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OPI'AHUKAIbIK XUMUA
OPITAHUYECKAA XUMUA

O0X 547.26

C.O.Kenxeraesa, A.ILl.Copcembaena, I.K.Daitzymnnna

E.A.Foxemog amuvinoasv Kapazanowr memnexemmik ynusepcumemi
(E-mail: kenzhetaeva58@mail.ru)

®ochoHcipke KbIIIKBUIBI (KAHFBIIITHIKTHI 03CeHAETYII KypaJ peTiHje

JKaHFpIUTBHIKTBL OoceHaeTyI Kypall periHne (ochoHCIpKe KBIMKBUIBI 3€pPTTENAi. 3ePTTeY HOTHKECIHIE
(ocdoHcipke KBIIKBUIBI aHTHITUPEHJCP/iH 2 TOObIHA, SFHM KUbIH TYTAQHATBIH aralirap ajiy/bl KAMTaMachl3
eTeTIH Kypaiapra jkataTelHbl TaObuLAbL. PocdoHCIpKe KBIIKBLUIB EPITIHAICIHIH KOHIEHTPAUHUSICHl apTKaH
cailblH OPTTEH caKkTay KacHeTi /e OcCeTiHi aHbIKTaiuabl. EH JKOFapbl aHTUMHpPEHIIK KacueT (ocdoncipke
KBIIIKBUTBIHBIH KOHIeHTparwmsicel 30 % Oonranma Oalikananpl. EpiTiHAiHIH KOHIECHTpPAIMACHI OJaH 9pi
apTKaH/a MaCCaHBIH JKOFATybl TYPAKThI O0JIa bl

Kinm  cesdep: antummpenznep, ¢GocdopopraHuKanblK KOChUIbICTap, (ochuHokcuarep, doconcipke
KBIITKBUIBI, KAHFBIITHIKTEI O9CEHIeTYIII.

Kazipri yakpITTa MOJIMUMEPIIK MaTepHaIIapAbl KOJJAHy J>KbUINAH J>KbUFa apryna. llommmepirik
MaTtepuanapbl KoJIaHy KYPbUIBICTBIH MHIYCTPHSUIBIK ACHTeHiH apTThIpyFa, FUMapaTTap/blH MaccalapblH
Oipmiama TeMeHJAETYre, >KYMBICTapIblH CalachlH XaKcapTyFa MYMKIHAIKTEp Oepelli >KOHE COHBICHIMEH
KAJIIBl SKOHOMHKAJIBIK YKOHE TEXHHUKAJBIK HOTIKEIEPl KorapbuiaTtaasl. KypbUIbICTEIK KOHCTPYKIMSIIapaa
HOJMMEPIIiK MaTepHangap/asl MaiianaHy FUMapaTTapra jkaHa, Kas3ipri 3aMaHFa cail KaKCapThUIFaH CHIPTKBI
keckiH Oepexni. CoHpIMEH KaTap ic Ky3iHae OapiblK MOJMMEPIIK MaTepHalJapFa TOH eJeyli KEMIIiTiK
0ap — o1 KOFapbl epT Kayimi. OJeMHiH 0apiblK MEMIIEKETTEPiH/IE JKbUT CalblH ©pTTEpP CAHBIHBIH apTybIH
FUMapaTTapAblH KYPBUIBICHIHIA, TOTEpJEpl OlIeKeuneyne, KuiMaepae, aBTOKONIKTEPIIH WHTEPhEPIHIIC
MOJIMMEPITiK MaTepuangapAbl KeHiHeH naifananyMeH OaiiaHbICThIPaIbL.

[omumeprnik MaTepuanaapablH TaOUFATHl COHIAN — OJIapbl TOJBIFBIHAH OPTKE Kayilci3 KbUIBII XKacay
MyMKiH emec. Konman keneriH Oip faHa MYMKIHAIK Oap — OJI IOJUMEPIIK MaTepHalgapblH TYTaHYIbl
JKOHE JKaHyIOel Kojijmay KabOumerrepiH TeMeHneTy. OcChl ceOenTepAeH MOIMMEPIIiK MaTepraIaapablH
TYTaHFBIIUTHIFBIH KOHE KAHFBIITHIFBIH TOMEHIETY TICUIAEPIH 137€CTipy ©3eKTi MacenenepAin Oipi OombIn
TaOBUTAIIBI JKOHE OCHI MOCEJICHI MISTTyTe dJIEM/IET] FaIpIMIapIbIH KOTIIUIITI Ha3ap aydapraH.

IMonmmeprik MaTepHaIgapAbIH KAHFBIIITHIFBIH TOMEHACTETIH 3aMaHay! Kypaliapra TaloreHKypaMIbl
acTUGUKaTOpIapasl KONJaHy, TOJTHIPFRILITAPIBI €HI13y HeMece OeTTepiHe OpTTEH CaKTaWThIH KaObIHAAP
KOHIBIpY katazabl [1]. bipak Oy omicTep mMaTepuablH MEXaHUKAIBIK KaCHETTEPiH, TEPMOTYPaKTBUIBIFBIH
JKOHE CBHIPTKBI KecKiHiH TeMmeHmereni. CoOHBIMEH Karap Oa3aiblK IOJIMMEpJep, COHBIH INIHIEe
nonuBuHUIXIIopUA (IIBX) Herizinzeri monumepiik MaTepHalAapIblH >KaHFBIIITHIFBIH TOMEHAETY OJapAbl
XUMUSUIBIK HeMece (PU3MKaIbIK TYPICHAIPY HOTHXKECIHIE iCKe achIpbUIabl. ONETTe, OJ1 XKaHy bl IIEKTEHTIH
Kocrasap/ibl (MUHEPAJIBIK TOJNTBHIPFBIMITAD, JKAaHFBILITHIFEl TOMEH IUIACTH(HUKATOPIIAP JKOHE aHTHIIUPEHIEP
(>xaHy bl 09CEHIETYIIUIEP) €HI13Y apKbLIbl OPBIHAAIAIBI [2].

Kasipri ke3ne kaHy ypAicTepiH THiMII O9CEHIETYAIH HETi3rl Tacimi OONbIN aHTHIIMPEHAEPAl KOIAaHy
Ta0BUIaBI. OCipece THIMII 00BN KypaMbIHaa pochopsl Oap xaHyIbIH OoceHIeTyIIiIepi Ta0buIans! [2—4].

I[IBX wmarepnanmapaplH 0Oacka TypiepiHeH IUIacTH(GUKATOPIapAblH MaKCHMAJAbl KYPaMBIMEH
€peKUICTICHETIH MOJMBHHWIXJIOPUATI MIIAaCTU30JIbAED €H KOFaphl JKaHFBIII MaTepuasiap OOJBIN TaObLIA b
Ocbl KOCBUIBICTApIBIH JKaHYbIH O9CEHAETY YLIIH, 3JIeMEHTTIK (ochopAaH >KoHE aJUTMITaIOTeHUATEPICH
CUHTE3ACIIeH, YIIHIIIK  (ochuHokcuarep 3eprrenreH [4]. KommosuiuusuiapaplH — KypaMbIHA
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DoCcHOHCIPKE KbILLIKbINbI XaHFbILLTLIKTHI ...

(dhochopopranukansik Kocsuteictap 0,1-1eH 2,0 Maccanblk O6JIIIeK MOIIIEPiHAe SHTI3UITeH, ITacTU(hUKATOP
muoktuiadTanatr (JJOD) — 65 macc.0., crabwinusaTop Oapuil jkoHe KaAMHMU cTeapaTthl — 2 Macc.0.
KoMmnozunusiiapasiH KypaMbiHa (HOCHUHOKCHATEPAl SHI13Y TyTaHy JAMHAMHUKACBIHBIH ©3repyiHe OKEJIeTiHi
anbIkTanFaH. Kypambiaaa ocel QocdunHokcuarepi Oap yiIriiepAiH TYTaHy JKOHE O3MiriHEH TYTaHy
TeMIieparypanapsl Kocnamrapsl koK [1BX mractr3onbaepaikiHeH )KOFapbUTaNIb.

TyraHy yakbITBIHBIH KeIIIryiH 3epTrey Oapbichinaa Tpudenmidochurokcuntiy (TPO) ere a3
MOJIIIIEPiH EHTI3reHHIH ©3iHAe Kocmajapbl >KOK IUIACTH30JIbACPMEH CalbICTBIpFaHga OChl MapaMeTpliH
Oipmama aprtkanbl (18 c) Oaiikanran. Kypambiama TPO kocnamapel 6ap IIIaCTH30JNBACPAIH TYTaHYEI
TeOMEHIEHTIH, ceOebi eHriziren kocmanmap JIOd OymanyblH ToMEeHAETyTe OeWiMmel i >KOHE COHBICHIMEH
ra3iblK (pazajgarel TYTAHFBIII KOMIIOHEHTTEP KOHIICHTPAIMSICHIHBIH TOMEHJICYiHE, COHBIMEH KaTap allblH
TEeMIepaTypacbiHblH ~TeMeHAeyiHe okenedi. OCbIHBIH Oopi KalblH 30HACBHIHAA JKYPETiH TOTBIFY
PCaKIUACBIHBIH 09CEHICY1 XKYPETiHIH )KOHE TYTIH TY3y K03 PHIIMEHTIHIH TOMEHICYIH KOPCETE/I].

JKaHFBINITBIFBIH TOMEHACTYMIIH HAKTHI OMICIH TaHmay Kem (aKTOpAaH Toyenmi Ooyiamel: KaOBIK
TY3YIIiHIH TaOWFaThIHAH, KANTay[bl aly TEXHOJOTHMSCBIHAH, KamnTayjlapAbl MaiaanaHy OOJIBICEIHAH KOHE
OHBI TaljanaHy >XarAalblHAH, YKAHFBIIITBIFBIH TOMEHICTYIIH KaKETTI IEHreHiHEeH, SKONOTHSUIBIK >KOHE
SKOHOMHKAJIBIK KaFIai1aH.

Kanraymapnein Oacka KacueTTepiHe 3HSH KENTIpMEH JKAHFBIIITHIFBIH TOMEHICTYAIH KaXeTTi
JIopekeciHe KeTy YILIiH ap TYPJIi aHTUIIHPEeHIep HeMece OipeyiHiH op TYpJi MeJIIEepiH eHri3yre Typa Keiemi.

[Tonumepiniep skaHybl YPHAICIHIH €H THIMII MHTHOMTOPJIAPBIHBIH Oipeyi Oosbin (hochop KoHE OHBIH
KOChUIBICTAphl  TaObuiambl.  DochopopraHuKaablK aHTHIUPEHACPAIH OCepiepiH oieTTe  Kelecimel
tycingipineni [5]. Kypambeiaga ¢ocdopasiH KockbicTapsl 0ap MOTUMEPIEpAiH MUPOIU31 HOTHXKECiHIe
(dhochop KBINKBUIBIHBIH OHE OHBIH aHTUAPHIIHIH Ty3uUTyl Xypeni. Omap IeruTpaTalydsHbl KOHE
IETHAPICYIl KaTamuslehal jkoHe KapOoHm3amwsuiay ypaicine Oeitimaeiimi. COHFBI JKBUINAPHI  TEK
KIIIIMOJIEKYJIANBIKTBl FaHA €Mec, TTOJIMMEPITi KOFapbIMOJICKYIaJIbIK aHTUIIHPEHAEPAl Konnana Oactagsl. byn
MOJIMMEPITIK KOocTajap HEeri3ri moJMMepMEH JKaKChl yijece i, MOoJMMEpIIiK MaTepuangap a3far Kellei, ap
TYPJi CBIPTKBI OPEKETTEpPre JKOFaphl TYPAKTHIIBIFEIMEH epeKiieneHe i xaHe (hochHopIbIH CabICTRIPMAIbI a3
MeJIIIEpiHe THIM/I aHTUIHPEHIEP OOJIBIN TaObUIAIbI.

TuiMal aHTUIMPEHJEp PETiHIE COHFBI Ke3/Ie 9p TYPJi METaJAaplblH OKCUATEPl KoHE THAPOKCHATEPI,
OpTaHUKAIBIK XOHE OCHOPraHMKAIBIK KBIIIKULIAPIBIH TY3Japhl, XENATThl KeleHIep KOJIaHbUIa bl by
AHTHIUPCHAEPIIH 0acThl OachIMABUIBIFBIHA, (ochop- IKOHE TraloreHKYpaMibl aHTHIIMPEHICPMEH
CaNBICTBIPFaH/Ia, OJIapAbl a3 KOHIEHTpalusIapAa KoJAaHy MYMKIHAIT TaObUTaab.

XKorapel peaknusuiblk  KalOineTke ¥e OONATBIH JKOHE YIKEH TEOPHSIIBIK JKOHE MPAKTHKAIIBIK
KBI3BIFYIIBUIBIK TYFbI3aThiH (POChOpOpraHUKaIbIK 3aTTapiablH Oeariii kiackl (ocdopiibl KBILKBLIIAD,
onapabIH ddupiepi MeH d¢pupamunTepi 0onbIn Kenedi. Anaiiga op Typiai ¢ochurrep MeH pocdoHaTTapaBIH
AHTUNIUPEHII KACHUETTEPiH 3epTTey a3 3epTTedreH cana Oonbin TaObulanpl. JKaHa aHTHOHMpEHIEpAl i3Aey
JKOHE OJIapABIH OTTaH KOpFay THIMIUIITIH Oaramay MakcaThlHIa 3epTTey HBICAHBI peTiHAe OyJI Makaiama
(hochoHCipKe KBIIKBUTH TalIaTaHbIIIb )KOHE 013MT1H 3epTXaHaaa CUHTe3aeal [6].

bi3 coun 3eprreynepimizne Oenrini opictep OoMbIHIIA AMU3ONPONHI(OCHOPIBI KBIIIKBUIIBIH HATPUMIIBIK
TY3bIH MOHOXJIOPCIPKE KBIIIKBUIBIHBIH, JTHIAI 3(QUPIMEH opeKeTTecTipin, auu3onponmidhochoHcipke
KBIIKBUTBIHBIH  OTHJII O(UPIH aIFaHObI3, COHBIHAH OHBI KBIIKBULABIK THIAPOIU3ACY HOTHXKECIHIIE
¢ochoHCipKe KBIIKBUTBIH CHHTE31EreH013:

(i-CsH,0), PONa + CICH,COOC,H; —
HCI

— (i-C3H;0),P(0)CH,COOC,H; — (HO),P(O)CH,COOH

®dochoHCIpKe KBIMIKBUIBIHBIH Ta3ajbIFbl XpOMaTOrpaHsUIbIK SIICIICH TEKCEpPLAreH, al KypaMbl MEH
KYPBUIBICHI — (DU3MKA-XUMISUIBIK TYPAKTBUIAPBIH 9JcOUETTEeri MAIIMETTEPMEH CANBICTBIPY apKbUIBI KOHE
UK-cnektpockomnus aniciHig kemerimeH. KoceuteicTeiy MK-ciekTpinae kemeci Tonrapra colikec jkolakTap
Gap: OH (3331 em™), P-O—C (1070 em™), P=0 (1190 cm™).

docdoHCipKe KBIIKBUIBIHBIH 0TKa Kapchl oencenainiri MECT 16363—76 colikec Oaranmanrad 00JIaTHIH.

Byn omicreme OoWbIHINA, KYpFaK >KOHE CaJIMarbl OJIIICHICH ChlHAMAllapFa >KaH-KaKTaH CiHIpY
epiTiHautepin xary Kaxer. CiHipYy epiTiHauIepi peTiHae 0omKaMallbl opT 0OCEHAETYIN KaCHeT KOpCeTeTiH
3aTTapIBIH Op TYPJIi KOHIIEHTpAIFSUIApAAFbl EpIiTIHAUIEPl KOJNmaHbUTamsl. KoHIEHTparusiap MOHICPIH
TaHJay TOMECH KOHIICHTpanusIapJa THiMJIi O0JIAThIH OHTAWIIBI OTTaH KOPFAYIIBI 3aTThI 137€yTre HETi3/Ie/reH.
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CiHipy epiTiHAinepi ToxipuOeciHAe OCNTii JKoHE KCHIHCH KOJJIAaHBUIATHIH aHTHUIMPEHACP CPITiHIUIepiHIH
KoHIeHTpausuiapsel  Herizinae 50 %-maH acmaiinpl. KoHmeHTpammsmap MoHIEpi JKOFaphliay aHTHUITUPEH
epiTIHAUIepiH Talgaany SKOHOMHUKAJBIK THIMII €MeC, HBICAaHAApAbl KENTipy KUBIHIAWIBI, MMalganaHy-
IIBUIBIK KACUETTEPl TOMEHACH/TI, YIBUIBIFBI apTalbl.

MECT 16363-76 coiikec, arain calMarbIHBIH JKOFalybl 9 %-maH apThK OoiMaca, 3aTTapibl OTTaH
KOpFaymIsl THIMALTITIHIH | ToOBIHA KaTKpI3aabl. Erep canMakTeiy skoramysl 9 %-naH apThIK, 6ipak 30 %-man
TeMEH 0oJica, 3aTTap bl OTTaH KOPFaymisl THIMALTITiIHIH II TOOBIHA kaTKbI3aabl. Erep caaMakThIH jKOFaTyhl
30 % >xoHE oJ1aH apTHIK OosIca, OYJT 3aTTap OTTaH KOprayabl KamTamachi3 eTin, 111 Tomka »xaTKpI3bUIa b

Con 3epTTeynepai >KamFacThIpy MaKcaThIMEH, OChI MaKallaga TOXIpHOCHI JKYpridy VIIiH KeJeci
KOHIEHTPAISUTBl  epiTiHauiep koimmaneuiael: 5, 10, 20, 30, 40 xonme 50 %. Aram crlHaManapbIHBIH
CaJIMarbIH JKOFAJITYBI KaTbl MOIMETTEP TOMEHJICTI KECTE/Ie KEeTipiIreH.

Kecre
Cinipyre aeiiinri, cinipynen keifinri, ;kanyaan keifiH aFai cblIHaMaJIapbIHBIH CAJIMAaFbI
JK9He P TYPJIi pochoHcipke KbIIIKBLIBI KOHIEHTPALMJIAPBIHIA aFall CbIHAMAJIAPBIHBIH
CAJIMAFBIH KOFAITYBI, %o
Cinipyre neiiinri | CinipyaeH keitinri aram | JKaHyzaH KeHiHTi aFam
Konnenrpanus, % | aram celHaMana- ChIHAMAJIAPBIHBIH chIHaAManapbeiHbIH | CaMaKThIH JKOFaITyHI, %
PBIHBIH CaJIMaFbL, T CaJIMarbl, T CaJIMarbl, T

2,0249 2,0376 1,4759 28,9

5 2,0421 2,0550 1,4432 29 29,8
2,0834 2,0912 1,4885 29,2
2,0108 2,0237 1,4590 27,6

10 2,0323 2,0443 1,4759 28,1 28
2,0612 2,0732 1,4885 27,9
2,0504 2,0682 1,5532 24,9

20 2,0816 2,0991 1,5680 25,3 26,4
2,0406 2,0605 1,5495 26,8
2,0107 2,0253 1,6081 23,6

30 2,0745 2,0894 1,6485 21,1 23
2,0987 2,1162 1,6654 22,3
2,0549 2,0681 1,6401 22,7

40 2,0998 2,1183 1,6628 21,5 23
2,0834 2,0971 1,6609 23,8
2,0109 2,1184 1,6674 23,3

50 2,0657 2,0795 1,6490 22,7 23
2,0759 2,0897 1,6508 21

Kecrene xepcerinrenmeii, ¢hocoHCIpKe KbIMIKBUIBIHBIH EPITIHAICI CIHIPUITGH aFalll ChIHAMaChIHBIH
canMarbiH KOFanTybl 30 %-maH TeMeH Kypaiabl, sFHH epiTiHmini Il Ton aHTHUmMpeHIepiHe XaTKbI3yra
0O0JIaTBIHBIH KOPCETe .

JKanmer anFanga, KaHFBIIITHEIFEI TOMEH OCTTepAi ary Oenriii Jopekene IBIFBIHAAp MEH KYII CaTyabl
Ka)XEeT eTeJli, ajlaiiia omap, ce3ci3, ©3iH pacraiapl, ce0eOi AIMEKTPOH/IBI JKOHE PaJIMOOHEPKICIOIHE, KOJIIK,
KeMe, TeMip JKOJ KOHE YINaK eHiJipicTepiHIe, 3bIMBIPaH-FAPBILITHIK TEXHUKAAa, OHEPKACINTIH 9p Typii
cajaJlapelHIa OpT KayilCI3MITiH apTTBIPY, OPTTEp KENTIPETiH 3apAanTbl a3alTy MOCENIeTepiH IIernTyre
KOMEKTEeCEeI].
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(I)OC(l)OHYKcyCHaH KHCJI0TAa B KAY€CTBE 3aMEIJINTEJIS TOPEHUA

B kauecTBe 3ameuuTens ropenus Oblia uccienoBaHa pocdoHykcycHas kucnora. B pesynbrare nccienosa-
HMS OBUIO YCTaHOBJICHO, YTO (POCHOHYKCYCHAST KMCIIOTa OTHOCUTCS K aHTHITMPEHAM 2 TPYIIIBI, T.€. K CPeICcT-
BaM, OOeCHEeUHBaIOIIUM TOJy4YeHHEe TpyJHOBOCIUIAaMEHseMOi apeBecuHbl. HalineHo, 4Tro c pocTom
KOHIICHTPalUK pacTBopa (HOCHOHYKCYCHOH KHCIOTH OTHE3AIUTHEIE CBOHCTBA BO3PACTAIOT. MaKCHMalIbHbIS
AQHTHUITUPEHOBEIE CBOWCTBA HAOMIONAIOTCS IPH KOHIEHTpaImH (GochoHyKCYCHON KHCIOTHI, paBHOIT 30 %. ITpn
JlaJIbHEHIIIEM MTOBBIIEHUY KOHLIEHTPALUK PACTBOPA IOTEPS. MACChI OCTACTCS IIOCTOSIHHOM.

S.0.Kenzhetayeva, A.Sh.Sarsembayeva, [.K.Faizullina

Phosphonoacetic acid as a flame retardant

As the flame retardant was investigated fosfonuksunaya acid. The study found that phosphonoacetic acid is a
flame retardant group 2, i.e. to the means for obtaining flame-resistant timber. It was found that with increas-
ing concentration of the solution phosphonoacetic acid flame retardant properties are increasing. Maximum
flame-retardant properties are observed with phosphonoacetic acid concentration of 30 %. With a further in-
crease in the concentration of the solution remains constant weight loss.
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Influence of thermal aging on properties of EPDM peroxide vulcanizates

Aging of rubber is one of the decisive factors affecting the reliability and durability of the products. Evalua-
tion of resistance to aging allows selecting the optimal formulation of rubber compounds and determining the
warranty service and storage of rubber products. One of the most important factors determining the resistance
to aging of rubber is the nature of the molecular chains of the polymer (a type of rubber). Research aimed at
improving the process of sulfur vulcanization of EPDM rubber was carried out on the enterprise «Eurasian
Industrial Technical Group» LLP since at present time the application of this technology is not possible due
to the fact that the use of peroxide curing of rubbers is more economical.

Key words: vulcanization, vulcanizing systems, peroxide vulcanizing agent, ethylene-propylene rubber, phys-
ical and mechanical properties, curve of vulcanization, Keltan, thermal oxidizing aging.

Enterprise LLP «Eurasian Industrial Technical Group» produces a range of rubber conveyor belts pos-
sessing oil-, gasoline-, fire-, cold- and chemical resistance in addition to heat-resistant properties [1].

Most rubber products are operated in contact with oxygen, and are also exposed to temperatures raised,
oils and cyclic tension loads. Reactions occurring under these conditions represent oxidative radical chain
processes.

Vulcanization network structure is one of the determinants of rubber resistance to aging under the ac-
tion of heat as this process is associated with degradation of the polymer and breakage of cross-linked bonds
[2-5].

Varying the type vulcanizing system allows running the kinetic parameters of ethylene-propylene rub-
ber vulcanization. Strain-strength characteristics of vulcanizates are changed simultaneously with the param-
eters of crosslinks network.

Thus in the manufacture of rubber products one should take into account peculiarities of the forming
network of cross-linked bonds which is closely connected with the nature of the curing system. When using
peroxide vulcanization systems it should be expected that the effect of covulcanization of phases leads to a
sharp decrease of rheological characteristics. For rubbers with tailored properties it is advisable to carry on a
preliminary assessment of the elastomeric component for Monsanto rheograms and curing mode selection
based on the results foreseen.

We investigated filled rubber based on three grades of rubber: Keltan 4450 (5-ethylidenebicyclo-2,2,1-
heptene-2 (ENB) content of 4.3 % wt.), Keltan 2450 (ENB content of 4.1 % wt.) and rubber Keltan 3050
which is not containing ENB in the structure. Rubber manufacture was produced according to the standard
recipes.

Two types of vulcanizing systems were used at compounding. Novoperox BP-40 was used as peroxide
vulcanizing agent and a vulcanization initiator. Novoperox BP-40 is a white or slightly yellowish amorphous
powder, 1-methyl-1-phenylethylhydroperoxyde (38—42 %) was used as the basic substance:

HC—CH CH,4

HC!? C—C—0—O0H
N\

|
HC= cf-; CH,

Acetophenone and methanol are formed at thermal decomposition of isopropylbenzene hydroperoxide
(IPBHP). For the thermal decomposition of hydroperoxide by —O—O— bond therefore it is necessary to spend
about 30 kcal/mol of energy. Iron ions greatly facilitate this decomposition, and the reaction proceeds with
activation energy of 10—12 kcal/mol. The rapid disintegration occurs when heated up to 145 °C and above
this temperature. Disintegration in acidic media leads to the formation of phenol and acetone and
dimethylphenylcarbinol is obtained in alkaline media.
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Sulfazan R, sulfur donor N,N'-dithiodimorpholine (DTDM) was used as a second vulcanizing system:

L Ny o B s N

O N—S—5—N

Ao/ S

Reagent is a dust-free white powder with a greyish or yellowish tinge, it has a weak amine-like odour.
Its application allows obtaining high temperature vulcanizates with a reduced number of polysulfide linkages
having high strength and dynamic properties, high heat resistance and resistance to thermal aging and pro-
vides a significantly lower tendency to scorch the rubber compound.

Curing activator in these systems is zinc oxide, this allows obtaining rubbers with high strength and
physical-mechanical parameters. Using high structural active carbon black causes an increase in modulus of
rubber hardness, wear and tear resistance.

For a better dispersion of the powdered ingredients stearic acid was used. Stearin is also a secondary
vulcanization activator, it reacts with zinc oxide forming zinc stearate, which is well dispersed in the rubber
matrix, and in its turn activates the vulcanization accelerator.

To prevent destruction deceleration of rubber during its operation stabilizers are introduced. Derivatives
of aromatic diamines such as N-phenyl-2-naphthylamine (Naphthyl-2) and N-isopropyl-N'-phenylene-
diamine (Diaphene PhP) provide a high resistance to aging of the rubber at its operating under different con-
ditions, these antioxidants have a number of disadvantages associated with the release of harmful substances,
their leaching from items during their lifetime. The combination of Diaphene PhP + Naphthyl-2 protects
rubber from thermal aging, weathering, gives great dynamic stability. In the manufacture of rubber investi-
gated this combination plays a role of antifatigue agents mainly and protects the rubber from oxidative aging.

Rubbers manufactured had to meet the standard for physical and mechanical characteristics for the coat-
ing rubber necessary for rubberized-fabric strips. The actual values of physical and mechanical properties of
rubber exceed the norm by 10-20 %.

To study the properties of the peroxide vulcanizates of ethylene propylene rubbers, including their heat
resistance, two groups of samples were examined. In the first group comparing rubbers on the basis of satu-
rated rubber (Keltan 3050) and unsaturated (Keltan 4450) ethylene-propylene rubber vulcanized by IPBHP
was carried on. In the second group properties of EPDM Keltan 4450, Keltan 2450 were studied. According
to the curve of vulcanization (Fig. 1) induction period for curing rubber on the basis of Keltan 4450, is equal
to 2.5 minutes, and the curing optimum is equal to 33 minutes. Scorch curve shows that duration of the
scorch process is more than 40 minutes. The viscosity is equal to 63 Mooney units.

The reason for changing the properties of the elastomeric compositions under heat action is oxidation
and formation of radicals. This process can be characterized by the degree of change in the physical and me-
chanical properties.

0

Conwentional shear modulus
o~
=]
L
Convertional shearmodulus
|

Time, min

Figure 1. Kinetic curves of vulcanization (1), Figure 2. Kinetic curves of vulcanization (1),
scorch (2) and viscosity (3) of rubbers based scorch (2) and viscosity (3) of rubbers based
on rubber Keltan 4450 (recipe Ne 1) on rubber Keltan 3050
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When comparing the physical and mechanical properties before and after aging we’ll see an increase in
conditional tensile strength up to 17.21 % and hardness up to 13 Shore units, a decrease in the value of elon-
gation at break up to 31.65 %.

According to the curve of vulcanization (Fig. 2) induction period for curing rubber based on Keltan
3050 is 2.5 minutes, and the vulcanization optimum was 29 minutes. Based on the scorch curve the scorch
process time is over 40 minutes, and a viscosity is equal to 48 Mooney units.

Change of characteristic exponents for these rubbers was negligible: increasing conditional tensile
strength up to 4.8 %, elongation at break up to 2.86 % and hardness up to 13 Shore units.

Change of plasto-elastic and physical & mechanical properties at thermal oxidizing aging is caused by
degradation processes, or structuring often occurring at the same time, due to the formation of free radicals
as a result of covalent bonds breakage after thermal exposure. At aging saturated rubbers were oxidized
slower than unsaturated and their mechanical properties are changed correspondingly. Consequently, unsatu-
rated rubbers having a degree of unsaturation of more than 1 % are more prone to oxidation and changing in
the mechanical properties of thermal oxidizing aging rather than saturated ones due to the presence of double
bonds in the side chain.

According to the curve of vulcanization the induction period for curing rubber based on Keltan 2450 is
3.5 minutes and the vulcanization optimum is 32 minutes and based on the curve scorching time of scorch
process is more than 40 minutes, and the viscosity is 44 Mooney units (Fig. 3).

Comertional shear mod ulus
.
L
.
P2
)
Y

Time, min

Figure 3. Kinetic curves of vulcanization (1), scorch (2), and viscosity (3)
of rubbers based on rubber Keltan 2450 (recipe Ne 2)

From the foregoing it can be concluded that Keltan 2450 has greater heat resistance than Keltan 4450.
This is due to higher viscosity which is caused by both growth of molar mass and increasing the intermolecu-
lar interaction due to the greater degree of unsaturation of Keltan 4450 and, consequently, an increase of the
relaxation time and strain at which the chain coils are untangled under the same processing conditions. Be-
cause of this the tendency to degradation is higher for high viscous systems.

Experimental part

The experimental part means the testing of samples of rubber finished in three stages. To begin with
there was a necessity to determine the physical & mechanical properties of the samples under standard con-
ditions according to State Standard 263—75 «Rubber. Method for determination of hardness according Shore
A» and State Standard 270-75 «Rubber. Method for determination of elastic and strength properties under
tension». Then the samples were subjected to thermal action (125 °C) in atmospheric oxygen for 168 hours
according to State Standard 9.024-74 «Rubbers. Methods of testing for resistance to thermal aging». After
aging physical and mechanical properties of rubber samples were determined repeatedly.

Different durometers are applied for determination of rubber hardness. In our case TM-2 Durometer
(Shore type) was used the rubber hardness. This hardness gage has a blunted needle connected with a spring
placed inside the device. Hardness is determined by the depth of impression of the needle into the sample
under action of compressed spring in contact of device basis plane with the sample surface (State Standard
263-75). Impression of needle is proportional to the movement of the arrow on the scale of the instrument.
Maximum hardness is corresponding to the hardness of glass or metal, and is equal to 100 conventional
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units. Rubber has a hardness ranging from 40 to 90 conventional units depending on the composition and
degree of curing. With increasing fillers content and increasing duration of vulcanization hardness increases;
emollients (oils) reduce the hardness of the rubber. Tests are carried out at room temperature (23,2 °C) and
raised (up to 100 °C) temperatures. Test temperature was 23,2 °C.

After aging the samples are removed from the thermostat and conditioned at least for 16 hours and no
more than 6 days at 23,2 °C in room protected from direct sunlight and substances harmfully influenced on
rubber, and then determine the value of the specific indicator according to the standard of method for deter-
mining it.

As a result of testing it can be accepted the change of characteristic indicator after aging (S) calculated
(except for the hardness) as a percentage by the formula:

s=4"% 100%,
AO
where 4, — value of characteristic indicator before aging; 4, — value of characteristic indicator after aging.
The change of hardness (AH) is calculated by the formula:
AH = H, 1— H(),
where Hy — hardness value before aging; H; — hardness value after aging.
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ITHJICHNIPONWICHIi KayYyKTepIiH NePOKCHATI BYJIKAHU3ATTAPbIHbIH
KacueTTepiHe TEPMUAJIBIK eCKIpyaiH dcepi

Pesenkenepaiy eckipyi OyibIMIapiblH y3aK KbI3MET €TyiHE )OHEe CEHIMAITIriHe ocep eTeTiH MIeurymri
(axropnapasiy 6ipi Gosbin Tabbutansl. Eckipyre kapchl Typynsl Oarajiay pe3eHKeni KocmanapAblH THIMI
KaTBIHACTaphlH TaHAAIl allyFa JXOHE pPe3eHKeNl OyibIMIapabl caKTayAblH XOHE MalJarmaHyIblH KEeMIAiK
Mep3iMIepiH aHbIKTayFa MyMKiHAIK Oepeni. Pe3eHkenepain eckipyre Kapchl TYPYbIH aHBIKTAATBIH MaHbI3/bI
(axToprapabIH OipiHe MOIUMEpPIIH MOJIEKYIANBIK Ti30eKTepiHiH TaOuFaThl (KaydyK THI) skataasl. «Eurasian
Industrial Technical Group» XKIIIC enepkacin opbIHAAPEIHAA KaydyKTep/i KYKIPT apKbUIbI ByJIKaHU3aIUsIIay
YPAICiH KaKcapTyra OarbITTalFaH 3epTTey KYMBICTAphl JKYprizinreH, ce0ebi Kasipri keszme KaydyKTepui
MEPOKCU/ITI BYJIKaHH3ALHUSIaY SKOHOMUKAIBIK >KaFbIHAH THIMIIPEK OOJIbII CaHaaIbl.

JLK.Canbkeesa, I.M.Kakonuna, E.K. Taitmu6exosa, JI.M.Cyrpanuna, I'.T.XaceHoBa,
C.IO0.ITanmmuHa, JI.FO.I'opbau, A.A.MypatoekoBa, A.K.CanbkeeBa

BiinsiHne TepMHYeCKOr0 CTapeHHus HA CBOMCTBA MEePOKCUIHBIX BYJIKAHU3ATOB
ITHJIEHNPONUIEHOBBIX KaYUYyKOB

CrapeHue pe3uH SBISETCS OJHUM M3 PENIalouX (aKTOPOB, BIMSIONIMX Ha HAJEKHOCTh M JJONTOBEYHOCTD
m3zenuii. OLeHKa CTOMKOCTH K CTapeHHUIO TO3BOJISET MOJA0NPaTh ONTUMANbHBIE PELENTYPhbl PE3UHOBBIX CMe-
ceil U ompenensaTh rapaHTUHHbBIE CPOKU SKCIUTyaTallui M XpaHEHUs Pe3MHOBBIX u3aeanid. OTHUM U3 BayKHEH-
muXx (akTopoB, ONPEAENAIOINX CTOMKOCTh PE3UH K CTApeHHUIO, SIBISIETCA MPHUPOJA MOJIEKYISPHBIX LETeit
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nonumepa (tun kay4dyka). Ha npeanpusitun TOO «Eurasian Industrial Technical Group» npoBenens! nccie-
JIOBaHHsI, HAIIPABJICHHbBIC HA YCOBEPIICHCTBOBAHUE IpoLecca BylKaHHU3auu cepoit kayaykos CKOIIT, Tak
KaK B HACTOSIILEE BPeMsl IPUMEHEHNE JaHHOM TEXHOJIOTHU HE SBILIETCS BO3MOXKHBIM BCIICACTBHE TOTO, YTO
HCIIONIB30BaHKE MEPOKCHIHON BYJIKaHU3ALMN KaydyKOB SKOHOMUYECKH 00JIee BHITOIHO.
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Using one-way analysis of variance
in the stochastic determinated design of experiment

The possibility of using one-way dispersion analysis ANOVA in this article is discribed, for the evaluation of
statistical significance of the empirical dependensis which was gift by using of stochastic determinated design
of experiments (SDDE). It is shown that use of ANOWA can disambiguate the interpretation of some results.

Key words: ANOWA, stochastic determinated design of experiment, regression analysis, analysis of variance,
factor experiment.

The mathematical modeling is important tool in the study of complex processes in the chemistry, chem-
ical engineering and other sciences. One of the mathematical models constructing methods it is design of
experiments. One of the popular methods of DOE it is the full factor experiment. Mathematically rigorous
implementation of the full factor experiment requires a large number of tests. The number of tests which re-
quired the full factor plan is rapidly rises with increasing of the number of studied factors and/or levels of
their variation. One of the best ways of the optimization factor experiment is the use of the stochastic
determinated design of experiments. The method of experiment planning is based on using of the Latin
squares, and was first used in the 30s of XX-th century by R.Fisher in agriculture [1]. Subsequently, a meth-
od has been developed in the researches of M.Protodjakonov and R.Teder [2]. In the last quarter of the XX
century, the stochastic determinated design of experiments came to a modern state through the work of the
Kazakhstan scientist V.Malyshev and his followers [3, 4]. Today, the method is widely used in the study of
multifactorial dependencies in chemistry, biology, etc. One of the reasons for the limited popularity of the
method SDDE is a possibility ambiguous estimate which is obtained with the help of individual dependen-
cies and, as a consequence, the final equation.

Within the SDDE for evaluate the accuracy of approximation individual dependencies and the final
equation used coefficient of nonlinear multiple correlation (CNMC) and its significance. These interrelated
values characterize only the degree of correlation of the experimental points with the curve fit. Question, is
there any influence of the factor on the result of the experiment, within the SDDE has no mathematically def-
inite answer. The «significance» of coefficient non-linear multiple correlation does not mean the same thing
what the adopted under other methods of mathematical processing of the experimental data of factor «signif-
icance».

For example, consider a mathematical model of the well-studied the decomposition reaction of nitric
oxide (V) [5]:

2N205:4N02+02

The dependence between rate constants of the reaction and temperature obtained from the experimental
data is presented in Table 1.
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Table 1
The dependence between the rate constant for the decomposition N,Os and temperature
Temperature, K Rate constant, ¢ '
283 3.83-10°
293 1.71-107
303 6.94-10°
313 2.57-10"
323 8.78-10"

The dependence between the rate constant and temperature is determined by the Arrhenius equation:
-E,

a

k=Ae® . )
The dependence between degree of conversion and time is described by the Kazeev-Erofeev equation:
a=1-¢". 2)

From (1) and (2) is seen that the degree of conversion independent of temperature and time, but does
not depend on the concentration of the substance.

To prevent systematic errors used the data is calculated by the equation (2) instead of experimental data.
In the calculated data make an randomly error within 0.5 % or £2.5 % for the experimental error simula-
tion. Make up the experimental design, taking into account the 4 factors with 3 levels. The first factor is the
initial concentration of N,Os and vacated position for fourth factor. The second and third factors are respec-
tively the temperature and time of the process (Table 2).

Table 2
Plan and the results of the calculation of the degree of conversion of N,Os, 4 factors, 3 levels

Ne | Cyo-M T,K t,c Vacant position Definitely +0.5 % +2.5%
1 0.11 283.0 5400.0 1 0.020470 0.02040859 0.020122
2 0.11 303.0 16200.0 2 0.675114 0.677814456 0.689291
3 0.11 323.0 21600.0 3 1.000000 0.999 1.01
4 0.22 283.0 16200.0 3 0.060160 0.06003968 0.06028
5 0.22 303.0 21600.0 1 0.776656 0.779762624 0.780539
6 0.22 323.0 5400.0 2 0.991272 0.987306912 0.984333
7 0.33 283.0 21600.0 2 0.079398 0.079398 0.078048
8 0.33 303.0 5400.0 3 0.312546 0.313171092 0.307858
9 0.33 323.0 16200.0 1 0.999999 0.997999002 0.996999

Let’s carry out the mathematical processing of the obtained data methods which is adopted in SDDE.
For the averaging the data using the arithmetic mean. To approximate the dependence of the conversion de-
gree from vacant factor using a linear equation, the temperature dependence suppose of the logarithmic, and
time dependence is exponential. For the intended degree of conversion, depending on the initial concentra-
tion of nitrogen oxide searched the best approximating function. Tables 3—6 show the selections of individual
dependences.

Table 3
Dependence of the conversion degree on concentration N,Os
No Result Result No Result Result No Result Result
B +0,5 % +2,5% B +0,5 % +2,5% B +0,5 % +2,5%
1 0.02040859 0.020122 4 0.06003968 0.06028 7 0.079398 0.078048
2 0.677814456 0.689291 5 0.779762624 | 0.780539 8 0.313171092 0.307858
3 0.999 1.01 6 0.987306912 | 0.984333 9 0.997999002 0.996999
aver. | 0.565741 0.573138 aver. | 0.609036 0.608384 aver. | 0.463523 0.460968

14 BecTHuk KaparaHgmHckoro yHusepcurteTa



Using one-way analysis of variance ...

Table 4
Dependence of the conversion degree on temperature
No Result Result No Result Result No Result Result
B +0,5 % +2,5% B +0,5 % +2,5% - +0,5 % +2,5%
1 0.02040859 0.020122 2 0.677814456 | 0.689291 3 0.999 1.01
4 0.06003968 0.06028 5 0.779762624 | 0.780539 6 0.987306912 0.984333
7 0.079398 0.078048 8 0.313171092 | 0.307858 9 0.997999002 0.996999
aver. | 0.0532821 0.0528167 | aver. | 0.590249 0.592563 aver. | 0.994769 0.997111
Table 5
Dependence of the conversion degree on time
No Result Result No Result Result No Result Result
3 +0,5 % +2,5% 3 +0,5 % +2,5 % B +0,5 % +2,5 %
1 0.02040859 0.020122 2 0.677814456 0.689291 3 0.999 1.01
6 0.987306912 0.984333 4 0.06003968 0.06028 5 0.779762624 | 0.780539
8 0.313171092 0.307858 9 0.997999002 0.996999 7 0.079398 0.078048
aver. | 0.440296 0.437438 aver. | 0.578618 0.58219 aver. | 0.619387 0.622862
Table 6
Dependence of the conversion degree on vacant position
No Result Result No Result Result No Result Result
- +0,5 % +2,5% B +0,5 % +2,5% B +0,5 % +2,5%
1 0.02040859 0.020122 2 0.677814456 | 0.689291 3 0.999 1.01
5 0.779762624 0.780539 6 0.987306912 | 0.984333 4 0.06003968 0.06028
9 0.997999002 0.996999 7 0.079398 0.078048 8 0.313171092 | 0.307858
aver. | 0.59939 0.59922 aver. | 0.581506 0.583891 aver. | 0.457404 0.459379

The coefficients obtained in approximating functions depend little on the specified accuracy. Graphs
obtained with different functions exactly visually indistinguishable and are presented in Figures 1—4.
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Figure 1. Dependence of the conversion degree
on concentration
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Figure 3. Dependence of the conversion degree
on time
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Approximating functions and their corresponding correlation coefficients are given in Table 7.

Table 7
The approximative functions
Dependence of «Datay» «Significance»
tl:jee;;):e\/?irsign accuracy, % The approximating function CNMC of CNMC
Concentration ! +0,5 o =17.3339.¢70900C . C1205% 1 o0
2 :|:2,5 o :16.1716.676.8472{‘ .C1.17215 1 0
T . 3 +0,5 o =-40.1821+7.12994 - In(T) 0.996168 130.229687
emperature
P 4 +2.5 o =-40.3031+7.15136-In(T) 0.995969 123.788195
Ti 5 =0,5 o =0.395523. "> 0.974247 19.161953
ime
6 +2,5 o =0.391578. " >*#ES 0.970676 16.797160
Vacant factor 7 +0,5 o =0.6881-0.071-V 0.828075 2.634733
8 +2,5 o =0.6873-0.0699 -V 0.813624 2.407058

The coefficients in the approximating function, nonlinear multiple correlation and levels of significance
are hardly depend on the accuracy of the calculated data. Thus, all subsequent arguments can lead to the
same level of accuracy.

From the graph in Figure 2 it is shown that with increasing temperature the degree of conversion rises.
Given the high value of the CNMC and its significance, it is possible to make an unambiguous conclusion
about the dependence of the conversion degree on the process temperature. In the case of the other three pa-
rameters of the data SDDE not clear conclusion. CNMC values in all cases large and have high levels of sig-
nificance, but it influences whether variation in these factors examined within the degree of decomposition
of nitric oxide? It is known that the vacant factor and the initial concentration does not affect the reaction.
However, prove it within the SDDE method of calculation is impossible. Exclusion from the final equation
«concentration component» reduces of the CNMC and its importance. Inclusion in the equation on vacant
factor increases its mathematical adequacy (Table 8). This is contrary to originally defined model.

Table 8
Variants of the final equation
Final equation CNMC «Significance»
equatio of CNMC
o =7.12994-In(T) +0.395523- &*'7110°F _ 40,7282 0.964132 33.522337
o =17.3339.¢ %7€ C?%%* .7.12994 - In(T) +
0.975679 45.404003
+0.395523 - &' — 40.7282
o =17.3339.¢ 7. C?%% .7.12994 - In(T) +
" 0.990762 107.746218
+0.395523- > —0.071-7 —40.0401

This behavior of a mathematical models obtained by SDDE frequently are found in various publica-
tions. As a rule, accuracy of the real process final equation increases with the number of levels of varying
factors, i.e., with increasing number of experiments.

Without increasing the number of experiments is necessary to use other methods of statistical data pro-
cessing.

It can be noted that the data grouped by level of factors to output partial dependencies (Tables 3—6) as
the same structure can be used in the analysis of variance. The unique problem the analysis of variance is
found how a change in the studied factors is influence on the final result. Table 9 shows the results of one-
way ANOVA to investigate the dependence.
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Table 9
Results of the data processing using method ANOWA
Dependence of degree of conversion from concentration N,Os
Source of variation SS df MS F P F critical
Between groups 0.035555739 2 0.01777787 | 0.074128044 | 0.929389808 | 5.14325285
Within groups 1.438959024 6 0.239826504
Total 1.474514764 8
Dependence of degree of conversion from temperature
Source of variation SS df MS F P F critical
Between groups 1.346675562 2 0.673337781 | 31.6024086 | 0.000651696 | 5.14325285
Within groups 0.127839202 6 0.021306534
Total 1.474514764 8
Dependence of degree of conversion from time
Source of variation SS df MS F P F critical
Between groups 0.056989929 2 0.028494965 | 0.120611494 | 0.888473856 | 5.14325285
Within groups 1.417524834 6 0.236254139
Total 1.474514764 8
Dependence of degree of conversion from vacated position
Source of variation SS df MS F P F critical
Between groups 0.035293533 2 0.017646766 | 0.07356798 | 0.92989796 5.14325285
Within groups 1439221231 6 0.239870205
Total 1.474514764 8

The results of analysis of variance showed that on the concentration of vacant factor and results of nu-
merical experiments clearly does not depend (F<<F.;, P close to one). There is no dependence of the nitro-
gen oxide decomposition degree on temperature, according ANOWA (F>>F;,, P value is very small).

ANOVA did not answer the question, does the processing time on the degree of it completion. The re-
sult of analysis of variance indicates the independence of the nitric oxide decomposition degree on the time
of the process. Thus, the calculations carried out by two independent methods are not possible to detect the
dependence of the existence of which we are obviously aware. Apparently, the problem is in the unfortunate
choice of time interval. May be need simultaneous consideration of the temperature and the process duration.

Summarizing the above, we can conclude that the method ANOWA is a good addition to the method
SDDE, and can be used by researchers to confirm or verification of the conclusions.
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B.H.®omun, A.B.[luk

Ta:xxipuOeHi 0o/xaM-1eTepMUHUPJICHI€H JKOCTIapJiay meH0epinae
O0ip(axkTOpPJIbI AUCIEPCUSIIBIK TAJAYAbI aliaJIaHy

Maxkanana Toxipubeni 6oinkam-gerepMunupienrer xocnapnay (TBIK) omiciMeH alblHFaH SMIMPUKAIBIK
TOYENIUTIKTepi CTAaTHCTHKANBIK MAaHBI3ABUIBIFBIH  Oarayayfa OipGakTopibl HCIEPCHSIIBIK — Tajjuay
(ANOWA) xommany MyMmkiHgiri 3eprrengi. TexipuOeHi OGomkaMm-IeTepMHUHHpPIEHTSH >KOCIapiayra Ko-
ceivra ANOWA naiinanany keiOip ajbIHFaH HOTHKENEPiH HHTepIpeTalisIaHy carnaliblK KOpPCeTKIITepiH
JKOFapbIIaTaIbL.
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HUcnouab30BaHue OTHOPAKTOPHOIO TUCIIEPCHOHHOI0 AHAJIM3A
B PAMKaX BePOATHOCTHO-ACTEPMUHHPOBAHHOIO IVIAHMPOBAHMS IKCIIEPUMEHTA

B crarbe nccnenoBaHa BO3MOXKHOCTh NPUMEHEHUSI OXHO(MAKTOPHOTO AUCIIepcCHOHHOTO aHanmm3a (ANOWA)
JUISL OLIEHKU CTATHCTUYECKOH 3HaYMMOCTH 3MIMPUYECKHUX 3aBUCHMOCTEH, NMOTyUEHHBIX C HCIOIb30BAaHUEM
BEPOSITHOCTHO-IETEPMUHHPOBAHHOTO ITaHUpoBaHus skcnepumMenTa (B/II1D). [Tokasano, 4To ncnons3oBanue
ANOWA B nononnenue k BAIID MoxeT ycTpaHUTh HEOJHO3HAYHOCTh MHTEPIPETALUN HEKOTOPBIX Pe3yJlb-
TaToB.
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Ben3o1 anuoH-pagukansl ;kdHe oHbIH JIIP-cniexTpin
TEOPHUAJIBIK KOJIMEH JdJIeJIAey

Makanazna qapa JIeKTPOHHBIH alThl 9KBHBAIEHT IIPOTOHBIMEH MarHHUTTIK ocepliecy Ke3iHje maiia 0osaThIH
OEH30JIBIH MYJIBTUILIETTIK KYPBUIBIMBI KapacTHIPBUIIBI. TEOPHSUIBIK CIIEKTpAE Maiaa OoJaThIH CBHI3BIKTAp
cansl [lackane ymOypbeimbHan mbragsl. OHAAFEl CHI3BIKTAP KAPKBIHABUIGIFE HbI0TOH OMHOMBI OobIHIIA
(1+x)" xikrerenmeri koaduumentrepi Ilackans YIIOYPHINIBIHBIH SJIEMEHTTEPIHE COUKEC KeNEeTiHAIriHeH
IIBIFA/IBI )KOHE HKCIEPUMEHTTIK CIIEKTPIe TOJIBIK COMKEC KeJlei.

Kinm ce30ep: annon-pagukan, DIIP-cnekrp, Hetoron 6unomsl, [Tackanb yHIOypBIIIbL, epiTKiliTep, IPOTOH,
CIIEKTP, KOIPPHUIHEHT.

Kipicne

JKymracnarad a5ekTpoH 0ip, €Ki HeMece OJlaH /1a KON SKBHUBAICHT IIPOTOHIAPMEH MArHUTTIK dcepiecy
JKalbIH KapacThIpalbIK. bip sapo OoiFaH jkaima JIeKTpOHABIK MmapaMarauTTik pesoHnanc (DI1P) cnexrpaeri
€Ki CBI3BIK KapKBIHABUIBIFBI (MHTEHCUBTLIIr) Oipmedt Oomanel. A, GipHelle 3KBHBAJCHT siApojiap OOJFaH
JKaiiia mama O00JIaThIH ChI3BIKTAP MHTECHCHBTLIII op Typii. «Kypambinaa Oip Hemece OipHeEIle SKBUBAJICHT
MIPOTOHAAPEI 0ap OPTaHMKANBIK CPKiH paauKalIapAblH XoHE aHWOH-paguKanmaapeHeH JIIP-cexTprepin
3epTTey» aTThl OKY-FBUIBIMH ToXipuOeHi «XUMUSIBIK 3€pTTeYAiH (QHU3MKANBIK OicTepl» MoHi
OarmapiamMachlHAa 3€PTXaHAIBIK MPaKTUKyM YWIiH eHrizgik [1-3]. Bym cabakTeiH OarmapramacbiHIOa
3JICKTPOMArHUTTIK TOJIKBIHAAP ILIKAJIaChIHBIH OapiibIK OeJiiri OOMBIHINA >KYMBIC JKacalThIH HpUOOpIapMEH
Katap paguoTOJIKbIHAAp Oedirinae xymbic ictedTin DIIP kypanbiHbiH yneci aptein kenedi. OcbiFaH
OaiimaHbBICTBl OYJ1 JKYMBICTa ©T€ KOIl KOJJAHBUIATHIH aHMOH-PaguKaiiblH (OCH30JIBIH) aly >KOJBI JKOHE
TeoprsUTBIK DI 1P-CTIeKTpi YChIHBIIA B

Taoicipubenix 6enim

AJNFaIIKbl apoMaTHKAaJIBIK KOCBUTBIC OEH30JI 3(QHpIi epiTKIITeple CUITUIIK MeTajJJapMeH peakiusra
Tycce, CUsl KoK TYCTi aHHOH-pauKan Ty3iIei.

CH e H

HG# ~CH i . i

G G T @ +K'
CH

i
Cust KoK TycTi

Bynnaii sxxarnaii HadTanuH, aHTpaleH, ekipeHniMeTaH, yideHnIMeTaHaa )koHe 0acKaaa KOHAeH calus-
naHOaraH apoOMaTTHIK KOCBUIBICTapAa OpbIH anansl [4]. OnapabiH annoH-paaukaibiHaa (AP) mapa snekTpoH
JKOHE Tepic 3apsia Oomaabl.

beH3on aHMOH-pagMKaibIHAA Aapa 3JEKTPOH 6 SKBUBAJICHT CYTEK INPOTOHBIMEH HA3IK OpEKeTTecil
OIIP-cniekTpae 7 chI3bIKTHI Oepeni [S].

OIIP-criekTpiHAeTi ChI3BIK CaHBIH MBIHA/Ial JKail @pHEKIIeH OHall ecenrTeyre Oomabl:

N=2n1+1=2-6-%+1=7 CBI3BIK,

. 1
MYHJarbl I1— IMPOTOHBIHBIH CITUHI1, OJI 5 TCH.

bynan napa aneKTpoH #n SKBUBAJICHT SIIPOJIAPMEH HA3IK dcepiieckeH e, onapasiH DI1P chI3bIKTapbIHBIH
canbIcTeIpMaiibl - mHTeHCHBTININ (1 +x)"  ¢yukumsceid  HploToH OWHOMBI OOMBIHING KIKTET€HIETI
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kodpduuunentrepi Ilackanp ymOypHIIIBIHEIH 3J€MEHTTEpiHE colikec KeneTiHiHe OeH3on AP chektpinzme
Ke31Mi3 JKeTei:

n
1 0

1 1 1

1 2 1 2

1 3 3 1 3

1 4 6 4 1 4

1 5 10 10 5 1 5

1 6 15 20 15 6 1 6

1 7 21 35 35 21 7 1 7

1 8 28 56 70 56 28 8§ 1 8

MYHJaFbl # — SKBHBAJCHTI IPOTOHAAP XKOHE 01 OYTiH caHmap Ty3ei.

Hproron OmHOMBI OOWBIHINA JKIKTETYl KapacThIpalbIK: 7 =2 OoJfaHaa MPOTOHAAP CAaHBI JKOHE OJI
OYTiH caHTapIbl KaOBLIAAMIEL.

! !
(1+x)" =CI1Px° + C'x' + CH1°x = S B )
O!(2—O)! 1!(2—1)! 210!
!
MYHJIarbl Cf =ﬁ , a1 n! JIEreHiMi3 n — HaTypall CaHBIHBIH (h)aKTOPHUSUIIBI, Oi3/iH >KaFmalbIMbI3Ia
(n—Fk)!

SKBUBAJICHT MPOTOHAP CaHBI 2, MbIcasbl 2! = 1-2 =2 Gonasl.
Enni n =3 Gonranpa,

(1+x) =C)Px" +CiPx' +C1'x* +C1°-x° =

3! 3! 3! ) 3!

“oGoo) G- 262" "3i0)

X =14+3x+3x2 +x°;

n =4 Oonranna
(1+x)" =Cl 1" X" + Cy P +C212 X2 + O X +C10x* =
_A e A A 4
01(4—0) 11(4—1)1"  2(4-2)!" " 31(4=3)1" " 41(0)!
=1+4x+6x" +4x° +x*;

4
X =

n =15 0oxraHaa

(1+x) =CPx" + X' + C2P X2 + C2 12 +CIT'x* +C1°x° =

L S LU L SO L BN LU P
0!(5—0)! 1!(5—1)! 2!(5—2)! 3!(5—3)! 4!(5—4)!
+5—!x5 =1+5x+10x* +10x° +5x* + x°;

5!(5—5)!

n = 6 boxranga

(14+x)" =CP1°° + CIP X +C1* 2 + P + CHPx* + O3 + 010 =

__¢ x4 o! X+ 6! X+ 6! X+ 6! xt+ 6! x4
01(6-0)1" " 1(6-1)1" 21(6-2)1" " 3(6-3)"  4l(6-4)"  51(6-5)!
+Lx° =1+6x+15x" +20x° +15x* +6x° +x°.

61(6-6)!

Mine, oceutaiiia n=7, 8 xone n=9 OGonramarbl (1 +x)" (YHKUUSICHIHBIH KalFaHIAPBIHBIH Ja
ko3 purmeTTepin ecenreyre OoIaIbI.
n =9 Gonranna

(1+x) =COPx° + U + CU X2 + G0 X + P x* + G 1 X + COP X +C 1P +
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BeH30n aHWoH-paauKkansl ...

+CPX +C 1P +C ' X +C1°x° =

T T T e e T
“oo-0)" Tno-nt T2o—2)" a3t Tme-ay” Tsio-spt "
T T
“ai0-6) -7 Tsio—8y” Toio—oy’ "

=14+9x+36x" +84x> +126x* +126x° +84x°® +36x” +9x" +x’.

Homuoicenepoi manoay

benszon AP mapa 31eKTpoHHBIH 6 SKBUBAJICHT IPOTOHMEH HO31K 9CEPIIECY HOTHKECIHAE CHI3BIKTAPBIHBIH
KapKBIHIBUTBIKTAPBIHBIH CATBICTRIPMaIbl KaThiHACK! 1:6:15:20:15:6:1 Gonateiael Ilackans ymiOyphITIbIHAH
IIBIFA bl AJl, Japa 3JIEKTPOHHBIH 6 SKBUBAJICHT IMTPOTOHMEH HA3iK ocepiiecyi Ke3iHIer OChIHAM ChI3BIKTapFa
BIIBIPAYBIH CaJIBbIN, TEOPMSIBIK CHCKTpAi anyra Oonazwl [6]. byn anbiaran ¢akti TaxipuOenik OIIP-

. . 1
CIIEKTpIMEH nojenaeHeai (Cyp. Kapa). 6 3KBHBaJICGHT NMPOTOHBEI Oap (/ :E) OCH30J1 aHMOH-PaJUKaJIbIHIA

Jlapa AJICKTPOHHBIH JICHTeli 6 JeHreire aXbIpaiIpl. byl ecenTenreH TEOPUSIIBIK CIIEKTP KAPKbIHIBLIBIKTAPHI
1:6:15:20:15:6:1 ToxipuOeIiK CIEKTPre TOJBIK COMKeC Keemi. ToxipuOeNmiK CHEKTPIAE ChI3BIKTAp
apachIHJIaFbl KAIIBIKTBHIK HO3IK ocepiecy kodhduIMeHTi Jen aTtanaisl, ol a,= 3,753 TeH. MyHna napa
AJIEKTPOH OTY1 TeK MPOTOH crimHAepi TanOanapsl JI1P ke3inne e3repMeli KaaraHaa FaHa OPBIH/IAIAIBL.

ag=3,75T¢c N
L —}

Cyper. benzon annoH-pajaukainbiabie DI 1P-criektpi

Kopuvimuinost

Ochl kaifFa yKcac KypamblHZa Oip HeMmece OipHeme OKBHUBAJICHT NPOTOHIAPHI Oap epKiH
paauKanaapasH (METHI, 3TUII T.0.), 0acKa Jia apoMaTHKaJbIK aHHOH-PaIuKaIIapably (HadTaluH, aHTpalleH,
uuknookraterpaeH T.0.) OIIP-cmektpnepin Ilackame ymOypeimel OolbiHINA nonengeyre Oonansl [7].
ConbpiMeH KaTap Oyl omic OoiipiHIIA eKideHHIMeTaH, yI(EHUIMETaH aHWOH-paJuKalapblHOAFbl Japa
AJICKTPOHHBIH €KiOCH301 CaKMHACKIHA AeToKanaany, I IP-criekTpiHiH makaa 601ybIH TYCIHAIpyTe O0mIambL.
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AHMOH-pagnKajg 0eH30/1a U TeopeTHYecKkoe 000cHOBaHue ero JIIP-cnexkTpa

B cratbe paccMoTpeHa MyNBTUILICTHAs CTPYKTYpa, BO3HUKAIOIIAs IPU B3aUMOJCHCTBUM HECIIAPEHHOIO
JJIEKTPOHA C MIECTHI0 YKBUBAJIEHTHBIMU IIPOTOHAMU. TeopeTHdecKre CHEeKTPhI OBUIN MOIYYEHBI ¢ IIOMOIIBI0
TpeyronsHuKa Ilackanms, OwHOMHuadbHBIC KOI(GHUIMEHTH KOTOPOTO COBIANAIOT C KO3 QHUIMEHTaMU
pasnokennst Gpynkimu (1+x)" ¢ momonpio 6uHoMa HploToHa. VIHTEHCHBHOCTD 3THX CIIEKTPOB ITOJHOCTHIO
COOTBETCTBYET HHTEHCHBHOCTSAM 3KCIIEPUMEHTANIBHBIX CIIEKTPAIbHBIX JTUHUI.

G.K.Shambilova, R.T.Mangystauova, R.Nasirov

Anion-radical of benzene and theoretical justification of its EPR-spectrum

In this work the multiplet structure arising at interaction of not coupled electron with six equivalent protons is
considered. Theoretical ranges were received by means of Pascal's triangle which binomial coefficients coin-
cide with function decomposition coefficients (1+x)" by means of Newton binomial. Intensity of these ranges
completely correspond to intensivnost of experimental spectral lines.
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Thermochemistry of double magnesium tellurite

The isobaric heat capacity of double magnesium tellurite is studied in the range of 298.15-673 K and used as
a basis for deriving dependences C°,~f(T) and determining their thermodynamic functions. Dependences
C°,~f (T) are found to have abnormally sharp A-like peaks, due probably to second-order phase transitions.

Key words: calorimetry, heat capacity, magnesium tellurite, second-order phase transitions, thermodynamic
functions.

Thermochemical and thermodynamic properties of the compounds present certain interest for the tech-
nological process simulation, as well as for the directed synthesis of materials with targeted properties [1].
Within this framework, the study of a system, consisting of metallic and tellurium oxides, is important to the
inorganic materials science, and new tellurites, forming inside them, may have both original and unique
properties.

The aim of this work was to study the heat capacities and thermodynamic properties of magnesium-
cerium tellurite in the temperature range of 298.15-673 K.

Magnesium tellurite was synthesized by ceramic technology from cerium (IV) oxide, tellurium (IV) ox-
ide, and magnesium carbonate of chemically pure grade in the stoichiometric proportion. The synthesis of
this compound was described in [2]. The formation of the equilibrium composition of a compound was
monitored by X-ray diffraction. The X-ray powder diffraction pattern of each compound was indexed by
means of homology in [3]. The correctness of indexing was confirmed by the good reproducibility of exper-
imental 10%/4* values and the agreement between the X-ray and pycnometric densities.

The heat capacities of tellurite were studied via dynamic calorimetry on an commercial IT-S-400 calo-

rimeter in the temperature range of 298.15-673 K. The mean-square deviations (8 ) were calculated for av-

eraged specific heat capacities at each temperature The random error components (A ) were calculated for
the average molar heat capacities. The random error components in measuring heat capacities on the
IT-S-400 calorimeter does not exceed &+ 10 %. Operation of the calorimeter was tested by measuring the heat
capacity of a-ALOs. The resulting C°,(298.15) = 76.0 J/(mol K)) was in satisfactory agreement with the refer-
ence value (79.0 J/(mol K)) [4].

We investigated the specific heat capacities of tellurite, and then we calculated its molar heat capacities
based on the obtained experimental values (Table 1).

In studying the temperature dependences of the heat capacities of double magnesium tellurite at 373 and
498 K, we observed abnormally sharp A-like peaks probably associated with second-order phase transitions
(see Fig.). These transitions could be due to the redistribution of cations and changes in the magnetic mo-
ment of synthesized tellurite.
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Table 1
Experimental specific and molar heat capacities of the MgCe(TeO3);
+_ o +_ o
T, K €, %0, C, A, T, K €, %8, C, %A,
J/(g K) J/(mol K) J/(g K) J/(mol K)
298.15 0.2440+0.0036 169+4 498 0.4797+0.0036 33248
323 0.4347+0.0030 301+8 523 0.4549+0.0033 31448
348 0.5094+0.0036 35249 548 0.4409+0.0021 305+8
373 0.5532+0.0038 382+10 573 0.4172+0.0022 288+7
398 0.5231+0.0039 36249 598 0.4037+0.0033 279+7
423 0.4344+0.0039 300+8 623 0.3179+0.0047 22046
448 0.4456+0.0032 308+8 648 0.2173+0.0035 150+4
473 0.4635+0.0025 320+8 673 0.2206+0.0036 15344
340 4
% 200 A
g
O
150 -
140 T . T ' T.K
250 350 450 550 650

Figure. The temperature dependence of specific heat capacity of the magnesium-cerium tellurite

Based on the experimental data (Table 1) and considering the temperatures of second-order transitions,
we derived the following temperature dependence for the compound’ heat capacities:

C°,, J/(mol K)=a+bT+cT?, (1)
the coefficients of which are given in Table 2. The error in the coefficients of dependences C°,~f(T) was de-
termined using the average random errors for the considered temperature ranges. Since the technical charac-
teristics of the calorimeter do not allow direct calculation of the standard entropy S°(298.15) of tellurites
from the experimental data on C°y(7), it was estimated by means of ion increments.

Table 2
Coefficients of Eq. (1) in the range of 298.15-673 K
T,K a b-10° c10°
298-373 45450+ 114.4 —7490.9 + 188.5 —1904.0 + 47.9
373-423 994.8 +25.0 -1641.8 +41.3 —
423648 3112.3+78.3 -3770.9 £ 94.9 —2177.3 £ 54.8
648-673 90.3+2.3 924+23 —

Using known relationships, the experimental data on C°,~f(7), and the estimated values of S°(298.15),
we calculated the temperature dependences of functions C°(7), S°(T), H°(T) — H°(298.15), and @(T). Our
results are presented in Table 3.
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Thermochemistry of double magnesium tellurite

Table 3
Thermodynamic functions of the MgCe(TeQO;); in the temperature range of 298.15-673 K

0 0 0 0 0 0 0 xX 0

T K C,(T)*A, S (TxA, H(T)-H"(298,15) A, O (T)xA,
J/(mol K) J/(mol K) J/(mol) J/(mol K)
298.15 169 +4 293 +9 — 293 £20
300 182 +5 294 + 20 351 +8 293 +20
325 308 +8 314 +22 6633 + 167 294 + 20
350 369 +9 340 +23 15207 + 383 296 + 20
375 382+ 10 366 + 25 24680 + 621 300 +£21
400 338 +9 389 +£27 33644 + 847 305 +21
425 297 +7 408 £ 28 41582 + 1046 310 £21
450 340 +9 427 + 30 49683 + 1250 316 £22
475 356 +9 446 +31 58422 £+ 1470 323+22
500 356 +9 464 + 32 67351 + 1695 329 +23
525 343+9 481 + 33 76106 + 1915 336 +23
550 318+ 8 496 + 34 84390 £ 2124 343 +£24
575 285+7 510 +35 91956 +2314 350 +24
600 245+ 6 521 +36 98600 + 2481 357 £25
625 198 £5 530 +37 104149 + 2621 364 +25
650 146 £ 4 537 +37 108458 + 2729 370 +£26
675 153 +£4 543 + 38 112246 + 2824 376 £ 26

The average random error components were estimated for all heat capacities and enthalpies over the
range of temperatures. The error in calculating entropy (£ 3 %) was incorporated into the estimated error for
entropy and the reduced thermodynamic potential. The standard entropies were estimated using Kumok’s ion
entropy increments [5].

The isobaric heat capacities of new double magnesium-cerium tellurite were determined by dynamic
calorimetry in the temperature range of 298.15-673 K for the first time. Equations describing their tempera-
ture dependences were derived. Dependences C°,~f(7) for magnesium—cerium tellurite were found to have
sharp abnormal peaks, i.e., A-like effects attributable to a second-order phase transition. Thermodynamic
functions C°,(7), S°(1), H°(T)-H°(298.15), and @"(T) were calculated. The existence of a second-order
phase transition indicates that this compound could have unique electrophysical properties.

It should be noted that the abnormal effects of second-order phase transitions were observed earlier for
the double selenates and tellurites of s-d-elements [6—8]. Classes of these compounds in the range of second-
order phase transitions exhibit semiconducting and segnetoelectrical properties.

The results from our studies could be of interest for inorganic material science, the targeted synthesis of
chalcogenites with specified properties, and the physicochemical modeling of chemical and metallurgical
processes with the participation of tellurium compounds. They could also serve as initial data for basic refer-
ence works and information databases on the thermodynamic constants of inorganic compounds.
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A.T. lyticekeeBa, A.)XK.bektypranona, K.T.PycTtemOekoB,
b.K.Kacenos, H.A.MaxaroBa, M.CtoeB

MarHuii Koc TeJUIypUTiHiH TePMOXUMHSCHI

298,15-673 K TtemmepaTypa apajibFblHAA IMHAMMKAJBIK KalOpPUMETpHsS O;ici apKbUIBl MarHuil Koc
TEJUTYPUTIHIH H300apasblK JKbITy CHIMBIMABLILIFSI 3epTTeni. OubH C°y~f (T) TeMmepaTypaibIK TOyeiliriH
CUITATTaWTHIH TEHJEYJepl KEeNTipLIal XoHe TEePMOAMHAMHKAIBIK (YHKIHSUIAPHl aHBIKTAIIBL. Cp0~f D
Toyenainik KucelkTapbiaa [I-rexri (a3anbik aybicyFa xaTybl MyMKiH A-Tapi3ai addekrinep Gaitkanisl.

A.T.IrocekeeBa, A.)K.bekrypranosa, K.T.Pycrembexos,
b.K.Kacenos, H.A.Maxarosa, M.CtoeB

TepMOXI/lMI/IH I[BOﬁHOl"O TCJUIYypUTaA MarHusl

MetooM AMHAMUYECKOH KanopumeTpur B uHTepBase 298,15-673 K uccnenoBana uzo0apHas TEIIOEMKOCTh
JBOMHOTO TeNIypuTa MarHus, Ha OCHOBE KOTOPOH BBIBEJEHBI ypaBHeHHs 3aBucumoct C°p~f(T) u
onpenenens! TepMoguHamMudeckue Gpynknun. Ha 3aBucumoctax C°y~f (T) HabmoqaroTCs pe3Kue aHOMANbHEIE
A-06pasusbie 3G eKThl, CBsI3aHHbIE, BEPOITHO, ¢ (ha3oBbiMHU nepexoamu 11 poxa.
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OHaipicTiKk allHBIMAJIBI TOKIIEH NMOJISIPU3ANNIIAY APKbLUIbI KOPFACHIHHBIH
0eilopraHuKaJbIK KOChLUIBICTAPBIH CHHTE3/1ey

Maxkanana xwuiniri 50 'y eHIIpICTIK aifHBIMANBI TOKIIEH KOPFACHIH AJICKTPOIBIH MOJSIPU3AIMSIAY apKbLUIBI
OHBIH OCHOpPTaHMKAJIBIK KOCBUIBICTAPBIH CHHTE3/ICY TICUI KenTipiireH. KopFachIHHBIH 3JEKTPOXHMUSITBIK
epyiHe TOK TBIFBI3IBIFbI, IEKTPOIN3AIH Y3aKTBIFbl, ePITIHII KOHIECHTPALHUSICHI, SIEKTPOINT TEMIIePaTypachl
JKOHE aifHBIMAJIbI TOK JKHLTITiHIH acepi 3epTrenai. KopFachlH 37eKTPOIBIHBIH epyiHiH OHTaiIbI mapameTpiepi
QHBIKTAJIBIN, KOPFACHIH HUTPATHI aJIbIHIBI.

Kinm ce30ep: aitHpIMaJbl TOK, TOK JKHLIIT, MEKTPOIN3, ANEKTPOJ, mojsspusarus, KoprackiH (II) noHsl, Tok
OOMBIHIIIA IIBIFBIM, TOK THIFBI3IBIFEL.

Kipicne

BeliopraHukanbslk KOCBUIBICTAp alyIblH Oonamarbl Oap OarbITTapAblH Oipi — 3IEKTPOXUMUSIIBIK
cunTe3 omictepi. COHIBIKTAH Jla KONTETeH eNACPIiH XUMHUSIBIK OHAIpicTepiHaAe Kypaeli OelopraHuKaIbIK
KOCBITBICTap/IbI aTyAa SIEKTPOXUMHUSIIBIK CHHTE3 MaHBI3IbI OPBIH anasl [ 1, 2].

DJEKTPOIH3 TPOIIECTEPl THIMIL KYPY YIIIH CTAllMOHAPIIBI TYPAKTHI TOKTHI KOJIJIAHY 9pJIaibiM KOJIAMIIbI
60oxa Oepmeiini. Kazipri ke3meri FUTBIMU-3€PTTEY KYMBICTApPBIHAA dJIEKTPOXUMUSIIBIK MTPOLIECTEPAl OaH api
JTAMBITY OaFbITHIH/IA CTAIIHOHAPIIBI eMeC TOK KO3iH MalijaianyFa Kell KeHUT OemiHye.

AWHBIMANBI TOKTBIH 9cepiiepi Typajbl 3€pTTey IKYMBICTaphl BICKTPOXUMISUIBIK MPOLECTEPaiH
KMHETHKAaChlHA OalIaHBICTHl 3aHABUIBIKTApIbl TOJBIK allbll Oepemi Jiem aWTy oii epTepek. JlereHmew,
IKCIIEPUMEHTTIK OaKpLIaynap HOTHXKECiIHe, OipKaTap KyOBUIBICTAPABIH JJIEKTPOXUMUSITBIK TaOUFaThIHA KO3
Xi0epirn, omapIblH CHIPBIH YFyFa MYMKIHIIUTIK TyIObl. A30T KBILKBUIBI €pITIHAUIEPIHAE SJIEKTPOATApAbI
TYpakThl TOKIIEH AaHOATHI MOJSApW3alMsUiay Ke3iHAEe epIMEeHTIH aHoXI peTiHAe KOJAAHBUIBII >KYpreH
KoprachIH, skuimiri 50 ' eHaipicTiK alfHBIMAITBI TOK KATBICHIHAA OipACH epiMTall KYHTe YITBIPANTHIHBI COHFBI
Ke3JIeT1 FRUTBIMH JKYMBICTapAaH Oenrii [3, 4].

CranuoHapisl €eMec TOK TYpJepiH THIMII MaijanaHy Kem jKarnaiyiapia SJIEKTPOITHIH MacCHBTENYiH
YKOWBIT, aHOJTHIH epyiH OelceHAipeni. ACUMMETPHUSIIBI TOK acepi apKbUIBI epiTIHAIHIH AIEKTPO]] MAHBIH/IaFbI
KaOaTBIHBIH KYPaMbIH ©3TepTill, TACCUBTEINIHY KbUIAAMIBIFBIH PETTEYTE OOaIbI.

AWHBIMANBI TOK KATBICBIHAA JKYPETiH SJIEKTPOATHIK TPOLECTEpli 3epTrey Maceneci Oenrimi Oip
CTallMOHAPJIBl €MeC KaFjaiiapia KeWOip 3JIeKTPOXUMUSIIBIK pPEaKIUsIapibl KOFaphl KbUIIAMIBIKIICH
KaMTaMachI3 €Ty apKbUIBI KQKETTI OHIMIEp/l amyFa OO0NaThIHIBIFbIHA KO3 KEeTKI3/1. MbIcalibl, MeTaNIap/IbIH
ANIEKTPOXUMUSUIBIK KACHUETTEPIH alHBIMANBI TOK KAaTBICBIHIA 3€PTTEY — MYJAEM XaHa OaFbITTHIH Oipi.
Conrbl xbutgapel K.A.flcaym atbiHparel XadbIKapaslblK Ka3aK-TYPiK YHUBEPCHTETIHIH KbI3METKepIepi
OHIIPICTIK KUUTIKTET1 aifHBIMAJIBI TOKIICH TOJIPU3aNMsIIay apKbUIBI OipKaTap MeTalaapAbIH dJIECKTPOXUMUS-
JIBIK KACHETIH 3epTTeyre OaFrbITTAIIFaH JKYMBICTAp XKYpri3yne [5, 6].

KopracelH 37€KTpOABIH aHOATHI TMOJSPH3ANMSIAY aAPKBUIBI €pITy, OHBI TEK 3JICKTpopaduHAIVIIAY
Ke3iHJIe FaHa eMec, OYJ1 MeTaJIbIH TY3[aphIH alny Ke3iHge Jie epekiie opbiH anansl. Con cebenteH KOprachlH
AIIEKTPOJBIHBIH 3JCKTPOXUMUSUIBIK TIOJSIPU3AIMS  KEe3IHJIETrT MOHM3AINMs, JKaH-)KAKThl epy MpoIecTepiH
3epTTEYAiH NPAKTUKAIBIK XOHE TEOPHSUIBIK MaHbBI3bl ©Te 30p. KOpFachlH 3IIEKTPOABIHBIH €py HpoLeciH
xuimiri 50 I'm  eHmipicTik cuHycoMzansl alHBIMAlNbl TOKIEH TNOJNApU3alMsIaraHJarbl KacHEeTTepiH
KapacThIpy, MPAKTUKAJIBIK JKaFbIHAH JIa TEOPHUSUIBIK KaFbIHAH JIa KBI3BIKTBI MOceJIe OOJIBIN TaObIIa bl

Oxcnepumenmmix 6onim

KopraceiHHaH jxacayFaH AJIEKTPOJTAp/Ibl alfHBIMAIIBI TOKICH TOJsSpHU3alHsiaFaHaa, Ol a3 MeIIepe
epumi. DIEKTPOATHIH Oipi TpaduTTeH (CHIM TOpi3Mi) JKacalFaH, aj eKiHIIiCi KOPFAaCchIH IIACTHHKACH! OOJIFaH
JKarman1a KOpFachIHHBIH KaKChl €pUTIHIITT OalKaII b,
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KopracblH 37€KTpOABIHBIH 3ICKTPOXUMHSIBIK KacueTTepiHn 3epTrey kuimiri 50 I'm  eHaipicTik
alHBIMAJIBI TOKIICH, DJICKTPOJ KEHICTIKTEpl O6JHOETeH MIBIHBI AICKTPOIU3AEPAC KYPTi3uimi. AWHBIMAIBI
TOKIICH KOPFACBIHHBIH KOCBUIBICTAPBIH AJIEKTPOXUMHUSIIBIK TICIIMEH ally Ke3iHJe KOPFACHIH 3JIEKTPOIBIHBIH
epy MEXaHM3MIH 3epTTey MaKcaThlHAa 013 op TYpJi HapaMeTpiep SJICKTPOATApIaFbl TOK THIFBI3IBIFBI,
epITIHAI KOHICHTPALHACH OCepIepiH KapacTHIPABIK. byi mapamerpiepai 3eprrey ymniH keimemi 100 mi
IIBIHBI CTAKaHIBI AJIBIN, OFaH OETTIK aymaHbl 4 CM KOPFACHIH JKOHE CBHIM TOpi3fi TpaduT 3IEKTpOaTapHIH
NIBIK. OpOip KOPFACBIH 3JIEKTPOIBIHBIH €pPYiHIH TOK OOWBIHINA IIBIFBIMBI, alfHBIMAIBI TOKTHIH aHOJTHI
XKapTbUIail IeproaTaphl OOMBIHILA €CENTEMiHII.

3eprrey xymbicTaphl kKejieMi 100 MJI TIBIHBI 3JEKTPOIU3EPAC KYPTi3UIMi, KOPFACBIH JJIEKTPOIATAPHI
alHBIMAITBI TOKIICH TOJIIpU3asIanapl. Herisri Toxipudenepae dJeKTPOIIUT PETIHIE a30T KBIIIKBUTBIHBIH 9P
TYpAi KOHIICHTpalMsIaphl MalJalaHbUABL. DJIEKTPOATAp TKIpUOE aNIblHIA Maia YHTaKTHl TYPII
Kara30CH Ta3aJlaHbIll, aiJajfraH CYMEH JKOHE OTHJ CHUPTIMEH IIaWbUIBIN, KEMTIPUIIN, aHAJIUTHKAJIBIK
Tapasbl/ia CaJMarbl OJIIICHII OTHIPJIBL.

Homuoicenepoi capanmay

ANIBIH ana skacayFaH TOKipuOenep KOpCeTKeHeH, KOPFAChIH AIIEKTPOJIBIH a30T KbIIIKBUIBIHBIH CYIIbI
epiTigmicigae skumimiri 50 [ eHmipicTIK aWHBIMAIIBI TOKIEH MOJBIpHU3AIMUIIAY KE31HIE, aHOX >KapThLIai
MEPUOJIBIHAA KOPFAChIH JICKTPOATAPBIHBIH KapKbIHIBI epin, KopraceiH (II) nonmaps! TysineTini Oaiikamabt
(1-peakuus). Katonarsl xapThinail mepuoaTa CYTETiHIH TOTHIKCBI3IAHY PEAKIUSACHI Kypemi (2-peaxifus).
EpiTingigeri HUTpaT MOHIAPHI KOPFACHIH MOHAAPHIMEH OPEKETTECII, KOPFACKIH HUTPATHI EPIiTIiHAI KYHiHIEe
Ty3ummi  (3-peakmmsi). DKCIIEPUMEHT COHBIHAH DJICKTPOJIT EPIHIICIH KBI3IABIPBIN, OYIaHABIPY apKBLIBI
kopracbH (II) HUTpaTh! aBIHIBL:

Pb’ —2e — Pb*" E'=-0,13B (1)
2H +2¢ — H, (2)
Pb*" + 2NO; — Pb(NO;), (3)

KeImkpin epiTiHaieri 2JIeKTPOoH3AeH KEHIHT1 peakius oHIMIACPiHIH TaJaybl, SFHU ePITIHIIre OTKEH
KOPFAaChIH HOHIAPBIHBIH MOJITIEPi KOMITIEKCOMETPHSUITBIK Talaay ofici, apKbIIbI aHBIKTAIIEI [7, 8].

KopracklH 3JIEKTPOJIBIHBIH €pYiHIH TOK OOWBIHINA IIBFBIMBIHA KOPFACHIH 3JCKTPOABIHAAFBI TOK
THIFBI3IBIFBIHEIE ocepi (1-Cyp.) KapacThIpbLIAbL Byl kesde alHbIMAbI TOK THIFBI3ABEBIH 200—1000 A/M
apanbIFBIHAA JKOFApPBhUIATKAHAA KOPFACBHIH JJIEKTPOIBIHBIH epyiHiH TOK OoifbiHIIAa mBFBIMBI 81 %-man
61 %-ra neitin TeMeHpeWTiHI Oalikanmbl. MyHBI HUTPAT HOHAAPBIHBIH TOTHIKTHIPFBIII KACHUETIHE Opaid,
JKOFapbl TOK THIFBI3IBIKTAPBIHIA JCKTPO OSTIHAE TY31IreH OKCHITI Ka0aTThIH KaIBIHIaybIMEH TYCIHIIpYTe
6omanel. CoHpmai-aK >KOFaphl TOK THIFBI3ABIKTAPBIHAA KOPFACHIH JJIEKTPOJBIHBIH ITaCCUBTEIYIMEH [e
Tycinmipineni. KoprackIHHBIH epyiHe HETi3ri mapaMeTpiiepAiH Oipi epiTiHaI KOHIICHTPAITUSCHIHBIH 9CEpiH
KapacThIpy HOTWKECIHIIE MBIHAJAW HOTIDKENEp albIHABL ToxipuOe Ke3iHIe KBIIIKBLII OpTajga KOPFACHIH
AIEKTPOATAPBIHAAFEI TOK THIFBI3ABIKTApeIH 400 A/M°  eTin ycTaif OTBIPBIN, Aa30T KBIIKBUTEIHBIH
KoHIeHTparusaceiH 0,5-2,5 M-re paeifin e3repTKeHAe, KOPFAChIH JJICKTPOIBIHBIH EpYiHiH TOK OOMBIHIIA
WBIFBIMBI  apTThl  (2-cyp.). KopracblH 3J€KTpOABIH  OHAIPICTIK JKUUIIKTETI aWHBIMalbl  TOKIIEH
MoJIsIpU3allysiaFana TOK OoWbIHIIA MIBIFEIMHBIH 100 % apThilm KeTyi, 3JMeKTPOXUMUSIBIK €pyMEH Kartap,
KOPFACBHIHHBIH XUMUSIIBIK epyiMeH TYCIHaipiiaeni (4-peakius):

Pb + 2HNO; = Pb(NO;), + H, 4)

DIIeKTPOJIN3 Y3aKTHIFBIHBIH KOPFACBIH 3JICKTPOATAPHl €PYiHIH TOK OOWBIHINA MIBIFRIMBIHA Ocepi e
KapacTeIpbugsl (3-cyp.). Onekrponu3 y3akTeirbiH 0,25 car 1,5 car neifiH apTThIpFaHza KOPFACBIH
AJIEKTPOJILIHBIH €PYiHiH TOK OoWbIHINA MIBIFEIMBI 91 %-nan 33 %-ra TeMeHIereHiH 0alikaabiK. ToK OOMbIHIIIA
IMIBIFEIMHBIH  TOMEHIICYIH DJIEKTPoJ OeTiHmeri OKCHATIK KaOaTTBIH KAJIBIHIAI, SFHA KOPFACHIHHBIH
OaceHueyiMeH Tycinaipyre 6omast [4].

KopFachIHHBIH a30T KBIIIKBUIBI €PITIHAICIHIC OHAIPICTIK alfHBIMAIBI TOKIICH TOJSIpU3aIUsIay Ke3iH IeTi
TOK OOMBIHINA MIBIFBIMBIHA TEMIIEPATYPAHBIH oCePi 4-CypeTTe KOPCETUITeH. 3epTTey HOTIKeIepi OOUBIHIIA
400 A/M’  aifHBIMATBl TOK THIFBISIBIFBIHAA epiTiHmi Temmeparypackin 20 °C-tan 80 °C-ka  Aeiin
KOFapbUIATKAH/Ia KOPFACBIHHBIH 3JIEKTPOATAPHI epyiHiH TOK OoiibiHIIA WBIFBIMBEL 75 %-man 102 %-ra peliin
aptTel. EpiTiHAl TeMIiepaTypachlH KOFapbLIaTKaH CAMBIH KBHIMIKBLT MOJICKYJIAJAPBIHBIH OCICCHIUTITIHIH
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apTyBIMEH KOHE OChIFaH OAWIaHBICTHI HOHAAP KO3FAIFBIITHIFBIHBIH )KOFAPhLUIAYBIMEH, OJIAPIBIH OPEKETTECY
KBUTTAMIBIFBIHBIH apTATHIHABIFBIMEH TYCIHAIpYTe O0JIaIbI.

DneKTpoATapAsl aHBIMAIBI TOKICH IOJBSIpU3AIMIAY KEe3iHIe TOK JKUUITIHHIH ocepi yikeH. Tok
xuimiri  50-2000 'y apanbiFbiHIa ©3repTKeHAEe TOK OOWbIHINA IIbFbIM 78 %-man 7 %-Fa jAciiH
TOMEHIEHTIHAIr aHbIKTaIabl. CeOell yKoFaphl TOK JKMUTITIHACTT aHOATHI JKapThitai nmepuoara Koprachid (1I)
HOH TYpiHe oTin, keneMine nudy3usaaHbll yIrepMeii, oJ1 KaTOATHI JKapThulail mepuoata — auddysus-
JIBIK Ka0aTTarbl METAJUT HOHIAPhI KePi TOTHIKCHI3IAaHY PEaKIUSIChIHA KAThICAbl. byl KYOBLIBIC UKL TS
KaiTaJaHbII OTHIPAJIbL.
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Kopeita kenrenae, anram peT OHIIpiCTiK )KUUTIKTEr1 allHbIMaJIbl TOKIICH MOJSAPH3aLUsIIaHFaH KOPFAChIH
3JIEKTPOABIHBIH a30T KBIIKBUIBI €PITIHAICIHAE SIEKTPOXUMUSIIBIK €py e€peKILIeNiri Kyiemni Typae 3epTTemi.
ONEKTPONIM3MIH OHTAWIBl KarmaubHma (ip, = 400A/M*; 1=0,25car; v=50Tw; t=20 °C) ecenTenreH
KOPFACBIH AJICKTPOITAPBIHBIH epyiHiH TOK OOWBIHINA MIBIFBIMBL 1,5 M a30T KBIIKBLIBI epiTiHiciHae 98 Y%-Fa
JKETETIHI aHBIKTAIIbI.
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CuHTe3 HeOPraHMYeCKHUX COeTUHEHNH CBUHIA
NPH NOJSIPU3ANMH MPOMBIILIEHHBIM NepeMeHHbIM TOKOM

B cratee mnpuBeneHBI CHOCOOBI CHHT€3a HEOPraHMYECKHX COEAWHEHMH CBHHI@ NPH MHONSPHU3ALUU
MPOMBIIUICHHBIM MEPEeMEHHBIM TOKOM 4acToToi 50 ' M3yueHsl BIUsHUE MIOTHOCTU TOKA Ha CBHHLIOBOM
3NEKTPOAE, TMPOAOILKUTENBHOCTH 3JIEKTPOIN3a, KOHIEHTPALMK PpAacTBOpPa, TEMIIEPATyphl 3JIEKTPONUTA U
YacTOThl NMEPEMEHHOTO TOKa Ha 3NEKTPOPACTBOPEHHE CBHMHIA. YCTAHOBIEHBI ONTHMAJbHBIE MapaMeTphl
PacTBOPEHUSI CBUHIIOBOTO IEKTPOJIA U MOTyYEH HUTPAT CBUHIIA.

G.N.Zhylysbayeva, R.N.Nurdillayeva, A.B.Bayeshov, A.N.Zhylysbayeva

Synthesis of inorganic compounds of lead by polarization
of industrial alternating current

The paper presents methods of the synthesis of inorganic lead compounds by polarization of industrial
alternating current by frequency of 50 Hz. There were studied influences of current density on lead electrode,
duration of electrolysis, concentration of solution and temperature of electrolyte, frequency of alternating cur-
rent to the electrodissolution of lead. There were established optimal parameters of the dissolution of lead
electrode and received nitrate of lead.
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I/IOHIlaHFaH CoyJICJIEPACH KOpFraHyra apHaJIFaH KaHa MaTepuajagap

Makanaza >keprilikTi TONbIpaK HeriziHige »kaHa KOMIIO3MTTIK MaTepuagapibl CHHTE3ACY KapacTbIPbLIFaH.
TomblpakraH Ty3 KbIIIKBUIABI OHJEY apKbUIBl KEyeKTi Marpuiia aibiHabl. CHIIMKAT KeyeKTepiHe KaTThl
(hazansl Kyiipy oaici apKbUIB 00p, KOPFACHIH, BUCMYT HOHAPHI eHTi311i. MarepranibiH (a3aiblK KypaMbl
PEHTTeHOTpaMSUIBIK JKOHE SJIEKTPOHOTPAa(ISUIBIK SMiCTePMEH aHBIKTanasl. CamaiblK Tangay HOTHDKECl
CHHTe3JIereH (a3a KypaMbIHAAFEl KypaM OelikTepiH Menmepi kebOeiierinmirin kepcereni. by Gacrankst
QTIOMOCHIIUKATTHIH KeYEeKTI KYPBIIBICEIHA O0p, KOPFACKIH JKOHE BUCMYT HOHIAPBIHBIH €HI€HIH JoJeNaeiii.

Kinm co30ep. 3MeKTPOHABIK MUKPOCKOINSI, TY3 KBILIKBUIBI, KATTHI (ha3ansl OHACY, CHIMKATTap, PEHTIeHIIK-
(asanpIK aHaIN3, 60p OKCHII, BUCMYT OKCH/[Ii, KOPFAChIH OKCH/II, PaJHOXHMHUSI.

Konman6ansr paninoXuMusTHBIH KapKBIHIBI JaMy 3aMaHbIH/Ia TEXHUKAHbIH KoHE MEAUIIMHAHBIH op TYPIi
calajapblHIa PAAUOHYKIUATEPHAIH JKOHE 3JIEKTPOMArHUTTI COyJeNIepHAiH KOFaphl IEHTeWae KOJIaHBLTYbI
AKOJIOTHUSJIBIK KayilCi3MiK MoceleNiepiHe TeTen OepeTiH, TYpaKThl KYpaMbIH Y3aK CaKTaHTBIH KaHa
XUMHSUTBIK, KOCBUIBICTAP 13IECTIpy ©3¢KTi Macese 0ombin caHanajsl [1, 2]. Ocbl OaFbITTa COHFBI KBULIAPHI
KypaMmbl KypJeli KaTHOHABI MUHepal Tapi3[ec KepaMUKaJblK MaTepraiaap (GU3uKa-XUMHSIIBIK 3€pPTTEYIiH
HbICaHbIHA aiHanael. KemnTereH mMumHepan Topi3/ec CHIMKATTap KapKacThl KYPBUIBICTHI JKOHE TEPMUSIIBIK,
XUMUSUTBIK, PaUalysIbIK TO3IMIUTIKTepi korapbl. OChl Macenelepli IIelnyae paaualusra, WOHIaHY
coyJieliepiHe, SJIEKTPOMArHUTTIK ©pPICTEPIiH oCepiH TOMEHAETyre OarbITTalFaH jaHa OcHOpraHUKasbIK
MOJIMMEPITIIK KOMITO3WITUSUTBIK  MaTepHalAapAbl CHHTE3AEyre, KYpamblH JXoHE KYpPBUIBICHIH 3epTTeyre
apHamakbl.

Benrini pamuanusara Te3iM i MOJIUMEPIi MaTepraliap )KOHE KOMIIO3UTTEP/IiH KEIICH I TEXHOJOTHSIIBIK,
(hM3HMKa-TEXHUKAIBIK JKOHE OH/IPICTIK NMaiiananyaa KeMirnikrepi 0ap ekenmiri 6enrini [3, 4].

XKeprimikri OeliopraHMKaIBIK MOMMMEPN MaTtepuangap amromocwiukartap (xAl,O;3:ySi0O;-zH,0),
kaomuHUT — AlO5-2Si10,-2H,0, mont™mopmwmuionutr — (Ca, Mg)OAIL0;-4-5S10,-xH,0, runpocnrona
(wwmmt) —  K,O-MgO-4Al1,05-7Si0,-2H,0  Herizinae ap3aH Oaraibl jkaHa TYpAErli KOMIIO3UTTI
MaTepuanIapabl CHHTE3EY KoHe HHU3UKA-XUMHSITBIK 3epTTey — O13111H KYMBICHIMBI3IBIH MaKCaThI.

KypsuibicTapbl Oepik koHE XMMHSIIBIK TYPAKThl CHIIMKATTAPIAFBl 3JCMCHTTEP/I pajuanusra Te3iM/i
BUCMYT, OOp, KOPFAachIH aTOMJapbIMEH aybICTHIPY apKbUIBI KOTI KOMIIOHEHTTI JKaHa JKyie cuHTesneyre, 15T
xeprimkTi MekernHiH ca3sl 38 % 10 mi HCl enpernin, a0aeH apanacTeIpbuIbI, 48 car KeNTipiii.

Kenripin anfaHHaH KEWiH YHTAKTaFbIII bIABICTA YHTAKTall, YHTAKTAJIFaH OHIMI€ JKalIbl Maccackl 1 T
OonareiH, Kypamel H3;BO;, Bi,O;, PbO (0,3:0,3:0,4) OombIn KeleTiH KOCMAHBI KOCHIT, MYKHUST
apayacTeIpbuTbT, Mydens neminge 300 °C-te 15 car KyHAIpuIin, NEMTiH cyy TopTibiHae cysIThuTbI, MBC-9
MUKPOCKOOBIHIa OCTKi KabaThl XBUITHIPKOHBIP TYCTI 3aTKa aliHanraHbl Oadikanabl. CHHTE3[IH eKiHIIi
ke3eHinae 300 °C-ne 5 car 60iibl Kanasipbutbin, cocbiH 500 °C-te 15 car ToMoreHaeHy npoueci *Kypriziimi.
CuHTe37ey COHBIHJIA amlbIK KBI3BUI TYCTI 3aT albIHIBL. AJBIHFAH OHIMII YHTAKTaFbIIl BIABICTA YHTAKTAIl,
PEHTTeHIIK-(ha3albIK TAIIAY KYPTi3iIIi.

Pentrennik-pazansik ananmu3 Rigaku xommanusceiHblH MiniFlex penTrennik audpaxromerpinge
rpadputr MoHoxpomartopbiHna cy3iumren CuKa coymecinge tycipingi. ChI3bIKTapAbIH KAPKHIHIBUTBIFBI
JKY3MaHBI3IBIK €CeNTe €H KapKhIHIBI CBI3BIKTaH ecenrenai. PDXL GarmapiaMachkl apKbIIbI CHI3BIKTHIKTAPIBIH
apaKaIIbIKTBIFBI, YHTAKTHIK JU(PPAKTOMETPUSHBIH TOJIBIK MAIIMETTEPi aHBIKTAJIIBI.

Opneduerreri Oenrini  MoTIMETTEpPMEH CaJbICTBIPBUIBIN, (ha3asblk Tangay Kacauiasl. ToxipuOe
HOTIDKETepi ToMeHeri 1, 2-cypeTrTepae KenTipiiarex.

Temenne kepcerinrenaeit (1-kecte), xeprumikti caz 52 % xkpemuuit (IV) oxcuaminin SiO, kBapi
MOaU(DHUKAIUSACHIHAH, 23 %  xampnuii  kapOoHateiHaH — CaCoO;, 22 % ATBOUT  MUHEPAJBI
(NagosCag ) (Al 025129s0s) amomocunukateiHad, 2 % Ttemip (II) Terpaokcomanranar (III) FeMn,O,
KypaMJIaIFraHbIH Kepyre O0Iabl.
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y

Counts

Program 2 (04.06.09)_4063

400 —

No 10

300 —

200 —

Position [°2Theta] (Copper (Cu))

l—cypeT. G}menMereH TONBIPAKTBIH PCHTICHOTPAMMAChI

Y y y Y Yy oy Yy v, YWY

Counts

Program 2 (04.06.09)_4064

300 —

200 —

100 —

s} & ©
2 3 55 % ﬁ% MBS ¢
o bt st ]

Position [°2Theta] (Copper (Cu))

2-cypeT. OHIeNreH TOMBIPaKTHIH PEHTTCHOT PAMMACHI

l-xecTe
OHjle/IMereH TONBIPAKTHIH KYPAM/BIK Ta1ay HOTHKeJIepi
Ne Ref. xompt KochIIBICTBIH aTaysl XuMHsUTBIK (opMymacs MaccansIk yieci, %
1 | 01-085-0794 |Kpewmnwuii (IV) oxcuai Si0, 52
2 | 01-072-4582 |Kanpuuii KapOOHATHI CaCQO; 23
3 | 01-070-3752 |Anp0ur (Nag,95Cag 2) (Al ,02S15,9505) 22
4 | 01-075-0035 |Tewmip (II) Terpaokcomanranar (I1I) FeMn,O, 2

OHJieNreH TOMBIPAKTBIH PEHTTCHOTPA(USIIBIK 3ePTTEY HOTHXKENEpl OOMBIHINA TOMBIPAKTHIH Kypamac
OediriHeri aliKbIH ©3TeIICITiKTI Oaiikayra Oonajpl. 2-KecTe/le KOpCeTireH e, TonbIpakThiH Kypambl 50 %
kpemunit (IV) okcuainin SiO, kBapi MoauduKanusceiHaH, rekcadop okcuai BsO — 5 %, 6op okcunrepi
B6Og.76 — 12 %, BOg 830 — 2 %, BucMyT 60pattapsl BissBOg — 2 %, Bi;BsOys — 17 %, BUCMYT KOpFachiH
cynbuninen Bis gPbg30S7;, — 4 %, BucmyTt KoprackiH okcobpomuai Bi;PbO,Br; — 1 %. Toxipube
HOTH)KECIHEH KajbIMi KapOOHATHIHBIH JKOHBUIBIN, €PITIHAING OTKCHIH, aJbOUT MHUHEpPajIbl aTFOMOCHIIM-
KaTbIHBIH bIIbIPAaFraHbIH, TEMIp MaHIAaHUT EPITIHII OOJriHae KaJlblll KOMFaHbIH qaneaaeai. by 0i3 kesnerexn
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XMMUSUIBIK PeaKUUsUIapIblH asFblHa ACWiH KYPIl, TONBIPAKTHIH KypaMblHAa J1a, KYPBUIBICHIHIA Ja ©3TepicTi
OaiikaiiMbI3 [5, 6]. 3a, a-cyperTepaeri MUKpoardpakiiusa KepiHICTepi HETi3iHEeH reKCaroHaJabl CHHTOHMS-
JaFel KpUCTangap TOOBIH KepceTeli, Oipak eHJEeNreH TOMBIpaKTa a3faraH KPHCTAIABIKTBIH TOMEHAEYI,
amMopdThIK (opMaHBIH Ke3fecyiH Oaiikaiimpl3. byn HoTmke OOp aTOMIApbIHBIH KYPBUIBICKA €HYiMEH
VIIITacTBIpyFa O0Ja bl

2-xecTe
OHje/IreH TONBIPAKTHIH KYPaM/BIK epeKIeTikTepi

Ne Ref. xompt KochuIbICTBIH aTaysl XUMUSUTBIK (POPMYIIachI MaccansIk yiaeci, %
1 | 01-085-0794 |Kpemnuii (IV) okcuni Si0, 50

2 | 01-087-1143 |I'ekcabop okcui BsO 5

3 | 01-081-2192 |bop okcumi BcOo.76 12

4 | 01-087-2288 |bop okcumi BsOg 539 9

5 | 00-042-0194 |a-Bi,O4 BiysBOg 2

6 | 00-056-0203 |a-BucmyT GopaTTapsl Bi,Bg05 17

7 | 03-065-6194 |BucmyT KOpFachlH cyibdui Biy; 30Pbg 3057, 4

8 | 00-048-0322 |BucMmyT KOpFachlH OKCOOPOMUII Bi;PbO,Br; 1

DJIEKTPOHABIK MUKPOIU(DPAKIHSIBIK KOpiHiciH xapbikTayiibl Philips CM300 (KpL1gaMIaTyInbl KbIChIM
300 kB) 31€KTPOHIBIK MUKPOCKOIIBIH A AJTBIH]TBI.

Ynkeiity memmepi: 300000 ecere meiiH OonAbl MOTUKPUCTANAAP TOJBIFBIMEH TY31MyiH IJIACTUHKA
dhopmaitel Ty3imiMIep KyOThl CHHTOHUSIIB KYPBIIBIMIAPIBIH Taiiaa OOTYBIHBIH JAoJIEIIeMEC.

SEl 15KV WDi2mm 5880 x1,000 —_"-'_ & 10um SEl  15kV wD12mm | SS50 Sum B
jeol isono Sample 3 225 Ja jeol isono Sample 0060 25 Jan 2014

@) TY3 KBIIKBUIBIMEH OHIEITCH 2) KaTTHl (hazaisl OHACYACH KeHiH
3-cypet. DNeKTpOHABIK MUKPOAU(paKIns KepiHicTepi

3a-cyperreri MaJliMeT OOUBIHIIA, XUMUSJIBIK OHICY HOTHKECIHAE KeYeKTi OeHOopraHuKabIK HOIUMEPIT
MaTPULIAHBIH TY3UITeHIIr manenaeHmi. Keyekri OelopraHMKaNbIK MMOJIMMEPIIl MaTpHUilara KaTThl (haszajibl
PCaKIUSHBIH HOTIKECIHAEC BUCMYT, OOp JKOHE KOPFAChIH aTOMJAPhIHBIH OPHAJIACYhl HOTHMKECIHJIE KaTHaphl
KeJIeM/I IIbIHBI Tapi3ec KpucTaiaap Oakanaasl (3a-cyp.).

KopbiTa kenreHnge, XUMUSUIBIK OHJEY HOTHXKeCiHAE Oopnbuiak OeHopraHuKanblK —MOTHMEpI
MaTpPULIAHBIH TY3UITCHIITI JoMNeNnaeHi. bopnblinak OeiliopraHUKaNbIK MOJUMEpPITi MaTpHUIlaFra KaTThl (ha3asbl
PCaKIUSHBIH HOTIKECIHAEC BUCMYT, OOp YKOHE KOPFAChIH aTOMJApPHIHBIH OpPHAJACYbl PEHTTECHOTPA(HSITBIK
IonenaeHIi. OHuelIreH TObIpakTa a3fgaraH KPUCTAJIBIKTBIH TOMEH[EYi, aMOp(THIK (OpMaHBIH Ke3aecyi
0Op aTOMAApBIHBIH KYPBUIBICKA CHYiHE OalIaHBICTHI. DIEKTPOHIBIK MHKPOCKOIN apKbUIbI YHTAKTHIH
JIUCTIEPCTUNITIH 3epTTey OaphICHIHAA KOMIIO3UTTI MaTepUaap/blH KabaTTacKaH IUIACTUHKAIBI MaTepual
00JIBIIT TA0BLIATHIHABIFBI KOPCETUITCH.

Cepust «Xumusi». Ne 2(78)/2015 33



M.M.MataeB, M.P.86igpanbimoBa T1.6.

Opneduerrep Tizimi

1 Koeba JI.M., Tpynoe B.K. Peurrenodazosbiii ananus. — M.: U3x-Bo MI'Y, 1976. — 256 c.

2 Eeopos I0.A., Mawxoeuy B.II., Ilankpamves IO.B., Hoinun C.I. Paguanumonnas 6e3omacHocTh u 3amuTta ADC. — M.:
Atomusnar, 1977. — Bem. 3. — 232 c.

3 Xapxapoun A.H. CTpyKTypHO-TOIIOJIOTHYECKHE OCHOBBI pa3paboTKH (p(HEeKTUBHBIX KOMIIO3UIIMOHHBIX MAaTEPUATIOB U H3[e-
nuii: ABToped. muc. ... I-pa TexH. Hayk. — benropon, 1999. — 50 c.

4 Tazabekos T.T., Kanovibaes C., Tazabekxosa E.T. IlouBoBeneuue. — Anmarsr: U3n. KasHAY, 2004. — 75 c.
5 3amura HaceneHus ot paguanuy // 3akoH Ne 219-1 Pecrryommku Kazaxcran ot 23.04.1998.
6 Anoabepeenos M.K., Mamaes M.M. OcHoBbI kpucTaiuioxumuu. — Kaparanna: Uzn-so Kapl'V, 2002. — 84 c.

M.M.Maraes, M.P.AGapanmoBa, XK.1. Typcurosa, XK./[.bateipbexoBa

HoBble MaTepuasbl 115 321IUTHI OT HOHU3UPOBAHHBIX JyYel

B cratbe paccMOTpeH CHHTE3 HOBBIX KOMIIO3MIHMOHHBIX MAaTepHaloOB Ha OCHOBE MECTHBIX IIOYB.
ConstHOKHCIION 00paboTKOI moiydeHa mopucras MaTpura. MeronoMm TBepao]a3HOro OTXKHIra BHEJPEHEI B
MOpbl CHJIMKAaTOB HOHBI 0OOpa, CBHHI[A M BHUCMYTa, pPa3pabOTaHbI YCIOBHS TBEpAO(A3HONW peaKIHu.
PentreHorpaduueckuM u 35eKTpoHOrpaguueckuM crnocodaMy onpezaeseHsl (a3oBblii COCTaB MaTepHala.
KonudecTBeHHBIN aHaIM3 MOKA3bIBAET YBEIMYEHHE KOJIMYECTBA KOMIIOHEHTOB B COCTaBE CHHTE3MPOBAHHOM
(a3bl. OTO NO0KA3bIBAET BCTPOSHHOCTh MOHOB 0Opa, CBMHLA M BUCMYTa B CTPYKTYPY HOPHCTOH MaTpPHLBI
HCXOIHOTO aTIOMOCHIIMKATA.

M.M.Matayev, M.R.Abdraiymova, Zh.I.Tursinova, Zh.D.Batyrbekova

New materials for protection against the ionized beams

In article are considered synthesis of new composite materials on the basis of local soils. Muriatic processing
received a porous matrix. The method of solid-phase annealing introduced during a time of silicates ions of
pine forest, lead and bismuth. By a radiographic and elektronographic method are defined phase composition
of material. The quantitative analysis shows increase in quantity of components as a part of the synthesized
phase. It proves introduction of ions of pine forest, lead and bismuth in structure of a porous matrix of initial
aluminosilicate.
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Synthesis, X-ray and thermodynamic studies of compounds
Yb,M';Fes0,, (M' — Li, Na, K)

The new compounds Yb,M4Fes0;, (M' — Li, Na, K) have been synthesized by solid phase method from ox-
ides of lithium, sodium, potassium, iron and lanthanum. By means of XRD analysis it was determined that the
compounds crystallize in a tetragonal crystal system. The compounds’ heat capacities have been measured in
the range of temperature 298.15 ... 673 K and have been found A-shaped jumps on the dependence diagrams
Cp” ~ f(T) which caused, probably by phase transitions of the second type.

Key words: solid-phase synthesis, ferrites, crystal lattice parameters of the crystal lattice, the temperature de-
pendence of the specific heat, the temperature dependence of the thermodynamic functions, phase transfor-
mations.

Systems consisting of oxides of REE, alkaline metals and iron (III) are important for the inorganic ma-
terials chemistry and their new ferrites may have simultaneously many original and unique properties. In or-
der to obtain of new ferrites with such properties it is necessary to develop conditions of synthesis, conduct
structural investigations and study their thermodynamic and electrical properties.

The obtaining of new compounds as ferrites of the above oxides and study their thermodynamic proper-
ties would make a significant contribution to the physical chemistry of oxide compounds of transition (3d-,
4f-), alkali and alkaline earth metals and in the materials science. The purpose of this work is the synthesis
and study of X-ray diffraction, the thermodynamic structure of the novel compounds of next composition
Yb,M'5Fes0;, (M' — Li, Na, K).

The experimental part

For high-temperature solid-phase synthesis were used the following starting materials: ytterbium oxide
of «high purity», iron (III), carbonates of alkali metals of «chemically pure». Stoichiometric amounts of ini-
tial substances, weighed to the fourth decimal place, calculated taking into account the final composition:
Yb,M'FesOp, (M' — Li, Na, K). Prepared samples were thoroughly mixed, crushed in an agate mortar,
placed in a corundum crucible and held at a temperature 800 °C in the furnace «SSNOL» within 10 hours. For
obtain of stable equilibrium phases at low temperature has been carried out calcination at temperature 400 °C
within 20 hours. During this process the mixture thoroughly was mixed. X-ray exposure of the sample was
carried out on diffractometer DRON-2.0 (CuKa-radiation).

Powder diffractograms of novel compounds have been indicated by the homology method [1] and are
given in the Table 1.

Table 1
Indexing of powder’s roentgenograms Yb,M"Fes0;, (M' — Li, Na, K)
L% | DA [10%y | W [10%d . I, % | DA [10%dy | hd [ 10%d .

Yb,LisFesO4, 16 3.3922 869.0 311 881.9
25 5.4397 337.9 112 324.8 30 3.2990 923.9 302 914.8
11 5.1547 376.4 201 376.2 28 3.1149 1030.7 223 1025.9
16 5.0807 387.4 201 376.2 34 3.0048 1107.5 320 1095.6
30 48113 432.0 210 421.4 10 2.8811 1204.7 313 1194.4
7 4.5562 481.7 202 493 .4 20 2.71775 1296.3 224 1299 .4
12 4.4515 504.6 202 493 .4 100 2.7286 1343.1 400 1348.5
6 4.1264 587.3 212 577.7 50 2.6815 1390.7 401 1387.5
19 3.8343 680.2 220 674.2 56 2.6171 1460.0 411 1471.8
20 3.7930 695.1 203 688.7 40 2.5003 1599.6 412 1589.0
68 3.6239 761.5 300 758.5 10 2.3915 1748.5 206 1743.6
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% | DA 109 | hk | 10%d e I, % | DA [10% | hd [ 10%d 4.
32 22321 | 2007.2 107 1998.7 5 1.6632 | 3615.0 541 3612.4
12 2.1502 | 2162.9 306 2165.0 5 1.6357 | 37374 418 3724.6
8 2.1180 | 2229.2 511 2230.3 5 1.6217 | 3802.4 623 3805.3
23 2.0792 | 23132 424 2310.7 5 1.5843 | 3984.1 517 3984.5
6 2.0419 | 23985 415 2409.5 9 1.5606 | 4106.0 615 4103.8
6 2.0187 | 2453.8 520 2444.1 15 1.5302 | 4270.7 700 4275.4
24 1.9784 | 2554.9 513 2542.9 26 1.5199 | 43288 | 1.0.11 | 4324.7
10 1.9224 | 2705.9 440 2696.9 12 1.4341 | 4862.3 607 4857.1
21 1.8850 | 2814.3 514 2816.4 5 13644 | 5371.8 | 32.11 | 53717
8 1.8462 | 2934.0 336 2923.5 6 1.3382 | 5584.2 800 5584.2
18 1.8066 | 3063.9 601 3073.1 3 1.3039 | 5881.8 654 5882.7
18 1.7584 | 3234.2 109 3248.9 6 1.2507 | 6392.8 831 6404.5
8 1.7190 | 3384.1 620 3371.2 5 12102 | 6827.9 664 6842.5
43 1.6901 | 3500.9 209 3501.8 6 1.1951 | 7001.5 841 7015.2
16 1.6614 | 3622.9 542 3611.7 6 1.1851 | 71202 842 71203
26 1.6319 | 37553 614 3743.5 5 11815 | 7163.6 665 7157.7
18 1.5606 | 4106.0 517 4105.7 3 1.1685 | 7323.9 755 7332.2
11 1.5490 | 4167.7 701 4168.8 3 1.1651 | 7366.7 649 7373.8
18 1.5210 | 4322.6 | 2.1.10 | 43284 Yb,K3Fe;0,,

16 1.4623 | 46764 | 3.0.10 | 4665.5 5 5.0925 | 385.6 201 376.5
5 1.4426 | 48052 | 1.0.11 | 4811.7 3 4.5935 | 473.9 211 463.4
7 1.4316 | 4879.3 370 4888.2 29 3.8066 | 690.1 213 694.2
3 1.4072 | 5050.0 732 5044.5 22 3.4030 | 863.5 310 869.1
4 1.3672 | 5349.5 | 4.1.10 | 5339.7 4 3.2177 | 965.9 223 955.0
7 1.3616 | 5393.9 800 5393.9 3 3.0615 | 1066.9 205 1068.9
5 1.3562 | 5436.9 801 5432.9 4 2.9655 | 1137.1 106 1125.5
18 1.3311 | 5644.1 812 5634.4 29 2.8202 | 1257.3 322 12453
4 1.3047 | 5874.6 726 58733 24 2.8253 | 1252.7 304 1243.8
5 1.2748 | 6153.4 830 6152.4 100 2.6908 | 1381.1 400 1390.6
5 1.2507 | 6392.8 752 6392.9 38 2.6108 | 1467.1 410 1477.5
8 1.1996 | 6949.1 911 6950.0 5 2.4977 | 1602.9 412 1592.9
4 1.1191 | 7984.8 667 7982.5 1 2.4103 | 17213 226 1733.9
Yb,Na;Fe;0,, 9 2.2630 | 1952.6 414 1939.1

6 5.0218 [ 396.5 201 384.0 10 2.2403 | 1992.5 423 1997.9
6 5.0061 | 399.0 201 384.0 14 2.1511 | 2161.1 500 2172.9
10 4.1717 | 574.6 004 560.3 10 2.1023 | 2262.6 510 2259.8
37 3.8011 | 692.1 220 698.0 3 2.0470 | 2386.6 512 2375.2
26 3.4030 | 863.5 310 872.5 3 1.9852 | 2537.4 228 2541.7
4 32673 | 936.7 302 925.4 18 1.9004 | 2768.9 440 27813
6 3.0692 | 1061.6 115 1050.0 19 1.8917 | 2794.4 407 2804.3
28 2.7662 | 1306.9 215 1311.8 11 1.8573 | 2899.0 | 0.0.10 | 2885.0
26 2.7382 | 1333.7 304 1345.6 17 1.8361 | 2966.4 530 2955.1
100 2.6815 | 1390.7 400 1396.0 4 1.7636 | 3215.1 533 3214.7
49 2.5873 | 1493.8 410 1483.3 2 1.7301 | 3340.7 612 3331.2
8 2.5265 | 1566.6 330 1570.5 30 1.6986 | 3465.9 329 3466.7
10 2.4977 | 1602.9 331 1605.6 5 1.6669 | 3598.9 541 35923
10 22523 | 19712 226 1958.7 5 1.6499 | 3673.8 | L.1.11 | 3664.7
11 2.2358 | 2000.5 325 2009.8 5 1.6304 | 37618 | 3.1.10 | 3754.1
14 2.1486 | 2166.2 217 21522 6 1.5847 | 3982.0 356 3993.7
12 2.1023 | 2262.6 510 2268.6 8 1.5606 | 4106.0 518 4106.2
4 1.9887 | 2528.5 520 2530.3 14 1.5339 | 42502 | 1.0.12 | 42413
15 1.9043 | 2757.6 416 2744.0 17 1.5302 | 4270.7 | 3.0.11 | 4273.1
15 1.8942 | 2787.1 440 2792.1 23 1.5217 | 4318.6 | 1.1.12 | 43282
10 1.8685 | 2864.4 327 2850.3 3 1.4771 | 45833 | 2.1.12 | 4589.0
15 1.8463 | 2933.6 442 2932.2 12 1.4347 | 48582 | 22.12 | 48497
3 1.7647 | 3211.1 417 3199.3 3 1.4042 | 5071.6 731 5069.9
28 1.6986 | 3465.9 427 3461.0 5 13688 | 5337.5 651 5330.6
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I, % D, A | 10%d, hkl 10%/d% e, /I, % D, A | 10%d, hkl 10Y/d" care.
9 1.3408 | 5562.5 800 5562.5 7 1.2514 | 6386.1 831 6373.6
3 1.3305 | 5649.0 810 5649.4 6 1.2111 | 6817.7 834 6806.4
4 1.3072 | 5852.0 | 5.3.10 | 5840.1 8 1.1970 | 69793 | 6.2.11 | 6967.4

Further, using the data presented in Table 1 were determined types of syngony, the unit cell parameters
of studied ferrites, values are given in Table 2 below.

Table 2
Crystallochemical characteristics of the compounds synthesized
The lattice . 3
Compound Type of parameters, A »AS 1w, A VA Density, g/cm
syngony

a c X-ray pycn.

Yb,Li;FesO4, Tetragonal 10.89 16.00 1898.27 237.28 8 5.86 5.87
Yb,Na;FesO,, Tetragonal 10.71 16.90 1936.71 242.09 8 6.08 6.18
Yb,K;FesOy, Tetragonal 10.73 18.62 2142.08 2142.08 8 5.79 6.01

The correctness of indexing is confirmed by good correlation between the experimental and calculated
values of the inverse square of the interplanar distance 10%/4* (Table 1) and by the consistency of the X-ray
(Prent) and pycnometric (ppixn) densities. The ferrites’ density has been measured 5 times by method described
in [2] in 1 ml glass pycnometer. As an indifferent fluid is chosen tetrabromoethane. The results of X-ray dif-
fraction analysis show that the synthesized ferrites have space group of distorted perovskite Pm3m.

The heat capacity of ferrites with an accuracy of £10 % [3, 4] has been studied in the temperature inter-
val 298.15—673 K on the calorimeter IT-400, which works by the method of periodic heat input. The values,
experimental conditions and calibration of the calorimeter operation correspond to [5].

There are results of calorimetric investigations of the heat capacity in the Table 3, below.

The experimental values of heat capacities Yb,MFesO;, (Ml — Li, Na, K).

LK | ¢+ | caa | 1K | ¢ | cpA
szLi3F€50]2
298 0.47+0.01 393+6 498 0.65+0.02 543+18
323 0.7340.02 616+19 523 0.69+0.03 576124
348 0.77+0.02 644+19 548 0.7340.03 614122
373 0.73+0.02 615£17 573 0.68+0.03 57324
398 0.56+0.01 470+13 598 0.62+0.02 516420
423 0.594+0.02 492+15 623 0.57+0.03 479+£21
448 0.61+0.02 512+13 648 0.53+0.02 44120
473 0.62+0.02 517+16 673 0.4540.03 377126
szNa;Fegolz
298 0.2440.01 2137 498 0.58+0.03 514429
323 0.54+0.04 475+32 523 0.5540.03 487425
348 0.58+0.04 513432 548 0.53+0.04 470+32
373 0.61+0.03 537£30 573 0.50+0.03 441425
398 0.56+0.03 492428 598 0.4340.03 382+30
423 0.61+0.04 545431 623 0.38+0.02 340+20
448 0.61+0.04 545435 648 0.33+0.07 290+59
473 0.594+0.04 525433 673 0.31+0.02 279+16
Yb2K3Fe5012
298 0.7540.02 632+15 498 0.62+0.04 520437
323 1.03+0.04 859+38 523 0.68+0.04 574+34
348 1.07+0.05 895440 548 0.74+0.04 621+34
373 1.04+0.07 868+61 573 0.68+0.03 572423
398 0.854+0.04 711+34 598 0.50+0.02 417+18
423 0.754+0.03 629+25 623 0.46+0.02 382+16
448 0.67+0.03 557422 648 0.44+0.02 370+16
473 0.574+0.02 477+18 673 0.44+0.02 365+20

Cepust «Xumusi». Ne 2(78)/2015

Table 3

37



Ye.S.Mustafin, H.B.Omarov et al.

The data in Table 3 show that the measurement errors of the heat capacity are placed within the permis-
sible accuracy of the calorimeter. During the study of the heat capacity is found that a number of ferrites

have sharp A-shaped jump of heat capacity at the curve C,° ~ f(T), which is probably related to the presence

of II-kind phase transitions [6, 7].

Result discussion

The equations of the temperature dependence on the heat capacity have been derived for the tempera-
ture interval 298.15-673 K (Table 4) and taking into account the experimental data on C°(T) was plotted the

dependence of heat capacity on temperature (Figures 1-3).
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Figure 1. The dependence of the heat capacity
on temperature Yb,Li;FesO,

Figure 2. The dependence of the heat capacity
on temperature Yb,Naz;Fes0,
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Figure 3. The dependence of the heat capacity on temperature Yb,K;Fes0,

Table 4
Equations of the temperature dependence on heat capacities
of ferrites composition Yb,M%FesO;, (Ml -Li, Na, K)
1 1 = . . 2 .
Compounds Coecflﬁments of the equation C;D a+bT+cT", J/(:,li)(l)fg) AT.K
1 2 3 4 5

15313.52 -28.78 -5635.03 298.15-348.0
. 14767.07 -26.53 -5924.00 348.0-398.0
YboLisFesOr, 899.62 2.34 693.92 398.0-548.0
2324.33 -2.62 -818.38 548.0-673.0
6927.46 -11.51 -2917.77 298.15-373.0
—11845.97 20.77 6448.45 373.0-423.0
Yb,NasFes0r, 2290.05 2.69 ~1090.58 423.0-648.0
580.64 —-0.45 0.00 648.0-673.0
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Yb2K3Fe5012

2 3 4 5
9856.19 -16.96 —3704.68 298.15-373.0
—2950.48 4.37 3045.118 373.0473.0
-314.80 1.77 —100.709 473.0-548.0
30486.09 -36.20 -30105.5 548.0-598.0
—4766.40 5.17 7480.219 598.0-673.0

The entropy of studied ferrites has been evaluated using the method of ion entropy increments [8]. Fur-
ther, from the experimental data on C,°~f(T) and the calculated values of §°(298,15) were derived the tem-
perature dependence of thermodynamic functions S°(7), H°(T) — H® (298,15) of ferrites by the formulas

[9-11]:

F(T) = SUT) ~

S%T) =5°(298.17) + j

T
298.

H(T) — H'(298.15) = j;&lscgdr :

CP

15T
H(T)-H"(298.15)

Error of the temperature dependence of the thermodynamic functions has been calculated based on the
average random error of the heat capacity and entropy calculation accuracy (3.0 %) (Table 5).

Thermodynamic functions of Yb,MFesO;, (Ml -Li, Na, K)

[C' (), S"(T), @™(T), H'(T) - H'(298,15)]

Table 5

T,K Cc’(T) (1) () H(T) — H(298.15)
1 2 3 4 5
szLi3Fe5012
298.15 393+6 4249 £ 42 4249+ 42
323 616+19 466.7 + 47 4264+ 43 12996.9 + 818
348 64419 514.6 + 51 431.0 + 43 29092.1 + 1830
373 615£17 559.1+ 56 4382 + 44 45103.3 + 2837
398 470+13 594.8 + 59 446.9 + 45 58868.9 + 3703
423 492+15 623.7 + 62 456.5 + 46 70695.4 + 4447
448 512+13 651.5+ 65 466.6 + 47 828342 + 5210
473 517£16 679.0 + 68 477.1 + 48 95467.7 + 6005
498 543518 706.3 + 71 488.0 + 49 108741.6 + 6840
523 576+24 733.8+ 73 4991 + 50 122773.9 + 7722
548 614422 761.6 + 76 5104 + 51 137660.8 + 8659
573 573424 788.1 + 79 521.9+ 52 152479.9 + 9591
598 516420 811.5+ 81 533.6+ 53 166203.7 + 10454
623 479421 832.1 83 5451+ 55 178766.4 + 11244
648 441420 850.0 + 85 556.6 + 56 190112.7 + 11958
673 377426 865.2 + 87 567.8+ 57 2001953 + 12592
szNa3Fe5012
298.15 21347 4852 + 49 4852 + 49
323 475432 510.9 + 51 486.1 + 49 8024.9 + 505
348 513432 545.9 + 55 489.1 + 49 19776.3 + 1244
373 537+30 5827+ 58 4942+ 49 33033.0 + 2078
398 492428 615.5 + 62 500.8 + 50 45672.3 + 2873
423 545431 646.7 + 65 508.5 + 51 58458.3 + 3677
448 545435 678.0 + 68 517.1+52 72087.5 + 4534
473 525433 707.2 + 71 526.4 + 53 85559.3 + 5382
498 514429 7342+ 73 536.1 + 54 98644.7 + 6205
523 487425 758.7+ 76 5462+ 55 111158.4 + 6992
548 470+32 780.8 + 78 556.4+ 56 122949.0 + 7733
573 441425 800.3 + 80 566.6 + 57 133891.5 + 8422
598 382430 817.4+ 82 576.8 + 58 143881.8 + 9050
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1 2 3 4 5
623 340420 832.0+83 586.7 + 59 152832.4 £ 9613
648 290+59 844.4 + 84 596.4 + 60 160669.4 + 10106
673 279+16 855.1 £ 86 605.8 £ 61 167787.9 £ 10554
Yb2K3F65012
298.15 632+15 4249 + 42 4249 + 42
323 859+38 484.2 +48 427.1 +43 18444.6 + 1160
348 895440 549.1 + 55 433.5+43 40209.4 + 2529
373 868+61 610.7 + 61 4434 + 44 62420.1 + 3926
398 711+34 661.7 + 66 455.6 + 46 82041.5 £ 5160
423 629425 701.4 + 70 469.0 + 47 98331.8+ 6185
448 557422 733.5+ 73 482.9 + 48 112305.8 + 7064
473 477+18 760.6 + 76 496.8 + 50 124763.7 + 7848
498 520437 786.4 + 79 510.7 + 51 137297.3 £ 8636
523 574+34 813.3 £ 81 524.6 £ 52 151038.7 £ 9500
548 621+34 841.2 + 84 538.4+ 54 165974.0 + 10440
573 572423 868.2 + 87 552.1+55 181123.2 + 11393
598 417+18 889.7 + 89 565.8+ 57 193685.7 + 12183
623 382+16 857.4 £ 86 575.1 £58 175922.6 £ 11066
648 370+16 872.1 + 87 586.2 + 59 185229.5 £ 11651
673 365+20 885.9 + 89 597.1 £ 60 194326.4 + 12223

Thus, for the first time three ferrites have been synthesized, identified types of syngony, unit cell pa-
rameters, the X-ray and pycnometry densities. For the first time in the temperature interval of 298.15-673 K
have been investigated the temperature dependences of the heat capacity of ferrites Yb,LisFesOq,.
Yb,NazFesOpp, Yb,K3FesOy,. The equations of the temperature dependence of the heat capacity of ferrites
have been derived their standard entropy and the temperature dependence of thermodynamic functions
C,°(1), S(T), H°(T) — H°(298.15) have been calculated in the interval of 298.15-673 K. During the study of
the heat capacity is found that a number of ferrites have sharp A-shaped jump of heat capacity at the curve
C,° ~ f(T), which is probably related to the presence of II-kind phase transitions and no doubt is of particular
interest for inorganic materials science.
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E.C.Mycradun, X.b.Omapos, JI.Xasauuek, P.3.Kacenos, /[.A.KaitkeHos,
A.A.Mypatb6ekona, [I.K.Tyneraes, 1.A.Kanuep

szMI3Fe5012 (MI — Li, Na, K) KocbLIbICTAPBIHBIH CHHTE3,
PeHTreHOrpaQUAIBIK KIHEe TEPMOJIMHAMUKAJIBIK 3epTTeyi

Jlutuii, HATpHll, Kanuii, JaHTaH, TeMip OKCHUATEPIHEH KATThl (a3ajbl SJiC apKbUIbI XKAaHA KOCBUIBICTAp
Yb,M"FesO;, (M' — Li, Na, K) cunreszenin ansisnsl. Pentrendasanblk Tangay oici apKbUIbl KOCHUIBIC-
TapJIbIH TETPAroHaJ bl CHHIOHHSIAa KPUCTAJJAHATHIHBI aHBIKTAIIbI. KOCBUIBICTAP IBIH JKBUTY CHIABIMIBLIBIFbI
298,15-673 K Temmeparypanap apaibFblHIQ OJIIICHIII, Cp0~f (7) Toyennminmik rpadukTepinge A-Topizaec
cexipynepaiH GonaTeIHEI OalikanraH. Byir skarmai eKiHIII peTTik (asaislk ayblcylapra OalIaHBICTHI OOy
MYMKIH J€TreH TYKBIPbIM JKacaJFaH.

E.C.Mycradun, X.b.Omapos, /. Xarnmuuek, P.3.Kacenos, J[.A.KaiikeHos,
A.A.Mypar6exkosa, [I.K.Tyneraes, U.A.Kanuep

CuHTe3, peHTreHorpaguueckoe u TepMOAMHAMUYECKOE UCCIe0OBAHUS
o 1 1 .
coequnenui Yb,M ;Fes0.,(M" — Li, Na, K)

TeeprodasHbIM cOCOOOM M3 OKCHIOB JIMTHS, HATPHS, Kajus, JIAHTAHA U HKeJIe3a CHHTE3UPOBAHbI HOBBIC
coemunennst Yb,M5FesO, (Ml — Li, Na, K). Meronom pentrenoa3oBoro aHaansa OnpeieseHo, 4To COo-
€IMHCHUE KPUCTAIIN3YeTCs B TeTparoHaubHOH cuHronuu. B unrepane 298,15-673 K usmepeHa remioem-
KOCTh COCJMHCHHI M OOHApyXEHO, YTO Ha rpaukax 3aBUCHMOCTEl C,,°~f(T) HabuoatoTest A-o0pa3HbIe
CKa4KH, CBSI3aHHBIC, BEPOSTHO, C (h)a30BBIMHU IIEPEXOAaMH BTOPOTO POJa.
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Effect of iron-based catalysts on hydropyrolysis behavior of coal

This work determines the effect of hydropyrolysis of coal through a stabilizing reaction by impregnation
method using catalysts such as Fe(NOs);, FeCl;, FeSO,-(NH4),SO,4 6H,0. If you add three kinds of catalyst
the hydropyrolysis change degree are increases. Adding semi-iron ammonium sulfate of 5 % the tar yield in-
creased from 14.3 % without catalysts to 17.9 %. The preservation of ammonium radical gives the possibility
to increase the formation of coal tar and degree of coal pyrolysis.

Key words: coal hydropyrolysis iron-based catalysts, impregnation method.

Typically, the formation of coal tar is the main objective in hydropyrolysis of coal method. Why getting
a coal tar using the hydropyrolysis of coal method is the main objective, rather, in the pyrolysis of coal the
rate formation and the rate of return of a free radical hydrogen is similar. Assuming that the rate of formation
of coal pyrolysis free radicals is a function of the heat, the rapid formation and the stage management de-
pends on the return speed of free hydrogen radical. Previously, scientists pay more attention to the problem
of increasing the rate of return of a free radical hydrogen. In the hydropyrolysis as catalysts are used in series
metals Fe, Co, Ni, Mo. The last layer and a second layer of metal is not filled with electrons, only one d elec-
tron with d orbit, in the chemical absorbed this d electron is connected to the s electron of hydrogen and
forms a free hydrogen radical, in which it is possible advantageously to increase the return speed of a free
hydrogen radical. In the use of a MoS,catalyst, which degree of coke tar formation reaches 60 %, it can
compete with direct liquefaction of coal, but this large volume and also difficult catalyst return, which
prevents future production. These research works was used the impregnation method for the iron catalyst by
stabilization reaction, it determines the impact on the hydropyrolysis properties, along with semi-iron ammo-
nium sulfate which exactly affect to the formation of coal tar during the pyrolysis of coal which makes the
first analysis on the influence to pyrolysis [1].

The main raw material in the experiment is — coal, the value of the dimension of coal are 20—-60 mu,
industrial analysis and elemental analysis are shown in Table 1. All reagents were used in this experiment
have been analyzing check. The catalyst is added by impregnation: coal, a catalyst (iron), distilled water at
the ratio of 100x200 (quality ratio) mixed in a heated bowl, here X — volume of the mixture, it kept in a wa-
ter bath at 40 °C , at the same time device was stirring, the speed agitation is 200 r/min; at the end of the
method of impregnation place the file into a flash dishes, then dried in an oven at 105 °C .

As indicated on Figure 1, the pyrolysis reaction is carried out in an apparatus for the pyrolysis,
experimental conditions: coal 10 g, temperature 600 °C, pressure is constant, the flow of hydrogen 0.4 1/min,
the final temperature should be kept for 30 min. The liquid product was stored at a temperature of 15 °C in a
cool ware, quality determines the difference of initial and final reaction, liquid product is a mixture coal tar

42 BecTHuk KaparaHguHckoro yHusepcureTa



Effect of iron-based catalysts ...

and hydrogen, which used ionization method ASTM D95-05¢ (2005). The volume of the liquid product is
determined by the gas flow by soaking. Weigh the residue solid.

Table 1
Proximate and ultimate Analysis of coal
Proximate analysis (wt. %) Ultimate analysis (wt. % daf)
Y Ay Vdar FC," C H N o’ S H/C 0/C
5.20 7.91 43.73 51.81 77.02 4.82 1.01 15.75 1.4 0.75 0.15

Note. a — by difference.

l|

1 — N gas cylinder; 2 — H, gas cylinder; 3 — Valve; 4 — Mass flow controller;
5 — Preheater; 6 — Furnace; 7 — Reactor; 8§ — Cool trap; 9 — Gas flow meter

Figure 1. Schematic diagram of apparatus

Gravimetric analysis of primary coal is conducted on Swiss analysis apparatus Mettler-Toledo TGA /
SDTAS8S51. Test conditions: about 15 mg raw materials, the temperature should be 25-900 °C. Diagram of
the primary coke is carried out by nitrogen adsorption at 77 K on a machine Beijing BK-122. Including the
surface area is calculated by equation Brunauer-Emmett-Teller (BET). Total volume is the nitrogen liquid
absorbed amount in 0.98 hours in a comparative pressure. The volume of the aperture is calculated on the
model of Barrett, Joyner and Halenda (BJH). Distillation analysis of coal tar uses the Varian 450-GC of
Brooker, test conditions: should be carried out according to standard ASTM D2887.

Figure 2 shows the change in the formation of coal tar and primary coal tar which was formed during
the catalysis of Fe(NOs);, FeCl; and semi-iron ammonium sulfate of hydropyrolysis of coal.

70 : =N0n8(NH4)zFe(SOA)2
60 P .=:= B FeCl, B&Fe(NO,),
%‘ 50 .- /
30} /
il
< 20} % :
> o R
wl| T i
Char Tar

Figure 2. Char and tar yield of coal hyropyrolysis with various iron-based catalysts

From this figure we see the order of the primary coal tar product in the coal pyrolysis: without cata-
lyst > FeCl; > Fe(NO;); > semi-iron ammonium sulfate. In this series the FeCl; during the formation of coal
tar doesn’t give some influence, formation coal tar: semi-iron ammonium sulfate > FeCl; > without catalyst >
Fe(NOs);. In this series of FeCl; during the formation of coal tar gives a certain influence, and Fe(NO;); gen-
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erally useless. When adding: semi-iron ammonium sulfate is the most attractive, and without the catalyst the
forming increases from 14.3 % to 17.9 %. This shows that semi-iron ammonium sulfate in the pyrolysis of
coal depends on the formation of grooves, increases the spread of free hydrogen radical, in addition to using
the absorption of iron to hydrogen is possible the decomposition of hydrogen. These two processes
accelerate the return speed of free radical hydrogen, the greatest amount of coal formation tar [2].

Discussing role of the iron ammonium sulfate in pyrolysis of coal. Due to the above studies, have
identified that the use of ammonium sulfate iron as a catalyst profitable for change of coal. If the iron content
is 5 % formation of the coke resin is the most accurate, without the addition of the catalyst reaches from
14.3 % to 17.9 %. There is made an initial analysis of the role of iron ammonium sulfate during the coal
pyrolysis process by comparison of difference of properties of the primary coke under the influence of four
different catalysts and difference of propagation of catalysts such as (NH4),Fe(SO,), 6H,0, FeSO,4-7H,0,
NH4FC(SO4)2' 12H20 and Fez(SO4)3'XH20.

The propagation of different Fe-based catalysts in the hydropyrolysis of coal products. In Figure 3 it is
shown the quantity of primary coke res and coke oil which formed during the pyrolysis of coal with different
iron sulfates. There are a order of formation of primary coal tar: semi-iron sulfate > without catalyst> iron
ammonium sulfate > iron sulfate > semi-iron ammonium sulfate; and order of formation of coal tar: semi-
iron ammonium sulfate> iron ammonium sulfate > semi-iron sulfate > without catalyst> iron sulfate. From
these conditions we can understand, that from a variety of forms of iron its catalytic effect on the pyrolysis of
coal differ, the presence of ammonium radical increases the formation of coal tar and change coal pyroly-
sis [3].

70 B E==JNone mFeSO4
&=Fc,(S0,) BSSINH Fe(S0 ),

_ [ B2 (NH,),Fe(SO0 ),
5 60 F
gz = I
©
2 10} §
> §

0 . N

Char Tar

Figure 3. Char and tar yield of coal hyropyrolysis with different Fe-based catalysts

Signs of coal tar recess as different Fe-based catalysts and analysis. Surface area, volume of recess and
diameter of the smooth recess of the char formed with as different Fe-based catalysts are shown in Table 2.

Table 2
Pore structure properties of chars from different Fe-based catalysts treating N, as balance
Catalyst Surface area/ m”*- g’ Pore volume/cm’- g’ Average pore size/nm
None 96.58 0.094 3.88
(NH,4),Fe(SO,),-6H,0 104.07 0.105 4.02
FeSO,4 7H,0 106.63 0.108 4.04
NH,Fe(SO,),-12H,0 119.92 0.120 4.01

After adding a few catalysts to surface area volume of recess and diameter of the smooth recess of the
char increases, also percent of change. There is no direct connection between increasing of volume and in-
creasing percent of change of pyrolysis.

But if the talk volume surface, offer large or small extent can be associated with crystal water of metal
salt, when water rises then coal char surface increases too. Yield crystal water gives char gasification proper-
ties, and leads to increasing of the recess. Also carbon structure leads to lack of char recess due to a differ-
ence obtained for the output of water through the various catalysts.
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Figure 4. Pore size distribution of chars from different Fe-based catalysts

From the figure 4 we can see the accumulation of char on various catalysts in diameter recess 2.16 nm,
the amount of absorption around 2.16 nm is identical to the order of magnitude of the volume of the surface.
It shows that these catalysts are influenced by several char forming structure similar manner. In conclusion,
the catalyst affects the formation of the structure of recess char, also increases distribution in coal [4].

Analyzing of the weight of the char as different Fe-based catalysts. At the Figure 5 it’s noticeable dif-
ference of reactivity of coal pyrolysis product with the addition of iron in different states char, but difference
isn’t too large, char reactivity obtained in presence of ammonium radical higher than the one obtained
without ammonium radical. It shows that iron at the separation of hydrogen gives the role of accelerator. For
this reason, an increase in density causes free radicals of hydrogen and reduction reaction effectively lower-
ing the body reaction, and increases the amount of distribution in the pyrolysis of coal.
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Figure 5. TG-DTG curves of chars with different Fe-based catalysts
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The Comparing and analyzing of coal tar of pyrolysis in the influence of different Fe-based catalysts.
Figure 6 shows the analysis of evaporation of coal tar in the catalytic influence of Fe-based catalyst. in the
figure, by comparing coal tar formed in the pyrolysis of coal by means of the catalytic properties of iron
ammonium sulfate and coal tar formed in the pyrolysis of coal without a catalyst, it is possible to see an
increase in oil phenol, naphthalene and oil residues, reducing the amount of asphalt residue, and also that the
amount of anthracene amasla remained unchanged.

Conclusion

By the reaction of stabilize the hydropyrolysis of coal Tiechanggou with three iron nitrate, iron chloride
and iron ammonium sulfate it can be shown: addition of iron catalyst is beneficial to change the coal, under
the influence of iron ammonium sulfate increase coal tar is the most accurate, quantity increased by 3.6 %. It
reaches from 14.3 % to 17.9 % without catalyst.

Was finded the reasons of high content of the formed char with different Fe-based catalysts by analyz-
ing the impact of different Fe-based catalysts in the products of pyrolysis of coal and structure of recess and
weight of product char: 1) ammonium radical effect on the formation of coaltar; 2) iron has an important role
accelerator at hydrogen eduction, but the v13yyB of free radical hydrogen is different depending on distin-
guish the states of iron.

The analysis of evaporating of coal tar: the coal tar formed with the Fe-based catalysts has better quality
than the oil produced without catalyst.
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Kypambinaa Temip 0ap kaTajau3aTopAbIH TEXHOJOTHUSJIBIK
KOMIPIiH rHAPONMPOIU3IAIK KacueTiHe dcepi

Makanaga xemipain rtuaporupoimu3 npouecine Fe(NO;);, FeCls, FeSO4 (NH4),SO,6H,O cexinai
KaTaJM3aToOpIapAblH dcepi 3eprrenreH. Karamm3aropnapislH YII TYpiH KOJNJaHFAaH JKardaijia, IMporecc
OHIMJICPiHIH IIBIFBIMBI APTATBIHBI AHBIKTAJFaH, OipaK 5 %o-Ibl TEMip MEH aMMOHUIIH KOC KYKIPTKBIIIKBUTIEI
TY3bIH KOJJIAaHFAH JKaFlalifla KOKC NIAWBIPBIHBIH MBIFBIMBL 14,3 %-man 17,9 % neiiiH KorapialThIHBI
aHplkTanFad. Koc Ty3[arbl aMMOHHMH paguKajibIHBIH OOJybl KOMIPIiH KOHBEPCHSICHIHA JKOHE KOKC
HIaHBIPBIHBIH IIBIFBIMBIHA OHTAMIIBI 9CEPIH TUTI3ei.

Jxxoy Kukcon, Huto ben, JIro JIxuxyan, Ma ®@su lOnb, 3.5.A6car, E.B.Koueruna,
A.b.Kapumona, H.)K.Paxumxanosa, I'.K.Myxkesimesa, XK. by

Biausinue KaTa/jau3aTopa, coaepKamero kejae3o,
Ha TMAPOININPOJIN3 TEXHOJOIHICCKOI0o yrjst

CraTbd NOCBSIICHA HM3YYEHHIO BIMSHHMS Ha MNPOLIECC THAPONUPOHM3a YIS TAaKUX KaTaIu3aToOpoB, Kak
Fe(NOs3)s, FeCl;, FeSO,4 (NH,4),S0,4-6H,0. YcranopneHo, 4to mpu A00aBICHHM TPeX BUAOB KaTalH3aTopa
BBIXOJ] IPOJYKTOB MpoILEcca MOBBIIIAETCS, HO HaHOObIlIEe YBETUYIEHHE BbIX0a KOKCOBOH cMoibl ¢ 14,3 %
1o 17,9 % wnabmrofaercsl MpH UCIONB30BaHUH 5 %-HOM JBOWHON CEPHOKHCIION CONH JKele3a W aMMOHHUSI.
Hanmine noHa aMMOHMS B JBOWHON COJIM CIIOCOOCTBYET KOHBEPCHUH YIJIS M YBEIMYCHUIO BBIXOJa KOKCOBOU
CMOJTBI B TIPOLIECCE THAPOUPOIIH3A.
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A.H.Mwopsiruna, JI.111.bakaes, K.A.OctpoBHOi1

Cegepo-Kazaxcmanckuii 2ocyoapcmeennuiii ynusepcumem um. M.Kosvibaesa, [lemponaenosck
(E-mail: dooman230@gmail.com)

HccaenoBanne BanssHUus MOAN(UKATOPOB
HA BOJIOOTTAJIKHBAIOIIIKE CBOMCTBA OUTYyMa

B crarbe u3yueHo Bo3zaeiicTBre MOAN(PHUKATOPOB Ha BOJOOTTAIKUBAIOIINE CBOMCTBA OMTYMHBIX IIEHOK. BEI-
SIBJICHO, YTO 3HAYCHUSA KOCHHYCA KpacBOI'0 yIjla CMauMBaHUSA MUHHMMAJIBHBI IIpU cojepxkaHuu 1 % monuuso-
oyrmena uim 0,25 % xyopuaa xansuust. Bimstaue npyrux MoandukaTopos Ha THAPOQOOU3aUIO TOBEPXHO-
cTn GUTyMa P PaBHOCTEIIEHHBIX KOHIIEHTPAIMSAX BBIPQ)KEHO B MEHBIIEH CTENECHIL

Kniouesvie cnosa: 6uTym, moauMepHble 100aBKM, HEOPTaHUYECKHUE a[IUTUBBI, MOTMU300YTUIICH, MONUCTH-
PO, XJIOPUA KambLUs, XIOPH] HATPUS, XIOPH] XKeJle3a, CMauuBaHUe, KPAaeBOH yroJl.

Huskoe ka4ecTBO TOPOKHBIX OUTYMOB SIBJISICTCS OJTHOW M3 TJIaBHBIX MPHYUH MPEKISBPEMEHHOTO pas-
PYIICHUS TOPOKHBIX acPaTbTOOCTOHHBIX MOKPHITHH. DTO MPUBOAMUT K HEOTPABAaHHO BHICOKHM 3aTpaTaM Ha
PEMOHTHI, a CJIEIOBATeIbHO, CACPKUBACT PA3BUTHE CETH aBTOMOOWIBHBIX Jopor B KaszaxcraHe ¢ TBepabIM
MTOKPBITHEM.

Kak cBumeTenbcTByeT MHUPOBOM OMBIT [1-3], TEXHOJOTHN TPOU3BOCTBA achalbTOOCTOHHBIX MOKPHI-
THH, TIPUMEHEHHE MOAM(DUIUPYIONINX JT0OABOK MOTYT NMPUHIMITHAIBLHO M3MEHUTHh KA4eCTBO aBTOMOOWMIIb-
HBIX JIOPOT.

ToHKOE peryiupoBaHHE MOBEPXHOCTHBIX CBOHCTB OMTyMa MOJUQHIUPYIOIIUME JTOOaBKAMH MOXKET
00€ecCIeYnTh eMy BOJOOTTAIKHBAIOIINE CBOICTBA, UTO OYJET OKa3bIBaTh CONMPOTHBICHHE OTCIAWBAIONIEMY
JICHCTBHIO BOJIbI, PE3KOMY IEperaly TEMIEPaTyp B TCUCHHE BCETO CPOKA CIYKOBI JIOPOXKHOTO TTOKPBITUS [4].

CyliecTByeT MHOXECTBO Pa3jMYHBIX TUIIOB J00aBOK, HO Yallle BCEr0 B Ka4eCTBE MOIU(PUKATOPOB
MPUMEHSIFOT KAaTHOHHBIC MOBEPXHOCTHO-aKTHUBHBIC BEIIECTBA, JIMHEWHBIE W PAa3BETBICHHBIC IMOJIUMEPHI, a
TaK)Xe HEOPraHUIECKHUE COJIM, CHHTETHUYECKUE HITU TIPUPOJIHBIC OJIUTOMEPHI [5].

HecMoTps Ha Tako# IMIMPOKUI CIIEKTP UCIIONB3YyEMbIX CHHTETHUECKUX BEIeCTB, B Ka3axcraHe nmpakTu-
YEeCKH OTCYTCTBYIOT JIAOOPATOPHU H 3aBOJIbI, TPOU3BO/ISIIUE B MPOMBIIIICHHOM MaciiTade MOAUMUITPYIO-
e 100aBku. [ToaToMy co3/1aHue OTeUECTBEHHBIX MOU(PHKATOPOB aKTyallbHO, HEOOXOMMO U CTpaTeruye-
CKH BaXKHO.

Obvexmul u Memoobl UCCIeO08AHUSL

[Tpu npoBeieHNN HCCIeIOBAaHHS UCTIOTE30BAITH:

1. butym mapxu BH/I 90/130 ('OCT 22245-90).

butymbl npeactaBisioT coboi CIOKHYIO CMECh YIIIEBOAOPOAOB U TETEPONPOM3BOAHBIX COCTUHEHUI
(Tabm.) camoro pasHoobOpaszHoro ctpoenus [6]. Temmeparypa pasmsardenus 85 °C, Temmeparypa BCIBIIIKH
280 °C.

Tabnuna
DJIeMeHTHBIH cocTaB OUTYMa
OneMeHT C H o S N v Ni Fe Ca
% 1o macce 80-85 8-12,5 0,24 0,5-10 | 0,204 0,22 0,115 0,110 0,054

UccnenoBanus OUTYMOB (PU3NKO-XUMHUYECKUMH H 3JIEKTPOXHUMUYECKUMHI METOJaMH, a TAKKE METOAOM
PEHTTEHOBCKON TU(PAKTOMETPUH, IIEKTPOHHON MuKkpockoruu, IMP, OTTP, DCXA u T.11. M03BOJIMIH yCTa-
HOBHTbH, YTO OHH COJIEpKaT 3HAYUTeNbHOEe KonmmuecTBO [IAB, nMeoT MHULEIUIApHYIO CTPYKTYpY (sSApo —
acdanbTeHbl, 000JI04YKa — CMOJIBI, Cpella — MaciiO0) CO CJIOXHBIMH MEKMOJIECKYISAPHBIMA U MeX(a30BbIMU
B3auMoercTBUAMH [7]. CTpyKTYpHOH eIuHMLIEH CMONHUCTO-ac(halbTeHOBBIX BEIECTB SIBISIOTCS KOHJICHCH-
poBaHHBIE OCH30JILHBIC KOJIBIIA C TETEpOaTOMaMu (a30T, KUCIOPOJI, cepa), 00pa3yIoniue IIOCKYI0 TeOMETPH-
4yeckylo Gurypy ¢ OOKOBBIMU 3aMECTHTEIISIMUA B BUJIC ANIKWIIBHBIX Ileneld u HadTeHOBhIX Koell. Pacmonara-

Cepusa «Xumunsy». Ne 2(78)/2015 47



A.H.OwopsrvHa, .l .Bakaes, K.A.OcTpoBHOM

SICh TIAPAJUICIIEHO APYT IPYTY, TAKUE CTPYKTYPBI 00pa3yOT MUKPOACCOIHMATHI (TAYKH, MUKPOMUIIEILIBI, TJI0-
OyJIBI), OTHIEJICHHBIC MACIITHOM MTPOCIIONKO# npyr ot apyra (puc. 1) [8].

N J

a o
Pucynoxk 1. IIpocTpaHCTBEHHBIE CTPYKTYPBI MOJIEKYJI cMoII (a) 1 acanbTeHoB (0) [9]

2. Moaudukaropst:

Opranuveckue aJInTUBBI:

—nommmm3o0ytmieH (IIMB) (puc. 2) B cocraBe oTpaboTaHHOW TepMeTH3HUpYIOmel >kumkocta Al-4U1
(TY 2602592-83). Temneparypa Bcnbimku He MeHee 150 °C. Temmeparypa crexnoBanus 70 °C. CocraB oj1-
HOPOZHBIH, 63 KOMKOB U crycTkoB. ILmotHocTs mipr 20 °C He Gomee 900 Kr/M’, COmep/KaHHE MEXaHHIECKHX
npumeceit 0,2 %. PactBopuM B apoMaTHIeCKHX, aTU(paTHUECKUX YTIIEBOIOPOAAX, CIOXKHBIX 3(pupax, )Kupax,
HEPacTBOPHUM B BOJE;

—nomuctupon (IIC) (puc. 3) (TY 2244-005-86901126-2012). TemmepaTypa BCHBIINIKH HE MEHEE
310 °C. Temmneparypa crextoanns 100 °C. I'panyanposansbiii coctas. IlnotHocTs mpu 20 °C 1060 kr/nm’.
HachInHas mI0THOCTS rpanyl 550560 kr/M’. PacTBOpHM B COGCTBEHHOM MOHOMEpE, APOMATHUECKUX yIIIe-
BOJIOPOJIaX, CIIOKHBIX 3(upax, aneroHe. He pacTBopseTcs B HU3MIMX CIUPTaX, adTu(aTHYECKUX YTICBOJIO-
ponax, heHojiax, IpPOCThIX APHUpax.

i
CH,— CI Ifl
__C_c__
CH; [ n I
H H]

n

Pucynok 2. TTonuuzo0yTuineH Pucynok 3. TTomuctupoi

Heopraanueckue agauTruBbL:

—xyopun Hatpust (I'OCT 4233-77), T,,=801 °C;

— xyopua kanbiwst (TY 6-09-5077-87), T,,=306 °C;

— xyopun xene3a (IIT) (TOCT 4147-74); T,,=772 °C.

UccnenoBanu BiusHIE MOTUPHUIMPYIOMINX T00ABOK HA CMaYMBAaEeMOCTh BOJIOH OMTYMHOUN MOBEPXHO-
ctu. ConeprkaHue alTUTUBOB B OMTYMHBIX KOMITO3HIHSIX BAPEUPOBATH Cjpymos = 04 %.

W3mepeHus kpaeBbIX yriaoB cMaunBaHus (0) BOAOH MOBEPXHOCTH OMTyMa OCYIIECTBISUIA TI0 METOIY
nexadert karum (puc. 4) [10]. KagectBo moBepxHOCTH OMTYMa, KOTOPBIM HAHOCHIIM Ha TIPEIMETHOE CTEKIIO
METOJIOM HajHMBa, OIEHWBAJIM IO IapaMeTpy IIepoxoBaTtocTH (Rz) C NPUMEHEHHWEM KOMIBIOTEPHO-
onthuueckoro Meroaa (Ha 6aze mukpockona MUC-11). O6pasisl ¢ mapaMeTpoM ImepoxoBaTtocTd 1,8-2 MKM
OTOPaKOBBIBAJIH.
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T

4 3 2 1

1 — WCTOYHHK CBeTa; 2 — HCIBITyeMasi IOBEPXHOCTD; 3 — yBEIHMUUTENb; 4 — JKpaH
Pucynok 4. CxeMa yCTaHOBKH JUIsl ONPE/ICIICHHsT KPaeBOro yria

[To xoHTYpY 3aUKCHPOBAHHOTO M300paKEHUS KAIUTA BOJBI (B 00JacTH €€ KOHTAKTa C IOBEPXHOCTHIO
OuTyMa) ompeaessuId BRICOTY A 1 auametp d (puc. 5).

Pucynoxk 5. Ilpoexuus kaniau Ha S3KpaHe

KpaeBoli yros cMaurBaHUsI pacCUMTHIBAIH, YCPEIAHSS PE3yJIbTAThl MapauielibHbIX (He MeHee 5) n3Me-
pennit, mo hopmyme
2 2
(d/2)y —h

cos0 = — -
d/2)y +h

Ananusz u obcysicoenue pe3yipmamos

Oco0CHHOCTH U3MEHEHHS CMauUBAEMOCTH BOJIOW MOBEPXHOCTH OUTYyMa MPH BBEJCHUU JIBYX Pa3HOBH/I-
HOCTEH TEPMOIUIACTUYHBIX MOJMMEPOB HATIISAHO OTPAXKAIOT PA3IMYAIONINECs 10 MHTEHCUBHOCTH U BEKTOPY
SKCTPEMYMBI Ha 3aBUCUMOCTSX, IPEJICTABJICHHBIX HA PUCYHKE 6.

-0,05 T I T T I I I T 1 C, %
D 05 1,0 1,5 20 25 30 35 40 45
-0,08 4
1
0,11 2
D
g 0,14
-0,17+
-0,20
-0,23-

Pucynox 6. 3aBucHMOCTh KOcHHYca yriia 6 OT KOHIEHTpaui
nonum3o0yTuineHa (1) u momuctupona (2) B OUTYMHBIX CHCTEMax
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[lepBBIii 3KCTpEeMyM, HampaBICHHBIH B 001aCTh OTPHUIIATENBHBIX 3HAYCHUN KOCHHYCAa KpPacBOTO yria
cmaumBanus 0 (puc. 6, 1), AeMOHCTpUpPYET ycwieHne THAPOPOOH3aIH TBEPIOH MOBEPXHOCTH TPH YBEIH-
YeHWH KOHIIEHTPAIUU TOMA300yTHIIEHA B cUCTeMe BILTOTH 10 1 % (cos® ymensimics B 2,5 pas3a u cocTa-
Bun —0,20). Bocxomsmumii yyacTOK M30TEpMbl CMAaYHBAHUS MTOKA3bIBACT MPOTHBOIIOJIOKHYIO TCHCHIIHIO —
ocnabiieHre BOJIOBBITECHSIOMNX CBOUCTB 1pu OonbiieM cogepxannu [IUb (C > 1 %) B 6utyme. [locnennee
COTIPOBOXK/IAJIOCH YBEIMUEHUEM MOoKaszarTenst cMaunBanus A0 3HaueHns cosd = —0,01 (mpu Chys= 4 %).

B mpucyrctBun monuctupona (puc. 6, 2) HaOMOgaeTCS MEHBIIAs MHTEHCHBHOCTH THUAPOPOOU3AIUN
(cos® ymenbmmics He Oonee, ueM B 2,0 pa3a) 1 OIHOBpEeMEHHO OoJiee MIMPOKUN KOHIEHTPAMOHHBIN yua-
CTOK 3KcTpemyMa (ot 1,5 mo 2,5 %).

C 11enbI0 BBISICHEHUS! BOBMOYKHOCTH JOCTHKCHHUSI CHHEPTeTHIeCKOro 3 deKTa MpoBeH JOTOTHUATENh-
HYIO CEPHIO OIBITOB C OUTYMHBIMU CHCTEMaMH, B KOTOPbIE BBOIWIHM 00a moinMepa ogHOBpeMeHHo. [lomy-
YeHHBIE PEe3yJbTATHl MMOKA3bIBAIOT (PHC. 7), UTO MPH COBMECTHOM cojiepkannu nonuctupona (1 %) u momu-
nzobytuinena (1 %) ruapohoOHOCTs YMEHBIIACTCSI B CPAaBHEHUH ¢ OMTYMHOM CHCTEMOM, conepkariend 2 %
MOJIMCTUPOIIA, T.€. CAHEPTH3Ma HET.

‘ ‘ ‘ ‘ ‘ ‘ Crs, %0
0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00

-0,04 1

-0.08

cos 0

-0,12

-0,16-

Pucynox 7. 3aBUCMMOCTB KOCHHYCA yIia 6 OT KOHIEHTPALUH NOMNU300yTHIICHA U TTIOJIUCTUPOIIA
IPY COBMECTHOM NIPHUCYTCTBUU

Bausaue HCOPraHUu4CCKUuX MOI[I/I(i)I/II_II/Ipy}OH_II/IX I[O6aBOK, B 3aBUCHUMOCTH OT KaTHOHHOI'O COCTaBa U UX
KOJIMYCCTBCHHBIX coz[epxcaHHﬁ B 6I/ITyMe, Ha BOOOBBITCCHAIOIINEC CBOMCTBa mpeACTaBJICHO HA PUCYHKC 8.

0,10 |

0,05

1,00 125

-0,05

cos 0

-0,10

-0,15

-0,20 -

1 — NaCl; 2 — FeCls; 3 — CaCl,
Pucynok 8. 3aBucuMOCTh KOCHHYca yriia § OT KOHIIEHTpAuid HEOPTaHMIECKIX COJIEH
OTMeTHM pSIT CYIIECTBEHHBIX OCOOCHHOCTEH, OTIUYAIOIINX M30TEPMBI CMAUYMBAHHS TaKMX KOMITO3H-

U OT OUTYMHO-TIOIUMEPHBIX.
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Bo-nepBbix, MakcuMyM rupooOHOCTH 3apUKCUPOBaH MPH MEHBIIEM COAEPKaHUK MOIUPHKATOpa —
0,25 %. Bo-BTOpBIX, B IPOTHBOBEC OMUTYMHO-TIOJIMMEPHBIM KOMIIO3HUIIAAM HAOII0OaeTCI NHBEPCHS B ITOKa3a-
TEJISIX CMa4YMBAaHMS — TIEPEX0JT OT HeCMauyuBaHUA K cMadnBaHHIO (cosO = 0).

ComnocTaBUTeNbHBIN aHANN3 W30TEPM CMAuMBaHMs KOMIIO3MLIUK OUTyMa ¢ HEOPraHMYECKHMU aJUTH-
BaMH TOKa3aj, YTO B MPHUCYTCTBHH OAHO3APSAHBIX, ABYX- U TPEX3apsSAHBIX XJIOPWUIOB MaKCHUMabHasl THA-
podobGusanus BospactaeT B pamy: Ca’>Fe’>Na'; nokasarenn cMaunBaHHs yKa3aHHOTO KaTHOHHOTO COCTa-
Ba COOTHOCATCS cIeayromuM obpazom: Ca®": Fe’ : Na"=-0,18 : =0,13 : —0,10.

Takum 00pa3oM, HaMOOJBIIUM BOAOBBITECHAIOMIMM dPQeKToM 00TamatoT J00aBKH XJIOpUAA KaNbIUs,
KOTOpBIE OKa3bIBAIOT PABHOCTETICHHOE C TTOTUU300yTHIICHOM BO3/ICHCTBHE.

[TommydeHHbIe HAMH M30TEPMBI CMAYMBAHUS SBISIOTCS JETEKTOPAMH Te€X M3MEHEHHil, KOTOpPBIE MPOMC-
XOASAT B KOJUIOUAHOU cUcTeMe OMTyMa MpH BBEACHUH B Hee Moauuuupyronmx nodasok. [log ux Bo3neiict-
BHEM IPOUCXOAUT U3MEHEHHE MEXMOJEKYJSIPHBIX B3aMMOACWCTBUN BHYTPH MHLEUIIPHON CTPYKTYpPHI OH-
TyMa. B cooTBercTBHM ¢ M3BecTHBIM ypaBHeHueM Jlrompe-lOnra [11] yMeHbIIeHHEe 3HAYCHHH KOCHHYCA
KpaeBoro yria CMauuBaHUs CBUICTENBCTBYET 00 YCHICHUN MEKMOJICKYIIAPHBIX B3aUMOJICHCTBHUM B 00JacTi
OTrpaHUYEHHBIX COIEPXKaHUH MOIUPHUUIUPYIOMUX T100aBoK. [lanpHeliee yBennueHre UX KOHLIEHTpaui Je-
JIAeT CHCTEMY JWCKPETHOW M COMPOBOXKIAETCS COOTBETCTBYIOIIMM YBEIHMUEHHEM KOCHHYCa KpPaeBOTO yria
cMauuBaHMs. Ha 3THX KOHIEHTPAaUMOHHBIX YYacTKax MPOUCXOIUT paspylieHHEe OUTYMHBIX MaKpoaccolha-
TOB C BBICBOOOKACHMEM 3HAUMTENBbHOrO KonmuectBa I[IAB, koHumeHTpupyrommxcsi Ha Mexgpa3zHOH
MMOBEPXHOCTH OWTYM—BOJa, COTJIACHO MpPABIIy ypaBHUBAHUS MOJSIPHOCTH PeOuHmepa: yrieBOJOpOIHBIM
paauKaJIoM BHYTPh CTPYKTYPHI, a TIOJSIPHOM Tpymmoi B Boxy. Takas opuenTaius Mmosekyin [IAB nmpuBoguT x
MOCTENIEHHOMY YMEHBIICHUIO THAPOPOOHOCTH MOBEPXHOCTHOTO CJOS B KOMIO3ULMSIX HOJIMMEP-OUTYM.
B npucyTcTBHM HEeOpraHWYecKuX MOIU(PHUKATOPOB MoJeKysibl [IAB momHOCTRIO 3KpaHUPYIOT TOBEPXHOCTb,
B pe3yJibTaTe 3TOr0 OHA MpeBpamniaercs 13 TuapodoOHol B rHapodiIbHyI0. ['Hapodum3ans moBepXHOCTH
BO3PACTaeT B COOTBETCTBMM C BEeNMUMHOM 3apsma: Fe' > Ca® >Na'. CornacHo IuTepaTypHBIM JAHHBIM
[3, 8, 12], OTBETCTBEHHBIMH 32 ITOBEPXHOCTHYIO aKTHBHOCTH OUTYMa ABJSIOTCS OP(QUPHHEL.

Pesromupys u310keHHOE BBIIIE, MOXXHO KOHCTaTHPOBATH:

1. Inst nocTHXKEHHUsT MaKCUMalIbHOH TUApodoOHOCTH OUTyMa Ha MexX(a3HOH TpaHuIe ¢ BO3AYXOM He-
00X0IMMO BBeJieHHE MOMMN300yTHIIeHa B KonmuecTBe 1 %; MOnMuCTHpOn obecreuynBacT MEHBIIUN BOAOOT-
TankuBaroIwii 3pdext u npu 6oNbmHX KoHIeHTpausx (ot 1,5 10 2,5 %).

2. Beenenue xiopuaa kanbips B konmdectse 0,25 % obecrieunBaeT paBHOCTENICHHBIH 3 deKT ¢ monu-
n3o00ytuneHoM (cosd =—0,20 + —0,18); xnopuas! xenesza (11I) u HaTpus meHnee 3P PEKTHUBHEL.

3. Cunepreruueckoro 3¢dexra OT COBMECTHOTO MPUCYTCTBHUS IMOJIMMEPHBIX U HEOPTaHMUYECKUX MOJIU-
(bukaTopoB B OuTyME HE OOHAPYKEHO.
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A.H.dwopsruna, JI.111.bakaes, K.A.OctpoBHOi#t

BuTyMHBIH Cy Tenkim KacueTiHe MOAU(PUKATOPJIAPABIH ICEPiH 3epTTEy

Makanaga OMTYM KaOBIpIIAKTApBIHBIH Cy TEIKIMI KacHEeTTepiHe MOAMU(DUKATOPIApABIH dcepi 3epTTEITeH.
blnranpanynsly merTik OyphIIBl KOCHHYCHIHBIH MoHAepi 1 % mnommuzobyrunen sxoHe 0,25 % kamprmit
XJIOPUIIHIH MeJIIepiHIe MHHAMAN OOJNaTBIHBI aHBIKTAIABL. backa MoAM(QUKATOpIapAbIH TEH AJpEikKeri
KOHIICHTpanusIapars! 6utyM OeTiHiH ruapodoOTaHysIHa acepi a3 gopekeie KopiHeTiHi Oenrini 00IbL.

A.N.Dyuryagina, D.Sh.Bakayev, K.A.Ostrovnoy

Investigation of the effect of modifiers
on the water-repellent properties of bitumen

The effects of modifiers on the water-repellent properties of bitumen films is examined. Revealed, that the
maximum water repellency is observed when the content of 1 % polyisobutylene or 0.25 % calcium chloride.
Influence of other modifiers on a bitumen surface gidrofobization at equipotential concentration is expressed
to a lesser extent.
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Hcnoan3oBanue METOAAa BEPOATHOCTHO-ACTCPMUHHUPOBAHHOI'O IVIAHUPOBAHUS
IPpH ONITHUMHU3AIMH COCTABA JAKOKPACOYHBIX KOMIIO3U UM

B cratee ¢ NPUMCHCHUEM METOAa BEPOSATHOCTHO-ACTCPMUHHUPOBAHHOIO INUIAHUPOBAHUSL MOCTPOCHBI 0000-
IIEHHBIC MAaTEMAaTHYCCKNUE MOJCIHN Mponecca AUCHEPrupoBaHus HECOPraHMYECKOro IMUrMeHTa JUOKCHUJa TH-
TaHa B l'[eHTa(bTaJ'IeBI)IX 1 AJIKUJHO-YPETAHOBLIX JIAKOKPACOYHBIX KOMITIO3UIIUAX. Ha ocHose peuieHus mMare-
MaTHYECKON MOJEIIN ONPEACICHBI OITUMAJILHBIE COCTABBI JIAKOKPACOYHBIX KOMIIOHEHTOB.

Kniouesgvie crnosa: BepOsSTHOCTHO-IETEPMUHUPOBAHHOE IJIAHMPOBAHUE, MATEMAaTH4ECKask MOJIENb, AUCIICPTH-
pOBaHME UTMEHTA, TMOKCH]] THTaHa, JJAKOKPACOYHBIE KOMIIO3UIINH, allIPOKCUMALNS, YaCTHbIC 3aBUCUMOCTH,
000011IeHHOE ypaBHEHHE.

JucneprupoBaHie TUTMEHTOB M HAMOJIHUTEICH B BA3KHX Cpelax — OJHA M3 OCHOBHBIX CTaJWH JaKo-
KpPacOYHOTO MPOM3BOJICTBA, TAK KaK OMpPEICIsIeT KOHETHBIE CBOMCTBA JaKOKpacOUHBIX MaTtepuanos (JIKM) u
WX TIOKPBITHHA. DTO OYeHb PHEeproemkas cragus. [[03ToMy yCOBEpIIEHCTBOBAHHUIO TEXHOJIOTUN IHUCTIEPTHPO-
BaHUsI yJlenseTcsi 00JIbII0e BHUMAHHE.

Pazpymienne arperatoB TBepAo(a3HBIX UYacCTHI (Ha MHKPOYPOBHE), TPH COBMEIIEHHH MHTMEHTa
C TUIEHKOOOpa30oBaTeieM, MOXHO HWHTEHCH(UIIMPOBATh J0OaBKaMH IOBEPXHOCTHO-aKTHBHBIX BEIIECTB
(ITAB). Ux mpumeHenue ocHoBaHO Ha 3¢ dexTe Pebunaepa, 3akiroyaromemMcst B aACOpPOLMOHHOM HMOHMKe-
HUM TPOYHOCTH TipH BozaericTBuu I1AB. [leno B TOM, 4TO 4acTo MPOYHOCTH PEaIbHBIX TeJ MOHMKEHA B pe-
3ynbTaTe Ae(eKTHOCTH CTPYKTYPhl — HAMYUK MHUKPOTPEIIHNH, AUCIOKAINH, MECTHBIX BHYTPEHHUX HaIps-
skeHuid U T.1. CorflacHO U3BECTHOMY ypaBHeHUIo ['puddurca, peanbHas IpOYHOCTH TBEPIOTO TENa MPOMOP-
IUOHAJIbHA BEJTMYMHE TIOBEPXHOCTHOW SHEPTUH U 0OPaTHO MPOMOPLUOHAIBHA JUIMHE TPEIIMHEI [1].

PasBuTHe Mukporeneil moj 1eicTBUEM BHEITHUX JIePOPMUPYIOIINX CHII MOXKET MPOTEKATh 3HAYUTEIh-
HO Jierde mpu ajcopOrmu Mojekynsl [IAB (Ha gacTumax, Ha cTeHKaX MUKPOTPEITNH) U3 CPEeAbl, B KOTOPOU
BEJIETCSI JUCTIeprupoBanue. AncopOunonHbii cinoii [IAB moHmkaeT moBepXHOCTHOE HATSDKCHUE — YMEHb-
nraet paboTy oOpa3oBaHHA HOBOM MOBEPXHOCTH, SKPAHUPYET MEKATOMHBIE CHJIBbI CLIETIIICHUS! TBEPAOTO Teja
W CTPEMUTCS PaCIIUPUTh MUKPOTPEIINHY, TEM CaMbIM CIIOCOOCTBYS AMCIIEPTUPOBAHUIO, PA3BUTHIO MHUKPO-
TPELIHH.

Otcrona cymHocTh 3dekra PeOunnepa 3akmoyaercss B oOnerdeHnH AedopMalvuil U pa3pyLICHUH
BCIICJICTBHE CHIDKCHUS TOBEPXHOCTHOW SHepruwm (HaTspkeHws) [2, 3]. s aacopOIMOHHOTO MOHWKEHUS
MPOYHOCTH XapaKTEPHO COUETaHWE JIEHCTBHUS CPEAbl M BHEITHMX MEXaHWYECKUX HANPSKEHUH (P MpOn3-
BozactBe JIKM B OucepHbix MenbHHLAX). [Ipu atom aevictBun [TAB oueHb n3bupaTenbHO H ompenensercs,
KaK M3BECTHO, MHOXXECTBOM (PAKTOPOB: MPHUPOIOI MUTMEHTA U TNIEHKOOOPa30BaTelIs, COOTHOIICHUEM MEXIY
TBEPAOH U KUAKOM (hazaMH, KOHIICHTpaLHEH IJICHKOOOpa3oBaTelis, CTPYKTYPOH M MOJIEKYJIIPHO-MaCcCOBBIM
COCTaBOM CaMmoT0 BBOAMMOTO auTHBa. B 3T0i cBs3u s ontumm3anun cocrasa JIKM HeoOxoauMo 3HATH,
KaK IOBJIUSIET COBOKYITHOCTh BCEX YKa3aHHBIX (PAKTOPOB Ha MPOLECCHl AUCTIEPIUPOBAHMS, YTO MPEAIOIaraeT
MTOCTpOEHHE 0000IIEHHON MaTeMaTHIECKOW MOICITH UCCIICTyEMBIX CHCTEM [4].

Hamu, Ha oCHOBE MCIOJIB30BaHUS MPHUHIUIIOB BEPOSTHOCTHO-AETEPMUHUPOBAHHOTO MOJICIIMPOBAHNS,
MPEANPHUHATA MONBITKA BEIBOJA MHOTO(MAKTOPHON MOJENH Ipoliecca AUCIIEPrUpOBaHus MTUTMEHTa — THOK-
cuna tutana (TOCT 9808-84, Mapka R-02) B makokpacO4HBIX CHCTEMaxX Ha OCHOBE MeHTadTameBoro (Jrak
[I®-060) n ankumHO-ypetarnoBoro (TY 2311-023-45822449-2002) mneHK000pa3yIONINX, YTIEBOIOPOIHOTO
pactBopuTtens yaiir-ciuputa (OCT 3134-78), moBepxHocTHO-akTHBHOTO BemecTBa [I3ITA (cmech HU3KO-
MOJIEKYIIApHBIX aMuHOB TV 2413-357-00203447-99) [5].

[Ipn mpoBeAEHNN OMBITOB HMCIIOJIB30BAIN BHAOU3MEHEHHYIO IJIAH-MATPHUILy YETHIpeX()haKTOPHOTO HKC-
MEpUMEHTa Ha YeThIpeX YpOBHAX. B kauecTBe OCHOBHBIX (DaKTOPOB, BIMSIOMIMX Ha MOKa3aTelH Je3arpera-
UM TUTMEHTA, ONPEACIHIIN KOJIMYECTBEHHOE CoJiep KaHue B cycneH3usax auokcuaa turtana (Criog, %0: 1+12),
pacxoa MOBEpXHOCTHO-aKTHBHOTO BemecTBa (Chap, %: 0+8 B mepecdere Ha OOIIyI0 MacCy TUOKCH]IA THUTa-
Ha), coJep)KaHue MeHTa(TaleBoi CMOJIBI WK YpaJIKUAHOTO Jaka B cycreH3uu (Cro, %: 0+50), Bpems mexa-
HU4YecKoro nepemenmBanus (T, mua: 10+60).
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3a QYHKLIMIO OTKJIMKA MPUHUMAIH 00Iee KOJIMIECTBO YacTHll TBepAoi ¢assl (), mpuxoasmuxcs Ha Quk-
CHPOBAHHYIO UIOMIAb TOMIOKKH (S = 0,085 MM°). 3HaueHust N B HCCIEAYeMBIX 00pasIax ONpeIessuIn Py 3a-
JTAHHOW KpaTHOCTH yBenmueHus (X700) ¢ HCronp30BaHueM KOMITBIOTEPHO-ONITHICCKOM CHCTEMBI KOHTPOJISA [6].

Ananusz u obcysicoenue pe3yibmamos

AKTHUBHBIN 3KCTIEPUMEHT MIPOBOJIAIN COTVIACHO MaTpHIIe, JaHHBIC ITPEICTABIICHEI B Ta0IHIIE 1.

Tabnuma 1
JlaHHbIe AKTHBHOIO YKCIIEPUMEHTA

ypOBCHB CHABa % Cno, % CTiOZs % T, MUH i) N’ el VP
1 0 0 | 10 1502 1502
2 0 10 5 20 2860 5714
3 0 30 10 30 5784 5441,667
4 0 50 12 60 2193 3978,333
5 2 0 5 30 2177 1016,333
6 2 10 10 60 2344 5391
7 2 30 12 10 3941 8712,667
8 2 50 | 20 953 5384
9 4 0 10 10 1242 1274,333
10 4 10 12 20 2086 6332
11 4 30 | 30 3155 7245
12 4 50 5 60 4787 3921
13 8 0 12 30 1725 3280,667
14 8 10 | 60 1109 3921
15 8 30 5 10 2780 7400,333
16 8 50 10 20 3110 8459,333

[Tocne peanuzanuy aKTUBHOIO 3KCIIEPUMEHTA OCYIIECTBIISUIM BBIOOPKH 3KCIIEPUMEHTAIBHOIO MAacCUBa
TUIS KQKI0W QYHKIMH OTKIIMKA [0 KaXXIOMYy YPOBHIO KaXI0ro (pakTopa B paMKax ABYMEPHON MaTpPHUIIBL:

VX YXs e VX
Y= VX YXps s VX )
yxml’ yva’ R ymlz

/1€ M — YUCIIO YPOBHEH; z — YUCI0 (PYHKINOHAIBHBIX BRIPAKEHUH JIJTsI K&KJOTO YPOBHSL.

Yacraeie 3aBucumoctt N = f(C;) 0 KaXA0MYy OTAETHLHOMY (haKTOpy MPEICTABICHBI Ha PUCYHKe 1.
W3 ananu3a yacTHBIX 3aBHCUMOCTEH ClIEAyeT 3aKOHOMEPHOE YBEIWYCHHE YMCIIa YaCTHUI] TI0 Mepe yBelude-
HUS OOIIeH KOHIICHTpaIuu TBEPIO(ha3HBIX KOMIIOHEHTOB B JIAKOKPACOYHOH cucTeme (puc. la); omHOBpe-
MEHHO TIOJIOKUATEIBHBIA BKiIan KoHIeHTpanun 119ITA B m3aMeHeHne N (KONMHYECTBAa YACTHII) COTIIACYETCS
C €ro JAe3arperupyromum 3p¢GeKToM, paHee YCTaHOBJICHHBIM B OTHOILECHHH APYTUX MUTMEHTOB [4]. YBenu-
YeHHEe CTETeHH Je3arperaiyy MATMEHTa 110 Mepe YBEIHYEHHs KOHIIEHTPAINH IDIEHKOOOpa30oBaTensl yKasbl-
BaeT Ha IMOJIOKUTEIbHYIO (IIOBEPXHOCTHO-aKTUBHYIO) POJib (DYHKIIMOHAJIBHBIX Py (THAPOKCH-, KapOOKCH-)
B COCTaBe MEHTAPTaIeBON U YPATIKUAHOU CMOJBI (puUc. 12).

ITocrne anmpokcWManuu YacTHBIX 3aBUCHMOCTEH C HCIOJNB30BAHUEM CTaHAAPTHBIX IPOTPaMm
«Advenced Grapher» u «Microsoft Excel», a Taxke BU3yajibHO aHATUTHYECKOTO METO1a IOJIYUYCHBI OTHOIIA-
paMEeTpUYECKHE YpaBHEHUS, XapaKTCPU3YIOIINE BIUSHHEC HAa (DYHKIUIO OTKIIMKAa KaXIoro (akropa B OT-
JenbHOCTH (ypaBHEHHS 2-9).

CucreMa Ha OCHOBE TICHTaTaJICBOTO JIaKa:

1400 - % s
“a7+05-C, 20 @
N =1700-C,,"*"; 3)
N =1765-C,, %" )
N =2375.1"% Q)

54 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Mcnonb3oBaHne mMeToda BEPOATHOCTHO- ...

CucreMa Ha OCHOBE AJIKUTHO-YPETAHOBOI'O JIaKa:
3000 "5

N= —+4800; (©)
15+(22-C,,,;)
N =4400-C%. ; (7)
N =3700-Cp'; 8)
N =4100-t"". )
7000 - A 7000 - B
BO00 - BO00
*y
5000 2 5000 -
*
£ 4000 £ 4000 -
' 3000 - = 3000
b (_/_A—\\
2
om0 T PO
1000 1000
I:I T T T T D T T T T T
0 2 4 B 8 0
CHBHA,%
E
7000 . 7000
*
L
G000 4 + EO00D 4
£000 |
i 5000
§ 4000 5 4000
= 'z
3000 - = 3000 A
o Fy
- i
2000 - 2000
1000 - 1000 -
D T T T T T 1 D T T T T 1
0 10 20 0 40 £0 BC i 10 20 30 40 AL
T, MEII Cro%%

1 — B IPUCYTCTBUH ypanikua; 2 — B mpucyTcTBun Jaka [1D-060

Pucynok 1. YacTHple 3aBUCUMOCTH (DYHKIIMH OTKJIMKA 110 KaXaoMy (pakTopy

s mocTpoeHuss 0000IIICHHON MOJIEHN UCIIOJIb30BAIM MHOTO(aKTOPHOE YpaBHEHUE HETMHEHHOW MHO-

’KECTBCHHOM KOoppesanun, KOTOpoc B HESIBHOM (bopMe HUMCECT BHU

A AC REVACH S

O, n—1

g
TI€ X1, X2, ..., X, — (AKTOPBI; 7 — KOJIMYECTBO (PAKTOPOB; g, — I'€HEPAILHOE CPEIHEE.
3Ha4yeHHs g, PACCUUTBIBAIN 110 hOopMyIIe

M

Y,
_i=l

S =70

rac Ya — COBOKYITHOCTb 3KCIICPUMCHTAJIbHBIX JAHHBIX B MaTpPUIIC, M — gucino CTPOK B MaTpHIiC.
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A
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I', I, E— cucrema ¢ ypalKuIHOYypETaHOBBIM JIAKOM, KOJIMYECTBO YACTHIL:
1 —6400; 2 — 6900; 3 — 7100; 4 — 7400; 5 — 7900; 6 — 8100; 7 — 8400

Pucynox 2. Homorpammst

AJICKBaTHOCTH MOJIy4YEeHHOW MoJenu (a1 95-r0 ypoBHS 3HAUMMOCTH) OLEHMBaIH Ha Oa3e Koa(Quuu-
SHTOB KOppesiuuu (R) ¥ 3HAUMMOCTH (Zg), KOTOPBIE PACCUUTHIBAIIH 110 YPAaBHEHUSM

R:\/l_(n—z)-zm—yf)j; an
(n=1)-2(y, = ;)
o (n=2)
=R (12)
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[Tocne moacTaHOBKM aNNpOKCHMHUPOBAHHBIX BhIpaxkeHu# (2—9) B ypaBHenue (10) momyunnu 000011eH-
HOE ypaBHEHHE, YIHTHIBAIOIICe COBMECTHBIN BKIIA]] BceX (DaKTOPOB.

Pacdersl mokazanu yJoBIETBOPUTEIBHYIO CXOJUMOCTh SKCIIEPUMEHTAIBHBIX U PACUCTHBIX 3HAYCHUI
¢yskun otkmka: R = 0,86, 1z > 2.

Ha ocHoBe pemieHns: 0000IIEHHOTO YpaBHEHHS OIPECIIN ONTUMAIILHBIE PacXOibl MOBEPXHOCTHO-
AKTHBHOTO BEIIECTBA, paCTBOPUTENS M MUrMeHTa B cycneH3usax JIKM, obecrieunBaromux Tpedyemyro cre-
MeHb Jie3arperanuu quokcuna tTutana. COBMECTHBIN BKIaN ABYX (akTopoB Ha N (00lee KOJTUYECTBO Yac-
THUI]) OTPAXKAIOT HOMOTPAMMBI (pUC. 2), TIOJYYCHHBIC 110 0000MICHHBIM ypaBHEeHUIM. HoMorpamMmel, ocTpo-
CHHBIC 10 JIAHHBIM YPaBHEHHUSM, IMO3BOJISIOT HAXOJAHUTh COCTABHI JIAKOKPACOYHBIX KOMITO3UIIUN TIPH 3a/1aH-
HOM KOJIMYECTBE YACTHII.

C y4eToM MpeICTaBICHHBIX Ha PUCYHKE 2 HOMOTPaMM ONPE/ISIIAIN ONTHMAIbHBIE COCTABBI CUCTEM:

Cucrema ¢ ypankugHOypeTaHOBBIM JIAaKOM: Criop = 15 %, Chag = 3 %, Cno = 82 % (B pacTBOpE),
T =60 Mmua — N = 7100.

Cucrema c¢ nenradraneBbiM 1akoM: Criox = 20 %, Crag = 3 %, Cy, = 77 % (B pactBOpe), 7= 50 MUH —
N =3900.

[Mo pe3ynbTaram 0alaHCOBBIX OIBITOB, BHITOJIHEHHBIX C JIAKOKPACOUYHBIMU KOMITO3HIMSMH JIBYX yKa3aH-
HBIX COCTaBOB, YCTAHOBJICHA YIOBJICTBOPUTEIBHAS CXOIUMOCTD B ITPOTHO3UPYEMBIX M MPAKTUYECKUX 3HAYCHH-
sx N; CpeTHeKBaIpaTUYHOE OTKJIOHSHHUE TS ABYX PACCMOTPEHHBIX IPUMEPOB He mpeBbimaet 1,2 %.

C y4eToM MpoBeICHHBIX UCCIICIOBAHUI MOYKHO 3aKITIOUYHTH:

1. B orcyrctBue [IAB (Crag = 0 %) obIiee 9nciio 9acTHI] MATMEHTa B CUCTEME C alTKUIHO-YPETaHOBBIM
ieHkooopazyromuM (N = 3000) npeBavpyeT HaJl TeM Ke TIoKa3aTelieM Jie3arperaiyuy B CUCTEME ¢ TieHTad-
TajyeBbIM JJakoM (N = 2150).

2. Ilpu onnux u Tex xe pacxonax IIDIIA (Chag = 2 %) n copepxanun quokcuaa turana (Crio, = 6 %)
HanOoJIbIIIee YUCTIOBOE 3HaUeHne AN (um3MeHenne N oTHOCUTENbHO cucteM 0e3 [TAB) HabmromaeTcs B cuc-
TeME ¢ aJTKUTHO-YPETaHOBBIM TUIEHKO0OpaszytomuM u coctaisieT 2000 miT.

Takum 00pa3oM, UCIOIH30BAaHHE MATEMATHYECCKOTO MOJISIIMPOBAHUS MPH ONTUMU3AIMHA COCTABOB Jia-
KOKPACOYHBIX MAaTEPHAJIOB IMO3BOJISIET YUECTh BIMSHUAE COBOKYITHOCTHU BCEX (PAKTOPOB Ha MPOIECCHI AUCIIEP-
THpOBaHUs U nojo0path penentypy JIKM, obecreunBaroniyro TEXHOJIOTHYECKOE Ka4eCTBO MAaTEPUAIOB U
(opMHPYEMBIX UMH MTOKPBITHH.
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A.H.dwopsruna, H.C.Makcumos, K.A.OctpoBHO#

JlakmneH 0osiyIFaH KOMIO3UIMS KYPAMBIH OHTAWJIAHABIPY Ke3iH/ie
0oJiKay-1eTepMUHHMPJICHTeH KOCIIapJiay diCiH KoJIIaHy

Makanaga 6omKaM-IETCPMUHHUPIICHTSH JKOCTIApiayabl KOJNJAHY apKbUIbl MeHTadTambli JKOHE AalKHATI-
ypeTaHasl JakOosy KOMIO3HLMSUIAPBIHAA OeHOPraHUKAIBIK MUTMEHT TUTAH AMOKCHAIHIH IHCHEPrUPICHY
YPAICiHIH MaTeMaTHKaNbIK YIrici KypacTelpbUiFan. MareMmaTHKanblK YITiHI LIelly Heri3iHie Jak-0osy
KypamaJap/iblH OHTaKIIbI JKYMBICHI QHBIKTAJIFaH.
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Using the method of probable-determined planning at optimisation
of a compound of lacquered dye-stuff compositions

With application probabilistic deterministic planning the generalized mathematical models of process of
dispergating of an inorganic pigment the titan's dioxide in pentaphtol and the alkid-uretan paint and varnish
compositions are constructed. On the basis of the solution of mathematical model optimum expenses of paint
and varnish components are established.
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Selection of depressor additives for transportation
of high-viscositive Kazakhstan oils

By the «cold finger» method were deposited asphaltene-gum-paraffin deposits (AGPD) of Kumkol oil at
different temperatures. Their quantity, composition and also efficiency of inhibition of AGPD by depressor
additive Dewaxol TM was determined.

Key words: oil, asphaltene-gum-paraftin deposits, rheological properties, depressor additives.

The problem of fight against the asphaltene-gum-paraffin deposits (AGPD) of oil in world practice
arose more than 120 years ago and till today remains actual. Due to the steady reduction of reserves of light
crude, come to processing heavy oil, enriched with high-melting paraffin hydrocarbons, gum and asphaltene
components now. Got in the territory of Kazakhstan oil are high-paraffinic, along with alkanes of a branched
structure also contain a lot of normal structure paraffin. The last are characterized by higher values of tem-
peratures of hardening, as defines deterioration of such properties as mobility and viscosity.

Oil deposits are the complex mixture of the high-molecular hydrocarbon compounds containing alkanes
of 12-86 % (paraffin, naphthenes, ceresines), gums (1-20 %) and asphaltenes (0,545 %), oil oddments (33—
41 %), water (0—-80 %) and inorganic inclusions (0-37 %) (salt, sand) [1-4].

The improvement of rheological properties of oil under the influence of an additive allows solving the
practical problems of a pipeline transportation. The main advantage of application of additives is stability of
improvement of rheological properties of oil on all way of driving from a well face to oil refineries even in
the composite climatic conditions. However, depressants and inhibitors, which are used now are not effective
enough and do not possess the balanced properties. Besides, there are no generalizing recommendations
about their application depending on physical and chemical characteristics and component composition of
oils in literature.

The goal of this work is the research of rheological behavior of high-paraffinic oils (HPO) and selection
of efficient polymeric depressor additives for prevention of AGPD sediment on internal walls of oil pipe-
lines.

Experimental part

The Kumkol oil is characterized by high content of paraffin, and comparably low content of gum and
asphaltenes. Therefore, the temperature of flowability loss (T} of Kumkol oil, which is in charge of oil tran-
sition from free-dispersible in a bound and dispersible state, is high enough, which is caused by the high con-
tent of paraffin (Table 1).

Table 1
Component composition and rheological parameters of Kumkol oil
Density, o Kinematic viscosity, N o 0
ke I (at 20 °C) Ty, °C /s (at 20 °C) Paraffin, % Gum, % Asphaltenes, %
815-818 +6/+9/+12 8-13 12-14 5-6 to 1

Rheological characteristics of Kumkol oil (shear stress of 1, effective viscosity of 1, dynamic ulti-
mate strain of shift of 1, flowability coefficient Ky) are presented in Table 2.

From the data presented in table 2 follows that there is a direct dependence of values of shear stress, ef-
fective viscosity, dynamic ultimate strain of shift on temperature which is caused by reducing contents of
paraffin in oil. Oil of a field Kumkol in temperature range 20—50 °C keeps the Newtonian behavior though is
in a free-dispersible state.

By chromatographic method we determined content of normal alkanes with number of carbon atoms
from C4 to Cy4. It is revealed that the main share of n-alkanes in Kumkol oil is the share of group paraffin
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Cy5—C44. Among this group in turn, the greatest percentage is the share of paraffin C;s—Cyy (22,1 %) and
Cz()*ng (32,4 %), and the least — of C3()*C44 (9,8 %)

Table 2
Rheological parameters of Kumkol oil
o 1, Pa n, Pas .
t, C (D -5 Sil) (D -5 Sil) To, Pa Kf, Pa‘s
60 0,055 0,011 0 0,011
50 0,100 0,020 0 0,020
40 0,726 0,144 0,760 0,054
30 3,619 0,717 2,800 0,208
25 18,16 3,595 23,17 0,534

The process of selection of AGPD of petroleum crudes and the oil subjected to thermal treatment (TT),
was investigated by means of the «cold finger» installation modeling of sedimentation process of AGPD on a
long distance pipe line (Fig. 1).

cold water Cryostat

(W]

=N

- -

Figure 1. The scheme of the installation modeling of AGPD sedimentation

- / Thermostat

hot water

During the work a steel core cooled up to the temperature which is approximately 3 °C lower than oil
Ty In a glass 350 ml of the oil was poured with a temperature variation from 60 to 20 °C. The AGPD, which
have dropped out on a cold steel surface, were removed mechanically and analyzed on a chromatograph.

For a choice of efficient additives the screening of 11 reagents (additives) on ability to depress tempera-
ture of loss of flowability of Kumkol oil was carried out.

The experiment made as follows:

Oil of a field Kumkol was heated to the temperature of 60 °C and thermostated within 30 minutes, then
entered into oil heated solution of an additive (concentration of the active substance 200, 500 and 1000 ppm)
and again thermostated oil within 20 minutes. Then, the oil was cooled on air and the temperature of loss of
flowability was measured.

Results and discussion

Results of the researches ASPO allocated from oil without processing and after processing with addi-
tives are presented in Tables 3—4 and in Figure 2.
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Figure 2. The molecular-mass distribution of paraffin in the allocated AGPD
on a «cold» core (core temperature 6°C) from Kumkol oil

Table 3
Quantity of AGPD allocated from Kumkol oil (without processing)

Ne Toit, °C | Thinger, °C | AT, °C lll;/[g;}s;fg %Trﬂi;l; (1)15 Téfg?‘;? Appearance

1 60 6 54 6,6 23,4 Solid, dense, compact-grained

2 50 6 44 4.8 19,9 Solid, dense, compact-grained

3 40 6 34 7,8 13,7 Solid, friable, coarse-grained

4 30 6 24 7,2 11,1 Solid, coarse-grained

5 20 6 14 7,8 8,6 Friable, fluid at room temperature

The depressor activity of additives was compared to the activity of an additive DMN-2005 (a depressor,
copolymer of ethylene with vinyl acetate of production of NPF of «Neftehimtekhnology» Kemerovo).

From the number of studied reagents the Dewaxol TM can be distinguished as a depressor additive. Its
200 ppm input in Kumkol oil was accompanied by fall of temperature of loss of flowability of oil to 0 and
-3 °C.

The selection of AGPD of Kumkol oil, wrought at 60 °C with addition of the depressor additives
DMN-2005 and Dewaxol TM, investigated by means of the «cold core» installation.

Results of research are presented in Table 4.

Table 4
Change of AGPD quantity from Kumkol oil after processing by additives
Change of AGPD quantity, g

Sample 1 day 3 day 5 day 10 day 20 day
Kumkol oil TT 60°C (500 ml) + DMN
(0,1 ml or 200 ppm of active substance) 47 47 >0 >3 3
Kumkol oil TT 60°C (500 ml) + Dewaxol TM
(0,1 ml or 200 ppm of active substance) 4.9 >0 3 33 >8
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These additives showed the following values of inhibiting power:

Depressor additive DMN-2005: Ipyn-00s = 27 %.

Depressor additive Dewaxol TM: Ipeyaxor v = 25 %.

Therefore, the additive Dewaxol TM on value of inhibiting power slightly concedes to the additive
DMN-2005.

Thus, the usage of depressor additive Dewaxol TM (produced by Mirriko company, Kazan), consisting
of nonionic surface-active substances and polymeric compounds in alcohol-aromatic solvent can be suggest-
ed. Inhibiting action of this additive is explained by blocking of crystal growth of paraffin in phase boundary
model system — a «cold» core at the expense of what considerably decreases quantity of paraffin sediments,
chill point and improvement of rheological behavior.

The molecular-mass distribution of paraffin in the allocated AGPD studied by method of the gas chro-
matography is presented in Figure 2. From the presented schedules correlation between results of chromatog-
raphy and laboratory analyses is visible. For investigated oils the following tendency is characteristic — re-
duction of a difference between oil temperature and temperature of a steel surface of a core in the course of
allocation of AGPD on a «cold» core leads to change of the contents long-chain and short-chain paraffin in
AGPD. So, the contents in AGPD is short-chain (to Cs) alkanes increases with reduction of temperature of
investigated oil. In samples of AGPD allocated from oil at high temperature long-chain paraffin prevails (Cso
above).

Visual supervision and the analysis of component composition showed that the sample of AGPD is non-
uniform on a consistence and is divided into firm and friable components. The firm part which is densely
linked to a core differs in lack of mechanical impurity and the low maintenance of asfaltenes and gums.

The content of paraffin in firm part of AGPD is lower, in comparison with a friable component. How-
ever, according to a chromatogramm, in firm part the greatest content of long-chain C,,—Cyg paraffin is ob-
served. This paraffin also drops out first of all on a core surface, forming the firm, difficult deleted layer.
AGPD samples which are dropping out on an internal steel surface of the pipeline consist from dense it is
difficult for the deleted part and more friable and easily deleted part.

Conclusion

Thus, if to consider the obtained data within real process of transportation of oil, it is possible to draw
the following conclusions:

Loss the long-chain paraffin crystallizing at high temperatures happens at the initial stage especially in
case of a big difference between temperature of oil and a wall of a pipe. Thus the quantity of AGPD will be
small, but these deposits will represent dense hard-to-remove mass.

For the prevention and decrease in loss of such AGPD it is possible to recommend, not to allow receipts
in the oil pipeline with high temperature (50—60 °C) without having achieved decrease in temperature to 30—
40 °C.

At a small difference between temperature of oil and a wall of a pipe there is a loss of bigger quantity of
AGPD. Data of AGPD will represent more friable easily deleted deposits (owing to the high contents the of
short-chain paraffin and asphaltene-gum substances and rather low content of long and chain paraffin). For
the prevention and decrease in loss of such AGPD the depressor additive combining qualities of inhibitor of
paraffin deposits [5] can be used.

It is established that application of the depressor additive Dewaxol TM by quantity of 200 ppm allows
reducing the quantity of AGPD by 25 %, and allows Kumkol oil to behave as the Newtonian liquid at sub-
zero temperatures. It is defined that the effect from the additive Dewaxol TM remains the for long time after
the input. It is also observed both for values of temperature of loss of flowability, and for rheological param-
eters. Effectiveness of an additive remains 10 days, then, the slight deterioration of cold-fluid properties is
observed. The high difference between temperature of oil and temperature of a steel surface (more than
30 °C) promotes the formation of dense, difficult deleted APPD on a metal surface. For decreasing the mass
of AGPD formed at transportation of high-paraffinic oils on steel pipelines, and increasing of a share in them
friable, easily deleted sediments, it is recommended to support a difference between temperature of oil and a
pipeline wall no more than 20 °C and a turbulent mode of a current.
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b.X.Myca6aeBa, JI.K.Opa3z:xanoa, C.E.Kynaiibeprenos, /[.C.KacsimbaeBa

7Korapsl TYTKbIP Ka3aKCTaH MYHABIH TACHIMAJIIAY
YLLIiH JenpeccopiibIK KOChIMIAP TaHAay

Maxkanaza «cyblk mm» oficiMeH KyMmkesl KeH OpHBI MYHaWbIHBIH KYPaMbIHAAFbl ac(aibTeH-IIaibIp-
napadunni meringinepain (ALIIII) menmepi MeH KypaMsl op TYpili Temmeparypana seprrengi. Conmaii-ak
Dewaxol TM nenpeccopiibik KocbIMBIHBIH AL wHrHOMpIIey THIMIUTITT aHBIKTAIIbL.

b.X.Mycab6aesa, JI.K.Opa3zxanosa, C.E.Kynaii6eprenos, I.C.KacrimbaeBa
IMondop nenpeccopHbIX MPUCATOK AJIs1 TPAHCHOPTUPOBKH

BbICOKOBSI3KOI Ka3aXCTAHCKOM HeTH

B cratbe METOZOM «XOJOIHOTO CTEPIKHS» OBUIM OCaXIEHbI ac(abTeHO-CMOJIO-NIapa)MHOBbIC OTIOXKCHUS
(ACIIO) nedtu Mmectopoxaenus: KymMKonp mpu pa3nudHbIX TEMIICPATypHBIX peXHMax. BeUiM ompenerneHsl
X KOJHMYECTBO U COCTaB, a Take dpdexruBHOCTs mMHrnOmposanus ACIIO nempeccopHoil mpucankoit
Dewaxol TM.
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