pa3oBaHMe TMEPECHIIIEHHOTO pacTBOpa M OTCYTCTBHE TBepAOH (a3bl COINIACHO TMPaBUILY
MIPOU3BEACHUS PaCTBOPUMOCTH. [103TOMY TOUKM HA4abHOTO YYacTKa KPUBOM TUTPOBAHUSI TOJIKHBI
ObITh HCKJIIOUYEeHBl U3 00paboTku. Ha ywactke AB B obmactu ckauka mnoreHiuana (puc. 1)
HaOJtolaeTcsl Hauiydllass TECHOTAa JMHEMHOW CBS3M Mexay nepeMeHHbIMH X U Y. JlaHHble
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TUTPOBAHUS B KOOpAMHATaX X—Y XOPOIIO YKJIAIABIBAIOTCA HA MpsMyto JuHUO (1 = 0,9999999), ee
yraoBoH KOX(PGUIMEHT YHCICHHO COBMANAaeT C TEOPETHUYECKUM OKBHBAJICHTHBIM O0BEMOM
TUTpAHTA.

0.5B 4,50E-06 | y
0.15 3,60E-06
0,1 2,70E-06
0,05 1,80E-06
V.ma
U 1| 9,00E-07
10
-0.05 0,00E+00 - X
0,00E+00 9,00E-07 1,80E-06
-0,1

Puc. 1. KpuBasi IOTEHIIHOMETPHYECKOTO THTPOBAHHS MOIEIBHOTO pacTBopa, 3,13-107* M Cu(Il) pactBopom 3,87-10°
M JATK-Na (pH 5,08, P =0,95; n = 3; TKD, Vax 25mi) u rpaduk nmuaeapuzannu pparmeHra AB

[IpoBepky MNpaBUIBHOCTU OIpEAEICHHUs] COAEPKAHUS HOHOB TSDKENBIX METauiloB B
MOJICJIBHBIX PAcTBOPAax IPOBOAMIM METOJOM «BBEICHO-HAWIEHO». llorpemHocTs pe3ylibTaToB
aHanu3a He mpesblmaeT 2,3 %, MexAy BBEICHHBIMH U HAWJACHHBIMH COJEPXKaHUSMU HE
HaOJIIOAAeTCsl CTATUCTUYECKH 3HAYUMBIX pacxoxkiaeHwil. Bemwumna Sr koneGmercs ot 0,002 mo
0,012. PekomentoBaHHasi 0071acTh KMCIOTHOCTH Cpeabl s poBeneHus aHanusa pH = 4—6; Bpems
M3MEPEHHS MOTEHIMaNa HHANKATOpHOTO 3JekTpoaa ot 60 cekyHa 1o 90 cexyna. Mcnonb3oBanue B
KayecTBe (DPOHOBOI'O IEKTPOJIUTA TapTpaTa Kanus obecriednBaeT Oojiee CTaOMIIbHBIE Pe3yNbTaThl
aHaJM3a B UaIa3oHe paboynx KOHIICHTPAIHI 10*-10°M.

Takum oOpazom, B pe3yibTaTe MPOBEJCHHOIO HCCIEIOBaHMs, Obla IOKa3aHa
MPUHIUITHATIBHAS BO3MOXKHOCTh TIOTEHIIMOMETPHYECKOTO THTPOBAHUS MHIUBUIYaJIbHBIX PACTBOPOB
ceunna(ll), menu(Il), kanmusa(Il) u pryru(Il) merogom ocagurensuoro tutpoBanus ¢ JJJITK—Na, ¢
MIPUMEHEHUEM B Ka4eCTBE MHIAMKATOpPHOTO 3ekTpoaa TKD.
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