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XPOHUKA

OPI'AHM3ATOPY U ITIEPBOMY NIPE3UJIEHTY
AKAJIEMMH HAYK KA3AXCKOM CCP, AKAJJEMUKY
KAHBIIITY UMAHTAEBHUYY CATIIAEBY
120 JIET

B wuione 1962 r. mabGopaTopuio MOHOOOMEHHBIX cMOJ MHCTHTYTa XUMH-
yeckux Hayk AH Ka3CCP nocerun nepsriid [Ipesunent AH Ka3zCCP, akanemuk
AH CCCP K.M. CarnaeB u noapoOHO O3HAKOMWIICS C pe3yJbTaTaMyd HaydHO-
Hcclen0-BaTeNbCKux paboT. Ero conpooxkaanu aupekrop MHCTUTYTA, akageMUK
AH Ka3CCP A.b. bexrypos, akagemukun AH Ka3CCP J.B. Coxonbckuid,
C.P. PadukoB u M.U.T'opsieB. Bo BpeMst nx pa3roBopa 0 pa3BUTHHU UCCIIEAOBaHUI
MOHOOOMEHHBIX CMOJI 1 MeMOpaH cTylieHT E. Eproskun cTaBuil SKCIIEPUMEHT I10
cuHTe3y noj Tsaroi. Kaneim MiMaHTaeBHY MOCTOSIHHO MOTJIABIBA B €70 CTOPOHY.
E. Eproxun ObU1 €IMHCTBEHHBIM MPEACTABUTEIECM KOPEHHOW HALIMOHAIBHOCTH B
atoit maboparopun. Ilocie 3aBepmenus oocyxaeHus Ilpesuaenr AH KazCCP,
akanmeMuk AH CCCP K.U. Carmaes mojomen K HEMY, MO3JOPOBAJICS, CKa3al:
«CMOTpIO, B MEIIKE STYMEHS BBl — €IMHCTBEHHOE 3EPHBILIKO IMIICHULBD), 3aTEM
cupocwst UM U Mecto yuebpl. Korma on orBermn, uro mms Enun m sBnsercs
cryaentoM [V kypca xumuueckoro ¢axyisrera Kas['V um. C.M. Kuposa, [1pe3u-
JICHT, YJbI0asch, ckasan: «A, Bel — crynent baramay (Tak mOYTHTENBFHO HA3bI-
Banu aekaHa bareipOexa AxmeroBuda bepemkaHoBa yBaxaeMmble JOAM). OJTa
Obuta mepBas BcTpeda E. EproxknHa ¢ BBIIAIONIAMCS  YYCHBIM-TEOJIOTOM,
opranuzaropom Hayk, nepBeiM [Ipesupentrom AH Ka3CCP, akanemumxom AH
CCCP Kanpiiem UmantaeBuuem CatnaeBbiM. [Ipomiasics, oH noxenan CTyAeHTY
LIEJIEYCTPEMIIEHHO, YIOPHO W HACTOWYHMBO TPYAHUTHCA B HAYKE W 3aHATH IEpe-
JIOBBIE MO3UIIMH CPEAH CBOMX KOJUIET. DTH CJIOBAa BEJIHKOTO YYEHOTO MPO3BYYaIN
KaK Ha3WJaHHe, 3alald B AyIly MOJIOAOTO MCCeNoBaTens U JOCTOWHO BEIH U
BEIYyT MO TEPHUCTOMY ITyTH HAYKH.

Bropas Bctpewa E.E. Eproxuna c¢ Kansimmem HwmanraeBnuem mpormnia
22 cents0ps 1963 roma mocne 3adyMCIEHUs €ro B acnupaHTypy MHcTHTyTa
xummdecknx Hayk AH Ka3zCCP. B To Bpems Obuta Tpagunus — MOCTYNHUBIIAM B
acIMpaHTypy, YAOCTOBEpEeHWs Bpydan caMm llpesngeHT axkajgeMuum Hayk
Kazaxckoit CCP B cBoeM kabuHeTe, 4TO OBIJIO OYEHb MOYETHO U OTBETCTBEHHO.
Korga noxyment Bpyuanu E.E.Eproxuny, Kaneimn MMantaeBud BCIIOMHHII €rO,
YIBIOHYJICS, KPETTKO TIOXKAaIl PYKY, ITOKENall TaTbHEUIINX yCIIEX0B.

[Mo3anee, paboras BHUIE-MHHHUCTPOM HAyKd W BBICHIETO OOpa30BaHUS
PecnnyOonuku Kazaxcran, nupekropom WHCTUTYTa XHMHUYECKMX HAyK HMEHHU
A.b.bektypoga, E.E. Eproxxun BeicTynan Ha MexayHapoaHOH Hay4YHOU KOH(]e-
pentuu, nocesimennoi 100-netuto co aus poxacHus K.M. Carnaesa, pacckazan
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00 3TOl BCTpeue C BBIAAIOMIMMCS YYEHBIM, OPraHH3aTOPOM AKaJeMUH HayK
Ka3CCP, nepseim [Ipesunentom, akagemukom AH CCCP. B 3ane naxomuncs u
CJIyIIall BeICTyIJIeHue HapoaHblid noatT Kakumbek CanbikoB. Bo Bpemst nmepepsiBa
on nmopoiuen k akagemuky HAH PK E.E. Eproxuny u nogai nuct Oymard, rae ot
pyku OpuIo HammcaHo ctuxorBopeHue «Kanpim-ara ceniMi» (Exin Eproxunre),
KOTOpOE MO3Ke OBUIO OMyOJMKOBaHO B €ro KHHUre «KaHBIMHBIH >KakChl Kep-
red amamaapbl (ApHay eJjeHIep, dKcmpoMTrap, OaTa, ToiFayjap)y». AJIMaThI:
«ADCH». 2001. b. 66-67.

KAHBIII-AFA CEHIMI
(Exin Epro:xunre)

¥YIIBl aJaMMEH CTYIIeHT XKY3AECKEeHi,
¥ MBITTBIPMAC TOTUITTI CBIP AECTEHI,
EproxnHMeH TepTiHII KypCTaFhl,
Kanblm-ara TaHJaHTThI TUIIECKEHI.
JKanblH aTKaH CTUNCHAMAT aJFBIp e,
XUMHALIBUT TYBINTHI KaH, XKYperi.
Kapmanaiinan ma0bIcka KbI3BIT KETTi,
Hawmpicer 6ap aybpUIIBIH call KYpPEHi.

WucturyTKa 6ip KyHi Kansmm kenmi,
Xumusira [Ipe3uieHT MoHic Oepi.
Kepe, kepe KaHBIKTHI

Kem kyThina,

3aThl eNATIHI 3BIM3US O/ICTEP/Ii.
KeH cetinecin, KanekeH yHi myak,
Op cysiaMe TaHbIcca CHIPBIH Cyparl,
IIsimKaii eBpetit...

Bip opsIic emre nie koK,

Ke3 KyaHTThI «Kapa Ke3» IKbUIbI
YIIbIpAI.

Hepycanumue agackaH )ajFbl3 Ka3ax,
XKapk erkenyeit KyObIIbIC HaFbI3 FaXKaIl.
Fruibim »aiinel oHriMe ToJiacraca,
Kewnin 6eni iHire MaHbI3 JKacarl.
«EciMiH KiM 0aThIpbIM?» — 1€/l AaHa,

— Enin — neni akcaps! anFbip Oana.

— «TamabbiHa HYp >XayCbIH, TaOaH/BI
6o,

Frutem cizbeH mocracap coHna FaHa.
Jlexkenmre rayhaprac Teperzeri,

Tep asimac canTeIHA CEHEM — JIEi.
EBpetinepai epiTceH XUMHUIHMEH,
Opbic, Kazak 030aii/bl CEHEH» — Ae/i.




XUMWYECKHH )KYPHAJI KA3AXCTAHA

YKA3

ITpesuauyma Bepxosnoro
Cosera CCCP

O HATPAJKJEHUM MHCTUTYTA XUMMYECKHUX HAYK AKAJJEMIHA
HAYK KA3AXCKOJI CCP
OPJTEHOM TPYJIOBOI'O KPACHOTO 3HAMEHU

3a sacnyru B 06macTi XMMUH M OATOTOBKY BHICOKOKBaTM(MIMPOBaHHBIX
HAay4YHbIX Ka/[pOB HarpajuTh
MucTuTyT Xumuveckux Hayk Akagemunu Hayk Kasaxckoit CCP
opaenom Tpynosoro Kpacnoro 3namenn

ITpencemarens Ilpesupnyma
BepxosHoro Cosera CCCP
H.IIOJITOPHBI,
Cexperaps IIpesuguyma
Bepxosuoro Cosera CCCP
M.TEOPTAJI3E
Mocksa, Kpemnn
13 mapra 1969 1.

B 1969 r. Ha ocHOBe OTAENa OPraHUYECKOr0 KaTallu3a U AIEKTPOXUMHUHU
HucturyTa xummaeckux Hayk AH Kazaxckoit CCP I'epoem ConpaaucTHIecKoro
Tpyaa, akagemukom AH Ka3zCCP JI.B. CokoibckuM ObUT Oprann3oBad MHCTHTYT
opranndeckoro karanusa u anekrpoxumun AH Ka3CCP — B To Bpems BTopoil B
CCCP Hay4yHO-HCCIICI0BATCILCKUN IICHTP B 00JIACTH KaTaju3a.
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HOBBIE YJIEHbI AKAJEMHH HAYK KA3AXCKOH CCP

B cootBercTBUM ¢ 00BsBIeHnEeM Akanemun Hayk Kaszaxckoit CCP 16 sHBa-
psa 1983 r. o mpoBeneHUH BBIOOPOB NEHCTBUTENBHBIX WIECHOB (aKaJEMHKOB) H
wieHoB-koppecnionieHToB AH Ka3CCP coBetamm HaydHBIX YUpEXKICHHH U
BBICIIMX YUYEOHBIX 3aBEJECHUH, T'OCYJapCTBEHHBIMH U OOIIECTBEHHBIMH Opra-
HU3ALUAMH, JEHCTBUTEIBHBIMU UJIEHaMU M 4IEHaMHU-KoppecmoHaeHTamu AH
Ka3zCCP Obutn BBIIBUHYTHI W 3aperucTpupoBaHbl Akagemuell Hayk Kazaxckoit
CCP 26 xananaaToB B IEHCTBUTEIHHBIC WICHHI (akaneMuku) U 90 KaHAUIATOB —
B wieHbl-koppecnonaeHTsl AH KazCCP.

O6mum cobpannem Axagemun Hayk Kazaxckoit CCP, cormacHo ee Ycrany,
Obumm w30pansl 12 pelictBuTensHBIX wieHOB (akamemukoB) AH KasCCP u
24 gynena-koppecnongenta AH Ka3zCCP.

JEWUCTBUTEJbHBIE YIEHDBI (AKAJEMUKH) AH KA3CCP

Omoenenue ghuzuxo-mamemamuieckux Hayx
Cynranraun YMup3ak MaxmyToBHY (MaTeMaTHKa)

Omoenenue XuMuKo-mexHon02U4eCKux HayxK

Hagupos Hamup Kapumoud (HedTexumus)

Cysopos bopuc BukropoBnd (opranndeckasi XUMHsI)
KoxxaxmeTtoB CyntanOek MpIp3axMeTOBHY (METaJLUTypIHs)

Omoenenue 6UON02UUECKUX HAYK

Boposckuit Bnagumup MuxaiiinoBud (TOYBOBE/ICHHUE)
WnsaneranaoB Anshapun HuzamoBny (MUKpoOHOTOTHS)
AliTxoxuH MypaTt AGeHoBHY (00111ast ONOIOTHS)

Omoenenue 00uecmeeHHbIX HAYK

Ao6munsauH XKabaiixaH (pumocodus)

baitmaxanoB Mypar Tamgxu-MyparoBud
(rocynapCcTBEHHOE MIPABO U COBETCKOE CTPOHUTEIHLCTBO)
AmmmM6OaeB Tyiime0aii (3KOHOMHKA)

AxmeToB 3aku AXMETOBUY (JTUTEPATyPOBEICHHUE)
KatizapoB A0ay-Anu Tyran6aeBnd (sS3IKO3HAHHE)

YJIEHBI-KOPPECITIOHJAEHTBI AH KA3CCP

Omoenenue u3uKo-Mamemamuieckux HayxK

KaceimoB Kymka06aii AOIbIKAJIBIKOBUY (MaTeMaTHKA)
Booc Dpuct [NepOeproBuy ((pr3rka BBICOKUX SHEPTHIA)
YacuaukoB WBan fkoBneBny ((prusrka BHICOKUX YHEPTHIA)

Omoenenue nayk o 3emne

EpmexoB MaraBbs AnMxaHOBHY (T€0JIOTHS)

HypneibaeB A6npaxman Hypisibaesud (reosorus)

HuapoB MydTax (reosorus 1 reOXuMusi HepyAHBIX MECTOPOXKICHUH )
Atitanues [lImuar MycaeBud (TOpHOE J€II0)
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Pakumes basia (ropHOE 1€70)
Uynakos [lanrepeii YynaxkoBud (TopHOE J1€710)

Omoenenue XuMuKo-mexHon02U4ecKux Hayx
Eproxun Enun EproxaeBnd (opraHuyeckas XUMUsI)
BextypoB Ecen AbukeHoBnY ((prusmueckas Xumus)
MynnaxmeToB 3aiiHyia (pu3nuecKast XUMus)
Abumes [Ixxantope Hypiaanosuu (MeTammyprus)
3a3youn Apkanuii IBaHOBUY (MeTayLTypris)
OwmapoB Amum KypambaeBrnd (MeTamuryprus)

Omoenenue 6u0102U4€CKUX HAYK
Baiitynun Mca OmapoBuy (OoTaHMKa)
MacenoB Tyneren MaceHoBHY (300JI0THSA)
AnmeB MyxTap AnneBnd (XUPyprHs)

Omoenenue 0061eCmeenHbIX HAYK
Acpii0exoB Manuk-Agap XaHTeMUupyJisl (HCTOPHS)
KyBansbimeB Apucnaii (3KOHOMHUKA)
KomranoB Amanykon KomanoBuy (3KOHOMHUKA)
HepOucanua AHyap (JIuTepaTypoBeICHHUE)
Kabnynos 3eiinyina KabaynoBuy (ureparypoBeeHne)
Capsi0aes lllopa [llamranueBud (S36IK03HAHAE)
Becmuux axademuu nayx Kazaxcxoti CCP. —1983. — Ne 6. — C. 37-38.

22 wurons 1989 rona cocrosutocs O6mee coopanre AH KazCCP. B cootser-
ctBun ¢ o0bsiBiieHueM AH KazCCP ot 12 mas 1989 1. o npoBeneHnu BHIOOPOB
akameMuKoB W wWieHOB-KoppecmoHaeHToB AH Ka3CCP OwuH BBIABHHYTHI H
3aperucTpupoBanbl 34 KaHIuWgaTa B JIEHCTBUTEIHHBIC WICHHI (aKaJEMHKH) H
272 xanmuaara — B wieHbl-koppecnoHaeHTel AH Ka3CCP. O6mmM coOpannem
Axanemun Hayk Kazaxckoit CCP u3bpaHsi:

AelicTBUTELHBIMU wieHaMu (akagemuxamu) AH Kazaxckoit CCP:
Awmep0OaeB B.M., Ko3eibaes M K., Amues M.JI., Kabaynos 3.K, barranosa IlI.,
Mynnaxmeros 3., baiitynun 1.0., Oxonosuu B.H., Eproxun E.E., Ceigeixos XK.,
Komanor A.K., Cynetimenos P.b.

wieHamMu-koppecnonaentamu AH KazCCP:

A6muneina M.M., XKypunoB M., Anuno K.H., Kanmemenos T.III., Axmaryin-
mmaa H.b., KypckeeB A.K., AxanoB XK.VY., Jlasytkua A.I'., AnteraOexoB b.E.,
MyxkameB b.H., AmmmoB A., Mam6etkazueB E.A., bines H.K., Mycaes K.M.,
Baiirynuexos K.K., Hypramues P.H., bakenoB M.M., Hypneucos K., beii-
cembOaeB b.b., Heicanbaes A.H., bemapes C.A., Opmanraes K.C., bepaunbaes P.,
Otenbace M., [IpoOxkes B.H., [latamaxa E.U., Jlocxkanor T.H., Cama B.A.,
Epumn H1LE., Cesepckuii U.B., Ky6anos K.A., Canapranues I'., Caragues K.A.,
Ycrumenko B.II., TonmmbexoB M.M., ®uankoB b.C., Typkebaes 3.A., Illaii-
xytnuHoB E.M., Vanues I'.

Kaszaxcmanckas npasoa. — 1989, 22 wrons. — C. 114-115.
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IIpesnaenty Pecnybankn Kaszaxcran
-H.A.HASAPBAEBY

I'nyGokoysamaemsblii Hypeynran AGumesny!

51 rnybGoko Tpouyr BamMM BHUMaHueM, CTOJL  3aHATOIO
YyeloBeka, KO MHe, K crapoMmy Oo0JbHOMY YUYEHOMY, JKHUBYLLEMY
BOCTIOMMHAHUSMU M HAJIeK 10/ YBUETh CHOBA OOJIBIIYIO HAYKY HOBOIO
cyBepenHoro Kazaxcrana. Co cBoeii ctopousl, s kejaaw Bawm, Baueii
cembe B 3TOT HcTopuyeckuii HoBblii roa cuacrbs, 6aarogeHcrems,
yCIieX0B BO Beex Jeiax H HaunHauusx. Bepio, uTo HOBLIH Bek Oyaer
NePeIOMHBLIM H Kazaxcran NPOAOJIAHT CBOC AKTHBHOC ABH/KCHHE B
pPHALI BLICOKOPA3BHTRIX CTPAH MHPA.

I'ny6okoysakaemeilt Hypcynran AOGHIIEBHY, HACKOIBKO 3TO
BO3MOXHO, s CJIEKY 33 X0J0M pe()OpM B IKOHOMHKE, B OOLUECTBEHHO-
NOJIUTHYECKOH JKH3HK pecnyOnMKHM u, ocobeHHo, B cdepe camoro
JIOpPOroro Ajsi MeHs — Haykd. Sl o0ecnokoeH Tem, 4TO C NEepexoaoM B
apyroe munucteperBo B.C.1LkonbHMKa, BHICOKOOOPAa30BaHHOIO YHUEHOTO
M MpeKpacHoro vesioBeka, U ¢ oObeIMHeHHeM ABYX OBIBLIMX aKaaeMuid ¢
MHOTONpo(HILHLIM 00pa3oBaHMEM, pOJIbL Haykd Oyler 3HaYMTENbHO
[IPHHWKEHA. Y4Yenble —cneuH(pHYecKas CJI0KHAsI ¢peaa, pYKOBOAHTh
KOTOpPOH MOKeT TOJILKO NPH3HAHHBIN B MHpe HAYKH YYeHBIH W
opranuzatop. Kak MHe W3BECTHO, 9TOrO CEroHfA HET, MOCKOJbLKY BO
rmape HaykK cranug JogH, HE HMEKIITHE HH Hay4HOIo, HH
[e/JarorMYeckoro onpita, boiwock, 4TO 'Bce, 4TO YAANOCh COXPAHUTE,
HeKBaJIM(DHIIMPOBAHHBIM PYKOBOJACTBOM B 3TO TPYAHOE BPEMS MOKET
ObITE yTepsHO 6e3BO3BPATHO.

51 He uMen vecTH OOLUEHHS ¢ HOBBIM MHHHCTPOM, HO BCTPEUH CO
MHOTHMMHM YYEHBIMM MOATBEPXKJAOT Moe onaceHue. Tak, Hamepenue
cpouHo nepesect Jlenaprament Hayku u BAK B Acrtany ycloxHuT
JKM3HB YHYCHBIX, 3aCTaBHT pykoBoauresneid Oosee 50 MHCTHTYTOB M
AECATKOB BY30B Anmartel 1Mo KaxaoMy nosoay €3/1HTb B CTOJIHIY, HTO
IKOHOMHYECKH HeBbiroano. Jla u eiausnue pykosoactsa MunuctepcTBa
Ha HUX OyJleT CHUIKEHO.

K coxanenuto, npe3ujieHT Bo3poxiaeHHol BaMn Akajlemun Hayk,
KaK MHE TroBOpAT, HC HMeEeT HHKaKHX cBa3ei M BIMSIHMA Jaxe cpeli
YJIICHOB AKE}],E‘MHH, HH TO 4TO Obl onpeuensaTe o OTCTAHBAThH
CT[JHI'(‘:I'HHCCKHH NyTh KOHCOJIMNALMK W pa3BUTHA HayKH. Oua, B
orauune or Bac, Hypeyaran AOumeBnw, He Hamia 0 CHX MOp
BpeMenH, YT00ObI NOHHTEPECOBATHCH KHIHBIO OCTABUINXCH HEMHOIHX
BETepaHoB AKaJCMHMN.

11
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pocrure mens, Hypeyaran AOuineBH4, HO MHe KaKercs,
4yTO cama Ku3Hb Tpebyer cozpanus Ha 6aze HAH PK, JlenapramenTa
vaykn 1 HAIIAHU eannoro camocrosrenbHoro I'ocyaaperBennoro
oprana ynpasJjenust B ¢dopme ArenrcrBa Haykd, Komurera nmdo
Haumonaasnoro llentpa ¢pysnameHTaabHbix HecaenoBanmii. Hayka
HYKIAeTCsi B CPOYHOM H CEpPbe3HOM ped)OpMHPOBAHMH, 4HTOOBI *He
NOJUIepKHBas BeChb  TPAJAMLMOHHBIH  CHEKTp  HCCJeJ0BaHHH,
COCPEJIOTOYUThH HEe3HAYHTENBHbIE CPE/ICTBA M KaJIpbl Ha Pa3BUTHU Y3KOIO
Kpyra I[pH3HaHHBIX Haqub]X mwkon. M npu  3TOM  BOIpOCHI
PecTpyKTYpu3auuu, npusatusauuu M obbesunenus HHUKW u  By3os
JOITKHEI peLIaTeCs KBMH[I)H[alDBaHHO H nmo [pU3HaKam
Lies1ecoobpa3HOCTH, a He pajiu peopm. _

Moe mHeHHe - BCE 3TO MOKET CJlielaTh OJIMH YEIOBEK —
akagemMuk HAH PK Eproxun E.E., koTOpBIii Beell cBOEH AeATENbHOCTBIO
onpas/an Bae u Hallle loBepye Ha MOCTY BHLE-MHHUCTPA. S| MHOTO JieT
CJICKY 3@ €ro pOCTOM M YBEpeH, YTO TOJBKO eMy IO IjIedy 5TO TpyaHoe
Jieno.

Takosel, Hypcynran AOuIIeBHY, MOH MBICIH CHJISALIErO JlOMa
yeloBeKa, He MMEIOIero HHUKakoro JIMYHOrO HHTepeca, KpoMme
IIPoLBETaHUs MOEii CTpaHbl H HAYKH.

Eme pa3 wu3BuHHTE 3a OECNOKOMCTBO, JJIMHHOE [HCbMO,
NpeulokKeH s, KOTopble, Bepto, Bbl npaBuibHO noiimere, Tak Kak OHH
co3By4Hb! Bammm genam B obnactu Hayku.

Ilyers Bosposaennasi CarnaeBckast nayka B 21 Bexe Oyaer
6ojiee akTHUBHON H riaaBHoii onopoii Bam wu IlpaBuTesnbcTBy B
nocrpoeHun Hosoro Kazaxcrana.

C MCKpeHHUM YBaKeHHEM,

Xa/lpIK KaxapMaHbl,

akanemuxk HAH PK HI.Yokun

29 nexabps 1999 r.
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YKA3
Ilpe3uoenma Pecnyonuxu Kazaxcman

O Mepax Mo coBepIICHCTBOBAHMUIO CHCTEMbI OPTraHN3aMHA
HAY4YHOI feATebHOCTH B PecmyOninke Kasaxcran

IHHOCTAHOBJIAIO:

1. OnoOpuTh MHULMATHBY BeOylMX ydeHbIX Kazaxcrana o0 oOpazoBaHuU
obmecTBeHHOTO O0BenuHeHUsS «HarmonanbHas akameMus Hayk PecmyOmukm
Kazaxcrany.

2. JIMKBUAMPOBaTh PECHyOJMKAHCKOE TOCYIAapCTBEHHOE  yUpexkKICHHE
«HanmonansHas akanemus Hayk PecriyOmmku Kazaxcrany.

3. Ilpusnate yTpatuBmmM cmry Yka3 llpesmmenta PecyOmmku Kazaxcran
ot 12 ¢espang 1999 roga Ne34 «O HaunonanbHo# akanemun Hayk PecryOnmku
Kazaxcrany.

4. TlpaBurensctBy PecmyOmmku KazaxcraH B yCTaHOBIIGHHOM ITOPSIIKE
NPUHATH HEOOXOMMBIE MEPHI TI0 pealln3allii HACTOSAIECTO YKa3a.

5. KoHTposp 3a HCIIOTHEHHEM HACTOAIIETO0 YKa3a BO3JIOKUTh HAa AJIMUHH-
ctparuto llpesunenra Pecrybnmku Kazaxcran.

6. Hactosmmuii Yka3 BcTymaer B CHITy CO JIHS TOJIMCaHuUS.

IIpesnpent
Pecnyoiuxu Kazaxcran
H.A. Ha3ap06aeB

Acrtana, 21 oxktsa0ps 2003 roga
Nel1208

HN30pannbie nociae 3Toro Ykasa Ilpesugenta PecnyOimkn Kaszaxcran —
Jlunepa nauuu Hypcynarana AoumeBu4ya Hazap6aema, Ilpe3sunent, Buile-
Npe3n/IeHThbl, aKaJeMHMKH W YJICHBbI-KOPPeCHOHAEeHThI cTaHOBATcA Ilpe-
3U/ICHTOM, BHIe-MIPe3UIeHTAMHU, aKaJeMHUKAMH H YJIEHAMH-KOPPEeCHOH/IeH-
TaMH oO0ulecTBeHHOro o0bequHeHusi «HaumuoHanbHasi akageMHusi Hayk
Pecnyonuxu Kazaxcran» (cokpamenno OO «<HAH PK»).

13



XUMWYECKHH )KYPHAJI KA3AXCTAHA

¢

% HALMOHANDBHbBIA

BUIHEC-PERTUHI
3AKNHOYEHUE
HALMOHANBHOIO BU3HEC-PEMTUHTA
B PECNYBAMKE KA3SAXCTAH
Mcx. 151-18NLG-0201 19.03.2019 r.

YTBEPHAEHO/
MNpeacepare.
HaumoHaneH

t

YBAMKAEMBIN EUN EPFTOMAEBNY!
Hactoauwee 3akniodeHue npeaoctasneHo npeanpuatiio AO "MHCTUTYT XMMWMYECKUX HAYK

WM.A.B.BEKTYPOBA".

Mo uTOram KOMNAEKCHOro PeNRTWHIOBOrO aHanu3a, nposefdeHHoro 8 2018 roay, Bawe

NPeAnpUATME MPOAEMOHCTPUPOBANO BLICOKME Pe3ynbTaTel CPeau Xo3alcTeylowmx cybbexTos

Ka3axcTaHa B csoeii oTpacnu. MccnefoeaHue OCHOBaHO Ha MH(opmaumu ob ynnate Hanoros v Apyrux

obazaTensHbix NaaTexen B Bloaxer.

Pe3aynbrathl Bawero npegnpuATHA:
3 mecmo (3onomo) cpepn rocyAapcTBeHHbIX NpeanpuaTuii Pecnvﬁnukn Kazaxcran no

nokasatenio «06pa3LoBbli HANOTONNATENBLIMKY;

1 mecmo f.?_mamo} cpegam rocyaapcTBeHHbIX NPeAnpPUATHIA . AnMaTsl No nokasatenio «Bknag, e
rocyaapcTBeHHbli Boamers,

Ha ocHosaHMu nokasateneit Baweii opraHM3aLWMW NPUCBOEHO 3BTOPWTETHOE 3Banne «/luaep
roaa 2018». MpecTiHbIA CTaTyc — 3T0 NpU3HaHWe ycnewHocty Bawero BuaHeca v ropAocTb BCero
KONNEKTMBA, KOTOPLI A0BpOoCcoBecTHO paboTaer Ha Pe3yNbTaT M Pa3sUTMe IKOHOMWKK KazaxcTaHa.

Mo38ONLTE BbIPA3UTb HAle yBaeHWe NWYHO Bam Kak pykosoguTenio NpeanpuATMA, KoTopoe
3aHANO NOMETHOE MECTO B PeiTMHIe M NogaeT AOCTOMHLIN NpUMep ApYrum npeacTasuTenam Bawed
cdepol 4eATENbHOCTH.

Mpurnawaem Bac ANA BpydeHWA NoYeTHON Harpagbsl «/uaep roga 2018» Ha emerofHbii

TopecTeeHHbli cbesg buaHec-nnaepos so Jeopue Hesasucumoctu (18 anpens 2019+, AcTtaHa).

UHpopmayua 06 OuyuancHeIX NPOZPAMMOX Ha2paWOeHUA — 80 6n0MeHuu, komopoe Bel

noAay4uau ¢ amum nucemom. Coobuyume, noxanylicma, Bawe pewerue 0MHOCUMENbHO y4acmua:

+7 (707) 866-10-00, +7 (7172) 69-63-77.

Cnposoyxas uvopmoyua
Hauuo.nmnwau‘.‘ GusHec-pedmunz 6 Kasaxcmawe yxe 5 nem nodpad npasodum He: umbiil Hbill pelimuxzoaeil

5

mu np Wi cmp u noddepiuscem npednpuamus-nudepos ¢ Yenwo NONyAApUIaYUY

npospauHo2o U omupsimozo Gusneca, komopeil pafomaem Ha Gnozo PecnyBauku Kasaxcman.

14
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HALMOHAN
BM3HEC-PEWTHHI

TOMN-10
npeanpuaTuii-nuaepos PecnyBanku KasaxcraH, chopmUpoBaHHbIi
Ha OCHOBaHMM GUHAHCOBO-IKOHOMMHECKOTO aHANU3a NPEANPHUATHIA
no nokasatenio «06pa3yoBbIA HaNOrONNATENbLUWKY

PHOCTb NPEANPUATHIA: cpea

OK3g 72.15.5 Mposiue ucciedosarun U paspabomKu 6 OBAGCMU ECMECMBEHHLIX HOYHK U UHMeHepuu
L BN I Mpeanpusrue [or]
30N10TO PEWTHUHIA
110340017483 PITI HA NXB "PECMIYE/IMKAHCKMA LEHTP PAIBUTUA 3APABOCK) 1
970740001408 PI HA NAB "KABAXCTAHCRWI MHCTUTYT CTAHAAPTU3ALMM W CEPTUDUHALIMK (RASMHCT)" 2
061240003649 AD "MHCTMTYT XHMHYECHMX HAYK MM.A.6.GEKTYPOBA" 3
080340006579 AD "WHCTHTYT TONMBA, HATANM3A M 3NEKTPOXMMMM UM.A,B.COKONBCHOMO™ 4
CEPEBEPO PEWTHUHIA
040640001958 PITI HA NXB "MHCTHTYT MATEMATHKW M MATEMATMYECKOTO MOAENUPOBAHMA™ 5
061040002445 PITI HA NXB “WHCTHTYT MUKPOBMONOTMM W BUPYCONIOMMW" 6
PITI HA NXB “MHCTATYT WHOOPMALMOHHBIX W BBISMCAWTENBHBIX TEXHONOTMA" KOMMTETA HAYKM 2
SloTa0z0I2 MMHWCTEPCTBA OBPASOBAHMA W HAYKY PK
EPOH3A PEMTHHIA
040940000603 PIRM “PECMYENMHAHCKWA HMM N0 OXPAHE TPYAA MTC3H PR” ]
040740001644 P HA MXE "MHCTHTYT BOTAHWKW M SHTOWHTPOAYRLIWM® 9
061240005348 PITI HA NXB "MHCTMTYT GMONDTMM M BUOTEXHONOTMM PACTEHMWA" 10
MpHMEarIn 1 COKPALIEHHS
BK-005 PE/L.2 Hnacc i WhE L, " CTH, @ Tanwe cyb no ™
pafomHmmon.
HEK PH 03-2007 06wt & i Hod
B peATHHT BOWAK ¥l 1o PeecTp
OH - 06paruoastl HEAGSONADMENBLUN,
WA MH 0f ynnate HBNGIOE W ApyrMK oERIATEANbIX NABTEmER B GOAMET, KOTOPAR B COOTRETCTRMM C crateei 30 rnasw 3
Hanorosoro Hogewca Pecriyfinesd Kazaxcradw we REARETCR TafmoR w N0 ASKKBIM AMUESEIX CHETOR no ,
NOCTYNMBLIMM B COOTBETCTBYIOUIEM NEPHOAE CYMMBM HANOIOD M Apyrwx of [Bea yoera Wanoros U ]

BIOQET € y4ETOM CyMM BOIBDATA.
TOn-7
NpeAnpUATUIA-NMAEPOB T. AnMaTbl, CGOPMHUPOBaHHbII
Ha OCHOBaHWW GUHAHCOBO-IKOHOMMYECKOrO aHaNW3a NpeanpUATHit
no nokasatenio «Bknap, B rocyaapcreeHHbiii Glogxkery

PasmepHOCTb NpeanpunATyii: cpegHue

OK3Aa 72.19.9 MNpoyue uccnedosarus u paspabomku 8 06AACMU ECMECMBEHHBIX HAYK U UHWEHEPUL
L BMH | Npeanpusmie [ o6 ]
30N10TO PEATHUHTA
061240003649 AO "MHCTHTYT XUMMYECKUX HAYK MM.A.5.EEKTYPOBA" 1
080340006579 AQ "WHCTUTYT TON/IMBA, KATANW3A M SNEKTPOXMMMUM MM.A.8.COKONBCKOTO" 2
GAETo0iE PITI HA MXB "MHCTUTYT MHOOPMALMOHHBIX M BBINUCNTENGHBIX TEXHONOTWIA® KOMWTETA HAYKM 3
MWHUCTEPCTBA OBPA3OBAHMA W HAYKM PK
CEPEGEPO PEWTMUHIA
[ 040640001958 [ PrM HA NXB "MHCTUTYT MATEMATWKM M MATEMATMYECKOTO MOZENNPOBAHNA s ]
[ 061040002445 | PN HA NXB "MHCTUTYT MUKPOBWO/IOTHW M BUPYCONDTMIA™ |
EPOH3A PEMTHUHIA
I 040740001644 |_PI HA NXB "MHCTUTYT EOTAHMKM M ®UTOMHTPOAYKLMM" [ 6 |
L 061240005348 |_Pr0 HA NXB "MHCTMTYT BMONCTAW M BUOTEXHONOMMM PACTEHWIA" 7 1]
MPUMEYIHMA M CORPALEHMAT
BH-DOS PEA.2 TH KO Pk nL, & “ CTD, @ TaMme cviie v L L CTEA ND YHCHEHHOCTI
pafomHuKon,
HH PH 03-2007 O6umi knacc anaoe A CTH.

B pefTiHT BOWNM XOIARCTEYIOUWME CyELenTE COTNAcHD PEECTPa roCy ABPCTBEHHOID MMYLLECTE,
BIE - axnod @ socydopemaennsl Groduem.

P Ha of ynaate HAnoros W Apyrax oBA3aTeNEHLIX NaaTemed B GIOAMET, HOTOPER B COOTBETCTBMM ¢ cTaTeed 30 raasw 3
Na.uaruwro Hogewca Pecnyfinmun Kazaxcraw We ABARETCA HANOIOBOR TARHOA W CHOPMMPOBANA MO AIMHBIM AMUEBEX CYETOD HANOTONAATEALUWMKOR N0 GAKTHUECKW
noc B8 COOTBETC NEPHOAE CYMMAM HANOMOB W ApPYrax (Gea yueta HANOros M A 8

BIOAMET € YMETOM CyMM BOIBPATA,
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[ecHrO 3BOHKYIO pa3HOCHT BETEP IO CTEIIH,
To akbIH IOET MPO MPa3THUK BECHEL,

[Ipo xoBep 1IBETOB MOJIEBBIX,

[Ipo mobenwl B aliTaX OBUIBIX.

W3 nanexux BEKOB Mpa3IHUK JEJOB U OTIOB
K HaM npuxoaMT ¢ paBHOAECHCTBUEM B JIOMA,
Bce xuBoe mpoOy»xast OT 3UuMBI U CHa,

U BecesrbeM HaroJHss BCE ayJibl, TOPOAA.

B HaypsI3 nmpouiatot 1osiru

W oOuabl TaroOT KakK JIbJBI,

3710 YXOAUT CO CBETOM JIyHBI,

HoBpli1 ros1 OTKpBIBaeT 0OBATHS CBOM.

Bce mKUrUTH Ha CKavKax JIMXHX,
Mononexs Ha KademnsX KPyThIX,
JlactapxaH BO 1BOpe HAKpHIT,

OH He Xy)Xe HaTIOPMOPTOB JIIOOBIX.

Haypsb13 — 3T0 pa3tHUK BECHBL,
Mupa, 1py>xObI 1 T0OPOTHI,

[Tpu3bIBas K AMHCTBY CTPAHbI,
OH — nperpaja Juis 371a U ThMBL.
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[Ipoxondar roasl, yXOIsT JIIOJIU, KaK BOAbI PEKH B MODS,
Ho ocraercst mamsTh 1 61arojapHOCTH Ha BCE BpEMEHa:
Bo-mepBrIX, KOHEYHO, K MaMe 3a TO, YTO Ha CBET POJAMIA
W mMHOTO MIO0BH 1 JTACKU C THEW MEepPBBIX 110 KU3HU J1aa;

K yuuTensm u mKose 3a TOT 3a/1el U YPOK,

Koropbrit BaskeH nipu cTapTte, ABMKESHUH K 1IEJTH, BIIEPET;

K komieram, HacTaBHUKAaM CTapIllUM, Y€l OTIBIT, 3HAHMSI, YM,
MBI 0 KpymuIiaM BOMpaeMm, 9To0 «Clie» OCTAaBUTh MOTOM;

K apy3bs, 4To He pa3 BbIpy4aiy ¥ ObUIM HAAEKHBIM ILIUTOM,
Korna Bokpyr npenaBajiv, OHU MOJCTABIISUIN IUICUO;

K mo0uMBIM, pOAHBIM B OJIM3KHM, KOTOPBIE Pajibl BCTPEYarh,
JlapuTh Teruio u 3a00Ty, U B CEpLE CBOEM JICPXKATh;

K cocensm, pomHBIM NIEHATaM, K TOpaM M caJaM B LIBETY,
I'me Bc€ no 6oim 3HAKOMO W TAMSATh KPYTHT KUHO;

K crpane 3a equHCTBO U ApYX0Y, 32 MUp M CIIOKOHHBIE THH,
be3 3Toro HeBO3MOKHO MOCTPOHUTD CUHACTHE B CEMBE.

k ok osk

He 65110 OBI TOJIBKO BOMHBI, HOBTOPSIIOT HAM CTapHKH,

U He npocTo 3TO Cl0Ba, 3TO 00b, YTO IOMHUT JyIIa.

KTo-TO moMHUT 10€371, CEMbIO, O€3MSTEKHOE BPEMsI, TIOJISIHY B LIBETY,
W Hanér MeccepuIMUTTOB, CTPEIBOY, YTO KOCHIIA JIIOJIEH KaK TPaBy.

Kro-T0 momMuuT 6710Ka16I KOIIMAp, TOT MU3EPHBIA MaéK U MO/BaJ,

W kak KU3HEHHBIH KPYT CY>KaJICSI BOKPYT OT XECTOKOTO TIaja, MOp0o3a, HEAYT.
Hy, a KTO-TO MOMHHT TOT CTpax OT Neuer OyXeHBAIBICKHX, COOAK,

U TOT HOMEp Ha AETCKO pyKe, YTO 3a0BITh HEBO3MOXKHO HHUKAK.

JlepeBeHCKHE TTOMHSAT, Kak 0abbl B XJIEBY, W TIOJ] COJTHIIEM Ha T0JIe, ¥ Ha TOKY,
BeImoHsIH paboTy MO CTaTh MYXKHKY, BRITHpas YKPaIKOH Ciiesy.

KT0-TO moMHHMT 3aBOJ U 11€Xa, U IOJIPOCTKOB — IPY3€i y CTaHKa,

Korma B cMeHaxX HOYHBIX JIJIsl TOOCBI CTPAHbI OTJIABAJIA BCE CHIIBI CBOH.

Oxkynanuu ¢iar 1 TecTarno oTpsia KTO-TO TOMHHT U3 JETCTBA KaK (aKT,
OH# CcIIOBHO cTpenb0a MpoOysKAaloT OT CHA M CKUMAIOT TTallbIlbl B KyJIaK,
Hy, a XTO-TO MOMHHT 3aCTEHKH U IJIEH, U JbIXaHUE CMEPTHU, U CTOH,

1 OyXaHKH 3a0BITHII BKYC OT IIPOCTBIX COBETCKUX COJIAAT.

W, koHewYHO, BCE IOMHSAT CAIOT, U TTapaj, ¥ Y€KaHHOTO MapIia 3BYK,

[Mon xotopsrii kpraanu «Ypal!y, «Mupy Mup HaBceraa!y,

Tak, naBaiiTe, TOMHUTB, Ipy3bs, HET CTpPAIIHEN HUYETO, YeM BOWHA,

Mup cbepeub — 3a7a4a ais BeeX, Jabbl He ObLI0 OoJIble NOTPSICCHU U Oel.
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IMPROVING THE QUALITY OF RECYCLED WATER
IN OIL-REFINERES BY SORPTION AND MEMBRANE METHODS

Abstract. In this article is devoted to the synthesis and study of ion exchangers and
finding ways of their practical application. In this work, a pilot reverse osmosis unit was
manufactured and its laboratory and pilot tests were performed on the territory of Pav-
lodar Oil Chemistry Refinery (POCR LLP). Its efficiency is shown at water purification
from oil products, ammonium nitrogen, suspended solids and other organic and inorganic
impurities.

Key words: anion exchanger, cation exchanger, static exchange capacity, technolo-
gical scheme, pilot reverse osmosis unit, water samples, laboratory and pilot tests.

One of the main problems of industrial water consumption is to reduce water
use and wastewater discharge. The most important condition for the functioning
of a number of enterprises and industrial complexes is the presence of closed
water use cycles, the so-called circulating water consumption systems. These
measures are aimed at reducing the load on the citywide sewage treatment plants,
minimizing the anthropogenic impact on the environment and, in general, in-
creasing the sustainability of the ecological balance of natural ecosystems of
urbanized territories. One of the most dangerous for the environment pollutants
are petroleum products and their derivatives. As a rule, this complex of pollutants
is an integral part of the flow of industrial facilities for the production of synthetic
dyes, herbicides, wastewater from refineries, as well as carwash stations. One of
the main problems of the low efficiency of wastewater treatment is the incorrect
selection of local cleaning equipment and the treatment scheme in general. When
designing or installing a complete wastewater treatment system, it is necessary to
take into account not only the plant performance, but also changing qualitative
and quantitative indicators of runoff contamination. In this regard, there is a need
to develop and introduce into production new, more advanced, thermophysical
processes for the treatment of natural and wastewaters [1].

For minimize the negative impact of pollutants on the environment, a variety
of wastewater treatment methods are used. Most of them are expensive and comp-
lex in execution. Today, it is necessary to search and develop methods that allow
the extraction of eco toxicants without additional anthropogenic pressure on the
environment [2]. Various structures of settling structures are used to remove the
bulk of suspended solids and oil products from surface runoff: thin-layer, hori-
zontal and radial septic tanks, oil traps, filters for physical and chemical cleaning,
which are influenced by the service life and corrosion processes [3, 4].

The oil refining and petrochemical industries are among the largest environ-
mental polluters. The enterprises of this industry have a negative impact on the
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environmental situation in many regions, polluting atmospheric air, water bodies
and soil [5]. In terms of wastewater discharges, these enterprises are the largest
sources of pollution of water bodies. The share of enterprises of the fuel and ener-
gy, petrochemical and chemical complexes accounts for 50% of the total volume
of wastewater discharges into surface water bodies. Over 89% of the total mass of
pollutants entering the water bodies with wastewater is accounted for by the
enterprises of the chemical and petrochemical industries. Efficient and high-qua-
lity wastewater treatment is a prerequisite for maintaining the purity of water
bodies. However, it is not always possible to achieve the required quality of clea-
ning at existing treatment facilities.

Modern water purification technologies, including highly efficient sorption
and membrane separation processes, allow the creation of closed water circulation
cycles.

Taking into account the above, the purpose of this work is to minimize the
liquid waste of refineries using sorption and membrane technologies to ensure
recycled water supply.

EXPERIMENTAL PART

Polyfunctional anion exchangers were synthesized by polycondensation of
alliglycidyl ether (AGE), dioxydiphenylpropane diglycidyl ether (ED-20) and
various amines (polyethyleneimine (PEI), polyethylene polyamine (PEPA),
hexamethylenediamine (HMDA)) in the presence of hydrogen peroxide initiator.
An ether solution in DMF and an initiator (H,O,) were loaded into a three-neck
reactor equipped with a stirrer and a thermometer. The mixture was stirred at
70 °C for 1 hour. Then, amine was slowly introduced, after which the reaction
mass was kept at this temperature for 0.5-2 hours. The resulting gel was trans-
ferred to a porcelain dish and cured in a thermostat for 14 hours at 80-110 °C.

Cation exchangers were obtained by sulfonation of resorcinol diglycidyl
ether (DGER), hydroquinone diglycidyl ether (DGEH), pyrocatechol monogly-
cidyl ether (MGEP) with formaldehyde by sulfonation with concentrated sulfuric
acid. The amount of the latter varied in the range of 1.5-6.0 moles per 1.0 mol of
the glycidic monomer and formaldehyde — 1.5-12.0 moles per mole of DGER,
DGEH and MGEP.

In a reactor with a solution of 1 mole of glycidic monomer in cyclohexanone,
2.5-4.0 moles of concentrated H,SO, were added dropwise, under the action of
which condensation occurs and simultaneously sulfonation. Reaction temperature
40-60 °C, duration 0.5-3.0 h.

RESULTS AND DISCUSSION

Much attention is paid to industrial water softening, as some industries
cannot do without special water treatment. There are various methods of water
softening, the most common technology of softening using ion-exchange resins. It
is based on a process in which hardness ions dissolved in water are replaced by
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ions, without the formation of sediment in pipelines and on the surface of heating
equipment.

The principle of operation of ion-exchange filter softeners is as follows: in
the water passing through the layer of ion-exchange resin, calcium and magne-
sium ions are replaced by sodium ions associated with the active ionic groups of
the cationite. After the cessation of ion exchange, restoration of the exchange
capacity of the ion-exchange resin is required-regeneration, which is carried out
by supplying the aqueous solution of sodium chloride to the filter and re-replacing
calcium and magnesium ions with sodium ions.

The use of the ion exchange method is advisable in water treatment techno-
logies with low water salinity: below 100-200 mg/1 of salts, since with moderate
water salinity (about 1 g/l of salt), to clean 1 m® of water it is necessary to spend 5
1 of 30% hydrochloric acid solution and 4 1 of 50% alkali solution. Diagram of the
installation of ion-exchange filters is shown in figure 1.

L
Figure 1 — Installation scheme
of ion exchange filters:
3 1 - water supply; 2 - hydrogen cation filter;

3 - anion-exchange filter; 4 - calciner;
5 - fan; 6 - decarbonated water tank;
7 - pump; 8 - demineralized water

We have synthesized highly selective anion exchangers based on epoxy and
allyl compounds intended for prefilter filters [6]. Studied their basic physico-
chemical properties. Some physico-chemical properties of the obtained ion
exchangers are presented in table 1.

Table 1 — Capacitive characteristics of the synthesized anion exchange resin

Anion The ratio of the original components, SECHc, Vps
exchanger based mass mg-eq/g ml/g
AGE : ED-20 : PEI 1:1:02 1.26 32
AGE : ED-20 : PEI 1:05:0.2 dissolves -
AGE : ED-20 : PEI 1:05:04 3.75 24
AGE : ED-20 : PEPA 1:1:04 3.5 43
AGE : ED-20 : PEPA 1:1:0.2 dissolves -
AGE : ED-20 : PEPA 1:05:0.2 dissolves -
AGE : ED-20 : PEPA 1:05:04 2.55 2.1
AGE : ED-20 : HMDA 1:1:1 dissolves -
AGE : ED-20 : HMDA 1:1:2 dissolves -
AGE : ED-20 : HMDA 1:05:1 dissolves -
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It can be seen that the obtained samples have a high static exchange capacity
(SEC), which ranges from 1.26 to 3.75 mg-eq/g, which will allow using them as
highly selective ion exchangers in the processes of purification and desalination
of water.

Sulfonic cation exchangers, highly selective for hardness ions, have been
synthesized. It has been found that the efficiency of the process of sulfonating
polymers depends on the size and shape of the granules, the degree of crosslin-
king, the nature and amount of the sulphating agent, the temperature and duration
of the reaction, the preliminary swelling of the product in various solvents or the
sulphating agent and the removal of the latter from the interaction zone.

It was established that an increase in the sulfonation temperature from 20 to
80 °C leads to an increase in the exchange capacity and the sulfur content in the
samples to 3.4 mg-eq/g and 10.8%, respectively (table 2). The swelling capacity
changes with an increase in the exchange capacity and increases even when the
exchange capacity at high sulfonation temperatures begins to fall. This indicates
polymer degradation. The total sulfur content in samples of sulfonated ionites at
temperatures above 90 °C also decreases.

Table 2 — Effect of sulfonation temperature on the physico-chemical properties of cation exchanger
(ratio of polymer : H,SO, = 1.0 : 4.0 mass., T— 3 h)

T, SECnacis Vsp, Sulfur content, %

°C mg-eq/g ml/g total active
20 0,4 0,7 1,5 1,3
30 1,9 1,0 6,4 6,1
50 2,3 1,5 7,9 7,4
60 2,5 2,5 8,2 8,0
70 3.4 2.8 112 10,9
80 3,2 3,0 10,8 9,8
90 3,0 3,5 10,2 9,6

It was found that in 0.5 hours of sulfonation SEC is equal to 1.5 mg-eq/g, the
content of total sulfur is 4.9%, and in 5 hours it reaches 4.1 mg-eq/g, the content
of total sulfur is 13.2% active (calculated by SEC) 13.1%, swelling of 4.0 ml/g.
The difference in the values of the sulfur found and calculated indicates that in the
process of sulfonation there is an additional crosslinking due to the formation of
sulfonic bridges. It was established that the obtained cation exchangers is a
monofunctional strongly acidic ion exchanger with an apparent dissociation
constant of pKa = 1,8.

The technological scheme of water purification for POCR LLP, which is
presented in figure 2, has been developed.

Next, we made a pilot reverse osmosis plant with a capacity of 700 1/h,
presented in figure 3 [7].
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Figure 3 — General view of a pilot reverse osmosis plant with a capacity of 700 I/h
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Tests of the pilot plant in the laboratory were carried out on water samples
brought from POCR LLP after the water treatment facilities (WTF) for recharge
into the circulating water supply unit (BCWS) in the 1% and 2" systems, as well
as samples of industrial water from Irtysh river (STV), fed to the feed in the
BCWS 2A system.

Selection of reverse osmosis elements was carried out in accordance with the
task — reducing not only the salt content, but also the removal of residual alu-
minum and ammonium ions. It is worth noting that the water brought from the
sewage treatment plant was completely transparent, according to the data of the
laboratory of the RRPIC “KAZECOLOGY?”, the turbidity — 0, smell — 0, Al —
0.065 mg/l, petroleum products — 0.4 mg/l, ammonium nitrogen less than
0.05 mg/1. The brought water was purified prior to the presented requirements.

The next step was the installation of a pilot plant on the territory of POCR
LLP, previously tested in laboratory conditions.

After the installation of the installation at the plant and its connection to the
water supply line from the sewage treatment plant to the 1% and 2™ water recyc-
ling unit (WTF) system, tests were started.

The water samples taken before cleaning on the pilot installation and after
cleaning on the pilot installation were handed over to the Pavlodar branch of the
JSC “National Center for Expertise and Certification” (table 3).

The results of analyzes of purified water supplied as feed 1 and 2 of the
BCWS systems by reverse osmosis unit show that:

— petroleum products decreased by 7—13 times;

— ammonium nitrogen — 3.5 times;

— suspended substances (mechanical impurities) — 4 times;

— total stiffness — 32 times;

— sulfates — 4.7 times;

— activated sludge concentration — 3—7 times.

Figure 4 shows samples of rapid tests for bio-growth of microorganisms. It
can be seen that the membranes are almost completely cleared from microorga-
nisms.

It has been established that reverse osmosis for the water treatment of POCR
LLP has a number of advantages: compactness of the equipment, equipment
simplicity and the possibility of increasing capacity due to the modular design of
the equipment, low energy consumption, full automation of the treatment pro-
cesses and water demineralization up to 7%.

Thus, as a result of the research, highly efficient anion exchangers and cation
exchangers were obtained, which can be used in the processes of desalination,
purification and softening of water. A pilot reverse osmosis plant with a capacity
of 700 1/h was manufactured. In laboratory conditions and on the territory of
POCR LLP relevant tests were conducted. It has been established that its use
allows to sufficiently purify water from oil products, ammonium nitrogen,
suspended solids, and also to reduce water hardness.
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Figure 4 — Samples of Nalco rapid tests for bioabsorption of microorganisms
(a, b — before treatment; ¢, d — after treatment)

This work performed on the grant of the Committee of Science of the
Ministry Education and Science of the Republic of Kazakhstan Ne AP05131439 on
the theme «Synthesis and modification of nanostructured ion-exchange membra-
nes and the creation on their basis of innovative water treatment systems»y.

REFERENCES

[1] Dubrovskaja O.G., Evstigneev V.V., Kulagin V.A. Problemy ochistki stochnyh vod,
soderzhashhih jemul'girovannye nefteprodukty v oborotnyh sistemah zamknutyh ciklov vodopol'zo-
vanija, 1 puti ih reshenija // Sibirskij federal'ny;j universitet. 2013. N 6. P. 680-688.

[2] Sobgajda N.A., Ol'shanskaja L.N., Makarova Ju.A. Fil'try iz othodov dlja ochistki stoch-
nyh vod // Nauchno-prakt. zhurn. «Jekologija proizvodstva». 2012. N 3. P. 68-71.

[3] Barieva Je.R., Korolev Je.A., Morozov V.P. Izuchenie tehnogennyh javlenij v sisteme vo-
dosnabzhenija // I1zv. Vysshih uchebnyh zavedenij. Problemy jenergetiki. 2000. N 1-2. P. 126-128.

[4] Barieva Je.R., Serazeeva E.V., Fljagina L.V. Analiz biokorrozionnyh povrezhdenij sistemy
vodosnabzhenija ob"ektov jenergetiki / Sbornik nauchnyh trudov Sworld. mezhd. nauchno-prakt.
konf. «Sovremennye napravlenija teoreticheskih i prikladnyh issledovanij 2012». Odessa, 2012.
Vyp. 1, vol. 31. P. 64, 65.

[5] Hajdarov F.R., Hisaev R.N. Shajdakov V.V. Jekologicheskie problemy neftjanoj promysh-
lennosti. Ufa: OOO «Izd. Nauchno-tehn. lit-ry «Monografija», 2005. 190 p.

[6] Ergozhin E.E., Chalov T.K., Kovrigina T.V. Sinteticheskie i prirodnye ionity i sorbcionnye
tehnologii. Almaty, 2018. 440 p.

[7] Ergozhin E.E., Chalov T.K., Kovrigina T.V., Prjatko E.Ju., Melnikov E.A. Bezreagentnaja
ochistka stochnyh vod neftehimicheskogo proizvodstva s minimal'nym sbrosom // Voda: himija i
jekologija. 2018. N 7-9. P. 75-83.

26



ISSN 1813-1107 Ne 2 2019

Pe3iome
E. E. Epzoocun, T. K. Yanos, T. B. Kospueuna, E. A. Menvuuxos

COPBIMAJIBIK )XKOHE MEMBPAHAJIBIK O AICTEPMEH MYHAI OHJEY
3AVBITTAPBIHBIH AUHAJIMA CYBIHBIH CAITACBIH )KOFAPBIIATY

Makasia HOHUTTEpAI CHHTE3Jey MEH 3epPTTEeyre >KOHE OJNapIbIH MPAKTHKAIBIK KOJ-
JIAHBLTY XKONJapbiH TabyFa apHanraH. OChl KYMbICTA MUJIOTTHIK KEPi OCMOCTHIK KOHIBIP-
FBI JTalbIHIAIABI JKOHE OHBIH 3CPTXAHANIBIK JKOHE TKIPHOCTIK-OHIIPICTIK ChIHAKTAPHI
«[TaBnonap myHait-xumust 3ayeiTeD» JXKIIC aymarbiana xyprizingi. MyHait eHiMzaepiHeH,
aMMOHHMI a30TBhIHAH, KaJKbIMalbl 3aTTapAaH >oHE Oacka Ja OpraHUKaJbIK JKOHE
OellopraHMKabIK KOcTaJlapaH CyJIbl Ta3apTy/1a OHbIH THIMILTIIT KepceTii.

Tyiiin ce3xep: aHMOHHUT, KATHOHUT, CTATHKAJIBIK JIMAacy CBHIMBIM/IBUIBIFBI, TEXHOJIO-
THSIIBIK CYJ10a, TMIOTTHIK Kepi OCMOCTBIK KOH/IBIPFBI, CY/IBIH CHIHAMAJIAphl, 3€pTXaHAIIBIK
KOHE TOKIPHOETIK-0HIIPICTIK CHIHAKTAD

Pe3rome
E. E. Epeoxcun, T. K. Yanos, T. B. Kospueuna, E. A. Menvruxos

[IOBBIIIIEHUE KAYECTBA OBOPOTHOM BOJIbI
HEDTEIIEPEPABATBIBAIOIINX 3ABOZIOB
COPBIIMOHHBIMU 1 MEMBPAHHBIMU METOJIAMU

Cratbs MOCBSIIEHA CHHTE3Y M M3YyUCHUIO HOHUTOB W HAXOXKIACHUIO MyTeH MX IpaK-
THYECKOTO MpHMEHeHus. B naHHO paboTe M3roToBieHa NMHUIOTHAs 0OPAaTHOOCMOTHYEC-
Kasi YCTaHOBKa M NPOBEICHHI e¢ J1abopaTOpHbIE U ONBITHO-IPOMBIIIICHHBIC HCIBITAaHUH
Ha Teppuropun TOO «IlaBmomapckuii Herexumudecknii 3aBom». 1lokazaHa ee ¢ dek-
THUBHOCTH NPH OYHCTKE BOIBI OT HE(TENPOIYKTOB, aMMOHHIHOTO a30Ta, B3BELICHHBIX
BELIECTB U JIPYIMX OPraHMYECKUX U HEOPTraHUYECKUX IPUMeECE.

KaioueBble clioBa: aHHOHUT, KATHOHHT, CTaTHYECKasi OOMEHHasi EMKOCTb, TEXHOJIO-
TMYecKas CcxeMma, NMWIOTHas 0o0paTHOOCMOTHYECKas YCTaHOBKa, MPOObI BOJbI, Jabopa-
TOPHBIE ¥ ONBITHO-TIPOMBIIUIEHHBIE UCITBITAHUSI.
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VK 546.267; 661.888; 546.73

A. A. ATATAEBA, K. E. EPMEKOBA, P. A. KAUBIHFAEBA,
P. M. YEPHAKOBA, V. K. [PKYCHUIIFEKOB, E. A. TYCYIIKAJ/IUEB

AO «HHctutyT xumnueckux Hayk uM. A.b. bextypoBa», Anmartsl, Pecy6nuka Kazaxcran

HN3YUYEHME BJIUAHUA PAJA PAKTOPOB
HA ITPOLIECC B3AUMOJIEMCTBUS B CHCTEMAX
K;[Fe(CN)g] — VOSO43H,O0/NiSO4+7H,0 — H,O n
K;[Fe(CN)g] — VOSO,4:3H,0 - NiSO47H,0 - H,0
Coobémenne 2. UK-cnekTpockonnyeckoe uccjaeJ0BaHue MPOAYKTOB
B3aumogeiictBus B cucreme K;[Fe(CN)g] - VOSO,43H,0 — H,0,
NMoJy4eHHbIX B HHTepBaJie 5-300 muH

AnHotanmsi. VccnenoBaHo BIMsIHHE BPEMEHH Ha COCTAaB IPOIYKTOB B3aMMOJEH-
ctBust B cucreMe K;3[Fe(CN)y]-VOSO,43H,0-H,0. Ha ocroBanmm MK-cnexTpockomu-
YeCKOro aHalli3a MPOJIYKTOB, BEIICICHHBIX U3 UCCICAYEMOI CHCTEMBI, YCTAHOBIICHO, YTO
B HEll IPOTEKAIOT MPOLECChl KOMILIEKCOOOpa3oBaHus ¢ 00pa30BaHUEM THAPATHPOBAHHBIX
KOMIUIEKCOB TIEPEMEHHOT0 COCTaBa, W OKHCIHTEIbHO-BOCCTAHOBHUTENILHBIE PEaAKIUH,
compoBosKaarommecs: mepectpoiikoii mona [Fe(CN)¢]* — B non [Fe'(CN)s]* u mepe-
xonom V¥ — V°*. BhIsiBI€HO, UTO MPH yBEIMUCHHH BPEMEHH MPOIECCA B3aHMOICHCTRHS
cBbilie 60 MUH B HCClleyeMol cucTeMe 00pa3yroTcsl THAPOOKCH B BaHAIUs U JKelesa, a
pu OoJsiee ANMTENFHOM B3auMojercTBuK (cBbimie 180 MHH) B mpojyKTax npeoOiiazaer
THJPOOKCH/T JKelle3a.

Karouessie cioBa: rexcarmanodeppar (I11) xamms, cynsdar BaHaguna, rekcarma-
nHodeppar (II) non, rexcamanodeppar (III) non, kommiekcoodpazosanue, MK-cnexrpo-
CKOTIHSI.

Beenenne. Ha coBpeMeHHOM 3Tame pa3BUTHA TEXHOJOTMH HepTeqoObIYN
IIPH JKCIUTyaTaluy He(PTSIHBIX MECTOPOXACHUN 00pa3yroTcs Ooibinre 00BEeMBI
orxoqoB. CyIIecTBYIOT pa3MUYHbIE METOABl YTHJIN3aIUK HedTecoaepKalmnx
OTXOJIOB, TaKW€ KaK TEPMHUYECKUH, XUMUUECKHUH, Oronornueckuii u np. /lanasie
METO/Ibl UMEIOT PsAJ] HEJOCTATKOB, KOTOPBIE 3aTPYAHSIOT X IPUMEHEHUE.

CnoxHOCTh TPOOJIEMBI YTHIN3AIUN HEPTSIHBIX OTXOJ0B 3aKII0OYAETCS B pa3-
paboTKe KpUTeprueB M METOJOB MX IepepaboTKH, TaK KaK TO CBSI3aHO CO CIIOXK-
HBIM ¥ HETIOCTOSIHHBIM COCTaBOM TaKMX OTXOJIOB. B cocTaB HETAHBIX OTXOMOB, B
TOM YHWCIIe He(TSHBIX MUIAMOB, BXOIAT PAa3INYHbIE KATHOHBI TSDKEIBIX M TOK-
CHYHBIX METaJUIOB M aHWOHBEL. Oco0yI0 aKTyalbHOCTH IpHOOpeTaeT mpobdieMa
pa3paboTKH crocoba OYUCTKH HE(TIHOTO IIjJaMa OT Pa3InYHbIX KOMIIOHEHTOB, B
TOM YHCIIE OT PSJIa TSDKEIBIX METAIIOB. TshKeJble MeTasulbl, Takue Kak BaHAIWH U
HUKEJb, HE TOJIBKO 3arps3HAIOT OKPYKAIOIIYIO0 CPey, HO M OTHOCSTCS K BOCTpe-
OOBaHHBLIM U HEOOXOIMMBIM U1 DKOHOMHKH Ka3axcrana.

[Ipsamoe n3BneueHre U3 He(YTEILUTAMOB BaHAAUS M HUKEIS 3aTPyIHUTEIBHO U
TpeOyeTcs WX mpeaBapuTelbHas o0paborka. PacrmpocTpaHeHHBIM CIIOCOOOM
SIBJISIETCS poKajiMBanue Hedrenuiama npu 650-950 °C ¢ mocieayromuM pasio-
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KEHHEM MOJyYEeHHOI'0 CIeKa B MHUHEPAJbHOW KHCIIOTEe JHUOO BBILIETAYMBAHUEM
pacTBOopaMu clIaObIX KHCIOT WJIM aMMHA4YHO-KapOOHATHBIM PAacTBOPOM C Jiajlb-
HEUIIUM BBIJICJICHUEM U3 MOJYYEHHBIX PacTBOPOB BaHaAus U Hukens [1]. K Hau-
6omee 3 PeKTUBHBIM crToco0aM M3BIICUCHUS MOJIE3HBIX KOMIIOHCHTOB M3 KHCIIBIX
MPOAYKTHBHBIX PACTBOPOB OTHOCSTCS KOMIUIEKCOOOPa3ylomMid U COpOLMOHHBIN
[2-4]. Cnemyer OTMETHTH, YTO COPOLIMOHHBIN METOJ SBISETCS MPOCTHIM H
XOPOIIIO YTPABISIEMBIM IIPOLIECCOM.

KatuoHsl yeTpipexBajeHTHOT'O BaHATUS VO*" wm VO(OH)" MPUCYTCTBYIOT
B TEXHOJIOTMUECKHX DPACTBOpPAX, B TOM YHUCIE B TEXHOJOTUYECKUX PACTBOpax
CEpHOKHCIIOTHOTO BBIIICIAYMBAaHUSI TEpMOOOpaOOTaHHBIX HedTenamoB [5].
Bananatel, moimydeHHBIE W3 KHUCIBIX PAcCTBOPOB, BCErJa COAEPKAT KaTHOHBI
Banaus V', TIpudem, katrons! Banaguia VO~ 061a1al0T CKIOHHOCTBIO KO BCe-
BO3MOJXKHBIM PEaKIUsIM KOMILIEKCOOOpa3oBanus |3, 4, 6].

B kauecTBe aKTHBHBIX COEIMHEHHI MO OTHOIICHHIO K KAaTHOHY BaHAaJWiIa
VO* s pexTuBHBIMU sBIsAIOTCS Tekcanuanodeppatsl (I, III) memnounsix, mie-
JIOYHO3EMENFHBIX U MepeXOoAHbIX MeTaiuioB [7]. Ilpn 3ToM OONBITUHCTBO KOM-
mekcHbIx coneii ¢ annonamu [Fe''(CN)g]* u [Fe"(CN)s]*, umenyemsix peppu- n
¢deppouuranuaamu win rekcaunanogeppara (11, III) merannos, xapakTepusyrorcs
eIlle ¥ HOHOOOMEHHBIMH CBOICTBaMH. B Hay4yHO# IMTepaType NMEIOTCS JaHHBIE O
MOJIEKYJISIPHOW COpOIMY KaTHOHOB IIEIOYHBIX METAJIOB TeKcanuaHodepparaMu
(IT) aukens u meau [8]. Onu sBIsIFOTCS 3D (HEKTUBHBIME B MPOIECCaX OYHCTKU
KUAKUX Cpell OT KaTHUOHOB LI€3Us U IPYTUX TsDKENbIX MeTauioB [9-11]. Ananus
Hay4YHOW JUTEpaTypHl MOKa3ad, 4To (Geppo- U (eppUIlaHuIbl B ONPENEICHHBIX
YCIIOBHUSIX MOTYT B3aMMOJEWCTBOBaTh C aKTUBHBIMM COJISIMH, HAaIlpUMep C BaHa-
munoMm cynbdara VOSO,+-3H,O, U OJHOBPEMEHHO TPOSBIATH COPOIMOHHBIC
CBOWCTBa MO OTHOLICHUIO K KaTHOHAM pa3lWYHBIX MeTayuioB. COpOIMOHHBIE U
KOMIUTeKcooOpa3yromue cBoiicTBa rekcannanodepparoB (II) moxHO MCmONB30-
BaTh Z114 BLUICICHIA BAHAMMA H HUKEIA U3 KHCIIHX NIPOYKTHBHEIX PacTBOPOB.

CornacHo pa6Goram [7, 12], deppurmanun-non [Fe(CN)s]” cocrour u3
noHa Fe’”, mMeromero mects criapeHHbIX d-37IEKTPOHOB U CBOGOIHbIC BAICHTHBIC
3 d (omny), 4 s u p-opbutsl u u3 CN-noHOB. B pesynbrare obpasyercst oKra-
3JPUYECKUHA KOMIUIEKCHBIA HOH [Fe(CN)6]3'. B Takux KOMIIJIEKCHBIX MOHAX KOOP-
muHanoHHble cBia3u aromoB Fe (III) ¢ mmanorpymmamu (CN) (HO HEe uaHU-
HOHAMH) MOTYT OBITH CYLIECTBEHHO KOBAJICHTHBIMU U OJHOBPEMEHHO COJEPKAaTh
G- U T-KOMIIOHEHTBHI.

Koopaunanus 1muaHorpymi ¢ MeTaljIoM OCYIIECTBISIETCS Yepe3 YTIepof,
YTO MOATBEPKJICHO MHOTOYMCICHHBIMH DPEHTTEHOCTPYKTYPHBIMU U HEUTPOHO-
rpadudeckuM HccienoBaHuAMA. Kpome 3To G-CBSI3M, MOXKET BO3HUKAThH T-71a-
TUBHAs CBA3b I[MAHOTPYMIIIBI C METAUIOM 3a CYeT B3aWMOJEHCTBHUS IMyCTBIX
Pa3pBIXIIAIONUX G- U T-OpOUT ¢ 3aHiAThIMU d-opOutamu meTayuioB [7]. Ilpuyem,
C-JIIOHOPHO-aKIENTOpHAsS W T-JaTUBHAs KOMIOHEHTHI cBsi3u C—CN B3amMOCBS-
3aHbpl. OOpazoBaHNe JOHOPHO-AKIETITOPHBIX G-CBS3EH YBEITMYHMBAET OTPHIIATENb-
HBI 3apsJ Ha aToMe MeTajula ¥ YMEHbBIAaeT ero Ha JMraHjae. OTH M3MEHEHHUs
KOMIIEHCHPYIOTCS TIEPEHOCOM OTPHUIIATEIHLHOTO 3aps/ia ¢ MeTala Ha JIMTaHi 3a
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CYET T-JATUBHOT'O B3aUMOJEUCTBUS. Y CHIEHHE G-IIOHOPHO-aKLENTOPHOM COCTaB-
nsitoriedd B cBsizu M—CN ycuiMBaeT U 7T-JaTUBHYIO COCTABJISIONIYIO U HA000POT.
XapakTep 3THX CBS3€i 3aBUCUT OT MPHUPOJBI JIMTaH/Ia U MPUPOJIBI aTOMa-KOMII-
nexcooOpa3oBarers.

I'pymmma M—CN 00BIYHO JIMHEWHA, 9TO COTIIacyeTcs ¢ TpOitHOM cBs3pio C=N
u xapaktepoM cBsism M«<>CN. B koopIWHUpOBaHHOW Hepe3 YIIepoJ IHaHO-
rpynIe uMeercs CBOOOTHAs IMapa 3JIEKTPOHOB HA aTOME a30Ta, KOTOpas MOXKET
y4acTBOBAaTh B 00pa30BaHUM JOHOPHO-aKienTopHbie cBsizu CN—M, 4ro mpuBo-
JUT K BOBHUKHOBEHUIO MOCTHKOBBIX IIMAHOTPYII. B KOMIUIEKCHBIX ITUaHH]AX, B
KOTOPBIX aTOM METaJlIa HaXOAHUTCS B HUBIIUX CTEMCHSIX OKHUCICHUS, T-TaTHBHBIC
cBs3u M—CN 6oree 3QGeKTHBHBL, YeM B KOMITIEKCAX, B KOTOPBIX aTOM METajlia
HaXOAWTCS B COCTOSTHUH C 00Jiee BRICOKOW CTETICHBIO OKHUCIICHHA. 10 eCTh, yBenn-
YeHHe TOJIOKHUTEIBHOTO 3apsiaa Ha arome xenesa rmpu nepexozae Fe (II)—Fe (I11)
YCUJIMBAET JIOHOPHO-aKIENTOPHYIO G-CBSI3b U OCIA0NSCT NaTUBHYIO T — CBSI3b U
HaoOopot. OIHAKO CpPaBHEHHE 3HAUCHUI BEIMYUHBI paciieruieHus (A) Mexay
MOJICKYJISIPHBIMH  yPOBHsIMEH o' ¢ u 77 (T.e. BEJUYMH PACIICIUICHHUS MEKTY
d-oypoBHSAMU B TI0JI€ TUTAHIOB), POBEACHHBIC B padore [7] miisa peppurmanua
noroB [Fe(CN)¢]” u ¢eppommanun monoB [Fe(CN)s]", mokasamo ux 6imskoe
3HaueHne. ABTOp OOBACHIET ATO TEM, YTO OXKHIAeMOEe yBelndeHrne A 3a cyer
YCWJICHHSI G — CBSI3€H BCIEACTBUE POCTA 3apsiia HA aTOME Xeje3a NpU Mepexoe
Fe (I)—>Fe (III) koMneHCUpYyETCsT OCIA0JIEHUEM TT-CBS3H JKEJIC30-I[HAHOTPYIIIIHL.
DTO BBI3BIBACT BO3MOXKHOE M3MEHEHHUE TPUPOIBI XUMUYECKON CBSI3H B 00pasyro-
meMcs MHaHOKOMIUIEKCe, KOTOPOe CBS3aHO C IABYMS (paKkTOpamH: Iepepacrpese-
JIEHUEM DJICKTPOHHOM TUIOTHOCTH BHYTpH rpyminbl CN 1 U3MCHEHHEM MEXaHUKH
kosnebanuii cucreM. CormacHo pabote [7], u3MeHeHHE KOoJeOaTeIbHBIX YacTOT
(heppUIIMaHU-HOHOB MOXET OBITh OOBSACHEHO YBEIMUYCHHEM pOJHM JaTHBHOMN
n-koMIoHeHThl [M«—CN] 3a cyer pocrta uncia d-3JIEKTPOHOB LEHTPAIBHOTO
aToMa KOMILIEKCA U YMEHBIIICHUEM CTETICHH €T0 OKUCIICHUSI.

UeThIpeXBaJICHTHBIN BaHAIWil 00J7aMaeT OKHUCIUTEIHHO-BOCCTAHOBUTEIb-
HBIMH CBOWCTBaMH U JIETKO MEPEXOIUT U3 YETHIPEXBAJICHTHOTO COCTOSHUA (+4) B
nsaTUBaNeHTHoe (+5) u oOpaTHO. B KHUCIOH cpene BaHAAMA PUCYTCTBYET B BUJIC
katronos VO* i VO [13]. Cosmectroe npucytctsue Banamus (IV), (V) u xe-
ne3za (II), (IIT) co3gaeT COXHYI0 OKHUCIUTEIFHO-BOCCTAHOBUTEIBHYIO CUCTEMY. B
kucinoi cpeae uonsl Fe (1) Boccranarmusator V(V) mo V(IV), a B 1menoyHoi,
Haoboport, nonsl Fe (II1) okucnsror V(IV) mo V(V) [7]. Tak, B kucIoii cucreme,
comepxameii V(V) u rexcarmanodeppar (II) ammon [Fe'(CN)e]*, mporekaer
OKHCJIHTEIbHO-BOCCTAHOBHTE IbHAS peakius. B nannoil cucteme Banamuit (V)
okucnuTens u BocctanapnuBaetcs Fe (II) depponnanuaHoro aHnoHa 10 BaHaIUs
(IV), a xxene3o (II) oxucnsercs mo Fe (III).

N3meHenne npupoibl XUMUYIECKOM CBSI3U B IIMAHOKOMILIEKCE, KaK TPaBUIIO,
OTpa)XKaeTcsl Ha M3MEHEHUH CIEKTPaJbHOM KapTHUHBI BBIACICHHOTO COCIUHCHUS.
OpHako B HAyYHOW JNHTEpaType HEJOCTATOYHO OCBEIIAIOTCA TPOIECCH 00pa3o-
BaHUs TBEP/BIX (pa3 B BOJHO-COJICBBIX CUCTEMAX, COACPIKAIIUX MATH- U YEThIPEX-
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BaJICHTHBIA BaHaauii. B cBs3u ¢ 3THM B gaHHOU ctaThe MK-cieKTpocKomunyecKkum
METOJIOM UCCIICZIOBAHO BIUSHHE BPEMEHU HA COCTaB MPOJYKTOB, 00Pa3yOMIUXCS
B cucteMe K3[Fe(CN)g] — VOSO,4-3H,0 — H,0.

OKCITEPUMEHTAIJIBHAA YACTb

W3ydyenne BnMAHHSA BpPEMEHHM Ha MpPOIECC B3aMMOACHCTBUS B CHCTEME
K;[Fe(CN)g] — VOSO43H,0 — H,O mpoBogunmu mpu KOMHATHOM TeMIieparype
(25 °C), monsrOoM cootHommennn Ki[Fe(CN)ys] : VOSO4-3H,0 pasaom 1:1 u B
KHCIIOW cpele B YCIOBHAX TNepememnBaHusA. [IpomomkuTensHOCTh mpoliecca
coctaBnsia oT 5 g0 1440 mun. Haganeayto kuciotaocts cpenst (pH 3,0) co3na-
Bamu 0,1 H cepHoii kucioroii. [locre ciavBaHusS pacTBOPOB TekcamuaHodeppara
(IIT) kamus (Crspreenys) = 2:107 MOJIB/1T) U cynb(ara BaHammia (Cyosossmo =21 0
MOJIB/JI) W TOCHEAYIOUIed BBIACPKKH IMOJYYCHHOW CMECH NPH ONpEeAEICHHOM
Bpemern (5-300 MuH), BBIMABIIME OCanIKHd OTHWIBTPOBEIBaIN. OTIeIeHHBIC
ocajku BeicymmBaiy rnpu 30 °C u caumanu UK-criekTpsl.

HK-criexTppl cHUMan# Ha WH(ppaKpacHoM criekTpodoromerpe «SpecordM-80»
B cniekTpanbHoi obmactu 400-4000 em™ OO0pa3ibl Ui UCCIICIOBAHUS TOTOBHIIU
10 CTaHJIapTHOM MeToAuKe 3anpeccoBku ¢ KBr.

PE3VIJIbTATBI U X OBCYXXJAEHHNE

CpaBuenne MK-cnexTpoB 00pa3LoB, BBIACICHHBIX W3 HCCIEAYEMOH CUCTe-
Mmbl, ¢ HUK-cnektpamu wmuamsumyansHbeix conelt Ki;[Fe(CN)g] m VOSO,43H,0
BBISIBIJIO 3HAYHUTEIbHBIE U3MEHEHHSI B OOJIACTH BAJICHTHBIX M Je()OpMaIlMOHHBIX
KoJie0aHMi BOAB! (pUCYHOK, KpuBbIe 1-10).

N3 HK-cnektpa wuccineayeMblx HpOAYKTOB HcuUe3al0T 4acToTel 2924.3;
2363,7 1 2090 cm™, npormmckBatomuecs B ciekrpe VOSO4-3H,0 u oTHOCAIHECS
K BaJICHTHBIM KOJIEOAHUSM BOJIBI.

B criekTpax MCCIeIyeMBIX 06pasloB yacToTa B obmactu (3408,4-3430 cm™)
ymupsiercs (kpuBble 3—10) 1Mo CpaBHEHHMIO C aHAJIOTWYHBIMH YacTOTaMH B
HK-cnexTpax Ks;[Fe(CN)gs] 1 VOSO43H,0 (xpusbie 1, 2). Ilpu 3TOM ee WHTEH-
CHUBHOCTh CHIKaeTCs IO CpPaBHEHHWIO C AaHAJOTHYHOM 4YacTOTOW B CIIEKTpe
VOSO04-3H,0 (kpuBas 2) u OBBIIIIAETCS IO CpaBHEHHIO ¢ 4acToTol B MK-criekt-
pe K;[Fe(CN)s] (xpuBas 1).

B UK-cniekTpe uccrieayeMpix NpoayKTOB Ha TMOJ0CE BAIEHTHBIX KoJeOaHUi
H,O B AnMHHOBONHOBOM 00JacTH TOSBIAETCS MaJlOMHTEHCHBHAS 4YacToTa B
o6mactu (3520-3628) cM™', mpHCYTCTBHE KOTOPOI YKa3bIBaeT HA 0OPA30BAHHE HE
CBSI3aHHBIX BOJIOPOJIHOM CBS3bI0 TMAPOKCHIIBHBIX TPYII, YTO SIBISETCS pPe3yJIb-
TaTOM BO3MOXXHOTO mporecca ruaponusza [14, 15]. Ilpuyem, eciu B crekTpe
5-MHHYTHOTO 00pa3la MpOMMChIBaeTCs yacToty y 3520 cm™' (kpuBas 3), To ¢
yBEIMUCHHEM BPEMEHH mporiecca oHa cmemaercst 10 (3629-3628) cm™' (kpwu-
Bble 4-10) ¢ OJHOBpEMEHHBIM YMEHBIIEHHEM WHTEHCHBHOCTH (KpuBble 5—10).
OTO CBUJETENBCTBYET O MEPECTPOHKE TMAPATHON CTPYKTYpHI MOJEKYJ BOABI B
IpoIiecce B3aNMOACHCTBUS UCXOIHBIX COSIMHEHUH.
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NK-criekTpbl HCXOHBIX COJIEH U MPOILYKTOB, MOTyYEHHBIX
B CUCTEME K3[FC(CN)(,] — VOSO43H20 — Hzo

Ucxoansie comu: 1 - K3[Fe(CN)g], 2 - VOSO,4-3H,0. IIpoxykThl B3auMoaencTBUs
B cucreme K;[Fe(CN)g] — VOSO,4-3H,0 — H,O: xpussle 3-10.
Bpewms, mun: 5(3); 10 (4); 15 (5); 20 (6); 90 (7); 120 (8); 150 (9); 300 (10)
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[Momockr  nedopmarmonHbix kojicbanuit Boasl (6 OH) B wuccieayeMbix
oOpasiax (kpuBbie 3—10) Takke mpeTepreBaroT u3MeHeHus. Tak, yacrora ¢ OH,
dukcnpyromasics B crmektpe VOSO43H,0 y 1634,9 oM, B mccnemyeMbix
obpasmax cmemaercss Ha 22,6-26,0 em! B HHU3KOBOJIHOBYIO 00JIaCTH JI0
(1612,3-1608,9) em’'. Yacrora neopMaIMOHHBIX KOJICOaHUH BOJIBI, MPOIMUCHI-
Baomasicst B CIeKkTpe ucxonHoit comn VOSO,3H,0 y 1407 cM™, B 5-MHHYTHOM
obpasie CMeIaeTcs B BBICOKOBONHOBYIO obmacts mo 1410,1 cm™ (pucyHOK,
kpuBas 3). C yBenuueHHEM BpEMEHH IIpollecca JaHHAas 4acToTa MEPEXOTUT B
HH3KOBOJIHOBYIO 00JIACTh, MX 3HaUYCHMs CHIDKaoTcs a0 1400-1404,9 cm’! (pucy-
HOK, kpuBble 4-10). Mensercst ¢hopMa 1MoJI0C, OHHU CTAHOBSITCS IMTUPOKHMH, a MX
WHTEHCHUBHOCTH 70 90 MUH yMeHbIIaeTcsi (pUCYHOK, KpuBble 3-7), a 3aTeM He-
CKOJIBKO BO3pacTaeT (PUCYHOK, KpuBble 8-10).

VYka3aHHbIE M3MEHEHHUs B OOJIACTH BAJCHTHBIX WU Je(OPMAIOHHBIX KOIle-
OaHni BOABI, BO3MOXKHO, OOYCIIOBJICHBI TIPHUCYTCTBHEM THIPOOKCHIOB BaHAIMIIA
U Kele3a, KOTOpBIE C MOBBIIIEHHEM BPEMEHH Ipoliecca 00pa3yIoTcsi B CUCTEME.
[lo-BumumMoMy, yBenWYeHHE WHTEHCHBHOCTH YaCcTOTHI BaJCHTHBIX KOJIeOaHUU
Bozab! (v OH) B oOpa3nax, noxydeHHbix cBoimie 60 MuH (kpuBbie 6—8), 00yciIoB-
JIeHO 00pa3oBaHUEM B CHUCTEME THAPOOKCHIIOB, JJISI KOTOPBIX XapakTepHa Ta ke
o6nacts v OH koneGanmit — 3463cm™ a1t VO(OH), 1 3300-3400 cv ' anst passi
rerut-Tuaporet. Ciemryer OTMETHTh, YTO U3 PaCTBOPA, COAEPIKAIIET0 THIPOOKCH-
IIbl BaHaMIIa U Kene3a, nepBeIM Beinagaer VO(OH),, koTopblilf MeHee ycTouuB
[0 CPaBHEHUIO C THIPOOKCHUIOM 3kene3a [16]. BenencrtBue 3TOro B mpoayKTax
YMEHBIAETCA CoJlepyKaHue THAPOOKCUIHOHN (pas3bl ¢ mpeobiiagaHneM THIAPOOKCH-
Ia kene3a. Bo3aMOXXKHO MMEHHO 3a CHeT pacTBOPEHHWS THAPOOKCHIA BaHAAWIa Ha
UK-criekTpax o6pasios cBbie 180 MUH MHTEHCHBHOCTb YacTOTH y 34232 e
ymenbmaerca. B to Bpems kak B MK-cnekrpe 300-muHyTHOTO 00Opasma mosB-
JISeTCSI IIMPOKast U 4eTKas mosoca y 1150 cM™ 1 cmabo BIpakeHHAs 4acToTa y
700 cm”', T.e B OBIAaCTH rIE MPOSBIISIIOTCST Koniebanus cBs3u Fe—O, oTHOCAIIMECS
K rupookcuny xenesa [17, 18].

B UK-criektpe uccrneayeMbix 00pa3oB 3aMeTHbIE N3MEHEHHSI TIPETepIIeBaeT
o0xacte BasleHTHBIX KoneOanuii (CN) (kpuBbie 3-10). OcHOBHas 1 camas MHTEH-
cuBHas yactora v (CN) B BBIICICHHBIX MPOAYKTaX CMELIAETCS] B HU3KOBOJIHOBYIO
o6macte (2091-2095,2 cM') MO CpaBHEHHIO C MCXOIHBIM TrecaraHo(eppaToM
(1) xamus (2118,6 cm'). Ee 3HAUCHMS CTAHOBSTCA ONM3KHM KONCOAHMAM yiKe
rexcanmanogeppara (II) mona [Fe'(CN)]*" (2096 cvm™) [19]. Takoe cmenienne
gactoTsl vV (CN) ¢ 0THOBpEMEHHBIM YCHJICHHEM €€ MHTEHCHBHOCTH BO3MOXKHO B
cirydae mepexona Mmeramia-komiuiekcooOpazosarens Fe(Ill) B Fe(Il). Camxenue
CTETICHH OKHWCIICHHS >Kelle3a OoT 3 0 2 B HCClieAyeMbIX o0Opaslax yMeHbIIaeT
gactory v (CN) Ha (23,4-27,6) cv'. Ananoruussiii 53QexT HAMH OTMEUYEH IpHU
nccnenopannn cuctembl K;[Fe(CN)g]-FeSO,7H,0-H,O [19]. Pesromupys BbI-
IIeN3JI0)KEHHOe, MOXXHO CKa3aTh, YTO B HCCIEIyeMBIX OOpaslax ITOJ0KEeHHE
gactotsl v (CN) B obmactu (2091-2095,2 cm™'), cormacHo [7], cOOTBETCTBYeT
saaueHmsiM v (CN) koleGaHmsIM B [HaHOKOMILIeKce Banams (2095 cm™).
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BrickazanHoe mpeamnonokeHne 00 YMEHBIICHWH CTEIeHH BaJICHTHOCTH
xKelne3a Komruiekcoobpaszosarens Fe'! — Fe'' m cooTBercTBeHHO yBenmueHMs
paentHocTH HoHa [Fe™(CN)s]* — [Fe(CN)s]* MOATBEPHKIAETCSA TAKKE TEM, UYTO
B CHEKTpe uccienayembix npoaykroB v FeC konebanus B obmactu (430-495) em’!
HE MPONKCHIBAIOTCS. A 4acToThl B obnactu (598,4-608,8) cM™', xapakrepusyio-
me BayieHTHBIE KoneOanms Fe—C cBs3u, cmematorcs Ha (38,4-48,8) cem! B
JUTMHHOBOJHOBYIO 00JacTh C OJHOBPEMEHHBIM YCHIIEHHEM HX WHTEHCHBHOCTH.
BrisiBlIeHHBIE M3MEHEHUS! CIIEKTPAIBHON KapTHHBI HCCIEAYEMBIX IMPOIYKTOB B
yKa3aHHOM 00y1acTH OOYCIIOBJICHBI W3MEHEHHWEM NPUPOAbI XMMHUYECKOW CBS3H B
00pa3yIomuXcsl COeIMHEHUIX (IMAaHOKOMILIEKcax). DTO CBA3aHO ¢ IBYyMs (ak-
TOpaMU: TepepacipesieieHHeM 3JIeKTPOHHOM MIOTHOCTH BHYTpH Tpynmbsl CN u
M3MEHEHHEM MexXaHWKH KoyeOanuii cucrteM. CoriacHo pabore [7], M3MEHEHHE
KoseGaTenbHbIX YacToT (eppuunann-noHos [Fe(CN)s]* Moxer ObITh 00BsC-
HEHO YBEJIMYEHUEM pOJIM JATUBHOM m-KOMHIOHEHTh [M«<—CN] 3a cuer pocrta
yrcaa d-3JIeKTPOHOB LEHTPAIFHOTO aTOMa KOMIUIEKCA M YMEHBIIEHHEM CTEICHU
ero okucinenus. To ecTh, B HameM ciydae umeeT Mecto nepexon Fe'' — Fe'' ¢
nepectpoiikoii rexcarmanodeppar (1) mona [Fe(CN)s]” B rexcarmanodeppar
(II) non [Fe"(CN)s]* [7]. B pesyabrate B MCCIEIyeMOil CHCTEME IPH B3aHMO-
neiicrun Ks[Fe(CN)g] ¢ VOSO4-3H,0 06pasyercst KOMIIIEKCHOE COSAMHEHHE C
dbeppounanmn-nonom [Fe''(CN)s]*. ITpudem, He HCKIIOYEHO, YTO B MOJTYYEHHBIX
MPOAYKTaxX MPUCYTCTBYIOT KOMIUIEKCHBIE COCIMHEHHs KaK ¢ rekcauuaHodeppar
(I1T) moramu [Fe™(CN)s]*, Tak u ¢ rexcarmanodeppar (II) nonamu [Fe"(CN)o]*.

Kak BugHo u3 pucyska, xapakrep MK-cnexTpoB muccienyembix oOpas3inoB B
obnactu konebanuii V—O-cBs3el 3aMETHO MeHsieTcs. Tak, Ha CHEeKTpax Mpo-
IyKToB A0 15 mMuH (kpuBble 3-5) mMpommchIBaeTCsl MHUPOKas 1 MHTEHCHBHAS Jac-
Tota B ob6mactu (1118,7-1133,8) cm™', KoTOpas xapakTepusyer KoaeOaHHs CBSA3M
V=0 [15,20,21]. YBenuuenue Bpemenu npoiecca ot 20 10 300 MUH NPUBOAUT K
CMEIIEHUI0 YacTOThl B HHM3KOBOJHOBYI 00jacTh Ha 76,8-36,8 em’ (1057,0-
1097,0) cm™', uto yka3sIBaeT Ha YCHICHHE B HMX KpaTHbIX cBsaseit V=0 [14, 15,
20, 21].

Bo Bcex HUK-cnekrpax ucciielyeMbIX NPOAYKTOB IIPUCYTCTBYET YETKO BbI-
paxkeHHast gacToTa B oOmactu (968,8-965,0) cM”', KOTOPYIO MOXHO OTHECTH
Takke K KojebaHwmsM KpaTHBIX cBszeir V=0 [22]. JlamHas dactoTa, KaKk u
MpeapIAyIas, CMelleHa B HU3KOBOJIHOBYIO obnacts Ha (114,0-118.9) em™ o
CpaBHEHUIO C KoyiebaHusmMu cBszeit V=0 (1081,8 cm™) B mCxomHON comu
VOSO43H,0 [20]. D10 yka3eiBaeT Ha oOpa3oBaHHE B HCCIEAYEMOW CHUCTEME
HOBOTO KOMIUIEKCHOTO COEIWHEHHsI C 0oJiee YCHJICHHOW KpaTHON CBs3e
cea3pio V=0. Kpome Toro, B 5-MHHYTHOM o0Opasne (kpuBas 3) claOOWHTEH-
CHBHAsI 9ETKO BBIPAXEHHAs YacToTa y 985 cM' TakKe XapaKTepH3YeT KoJle-
OaHMs KpaTHBIX CBS3EH V*'=0120, 21].

N3BecTHO, YTO NpH OJMHAKOBOW BAJEHTHOCTU KaTHOHA B CII0XKHOM HOHE, B
HameM ciydae VY, yBenmueHHe ero KOOPAMHAIMOHHOTO YHCIA TPHUBOIHUT K
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YMEHBIIICHUIO BAJICHTHOM CBSI3H, COOTBETCTBYIOIIEMY YMEHBIICHUIO CHIIOBOH IT0-
CTOSIHHOW U CMeEILEeHHUI0 nojioc norionieHus B UK-cnekTpe Kk MEHbIIUM YacTOTaM
[22]. Vcxons w3 BBIIIE TPUBEACHHOTO OMMCAHU, H3MEHEHHUS MTOJIOKEHHUS 9acToT,
OIHCHIBAIOIINX KoyieOanus cBs3eit V=0 B mcciemayemMbIx 00pasiax, MOXKHO Tpe-
oJyIoxkuTh, 4To B cucteMe K;[Fe(CN)s] — VOSO43H,0 obpa3syercs coequHeHue
C JPYyrUM KOOPAMHAIIMOHHBIM YHCJIOM. BEBICKa3aHHOE NPENNONOKEHHE IMOA-
TBepkmaeTca mosiBaeHHeM B HMK-cmekTpax wHcClenyeMbIX MNPOAYKTOB HOBOM
MHTEHCHBHOI 4acToTHl B oGmactu (522,9-524,9) cm™', omuceiBaromeii gedopma-
MOHHBIE KojeOaHus cBs3u opanHapHbix V-0 [23, 24] u V-O-V cBs3u [15, 20].

Crnemyer OTMETUTb, UTO CIIadble 0 MHTEHCUBHOCTH YacToThl 870,8 1 860 CM'l,
xapakrepu3yromue coorBerctBeHHO koiiebanus CN B K;[Fe(CN)¢] u V-O B
VOSO043H,0, B 5-MuHyTHOM 00pas3iie He MPOIUCHIBAIOTCS (KpuBas 3). YBenu-
YeHUE BPEMEHH TIpoIecca MpUBOIUT K mosBaeHuio B MK-cmekTpax omHol WH-
TeHCHBHOI 4acToTsl B obmact (890-901) cm™ (xpussie 4-10). [Io moToKeHHIO
nmaaHOM "acToThl B MK —CcrekTpe ee MOXXHO OTHECTH K BAJICHTHBIM KOJIeOaHUSIM
ceizu V-0 [23]. [Ipuuem, B mcciemyeMmblx oOpas3llax 4yacToTa B YKa3aHHOU
o0JacTi CMellleHa 10 CPaBHEHUIO C aHAJIOrM4YHOU dactoroit B MK-cmekrpe
VOSO43H,0 (860 CM'I) B JUIMHHOBOJIHOBYIO 00JIaCTh M yBeiauuuBaeTcs Ha 30—
41 em™'. CormacHo [23, 24], B CII0)KHOM HOHE H3MEHEHHE BaTICHTHOCTH OKA3bIBACT
BIUSHHE HA MECTOIIOJIOKEHNE XapaKTePUCTUYECKUX II0JIOC TMIOTJIOMICHUS B
HK-cnextpe. IIpyn oaHAKOBOM KOOPAMHALMOHHOM YHUCIIE LIECHTPAIBHOTO aTOMa B
CJIO)KHOM MOHE yBEIIMYCHHE BaJICHTHOCTH KaTHOHA Ha €IMHUILY CMEIIaeT MOJIOCHI
MOTJIONICHUS B O0JIACTH OOJiee BBHICOKHMX YacTOT. BpIlIe onvcaHHbIE M3MECHEHUS
nonoxeHuss yactoT B HMK-crmekTpax mNOMydeHHBIX TNPOAYKTOB YKAa3bIBAIOT Ha
OKHCJIUTEIFHO-BOCCTAHOBUTEIBHBIC IPOIIECCHI, MPOTEKAIONIHE B HCCIIETyEMOM
cuctemMe K;[Fe(CN)s]-VOSO,43H,0-H,0. JlanHbIi mporiece, MO-BHIAMOMY,
MPUBOJNT K U3MEHEHUIO BAJICHTHOCTH KaTHOHA AVAlE vals IIpu 3TOM, BEpOSATHO,
o0pa3yercst HeyCTOWYNBOE KOMIUIEKCHOE COeIMHEHHE, KOTOPOE C IUTHTEIHHOCTHIO
npoiiecca pacnagaetcsi. Bo3MOKHO UMEHHO € 3TUM CBSI3aHO YMEHBIICHUE HWHTCH-
CHBHOCTB 4acTOTHI B 06mactu ((890-901) cm™' B MIK-crekTpax HpoayKTOB, HOIY-
4YeHHBIX B uHTEpBasie oT 15 no 300 mun (kpussie 5—10).

CpaBHHTEIBHBIA aHAIN3 MPOAYKTOB B3aMMOJICHCTBUS CyJib(ara BaHammiIa
VOSO43H,0 c rekcarmmanodepparom (1) xamus K;[Fe(CN)g] mokasan, 910 BO
Bcex MK-crnekTpax XapakTepuCTHYECKHUE YacTOThI, OTHOCSIINECS K KOJNEeOaHUAM
cynbdar-rona SO,>, He TIPOHCHBAIOTCA.

Takum o0OpazoM, Ha ocHOBaHUU MK-CHEeKTpOCKONMMYECKOTO aHanu3a Mpo-
nykToB, BeiAeneHHBIX u3 cucteMbl K;[Fe(CN)gs] — VOSO43H,0 — H,0, ycra-
HOBJICHO, 9YTO TPH B3aWMOJICHCTBHM KOMIIOHEHTOB HCCIEAYEMOH CHCTEMBI
MIPOTEKAIOT TPOIECCHl KOMIUIEKCOOOpa3oBaHUs C oOpa3oBaHHEM THAPATHPO-
BaHHBIX KOMIUJIEKCOB, W OKHCIUTEIHHO-BOCCTAHOBHUTEIBHBIE PEaKIUU, COMpPO-
BOXTatommecs mepectpoiikoit mona [Fe™(CN)]” — B mon [Fe'(CN)]" n
nepexogom V' — V7.
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A. A. AFATAEBA, K. E. EPMEKOBA, P. A. KAUBIHBAEBA,
P. M. YEPHAKOBA, ©. 7K. JKYCIIIBEKOB, E. A. TYCIIIKA/IUEB

BIPKATAP ®AKTOPJIAPJIbIH K;3[Fe(CN)s] — VOSO,43H,0/NiSO,7H,0 — H,O
JKOHE K;[Fe(CN)s] — VOSO,-3H,0— NiSO,7H,0 — H,O XXYHUEJIEPIH/IETT
O3APA OPEKETTECY ITPOLIECIHE OCEPIH 3EPTTEY
2-xabapnama. K;[Fe(CN)g] — VOSO,3H,0 — H,O xyitecinaeri 5-300 MuH.
apaJbIFbIH/IA abIHFAH ©3apa apekerTecy oHimaepin UK-crektpiik 3eprrey

K;3[Fe(CN)¢] — VOSO,43H,0-H,0 xyliecinmeri e3apa opekeTTecy oiMIAepiHiH Kypa-
MBIHa YaKbITTBIH ocepi 3epTTeiai. 3epTTeNin OThIPFaH KYyHeleH OeiHIN ajblHFaH OHIM-
nepain MK-crexTpmik Tanpayel HerisiHze Kyiene aybichaibl Kypamabl THApaTTajFaH
KOMIUTEKCTEp TY3ileTiH koMruieke Tysimy mpouectepi xoue [Fe(CN)s]* — moHbIHBIH
[Fe'(CN)¢]* nonsina xoue V¥ — V' ore oThIpbIN, KaiiTa Ty3inyiMeH KaTap &ypeTiH To-
TBIFY-TOTBIKCBI3JJAaHy PEaKIMsIIaphl KYPETiHI aHBIKTAJABL. 3EpTTENiN OTHIpFaH Xyiiene
opeKeTTecy MPOIECiHIH yaKbITHIH 60 MUH. )KOFaphl apTTHIPFaH Ke3Jle BaHAIUH KoHE TeMip
THJPOKCHUATEPI TY31IETIHI, ajl 0/1aH Ja Kol yakbIT (180 MUH. sxorapbl) 00ibI SpeKeTTeCKeH
Ke3Jle OHIMIEep/Ie TEMIP THIPOKCUATEP] apTaThIHBI aHBIKTAJI/IBL.

Tyiiin ce3nep: xamumit (III) rexcanumanodepparsl, BaHamuiI cynb(arsl, rekcaua-
Hodeppar (II) monsl, rexcaumanodeppar (III) monsl, xomruekc Ty3iny, UK cnekrpo-
CKOITHSL.

38



ISSN 1813-1107 Ne 2 2019

Summary

A. A. AGATAYEVA, K. Ye. YERMEKOVA, R.A. KAIYNBAYEVA,
R. M. CHERNYAKOVA, U. Zh. JUSSIPBEKOV, Ye.A. TUSUPKALIYEV

STUDY OF THE INFLUENCE OF SOME FACTORS ON THE INTERACTION
PROCESS IN THE SYSTEMS K;[Fe(CN)g] — VOSO,-3H,0/NiSO47H,0 — H,0
AND K3[F€(CN)6] - VOSO43H20 - NISO47H20 - H20
Message 2. IR spectroscopic study of the interaction products
in the K3[Fe(CN)s] — VOSO43H,0- H,0 system obtained in the range of 5-300 min.

The effect of time on the composition of the interaction products in the
K;[Fe(CN)g] — VOSO43H,0-H,0 system was studied. On the bases of IR spectroscopic
analysis of products isolated from the studied system, it was established that complex
formation processes occur in it with the formation of hydrated complexes of variable
composition, and redox reactions, accompanied by the reorganization of the
[Fe"(CN)s]> — ion to the ion [Fe"(CN)s]* and transition V¥ — V. It was revealed that
with an increase in the time of the interaction process over 60 minutes in the studied
system, hydroxides of vanadium and iron are formed, and with longer interaction (over
180 minutes), iron hydroxide predominates in the products.

Key words: potassium hexacyanoferrate (III), vanadyl sulfate, hexacyanoferrate (II)
ion, hexacyanoferrate (IIT) ion, complexation, IR spectroscopy.
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UDC 541.132/.132.4:541.49
T. K. JUMADILOV, R. G. KONDAUROV, A. M. IMANGAZY

«Institute of Chemical Sciences named after A.B. Bekturov» JSC, Almaty, Republic of Kazakhstan

COMPARATIVE CHARACTERISTICS OF SORPTION PROPERTIES
OF POLY-4-VINILPYRIDINE AND POLY-2-METHYL-5-
VINILPYRIDINE IN RELATION TO RARE-EARTH ELEMENTS IONS

Abstract. The rare-earthelements (lanthanum, cerium, neodymium, and samarium)
ions sorption by individual hydrogels of poly-4-vinylpyridine (gP4VP) and poly-2-me-
thyl-5-vinylpyridine (gP2M5VP) was studied.

The maximum values of the extraction degree by gP4VP were observed after
48 hours, while the degree of extraction was 66.05%; 56.67%; 54.60%; 62.89% respec-
tively for lanthanum, cerium, neodymium, samarium ions.The final polymer chain binding
degree values by poly-4-vinylpyridine hydrogel were 55.00%; 47.00%; 45.60%; 52.10%
for the La, Ce, Nd, Sm ions, respectivelyand was achieved after 48 hours of the starting
contact of the polymer hydrogel with thenitrates solutions.The maximum effective dyna-
mic exchange capacitieswere 4.95; 3.78; 3.67; 4.30 mmol/g for the La, Ce, Nd, Sm ions,
respectively,andwere observed at 48 hours of the interaction.

The maximum values of the extraction degree were 63.65%; 50.00%; 48.60%;
57.60% for La, Ce, Nd, Sm ions, respectivelyby gP2M5VP and were observed after
48 hours.The final values of the polymer chain binding degree 53.00%; 41.47%; 38.80%;
48.40%for lanthanum, cerium, neodymium, and samarium ions, respectively, were
reached after 48 hours.At 24 hours of interaction, the exchange capacity was 4.47; 2.71;
2.56; 3.13 mmol/g. Further P2M5VP hydrogel ionization was very weak, which indicated
the approached equilibrium state. The maximum effective dynamic exchange capacities
were 4.77; 3.33; 3.07; 4.17 mmol/g were observed for the La, Ce, Nd, Sm ions, respecti-
vely at 48 hours.

The obtained results indicate the possibility of creating and improving the selective
systems for lanthanum, cerium, neodymium, and samarium ions sorption technologies.

Key words: hydrogels, poly-4-vinylpyridine, poly-2-methyl-5-vinylpyridine, rare-
earth elements, ions, sorption.

Introduction. Rare-earth elements are used in various industries: instrument
making, radio electronics, machine building, nuclear engineering, metallurgy,
chemical industry, etc. Lanthanum, cerium, praseodymium, neodymium are
widely used in the glass industry in the form of oxides and other compounds [1].
These elements increase the translucence of the glass. Rare-carth elements are
part of special-purpose glasses that transmit infrared rays and absorb ultraviolet
rays, and heat-resistant glass [2].

These rare earth elements and their compounds are widely distributed in the
chemical industry, for example, in the production of pigments, varnishes and
paints. In addition, these rare-earth elements being used in the production of cer-
tain explosives, special steels and alloys, as degasifiers [3]. Single-crystal com-
pounds of rare-earth elements (and also glasses) are used to create laser and other
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optically active and nonlinear elements in optoelectronics [4]. Some lanthanum
compounds, for example, chlorides and oxides are components of various
catalysts used in particular for oil cracking [5].

Lanthanum is a soft, silvery-white, ductile and malleable metal. It is the first
member of the Lanthanoid Group (Rare Earths) of the Periodic Table and is the
28th most abundant element within the Earth’s crust. It is soft enough to be cut
with a knife and when exposed to air will tarnish rapidly. When ignited, it will
burn easily. Lanthanum is one of the most reactive elements within this group and
will react even with water to give off hydrogen gas [6]. Lanthanum metal has no
commercial uses. However, its alloys have a variety of uses. A lanthanum-nickel
alloy is used to store hydrogen gas for use in hydrogen-powered vehicles. Lantha-
num is also found in the anode of nickel metal hydride batteries used in hybrid
cars. It is an important component of mischmetal alloy (about 20%). The best-
known use for this alloy is in «flints» for cigarette lighters.

«Rare earthy compounds containing lanthanum are used extensively in
carbon lighting applications, such as studio lighting and cinema projection. They
increase the brightness and give an emission spectrum similar to sunlight.
Lanthanum (I1I) oxide is used in making special optical glasses, as it improves the
optical properties and alkali resistance of the glass. Lanthanum salts are used in
catalysts for petroleum refining.The ion La’" is used as a biological tracer for
Ca®", and radioactive lanthanum has been tested for use in treating cancer [7].

The goal of this work was to study the sorption ability of poly-4-vinylpyri-
dine and poly-2-methyl-5-vinylpyridine individual hydrogels in relation to
lanthanum, cerium, neodymium, samarium ions.

EXPERIMENTAL PART

Equipment. The conductivity meter Mark 603 (Russia) was used to measure
conductivity, the pH of the solutions was determined by a Metrohm 827 pH —
meter (Switzerland). The mass of swollen samples of hydrogels for the subse-
quent calculation of swelling degree (o) was determined by weighing on an
electronic analytical balance SHIMADZU AY220 (Japan). The optical density of
lanthanum, cerium, neodymium and samarium nitrates solutions was determined
for the subsequent calculation of the concentration of lanthanum ions and cerium
ions using a Jenway 6305 spectrophotometer (SC) and an ARCOS Simultaneous
ICP Spectrometer atomic emission spectrometer (ICP-AES) (Germany).

Experiment. Experiments were performed at room temperature. The study of
electrochemical, volume-gravimetric and sorption properties of individual poly-
mer hydrogels was carried out as follows:

1) The estimated amount of each hydrogel (poly-4-vinylpyridine, poly-2-
methyl-5-vinylpyridine) in dry form was placed in a glass beaker.

2) For 2 days, electrochemical properties (pH, conductivity) of aqueous
solutions and the mass of polymer samples of hydrogels were measured. Measu-
rement of electrical conductivity and pH was carried out in the absence of
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hydrogels in an aqueous medium. The degree of swelling was calculated using the
following the formula:

_ mpy—my

a=——, (1

mq

where m; — the weight of the dry hydrogel, m, — the weight of the swollen
hydrogel.

Methodology of rare-earth elements ions determination. The method for
rare-earth elementsions determination in solution was based on the formation of a
colored complex compound of the organic analytic reagent arsenazo (III) with
lanthanum ions [2].

Extraction (sorption) degree (1) was calculated by the following equation:

n — Cinitial—Cresidual * 100% , (2)
Cinitial
where Ciyiar 1S the initial concentration of rare-earth elementsin solution, g/L;
Cresique 18 the residual concentration of rare-earth elements in solution, g/L.
Polymer chain binding degree (6) was determined by calculations in
accordance with the following equation:

g = Zsorbed 4 1009, 3)
v

where Vgomed — the quantity of polymer links with sorbed rare-earth elements, mol;
v — the total quantity of polymer links (if there are two hydrogels in solution, it is
calculated as sum of each polymer hydrogel links), mol.

The effective dynamic sorption capacity (Q) was calculated by the following
equation:

Vsorb
= —, 4
Q Msorbent(s) ( )
where v, 18 the amount of sorbed metal, mole; Mapsorment - the mass of the sorbent
(if there are two hydrogels in solution, it is calculated as the sum of the two
hydrogels masses), g.

RESULTS AND DISCUSSION

The study of the P4VP hydrogel sorption properties. Figure 1 represents the
dependence of the ions extraction degree of lanthanum, cerium, neodymium,
samarium by P4VP hydrogel on time. A sharp increase in the extraction degree
was observed for 6 hours, the degree of La, Ce, Nd, Sm ions extraction was
38.43%; 30.00%; 28.30%; 36.59%, respectively. After that, there was a further
increase in the degree of extraction. The maximum values of the extraction degree
were observed after 48 hours, while the degree of extraction was 66.05%;
56.67%; 54.60%; 62.89% respectively for lanthanum, cerium, neodymium,
samarium ions.
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Figure 1 — The dependence of the ions extraction degrees of P4VP hydrogel
with respect to lanthanum, cerium, neodymium, samarium ions on time

Figure 2 shows the dependence of the degree of the polymer chain binding
(with respect to lanthanum, cerium, neodymium, samarium) of P4VP hydrogel on
time. As can be seen from the figure 2, over time, the degree of binding increases.
The obtained results indicate that the most intensive binding of lanthanum,
cerium, neodymium, samarium with P4VP polymer hydrogel occurs within
6 hours, at which time the polymer interacts with the solutions of rare earth metal
salts the degree of binding of the polymer chain reaches 32.00%; 24.88%;
22.60%; 27.50% with respect to lanthanum, cerium, neodymium, samarium ions.
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Figure 2 — Dependence of the polymer chain binding degree of PAVP hydrogel
with respect to lanthanum, cerium, neodymium, samarium ions on time
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After this, a further increase in binding was observed, after 24 hours 49.99%
(lanthanum), 43.69% (cerium), 41.80% (neodymium), 46.70% (samarium) were
bound. It should be noted that the further binding of metal ions by a polybase
occurs very weakly, the final values of the polymer chain binding degree bypoly-
4-vinylpyridine hydrogel (55.00%; 47.00%; 45.60%; 52.10% with respect to the
La, Ce, Nd, Sm ions, respectively) was achieved after 48 hours of the starting
contact of the polymer hydrogel with thenitrates solutions.

Figure 3 represents the time dependence of the effective dynamic exchange
capacity of P4VP hydrogel (with respect to lanthanum, cerium, neodymium,
samarium) ions. The most dramatic growth of this parameter was observed within
6 hours of the starting contact of the polymer hydrogel with thenitrates solutions.
After this time, the exchange capacity was 2.89; 2.00; 1.92; 2.31 mmol/g. Further
weak growth (after 24 hours) was directly related to the nature of the PAVP hyd-
rogel - since the polybase is weak, it is weakly ionized and quickly reaches equili-
brium in the salt solution. The maximum values of exchange capacity (4.95; 3.78;
3.67; 4.30 mmol/g) were observed at 48 hours of the interaction.
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Figure 3 — Dependence of the effective dynamic exchange capacity of PAVP hydrogel
with respect to lanthanum, cerium, neodymium, samarium ions on time

The study of the poly-2-methyl-5-vinylpyridine hydrogel sorption properties.
Figure 4 shows the dependence of the P2M5VP hydrogel extraction degrees of
lanthanum, cerium, neodymium, samarium ions on time. From the figure 4 we
can see that with time the degree of these rare-earth metals ions extraction in-
creases. After 6 hours, the extraction degree of La, Ce, Nd, Sm ions was 36.95%;
25.33%; 22.90%; 31.40%, respectively. After this point, there was a less sharp
increase in sorption. At 24 hours, the recovery rate was 59.68%; 40.67%; 37.60%;
52.90%, respectively, and the maximum values 63.65%; 50.00%; 48.60%;
57.60% were observed after 48 hours.
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Figure 4 — The dependence of the P2M5VP extraction degrees of lanthanum,
cerium, neodymium, samarium ions on time

Figure 5 represents the dependence of the polymer chain binding degree of
the P2M5VP hydrogel (with respect to the ions of lanthanum, cerium, neody-
mium, samarium ions) on time. By analogy with the data on the degrees of lantha-
num, cerium, neodymium, samarium ions extraction, (see figure 2) it can be seen
that most of these metals are bound by the rarely crosslinked polymer during
6 hours, after this time, the polymer chain binding degree reaches 30.83%;
21.01%; 18.70%; 27.80% with respect to La, Ce, Nd, Sm ions. After that, a
further increase in binding was observed, after 24 hours, 49.17% binds; 33.73%;
30.80%; 41.90% of these metals. Further increase in the polymer chain binding
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Figure 5 — Dependence of the polymer chain binding degree ofP2M5VP hydrogel
(with respect to lanthanum, cerium, neodymium, samarium) on time
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degree of the basic hydrogel of poly-2-methyl-5-vinylpyridine was very weak,
indicating an approach of an equilibrium state. The final values of the polymer
chain binding degree (53.00%; 41.47%; 38.80%; 48.40%) with respect to the ions
of lanthanum, cerium, neodymium, samarium ions were reached after 48 hours.
The time dependence of the effective dynamic exchange capacity (with res-
pect to lanthanum, cerium, neodymium, samarium ions) of P2M5VP hydrogel is
shown in figure 6. The highest ionization rate of polybase was observed at 6 hours
of P2M5VP hydrogel interaction with lanthanum, cerium, neodymium, samarium
nitrates solutions. At this interaction time, this parameter reaches 2.77; 1.69; 1.43;
2.05 mmol/g, respectively. A further increase in the effective dynamic exchange
capacity was not as intense. At 24 hours of interaction, the exchange capacity was
4.47; 2.71; 2.56; 3.13 mmol/g. Further P2M5VP hydrogel ionization was very
weak, which indicated the approached equilibrium state. Maximum values (4.77;
3.33; 3.07; 4.17 mmol/g) of exchange capacity were observed at 48 hours.
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Figure 6 — Dependence of the effective dynamic exchange capacity of P2M5VP hydrogel
with respect to lanthanum, cerium, neodymium, samarium ions on time

Conclusions. At the initial time, in the P4VP polybase ionization process,
protons were intensively bound by nitrogen atoms, as evidenced sharp decrease in
their concentration. Over time, the degree of their association decreases, as a
result, a gradual increase in pH, reaching maximum values after 48 hours.

The protons formation occured in the solution during the P4VP polymer
hydrogel entire interaction time with nitrate solutions, and a significant part was
formed during the first 6 hours. Lanthanum, cerium, neodymium, and samarium
ions sorption occurs due to the formationof heteroatoms coordination bonds with
studied rare earth metal ions. Protonization of the polybase occured due to the
addition of the formed hydrogen ions to P4VP heteroatoms, this shifted the equi-
librium to the right, as a result, additional protons were released into the solution.
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Then,the sorption of lanthanum, cerium, neodymium, samarium by the coordina-
tion mechanism occured, as a result, protons were released into the solution.

During the time of P2M5VP hydrogel interaction with the nitrate solutions,
hydrogen ions were released. This was due to the lanthanum, cerium, neodymium,
and samarium ions sorption by polybase, as a result, the P4VP ionization occured
due to the coordination bonds formation with metal ions. As in the case of the
P4VP polymer hydrogel, a substantial release of hydrogen ions was observed
within 6 hours after the starting contact of the polymer with the nitrate solutions.
The process of hydrogen association by nitrogen atoms of a polybase led to an
additional shift (to the right) of the equilibrium towards the protons formation.
After 24 hours of the P2M5VP polymer hydrogel interaction with lantha-
num,cerium, neodymium, and samarium nitrate solutions, the protons realising
processinto the solution was so insignificant that it could be concluded that
electrochemical equilibrium occured in the system.

This work was financially supported by the Science Committee of the
Ministry of Education and Science of the Republic of Kazakhstan on projects
AP05131302 and AP05131451 as part of grant funding for scientific research for
2018-2020.
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Pesome
T. K. Ilicymaounos, P. I'. Konoaypos, A. M. Hmaneasw

[1OJIN-4-BUHUIITTNPUJIVH XKOHE I10JIN-2-METUWJI-5-BUHUJITTUPUIH
TMAPOT'EJIBAEPI MEH CUPEK XKEP DJIEMEHTTEP MOHIAPBIHBIH
COPBIIUAJIBIK CUTTATTAMAJIAPBI

[Momu-2-merwn-5-suamnmupuaua (II2MSBIT) xone nonu-4-sunmnmupunuaa (I14BIT)
KBIIIKBIIIAPBIHBIH KEKE TOJMMEpIIl THAPOTEIbIEPIMEH CUPEK JKEp METalNapbIH, aTall
aliTKaHga TaHTaH, [epHs, HEOANMA, CaMapys HOHIAPBIHBIH COPOIHSACH 3epPTTENiHII.

JlanTtan, mepusi, Heoguma, camapus moHAapsl MeH [14BII xeke ruaporennepiHiy
48 caraT OO¥ibI apayachill COPOIMSIBIK ICHICHI MaKCHMaIIIbl MOHTe (colikecinmie 66.05;
56.67; 54.60; 62.89 %) xeTkeHAiri aHbIKTaabIHABI. COHBIMEH Kartap, JIaHTaH, LECpPHs,
HeonmMa, camapusi nonaapbl MeH [12MSBIT skeke runporenbiepiHin 48 caraT OOMBI
apajachIn COPOLUSUITBIK NCHT el MBIHaIail MakcUMaITIbl MOHTe (colikeciHie, 63.65; 50.00;
48.60; 57.60 %) xerri.

Tyiiin ce3nep: ruaporenabaep, MOIU-4-BUHWINUPUINH, TOIH-2-METHUI-5-BUHUIIHU-
PHIIUH, CHPEK JKep dJIEeMEHTTEepi, HOHAAP, COPOIHSI.

Pe3ome
T. K. Ilicymaounos, P. I'. Konoaypos, A. M. Hmaneasw

CPABHUTEJIBHASI XAPAKTEPUCTHUKA COPBLIMOHHBIX CBOMCTB
ITOJIN-4-BUHWJITIMPUINHA U T1OJIN-2-METWJI-5-BUHUIITIMPUINHA
1O OTHOHIEHUIO K NOHAM PEJIKO3EMEJIbHBIX 3JIEMEHTOB

UccrenoBano copOIMOHHOE HW3BJICUYCHHE HOHOB PEIKO3CMENBHBIX METaIOB, a
WMEHHO, JIaHTaHa, IepUs, HEOAWMA, CaMapws, WHAWBAIYAIGHBIMA ITOTUMEPHBIMHU
rugporensiMu  nonu-4-suHmnnupuauaa  (IT4BI1) w  momum-2-MeTwin-5-BUHWITUPUITHA
(IT2M5BI).

Y CTaHOBIIEHO, YTO CTENEHb COPOIMM WOHOB JIAHTaHA, IIEPHs, HEOAWMa, CaMapHs
nHANBHAYaTbHEIM ruaporeneM [14BI1 mocturia makcuManbHBIX 3HaUeHHi (66.05; 56.67,;
54.60; 62.89 % COOTBETCTBEHHO) MO MCTEUYEeHUU 48 4 B3auMojelcTBUA. Toraa Kak cTe-
MICHb COPOIMK MOHOB JIAaHTaHa, IIEPHsl, HEOUMa, CaMapHsl HHINBUAYAIbHBIM THAPOTEICM
TI2M5BII mocturino makcuMmanbHbIX 3HadeHui (63.65; 50.00; 48.60; 57.60 % cooTBeT-
CTBEHHO) M0 UcTeueHuu 48 4acoB B3aMOJICHCTBUSI.

KutioueBblie ¢Jji0Ba: ruAporesu, Noau-4-BUHWINAPUANH, MTOJIH-2-METUI-5-BUHIIITU-
PUIMH, pEIKO3EMENEHBIC JICMEHTBI, HOHBI, COPOIIHS.
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3,5-BIS(ARYLIDENE)PIPERIDIN-4-ONES
AS SYNTHETIC CURCUMIN ANALOGUES

Abstract. The synthesis of divinyl ketones based on various cyclic ketones, in parti-
cular piperid-4-ones, with aromatic aldehydes is considered. The dependence of pharma-
cological activity on the nature of substituents in the aromatic ring and at nitrogen of the
piperidine cycle is shown. The perspectivity of searching for anticancer drugs in a family
of substituted 3,5-bis(arylidene)piperidin-4-ones has been established.

Keywords: divinyl ketones, piperidine, aldol-crotonic condensation, synthesis,
pharmacological activity.

Nitrogen-containing heterocycles play an important role in the activities of
vital organisms. Many of most highly effective drugs relate to compounds of this
family. There is a highly interest of a,B-unsaturated ketones due to their availa-
bility, reactivity and practical applica-

tion in various fields [1]. Hydroge- |HO OH

nated divinyl ketones possess a wide

range of biological activities (antitu- Y Q
C

moral, antimicrobial, antifungal and H; 0 OCurcuminoidCH3
etc.) and can be potentially used for
creation of pharmacological preparations. It should be noted that a,B-unsaturated
ketones show the similar structure as natural curcumin [2], which is the main
active ingredient in turmeric roots, also known for its biological activity such as
antioxidant, antidiabetic, anti-inflammatory and u anti-cancer drugs.

This Research relates to the analysis of literature based on synthesis of
aromatic divinyl ketones with piperidine fragment and pharmacological activities
of diarylidene ketones and their derivatives.

A lot of publications are dedicated to the elaboration of synthesis methods of
divinyl ketones in order towards more complex and high functional systems.
Some ways such as aldol-crotonic condensation, acylation of olefins with carbo-
xylic acid anhydrides and acid halides (Friedel-Crafts reaction), also methods
based on vinylacetylene carbinols developed by I.N. Nazarov and others have
become traditional. The large group of a,a'-conjucated dienones is make up the
condensation products of acetone or other ketones with aromatic aldehydes,
usually represents symmetrical dienones with same or mixed aryl radicals.

The most common way of dienone’s synthesis is aldol-crotonic condensation
of ketones with aldehydes that proceeds under alkaline or acidic conditions which
are created by different agents. In case of condensation between acetone and
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2 moles of aromatic aldehyde symmetrical dienone - diarylidene acetone are
formed (1) [3]:

o)

)J\ + 5 )J\ —> HC CH
H;C CH A H | |

3 3 r r) K

A detailed analysis of this reaction’s mechanism describes in Becker’s
monograph [4].

Reactions of aldol-crotonic condensation between cyclic ketones and
aromatic aldehydes under alkaline conditions had known for a long time.

Attempt of increasing the number of 3,5-dialkyl substituted piperidones by
using cyclic ketones as carboxylic component of Mannich reaction was made by
Vatsadze S.Z. and co-authors. As it turned out, interaction between cyclohe-
xanone, different aromatic aldehydes and ammonium acetate leads to formation of
bicyclic compounds. But, for example in case of 1-ethylpiperidine-4 the final
product was divinyl ketone 2a—c [5]:

o o)
O  NH,0A A
Y c =
O el s
N H N

k k 2 a-c

Ar = Ph (a); p-CH;0CgH, (b); p-(CH;),NC4H, (c)

Synthesis, based on norpiperidone-4 and aromatic aldehydes made by
Kulathooran Singaram and co-authors [6], are the great examples of obtaining of
conjucated dienones with 1,4-pentadiene-3-one’s system:

% “ ArAﬁﬁA Q - ArW

H.

HCI/E OH =
N t Et3N/DCM OH Aot
Cl Cl
-~ Or@ L 09 @K @ ~Qrono
[6)
Cl

Three types of heteroaromatic analogues (twenty seven compounds) with
monoketones as linkers were synthesized. After that, the antibacterial activity of
synthesized compounds was studied against six strain of bacteria. Among them,
3,5-dibenzylidene-1-[(3,5-dichloro-2-hydroxyphenyl)sulfonyl]piperidine-4-one
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(4e) possess the best antifungal activity against Aspergillus niger and A. fumi-
gatus. The chemical structures of the synthesized compounds were defined by
various spectroscopy techniques [6].

Twenty one novel NH- u N-methyl-3,5-bis-(arylidenyl)-4-piperidone's analo-
gues of curcumin were synthesized by Mattew Gregory and co-authors [7]. Twel-
ve of them were tested for the cytotoxicity against B16 cells (mouse melanoma)
and L1210 (mouse lymphoma). Compounds have a significant activity against B/6
cells. It has been shown that the main role at cytotoxicity plays the position of
hydroxyl group. Amino containing analogues are usually less active than their
halogen and oxygen containing analogues, therefore N-substitution in the 4-
piperidinone fragment increases the cytotoxicity of the compounds [7]:

0
S

H;CO E = OCH;
H;CO O OH
0 0
H,CO O N N\ OCH; NG
H;CO N O OCH, F O N O F
OCH; @ OCH; H

Condensation of cyclic ketone with aromatic aldehydes in the presence of
ammonium acetate under ethanol media made by Natesan Sundaramurthy Kar-
thikeyan and co-authors affords the corresponding 5-aryl-7,8,13,14-tetrahydro-
dibenzo[a,i]phenanthridine with excellent yield. This mild and effective proce-
dure also can be used in synthesis of 2,4-diaryl-6,7-belizo-3-azabicyclo[3.3.1]no-
nan-9-one and o,a'-bis-(benzylidene substituted)cycloalkanes [8].

Indian scientists has investigated the structure of the synthesized three
dibenzylidene-4-piperidone derivatives. In the para-fluorine-substituted diben-
zylidene compound, fluorine participates in the C-H ... F interaction, resulting in a
one-dimensional packing fragment. In addition, fluorine has a significant ability
to form exclusive intermolecular interactions, as well as compete with oxygen as
an acceptor [9].

It is known that curcumin (diferuloylmethane) and its synthetic derivatives
has antioxidant [10], anti-inflammatory [11], antiviral [12], antibacterial [13]
effects, and thus has potential application for the treatment of various malignant
tumors, diabetes, allergies, arthritis and other chronic diseases [14-17]. Various
search groups has been carried out chemical modifications of curcumin’s analo-
gues, with the aim of exploring new derivatives with increased systemic bio-
availability and improved pharmacological activity [18, 19]. 3,5-bis(benzylidene)-
4-piperidone exhibit cytotoxic activity, especially on leukocyte cell and colon
cancer [20].
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A number of novel curcumin’s analogues was synthesized and screened for
anti-cancer and antiangiogenic at Emory University and at the National Cancer
Insitute (NCI). The majority of the analogs demonstrated a moderate degree of
anti-cancer activity. Compounds (X=CH,, O iz NCHj3;; R=0-OH) showed a high
level of cytotoxicity in the NCI in vitro anti-cancer cell line screen. In addition,
this compounds inhibit the growth of tumor cells growth with higher efficiency
than the commonly used chemotherapeutic drug, cisplatin. [21].

A€ ) TG

X=CH,; O; NCH;3; NHHOAc
R=0-OH; o-F

With the purpose of exploring of novel curcumin’s derivatives, Yum Eryanti
and his team synthesized 3,4-bis(2-hydroxybenzilydene)-4-piperidone [21, 22] by
the reaction of condensation between 2-hydroxybenzaldehyde and N-benzyl-4-
piperidone in precence of 10% NaOH under microwave radiation:

OH O 0 OH o OH
5 ©)LH T ﬁ 40% aqua NaOH/ethanol O = =
N 60°C, 10 min N O

The simplicity of the synthesis and the availability of the reagents are the
most important criteria of the searching novel potential biologically active
compounds. We [23-25] have synthesized o,B-unsaturated piperidine-4-ones
under the conditions of Klassen-Schmidt reaction by condensation of 1-(2-
ethoxyethyl)piperidone-4 with benzoic, anisic and veratric aldehydes. The reac-
tion is carried out in ethanol in the presence of an alkaline agent:

O O
5 _—_— ﬁﬁ 15% KOH
R N EtOH

R’ l—\O
-

R, R=H or OCH;

According to various examples of 3,5-bis(arylidene)-4-oxopiperidines which
are exhibit biological activity, they can be attributed to synthetic cucumin’s
analogues. Thus, using the example of various 3,5-bis-(arylidene)-4-oxopiperi-
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dines, having biological activity, it has been shown that ones can be attributed to
synthetic analogues of curcumin. The most promising in this family of chemical
compounds is the search for anticancer drugs.

The work was carried out with financial support of the Science Committee of
the Ministry of Education and Science of the Republic of Kazakhstan within the
framework of the GF Ne AP05131486 and PCF Ne BR05234667.
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H. A. XKymanosa, A. E. Manmakosa, C. C. JKymaxosa,
K. A. Kowemosa, /]. Maxawesa, K. /I. I[Ipanues, B. K. IO

KYPKYMUHHBIH CUHTETUKAJIBIK AHAJIOT'TAPBI PETIH/IETT
3,5-BUC(APWJIMAEH)ITUTTEPU-4-OHJAPBI

OpTYpAl IUKIIIK KETOHIApFa HETI3ICNTeH TUBHHII KETOHIAPABIH CHHTE31, aTarl
aliTkaHga, apoMaTTHl ANBICTUATEPMEH MUIEPUA-4-OHOApABIH CHHTE31 KapacTHIPBUIFaH,
(hapMaKoIOTHSIIBIK OCICeHAUTIKTIH apOMaTThl CaKHHAIAFHI KOHE THUIECPHINH IHUKIIIHIIET
a30T aTOMBIHIAFBl OpBIHOAcaplIapIblH TaOWMFATBIHA TAYENAUIri KepceTimreH. 3,5-0mc
(apwinzeH) opelHAIMACKAH MHUIEPUINH-4-0OHIAp/IbIH apachlHaa iICIKKE KapChl Mperapar-
Tap/Isl 1371y TMEPCIEKTUBACKHI OCITIICHII.

Tyiiin ce31ep: TUBUHWIKETOH, MUTIEPUIOH, AJTbJOI-KPOTOHIBI KOHACHCAIUS, CUH-
Te3, (GapMaKOJOTHSIIBIK OCIICCHTLTIK.
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H. A. Kymanosa, A. E. Manmaxosa, C. C. Kymarosa,
K. A. Kowemosa, /{. Maxawesa, K. /[. [Ipanues, B. K. 1O

3,5-BUC(APWJIMAEH)ITUITEPU/IMTH-4-OHbI
KAK CUHTETUYECKHE AHAJIOT'Y KYPKYMUHA

PaccmarpuBaeTcsi CUHTE3 NMBHHMIKETOHOB Ha OCHOBE PA3JIMYHBIX LMKIMYECKUX
KETOHOB, B YaCTHOCTHU MHUIIEPUA-4-0HOB, C apoOMaTHUECKUMHU anpaeruaamu. Ilokasana 3a-
BUCHMOCTh (DapMaKOJIOTHYECKOH aKTUBHOCTU OT IMPHUPOJAbI 3aMECTUTENEH B apoMaTH-
YeCKOM KOJIbIIE M y aToMa a30Ta HMHUMNEPUAMHOBOTO IHKIA. YCTaHOBJIEHA NMEPCHEKTUB-
HOCTh TIOMCKa MPOTHBOOIYXOJIEBBIX IPENapaTtoB B POy 3aMEIIeHHBIX 3,5-Ouc(apuiu-
JICH)TUNIEPHIUH-4-0HOB.

KuroueBbie c10Ba: JUBUHUI KETOHBI, IUIEPUINH, aIbJOIbHO-KPOTOHOBAsI KOH/IEH-
canusi, CHHTe3, (hapMaKoIOTrHIecKast akTHBHOCTb.

55



XUMWYECKHH )KYPHAJI KA3AXCTAHA

UDC 547.821.411.4:547.826.1:542.973
T. P. MIKHAILOVSKAYA, P. B. VOROBYEV, R. KURMAKYZY, K. A. KADIRBEKOV

«A.B. Bekturov Institute of Chemical Sciences» JSC, Almaty, Republic of Kazakhstan

CATALYTIC ACTIVITY VANADIUM OXIDE CATALYSTS MODIFIED
BY Ti, Sn, Cr OXIDES IN THE PARTIAL OXIDATION
OF 3-METHYLPYRIDINE

Abstract. The results of catalytic activity of V,0s-MesO, (Me — Ti, Sn, Cr) binary
catalysts and more complex in composition in a wider range of catalytic systems in the
partial oxidation of 3-methylpyridine are discussed. It was found that the binary vanadium
chromium oxide catalyst showed the greatest activity in this process. Nicotinic acid is
obtained with the highest yield (80%) at 330 °C and a molar ratio of reacting substance: 3-
methylpyridine: oxygen : water vapor = 1:13:25,5.

Keywords: oxidation, 3-methylpyridine, nicotinic acid, catalysts, oxide.

Introduction. Catalysis is currently the basis of production of a large num-
ber of chemical products [1], one of is nicotinic acid and its derivatives.

Nicotinic acid and its derivatives have a large variety of physiological pro-
perties, due to which they are widely used in medicine and agriculture as vita-
mins, drugs, plant growing regulators.

The vapor-phase oxidation of methylpyridines (MP) by air oxygen in the
presence of oxide catalysts is the most cost-effective method for the preparation
of pyridinecarboxylic acids. In Bekturov Institute of Chemical Sciences, with the
purpose of creating a one-stage technological process for the NA (nicotinic acid)
production, the research is being conducted for searching development efficient
catalysts of vapor-phase oxidation 3-MP. Well known, vanadium-containing mi-
xed oxide catalytic materials [2, 3] are active in the partial oxidation reactions.
Titanium, tin and chromium oxides are widely used as components of catalytic
systems [4-6]. For example, the vapor-phase oxidation of 3-picoline to nicotinic
acid was studied [4] in the presence of a number mixed oxides CrV,P,O4
(x = 0-1.0). The CrVs5P¢0s04 showed the greatest activity from the tested
catalysts. Authors [5] have synthesized highly dispersed, multilayer metal oxide
catalysts (V,0s/MO,/SiO,, M = Ti (IV), Zr (IV) or Al (II)). It was found that
surface V cations mainly interact with surface particles of metal oxides (Ti, Zr or
Al) on silicon dioxide. It is shown that the catalytic activity of vanadium oxide
catalysts can be changed by changing and modifying the oxide support. The
influence of additives on the acid-base and redox properties of catalysts in selec-
tive oxidation reactions was considered in this article [7]. The development of
nicotinic acid technology is described in the work [8].

Due to practical importance of nicotinic acid, the purpose of this work was
to search for new active and selective catalysts for the vapor-phase oxidation of
3-methylpyridine.
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EXPERIMENTAL PART

In this work, dried and distilled 3-methylpyridine with boiling point of
140°/692 mm, d° = 0.9568, np>’ = 1.5050 was used. These characteristics
corresponded to the reference data.

As initial components of the catalysts, we used vanadium pentoxide, tita-
nium, tin, chromium dioxides of analytical grade. The initial oxides in a molar
ratio of 1:4 were ground in a porcelain mortar to form a homogeneous batch,
which then was compressed into tablets of 15 mm in diameter and 3-4 mm in
thickness and calcined at 640 °C for 4 hours. After cooling, the tablets were cru-
shed into grains of 3-5 mm in size. Textural characteristics of the synthesized
binary catalysts were determined by low-temperature nitrogen desorption method
on the NOVA 1000e gas sorption analyzer from Quantachrome (USA).

The oxidation of 3-methylpyridine was carried out in a continuous instal-
lation of reaction tube made of stainless steel with a diameter of 20 mm and a
length of 150 mm into which 10 ml of a granular catalyst was loaded.

The unreacted 3-methylpyridine and reaction products were trapped in air-lift
type scrubbers filled with water and analyzed by gas-liquid chromatography.
Nicotinic acid was titrated with 0,035 N alkali using phenolphthalein.

The deep oxidation products were analyzed by LXM-8MD chromatograph
with a thermal conductivity detector. The stainless steel columns had a length of
3,5 m and an inner diameter of 3 mm. The adsorbent for CO detection was an
AG-5 activated carbon (0,25-0,50 mm), for CO, — polysorbent-1 (0,16-0,20 mm).
The temperature of the thermostat was 40 °C.

RESULTS AND DISCUSSION

Catalysts of the composition V-Ti-O, V-Sn-O and V-Cr-O were prepared and
tested for the purpose to development new active and selective catalysts for the
vapor-phase oxidation of 3-methylpyridine.

We investigated the general laws of the reaction, in particular, the effect of
temperature, the amount of oxygen (air) and water vapor on the yield of the main
products of the reaction.

Figure 1 shows the results showing the change in the conversion of 3-me-
thylpyridine and the yield of nicotinic acid on binary vanadium oxide catalysts
depending on temperature under comparable conditions. It is shown that binary
vanadium titanium and vanadium tin catalysts exhibited insufficiently high
activity in 3-methylpyridine oxidation and were inferior to vanadium-chromium
contact.

The vanadium chromium catalyst showed the greatest activity among
the tested catalysts, on which conversion of 3-methylpyridine at temperature of
350-370 °C reached 91-93%. The degree of conversion of the initial substance to
V-Sn-O in the studied temperature range was 65-82%, and on V-Ti-O - only
54-66%. In terms of catalytic activity, the tested binary systems can be arranged
in the following row: V-Cr-O> V-Sn-O> V-Ti-O.
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Figure 1 — Influence of temperature on the conversion of 3-methylpyridine (A)
and yield of nicotinic acid (B) under oxidation conditions
over the V,05-4TiO, (1), V,05-4Sn0,(2), V,0s -4Cr,05 (3) catalysts.

The feed rate of 3-methylpyridine — 36 g, air 550 L, water 177,7 g per 1 L of the catalyst in hour.
Mole ratio of 3-methylpyridine:0,:H,0 = 1:13:25.5

It is known from the literature that most of the operational (catalytic, sorp-
tion, pigment) properties of metal oxides are associated with the dispersity and
characteristics of the porous materials structure. The influence of such parameters
as the specific surface area (SSA), the total pore volume (VS) is decisive in the
course of heterogeneous processes.

Specific surface area and textural characteristics of the synthesized binary
and more complex catalysts are represented in table 1.
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Table 1 — Textural characteristics of the synthesized catalysts

Catalyst’s composion SSA, m?/g Vg, sm*/g-107 D of pore, nm
V-Cr-O 1,29 0,7029 2,2
V-Sn-O 0,64 0,3523 2,1
V-Ti-O 0,31 0,1675 22

V-Ti-Sn-O 0,99 0,5295 2,1
V-Ti-Sn-Cr-O 1,10 0,5626 2,1
100 -
L A
80 -
60 - 3
S L
40 -
20 - 2 1
O L 1 L 1 1 1 L 1 L 1 1 1 1 J
260 280 300 320 340 360 380 400
100 r
L B
80 r
| 2
60 r
NS L
40 r 1
20 r 3
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Figure 2 — Influence of temperature on the conversion of 3-methylpyridine (A) and
yield of nicotinic acid (B) under oxidation conditions over the V,0s -4TiO, (1),
V,05 -4TiO, -4Sn0, (2), V,05 -4Ti0, -4Sn0,-4Cr,0; (3) catalysts.

The feed rate of 3-methylpyridine — 36 g, air 550 L, water 177,7 g per 1 L of the catalyst in hour.
Mole ratio of 3-methylpyridine:O,:H,O = 1:13:25.5
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The results showed that the vanadium chromium (V-Cr-O) catalyst has a
higher specific surface (1.29 m*/g) than the vanadium-tin (0.64 m?/g) and vana-
dium titanium catalysts (0.31 m?%g), which led to an increase in its catalytic
activity.

The main product of 3-methylpyridine oxidation is nicotinic acid. Figure 1B
shows that its yield on binary vanadium oxide catalysts decreases in the following
row: V-Cr-O > V-Sn-O > V-Ti-O. From the presented data it is clearly seen that
the oxide vanadium chromium catalyst showed the greatest selectivity in the
formation of the target product. The conversion of 3-methylpyridine at tempe-
rature of 370 °C on this catalyst, when feeding initial reagents with a molar ratio
of 3-methylpyridine:0,:H,0=1:13:25,5, was 92.8%, and nicotinic acid was
obtained with the highest yield 78-80% at a temperature of 330 °C. The selec-
tivity of the nicotinic acid formation reached 92.4%.

Based on the obtained results, we prepared mixed catalytic systems: triple -
V-Ti-Sn-O, containing vanadium, titanium and tin oxides, and more complex -
V-Ti-Sn-Cr-0O, with addition of chromium oxide to the composition, the additives
of which to vanadium pentoxide had the best effect on the catalytic activity in
3-methylpyridine oxidation.

Figure 2 shows the test results of these catalysts. It is seen from the figure
that in the low-temperature region of the process (270-340 °C) the V-Ti-Sn-Cr-O
catalyst shows higher activity than the vanadium titanium tin and binary
vanadium titanium contacts. In the same order, the specific surface area of the
samples is also changed: Sy, (V-Ti-Sn-Cr-O) = 1.1 m*/g, Sy, (V-Ti-Sn-0) = 0.99 m%/g
and S, (V-Ti-O) = 0.31 m*/g. Attention is drawn to the fact that more complex
catalytic compositions are characterized by low activity in 3-methylpyridine
oxidation: even at temperature of 370 °C, the conversion of the initial material
does not exceed 73%.

Conclusion. As it is seen from the obtained data, complex mixed catalysts of
the studied composition turned out to be ineffective for the process of 3-methyl-
pyridine oxidation to nicotinic acid. V,0s5-Me,Oy binary catalysts are more effec-
tive in the process of partial 3-methylpyridine oxidation, and the vanadium-
chromium oxide catalyst showed the best catalytic properties. There is a definite
correlation between the specific surface area of the samples and their catalytic
activity in the process.
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Pesome
T. I1. Muxaiinosckas, I1. 5. Bopobwes, P. Kypmaxwizvl, K. A. Kaoupbexos

3-METUIAPUANHHIH ITAPITUAJIZBIK TOTBIFYBIH/IA Ti, Sn, Cr
TOTBIKTAPBIMEH MOJU®UIUPIIEHI'EH BAHA I TOTBIKTHI
KATAJIM3ATOPJIAPABIH BEJICEHUIIT'T

bunapneik V,05-Me Oy (Me - Ti, Sn, Cr) »oHe oJaHIa Kypjeli KaTanmsiik
KyrenepaiH 3-MeTHIHPUANHHIH MapIHaiIbl TOTHIFYBIHAAFB KaTaIN3IiK OeNCeHIUTIriH
3epTTey HOTHEXeJepl TalKblIaHa/abl. ByJl mpolecTe OMHAPIBIK BaHATHUXPOM TOTHIKTHI
KaTaIM3aTOPIBIH KOFaphl OCNCEHIUTIK KOPCETeTETiHI aHbIKTaAbl. EH jKOFaphl OHIMILUTIT]
(80%) mHukotnH KeIIKeUIEL 330 °C Temmepartypana xoHe 3-metunmupunud : Oy H,O =
=1:13:25,5 KaTbIHACTa AJBIHJBI.

Tyiiin ce3mep: napiyanibl TOTHIFY, 3-MCTUINUPHUINH, HHKOTHH KbIIIKBLUIBI, KaTald-
3aropiap.

Pesome
T. I1. Muxaiinosckas, I1. b. Bopobwes, P. Kypmaxkwizvl, K. A. Kaoupbexos

KATAJIMTUYECKASA AKTUBHOCTb OKCHJJTHOBAHAJIMEBBIX
KATAJIM3ATOPOB, MOJUOUITNPOBAHHBIX OKCUJAMM Ti, Sn, Cr,
B ITAPIIUAJIBHOM OKUCJIEHNU 3-METUJIININPUANHA

OO6cy)xaatoTcst pe3yabTaThl UCCIIEIOBAHUS KaTaJTUTHUECKONH aKTHBHOCTH OMHApHBIX
V,05-Me,Oy (Me — Ti, Sn, Cr) u Oonee CI0KHBIX 10 COCTaBy KAaTaIMTUYECKUX CHUCTEM B
MapIUATEHOM OKUCIICHUH 3-MCETIJIMHPUANHA. Y CTAHOBJICHO, YTO OWHAPHBIA OKCHIHBIIN
BaHAIMAXPOMOBBIN KaTAIU3aTOP MPOSBUI HAUOOJBIIYI0 aKTUBHOCTh B JJAHHOM TpoOIiecce.
HukornHOBast xucmora ¢ HaubompmmM BbIXOAOM (80 %) moiydeHa TPHU TeMIepaType
330 °C u MosibHOM cooTHOIIeHUHU 3-MeTunnupuand : O, : H,O = 1:13:25,5.

KiroueBbie ci10Ba: OKUCIICHHE, 3-MCTHIUPHUINH, HUKOTHHOBAS KUCIIOTa, KaTalld-
3aTOPHL.
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HEAVY METALS IN SOILS
OF ALMATY REGION (KAZAKHSTAN)

Abstract. The article describes the content of heavy metals in soils of Almaty region
(Kazakhstan). Sampling was done at three sampling points: Almaty city, Baitirek village
and Avat village. Heavy metals were analyzed in three different forms: water-soluble,
mobile and total content. The total content of heavy metals characterizes the overall soil
contamination, but does not show the degree of availability of elements for the plant.The
content in the soils of plant-accessible mobile forms of heavy metal compounds is deter-
mined using ammonium acetate buffer solution with a pH of 4.8. It determines the ex-
changeable and weakly sorbed forms of metals.The concentration of metals in the aqueous
extract shows the degree of mobility of elements in the soil, being the most dangerous and
“aggressive” fraction. The content of zinc in all investigated areas should be controlled,
especially in Almaty city and Avat village, where increased values for mobile forms were
found.

Key words: heavy metals, soils, Almaty region, water-soluble forms, mobile forms,
total content.

Introduction. The development of humanity resulted to strong industriali-
zation process, which is strongly represented in mining of different raw materials.
Mining-related activities produce large quantities of wastes, which can be in gas,
liquid or solid forms [1]. They are dispersed by water and/or wind in the absence
of control and result in severe environmental problems [2, 3]. Surveys and moni-
toring programs focused on heavy metal pollution near mining area in different
countries showed accumulation of heavy metals in a variety of environmental
media, including air, soil and water [4, 5].

Heavy metal pollution in soil is an increasingly urgent worldwide problem
[6]. The soil is the main medium in which heavy metals appear, including from
atmosphere and aquaous environment. It serves as a source of secondary pollution
of surface air and waters precipitating from it into the oceans. Heavy metals in
dust and soil can be easily transferred into human body via three routes: ingestion,
inhalation and dermal contact [7-9].Soil is an essential component of ecosystems,
with a great capacity to cope with pollution, and so to protect the other compo-
nents, both abiotic (air and water) and biotic ones (living organisms) [10]. There
are many processes that influence on toxicity in soils over time [11]; soil proper-
ties largely control themobility, bioavailability and consequently, the potential
toxicity of trace elements in the environment. In order to assess the toxicity of
heavy metals it is not enough to know only concentration of heavy metals in soils,
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but the mobile forms (which can easily migrate and accumulate in living orga-
nisms) should be determined. Obviously, the presence of the following heavy
metals compounds in the soil should be considered:

— soluble, i.e. free ions and soluble complexes of heavy metals with inor-
ganic anions or organic ligands of various strengths;

— exchangeable, i.e.heavy metals retained mainly by electrostatic forces on
clay and other minerals, organic matter and amorphous compounds;

— specifically sorbed, i.e. heavy metals mainly retained by covalent and
coordination bonds;

— heavy metals on stable organic matter, i.e. heavy metals retained by com-
plexation and chelation on the actual organic matter or organic matter associated
with iron, aluminum, calcium cations, with oxides and hydroxides of iron and
aluminum, with clay minerals.

To study the mobility of heavy metals and metabolic processes occurring in
the system “soil - plant”, with their participation, the soil of Almaty region was
chosen.

MATERIALS AND METHODS

Object description. Three main sampling points were selected for this
investigation. The soils are light chestnut.

The first sampling point was in Almaty city (AC), close to operating
TPP-1. Almaty city is the largest city in Kazakhstan, with a population of
1,797,431 people, about 8% of the country’s total population.

The second sampling point was in Baiterek village (BV), located in the
Enbekshikazakh district of the Almaty region of Kazakhstan (20 km east of
Almaty city). The administrative center of Baiterek rural district.

The third sampling point was in Avatvillage (AV), located in Enbekshi-
kazakhsky district of Almaty region of Kazakhstan (17 km west of the city center
of Esik on the right bank of the Talgar River). The administrative center and the
only settlement of Avat rural district.

Sampling and sample pretreatment. The envelope method was used to
collect samples from a ten-centimeter layer of soil in accordance with the gene-
rally accepted sampling technique for conducting soil monitoring. The soil was
conditioned to air-dry state. Soil samples were averaged by quartering method.
The soil was sieved through a sieve with d =2 mm.

Determination of total content of heavy metals. The total content of heavy
metals characterizes the overall soil contamination, but does not show the degree
of availability of elements for the plant.

2 g of dry soil was placed in a flask; 2-3 ml of distilled water, 15 ml of
concentrated hydrochloric acid, 5 ml of concentrated nitric acid and 10 ml of
hydrogen peroxide were added. The resulting suspension was well shaken for
15 minutes. The resulting solution was filteredthrough an acid resistant filter into
a 100 ml flask. The precipitate was washed several times with a small amount of
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1 M nitric acid and 1 M nitric acid was addedtill the mark[12]. The measurement
of content of heavy metals in resulting solution was done by atomic absorption
spectrometry.

Determination of mobile forms of heavy metals. The content in the soils of
plant-accessible mobile forms of heavy metal compounds is determined using
ammonium acetate buffer solution with a pH of 4.8. This method determines the
exchangeable and weakly sorbed forms of metals.

5 g of dry soil sample was placed in a flask, 50 ml of ammonium acetate buf-
fer solution was added. The resulting suspension was well shaken for 15 minutes.
The resulting solution was filtered, acidified with 1N hydrochloric acid.The
measurement of content of heavy metals in resulting solution was done by atomic
absorption spectrometry.

Determination of water-soluble forms of heavy metals. The concentration
of metals in the aqueous extract shows the degree of mobility of elements in the
soil, being the most dangerous and “aggressive” fraction.

4 g of soil was placed in a flask, 20 ml of distilled water was added. The
resulting suspension was well shaken.The resulting solution was filtered, acidified
with IN hydrochloric acid.The measurement of content of heavy metals in
resulting solution was done by atomic absorption spectrometry.

RESULTS AND DISCUSSION
The results of content of heavy metals in soils are presented in tables 1-4.

Table 1 — Content of lead in soil

Total content, Mobile forms Water-soluble forms
mg/kg mg/kg % mg/kg %
AC 46.5 3.9 8.39 0.15 0.31
BV 21.9 22 10.0 0.75 3.42
AV 12.3 1.7 13.8 - -

Lead in all investigated samples is presented in mobile form in small
amounts (8.39-13.8%), and water-soluble forms even less than 3.42%, hence it
can be characterized as not available for plants and human-beings, so less
dangerous.

Table 2 — Content of copper in soil

Total content, Mobile forms Water-soluble forms

mg/kg mg/kg % mg/kg %

AC 46.5 3.1 6.67 1.38 297
BV 40.0 2.54 6.35 1.80 4.50
AV 32.0 2.88 9.00 1.66 5.19
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Copper in analyzed samples occurs in water-soluble forms from 2.97 to
5.19 % and in mobile forms — from 6.35 to 9.00%; more than 85% of copper in
analyzed samples are in forms, which cannot easily migrate and accumulate in
biological subjects.

Table 3 — Content of zinc in soil

Total content, Mobile forms Water-soluble forms

mg/kg mg/kg % mg/kg %

AC 328.0 33.1 10.1 3.1 0.95
BV 149.9 13.1 8.74 425 2.84
AV 11.9 4.83 40.6 3.08 259

Zinc in samples from Baiterek village and Almaty city has low mobile
activity, but for soil from Avat village 25.9% are presented in water-soluble and
40.6% - in mobile forms, so in this case it can easily migrate and be accumulated
in plants and hence in bodies of local population. It can be recommend to control
the content of zinc in plants and food products produced here.

Table 4 — Content of manganese in soil

Total content, Mobile forms Water-soluble forms

mg/kg mg/kg % mg/kg %
AC 555.9 5.9 1.06 0.06 0.01
BV 572.8 21.1 3.68 0.11 0.02
AV 518.2 17.7 3.42 0.14 0.03

Manganese in analyzed samples is presented mostly in immobile form:
water-soluble form is less than 0.03% and mobile form is only 3.68%. Therefore,
it is evident, that manganese has less migration and accumulation abilities in all
investigated samples.

In tables 5-7 the contents of heavy metals in investigated samples, comparing
with maximum permissible concentration (MPC) for total content and mobile
forms separately are presented.

Table 5 — Content of heavy metals in soils of Almaty city

Metal Total content, mg/kg Mobile forms, mg/kg
Content in sample MPC Content in sample Content in sample
Lead 46.5 30.0 3.9 6.0
Copper 46.5 55.0 3.10 3.0
Zinc 328.0 100.0 33.1 23.0
Manganese 555.9 1500.0 5.9 600.0
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In first sampling point (Almaty city) it was established that total content of
lead and zinc was higher (1.55 and 3.28 times, correspondently) than MPC and
the content of mobile forms of copper (insignificantly) and zinc was higher
(1.03 and 1.44 times, correspondently) than MPC.

Table 6 — Content of heavy metals in soils of Baiterek village

Metal Total content, mg/kg Mobile forms, mg/kg
Content in sample MPC Content in sample MPC
Lead 21.9 30.0 2.2 6.0
Copper 40.0 55.0 2.54 3.0
Zinc 149.9 100.0 13.1 23.0
Manganese 572.8 1500.0 21.1 600.0

In soils of Baiterek village the total content of zinc is 1.50 times higher than
MPC, but in mobile forms it is less than MPC.

Table 7 — Content of heavy metals in soils of Avat village

Metal Total content, mg/kg Mobile forms, mg/kg
Content in sample MPC Content in sample | Content in sample
Lead 12.3 30.0 1.7 6.0
Copper 32.0 55.0 2.88 3.0
Zinc 269.7 100.0 64.9 23.0
Manganese 518.2 1500.0 17.7 600.0

In soils of Avat village also the elevated levels of zinc was found. The total
content is 2.70 times higher than MPC and mobile forms are 2.82 times higher
than MPC.

In general it is possible to conclude that the content of zinc in all investigated
areas should be controlled, especially in Almaty city and Avat village, where
elevated values for mobile forms were found.

Conclusion. Lead in all investigated samples is presented in mobile form in
small amounts, so it can be characterized as not available for plants and human-
beings, so less dangerous. More than 85% of copper in analyzed samples are in
forms, which cannot easily migrate and accumulate in biological materials. Zinc
in samples from Baiterek village and Almaty city has low mobile activity, but for
soil from Avatvillage, it can easily migrate and be accumulated in plants and
bodies of local population. Manganese in analyzed samples is presented mostly in
immobile form.

In Almaty city it was established that total content of lead and zinc was
higher (1.55 and 3.28 times, correspondently) than MPC and the content of mo-
bile forms of copper (insignificantly) and zinc was higher (1.03 and 1.44 times,
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correspondently) than MPC. In soils of Baiterekvillage, the total content of zinc is
1.50 times higher than MPC, but in mobile forms it is less than MPC. In soils of
Avat village also the elevated levels of zinc was found. The total content is 2.70
times higher than MPC and mobile forms are 2.82 times higher than MPC.

The content of zinc in all investigated areas should be controlled, especially
in Almaty city and Avat village, where increased values for mobile forms were
found.
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AJIMATBI OBJIBICBIHBIH, TOITBIPAKTAPBIHJIATBI AYBIP METAJIJIAP
(KA3AKCTAH)

Makanaga Anmatsl 06abichl (KazakcTaH) TONbIpaKTapbIHAAFbl ayblp METalIapablH
MeJIIIepl CUMaTTanFaH. 3epTTey HbICAHAAPBIH ajly YII ChiHAMa aly HyKTelepiHae: Aima-
Tl Kanachl, boliTepek aybulbl »oHE ABAT aybUIBIHAA KYPri3iiai. Aybslp MeTanmap yuI
Typii Gopmaja: cyaa epuTiH, KO3FaIMasbl KOHE KaJIbl MeJIIIepl OOMBIHIIA TalTaH bl
AyBIp MeTalIapblH >Kallbl MOJIICPi TOMBIPAKTHIH JACTAaHYBIH CHUIATTANIbI, ajaina
AIIEMEHTTEPIIH OCIMIIKTEp YIIIH KOJDKETIMIUTIK TOPEkKECiH kopeerneiai. TombIpak Kypa-
MBIHJAFbl OCIMIIKTEp YIIiH KOJDKETiMII OONATBIH ayblp METaUT KOCBUIBICTAPBIHBIH KO3-
FanMaibl popMmanapsiH anblkTay pH 4,8 TeH aMMOHMI aneTaThIHBIH Oy(epiik epiTiHaicCiH
maiiiajyana OTHIPHIN XYypriziuteni. On MeTagapAblH aybICIIAIEl JKOHE QJICI3 COpOIUsIaH-
raH (opManapbiH CHMaTTaiiipl. MeTtanaap/plH KOHIICHTPALKSICHI €H KayilTi ®oHe «arpec-
CUBTI» (pakmms OONBIN TAOBUIATHIH CY AKCTPAKIMACHI, TOMBIPAKTAFBl JIEMEHTTEPIiH
Ko3ranManbl (PakiUsIChIH KepceTeai. bapiblk 3epTTenreH ayaaHIapAarbl MbIPBIIITHIH
MOJIIepl KaJaragaHybl KaXeT, acipece, Kosraamaiibl (opManap VImiH Oraphl KepceT-
KIINTep aHBIKTATaH AJIMAaThl Kajachl *KOHE ABAT aybUIBIHAA TYPaKThl Oakbuiayga ycray
YCBIHBLIAIBL.

Tyiiin ce3mep: aysip MeTaJap, TOMBIPAK, AIMAThI OOJIBICHL, CYJa SPUTIH Gopmaap,
KO3FaJIMaJTbl (hopMaap, »KaJrbl MeJIIiep.

Pe3iome

U. B. Mameeesa, O. U. [lonomapenxo, H. b. Conmanea3sues,
H. A. Hypcanuna, IlI. H. Hazapkynoea, A. H. ['ypun

TSDKEJIBIE METAJIJIBI B IIOYBAX
AJIMATHUHCKOMU OBJIACTU (KA3AXCTAH)

OnucaHo colepKaHue TsDKENBIX METAUIOB B mouBax AnmaruHckoi oOmactu (Ka-
3axcTaH). OTOop TpoO MPOU3BOIMIICS B TPEX TOUYKaX: T. AnMarthl, cena balitepek n ABar.
Tspxenple METaJUTBl aHAM3UPOBANM B TPEX Pa3IMYHBIX (OpMax: pacTBOPUMEIE B BOJE,
TTOJIBIKHEIE U 00mIee comepxkanne. OOIIee copepkaHue TSHKEIBIX METAJUIOB XapaKTeph-
3yeT 3arps3HEeHUE MMOYBHI, HO HE MOKAa3bIBaeT CTETNECHb JAOCTYIMHOCTH YIIEMEHTOB [UIA pac-
ternid. CopeprkaHue B OYBAX JOCTYITHBIX JJIS1 PACTCHUN MOJBMKHBIX (HOPM COCTUHEHUI
TSKEIIBIX METAJJIOB OMPEACIISIOT ¢ UCIO0JIh30BaHHEeM Oy(epHOro pacTBOpa amerara aMMo-
Hus ¢ pH 4,8. On ompenenser oOMeHHbIE U ¢ab0 copOMpPOBaHHBIE (POPMBI METAJUIOB.
KoHIeHTpanus METauioB B BOJHOM JKCTPAKTE MOKA3BIBACT CTEIICHB MOJBUKHOCTU JJie-
MECHTOB B IOYBE, SIBIISACH HaHOOJIee OMAcHOM U «arpeccuBHOW» (pakiuen. Coaepxanue
[IMHKA BO BCEX MCCIICOBAHHBIX PaliOHAX CIIEAYET KOHTPOIUPOBATh, OCOOCHHO B T. AJMa-
THI U C. ABart, T1i¢ ObITH 0OHAPYKEHBI OBEIICHHBIC 3HAYCHUS TSI MOOMIBHBIX (DOPM.

KiroueBbie c10Ba: TSHKEIBIE METAJUTBI, TOYBHI, AJIMAaTHHCKAs 00JIACTh, BOAOPACT-
BOpUMBIE ()OPMBI, TTOABIKHEIE (HOPMBI, 00IIIee coepKaHme.
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METHOD OF OBTAINING A CHITOSAN
AMINOPOLYSACCHARIDE FROM BEHBAT APIS MILLIFERA

Abstract. The article presents the method of obtaining chitin and chitosan from Apis
Millifera bees. The optimal conditions for the laboratory production of chitin and chitosan
from bees submill were investigated. The composition and molecular structures of chitin
and chitosan were studied using IR spectrophotometry, elemental analysis of chitosan, and
microscopic images were taken using a scanning microscope. The resulting chitosan is a
polydisperse molecular weight of D-glucosamine, containing 5-15% acetamide groups, as
well as up to 1% of the groups, combined with amino acids and peptides. The biopoly-
mers chitin and chitosan were obtained and characterized on the basis of a promising new
source - the dead Apis Mellifera bees. This local raw material is of great importance as a
starting material in medicine with unique properties, especially for the treatment of burn
wounds.

Key words: chitin, chitosan, amino polysaccharide, IR spectroscopy, scanning mic-
roscope.

In recent years, renewable natural resources are becoming increasingly
popular, among which chitin, the second most common polymer in nature after
cellulose, and its derivative chitosan, occupy a special place. The substance
chitosan is a part of many supplements, with a positive effect on lowering choles-
terol and strengthening the immune system. Chitosan and its derivatives are also
widely used in medicine [1], as well as in the chemical and food industries.

The most accessible for the industrial development of chitin production in
the Republic of Uzbekistan is the silkworm pupae and the dead honey-bees. The
raw material for the production of chitin from bees can serve as a dead bees [2].

A special type of chitosan - phelozan more potent biologically active sub-
stance than chitosan obtained from crabs and shrimps. A significant reserve of
raw materials for the production of chitosan in Uzbekistan is represented by the
local dead Apis Mellifera bees (figure 1).

In this regard, it is quite expedient to obtain reproducible biopolymers of
chitin and chitosan from dead Apis Mellifera. Mainly bees dying during the win-
tering period and crumbling to the bottom of the hive. In summer, the death of
bees is much more significant than in winter, but less noticeable, since they
usually die outside the hive. Apizan or, as it is called, in a scientific way, a low
molecular weight chitosan-melanin complex is obtained from dead bees.
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Figure 1 — Honeybees Apismellifera (honeybee) and bee lizard

In the summer, during the period of active honey collection and in the spring
after wintering, the bee family is renewed by almost 40-60%. The strength of a
bee colony (the mass of working bees in a bee colony, measured in kg) is, on
average, 4.5-6 kg. This makes it possible to consider the dead bees as a new pro-
mising source of chitin and chitosan along with traditional types of raw mate-
rials [3].

EXPERIMENTAL PART

We have used dead bees, collected during the spring renewal of the bee
colony and containing a significant amount of chitin. Raw material is a black-
brown mass with a specific smell. On closer examination, whole undisturbed bees
and various parts of bees (head, chest, legs, abdomen, wings, etc.) are visible. The
dead bees contain the minimum amount of mineral substances, since the insect
cuticle is practically not mineralized [4]. A process of drying was carried out at a
temperature of about 35 °C, laying out a thin layer. Dried raw material weight of
30 g was crushed and spent demineralization (DM), then deproteinization (DP)
according to the following scheme (figure 2).
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Dead bees ‘ﬁ Shredding ™= Demineralization ‘ﬂ Flushing

|

Deacetylation % CHITIN -’ Flushing % Deproteinization

!

Bleaching ‘- Ethanol washing  ==)| CHITOSAN

Figure 2 — The general scheme of obtaining chitosan from bee submarine

The DM was carried out according to the Hackman method [5] by treating
dead bees with 2 M hydrochloric acid for 5 hours at room temperature. The DP
was carried out by treating the crushed raw material with 1 N sodium hydroxide
solution for 1 hour at 800 ° C. Next, the mass was filtered and dried at room tem-
perature. Each process was accompanied by washing the raw material until
neutral wash water (pH = 7).

Chitosan was obtained by deacelation (DA) of chitin with 35% aqueous
solution of NaOH for 4 hours at a temperature of 850 °C and dried at 50-55 °C.

Reaction YES is accompanied by simultaneous breaking of the glycosidic
bonds of the polymer. Chitosan is a polydisperse molecular weight of D-gluco-
samine, containing [1] 5-15% acetamide groups, as well as up to 1% of the groups
associated with amino acids and peptides.

When drying at higher temperatures, chitosan condenses, darkens and loses
solubility, which reduces the possibility of its use. Next, the resulting mass was
decolorized with a 3% solution of hydrogen peroxide and washed with ethanol.
The reaction product is a light beige mass with a specific smell.

Interpretation of the obtained biopolymers was carried out by removing IR
spectra on a Nicoleti S 50 FT-IR spectrometer (Thermo Fisher Scientific, USA),
which are shown in figure 3 [6].

As can be seen from figure 3, in the IR spectrum of chitin (A), characteristic
absorption bands are observed in the regions of 3290 cm ™', the vibrations of the —
N-H-bond, and also the absorption bands of 1371 cm', which indicate the
presence of the —CH; group Absorption in the region of 1579 c¢m™' is charac-
teristic of the C=0 group. The IR spectrum of chitosan shows peaks in the region
of 3272 and 1377-1028 cm ™', which indicate the presence of the NH, group.

At this absorption, in the range of 1360-1000 cm™', all types of amines ap-
pear to have absorption bands caused by the participation of the C—N bond in the
skeletal vibrations of the molecule. In the sample of chitin and chitosan (B), bands
with peak at 1446 cm™' of the deformation vibration of the CH, and CHj groups
and 1373 cm ' (inflection) of the deformation vibration of the OH bond were also
recorded.
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Figure 3 — Infrared Fourier spectra of chitin (A) and chitin-chitosan (B),
obtained from bee submarine
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In a sample of chitosan, a wide band of medium intensity is observed in the
region of 1320-1387 cm ™', corresponding to the oscillation of the OH bond.

An elemental analysis of chitosan — (CHN), obtained on a Termo-Elekton
chromatograph with program from dead bees was also carried out, and micro-
scopic images of the structure of chitin and chitosan were taken using a scanning
microscope (figure 4).

BT = 10.00 W/ Signel A= SE1 Date 12 Oet 2017

EMT = 10,000 Signal A= SE1 Dt 12 Cet 2017 Frata
WO=85mm Phota No, = 2271 Tima 182223

— WO = 85mm Phat Na, = 2267 Time 164131

a) chitin b) chitosan

Figure 4 — Electronic micrographs of chitin and chitosan from dead bees

The data in figure 4 shows that during the processing of chitin with a solution
of alkali of its molecule, it is quick to pass into the amorphous state and then into
the crystalline state, that is, amorphization occurs, the crystal lattices are gra-
dually destroyed. It can be concluded from structural molecular and IR spectro-
metric data that chitin is converted to chitosan by deacetylation, i.e., molecular
structures and chitosan crystals are different from molecular structures and chitin
crystals.

Thus, we can conclude that this raw material is of great practical importance
as a starting material in the production of biodegradable films for the treatment of
burn wounds in medicine based on phelozan and its derivatives.
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Pe3rome
X A. Xanoaposa, I'. A. Uxmusiposa, A. A. Xaiioapos, A. C. Menenues
APIS MELLIFERA APAJIAPBIHAH XNTO3AH AJTY OSAICTEMECI

Apismillifera apanapelHaH XHWTO3aH aJy oJiCi KeNTipUIreH, COHBIMEH Kartap
HK-criektpoMeTpus 9IiCiMEH XWTHH MEH XWTO3aHHBIH KYpPaMbl MEH MOJIEKYJabIK
KYPBUIBIMBI, XHTO3aHHBIH JJIEMEHTTIK aHanm3i 3eprrensi. CKaHepleHTiH MHUKPOCKOITHIH
KGMeFiMCH XATUH MCH XWUTO3aH MUKPOKYPBUIBIMAAPbI aAJbIHABI. AJNBIHFaH XWUTO3aH
KypambiHga 5-15% ameramuaTi TOmTap, COHOAM-aK aMHH KBIIIKBUIIAPHI MEH IMEHTHI-
TepMeH OipikTipinreH 1%-ra aeiinri Tonrap O0ap d-riroK03aMHH MOJEKYJIATbIK Maccachl
OolbIHIIA TTOTHIUCTIepCTi Oobin TaObuiaabl. Kyprak Apismellifera apanapblHbIH — jkaHa
MIEPCIIEKTUBAJIBIK AEPEK KO3/epl HEri31HIe XUTHH MEH XUTO3aH OHOTIOJIIMMEpIIep] allbIH/IbI
JKOHE CHUIIATTAJIJIBI.

Tyiiin ce3mep: any omici, XUTHH, XUTO3aH, aMHUHONOMMcaxapu, NK-cnekrpocko-
TSI, CKaHEPIICHTIH MUKPOCKOTI.

Pe3ome
X. A. Xatioaposa, I'. A. Uxmusposa, A. A. Xaiidapos, A. C. Menenues

METOANKA ITOJIYYEHIA XUTO3AHA
N3 IIOAMOPA TIHEJI APISMILLIFERA

[TpuBenen MeTox MONydeHWs] XWTO3aHA W3 MOAMoOpa muen apismillifera, a Taxxe
H3y4€H COCTAaB U MOJEKYJISIpHBIE CTPYKTYpBl XHUTHHA U XuT03aHa MeronoM MK-cnekrpo-
METpPUH, IIEMEHTHBIM AaHANM30M XHUTO3aHa. C MOMOINBIO CKaHHPYIOLUIETO MHKpPOCKOMNA
OITy4eHbl (HOTO MUKPOCTPYKTYPHI XUTHHA W XUTO3aHA. [[0Ty4eHHBII XUTO3aH NpeaCcTaB-
JseT COOON MOJHMIUCTIIEPCHBIA 10 MOJEKYJISPHOW Macce D-rimroko3aMuH, comepsKariui
5-15 % ameraMHIHBIX TPYMIL, a TakXKe 10 1 % TpymIr, COSAMHEHHBIX ¢ aMHHOKUCIIOTAMH H
nenTuaamMu. Honyqemﬂ M 0XapaKTCPU30BaAHbBI 6I/IOHOHI/IMepBI XHUTHH U XUTO3aH HAa OCHOBEC
HOBOT'O TIEPCIIEKTUBHOTO UCTOYHUKA — CYyXOro HoaMopa muen Apismellifera.

KiaroueBble cioBa: METOA TMOJIyYeHHs, XUTHH, XWUTO3aH, aMHHOIOIHCAXapuJ,
HK-cnexTpockonust, CKaHUPYIOIUIT MUKPOCKOIL.
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ROLE OF THEORY ACIDS AND BASES IN THE FORMING
CONCEPTS OF THE MECHANISM CATALYTIC OXIDATION
AND OXIDATIVE AMMONOLYSIS

Abstract. Experimental data of oxidation and oxidative ammonolysis the isomeric
methylpyridines in the presence of vanadium oxide catalysts, it was found that the reac-
tivity of substrates increases in the following sequence: 3-methylpyridine < 2-methylpy-
ridine < 4-methylpyridine.

The obtained experimental results of relative reactivity of initial compounds were
interpreted by the theory of acids and bases. It was shown that among the isomeric me-
thylpyridines, increase of basicity which influence to adsorpting ability in the same order
as the basicity and the CH-acidity of substrates calculated using non-empirical quantum-
chemical methods.

Keywords: acids, bases, deprotonation enthalpy, proton affinity.

Based on the theoretical ideas about acids and bases, the interpretation results
of conversion methylpyridines and mechanism of their catalytic oxidation and
oxidative ammonolysis were investigated.

The problems of the methylpyridines structure and reactivity are closely
related to the points of the substrates activation mechanism under catalytic
reaction conditions and the nature of the C—H bond breaking in oxidized methyl
substituents at the initial stages of reaction. There are three possible variants of
the C—H bond splitting, one of which is associated with its homolytic breaking
with the R-CH, alkyl radical formation and a hydrogen atom. The other two
variants suggest a heterolytic break and lead to the carbocation R — {Hs™ - hyd-
ride ion H pair and the carbanion B — £ H - proton H' pair formation.

At the first stages of catalytic oxidation and oxidative ammonolysis studies,
it was assumed that it proceeds in the same way as homogeneous oxidation, the
mechanism of which is most reliably described by peroxide theory A.N. Bach [1],
and the theory of radical-chain processes with degenerate branching developed by
N.N. Semenov [2]. This was facilitated by the fact that the homogeneous and
heterogeneous catalytic oxidation of some hydrocarbons produced the same
products. For these processes, schemes in which free radicals were considered as
intermediate forms were discussed in detail. However, the EPR method did not
reveal hydrocarbon or peroxide radicals on the surface of the catalysts during the
oxidation process [3]. Against the hypothesis of the reaction mechanism with the
homolytic cleavage of the C — H bond in the oxidized methyl substituent, there is
also no correlation between the reaction rate and the energy of the homolytic
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cleavage of this bond. Thus, according to reference data [4], the experimental
values of the homolytic cleavage energy (Ecy) rise in the 2-methylpyridine —
3-methylpyridine — 4-methylpyridine series (314, 318, 322 kJ-mol™, respectively)
and do not correlate with reactivity.

New ideas about the mechanism of heterogeneous catalysis were proposed
by Dowden D.A., who considered intermediate forms not radicals, but complexes,
formed by the interaction of organic compounds with atoms or metal ions that
make up the catalyst, having unfilled d-orbitals [5]. At the same time, to consider
the mechanism of catalytic reactions, the theory of the crystal field and its modifi-
cation, the theory of the field of ligands developed for complex compounds are
used [6]. The coordination approach has become widely used while considering
the mechanisms of heterogeneous catalysis processes [7].

The transformation of views on the mechanism of the initial stages of cata-
lytic oxidation and oxidative ammonolysis took place with the development of
ideas about organic CH-acids [8]. And also with the creation of the theory of ad-
sorption and catalysis on the transition metal oxides surface [9] and the develop-
ment of physical methods for experimental study of intermediate surface com-
pounds during catalytic reactions [10, 11]. Numerous studies have shown the
important role of acid-base and redox properties of the oxide catalysts surface, in
particular, the role of various forms of oxygen and its bond energy with the
surface of the catalyst in the formation of activity and selectivity of the catalyst
[12, 13].

For the correct formation of the correlation equations connecting the struc-
ture and reactivity of organic compounds, the rate constants of the stages are
necessary. Therefore, for mathematical processing of the kinetic experiments re-
sults on the computer and solving the so-called inverse problems of chemical
kinetics, software consisting of programs written in the FORTRAN algorithmic
language in the laboratory of petroleum chemistry and petrochemical synthesis
was developed [14]. The resulting rate constants for the formation stage of the
target products (acids, nitriles) could be compared with the properties of the
substrates molecules to build the corresponding correlations. Since there are no
experimental data on the acid — base characteristics in the gas phase for most of
the initial materials, we obtained their calculated analogs (ab initio) using quan-
tum chemical methods [15, 16]. The chemisorption of the initial substances on the
surface of vanadium oxide catalysts was simulated using the cluster approxi-
mation, which is currently widely used to study the mechanism of heterogencous
catalytic reactions [17]. Calculations of clusters and their complexes with
substrates were performed by the density functional method (DFT, Density
Functional Theory) [18].

The basis of modern theories of acids and bases are the concepts of J. Brens-
ted and T.M. Lowry [19, 20], G. Lewis [21]. There have been successful attempts
to create generalized theories (M. Usanovich [22]), but they have not found wide
application.
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It is known that methylpyridines are weak CH-acids [23-25] and under the
action of a strong base are able to cleave a proton from the methyl group, for
example, in a liquid-phase deuterium exchange [26]. This reaction proceeds with
the carbanion formation. The coincidence of the sequence of changes in the
reactivity of methylpyridines during deuterium exchange and in oxidation and
oxidative ammonolysis suggests that the activation of the methyl groups of
picolines under conditions of a heterogenecous catalytic reaction proceeds by a
similar mechanism. In a catalytic reaction, nucleophilic anions of surface oxygen
can play the role of proton acceptors [3]. Obviously, the enthalpy of deproto-
nation of methyl substituents that turn into carboxy- or cyano- groups should
influence the reaction rate. Information on the experimental values of the CH
acidity of methyl aromatic compounds is not fully represented in the literature;
therefore, using the ab initio quantum chemical method [Pople basis 6-311G
(2d, 2p)], we obtained the calculated values of the deprotonation of methyl groups
(DPE, table 1) as analogs of CH-acidity of methylpyridine molecules. The
equation for the reaction of CH-acid with a proton acceptor:

AH+B=A +BH - DPE, 1)
DPE = E(A") + Eio(BH) —Eo (AH) — Eio(B), ()

where E, - the total energy of the corresponding compound; B - the main center,
proton acceptor.

For the same proton acceptor, the difference E, (BH") — E(B) in equation
(2), equal to the proton binding energy, can be considered constant. Therefore, to
calculate the enthalpy of deprotonation, which characterizes the relative strength
of CH-acids, you can use the equation that includes the total energies of the
carbanions and initial molecules with optimized geometry:

DPE = Eot(A) — Eio. (AH). 3)

According to the quantum chemical calculations results (Table 1), the CH
acidity of isomeric methylpyridines increases as the enthalpy of deprotonation of
methyl groups (DPE, kJ-mol™) decreases in the series: 3-methylpyridine (1670.8) —
2-methylpyridine (1654.9) — 4-methylpyridine (1626.0).

While discussing the relationship between the structure and reactivity of
methylpyridines, it is necessary to take into account the fact that, due to the pecu-
liarities of their structure, they are bifunctional compounds. On the one hand, as
mentioned before, methylpyridines are the weak CH-acids and able to split a
proton from the methyl group. On the other hand, the presence in the cycle of an
electron-withdrawing nitrogen atom provides the qualitative difference between
pyridine derivatives and methylbenzenes, giving them a higher basicity [27]. This
feature must be correlated with the surface properties of vanadium-containing
oxide catalysts, which contains Brensted and Lewis acid sites [3]. The first are the
surface proton donor hydroxyl groups, and the second are the electron-with-
drawing valence unsaturated metal cations.
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Table 1 — The total energies of the methylpyridines molecules and their anions (E,y,), the enthalpies
of compounds deprotonation (DPE - Deprotonation Enthalpy) calculated by the
ab initio method [basis 6-311G (2d, 2p)]

# CH-acids ~ o 2u. D_PE 131
Molecules (A) Anions (A") kJ'mol
1 3-Methylpyridine 285.8130054 285.1766156 1670.8
2 2-Methylpyridine 285.8171276 285.1867816 1654.9
3 4-Methylpyridine 285.8151743 285.1958472 1626.0
Note. 1 — DPE = [E, (A7) — Eo.(AH)] - 2625.46.

The basicity of the initial methylpyridines (B) was calculated as affinity for
the proton (PA, Proton Affinity) by the ab initio [HF basis/6-311G (2d, 2p)],
based on the total energies of the initial molecules and their rings protonated by
nitrogen geometry optimized forms:

B+H =BH +PA, 4
PA = EtoL(B) - Etot.(H+) - Etot.(BH+)- (5)

The total proton energy is constant, and to compare the relative basicity of
the initial compounds, we can use the following equation:

PA = E,.(B)— E,o.(BH). (6)

The adsorption interaction by nitrogen atom of methylpyridines with acid
sites of the catalyst makes a significant contribution to the methyl groups’ acti-
vation, which entails the transfer of the reaction center from the nitrogen atom of
the cycle to the methyl group. Despite the existing experimental methods for
determining the basicity of organic compounds in the gas phase (high-pressure
mass spectrometry, ion cyclotron resonance spectroscopy) [18], the information
on this subject is far from complete. Therefore, we calculated the basicity values
of the isomeric methylpyridines as the affinity for the proton (PA in equation 6).

The basic values of proton affinity characterizing the basicity are given in
table 2. It was established that the basicity of substrates in the gas phase (PA,
kJ/mol™) increases in the series: 3-methylpyridine (995.9) — 2-methylpyridine
(1002.4) — 4-methylpyridine (1003.2). In the same series, the reactivity of
methylpyridines in the process of catalytic oxidation increases, estimated by the
degree of conversion and the yield of partial oxidation products (figure 1). In the
case of 2-methylpyridine, the low yield of picolinic acid is explained by its
tendency to decarboxylate under vapor-phase catalytic oxidation conditions.

We have carried out a quantum-chemical simulation of the isomeric methyl-
pyridines (MP) chemisorption on the surface of a vanadium oxide catalyst with
the transfer of a proton of the methyl group to vanadyl oxygen (table 3). The
active center of the catalyst was modelled by a dual-core cluster containing the
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Table 2 — The total energies of methylpyridines, their nitrogen-ring protonated forms (Etot.),
affinity to the proton (PA, Proton Affinity) in the gas phase, calculated
by a non-empirical method [basis 6-311G (2d, 2p)]

— Eror, U PAl,
# Compound - - " Bl
isolated molecules (B) | nitrogen protonated forms (BH") kJ-mol
1 | 3-Methypyridine 285.8130054 286.1923298 995.9
2 | 2-Methypyridine 285.8171276 286.1989115 1002.4
3 | 4-Methypyridine 285.8151743 286.1972614 1003.2
Note. ' PA = [E,,(B) — B (BH")]-2625.46.
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Figure 1 — The effect of temperature on the conversion of (A) methylpyridines, (B) yield
of pyridinaldehydes and (C) yield of pyridinecarboxylic acids under oxidation conditions.

The methylpyridine feed rate is 36 g-L"-h™", the initial mole ratio substance: O,: H,O = 1:15:113.
V-Ti-Al-O catalyst. Curves designation (substance): 2 — 2-picoline, 3 — 3-picoline, 4 — 4-picoline
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Table 3 — Total energies of methylpyridines and their carbanions (E,,) associated
with a dual-core cluster, deprotonation energies of «chemisorbed» substrates [DPE(ads.)]
calculated by the DFT method (B3LYP/LanL.2DZ). Proton acceptor - vanadyl oxygen

. ~Eotal, 3. DPE (ads)’,
Reaction - K mol !
molecule/cluster anion/cluster J-mo
(\ CH,H
— Ly +
N/) Y -H
. O —
o
o %/ \O // \OH
HO HO
883.4948748 (3) 883.4040280 (3) 238.5(3)
Charge= 1+
883.4968877 (2) 883.4297404 (2) 176.3 (2)
\ -
G CH, 883.4974720 (4) 883.4381860 (4) 155.7 (4)
— N OH
HO HO
Charge= 1+
Note. ' DPE (ads.) = [(E,,;(anion/cluster) — E,,, (molecule/cluster)]-2625,46.

Lewis acid center (ion V4) and vanadyl oxygen. Calculations showed that, as in
the gas phase, the enthalpy of deprotonation of the methyl group [DPE (ads.),
kJ-mol ] decreases in the series 3-MP/cluster (238.5) — 2-MP/cluster (176.3) — 4 -
MP/cluster (155.7). According to the experimental results, under the conditions of
catalytic oxidation, the conversion of the initial methylpyridines and the yield of
the partial oxidation products naturally increase in the same row as the enthalpy
of deprotonation of methyl groups decreases (figure 1).

The sequence in reactivity changes in the series of isomeric methylpyridines
is also maintained under oxidative ammonolysis conditions. As shown in Figure
2, in the studied range of stationary concentrations of methylpyridines, the rates
of their consumption and accumulation of cyanopyridines increase in the series:
3-methylpyridine — 2-methylpyridine — 4-methylpyridine.

Table 4 shows the rate constants of the cyanopyridines formation stage (k;) at
390°C, obtained by mathematical processing of the experimental kinetic data
shown in figure 2. As can be seen from Table 4, the rate constants increase in the
following sequence 3-methylpyridine < 2-methylpyridine < 4-methylpyridine, as
the basicity of substrates (PA) increases and the enthalpy of deprotonation of their
methyl groups decreases in the gas phase [DPE (gas)] and under conditions
simulating chemisorption on the surface of the catalyst [DPE (ads)].
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Table 4 — The proton affinity of methylpyridine in the gas phase (PA), the enthalpy
of deprotonation of methyl substituents in the gas phase [DPE (gas)] and under conditions
simulating chemisorption [DPE (ads)], the rate constants of the cyanpyridine formation stage
under oxidative ammonolysis conditions on vanadium oxide catalyst at 390°C (k;)

e I e e
3-Methypyridine 995.9 1670.8 238.5 0.9883
2-Methypyridine 1002.4 1654.9 176.3 6.0746
4-Methypyridine 1003.2 1626.0 155.7 12.438

Thus, the presence of a correlation between the basicity and acidity of iso-
meric methylpyridines and their relative reactivity under gas-phase catalytic
oxidation and oxidative ammonolysis conditions supports the stepwise mecha-
nism of these reactions with heterolytic cleavage of the C—H bond in oxidizing
methyl groups and the intermediate formation of carbanions.

— 2 r
= [ ;
bo i
b 15 3 A
—E- i
g 1 F
£l
£ 05 |
E -
; 0 L L L L L L L L L J
0 0.05 0.1 0,15 02
E :
& 15 [
= L
E L
E L
" 1 F 3
| i
= 05 r
= i
0 _l L L L L L L L L 1 L L L L 1 L L L L J
0 0.05 01 0,15 02

Cipitig, mmole-L-1

Volumetric speed is 6000 h™. The initial oxygen concentration is 4.2, ammonia 1.7 mol-L™".
Curve designations (starting material and products): 2 — 2-methylpyridine and picolinonitrile,
3 — 3-methylpyridine and nicotinonitrile, 4 — 4-methylpyridine and isonicotinonitrile.

Figure 2 — The effect of the methylpyridines stationary concentration (Siytiar)
on the rates of their (A) consumption and (B) accumulation of nitriles
under oxidative ammonolysis conditions on a V,0js catalyst at 390°C
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KbIIIKBUIAAP MEH HETT3IEP TEOPUSCHI HET'I3IHIE
KATAJIMTUKAJIBIK TOTBIFY )KOHE TOTBIKTBIPY AMMOHOJIN3I
MEXAHU3MI TYPAJIBI TYCIHIKTEPI KAJIBIIITACTBIPY

Banaguii OKCHITI KaTamu3aTopiap KaTBICBIHAA TOTHIFY JXOHE TOTHIKTBIPY aMMO-
HOJM31 OapbIChIHAA M30MEPIl METUIMUPHINHICD CABICTHIPMAIIbl TYPFbIIa PEAKIIUSITBIK
KaOiTeTi KenTipinreHael KaTapra OpHaJIaCaTEIHIAFH TOKIPHOe JKY3iHIe aHBIKTANBIHIBL: 3-
METHIMHMPUANH < 2-METHINHPUAWH < 4-MeTHINUPUAWH. AJIBIHFAH HOTIDKENEp KhIII-
KbUIZAp MEH HETi3ep TCOPHUSACHIHBIH HETI3IHAC TYCIHIIPIIAl. DMIMPHUKAIIBIK MEC KBaHT-
THIK-XUMHUSIJIBIK €CENTEep COJI KaTapaa H30Mepii METHIMHPUAMHIACPIIH CyOCcTpaTTapbliy
aJICOPOIMSIIBIK KAOUICTIHEe ocep eTETIH YIJIFAIOBIH JKOHE MPOIIECTIH OacTamKel caThblia-
PBIHIA TOTHIKTHIPYIIIBI METHIIII OpBIHOACAPIAPIBIH ICHPOTOHIAYBIHBIH JKCHUIIITIH aHBIK-
TaiiTbiH CH-KBIIIKBUIIBIFBIH KOPCETTI.

Tyiin ce3mep: KBIIKBUIIAP, HETI3AEp, ACTPOTOHIAY DHTANBIHACH, MPOTOHFA YK-
CaCTEHIK,.

Pe3rome

I1. b. Bopoovwes, T. I1. Muxatinosckas, O. K. FOzaii,
A. I1. Cepebpsanckas, P. Kypmaxwizol, A. M. Umanzazvl

POJIb TEOPUUM KNCJIOT U OCH}OBAHI/II\/'I
B ®OPMHNPOBAHNU TTPEJICTABJIEHUN O MEXAHU3ME
KATAJIMTUYECKOI'O OKUCJIEHUA 1 OKUCJIUTEJIIBHOI'O AMMOHOJIN3A

OKCHEPUMEHTAIFHO YCTaHOBIEHO, YTO TI0 OTHOCHTEIBHOM PEaKIHOHHOM CIIoco0-
HOCTH B YCJIOBHUSX OKHCIEHUS U OKUCIUTEILHOIO aMMOHOJIM3a HAa BAaHAIWHOKCHIHBIX
KaTaJIn3aTopax H30MEPHBIE METHIIHMPUAMHBI PACIONIATAIOTCS B CIEAYIOIEH I0CIeNo-
BaTENIFHOCTH: 3-METWINHUPHINH < 2-MeTHINHPUAUH < 4-meTwinupuauH. [lomyueHHbIE
pe3yJbTaThl UHTEPIPETUPOBAHBI HA OCHOBAaHUM TEOPHUU KHCIOT U OCHOBaHHM. Heammu-
pUYeCKUEe KBAaHTOBO-XMMUYECKUE PACUEThl IOKA3AJIM, YTO B TOM XKE PNy H30MEPHBIX
METWIITMPUINHOB YBEIMYMBACTCS OCHOBHOCTH, BIUSIONIAs Ha aJCOPOLHOHHYIO CrIOco0-
HOCTh cyOctparoB, u CH-kucIOTHOCTB, OINperdessionas JErkKocTb AENPOTOHUPOBAHUS
OKHCIISIIOIINXCS METUIIbHBIX 3aMECTHTENEN Ha HAYaJIbHBIX CTQAMAX MpoLECca.

KurodeBbie cJ10Ba: KUCIIOTHI, OCHOBAHMS, SHTAIBINS JETPOTOHUPOBAHHUS, CPOACTBO
K IIPOTOHY.
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THERMOLYSIS OF PETROLEUM PRODUCTS
IN THE PRESENCE OF SHALE AND ZEOLITE

Abstract. This work presents the results of the process of thermolysis of straight-
run fuel oil of the Pavlodar Oil Refinery using the Kendyrlyk shale and zeolite of the
Semey-tau deposit as an activating additive. By spectral analysis has been shown that the-
re is a significant amount of elements which manifest catalytic properties (Mo = 6-10™ %,
Ni=2:10"%, Ti = 1.8-10" %, Zn = 50-10" %) in zeolite treated at 400 °C. The thermally
treated zeolite was examined using thermogravimetric (DGA) and infrared spectroscopic
analysis methods. It has been demonstrated that, the increase concentration of zeolite in
the system from 1 to 5%, the yield of light petroleum products in the fractions increase
and reache the values obtained in the use of combustible shale. Based obtained data the
effect of zeolites on the process of thermolysis of HOR (heavy oil residues), it can be said
that the reaction of catalytic cracking of molecules of heavy materials occurs via the
carbonium-ion mechanism both in the presence of an organo-mineral activator and of
zeolite.

Key words: catalytic thermal treatment, activating additives, shale, fuel oil, zeolite.

Introduction. On the world market of raw materials, there are relatively high
prices for the main energy carriers and mostly for oil. Economically developed
countries, as well as countries such as China and Singapore, are forced to invest
hundreds of millions of dollars in developing technologies for obtaining energy
carriers from alternative renewable sources, the production of which is profitable
only against expensive oil and gas.

In this regard, the problem of improving existing promising technologies for
advanced oil processing and of developing the new ones is still a major concern
for the domestic petroleum industry [1].

Together with “Institute of Fossil Fuels” FSUE we have developed an ori-
ginal process of thermochemical processing of heavy oil residues of native and
destructive origin (fuel oil, tar, heavy tars of pyrolysis, cracked residues, used
oils, etc.) in the presence of activating additives, which has no analogues abroad
and is carried out in the range of pressure of 0.5-2 MPa, and temperature of 400-
430 °C without hydrogen [2, 3].

Natural substances of sapropelite origin (combustible shales, peat, sapro-
pelites, liptobiolites, bogheads, etc.) are used as activating additives. Their effect
on oil residues has been studied by the example of the use of combustible shales.

Combustible shales actively promote the occurrence of hydrogenation
reactions of unsaturated compounds formed during the cracking of oil residues
and prevent intensive coke formation. On the other hand, the mineral part of
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shales containing aluminosilicates, oxides of iron, molybdenum, cobalt, nickel
and other catalytically active metals, also contributes to the intensification of the
reaction of cracking and hydrogenation [4-5].

The process of thermal destruction of oil residues in the presence of organo-
mineral activators (combustible shales) occurs via the carbonium-ion mechanism,
and the mineral part of the shale plays the role of a coke pusher and to a certain
extent has a catalytic effect, so we decided to intensify the process by using
zeolites, which are acids of the Bronsted and Lewis.

EXPERIMENT

This work presents the results of the process of thermolysis of straight-run
fuel oil of the Pavlodar Oil Refinery using the Kendyrlyk shale and zeolite of the
Semey-tau deposit as an activating additive. The experiments were carried out in
a steel intensively agitated rotating reactor with a volume of 0.3 liters. The
fractional composition of the raw materials and of reaction products was deter-
mined in accordance with GOST 2177. IR spectra of zeolites were recorded on a
Perkin-Elmer-557 spectrophotometer. Samples of zeolites were ground, the pow-
der was compressed in the form of tablets weighing 6-8 mg, which were placed in
a special vacuum container, which allowed performing heat treatment of the
sample and adsorption of various molecules from the gas phase. The vacuum
system made it possible to reach a vacuum of 10 Torr. The thermogravimetric
studies were carried out with a MOM 1200 instrument. The linear temperature
rise was carried out at a rate of 10 deg/min (£ 1 deg/min) from room temperature
to 900 °C. Spectral analysis of the samples was recorded on Eplison X-ray fluo-
rescence spectrometer.

Straight-run fuel oil of Pavlodar Oil Refinery with the following physical and
chemical characteristics was used as raw material: density of 937 kg/m’, viscosity
at 80°C 10.5 °E, content of asphaltenes 1.9 and of sulfur 2.2% wt.

Zeolite of the Semey-tau deposit was chosen as a catalyst. Physical and
chemical characteristics of the zeolite of the Semey-tau deposit are as follows:
color - reddish, gray; chemical composition: SiO, - 72.80%; AlL,O; - 10.61%;
Fe,05 - 1.50%; K,0 - 5.04% and other metal oxides in small quantities. Ordinary
shale of Kendyrlyk (W* - 0.8%, A - 46.5%, CO, - 14%, H*' - 9.43%, S"- 1.51%,
N® _ 0.26%) with particle size < 200 um was used as an organo-mineral
activator.

RESULTS AND DISCUSSION

In order to optimize the thermolysis conditions, a study has been performed
using shale and zeolite as an activating additive (table 1).

As is seen from table 1, when using zeolite of Semey-tau deposit as an
additive in the amount of 5.0 % wt, the yield of light distillate fractions reaches
the values obtained with 10.0% of combustible shale additive.
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Table 1 — Catalytic processing of fuel oil in the presence of activating additives
(688 K, processing time 60 minutes)

Additive Product yield, % wt
Additive quantity, gas up 180 to higher coke
% wt to 180°C | 360°C | than 360 °C
- - 8.1 15.2 14.2 57.4 5.1
Shale 10 5.8 14.2 42.0 34.5 3.5
Shale-Semey-tau 5 3.0 12.3 334 51.5 1.8

Natural zeolite of Semey-tau deposit is classified as the type of minerals of
clinoptilolite with the ratio of SiO,/Al,O; = 6.84. Such properties of natural
zeolite as sorption, catalytic and molecular stability are observed only in its dehy-
drated state. Therefore, natural zeolite was heated at various temperatures at an
interval of 473-1073 K.

Catalytic thermal treatment of fuel oil was studied on zeolites heated at
various temperatures. The results are represended in table 2.

Table 2 — Influence of heat treatment on the catalytic properties zeolite and its concentrations
at the thermolysis of fuel oil (688 K, processing time 60 min)

Temperature of BET Additive Product yield, % wt
heat treatment, | surface area, | quantity, gas up to 180to | >360°C | Y
°C m’/g % wt 80°C | 360°C
1 3.0 13.8 30.1 53.1 439
200 40.2 3 3.5 15.0 37.5 44.0 52,5
5 42 16.2 39.5 40.1 55.7
1 4.0 12.1 34.5 494 46.6
400 62.5 3 3.5 15.6 36.1 44.8 51.7
5 2.5 18.2 40.5 38.8 58.7
1 4.1 11.3 30.1 54.5 41.4
600 56.1 3 3.9 11.6 323 52.2 43.9
5 3.6 13.2 34.6 48.6 47.8
1 4.5 10.6 29.6 55.3 40.2
800 28.5 3 42 11.0 31.8 53.0 42.8
5 4.0 12.8 35.1 48.1 47.9

As is seen from the table, the yield of products has increased by 12 % wt
with the use of zeolite treated at 400 °C. The yield of the gasoline fraction has
increased to 6 % wt, and the yield of the third fraction and of gas has decreased.
This can be explained by the changes observed in zeolite treated at 400 °C. The
processed zeolite is also characterized by a large specific surface (table 2). Based
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on this, a zeolite treated at T = 400 °C was used to determine the optimal con-
ditions for the hydrogenation of coal.

By spectral analysis, it has been demonstrated that there is a significant
amount of elements that are hydrogenation catalysts (Mo = 6-10* %, Ni = 2107 %,
Ti = 1.8:10" %, Zn = 50-10” %) in zeolite treated at 400 °C. These elements
contribute to increasing the catalytic activity of the natural zeolite in the process
of coal hydrogenation.

The thermally treated zeolite was examined using thermogravimetric (DGA)
and infrared spectroscopic analysis methods. The results of DGA have shown that
the process of dehydration of zeolite begins at the lowest temperatures, from
about 60 °C, and proceeds continuously over a wide temperature range up to
400 °C, at the same time, the effect reaches its maximum between 150 and
180 °C. The water is discharged continuously and smoothly, which does not
correspond to the character of the weight loss curve. This distinguishes clinopti-
lolite from other zeolites, in which the process of dehydration occurs in stages.
Within the range of 400-500 °C, the observed low endoeffects are caused by an
addition of clay mineral, and the higher-temperature endoeffect at 780-850 °C is
caused by an addition of carbonate substance, the dissociation of which is
recorded on the curves of DTA, DTG and TG.

In the IR spectra of zeolite, there are absorption bands in the wavelength
range of 3691-3264 cm™ corresponding to OH-groups in the range of 1645 cm™,
corresponding to hydroxonium ions [H30] +, oscillations in the range of 1219-
1043 cm™ corresponding to the frame of Al, SiO4 (TO,). In zeolite treated at
673 K, in the wavelength range of 1423 cm™, OH-groups were found, which were
not observed at other temperatures and are associated with Lewis aprotic centers.
These changes can be explained by the restructuring of the zeolite frame due to
the dehydration reaction.

It is shown (table 2) that, with the increase in the concentration of zeolite
from 1 to 5%, the yield of light petroleum products fractions increases and rea-
ches the values obtained in the use of combustible shale. The process occurs
without pellet formation.

Table 3 — Effect of the shall: zeolite ratio on the thermolysis of fuel oil (415 °C, 60 min)

Additive concentration, % wt. Product yield, % wt

Zeolite shale zeolite gas up to 180to | >360°C | ZXir coke
180°C | 360°C

5.7 15.2 38.6 383 53.8 2.2
5.4 13.1 38.6 39.8 51.7 3.1
52 14.2 38.8 393 53.0 2.5
4.8 15.1 38.6 38.8 53.7 2.7
5.0 13.8 41.5 37.1 553 2.6
4.9 14.3 422 36.4 56.5 2.2
5.5 17.6 45.2 27.9 62.8 3.8

400 °C

— W] —=|w|w]| O

NN | |[W]|W]|Ww|[—
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Cracking capability of zeolites, which are characterized by Lewis acidity,
makes it possible to conduct thermolysis of fuel oil with the replacement of most
of the combustible shale (table 3). With the ratio of shale: zeolite 1 : 3 (i.e., the
total number of activators is 4%), the yield of light petroleum products during
thermolysis of fuel oil reaches 57-59% with low coke formation (3 to 5 % wt). At
the same time, the whole coke is deposited on the zeolite and is taken out with it
from the reactor.

Conclusion. Based on the obtained data on the effect of zeolites on the
process of thermolysis of HOR (heavy oil residues), it can be said that the reac-
tion of catalytic cracking of molecules of heavy materials occurs via the carbo-
nium-ion mechanism both in the presence of an organo-mineral activator and of
zeolite.

Activating additives play the role of both a catalyst and a reservoir of coke
deposits. Rich with coke solid phase of zeolite particles or of the mineral part of
the combustible shale together with the unreacted residue can be used to obtain
high-quality road bitumen. Thus, the results obtained indirectly indicate that
combustible shales and, in particular, their mineral part are a catalyst for cracking
fuel oil the same as natural and artificial zeolites.
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MYHA# OHIMIEPIH TEPMUSUIBIK OHJIEY KE3IH/IE
TAKTATAC IEH LEOJIUTTI HAWJIAJIAHY

Bepinren xymbicta [laBnogap MO3 Typa aiigan anblHFaH Ma3yTKa OeJICECHAIpyIi
Kocma petinge Kenmepiik keH opHBI Taktatachl MeH «CeMeii-Tay» KEeH OpHBI IICOJUTIH
KOCY apKbUIBI TEPMOOHJCY YPIiCi KYPri3UIreH >KOHE OHBIH HOTHXKEIEepPl KOPCETIAreH.
Cnexrpanbai Tannay oapici kemeriMen 400°C neiiiH eHIENTeH IEOJUT KypaMbIHIa Ka-
TaNM3aTOPIIBIK KACHET TAHHTATHIH 3MEMEHTTep 6ap exenairi ansikramas (Mo = 6-107 %,
Ni =210 %, Ti = 1.8-10" %, Zn = 50-10” %). TepMUsIbIK OHICITEH LEOTHT TEPMO-
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rpaBumeTpusuibiK (DHA) sxone UK-cniekTpimik Tanmay omictepimMer 3eprreninmi. [leomut
KOHIICHTPALUACHIHBIH 1-1eH 5%-Fa JeiiiH apThIpFaHAu MYHAN eHIMICPIiHIH KEHIT (pak-
[USUTAPBIHBIH, OHIMJILIITT apTHII, JKAHFBIII TaKTaTac KOMETIMCH albIHFAH MOHAEPTe JKe-
temi. LleomutrepaiH MyHaWIBIH ayblp KaIIBIKTapBIH TEPMOOHICY YpHAiCiHE acep eryi
TypaJibl ajJbIHFAH JIEPEeKTep HEri3iHIe, OpraHO-MHHEPaJAbl aKTHBAaTOpP MEH ICOJHTTIH
KATBICYBIH/IA aybIP MIMKI3aTThIH MOJICKYJIaIapPbIHBIH KATATUTUKAIBIK KPEKUHT PEaAKIUSIChI
KapOOHUIT-HOH/IBIK MEXAHNU3MI apKbLIbI )KY3€Te AChIPLIa b IS aiiTyFa O0Iaibl.

Tyiin ce3nep: TepMOKATAINTHUKAJIBIK OHICY, OCNCEHIIpyII Kocmaiap, TakTarac,
Mas3yT, [COJIUT.

Pesome
XK. K. Kaupbexos, E. A. Aybaxupos, U. M. [{xcenovibaesa, 3. T. Epmonouna

HCTIOJIbB3OBAHUE CJIAHIIA 1 IEOJINTA
IMPU TEPMOJIN3E HEOTEITPOAYKTOB

[TpuBeneHs! pe3yabTaThl MpoOIEcca TEPMOJIHM3a MPSIMOTOHHOTO MasdyTa IlaBmomap-
ckoro HII3 ¢ wmcrmomp30BaHMEM B KadecTBE aKTUBUPYIOIMIEH T0OABKH KEHIBIPIBIKCKOTO
claHna u neosnuta MecropoxaeHus: «Cemeii-tay». C MOMOIIBIO CIIEKTPATIBHOTO METOAA
aHanmm3a OBUIO TTOKa3aHo, 4To B meonute, oopadoranHom mpu 400 °C, mpuCyTCTBYET 3Ha-
YUTECJIBHOC KOJUYECTBO DJICMCHTOB, ABJIAIOIINXCA KaTalIM3aTOpaMH Pas3IMYHbIX MPOICC-
coB (Mo = 6-10 %, Ni = 2107 %, Ti = 1,8:10" %, Zn = 50-10> %). Tepmudecku 06-
paboTaHHBIN 1IEOTUT OBUT HCCIENOBAaH € MOMOIIBI0 TepMorpaBumerpuueckoro ([AI'A) u
HK-criekTpasibHOro MeTonoB aHanm3a. [lokazaHo, 4TO C yBEIWYEHHEM KOHIIEHTPALUH
neonuta ot 1 10 5 % BbIXOI (pakumii CBETIBIX HEPTEIPOAYKTOB pacTeT U JOCTUTAET 3HA-
YEHUH, NOJTy4aeMbIX TIPH MCIOJIB30BaHUH FOPIOYETro ciiaHna. Ha ocHOBaHMM TOJTyYeHHBIX
JAHHBIX TI0 BIMSHUIO IIEOJIMTOB Ha mpouecc Tepmonu3a THO MoXHO yTBepKaaTh, 4TO B
MIPUCYTCTBUH KaK OPraHOMHUHEPAJIBHOTO aKTHBATOPA, TaK M IIEOJUTA MPOTEKAET PEaKIHs
KaTaJIITHYECKOTO KPEKHMHTa MOJIEKYJ TSDKENIOTO CHIPhSl 1O KapOOHHWH-MOHHOMY MeXa-
HU3MY.

KnroueBble c10Ba: TepMOKaTaTUTHIECKas MepepaboTKa, aKTUBUPYIOIIUE TOOABKH,
ClIaHeIl, Ma3yT, IIEOJIUT.
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THE METHOD OF PRODUCING
HYDROPHOBIC ORGANOSILICON POLYMERS BASED
ON HYDROLYZED POLYACRYLONITRILE

Abstract. The article discusses the possibilities of obtaining hydrophobizators based
on hydrolyzed polyacrylonitrile and tetraethoxysilanan. Studies have shown that the
properties of the resulting composition depend on the temperature and the ratio of selected
substances. The optimum temperature for obtaining the desired composition is the tem-
perature range 10-50 °C. Samples were investigated by methods of differential thermal
analysis, IR spectrometry. The resulting composition is not inferior to existing analogues
in terms of its hydrophobic properties, and the cost of the materials developed is 10-15%
lower compared to alkyl silicates.

Key words: polymer, hydrolyzed polyacrylonitrile, organosilicon compounds, vis-
cosity, hydrophobization, solution.

Introduction. Hydrolyzed Polyacrylonitrile (HPAN), like other acrylic po-
lymers, forms with clay particles strong polymer clay structures due to chelate
bonds and polymer membranes, which partially prevent the hydration of rocks.
Additive HPAN in fresh solutions at 30 °C is up to 0.15% (dry) or 1.0-1.5% of
liquid, at 100-120 °C to 0.75%, at 150 °C to 2%. When using low-mineralized
solutions, the consumption of HPAN increases several times, and the heat re-
sistance is no more than 100 °C. HPAN exhibits an optimal protective effect at
pH = 10-11, at larger and smaller values of which coagulation of clay particles
occurs, especially in fresh solutions at elevated temperatures.

An aqueous solution with a concentration of 33% with a density of
1.2409 g/ml of yellowish color, is a viscous liquid mass that dissolves in water in
any ratios [1].

HPAN is an interesting object from the point of view of theoretical and
practical study as a crosslinking agent for the production of hydrophobic poly-
mers. Because, organosilicon compounds have a peculiar property, i.e. Processed
materials with these substances do not allow moisture and water to pass, forming
a thin film, while the air permeability of the material is preserved. Such a film is
resistant to temperature changes, chemically stable and has mechanical strength.
In this regard, in recent years there has been an intense increase in interest in
obtaining and researching the use of organosilicon compounds in various fields.

From the analysis of the known scientific literature, in our opinion, a
convenient method for producing organosilicon compounds can be considered the
method of crosslinking [2].
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EXPERIMENTAL PART

Synthesis of HPAN.

Reagents: polyacrylonitrile 10 g, sodium hydroxide 8% solution 110 ml,
methanol 250 ml.

Equipment: Round bottom flask, reflux refrigerator, glass, oil bath, capillary
viscometers of the Ubbelohde type, NETZSCH STA-409 PG TG-DSC analyzer,
IR-spectrometer, REM 250 adhesiometer.

In a 300 ml round-bottom flask, equipped with a reflux condenser, 110 ml
(0.22 mol) of 8% sodium hydroxide solution are poured in and 10 g (0.2 mol) of
finely ground polyacrylonitrile are poured. The mixture is heated on an oil bath to
a boil (bath temperature is about 100-110 © C) and held for about 13 hours. When
the solution becomes colorless and transparent, the heating is stopped, the
solution is cooled and poured into a 500 ml beaker, neutralized with 0—5 N hydro-
chloric acid to pH 8-8.2 according to a universal indicator.

Sodium polyacrylate is precipitated from the solution by adding 150 ml of
methanol. The precipitate obtained is filtered on a Buchner funnel and washed
with methanol until all the chlorides in the solution disappear. The purified so-
dium polyacrylate is air dried for 48 hours. The polymer yield is 15.6 g

Crosslinking of organosilicon compounds. In a flask equipped with a
stirrer, a thermometer and a separating funnel, 10 ml of HPAN were placed and,
keeping the temperature at about 15-60 °C with vigorous stirring, slowly, drop-
wise, was added (with emulsifier) tetraethoxysilane (TEOS). Then the solution
was stirred for several hours at room temperature, after which a viscous polymer
with a silicon content was obtained.

Reactions were carried out in the ratios of HPAN:TEOS 50: 1; 50: 2; 50: 3;
50: 4; 50: 5 moles and different temperatures by constant mixing.

DISCUSSION OF THE RESULTS

It was determined that even at low degrees of conversion, the polymer yield
depends on the initial ratio of components and temperature. It was found that with
initial conversions, the yield of the product increases linearly in accordance with
the duration of the reaction.

In order to influence the temperature on the kinetics, the reaction was carried
out at a temperature range of 10-50 °C with different ratios of the initial reagents
(with an increase in the HPAN ratio from 10:1, a solid mass was obtained that did
not dissolve in solvents, this is apparently due to the complete crosslinking of the
substances). An increase in temperature led to an increase in the rate of the
process, and to an increase in the yield of the polymer. An increase in temperature
from 50 °C and further resulted in complete crosslinking and the formation of a
solid mass. Note that at the same time the resulting product had a higher
characteristic viscosity, which is clearly seen from figure 1.
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Figure 1 — Change in viscosity relative to time and temperature

The viscosity of (oligo)polymers in organic solvents was measured in
capillary viscometers of the Ubbelohde type, which allow sequential dilutions
of the sample under study in the viscometer itself. Viscosity was determined at
50 £0.1 °C by a known method.

As can be seen from the figure 1, with an increase in the ratio of TEOS
reagent and temperature, an increase in viscosity is observed, which can be
attributed to an increase in the degree of crosslinking. As the amount of TEOS
and temperature increases, HPAN hardens. The obtained sample was studied by
the method of IR-spectroscopy, and also, the differential thermal analysis (DTA)
indices, which indicate crosslinking by carboxyl bonds, were investigated.

Thermoanalytical studies were conducted on a NETZSCH STA-409 PG
TG-DSC analyzer, equipped with a K-type (Low RG Silver) thermocouple and
using aluminum crucibles. The amount of sample was taken in the range of 5-6 mg.

TG /% TS 7T . DSCHmWimg)
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Figure 2 — Thermal examination of the sample
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All measurements were carried out in an inert atmosphere of nitrogen with a
purge rate of 50 ml/min. The temperature range of measurements was 20-600 °C
at a heating rate of 10 K/min. The measuring system was calibrated using
standard substances — indium, bismuth, tin, zinc, and cesium chloride.

From the data obtained, it can be concluded that thermal stability increases
with an increase in the silicone bridges in the HPAN molecule. The decompo-
sition temperature of HPAN 350 °C is known from the scientific literature.
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Figure 3 — Spectrum of TEOS
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Figure 4 — IR spectrum of a polymer film crosslinked with TEOS

In figure 4 the absorption bands of the average intensity in the region of
1400, 1465, 1250 cm™', characterizing the stretching vibrations of a single C — C
bond, are noted. The absorption bands of about 1025 and 1095 cm™ of vibration
frequencies indicate, respectively, the presence of Si-OH and Si-C bonds.
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The characteristic bands of the valence vibrations of the multiple bond for
the ethylene group (v (C = C)) are found to be 1795, 1740, 1680 cm . Such
characteristic absorption band is also present in the spectra of a compound.

Based on the spectra shown in Figures 3,4 it can be concluded that the
carboxyl groups in the composition of HPAN entered into the esterification
reaction with the CH;CH,O-groups in TEOS.

On the basis of the obtained crosslinked TEOS polymer, compositions with
different makeup were created and their hydrophobic properties were studied.

The study of the effect of hydrophobization was carried out on standard
samples. Water repellency was carried out by immersing the samples for two
minutes in a 5% solution of the studied polymer composition and their subsequent
exposure to air for 28 days.

One of the conditions for long-term preservation of the beneficial properties
of water-repellent coatings is the presence of sufficient adhesion between the
protective polymer film and the building material. However, it is extremely
difficult to determine the adhesion characteristics directly on the hydrophobic
sample due to the fact that the cement material has a porous structure and, more-
over, there is no continuous polymer film.

For the formation of a continuous film of sufficient thickness, a solution of a
water-repellent agent with a higher concentration was used. Adhesive characteris-
tics were determined on an REM 250 adhesiometer. The hydrophobic composi-
tion in the form of a 15% solution in alcohol was applied to the substrate using a
pneumatic spray. After drying the material for 72 hours, steel bar were glued to
the coating with acrylate glue and tests were carried out to determine the tensile
strength at detachment.

This circumstance is apparently related to the porosity of the structure of
these materials, which probably led to overestimated results in determining the
tensile strength at separation. But, despite this, the tensile strength for separation
for a solid substrate reaches a significant value - 3.8 MPa, and the control value is
relatively smaller and amounts to - 2.9 MPa, but on the whole is at a fairly high
level.

The dependence of the tensile strength at separation, regardless of the ma-
terial of the substrate, is extreme. The maximum values of the tensile strength at
separation are achieved at a TEOS concentration of 8—10%. To study the weather
resistance of the hydrophobic coating, accelerated tests were carried out in a
climatic chamber for 30 days of both the hydrophobised samples and coatings in
the form of a film obtained similarly as in the case of determining the adhesive
characteristics.

It is usually accepted that testing samples for 15 days in a climate chamber
corresponds to one year of their stay in actual atmospheric conditions. Adding to
the composition already 10% of TEOS increases the material's resistance to
adverse technological conditions, and the modified coatings withstand the test
without damage. The loss of the hydrophobic effect for compositions containing
TEOS is extremely insignificant and, according to the test results, it can be
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assumed that the life expectancy of satisfactory hydrophobic properties during
operation of structures treated with these compositions in real conditions will be
at least five years. This is comparable with such commonly used water repellents
as sodium silicates. According to preliminary calculations, the cost of the deve-
loped materials will be 10-15% lower compared to alkyl silicates, which, under
the conditions of their mass use, can lead to a significant economic effect.

Use for the preparation of a hydrophobic composition based on HPAN as an
adhesive — hydrophobic agent does not cause technological difficulties in its
dosing and mixing with other components. High miscibility and aggregative
stability of the composition in the form of a mixture, in an environment of organic
solvents, and not stratified during storage indicates the effectiveness of the
developed composition.

Hydrophobization of polymers leads to a long synthesis time, a decrease in
the yield of the target product (especially in the workshop conditions) and com-
plicates the transition to a continuous process. The filtering stage is particularly
laborious, leading in particular to a more than one and a half time increase in the
amount of solvent used. Large losses of volatile solvents at the stage of selection
of the target product in the workshop conditions lead to environmental pollution.

The hydrophobic processing developed by the compositions was carried out
using a laboratory unit according to the following procedure.

The installation was poured, the calculated amount of the developed hyd-
rophobic composition was thoroughly mixed. The concentration of the resulting
product depended on the type of material being processed, for cement it was 6 g/l,
in all other cases - 4.0 g/l. The samples were impregnated for 8-10 min of cement
rotation.

Then the sample was lightly dried between sheets of filter paper using a pad
and dried at a temperature of 50-60 °C for 40-50 min in a drying cabinet. The
consumption of the water-repellent composition in all cases did not exceed
5.3 g/kg of the material being processed.

The use of this composition provides an improvement in the quality of
materials, by increasing the indicators of water-repellent properties, without dete-
rioration as a result of the hydrophobization of their other indicators.

Conclusion. Thus, as a result of the research conducted, it was shown that it
is possible in principle to use the composition under study as a water-repellent
material for the surface treatment of building materials, and a trend has been
revealed to develop new water-repellent agents with an unconventional chemical
structure.
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Pe3rome
B. H. Axmeoos, JI. H. Husiz06, @. ®@. Paxumos, H. I1I. I[lanoes

I'MAPOJIM3AEHI'EH ITOJIMAKPMJIOHUTPUJIAIH HET'T3IHAEL'T
I'MAPO®OBTHEI KPEMHUMOPI" AHUKAIJIBIK ITOJIMMEPJIEPAIH AJIBIHY ©ICI

Makanaga THAPOIH3ACHICH MOJTHAKPUIOHUTPHII MEH TETPE3TOKCHCHIIAHHBIH HETI-
3iHmeTI THAPOGOOU3ATOPIEl AXYyABIH MYMKIHIIJIIKTEpl KapacTBIPBUIFaH. 3epTTeyliepe
KOPCETUITeH/ICH, aJlbIHFaH KOMITO3MLIMSHBIH KacHeTTepi TeMmIeparypa MEH TaHAaJbIIl
QJIBIHFaH 3aTThIH KaThIHACBIHA OaiaHbICThl. TaHAaNbIN aablHFAaH KOMIO3UIUSHBIH OINTH-
Maiabl Temreparypa MoHi 10-50°C apanbirbl Gonbin TaObuiansl. Yirinep WK-crnekrpo-
MeTpus, IUupdepeHIranapl TEPMUSUIBIK aHAIN3 OMICTEPIMEH 3€pTTENiHAl. AJIBIHFaH
KOMITO3MLIMs OepinreH aHajorran rufpodoOTsl KacueTTepi OOMBIHIIA TOMEHIEMEH T, an
OHJICITeH MaTepualiapblH Oarachl alKWIICHIMKOHATTapMeH canblcTeipranaa 10-15%-ra
TOMEH.

Tyiiin ce3aep: moaumMep, THAPOIU3ACHICH MTOIMAKPUIOHUTPIII, KPEMHUHOPTaHUKA-
JIBIK KOCBUIBIC, TYTKBIPIIBIK, THAPOGOOU3AIHS, ePiTIH/I.

Pe3rome
B. H. Axmeoos, JI. H. Husz068, @. ®©. Paxumos, H. I1I. [Tanoes

METO/ HOJIVYEHWA THAPO®OBHBIX
KPEMHUNOPI' AHUYECKUX ITOJIUMEPOB HA OCHOBE
I'MAPOJIN3OBAHHOI'O ITIOJIMAKPUJIOHUTPUIIA

B craree paccMOTpeHBI BO3MOXKHOCTH MOJyYeHHs T'MApodoOn3aTopoB HA OCHOBE
THIPOIU30BAaHHOTO MOJMAKPHIOHUTPUIA U TeTpadTOKcucHiIaHaHa. Kak mokasamu uccie-
JIOBaHMSI, CBOWCTBA MOJy4yaeMONH KOMIIO3UIIMH 3aBUCST OT TEMIIEPATYPhl M COOTHOIICHUS
BBIOpaHHBIX BemecTB. ONTUMAaNBHON TEMIIEPATypoil MOTydeHHS JKEIaeMOH KOMITO3HIINH
sBisieTcst wHTepBan Temrepatypsl 10-50 °C. O6pa3ipl ObUTH HCCIIeOBaHBl METOAAMU
muddepeHnraibHO TepMudeckoro ananmusa, MK-crmexrtpomerpun. IlomydeHHass kommo-
3UNUSA 110 TUAPOPOOM3UPYIIMM CBOHCTBAM HE YCTyHaeT CYIIECTBYIOIIMM aHaloram, a
CTOMMOCTh pa3paboTaHHBIX MarepuaioB Ha 10—15 % Huke MO0 CpPaBHEHHIO C AJIKWIICH-
JIUKOHATaMH.

KuroueBble cioBa: nosiumep, THAPOIU3OBAHHBIN MONHAKPHIOHUTPUI, KPEeMHUH-
OpTraHUYecKHe COCANHEHNSs, BA3KOCTh, THApodoOu3anus, pacTBop.
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CHUHTE3 U MAEHTUOUKALIUSA 3-METNJI-4-THIUAHIIUPUIUHA
n MMHUIA MTMPUANH-3,4-TUKAPBOHOBOU KUCJIOTHI

AnHoTanusi. Pa3paboTanbl BbICOK03()()EKTUBHBIC BaHAIMIOKCHIHBIC KaTaIH3aTO-
bl OKHCIUTEIHHOTO aMMOHOJIN3A 3,4-TUMETHINUPUANHA TTOTYYEHHs] C BBICOKUM BBIXO-
JIOM 3-MeTHII-4-IIMaHITUPUINHA U UMHJIA TUPUINH-3,4-TUKapOOHOBO# KUCIOTHL [IpoBe-
JICHa HapaOOTKa W WIACHTU(UKAIMS CHHTC3UPOBAHHBIX COCIUHCHUHN pa3TMYHBIMU (U3H-
KO-XUMHUYCCKUMH MeTonmamu. CTpoeHHEe W HACHTU(DUKAIWS IONyYCHHBIX COCTUHCHUI
noarsepxaeHo nanubiMu UK-; IMP 'H-u 13C—CH€KTpOCKOHI/II/I.

KiaioueBsbie ciioBa: 3,4-TUMETHINHMPUINH, OKUCIUTEIBHBIH aMMOHOJIN3, KaTalld-
3aTOpBL, 3-METHI-4-IHAHIUPHINH, UMHI THUPUANH-3,4-THKapOOHOBOW KHCIIOTHI, CIIEK-
TPOCKOIIHSI.

3,4-lumeTUINMPUANH A0 HEaBHETO BPEMEHH SIBIISJICS OJHUM W3 MaJOU3Y-
YEHHBIX COEAMHEHUI B PsAy M30MEPHBIX JTyTUAMHOB. U3 3,4-nyTunuHa momy-
YaroT Iperapar, akKTUBHBIA MPOTHB OaKTEepHid M MPOCTEHIINX, MPUMEHSEMBIA B
peidoBozcte [1]. Kpome TOrO, M3 HErOo MOXKHO TOJIYYHTHh KHCIOPOA- W a30T-
coJieprKallire MPOU3BOIHBIC, KOTOPbIE MOTYT OBITH HCHOJB30BaHBI B MEIUIIMHE.
Hamu pazpabotaHbl KaTanu3aToOpbl OKACIUTEIHHOTO aMMOHOJM3a 3,4-IHMMETHII-
MUpHUINHA, 00ECIeYnBAOIINEe BBICOKMN BBIXOJN 3-METHII-4-IIHaHMHAPUANHA WIIN
UMHUIIa TUPUANH-3,4-TUKapOOHOBOH KHCIOTHI, KOTOphIE MOTYT HAaWTH TpUME-
HEHHE IS ITOJTy4EeHUS BBICOKOTEPMOCTOWKHX MOJIUMEPOB [2].

W3 nuTepaTyphl H3BECTHO, YTO B YCIOBHAX OKHCIUTEIIFHOTO aMMOHOJHN3a Ha
OKCHJIHBIX BaHaJIWH-aJIOMUHHEBBIX KaTaJu3aTopax MpW HU3KOM TemImepaType y
JYTUAVMHOB HECHUMMETPUYHOIO CTPOEHUS OKUCISETCS TOJNBKO OJHA METHJIbHAs
rpymnmna B nonoxenuu 2 unu 4 [3, 4]. Ha npumepe 3,4-nyTuauHa noka3zaHo, YTO
IIPH BBICOKMX TEMIIEPATypax B PEaKIMIO BCTYMAET W BTOpas METHJIbHAS TpyIa B
3-n0JI0KEHUH, B pe3yjbTaTe 4ero oOpasyercs MPOLYKT BHYTPHMOJIEKYJISPHON
OUKITU3AIUN — UMUJ TUPUINH-3,4-THKapOOHOBON KUCIIOTHI, U MPEJIOKEH MeXa-
HH3M er0 hopMUpOBaHUS [5].

[Iponomxkas Hamm pabotel [5-11, 14], menp MaHHOTO WCCICIOBAaHUS —
HUACHTHU(HUKALUSI OCHOBHBIX HPOIYKTOB PEaKLHH OKUCIUTEIHHOTO aMMOHOIIN3a
3,4-mumetrnmupuaaa Metoqom UK- u SIMP-criektpockonuu u 0600mienne pe-
3yJbTaTOB MCCIEIOBaHMS PEAKIMHM OKUCIMTEIBHOTO aMMOHOIM3a 3,4-IUMEeTHII-
NUPUANHA KaK METO/Ia MOIYYCHUS [ICHHBIX MPOU3BOJHBIX TUPUIUHA.

OKCIIEPUMEHTAJIBHAA YACTb

Hcxoanbriit 3,4-Z[I/IM€TI/IJ'IHI/IPI/I,£[I/IH MapKu «4.» II0CJIC CYHIKHW W HNEPCTOHKU

HUMCJI XApaKTCPUCTUKH, OTBCHAOUNIMC HWHAWBUAYAJIBHOMY BCHICCTBY: T. KHII.
163,5-164,5°/760 MM, ds=0,9537, np=1,5099 [12]. YcTaHOBKA C HPOTOYHBIM
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abOpaTOPHBIM PEaKTOPOM W METOIMKA IPOBEICHHUS OIBITOB ONHCAHBI paHee
[13]. YcnoBust mpUTOTOBIEHUS! KaTalU3aTOPOB M MPOBENEHUS PEAKIIMH OKHUCIH-
TEJIBHOTO aMMOHONIN3A 3,4-TMMETUINUPUIMHA TPUBEACHBI B maTeHTax [6-11].

[IponykThl peakiuu yiaaBIuBaid B CKpyOOepax THUma 3piaudTa, OpoIIaeMbIX
BOJIOM. YCJIOBHSI aHalN3a IMPOMYKTOB OKHUCIHMTEIHFHOTO aMMOHOJM3a 3,4-1yTH-
IHA OMHUCaHbl B padorax [5, 14]. [IpoaykTsl TIy0OKOTO OKHCIICHUS aHATH3H-
poBanu Ha xpomarorpade «JIXM-8M/]» ¢ meTeKTopoM MO TEIIONPOBOIHOCTH.
KomoHk® W3 HEp)KaBEIOMICH CTAIM MMENW UITHHY 3,5 M W BHYTPECHHUH JUaAMETP
3 MMm. Ancop6entom st onpenenenus CO CIyKuJ aKTHBHPOBAHHBIA YTOJb
mapku «Al-5» (0,25-0,50 mm), mis CO, — momucop6-1 (0,16—0,20 mm). Temme-
parypa tepmocraTa kKojnoHoK 40 °C. Bo Bcex ombITax 0anaHc Mo onpeaeisieMbIM
BerecTBaM coctaBisut 95-100 %.

NK-CneKTpOCKONMYECKUI aHAIU3 CUHTE3UPOBAHHBIX COEIMHEHHHA Ipo-
Bomuin Ha UK-criekrpomerpe «Nicolet 5700» Kopnopanuu «Thermo Elecrtron
Corporation» (CIIIA) B o6mactu 400—4000 cm™'. [TomydeHHbIH HAMHE 3-MeTHI-4-
UUAHIMPUANH TEPeKPUCTAJUIM30BBIBAIN M3 XJopodopma. BriaenuBmmiics
MIPOJYKT B BHJE O€JBIX WIJI UMEN TeMIepaTypy IuiaBieHus 46 °C. DneMeHTHBINH
aHa/u3 JaN ciaeayrolme pesyasTarhl: Haineno C=71,4 % H=5,7 % N=23,87 %
BeruncieHo: C=71,2 % H=5,1 % N=23,7 %.

Wmun nupuani-3,4-1ukapOOHOBOM KHCIOTHl NEPEKPUCTAJUIN30BBIBAIN U3
STHJIOBOTO CIHPTa W TONYYHIH OeNble MENKHe KPHUCTALIBI C TeMIepaTypou
rutaneHus 224 °C (Bo3roHsiercs). DIEMEHTHBIM aHalu3 3TOTO COCIUHEHMS aajl
cienyromme pe3yiapTaTel: Haiineno C=56,75 % H=2,2 % N=18,4 % BbluucicHO:
C=56,76 % H=2,7 % N=18,9 % .

Crextpsl IMP 'H u "°C crumanu ma crekrpomerpe JNM-ECA Jeol 400
(gactora 399.78 m 100.53 MI'l COOTBETCTBEHHO) C HCHOJB30BAHUEM pac-
tBoputensa JAMCO-ds. Xumuueckne CIBUTA M3MEPEHBI OTHOCHUTEIFHO CHTHAIOB
OCTAaTOYHBIX TIPOTOHOB WJIM aTOMOB YTJIEpoAa AEHTEepHPOBAHHOTO JIUMETHII-
CyJb(hOKCH A,

PE3VJIbTATBI 1 X OBCYXXJIEHUE

Hamm uccneoBanus MO3BOJIMIN MOA00paTh OWHAPHBIC BaHAIMMOKCHIHBIC
KaTaJIn3aTOPbl, IPOMOTHPOBaHHbIE ToOaBKkamu okcuaoB onosa (IV), xpoma (I1I) n
mupkonus (IV), Ha KOTOpBIX B 3aBHCHMOCTH OT TEMIIEPATyphl PEakUHUu C
BBICOKMM BBIXO/IOM CHHTE3WPOBAHBI 1100 3-MeTnin-4-nmannupuans (3-M-4-1111)
[6-8], mnbo nmun mupuauH-3,4-1uKapOoHOBOH KUCIOTHI [9-11] (pucyHok 1).

BnusiHne mMoandukaTOpoB Ha BBIXOJ HPOLYKTOB OKUCIUTEIBHOTO aMMO-
Honm3a 3,4-MyTHAMHA IPEACTABICHO HA PUCYHKeE 1.

LleHHBIM aHATUTUYECKUM METOJIOM JIJIsl UCCIIEOBAHUS CTPOCHUS Pa3IMYHBIX
BEIIECTB B OPraHUYECKOW XUMHH SBJISAETCS HHPPaKpacHasi CIEKTPOCKOIHSL.

Hcnons3yst 3TOT MeTox aHanmm3a, OBITH BBIABIEHBI OTJIWYHAA B CTPOCHUHU
OCHOBHBIX TPOAYKTOB PEAKIWH OKHCIUTEIBHOTO aMMOHOJM3a 3,4-myTUAMHA,
MIOJIyYEHHBIX TIPHU pasiIuuHbBIX TemnepaTrypax. Tak, HK-cnextp 3-merun-4-
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IMaHNUPUANHA, TTONyYeHHBIH B oOmactu Temmepatyp no 330 °C (pucyHok 2)
COMEPXKUT TIONOCY HOriomeHns 2232 cMm’', XapaKTepHYIO IS HHTPHIBHOI
rpynmnsl [15].

Torpa kak npu temnepatype 350—380 °C cpeau mpoAyKTOB peakUuu Ipe-
obmaganm uMua TUpUIUH-3,4-nukapOoHoBON KuciIoTh. B MK-cnekTpax maHHOTO
coemuHeHHs (PUCYHOK 3) Tonoca moriomerust 2232 cM’', XapakTepHas Ui
HUTPWIHHON TPYIIIEI, CYe3aeT, a GUKCUPYIOTCS TOIOCH mornomenus 1777,7 u
1727,7 em™ (acummerpuanoe u cummerpuaroe v C=0, Goee HH3KOYACTOTHAS

-1
mojioca CwibHee W mmpe), a Takxke monoca 30154 cMm, COOTBETCTBYIOIIAS
rpynne NH [15].

5.5+ Mon Mar 30 11:01:31 2009 Serebrynckay
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Pucynok 3 — UK-criekTp nmMuaa nmupuae-3,4-11kapOOHOBOMH KUCTOTEI

CrHexTpocKonus SIIEPHOTO MAarHUTHOTO pe30HaHca sBIsSeTcs Hamboee
MOIIHBIM WHCTPYMEHTOM BBISICHEHHSI CTPYKTYPbI OPTAaHHYECKOTO BEIIECTBA.

[Mono6Ho nHPpakpacHoO# cnekrpockonuu, SIMP naet nadopmanmio o moe-
KYJIIPHOM CTPOCHHUH XMMHYECKHX BemiecTB. OIHaKo, OHa oOecreunBaeT Oojee
nonHyo uHpopmanuio, dyem HK-crnekrpockomnus, Mo3BoJsisl M3ydaTh AWHAMH-
YecKhe TPOoIecchl B 00pasie — OmpeAensiTh KOHCTaHTBI CKOPOCTH XHMHYECKHX
peakuuii, BETMYMHY SHEPreTHUYECKHMX OapbepoB BHYTPUMOJEKYJISIPDHOTO Bpa-
mennd. Taxke SIMP-criekTpockomnust MO3BOJISIET 3aIHCBIBATH CIEKTPBI IPOMeE-
JKYTOYHBIX YaCTHI] XUMHUECKUX PEaKITHil.

Cnektp SIMP 'H (pucyHok 4) 3-MeTHi-4-IMaHIIMPUIHHA XapaKTepPU3yeTcs
MPUCYTCTBHEM B CHJIBHOINONBHON oOnactd mpu 2.37 M.A. TPEXIPOTOHHOIO
CHHIJIETHOTO CUTHAJIa METUJIEHOBBIX mpoToHoB H-7, 7, 7. Haxondmuecs mno co-
CE/ICTBY apOMaTH4eCKHe MPOTOHBI upuauHoBoro siapa H-3 u H-4 peonupoBanu
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0XKHIAEMBIMH OJJHOIPOTOHHBIMU Jy0netamu ¢ omuHakoBeiMu KCCB (°J 5.2 T'm)
mpu 7.65 u 8.53 M.A. cooTBeTCTBEHHO. He mMerommii mo COCeACTBY IpYyrux
BOJOPOIHBIX sizep MpoToH H-6 pe3oHMpoBan OAHONPOTOHHBIM CHHIJIETOM IpPH

8.63 Mm.oI.

B cnekrpe IMP "C (pucyHok 5) 3-MeTHi-4-IMaHIIMPUINHA CUTHAJIBI Me-
tuiibHOTO (C-7) M HUTpHIbHOTO (C-8) yriepoAHbIX aTOMOB HAOIIOAAIOTCS MpU
17.32 u 120.06 M.A. COOTBETCTBEHHO. YTJIEPOJIHbIE aTOMbl MUPUAUHOBOIO sApa
pe3onupoBanu npu 116.29 (C-2), 125.61 (C-3), 135.57 (C-1), 148.16 (C-4) u

151.70 (C-6) M.1.
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Crpoernne 3-MeTWI-4-IIMAHMHUPUINHA TIOATBEPIKACHO TaKXKE METOJaMHU
nByMepHoOii crekrpockomuu IMP COSY (‘H-'H) u HMQC ('H-"C), nosgo-
JISOIIEH YCTAaHOBUTH CITMH-CIIMHOBBIE B3aMMOJCHCTBUS TOMO- U T€TEPOSIePHOM
puposl (pucyHku 6, 7). HaGromaempie KOPPESIIUN B MOJICKYJIE TIPEICTABICHBI
Ha cxemax. B crektpax 'H-'H COSY 3-MeTHI-4-IMaHNHpUIuHA HAGIIONAIOTCS
CIMH-CITUHOBBIE KOPPENANNN 4Yepe3 TPU CBSI3U MPOTOHOB COCETHUX METHHOBBIX
rpyrn H*-H* mupranHOBOro KoIblia KPOCC-IIMKAMHU ¢ KOOpAHHATAMH mpH 7.63,
8.53 u 7.64, 8.52. I'eTeposiiepHble B3aMMOICHCTBHUS MPOTOHOB C aTOMAMH YTJIe-
poza uepes OfHy CBA3b OBLIM YCTAHOBIEHHI C MIOMOIIBIO crekTpockomuy 'H-"C
HMQC st Bcex mpucyTcTByiommx B coemmuennn map: H'-C’ (2.37, 17.32),
H’-C*(7.63, 125.64), H*-C*(8.53, 148.23) n H°-C®(8.61, 151.69).

Cxema xoppemsanuii B cnekrpax COSY (a) u HMQC (6)

Ha pucynke 8 npexncrasien crnexktp SIMP 'H umuma mupuans-3,4-mukap-
OOHOBOW KHCJIOTBI, KOTOPBIA XapaKTEePH3yeTCs MPUCYTCTBUEM B apOMaTHYECKOM
obnactn mByX aybierHbix curHanos mpu 7.75 (1H, °J 4.8 Tm) u 9.00 (1H, °J
5.2 T'u) m.z., IpuHAANEKANMX TUPUIUHOBEIM npotoHaMm H-8 u H-9 cootsetct-
BEHHO. ApomaTuueckuii npoToH H-2 NpoOsSBUICS CHUHIVIETHBIM CHUTHAJIOM IpU
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PucyHok 8 — Chemka'H criekTpa HMHIa MUPHIMH-3,4-THKap6OHOBOI KiC10TsI in DMSO
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8.97 m.n. ¢ mHTErpaNbHOW WHTEeHCHBHOCTHI0O 1H. B Hambonee cmaGormonpHON
obmactu npu 11.61 M.I. yIIMPEHHBIM CHHTJIETOM C WHTETPAIbHOW HHTEHCHB-
HocThio 1H npossuics umuaHelit npoton H-5.

B cnextpe SIMP °C (pucyHok 9) umuna mupuans-3,4-1akapOoHOBOI KHC-
JIOTHI CUTHAJIBI MUPHUIMHOBBIX YTIIEPOAHBIX aToMOB HaOmromatotrcs mpu 117.30
(C-8), 127.24 (C-3), 140.70 (C-7), 144.47 (C-2) n 156.06 (C-9) m.1. YraeponHsie
aTOMBI IMUIHOH TPy pe3oHupoBand mpu 168.66 (C-4) u 169.11(C-6) m.1.
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Pucynok 11 — Cpremxa COSY cnekTpa umuzaa mupuauH-3,4-nukapOoHoBoii kucnoTsl in DMSO

CtpoecHre MU TUPUINAH-3,4-TUKApOOHOBONW KHCIOTHI OBUIO TOITBEPIK-
JIGHO TAKXe METOJaMH JByMepHoii cmextpockomuu SIMP COSY (‘H-'H) u
HMQC ('H-"C) (pucynxu 10, 11), no3Bosiomeli ycTaHOBUTD CIIMH-CIIMHOBBIC
B3aMMOJCHCTBUS TOMO- M TeTepOsAepHOH mpuposl. Habmromaemble Koppemsunn
B MOJIEKYyJIe TPECTaBNIeHbl Ha cxeMaX. B cmextpax 'H-'H COSY umuna mupu-
I1H-3,4-1MKapOOHOBOH KHCIIOTHI HAOJIOAAIOTCSl CIMH-CIIMHOBBIE KOPPEISHUN
uepes TPU CBSA3M IPOTOHOB COCENHMX MeTHHOBBIX rpymn H®-H® mupumuroBOTO
KOJIbITa KPOCC-TIMKaMu ¢ KoopawHatamu npu 7.74, 8.99 u 8.98, 7.75. I'etepo-
sIIEpHbIE B3aUMOJICHCTBHS MPOTOHOB C aTOMaMM YTJepojia depe3 OIHY CBA3b
OBUIN YCTAHOBICHBI ¢ MOMOMIBI0 criektpockornuy 'H-"C HMQC anst Bcex mpu-
cyTcTByIOmEX B coeamuenun map: H'-C® (7.73, 117.28), H*-C? (8.96, 144.47) u
H’-C’ (8.98, 156.04).

COSY xoppemnsuus HMQC xoppensuus
Cxema koppessuuii B cektpax COSY (a) u HMQC (6)
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Takum ob6pa3zom, B pe3yiabTaTe NPOBEACHHOTO HCCIEAOBAaHUS HaMHU pas-
pabotanbl 3¢ dekTHBHBIE MOAU(UIIMPOBAHHBIE BaHAAUHOKCHIHBIC KaTaIH3aTOPBI
OKHCJIMTEJIFHOTO aMMOHOJIM3a 3,4-IUMETWINUPUINHA, HAapaOOTaHbl W HJICHTHU-
(upoBaHbl ¢ MOMOIIBIO dMeMeHTHOTo aHanm3a, K- u SIMP-criekrpockonuu
OCHOBHBIE TTPOAYKTHI, KOTOPbIE OBIITH MPEACTABIEHBI 3-METHI-4-1THaHITHPUATHOM
Y UMHJIOM MUPHUINH-3,4-1UKapOOHOBOW KUCIIOTHI.
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Pesome
A. I1. Cepebpanckas, T. M. Ceiinxanos, I1. 5. Bopobbes

3-METWJI-4-IUAHITNPU/IH )KXOHE
IMMPNANH-3,4-ANKAPBOH KbIIIKbLIbI
VMUWATHIH CMHTE3I )KOHE NAEHTU®NKALINACHI

3,4-JIUMETHUIITUPUIMH TOTHIFATHI AMMOHOJIM31 YIIIIH JKOFaphl THIMI BaHaIUH OKCH-
JIl KaTaJnu3aTopiaphbl 3-MeTHI-4-IIUAHOMTUPUINH KOHE MHPUINH-3,4-THKapOOH KBIIKBUTBI
MMUJIIH Ty YIIH XOFapbl OHIMIUTIKKE ue 00116l CHHTE3ICTeH KOCBUIBICTAPABI dPTYPJIi
(U3MKa-XUMHSIIBIK 9JIICTEPMEH MalbIHAAY JKOHE WICHTU(HKALMIIAY JKYPTi3iiami. AJbIH-
FaH KOCBUIBICTAPIBIH KYPBUTBIMEI MeH uiaeHTAduKanusacel IR-, NMR 1H- sxone 13C-criek-
TPOCKONHS MATiIMETTepi OOMBIHIIA pacTaJIb.

Tyiiin ce3aep: 3,4-AMMETUINNPUANH, TOTBIKTEIpA aMMOHOIM3AEY, KaTaau3aropiap,
3-MeTHI-4-IIHaHTMPUINH, THPUANH-3,4-TMKapOOH KBIIKBUIBIHBIH HMHII, CIEKTPOCKO-
sl
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Summary
A. P. Serebryanskaya, T. M. Sailkhanov, P. B. Vorobyev

SYNTHESIS AND IDENTIFICATION OF 3-METYL-4-CIANPYRIDINE
AND IMIDE OF PYRIDINE-3,4-DICARBOXYLIC ACID

Highly effective vanadium oxide catalysts for the 3,4-dimethylpyridine ammoxi-
dation for the obtaining of 3-methyl-4-cyanopyridine and the imide pyridine-3,4-dicar-
boxylic acid have been developed. The accumulation and identification of the synthesized
compounds by various physicochemical methods was carried out. The structure and
identification of the obtained compounds were confirmed by the data of IR-, NMR 1H-
and 13C-spectroscopy.

Key words: 3,4-dimethylpyridine, ammoxidation, catalysts, 3-methyl-4-cyanopyri-
dine, imide of pyridine-3,4-dicarboxylic acid, spectroscopy.
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YK 541.6+678.021.16
M. 5. VYMEP3AKOBA, B. JT. KPABI[OBA, P. 5. CAPUEBA, JK. H. KAHHAPFAEBA

AO «MHcTuTyT XMMHYeckux Hayk UM. A.B. BektypoBay», Anmatsl, Pecyonuka Kazaxcran

TPOMHASI KOMIIO3UILUSI HA OCHOBE AJIMIUKJINYECKOI'O
HOJIMUMUJA C ITIOJIMMEPHBIMH TOBABKAMMU

AnHoTtanus. [TpuBeneHEBI pe3ybTaThl HCCIIEIOBAHHUI 110 MTOTYYCHHIO TPOHHBIX KOM-
MTO3UIMK Ha OCHOBE AJUIMKIUICCKOTO MOJUMMHUIA C TUIACTH(QUIIUPYIOMUME T00aBKaMHU
MTONTHAKPHIIAMHATA U TTONUATHICHIIINKOIIS, TIOKa3aHbl OCOOCHHOCTH X MorydeHwus. [lomy-
YEHBI JBOIHBIC TOJIMMEPHBIC CMECH IMPU PA3IMYHBIX MCXOJHBIX COOTHOLICHUSIX MOJINAK-
pUIaMUaa ¥ MOJMATHICHTIIMKONS METOAOM MEXaHWYeCKoro cmeineHus. Ha ocHoBaHuM
nauabix MK-criekTpockonuu ObLIM Hai[ICHbI ONTHMAabHBIE COOTHOIICHHUSI BBOAUMBIX
koMmoHeHTOB ([TAA = 1,4 u [I91" = 1,0 mac.%). Tonbko AJist 3TUX KOHIIEHTPAIUA TTOJH-
MEpOB, J00aBISEMbIX B TPOWHYIO KOMITO3UIIHIO C aTUIIMKINYCCKAM MTOJIMUMHIOM, TTOJTY-
YeHbI IPO3payvHbIe IUICHKH, [T oJucMeceil ¢ 6onpumm coxepxkanueM 1101 (2-3 mac.%)
B KOMIIO3UITHOHHOM MaTtepuaie HabIroaaa0Cch pacCcIOCHUE.

KiroueBble cJI0Ba: aTUIMKINYCCKUN TOJIMUMHU]I, TIOJTAAKPHIIAMHE/T, TTOJTUITUIICHTITU-
KOJib, H-KOMITJIEKC, COBMECTUMOCTb.

B nactodiee BpeMs MOIMMEPHBIE CMECU SABISIIOTCS HE TOJIBKO OJHUM U3
HamnpapleHUH B MOIU(UKAIINU TTOIUMEPOB Il PACIIMPEHUsT aCCOPTUMEHTa Ma-
POK YK€ CYIIECTBYIONIMX ITOJIMMEPOB W objacTed nx mpuMeHeHws. llommmep-
MOJIMMEPHBIE KOMIIO3UIIMK MOTYT paccMaTpUBaThCsl KaK HOBBIC TOJIHMEPHI,
KOTOpBIe 00pa3yloT COOCTBEHHBIH KIIacC W Pa3HOOOpPAa3HBI acCOPTHUMEHT Mare-
pHAJIOB, HCITOJIB3YEMBIX B pa3iIMIHBIX obnacTsx [1-3].

MHOTOYNCIICHHBIE MaTepHuaibl Ha OCHOBE TEPMOCTOMKHX MOJIUUMHIIOB, a
MMEHHO IIJICHKU, BOJIOKHA U TUIACTMACCHI, UCIIOJIb3yEMbIE B AJIEKTPOTEXHUUECKOM
OTpaciy, B TOM YHCJIE dHEProcOeperaronux TEeXHOJIOTHIX, TIOCTOSSHHO TPeOyIoT
MOAU(UKAIUK UX CBOWCTB MPUMEHHUTEIHHO K KOHKPETHO ITOCTABJICHHBIM 3aja-
4yam notpedneHus [4].

B mnocnennue roasl pazpaboTaHbl HOBBIE MOIWUMUIHBIE MaTepHallbl, 00Ja-
JIAIOIINE BBICOKOW THIPOJUTUYECKOM CTOMKOCTHIO, YCTOMUMBBIE K JEHCTBUIO
arpecCHBHBIX CpEll, MAPOB BObI C BHICOKUM YPOBHEM 3JICKTPOPU3NYCCKUX Xa-
PaKTEpUCTUK HAa OCHOBE MOJUIECTEPOIMKIOB ANMLMKINYECKOTO CTPOEHUS U3
TUAHTHIPUAA TPUIHUKIOACIICHTETPAKApOOHOBON KHCIIOTHI W apOMaTHYECKOTO
nuamuHa [5-8]. OmHAKO ATH MOMMMEPHl XapaKTEePU3yIOTCS HETOCTATOYHOM Tep-
MHUYECKONH CTOMKOCTBIO, KOTOPYIO MOXHO YJIYYIIUTH BBEICHHUEM B aJUIUKIHU-
YeCKUI MOJUUMHU]L MO YHKIIMOHAIBHBIX TOJMMEPOB, CIIOCOOHBIX B3aMMOCH-
CTBOBAaTh C aMHUJIOKMCIOTHBIMU TPYIIIaMU, COJepKamuMucs B omuumune. [lpu
TEPMHUYECKOW OOpabOTKE TaKWX MaTEepPHaJOB MOTYT MPOU30MTH YaCTHYHBIC
CIIMBKH TTOJIMMEP-TTOIUMEPHBIX KOMITO3UIUI 10 PEKAIMOHHOCIIOCOOHBIM TPYII-
maM. OTO COMPOBOXKIACTCS YIyUIIeHHEM IehOpMaMalMOHHO-TIPOYHOCTHBIX H
TEPMUYECKUX CBOWCTB Matepuaina [9, 10].
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HCHB paGOTBI — TOJYUYCHHE TpOﬁHBIX KOMITO3MIMOHHBIX MaTCpHaioOB Ha
OCHOBC QAJIMIUKINYCCKOI'O INTOJIMHMMHIAA C ILO6aBKaMI/I MnoJinakpujiaMua M moJjm-
OTUJICHIJTIMKOJIA, a TAKXC UCCICIOBAHNEC B3aMMOACUCTBUM KOMIIOHEHTOB B KOMIIO-
3PII.[PIOHHOI>1 CMECH, 06YCH3BJ'II/IBaIOH.II/IX HUX COBMCCTUMOCTb B MAaTCpHaAJIC.

OKCIIEPUMEHTAIJIBHAA YACTD

Hommumun (ITM) cuHTE3MpOBaTM  OAHOCTATUIHON TOJUKOHICHCAIHCH
JUaHTHAPUAA TPULHUKIONCLCHTETPaKapOOHOBOM KHCIOTHI ¢ 4,4'-muamMuHoaude-
HWIOBEIM 3¢pupom B N-metmn-2-mupponupone (MII, 40 mac.% pactBop) B
MpUCYTCTBUM NHpHanHA (6 Mac.%) B KauyecTBe KaTajlu3aropa, IpoIecc IMpo-
BOAMJIM TIPU NMOCTENEHHOM NoabeMe TemnepaTtypsl oT 80-90 no 140 °C B TeueHue
5y

Hommytrnenraukonrs MM=2000 (II3I') n momuakpmmamug MM = 210 000
(ITAA) ¢upmer Aldrich (CIHIA) mapku «X.4.», UCHOJB30BAIM O3 JIOTOIHH-
TEJIbHON OYHCTKH.

Tpoiiapie koMImo3unuu Ha ocHoBe [IM momywamu ciemyrommm o0pa3oMm:
MIPEIBAPUTEIHHO TOTOBUIM ToMoreHHble pacTBopsl [TAA+IIOI u3 1% pactBopa
[13I" B MII ¢ nob6aBkaMu pacueTHOTO KoiudecTBa cyxoro [IAA, 94ToObl mony4yuTh
rx Heobxommumoe cooTHomerne. CMeck nepemMermBaini B Tederne 1 1 mpu 50 °C,
3aTeM e¢ B OIPEIEIICHHBIX MPonopIiusax go0apisum B 30% pacTBOPHI MOJMUMHU/IA
(c coxpanenuem cootnomenus I[19I: TIAA = 1:1,0; 1:1,4; 1:2,0; 1:2,5 u
1:3,0 mac.% B pacuere Ha 100 mac.% IIM) u nepememMBany B TEUCHUE Yaca IpU
50 °C.

Kommo3unuonHnele MICHKH (QOPMUPOBAIM METOJOM IIOJIMBA PACTBOPOB
MOJIMMMHUIa W KOMIIO3UIIMH Ha €ro OCHOBE Ha CTEKJISIHHbIE MOBepxHOCTH. C
LENBI0 yAaJICHUS PACTBOPUTEINS TUIEHKH TPEIBAPUTENBHO BBICYIIHBAIIA HarpeBa-
HHEM B CymrwibHOM mikady mpu temmeparype 90 °C B teuenue 0,3 u, 3arem
MPOBOJUIN  JIOTIOJIHUTEIBHYIO TEPMOOOpPaOOTKY CTYHNEHYAaThIM IOABEMOM
temreparypsl ot 140 g0 225 °C Ha Bo3ayxe B TeueHue 1,5 u.

UK-®Dypbe cnekTpbl pacTBOPOB NOJUCMECEH, MNOJUUMUAHBIX IUIEHOK U
KOMIO3UIIMOHHBIX IUIEHOK Ha €ro OCHOBE CHHMajJl Ha CIEKTPOMETpe
«Nicolet 5700» npoussoactso Thermo Electron Corporation.

PE3VYJIbTATBI 1 UX OBCYXXJEHUNE

Panee [9, 10] ObuTH MOTyYEHBI MTOJOKUTEIBHBIE PE3YIBTATHI MO TIOTYUYESHHIO
KOMIO3UIIMOHHBIX IJIEHOK Ha OCHOBE AIHWLMKINYECKOTO MOJMMMHIA C TIOJH-
(YHKUMOHANIBHBIMU TOJMMepaMu, TakuMu kak [IOI u ITAA, npossusiomue
xopoiyio coBMecTUMocTh ¢ 1M B nBo#HBIX cuctemax. IIneHkn Ha uX OCHOBe
00JaaloT yIy4IIEeHHBIMA TEPMHUYECKHMMH CBOWCTBAMH TIO CPaBHEHHWIO C HC-
xonubiM [1IW. B nanHOl paboTe MPECTaBJIIIO MHTEPEC MOJIY4YCHHE TPONHHOU
KOMITO3MIIMKM Ha OcHOBe anuuukindeckoro 1M, Bkmrouaromue o6a 3TUX MOJH-
Mepa ¢ pazmunyHOW (yHKIHOHATBHOCTHIO. IIAA m IIDI oTHOCATCS K HEWOHO-
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TeHHBIM ITOBEPXHOCTHO-aKTUBHBIM BEIECTBaM, B KOTOPBIX aMHUIHBIE U IIOJIH-
OKCHATHJICHOBBIE OJIOKM B COOTBETCTBYIOILIMX HOJHMMEpPax MOTYT 0Opa3oBBIBATH
H-xoMmrutekcel ¢ (pparMeHTaMH OCTATKOB HE3ALMKJIM30BAHHOW B MMHIHBIN IIMKII
aMUIOKUCIIOTHBIX TPYMI B ToIuUMuze. biaromapst aToMy, mposBIsieTCS COBMEC-
TUMOCTh B KOMIIO3MLIMOHHOM MaTepuae, Omnpeiesstonias IpOYHOCTHBIE CBOM-
CTBa KomIo3ura [9].

Kaxum oOpazom OyzaeT mposiBIATHECS aKTHBHOCTH BBOAMMBIX TOJMMEPOB, a
TaKXKe JUIs OMpEeNeHUs] UX ONTHMAIbHBIX KOHIEHTpAIMii B KOMIO3UIIMOHHON
cmecu ¢ [IM Obu MOMy4eHBI ABOMHBIC MOJMMEPHBIE CMECH IPH Pa3InUHBIX
HMCXOJHBIX coOoTHomeHusx Ha ocHoBe IIOITITAA = 1:0,25-1,5 mac.% merogoM
MexaHudeckoro cMerenus npu t = 50 °C B Teuenne 1 9 (Ui ycTpaHEeHHs BO3-
MO>KHOM CHIMBKH MOJMM(YHKIIMOHANBHBIX TTOJIMMEPOB M yTpaTe B JTaHHOM CITydae
PacTBOPUMOCTH).

Komnozuunonusie cmecu IIOI+ITIAA ananuzupoBanu merogoMm UK- cnek-
Tpockonmu (pucyHku 1, 2). Kak BHIHO W3 CIIEKTPOB HMCXOIHBIX ITOJHMEPOB,
xapakrepuctuueckue mosocs! ans II0I0 (pucynok 1, kpuas 1) mpomnuceIBaloTCs
OCTPBIM ITHKOM B 00macTi 1683,7 cM™' M COOTBETCTBYIOT BAIEHTHBIM KOIEOaHHAM
C-O cBazu [11]. B ciektpax [TAA (pucyHok 1, kpuBas 2) xapaKTepucTHYeCcKas
[0JI0Cca, OTBETCTBEHHAs 3a JAe(opMannoHHBIE KOJIICOaHWS aMHIHBIX TPYIIIL,
nponuceiBaeTcst aybneroM. Takoe NposiBIEHHE XapaKTEPHUCTUUECKUX IOJIOC
[TAA, no-BuzumMomy, CBsI3aHO ¢ OOpa30BaHMEM CaMOACCOLMATOB MEXKAY aMUA-
HBEIMU TPYyTIaMH B ceTMeHTax moiumepa [11-13].
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Pucynok 1 — UK-cniektpsl pacTBopoB noinuMepoB Ha crekiax KBr:
1 -1I2T, 2 - TIAA
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Pucynok 2 — K-criekTpb! pacTBOpOB OIMMEPHBIX cMecel Ha cTekyax KBr
nipu cootHomeHnn [10I:TTAA = 1:0,25 (1), 1:0,5 (2), 1:1 (3). 1:1,5 mac.% (4)

Ha cmektpax cmecu IIDI+ITAA pasznugHOoro cocraBa (pHCYHOK 2) 1O Mepe
yBenuueHusa conepxanust ITAA or 0,5 no 1,5 mac.% HabnromaeTcs ymupeHue
XapaKTePHCTHUECKON IONOCH BAaJCHTHBIX Konebanuii B obmactm 1672 cm™,
COOTBETCTBYIOIIME KaK KapOOHHWIBbHBIM Tpymmam [13I7, Tak aMHIHBIM Tpynmnam
[TAA (pucynok 2, kpuBble 3, 4). DTO NPOUCXOIUT B Pe3yibTaTe 00pa3OBaHMUS
BOJOPOIHBIX CBSI3eH MEXAy (QYHKIMOHAJIBHBIMHM TPYNIIAMH IIOJMMEPOB, YTO
CHOCOOCTBYET YBEIMYCHHIO COBMECTHMOCTH KOMIIOHEHTOB KOMIIO3HIIMOHHOMN
cmecu [12, 13], 1. e. cootHOmEeHue momumepoB [IDI:ITAA = 1:1,5 mac.% MoxHO
CUMTAaTh ONTHUMAJbHBIM Ui BBeAeHus B IIM s momydeHuss marepuana c
XOpOIIEH COBMECTUMOCTBIO.

B pabote OblIH MOMYYeHBI TPOHHBIC KOMIIO3UIMH C PA3IHYHBIM HCXOJIHBIM
cootHomenuem nonaumepoB I[IOI:ITAA= 1:1,0; 1:1,4 wmm 2,2; 2,5; 3,0 mac.%
B pacuere Ha 100 mac.% IIM. Komno3uumm Ha OCHOBE TpPOWHOH cMecH U3
[MUATTAA+IIDT nonyvanu mexanndeckuM cmemieHuem mnpu 50 °C. Bonee Bbico-
Kasi TeMIepaTypa CriocoOCTBYeT resieo0pa3oBaHnIO, B PE3yIbTaTe CITUBOK ITOJIH-
(YHKIMOHAIBHBIX MTOJIMMEPOB, 00pa3yOMNX KOMIIO3UIIHOHHYIO cMech [ 14].

Ha pucynkax 3, 4 npeacrasnens! MK-cnekrpsl pactBopoB ucxogHoro ITH
(pucynok 3) u komnosurmii [TUHITAA+IOI pasnuanHoro cocrasa (PHUCYHOK 4).

Kax BugHO M3 pucyHka 4, mpu ONTHMAJIBHOM COOTHOIIEHHWH B CHEKTPax
komnosunmu [11+1,4mac. %ITAA+1mac.%II9T" mpoucxoaut ymmpeHue U CABUT
ma 10 oM™ monocsl BaneHTHBIX KoneGaHwmit npu 1677,1 CM'I, OTHOCSAIIHNCST K
aMUJOKUCIOTHEIM rpynmnam IIM, B cpaBHeHuM co cnekTpamu ucxogsoro IIH,
I/ie 3Ta MO0JI0Ca BAJIEHTHBIX KOJIEOAHWH KHCIIOTHBIX IPYMII MIPOMUCHIBAETCS MPU
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Pucynok 3 — UK-cniexkrps ncxonuoro ITH (30-35 %)
B pacTBOpE AUMETMIANeTaMuIa (a) 1 MeTHImupponnaoHa (0) Ha crekmax KBr

Wersnumiers (o1

Pucynok 4 — UK cnextpsl TpoitHbIX KoMno3uimii Ha ocHose [11+1,4mac.% [TAA+1mac.%II9I (1),
[T1+1,4mac.% [TAA+2mac.%II9T (2), [TN+1,4mac.% [TAA+2,5mac.% I19T (3)
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1667,7 cm (pucyHOK 3). DTO CBHAETENBCTBYET 00 OOPA30BAHHH BOJOPOHBIX
cBazell [11-13] B mosuMepHO cMecH MEXIY aMUAOKUCIOTHBIMU Ipynmnamu [1U ¢
¢yHkunoHnanbHeIMU rpynnamMu [TIAA. MoXHO Taxke 3aMETUThb, YTO B BBICOKO-
4acTOTHOH OOJIacTH, TIie NPONUCHIBAIOTCS BaJCHTHBIC KoOJeOaHHs, MOMHUMO
OH-rpynn amupoxkucnotsl [IM u ocratkoB H,O (BbimenmBmieiicss B mporecce
MOJIMKOHAEHCALMH), IIOJOCHl BAJCHTHBIX KOJE€OAHMH Ul KOHLEBBIX THAPOK-
cwibHBIX Tpymm [1917 B obmactu 2885,1-2935,1 u 3366,7-3475,5 oM’ TToABEP-
raroTcst Hekotopoit nedopmarun. M mo mepe yBenmmuenus copepxkanus [1917 go
2,5-3 mac.% Ha choekrpax HaOmromaeTca nedopMalus XapaKTepHUCTHUECKOU
T10JI0CHI AMHIOKHCIOTHBIX TPyt mpu 1639,3-1687,9 em™ (pucynok 4, kpusas 2);
1647,1-1699,7 cm™ (pucyHok 4, kpuBas 3). DT0, BO3MOKHO, IPOMCXOIUT B Pe-
3yJIbTaTe IOBEPXHOCTHBIX SABJICHUI [15], MPOABIAIOMMXCS Y NOIMITHICHIINKOIIS
o otHomenwio K 1M, Tak xak [I91" oTHOCHTCS K HEMOHOT€HHBIM TTOBEPXHOCTHO-
aKTUBHBIM BemlecTBaM [16]. B yacTHOCTH, MOBEPXHOCTHO-AKTHUBHBIC BELIECTBA
CTIIOCOOHBI U3MEHSATH MOJIEKYJISIPHBIE CBOMCTBA MOBEPXHOCTH Pa3jielia U XapakTep
MeX(]a3HBIX MOJEKYJSIPHBIX B3auMoAeWcTBHid [15]. A HWMeEHHO: opHeHTauus
a/IcOpOMPOBAHHBIX MOJIEKYJI HAPYXKY MOJIIPHBIMU TPYNIIAMH MPUBOAMUT K THUAPO-
(hunmm3anuu OBEPXHOCTH U COMMKCHHIO €€ CBOMCTB ¢ BOAHOU (hazoil (MpUCYT-
CTBYIOIIAsl B JAaHHOM cliydae B peaknnoHHOM pacTtBope [IM B pe3ynsraTte merua-
paramu H,O B npouecce paBHOBeCHOW NMoJMKOHAeHcauuu). OpueHTanys Hapy-
XY YIICPOIHBIMH LEMSMH BBI3bIBAET MHIPOPOOH3aLHnIo MOBEpXHOCTH. B nanHOM
cinydae [IOI' B pesynbraTe 3THUX SIBJIEHUH, NMO-BUIUMOMY, KOHLUEHTPUPYETCS Ha
MOBEPXHOCTH pazfena (a3, BCIECICTBHE HYEro W TMPOUCXOIUT aedopMmainus Ba-
JICHTHBIX KOJIEOaHMH XapaKTePUCTUIECKHX TI0JI0C Ha CIIEKTPax.

N3 obpasyromuxcs cMeceld ObUIA TOTyYeHbl KOMITO3UITMOHHBIC TUICHKH. Kak
[OKa3ajl HKCHEPUMEHT, TOJIBKO [UIS ONTHMAJIBHOW KOHLEHTPALUN KOMIIOHEHTOB
tpoitHoit kommozuumu [11+1,4mac.%IIAA+1mac.%II3 Obu  TOMy4YeHBI
[IpO3payvHble MICHKH, T. €. TEPMOJMHAMHUYECKH COBMECTUMBIE KOMIO3UIIMOHHBIE
wieHku. s nomucmece ¢ OonbimuM copepikanuem 1010 ot 2 1o 3 mac.% Ha-
OII0TAITOCHh pacciIoeHre B KOMIO3WIIMOHHOM MaTepuane (TUIEHKa MyTHEET), YTO
TaK)Ke CBUJIECTENBCTBYET 00 YMEHBIICHHH COBMECTHMOCTH KOMIIOHEHTOB B
KOMITO3UIIMOHHOM MaTepHaje M YTo coBmajgaer ¢ naHHbiMH MK-cnexTpockonuu.
Paccroenne B mieHKax MPOMCXOAMT, MO-BUAMMOMY, BCIIEACTBHE OOPa30BaHHUS
arperatuBHbIX cTpykTyp 191" Ha noBepxnoctu I1M.

Takum 00pa3oM, HaMHU IOJyYeHBl TPOWHBIE KOMITO3WIIMM HAa OCHOBE allu-
OUKIMYECKOTO TTONMMAMHUAA, TIOTMITHICHTJIMNKONS 1 TOJIHaKpUIaMAa ¢ XOpOoIIen
COBMECTHMOCTBHIO KOMIIOHEHTOB B MaTepHae.
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Pe3rome

M. . Ouip3akosa, B. JI. Kpasyosa,
P. b. Capuesa, K. H. Katinapbaesa

T[TOJIMMEPIJIIK KOCITAJIAPBI BAP AJIMITUKIIAL
MNOJIMUMUJ HET'T3IHAEI'T YILITIK KOMITO3ULTUAJIAP

JKyMbICTa MOMMAKPUIAMUA KEH MOJMATHICHTIMKONBAIH KIaCCH(PUKAIMSIBI KOC-
MaJapblHAH ATWAIUKIA TTOMUUMHL HETi3iHAe YVINTIK KOMITO3UIMSIap ainy OoMbIHIIA
3epTTeyNep HOTIKeNepi Kenripinren. OapIelH albIHY EPEKIIeTKTepl KOpCeTiIreH
MEXaHHUKAJbIK apalacThlpy OAICIMEH MOJHAKPHIAMHUA [EH [OJUITHICHIITUKOIbIH
OpTYpii KaThIHACTapAa KOC TONHMEpii Kocmamap ansiHAbl. MK-crmexTpockomus Molmi-
METTepi HeTi3iHAe SHTi31IeTiH KOMIOHEHTTEeP IiH onTUManbl KatbiHacTapsl (ITAA = 1,4 men
T39I = 1,0 mac.%) TaObLIBL.

Tyiiin ce3ep: aTUIUKI/II TOJIMUMU/I, TOTHAKPUIAMHEI, TIOTUITHICHIITUKOIb, H-Ke-
IIeHi, YHIeCIMALTIK.
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Summary

M. B. Umerzakova, V. D. Kravtsova,
R. B. Sarieva, J. N. Kaynarbayeva

TRIPLE COMPOSITION ON THE BASIS OF ALICYCLIC POLYIMIDE
WITH POLYMERIC ADDITIVES

The paper studies the production of triple compositions based on polycyclic poly-
imide with plasticizing additives of polyacrylamide and polyethylene glycol. The features
received, and it was obtained the double polymer mixture at different initial ratios of
polyacrylamide and polyethylene glycol by the method of mechanical mixing. On the
basis of data of IR spectroscopy of the studied polismata has been found the optimum
ratio of the input components, PAA=1,4 wt.% and PEG=1wt.%. Only for these concen-
trations of added polymers in a triple composition with polycyclic polyimide were ob-
tained transparent films for mixtures with a high content of PEG from 2 to 3 wt.% stra-
tification in the composite material was observed.

Key words: polycyclic polyimide, polyacrylamide, polyethylene glycol, H-complex,
compatibility.
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ESTIMATION OF HEALTH RISK INDEX DUE
TO PRESENCE OF HEAVY METALS
IN FOOD OF KYZYLORDA CITY (KAZAKHSTAN)

Abstract. This article presents the estimation of health risk index due to presence of
heavy metals in food of Kyzylorda city. The main heavy metals (zinc, copper, cadmium,
lead and manganese) were analyzed in some most commonly used locally produced food
products of Kyzylorda city by atomic absorption spectrometry. The decomposition of food
samples was done by mixture of sulfuricand nitricacidsin a ratio ofl:1 without boiling to
complete oxidation.The obtained data were used for the health risk index calculation.

The results showed the highest content of zinc in rice (93.8 mg/kg); lead — in cab-
bage (61.2 mg/kg); cadmium — in peels of onion (14.7 mg/kg); manganese — in peels of
carrot (38.7 mg/kg); copper — in peels of onion (33.2 mg/kg).

Health risk index due to content of zinc and lead in potato and zinc in rice is high.
Consumption of carrots, onions, cabbages and apples produced in Kyzylorda region has
insufficient influence on health of local people, but the content of heavy metals in potato
and rice is recommended to be controlled.

Keywords: heavy metals, food, Kyzylorda city, health risk index, estimation, atomic
absorption spectrometry.

Introduction. The main problem of heavy metals in comparison with or-
ganic pollutants is their disability to be easily decomposed because of their non-
degradable characteristics. As a result, heavy metals are accumulated into the
food chain, resulting to health of the local population [1]. Heavy metals are
regarded as the most dangerous pollutant to food security [2]. Serious systemic
health problems would develop in human body as a result of excessive dietary
intake of heavy metals such as Cd and Pb into human body [3]. Exposure to high
concentration of Cd had been linked to human lung, prostate and renal cancer [4].
Pb was also deemed to have carcinogenic potential in humans, and do some ad-
verse effects on human health such as cardiovascular, nervous system, blood and
bone diseases [5, 6].

Although Cu is an essential trace element, its excessive concentration can
threaten human health [7, 8]. Previous studies also showed that Cu toxicity could
induce changes in cellular activities, such as regulation of lipid metabolism,
neuronal activity, gene expression and resistance of tumor cells to chemothe-
rapeutic drugs [9].

This study included investigation of content of main heavy metals (zinc,
lead, cadmium, manganese and copper) in main food products of Kyzylorda city
market. The most commonly used food products by local population for this
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investigation were chosen. Among them are potato, carrot, onion, cabbage and
apple. As in [10-12] high concentrations of heavy metals, especially cadmium and
lead in rice were reported, rice from Kyzylorda city market was also included in
this research.

MATERIALS AND METHODS

Object description. Kyzylorda region is characterized by a number of
features, among which are socioeconomic conditions, low level of life quality in
rural areas, lack of drinking water quality, and poor environmental situation due
to Aral Sea issues (the processes of desertification, soil salinity over large areas,
pesticide and herbicide pollution, heavy metal contamination) [13, 14].

At the territory of Kyzylorda region significant amount of mineral resources,
such as zinc, lead, uranium, vanadium, gas and petroleum are located [15]. These
mining activities have certainly increased the dispersal of toxic elements in Ky-
zylorda region. The presence of elements such as cadmium, copper, lead and zinc
in soil and water samples obtained from Kyzylorda region was reported in [15].

Samples and sample pre-treatment description. The food samples were
purchased at the local market of Kyzylorda city. The samples were washed with
tap and distilled water. Peels of potato, carrot and onion were removed and were
analyzed separately as individual samples. From apples, cores were removed and
analyzed separately. The wetmaterial was dried in an oven at 30-40 °C and
grinded.

Determination of heavy metals. The weighed mass was decomposed by
wetashingina Kjeldahl flask of 300 ml. For this purpose tothe test samplea
mixture of sulfuricand nitricacidsin a ratio ofl:1 was added and gentlyheated
without boiling to complete oxidation (i.e.cessation of the releaseof colored
vapors of nitrogen oxides).The contents of the flask quantitatively was transferred
toa 25 ml flask, diluted with distilled water. The obtained solution was filtered.
The measurements of content of heavy metals wasdoneby atomic absorptions
pectrometry [16].

Health risk index. The health risk index (HRI) was calculated by following
formula (1):

HRI = DIM/Ry, (1)
where DIM is daily intake of heavy metals, mg/person/day; Ry is the oral refe-
rence dose, mg kg™ body weight d”'. Rgvalue for Zn, Pb, Cd, Mn and Cu is 1,5;
0,004; 0,001; 0,033; 0,04, respectively [17]. The health risk index values greater
than one for human health were not considered safe [1].

The DIM was calculated by following equation (2):

DIM = C,*C¢*Dgy/ body weight, 2)
where C,, is concentration of heavy metal in plants, mg/kg; C; is conversion

factor, which convert the fresh vegetable weight to dry weight; Dy is daily intake
of vegetables/food, kg/d. According to the food basket of Kazakhstan, each
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citizen of Kazakhstan eat the following amounts: apple — 0.07 kg d'; onion —
0.05 kg d'; carrot — 0.05 kg d'; cabbage — 0.07 kg d™'; potato — 0.26 kg d”'; rice —
0.02 kg d' [18]. Average adult weight for Kazakhstan was considered as 60 kg.

RESULTS AND DISCUSSION

The content of heavy metals in foodare presented in figure 1-5.
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Figure 1 — The content of zinc in food, mg/kg
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Figure 2 — The content of lead in food, mg/kg
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Figure 3 — The content of cadmium in food, mg/kg
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Figure 4 — The content of manganese in food, mg/kg
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Figure 5 — The content of copper in food, mg/kg

The results showed the highest content of zinc in rice (93.8 mg/kg); lead — in
cabbage (61.2 mg/kg); cadmium — in peels of onion (14.7 mg/kg); manganese — in
peels of carrot (38.7 mg/kg); copper — in peels of onion (33.2 mg/kg).The content
of heavy metals in peels of carrot is higher than in carrot. The content of heavy
metals in peels of onion is similar to the values in onion. The content of zinc and
lead in peels of potato is lower than in potato, but for cadmium, manganese and
copper is verse situation. The content of cadmium and copper in core of apple was
higher than in apple, but for zinc, lead and manganese is verse situation.

Based on the obtained experimental data the health risk index was calculated
and the obtained data are presented in figure 6.
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According to [1] index values greater than one for human health are not
considered safe. Figure 6 shows that the health risk index due to content of zinc
and lead in potato and zinc in rice are high, so it is not recommended to use them.

Although the content of zinc in all investigated food products is high, the
health rice index showed the influence only in case of potato and rice. The content
of lead is also high, but the health risk index showed the hazard only for potato.

So, it can be concluded that usage of carrot, onion, cabbage and apple
produced in Kyzylorda city has insufficient influence on health of local people,
but the content of heavy metals in potato and rice is recommended to be con-
trolled.

Conclusion. The results showed the highest content of zinc in rice; lead — in
cabbage; cadmium — in peels of onion; manganese — in peels of carrot; copper — in
peels of onion. The content of heavy metals in peels of carrot is higher than in
carrot. The content of heavy metals in peels of onion is similar to the values in
onion. The content of zinc and lead in peels of potato is lower than in potato, but
for cadmium, manganese and copper is verse situation. The content of cadmium
and copper in core of apple was higher than in apple, but for zinc, lead and man-
ganese is verse situation.

Health risk index due to content of zinc and lead in potato and zinc in rice are
high. Usage of carrot, onion, cabbage and apple produced in Kyzylorda city has
insufficient influence on health of local people, but the content of heavy metals in
potato and rice is recommended to be controlled.
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KbI3bUIOPIA KAJIACBIHBIH (KABAKCTAH) A3BIK-TYJIIK
_ OHIMJEPIHJIETT AYBIP METAJIJAP/IBIH BOJIVBIHA
BAMJIAHBICTBI JIEHCAYJIBIK TOVEKEJII UHJEKCIH BAFAJIAY

Maxkanaga Kpi3putopaa KanachlHBIH a3bIK-TYJIK ©HIMJIEpPIHIETI ayblp MeTalaapIbiH
GoirybIHa OalJIaHBICTHI AEHCAYIBIK TOYEKell MHAEKCIH Oaranay HOTWDKENEpi YCHIHBIIFaH.
Herisri aysip Meranaap (MBIpbIII, MBIC, KaJMHH, KOPFAChIH jkoHE Mapranel) Kpi3sutopaa
KaJIaCBIHBIH €H KMl KOJJAHBUIATHIH KXEPTUTiKTI a3bIK-TYNIK OHIMIEepi KYpaMbIHIA aTOM-
IBIK-a0COPOIMAIIBIK CIIEKTPOMETPHUS OMICIH KOJIAHY AapKbUIBl TaITAHIBL. A3BIK-TYIIK
OHIMIEpl YAriiepiH biabipary 1:1 KaThIHACTAFBl KYKIPT JKOHE a30T KBIIIKbUIIAPBIHBIH
KOCIIaChIMEH KaWHATyChI3, TOJNBIK TOTBIFYFa JCHIH *y3ere achlpbullbl. AJILIHFAaH HOTH-
JKeNep ACHCAYIBIK TOYSKE HHACKCIH €CeNTey YIiH Mai1aiaHblIIbL.

Hotmxkenep Kypiml KypaMbIHAAFbl MBIPBIIITHIH €H JKOFapbl MemepiH (93,8 Mr/kr)
KOPCETTi; KOPFachIH - KbIpbIKKabarTa (61,2 Mr/kr); Kagmuii - mus3 KaobrsiHa (14,7 Mr/kr);
Mapraserl - ¢a0i3 KaObirbIHa (38,7 MI/Kr); MbIC - U3 KaObIFbIHAA (33,2 Mr/KT).
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Kapron kKypaMbIHIarsl MBIPBIII TI€H KOPFACBIHHBIH, KYPIlll KYpaMbIHAAFbl MBIPBIII-
TBIH OOJIybIHa OalNaHBICTHI KOFapbl AEHCAYJBIK TOYEKeNli WHIEKCI aHbIKTanipl. Kpl-
3BUTOp/Ia KaJlaChIHAA OHAIPIITeH co0i3, N3, KBIPhIKKa0aT XKaHe anMa eHIMIEepiH KoJIIaHy
JKEPTUTIKTI XaNBIKTHIH JCHCAYJBIFbIHA alTapibIKTail acep ermeini, anaiiia KapTomn IeH
KYPIIITiH KypaMbIHIaFb! aybIp METaJIAap bl MOJIIIEepiH OaKkpuIaya YCTay YChIHBIIA L.

Tyiiin ce3aep: ayslp MeTangap, a3bIK-TYJIK eHiMIepi, KpI3piopaa Kanacel, neHcay-
JIBIK TOYEKeNi WHAeKc, Oaranay, aToMIbI-a0CcOpOIUSITBIK CIIEKTPOMETPHSI.

Pe3zrome

U. B. Mameeesa, O. U. [lonomapenxo, A. E. /luapos, H. A. Hypcanuna,
L. H. Hazapxynosa, A. H. I'ypun, B. U. Kum

OLEHKA MHAEKCA PUCKA 3/10POBbA,
OBYCJIOBJIEHHOI'O ITPUCYTCTBUEM TAXKEJIBIX METAJIJIOB
B ITPOAYKTAX ITMTAHUA TOPOJA KBI3bIJIOPIA (KA3AXCTAH)

B crarbe mpencraBieHa OLCHKa MHJAEKCAa PUCKA 3I0POBbs, OOYCIOBICHHOTO IpH-
CYTCTBHUEM TSDKENIBIX METAJUIOB B NPOJyKTax muTaHusi ropoaa Keibpuiopaa. OcHOBHbIC
TSDKEJNbIe MeTalIbl (LIMHK, Me/ib, KaJIMU, CBUHEI] M MapraHelr) ObUTH MPOaHaIU3UPOBAHBI
B HECKOJBbKHX HauOoyiee 4YacTO MCIHOJB3YEMBbIX MECTHBIX MPOAYKTaX MHUTaHHs TOpOAa
Ke13p110pAa METoI0M aTOMHO-a0COPOLIMOHHON crieKTpoMeTpuu. PasnoxxeHue oOpasuos
MIPOIYKTOB MHUTaHMS NMPOBOJMIM CMEChIO CEpHOMH M a30THOW KHCJIOT B COOTHOLICHUH
1:1 ©e3 KumsiYeHUs 10 MOJHOTO OKHcieHus. [loxyueHHbIe JaHHbIE OBUIM MCIOJIB30BaHBI
JUISl pacyeTa MH/IEKCa PUCKA 3/I0POBBSI.

Pe3ynbraThl mokaszann camoe BBICOKOE cOjepkaHue IUHKa B puce (93,8 mr/kr);
CBHHIIA - B KamycTe (61,2 Mr/kr); kaaMus - B KoxKype jyka (14,7 Mr/kr); maprasma - B Ko-
Kype MOpKOBH (38,7 MI/KT); MeaH - B KOKype Jryka (33,2 Mr/kr).

BB ycTaHOBIICH BHICOKMI MHIIEKC PUCKA 310POBbBS, 00YCIOBICHHOTO IPUCYTCTBUEM
LHKa ¥ CBUHIA B KapTodelie H IIHKA B puce. Vcnonp30BaHNe MOPKOBH, JIyKa, KaIlyCThI
U 510JI0K, MPOU3BeIeHHBIX B ropoze Kbi3buiopnia, oka3piBaeT HE3HAYUTEIILHOE BIUSHUE Ha
3J0pOBBE MECTHOTO HACENIEHHUS, HO COAEPkKaHHUE TSHKENbIX METAIOB B KapTodelie U puce
PEKOMEHYETCSl KOHTPOJIIUPOBATb.

KaioueBble cioBa: TspKenble MeTaibl, MPOAYKTHI mUTaHus, ropon Keisbuiopaa,
UHJEKCa PUCKA 30POBbs, OLIEHKA, AaTOMHO-a0COPOIIMOHHAS CIEKTPOMETPUSL.
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US PURIFIED SOIL FROM SLUDGE
AS A CATALYST CARRIER

Abstract. In this article is consideredusing purified clay from oil sludge and utilize it
as carrier of catalyst. Purified clay was converted to pillar structural form by polyhydro-
complexes of aluminum chloride and was used to obtain rhodium catalyst containing
nickel. Storage the hydrogen in the form of methylcyclohexane was carried outby hydro-
genation of toluene in liquid phase at presence of rhodium support catalystwhere as carrier
is used pillar structural purified clay. The degree of using an internal surface of porous
system is depended.of the size particles.

Keywords: hydrogen, toluene, methylcyclohexane, rhodium, nickelcatalyst, poly-
hydrocomplexe, pillar structure, purificated clay.

Introduction. When oil is produced, strong contamination of soil and water
with drill cuttings containing hydrocarbons, and oil spills during its extraction are
associated with a number of negative phenomena leading to "oiled" and degra-
dation of the soil of huge areas. Naturally, after such an impact, the useful pro-
perties of the land are disturbed and require restoration, that is, remediation.
Reclamation is a complex of measures aimed at restoring the former fertile qua-
lities of the land, its biological and economic value, as well as improving the
environmental conditions. The creation of a high-performance technology for
processing oil-contaminated soils will solve the problem of their complete eli-
mination with the return of land to the user, reduce environmental pollution and
enable rational use of purification clay from waste [1, 2]. One of the way utulise-
thepurification clay from oil sludgeusing them as carrier of catalyst at hydro-
genation for storage hydrogen in the form as organic compound. Well known
hydrogen is used in the production of various organic substances,in various in-
dustries [3]. Hydrogen is one of the environmentally friendly universal energy
carrier in the transformation of energy with its participation. The technology of
hydrogen production is simple and have an almost unlimited resource base. When
introducing technologies of electrocatalytic production of hydrogen from water
and the parallel formation of oxygen in the long term will open up the possibility
of obtaining thermal energy from a cheap source. However, the low temperature
of its liquefaction, the explosion hazard of gaseous hydrogen in case of non-
compliance with safety regulations bring to the fore the problems of developing
efficient and safe hydrogen storage systems. In our opinion, precisely these
problems hinder the development of hydrogen energy and technology.
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In accordance with the classification of the US Department of Energy,
hydrogen fuel storage that use physical processes belong to the first group, and
the use of 127torag-chemical processes are chemical methods, where hydrogen is
in the form of a chemical compound or in special combinations with the medium
of the material. The first group includes the conversion of gaseous hydrogen to a
compact state in liquid form in cryogenic containers.Physico-chemical methods
use storage by adsorbents (zeolites, activated carbon, hydrocarbon nanocompo-
sites, etc.) and in the form of chemical compounds (alonates, organic and inor-
ganic hydrides, etc.). At the same time, the development of economically viable
catalysts for the decomposition of hydrogen-containing compounds, such as
water, ammonia, methane, cyclohexane or polyethylene into hydrogen and into
the corresponding compounds are promising in hydrogen energy. The main focus
of [4] was the investigation of hydrogenation of aromatic hydrocarbons on
bimetallic Pt-Pd putting on USY zeolitecatalyst. In [5-7] are considered ways of
obtaining sulphur resistant catalysts where metal atoms of support catalysts are
modified by alloying, changing the metal particle size, or, changing the acid-base
properties of the carrier. The researchers have focused their attention on the high
sulphur tolerance of Pt, Pd or bimetallic PtPd on oxide aluminum, dioxide tita-
nium and dioxide silica. Evidently, interest on bimetallic systems are increasing,
because they show high selectivity and resistance at poisoning as well as
improved activity and stability as confirmed by certain industrial processes [8].
Besides, the patent literature show that the combination of platinum and palla-
dium, putting on alumina and zeolites, is effective for the hydrogenation of aro-
matic hydrocarbons in petroleum feedstocks containing sulfur compounds [9].
Also, here pointed out that the coexistence of the Pt and Pd in USY =zeolite
strongly enhances tetralin hydrogenation and improves sulfur tolerance, which
depends on the Pd/Pt ratio and reaches a maximum value at a Pd:Pt molar ratio of
4:1 [10]. Bimetallic Pt-Pd putting on a silica-alumina substrate were studied to
determine whether the sulfur tolerance of Pt improves when a second noble
metal- Pd- is added to a carrier [11]. This silica-alumina substrate selected instead
of zeolites in order to minimize the effect of coking on catalyst deactivation.

There are researches about catalytic hydrogenation with platinum metals
such as Pt, Pd, Ru, Rh and their bimetallic systems but noble metals easily
poisoned by a small amount of sulfur [12-17]. Recent studies have dealt with how
to improve the activity of these catalysts and there sulfur resistance by adding
another transition metal or using different support material. In the past few years
native clays have been developed to prepare various porous pillared adsorbents
and support systems for hydrogenation aromatic compounds [14, 16-21]. Howe-
ver, natural clay, bentonite, loses their porosity at heating above the 373K and has
a little surface area. One of the possible way of preserving the porosity at heating
of clay, is acidity treatment or giving for them pillar structural form. It is possible
including supports between layer spaces of clay and named “Layered silicates
with support” [18-21]. This material with pillar structural form have significant
potential for application in industry, particularly, in petrochemistry, but there are
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few studies of these types of materials. It was an incitement to develop the
methods of their synthesis and research catalytic properties of modified clays. For
obtaining pillar structural clays often used to polyhydrocomplexes of aluminum,
transitive metals or organometallic compounds [19-21]. Analyzed having
materials we decided to modify purification clay by polyhydrocomplexe of alu-
minum and use it as carrier for preparation support catalysts. The present work
focuses using the intercalated purificationclay as carrier of Rh-Niand studying it
as catalyst at the hydrogenation of aromatic compounds for storage hydrogen.

EXPERIMENTAL PART

The purified clay was collected from the “OzenmunaiGas” region Western
Kazakhstan. The chemical composition was measured in weigt %: (SiO,) 54.0-
56.0, (Al,05) 18.0-24.0, (Fe,05)6.0-7.0, (MgO) 1.0-2.0, (Na,0) 1.0-2.0, (H,O)
9.0-10.0, and other organic ingredients 1.0. Cation-exchange is 64 mmol/100.0g
clay. Aliminum (III) chloride, sodium hydroxide were of analytical grade, and
used without further purification to prepare molybdenum polyhydrocomplexe.
Other chemical reagents RhCl;-2H,0 and NiCl,-2H,O were of analytical grade.
Acidity of environment supervised by means of digital pH meter OP-208/1.
Concentration of acids is varied from 0.5 mol/L to 3.0 mol/L.

X-ray diffraction samples were measured using a Rigaku D/Max 2200 VPC
powder diffractometer with CuK, radiation, accelerating voltage of 40 kV,
emission current of 30mA, and scanning speed of 10°/min was used to determine
the crystal phase composition of the prepared carrier at 20°C.

The textural properties of the support catalysts were evaluated from the N,
adsorption-desorption isotherms obtained at 77K over the whole range of relative
pressures, using a Micromeritics ASAP-2000 apparatus. Specific surfaces of
catalysts calculated from these isotherms using the BET method in the 0.005-
0.25 P/P, range. Temperature — programmed study catalysts were carried out in a
semiautomatic Micromeritics TPD/TPR 2900 apparatus interfaced to a computer.
Amount of Rh and Ni on support catalysts were determined using a Perkin-Elmer
3030 atomic absorption spectrophotometer. The analysis of reaction products
were spent by chromatograph Chrom-4. Length of a column is 3 m, diameter —
3 mm filled by firm carrier « Chromaton-N» processed with liquid phase «Poly-
ethylenglycoladipate» (15 wt.% of the carrier). Temperature of a column 373K,
temperature of the evaporator 423K. Carrier gas — argon, velocity of the carrier
gas — 50 cm’/min.

Preparation of pillared clays carried out as in [20, 21]. Suspension of puri-
ficated clay prepared in water and mixed up during 6 h, pH-water extract of clay
makes ~ 8-9. The polyhydroxocomplex was obtained by adding gradually the
solution of sodium hydroxide to aqueous solution of aliminum (III) chloride.
Concentration of aliminum (III) chloride change from 5.0 to 30.0 mmole AI** per
gram clay. For prevent from coagulation of the solution polyhydroxocomplexes of
aliminum it slowly added to suspension of clay. After endurance this system
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during the 24 h, a deposit was washed by water and condensed. The paste after
separating from a liquid phase undergoes to dry at the room temperature (48h),
then at 110°C for 2h with the subsequently rising the temperature up to 160°C
(4h). After cool off it to the room temperature a firm mass was pounded to a
powder and sifted to different fractions with the certain sizes of particles.
Fractions of pillar structural bentonite with particles of the size less 2.0 mm was
impregnated by aqueous solutions of RhCl;-2H,0, then NiCl,-2H,O at room
temperature. Subsequently, from suspension was evaporated water at mixing, then
obtained paste was dried at 120°C in air for 6 h and finally calcinated in air at
300°C for 4 h. The amount of Rh and Ni containing on the pillar structural clay
were changed from 0.1 to 1.0 wt. %. A molar ratio Rh:Ni is varied from 1:1 up to
9:1. Before experience the pattern of the catalyst about 0.1g was reduced in the
stream of hydrogen (50 cm’/min) at a heating rate 4°C/min up to a final
temperature 350°C and kept at this condition for 2 h. After reduction the catalyst
was cooled to room temperature in the same flow of hydrogen and under a layer
of n-hexane was transferred to a steel autoclave (working capacity 100 cm’)
which supplied by mixer and interfaced to a computer. For hydrogenation
had taken 50cm’ mixture of aromatic hydrocarbon and n-hexane
[V(arom.):V(n-hexane) = 1:1]. Dilution by n-hexane made for dispersion of heat
allocated at hydrogenation and aspiration process to spend in conditions of ideal
mixture. In order to determine resistance of developing Rh-Ni/Carrier at
hydrogenation used toluene containing sulfur compounds such as thiophene —
0.04 wt.%. The range of the applied process parameters — temperature, pressure
and amount of catalyst based on the results of preliminary experiments.

Initial rate of hydrogenation was defined from the change concentration of
aromatic hydrocarbon due to of time. The hydrogenation of aromatic hydrocar-
bons carried out on the 0.1-1.0wt.%RhNi/Carrier at temperatures in the range of
100-1 800C, and H; inlet partial pressures of 0.4-4.0 MPa.

RESULTS AND DISCUSSION

Modifying purified clay by polyhydroxocomlexes Al(III) leads to growth of
a specific surface from 66 up to 260 m*/g, total volume of porous from 0,18 cm’/g
up to 0.54 cm’/g, interlaminar distances from 0.90 up to 2.04 nm.

Table 1 — Some parameters of pillar structural montmorillonite modified by aluminium

The maintenance of ions, S, doot, Total volume Loss of thermostability
mmole/g.clay m?/g nm Offn(:gofsa T, °C Sy, mg

- 66 0.94 0.16 140 20

130 1.24 0.44 360 80

10 160 1.58 0.48 440 110

15 240 2.02 0.54 500 220

20 260 2.04 0.56 560 240

30 240 1.90 0.53 500 230
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The maximal distance 2,00-2,04 nanometers corresponds to concentration of
aluminium about 15-20 mmole per gram of clay where between the layers settle
down polyhydroxocomplex ions.ncrease the concentration of aluminium above
20 mmole per gram of clay does not lead to the further growth of distance. It is
probably connected by that in a solution there are not forms of aluminium chlo-
ride which do not influence formation pillar structures. At first defined influence
of an internal surface of the catalysts to the hydrogenation rate of aromatics. For it

[Pl

a criterion Tyle — Zeldovich “¢” was calculateded, which described by following

formula[19]:
|k
p=R, Bv

where R, is the resulted radius of particles of the catalyst (for spherical particle
Ry =R/3, R - radius of sphere), & is a constant of rate of reaction; D is an effective
factor of diffusion of reacting molecules on a surface inside of porous. For gases
the factor of diffusion has the order of 0.1 cm?/sec., and for liquid molecular
diffusion 10° cm?sec. [22]. On their datum, the factor of diffusion for gas
dissolved in a liquid has the same order, as for the liquid of 10° cm*/sec. At
120°C saturated vapor pressure of toluene, is 2 bar. Fugacity (f) of toluene vapor
in this condition is ~ 0.80 atm. Activity coefficient of liquid toluene at 393K and
40 bar is equal 0.95. At common pressure of system 40 bar fugacity of toluene is
equal ~ 38 atm. It also related to derivatives of toluene, which have high boiling
temperature. Constant of rate hydrogenation of aromatic hydrocarbons were
defined at presence of a powder support catalyst with the average size of particles
about 0.05- 0.2 mm. The factor of efficiency — a degree of use of an internal
surface is calculated from the relation the/g, and the value of the calculated by
equality:

the = [expe) — exp(-9)] / [exp(¢) + exp(-¢)].

The calculated values of parameters for hydrogenation of benzene at presence of
porous catalysts are shown in table 2.

Table 2 — Change the factor of efficiency from the size of particles on the 0,5 % Rh/carrier.
Condition: m (kt) = 0,1 g; t = 120°C, P (H,) = 40 bar., C(toluene) = 2.8 mol/L

The average size of diameter of particles of the catalyst, mm o) th @ tho/@
0,2 0,13 0,14 0,99
0,4 0,31 0,30 0,98
0,6 0,47 0,44 0,94
0,8 0,62 0,55 0,90
1,0 0,75 0,64 0,86
2,0 1,56 0,97 0,63
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Data of table 2 shows, that using the catalysts with average diameter of par-
ticles about 1 mm the factor of efficiency is 0.86 and at 2 mm - 0,63. On the basis
of these data, it is possible to conclude that the internal surface of system is used
effectively, at the size of particles of catalysts less than 0.8 mm.

The main objective of the present work was to determine whether the sulfur
toleranceof Rh improves when a second transition metal Ni is added to a pillar
structural bentonite containing compounds of aluminium. Experimental data
confirmed that the coexistence of Rh and Ni on “Carrier” strongly enhances
benzene hydrogenation and improves sulfur tolerance, which depends on the
Rh:Ni ratio and reaches a maximum value at a Rh:Ni molar ratio of 1:1 in the ran-
ge of hydrogen pressure 1.0-4.0 MPa and temperature 100-180 °C. Conversion of
toluene to methylcyclohexane (80.0 wt.%) is achieved at hydrogen pressure 0.5-
1.0 MPa and 120-140 °C. Using one of the same sample of catalyst consecutive
ten times for the hydrogenation of benzene its value of conversion not decreased
at the containing sulfur about 0.04 wt.% in the origin benzene. It shows that
hydrogen can be storage in the toluene as methycyclohexane. At the same time
the conversion of mesitylene is about 58 wt.% accordingly. This value for p-
xylene, o-xylene and m-xylene are 36; 28 and 27 wt.% accordingly. All these
results show that developed RhNi support catalyst is stability against to poisonous
sulfur compounds and may be used for storage hydrogen in toluene as methyl-
cyclohexane. Apparently, the sulfur tolerance of this system was attributed to
structural and electronic effects. Studies [23] revealed that PtPd catalyst form
alloyed clusters, as well as the dispersion of metals strongly affect the activity as
well as the sulfur tolerance of bimetallic catalysts. In contrast, the ability of
metals to form bulk alloys is not a necessary condition for their use as catalysts
[24-27]. The high sulfur resistance of the Pt-Pd was attributed to structural and
electronic effects rather than to the degree of metal dispersion[7]. However, the
authors in future carry out experimental evidence of the structural and electronic
modifications.

Conclusion. It is shown using purified oily soil as catalyst carrier at hydro-
genation aromatic hydrocarbons for storage hydrogen in the form organic com-
pounds.The range of the applied concentration of RhNi based on the results of
preliminary experiments had shown increasing their activity from 0.1 to 1.0wt%.
The further increase of RhNi above 1.0wt% insignificantly influence on activity
of catalyst. It indirectly shows that catalytic activity dependent on of metal disper-
sion and its oxidation number. Therefore, the combination of Rh and Ni metals
with pillar structural clay intercalated by Al compounds gave possibility to
display them both properties- catalytic activity for hydrogenation of aromatic
hydrocarbons and resistance to sulfur compounds.
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V. XKycunbekxos, M. Owarbaes, A. Ymenbaesa, K. lllexeesa, O. Topedexos

MYHAU KAJIIBIKTAPBIHAH TA3APTBUIFAH .
CA3]1bl KATAJIM3ATOP TACBIMAJIJAVBIIIBI PETIHAE ITAUJAJIAHY

AnHotanusi. KenripinreH Makanaga MyHail KaJIbIKTapblHaH Ta3apThbUIFaH ca3
TOIBIPAKTHl KaTaJM3aTOP TaCHIMAJJIAFBINIBI PETiHAE KOJJIAHy KapacThlpbuiraH. Ta3zap-
TBUIFAH Ca3 TOMNBIPAK KEYEKTIKYPBUIBIMFA AITIOMHHHN MOJUTHAPOKOMIUIEKC KOMEriMeH
TYPJICHIIpLII. AJNBIHFaH TaChIMaIJayBIIIKAa POANH K9HE HUKEJb KOCBUIBICTAPHI OTBIPFbI-
3BUTBIT, TOJYOJIIBIH KYPaMbIHA CYTETiHI METHIIIMKIOTEKCaH TYPIHIE CaKTay YCHIHBUIIBI.
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I'uapney peaknmscel cyiibIK (aszana xyprisinai. KaranuzaTopapiH imki KeyeKk KybICHIH
naijanany OHBIH TYHIpJIEPiHiH 1pijl YCaKTHIFbIHA TOYEI/I].

Tyiiin ce3mep: CyTek, TOIyOJ, METHILMKIOTEKCAH, POJUHA, HUKENb, KaTalu3aTop,
TTOJIMTHIPOKOMITIIEKC, KEYEKTI KYPBUIBIM, Ta3apThUIFaH ca3 TOIBIPaK.

Pe3ome
V. XKycunbexos, M. Owaxbaes, A. Ymenoaesa, K. lllexeesa, O. Topebexos

HCTIOJIbB3OBAHUE OYNIIEHHOI'O I'PYHTA OT HE®TEIIVIAMA
B KAYUECTBE HOCUTEJIA KATAJIU3ATOPA

PaccmaTpuBaeTcs MCHONIb30BaHUE OYHMICHHOM TIMHBI OT HedTelnniama U UCTOIb30-
BaHME €€ B Ka4eCTBe HOCHTEIIS KaTtann3aTopa. O4u-1eHHas IIMHa Oblta mpeodpa3oBaHa B
CTOJIOUATO-CTPYKTYPHYIO ()OPMY C MOMOIIBIO TTOJIMTHAPOKOMIUIEKCOB XJIOpHJA ATIOMH-
HUSI ¥ UCTIONB30BANIACh JJISl OMYyYSHHSI POAMEBOTO KAaTalN3aTopa, CONEPIKAIIEr0 HUKEIb.
XpaHeHne BoJOposaa B (opMe METHIIMKIOTEKCAaHa OCYIIECTBILUIN THAPHPOBAHHEM TO-
TyoJa B )KUAKOH (a3e B IPUCYTCTBHH POJUEBOTO KAaTaM3aTOPa, TAE B KAUECTBE HOCUTEIT
UCIIONIb30BaIM CTOJ0YATO-CTPYKTYPHYIO O4YHMIIEHHYIO TNHHY. CTeneHb HWCIOIb30BaHMs
BHYTpPEHHE MOBEPXHOCTH HOPUCTOH CTPYKTYPBI POJIMEBOTO KaTallk3aTopa, COAEPIKAIIECTO
HUKEJIb, 3aBUCUT OT pa3Mepa JacTHII.

KuroueBble c10Ba: BOJI0pOJ], TOITYOJI, METUILMKIIOTEKCaH, pOJUil, HUKeIb, KaTalu-
3aTop, HOJUTUAPOKOMIUIEKC, CTOJIOUATAsICTPYKTYpPa, OUUILICHHAs TJIHHA.
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KAPBOHUJIMPOBAHHUE o-OJIE@UHOB
MOHOKCHUAOM YIJIEPOJA U CIIMPTAMMU B IPUCYTCTBUHN
O®OCPHUHOBBIX KOMIIVIEKCOB ITAJIJIATUA

AnHoTauus. [IpuBeneHsl TaHHbIE O IPUMEHEHHUN T'OMOTEHHBIX METaJTIOKOMILICKC-
HBIX KaTaJM3aTOPOB B OPTaHUYECKOM CHHTE3€, METAITIOKOMIUICKCHBIX KaTalu3aTOPOB C
(dochopconepKauMK JIMTaHAAMHUB KaTaIUTHYECKOM THAPOANTKOKCHKapOOHWIMPOBAHUN
oJ1e(HOB MOHOKCHJIOM yIJIeposia ¥ MOHO(IIOJHM)aTOMHBIMH CITUPTaMH B TPHCYTCTBHU
(ochUHOBBIX KOMIUIEKCOB mamiaaus. Pazpaboransl HOBbIE, 3()(eKTHBHBIE U 3KOJIOTH-
YEeCKH YUCTHIE CIIOCOOBI MOTyUSHHUS TIPAKTHIECKH IIEHHBIX CI0KHBIX (HPOB KapOOHOBBIX
KHCJIOT peaknued THIPOATKOKCHKapOOHWINPOBAHUS psla OJIehHHOB HOPMAIBHOTO H
Pa3BETBJIECHHOTO CTPOEHMS TP HHU3KHX NaBJICHUSX MOHOKcHIa yriepona (< 20 atM) B
MIPUCYTCTBUU ABYX- M TPEXKOMIIOHCHTHBIX cucTeM Ha ocHoBe PdCl, m komruiekcoB
Pd(Acac),, PdCl,(PPh;),, Pd(PPh;),, comepxamme cBobomnstii murann (PPhs) u cradbu-
m3arop (TsOH) B kauectBe npomoTopa. HaiineHo, uto Haubosnee BHICOKOIT KaTaluTuiec-
KOM aKTUBHOCTBIO B N3YYCHHBIX PCAKIUAX o6na)1a}0T JIMIb TPEXKOMITOHCHTHBIC CUCTEMBI
Pdclz-PPh3-TSOH, PdC]z(PPh3)2-PPh3-TSOH, Pd(AC&C)z-PPh3-TSOH " Pd(PPh3)4-PPh3-
TsOH. UccnenoBano BIMsSHUE Pa3iMYHBIX YCIOBHUM MPOBEACHUS PEAKIMU Ha MPOIecC U
Ha BBIXO/] LIEJIEBBIX POYKTOB.

KaioueBsbie ciioBa: kapOOHHIMPOBaHKE, OJe(HHBI, (OCHHUHOBBIE KOMILIEKCHI Iall-
JaJ¥sl, CIIUPTHI, CIIOKHBIE S(HUPHIL.

AHaNM3 TOCTIKEHUH KaTaTUTHYECKOTO XUMHUIECKOTO CHHTE3a 3a TIOCIIeTHUE
TOJBI TTO3BOJIIET C OONBINON YBEPEHHOCTBIO YTBEP)KIaTh, YTO Oyaymiee abopa-
TOPHOTO W TPOMBINIJICHHOTO OPTaHWMYECKOTO0 CHHTE3a BO MHOTOM OyaeT orpe-
JENIATHCS yCIIeXaMy Pa3BUTHS TOMOTEHHOTO KaTaju3a, 0ojiee TOYHO — yCIleXaMU B
pa3paboTKe TOMOTEHHBIX METAITIOKOMIUIEKCHBIX KaTann3atopoB. Ha mocriennme
BO3JIaraloTCs OOJIBIINE HAJEKIbl B PEIICHUM BaXKHBIX MPOOJIEM, KaCArOIIMXCS
SKOHOMUU CBIPbS U SHEPTUU TMPH OCYIIECTBICHUU MPOMBIIUICHHBIX MPOIECCOB
opraHudeckoro cusresa [1, 2].

l'oMoreHHBIe METaNTOKOMITJIEKCHBIE KaTaM3aTOPBl OTIMYAIOTCS  Ooiee
BBICOKOI aKTHUBHOCTBIO, Y€M TPAJUIMOHHBIE TE€TEPOTECHHBIC KAaTalu3aTOpbl, U
paboTaroT MpHu HU3KHUX TEMIIEpaTypax U JABJICHUSAX C BBICOKOW PErho-, SHAHTHO-
A JWAacTepeO-CeNEKTUBHOCTAMU. IIpw >TOM aKTHMBHOCTH U CEIICKTHBHOCTH
JIEHCTBUS TOMOTEHHOTO METAJUIOKOMITJIEKCHOTO KaTaIn3aTopa MOXHO ONITUMHU3H-
pOBaTh, BapbUpPys JUTAH[bI, PACTBOPUTENb, TEMIEPATypy U HaBicHHe. Takue
0OIIEN3BECTHRIC HEAOCTATKH PACTBOPUMBIX METAJUIOKOMIICKCHBIX KaTalln3a-
TOPOB, KaK TPYAHOCTh UX OTACIICHHUS OT MPOAYKTOB PEAKIIMH U UX OTHOCUTEIHHO
HEBBICOKAasT TEPMUYECKasi YCTOWYUBOCTh, B PsJIe CIIy4aeB MOTYT OBITh MPEOJIO-
JIeHBI CHeNHaJbHBIMU TIPUEMaMH, HallpUMep TeTepOoreHH3alrell KaTaau3aTopoB
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myTeM MMMOOWIM3alM HAa WHEPTHBIX HEOPTaHWYECKUX W TOJMMEPHBIX IOA-
noxkax [3-5].

Coenunenns ¢docdopa SBISIOTCS BaXHBIMH JIMTAaHIAMH BO MHOTHX
KaTaJUTHYECKNX CHCTEMax Ha OCHOBE KOMIUIEKCOB MeTaiioB [5]. MomurHsiM
CTHUMYJIOM HMHTEHCHBHOTO Pa3BUTHS XHMHU KOOPAMHAIMOHHBIX COEIMHEHUH
MeTaIioB ¢ (ochopcoepKaliiMy JTUTAaHAaMHU SBUJIOCH OTKPBITHE BBICOKOW Ka-
TanuTHIeckoi akTuBHOCTH Tpuc(Tpudenmidochun)xmoppoaus (I) RhCI(PPhs);
(karanm3aTop YWIKWHCOHA) B PEAKIMU THIPUPOBAHUS aKCHOB U aJKUHOB B
UCKITIOYUTEIBHO MSTKUX YCJIOBHAX (TP KOMHATHOW Temreparype u armocdep-
HOM mapneHnn). C Tex MOp MHTEpEeC K METAIIOKOMIUIEKCHBIM KaTalln3aTropam C
dbochopcoaepxamumu surangamu (MK®JI) co cTopoHBI XMMHKOB-HCCIIE0BA-
Teleil W XUMHMKOB TPAaKTHKOB HE CchagaeT. OTo 0OYCIOBIEHO, BO-TIEPBBIX,
ycrnexamu B pa3padoTke 3(h(EeKTHBHBIX KaTaau3aTOpOB JTA0OPATOPHOTO M TIPO-
MBIIUICHHOTO CHHTE3a CaMbIX pPa3IMYHBIX OPraHWYeCKUX COeNWHEHHUH cpenu
MK®JI u, BO-BTOPBIX, IIMPOKOW BO3MOXHOCTBIO BapbHPOBAaHUSA CTPYKTYp U
CBOMCTB (ochopocoepxamux JMTaHIOB, 9TO O00YCIIOBIEHO, B CBOIO OYepelhb
pa3pabOTaHHOCTBIO W HIMPOKHUM DPa3BUTHEM XWMHH OPTaHWYECKUX COEIWHEHHH
dhochopa. MKDJI nposBISIOT KaTATUTHYSCKUE CBOMCTBA B CaMBIX Pa3IMUHBIX
XMMUYECKUX IMpoIleccax, TaKUX KaK pPEaKIWHd BOCCTAHOBJICHHUS, OKHCIICHHS,
KapOOHWJIMPOBaHUS, 3aMEIIEHHs, TPUCOCIUHECHUS, H30MEPH3aIHs, OJIUTOMe-
puzanus u Ap. MHOTHE M3 3TUX M3YUYEHHBIX MPOLIECCOB MEPCIEKTUBHBI B IJIaHE
X TPaKTUYECKOro oOcyllecTBIeHUs. Ha cerogHsmHuil AeHb cpelu peanbHO
MIPUMEHSEMBIX B MPOMBIIUIEHHOCTH METaJUNIOKOMITJIEKCHBIX —KaTaln3aTopoB
MK®JT npuHaUIeKUT OJIHA U3 BEAYIIUX MO3UIUH.

a-OneuHbl, ABISAIOIUECS OJHUM W3 KPYMHOTOHHAXKHBIX HPOIYKTOB Hed-
TenepepadaThBalOmeil 1 HEPTEXUMHUECKON MPOMBIIUIEHHOCTH, HaXOIAT IMpPH-
MEHEHHE ISl IPOM3BOJICTBA MOBEPXHOCTHO-aKTUBHBIX BEIIECTB, CHHTETUYECKIX
CMa30K, CIUPTOB-TUIACTH()UKATOPOB, >KUPHBIX KHUCIOT W HMX IPOU3BOJIHBIX M
MOHOMEPOB JJIsl OJTyYSHHsI NOJIMMEPHBIX MaTepuaioB. OJIHUM M3 LIEHHBIX HPO-
W3BOJHBIX JKUPHBIX KHUCIIOT, MOy9aeMbIX Ha OCHOBE TEPMHUHAIBHBIX OJE(PHHOB,
ABNSAIOTCS COXHBIE 3(Qupel. CymiecTByeT psi IMHPOKOM3BECTHBIX METOI0B
CHHTE3a CJOXHBIX 3¢upoB. Haubosnee BaXHBIMH M3 HHUX SIBISIOTCS 3TepUPH-
Kalys, alWINpOBaHUE CIIUPTOB M (DEHOJIOB, ANKOTOJM3 U alMJIUPOBAHHUE CIIOXK-
HBIX 3(UPOB U TIepedTepUPHUKAINS CIIOKHBIX IPUPOB U AJTKOTOINA3 HUTPHIOB [6-9].

Pa3Butre roMoreHHOro MeTaJJIOKOMIUIEKCHOTO KaTajln3a JejlaeT MepCreK-
TUBHBIM JAPYIOM MYyTh CHHTE3a CIOXHBIX 3(HPOB — THIPOATKOKCHKApOOHMIIH-
pOBaHHE aTKEHOB (AIKHHOB) MOHOKCHOM YTJIEPOJa U CIIUPTAMHU B MPHCYTCTBHH
METAJUIOKOMIUIEKCHBIX KaTajau3aTopoB. [IpenMyInecTBoM 3TOro Merojia CHHTE3a
CIIOKHBIX 3(UPOB SBIAETCS OAHOCTAAMHHOCTH MpoLecca, AOCTYHMHOCTb HCXO.-
HBIX pPEareHTOB W BO3MOXHOCTh BIIUSTHUS Ha XOJ NMPOTEKAHHS PEaKIMH BapPbHPO-
BaHHWEM YCIIOBHM TPOBEAEHHUS TMpolecca M TPHUPOIBl METaLUTOKOMILIEKCHOTO
Kataju3aTopa. B kauecTBe MociefIHHMX YacTO M BECbMa YCIEIIHO HCIOJIb3yeTcCs
MK®JI [5].

135



XUMWYECKHH )KYPHAJI KA3AXCTAHA

HauOonpmryro KaTaqTUTHYECKYyI0 aKTHBHOCTh B PEAKLUUH THIPOATKOKCH-
KapOOHWJIMPOBAHMUS OJICHHOB MPOSBIAIOT KaTATU3aTOPbl HA OCHOBE KOMIUIEKCOB
metauioB VIII rpymnmel mepuoandeckoi cucteMbl. KatanuTtudeckas akTHBHOCTD,
CTa0MIBHOCTh W CEJEKTHBHOCTh IIOCICAHUX 3aBHCUT OT THUIA KOMILIEKCO-
oOpa3oBareisi, cocTaBa KOOPIWHAIMOHHOW CQepbl, YCIOBHIA MPOBEACHUS CHH-
Te3a, a TaKkKe NMPUMEHEHUs BHENIHWX CTaOWIM3aTopoB W mpomMoTopoB. Ha Ha-
CTOSIIIUH MOMEHT HauOoJiee TEPCHEKTHBHBIMU SIBIISIOTCS KaTallM3aTOPbl Ha
ocHOBe (OCHPUHOBBIX KOMILIEKCOB Mautafus, Onaromaps ONaromnpusITHBIM
COUYETAHUSM B €r0 HYIlb- M JIBYXBAJEHTHBIX (pOpMax JOHOPHBIX M aKIETITOPHBIX
cBoiictB [10-12]. B kayecTBe cTaOMIM3ATOPOB KATAJUTHYECKUX CHUCTEM Ha OC-
HOBe (OCHUHOBBIX KOMIUIEKCOB NaJUIQAMs Yallle BCErO HCIOJBb3YIOT TpHUde-
Hwigochun. Ero crabunusupyonyio QyHKIUIO CBA3BIBAIOT CO CTaOMIM3anuen
COCTaBa OCHOBHOT'O KOMILIEKCa, MPEJOTBPALIAIONIe BO3SMOXKHYIO J€3aKTHBALIIO
AKTHBHBIX KOMILUIEKCOB KaTAIUTHYECKOTO LUKJIA PEaKIUW 3a CYET peaKIuu
JWTaHIHOTO OOMeHa. B xauecTBe BHEIIHMX MPOMOTOPOB IUPOKO UCTIONB3YIOTCS
pasnuuHble KUCI0Th bpeHcrena, obneryaromye reHepupoBaHue POMEKY TOTHBIX
THJIPUIHBIX KOMILIEKCOB MAJDIAJHs, HMIPAIOIIMX KIIOYEBYIO POJIb B KaTaju-
TUYECKOM IHKIIE peakiui. HaMHOTO MeHbIle WCCIIeIOBAaHO B KadecTBE IIPOMO-
TOpa ITHX peakiuu KucioTsl JIstonca [13, 14]. HanGonee 3deKkTHBHBI CHIIBHBIC
BpencrenoBckue KHCIOTBHL, TakWe Kak II-TONYOJICYIb(OKHCIOTAa WM METaH-
cynedoruciora (CH;SO;H), xotopbie 00pa3yioT compsbkeHHBIE CI1aboKoOp-
TUHHUPYIOIIE aHWOHBI. CHIIBHOKOOPIWHUPYIONINE aHHOHBI CHIXKAeT CKOPOCTh
KUHETHYECKH Ba)KHOW cTaguu BBeaeHus peakrantoB (CO, oneduH) BO BHYT-
peHHyIO cdepy MeTamia-KoMILIeKcoOpa3oBarens, B TO BpeMs Kak cnabo-
KOOPAMHHPYIOUINE aHWOHBI JenatoT Pd-meHTp KaTtanuTHuecKux cucTeMm Ooljee
JOCTYIHBIM, YTO OOJIETYaeT €ro B3aMMOJICHCTBHE C pEaKkTaHTaMH B KaTajH-
THYECKOM ITHKJIE.

C nenpio pa3pabOTKH HOBBIX, dPPEKTUBHBIX M IKOJOTHYECKHA YUCTHIX CIIO-
cO0OB TOJYYEHUS MPAKTHYECKH IEHHBIX CIIOKHBIX 3(PUPOB KAPOOHOBBIX KHCIOT
UCCIICIOBAHBI PEAKIUH THAPOATKOKCUKApOOHWIMPOBAHHS Psifla TEPMHUHAIBHBIX
olie)MHOB HOPMAJIBHOTO CTpoeHusi (rekceH-1, renteH-1, okTeH-1, HOHEH-1) u
Pa3BETBICHHOTO CTpOEHHs (M300yTHJIEH) MOHOKCHIOM YTJIepoJa W MOHO- H
MOJIMATOMHBIMU CITUPTAMH B TPUCYTCTBUU METAJUIOKOMIUICKCHBIX KaTaau3aTo-
poB Ha ocHOBE (POCHHUHOBBIX KOMIUIEKCOB MajUIaAMs NPU HHU3KHX JABJICHUIX
MoHOKcra yriepoaa (< 20 arm). B xauecTBe KaTann3aTopoB W3YyYeHH JIBYX- U
TPEXKOMIIOHCHTHBIE cucTeMbl Ha ocHoBe PdCl, m xommrekcoB Pd(Acac),,
PdCIy(PPh;),, Pd(PPh;),, comepikamiue cBoOoambiii nurann (PPhs) B kauecrse
crabunuzatopa U OpeHcTenoBckyto kucioty (TsOH) B kadectBe mpomoropa.
[Nokazano, 4To HauboJee BHICOKOW KATATUTHYCCKON aKTUBHOCTHIO B M3YyYEHHBIX
peakiusx oO0NagalT Juilb TpexkomrnoHeHTHble cuctembl PdCl-PPh;-TsOH,
PdClz(PPh3)2—PPh3—TSOH, Pd(AC&C)z—PPh3—TSOH nu Pd(PPh3)4—PPh3—TSOH Haii-
JIEHO, YTO peakIusl THAPOATKOKCUKAPOOHUITUPOBAHUS 0-0I€(HHOB HOPMaJIHHOTO
CTPOCHHS TPOTEKaeT C 0O0pa3oBaHMEM CMECH MPOAYKTOB JIMHEHHOTO M pPa3BeT-
BJIGHHOTO CTPOCHHUs, a B Ciydae oJieprHA pa3BETBICHHOTO CTpOCHUs (M300Y-
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THJICH) TIPOTEKAET PETHOCEIEKTUBHO ¢ 0Opa3oBaHHEM MpPOAYKTa IJHUHEWHOTO
cTpoeHud. MccienoBaHO BIUSHUE Ppa3IUYHBIX YCJIOBUI IPOBEACHUS pEaKIUU
(CooTHOIIIEHNE MCXOTHBIX PEareéHTOB W KOMIIOHEHTOB KaTAIHTUYECKHX CHCTEM,
Temneparypa, napineane CO, IpoIoIKUTETFHOCT) Ha X0/ MPOIIecca U Ha BBIXO.
LIENEBbIX MpOJayKTOB. HaliieHbl onTUMallbHBIE MapaMeTphl MPOBEACHUS U3Y-
yeHHbIX peakmuu [15-18]. HccnemoBana peakmus THIPOATKOKCHKAPOOHWIIH-
poBaHMe W300yTHJIEHA MOHOKCHAOM YTIJepoAa M MOJHATOMHBIMH CIHPTaMH
(3TUIICHIIIMKOIB, TIMLEPYH) B IprcyTCcTBUM cucTeMbl Pd(Acac),-PPh;-TsOH npu
HU3KUX JABJICHUSIX MOHOKcuAa yriaepoga (< 20 aTm). YcCTaHOBIEHO, YTO THA-
pOaTKOKCUKapOOHMIUPOBaHNEe M300yTHIIEHA MOHOKCHAOM YTJIEpOAa W ITHIICH-
TJIUKOJIEM MPOTEKaeT PEerHOCENeKTHBHO IO KpaiHeMy aroMmy yriepoia ¢ obpa-
30BaHMEM (HE3aBHCHUMO OT COOTHOIICHHUS] HMCXOAHBIX PEareHTOB) MPOAYKTOB
JIMHEWHOTO CTPOCHUS — MOHO- M JWTIIMKOJIHIOB H30BAJIEPUAHOBON KHCIIOTHI, a B
cily4ae TJIMIEPHHA PEaKIs TaKKe MPOTEKAaeT PETHOCEIEKTHBHO IO KpaiHeMy
aToMy yriepojaa ¢ o0pa3oBaHHEM B 3aBHCUMOCTH OT COOTHOIICHHSI MCXOIHBIX
peareHToB MOHO- W -, JW- U TPU- WIH MOHO-, - W TPUTIUIEPUIOB H30-
BaJIepHaHOBON KHCIIOTHI [19, 20].

Pesynbrarel HccaenoBaHMA JIETJIM B OCHOBY pa3pabOTKM HOBBIX, 3(PQek-
THUBHBIX U 9KOJIOTUYECKH YUCTBHIX CIIOCOOOB MOJyYSHHS HMIMPOKOYHNOTPEOIsIeMbIX
JIEKapCTBEHHBIX TpernapatoB «Hooamumom», «ITuioBelii 3¢up a-OGpomMuso-
BaJiepuaHoBO# KUCIOTH U «Kopramon-K».
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Pesome
I'. )K. JKakcvinvikosa, H. O. Annazos, H. JK. Kyoatibepeenos, H. E. Acan

o-OJIEOMHJAEP/IT KOMIPTEK MOHOKCH/II )KOHE
CIIUPTTEPMEH ITAJUJIA TV IH ©@OCOPUHAI KOMIIUVIEKCTEPI
KATBICBIHIA KAPEOHUIIAEY

OpraHuKaJIbIK CHHTE3/I€ TOMOTECH/II METAJIKOMIUIEKCTI KaTalu3aTopiaapasl KoJAaHy,
namanuiaie GochUHII KOMIUIEKCTEpi KaThICHIHAA oyeUHASpIlI KOMipTeK MOHOKCHIL
KOHE MOHO(IIOJNM)aTOMIBI CIHHPTTEPMEH KaTAIMTHUKAJIBIKTHIPOATKOKCHKApOOHIIIICY Ie
¢dbochopkypaMasl TUraHAANApEl 0ap METATKOMIUIEKCTI KaTaJau3aTopiapAbl mMaiinamany
JKaWIbl MaTiMeTTep KenTipireH. KeMiprek MOHOKCH/IIHIH TOMEH KbIChIMbIHA (< 20 aTMm)
PdCl, wmerizinge Ooc surannmacel (PPh;) men npomorop peringe (TsOH) typaxran-
JBIPFBINIBI Oap eki skoHe ym kommnoneHTTi Pd(Acac),, PdCl,(PPhs),, Pd(PPhs), xomr-
JIEKCTepl KaTBICHIHIA KAaJbBIITHI KOHE TapMaKTaJfaH KYpbUIBIMIBI ojeduHIep KaTapblH
THPOATIKOKCUKapOOHMIIZIEY PEaKUUsIChIHAA TXIPHOENiK MaHBI3Abl KapOOH KBIMIKbLI-
JAPBIHBIH Kypeli 3Qupiepin amybslH jKaHa, THIMI, SKOJOTHSUIBIK Ta3a dMICTepi jKacal-
Ibl. 3epTTey HOTWKenepi OOWBIHIIA 3epTTENTeH peakiusiIapia TeK YII KOMIOHEHTTI
PdCl1,-PPh;-TsOH, PdCly(PPh;),-PPh;-TsOH, Pd(Acac),-PPh;-TsOH xaone Pd(PPh;)s-
PPh;-TsOHxyiienepi >xorapbl KaTaTHTHKAIBIK OCJICEHIUTIK KepceTTi. Peakmust xypri-
3YAIH OpTYPIi JKaFaiIapbIHBIH YPAICTi XKYPTi3yre KoHEe MaKCaTThl OHIMIEP IIBIFBIMBIHA
ocepi 3epTTeN .

Tyiin ce3mep: kapOoHwiney, oneduHaep, NALIATUHIIH (GochUHAI KeIleHaepi,
CIHPTTEp, KypAe adupiep.

Summary
G. Zh. Zhaksylykova, N. O. Appazov, N. Zh. Kudaibergenov, N. E. Asan

CARBONYLATION OF o-OLEFINES WITH CARBON MONOXIDE AND
ALCOHOLS IN THE PRESENCE OF PALLADIUM PHOSPHINE COMPLEXES

The data on the use of homogeneous metal complex catalysts in organic synthesis,
the use of metal complex catalysts with phosphorus-containing ligands in the catalytic
hydroalkoxycarbonylation of carbon monoxide olefins and mono(poly)atomic alcohols in
free phosphine complexes of palladium. Developed new, effective and environmentally
friendly ways to obtain almost any valuable carboxylic acids. Oxygen reactions are
associated with the release of normal and heterogencous structures with low carbon
monoxide pressure (< 20 atm) in two- and three-component systems based on PdCl, and
Pd(Acac),, PACly(PPh;),, free PACl, systems, and free ligand (PPh;) and stabilizer (TsOH)
as promoter. According to the research results, the most effective catalytic activity in the
studied reactions is only three-component systems PdCl,-PPh;-TsOH, PdCl,(PPh;),-PPh;-
TsOH, Pd(Acac),-PPh;-TsOH and Pd(PPh;),-PPhs;-TsOH. The effect of various reaction
conditions on the course of the process and on the yield of the target products was studied.

Key words: carbonylation, olefins, palladium, phosphine complexes, alcohols,
esters.
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DEVELOPMENT OF NANOSIZED IRON AND
IRON-MOLYBDENUM CATALYST BASED
ON MAGNETIC COMPOSITES
FOR THE HYDROGENATION OF COAL

Abstract. In this paper present the results of catalytic hydrogenation coal from the
Kenderlyk deposit contenting various amount of active phase for the process. The
methods have been developed giving the ratio Fe (III): Fe (II) to two, which corresponds
to magnetite. The dependence of the porous structure of catalysts on the composition and
concentration active phase were studied. As a result, it became clear that the activity of
the catalysts increases with increase the concentration of Fe,O; on the carrier from 4.0 to
10.0 wt. %, while the yield liquid product increases from 36.0 to 53.1%, at the adding a
molybdenum compound (0.5-5%) into the catalyst composition leads to increase the liquid
yield to 69.5%, and the yield of the gasoline fraction increases to 20.8% by chromato-
graphic method. Hydrocarbon composition of the gasoline fractions of synthetic oil was
determined . The gasoline fraction obtained at the presence of magnetized catalysts, the
amount of paraffin hydrocarbons decrease from 32.5 to 13.4% and olefins from 4.2 to
3.2% and in isoparaffin hydrocarbons increase from 22.2 to 28.7% and aromatic hydro-
carbons from 25.0 to 36.2% accordingly. Therefore, the optimal catalyst for coal hydro-
genation process from Kenderlyk deposit was 10% Fe,03+5% MoO.

Key words: hydrogenation, coal, Kenderlyk, catalyst, magnetic fluids, magnetism,
active phase, liquid yield, hydrocarbon composition.

Introduction. From the literature review, coal macromolecules consist of
groups of condensed aromatic rings; on average, each group contains about three
rings for coal of the middle stage of metamorphism [1-3]. These groups are
connected by hydroaromatic and heteroaromatic structures, which determine the
spatial three-dimensional arrangement of the macromolecule. The volume of open
pores in the studied coal is distributed as follows: the volume (cm’/g) with a
diameter of < 1.2 nm (micropores) is 0.02-0.07; with a diameter of 1.2-3 nm
(mesopores) is 0.04-0.1, over 30 nm (macropores) is 0.009-0.09. The total pore
volume is 0.07-0.2 cm*/g. By impregnating coal crushed to 5-10 um by magnetic
fluids prepared in advance according to the method of magnetite synthesis by
chemical precipitation, using dispersion medium and hydrocarbon stabilizer with
a boiling point of 350-380°C, a magnetic composite was obtained, which is
characterized by a uniform distribution of the magnetic material over the surface
of the sorbent with particle size from 20 to 100 nm [4, 5].

Herewith, the works on the preparation of the nanosized iron-molybdenum
catalyst for coal hydrogenation on the basis of magnetic composites are relevant.
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EXPERIMENTAL PROCEDURE

A vibration magnetometer with a working temperature range from 298 to
710 K was used for magnetic measurements, allowing phase analysis of Ni-Cu
systems with copper contents from 0 to 56%. The measurement is based on the
determination of current magnitude in the measuring coils of a magnetometer,
being proportional to the magnetic moment of the sample under study. The nature
of the dependence on the magnetization of the sample from the field is expressed

by the equation:

I Vi
I(H) = I§; N

Imax Vsample’ (1)
where IEH is Ni calibration sample magnetization; Vy; is Ni calibration sample
bulk volume; I« is the magnitude of the current arising in the coils of a magneto-
meter in the field of N 6 kErst when placing the calibration sample.

Saturation magnetization of the samples under study was determined in a
field of 6 kErst at room temperature. The relationship between the current in mA
and the magnetization in G is expressed by the equation:

15[G] = 0,2515 il[mA] )

Since magnetization of the powders depends on their bulk density, a further
recalculation was carried out through the specific saturation magnetization c:
IS

o= G

The dependences on the saturation magnetization of the samples on tem-
perature were taken in order to carry out a magnetic phase analysis. The analysis
is based on data indicating that Ni and Cu form a continuous series of solid
solutions, the Curie temperatures of which fit well into a straight line when the
ratio of Ni and Cu varies.

Available data allow calculating the percentage of copper in Ni-Cu systems
from experimentally determined values of Curie temperatures.

The sensitivity of a magnetometer for nickel is not less than 0.1 mg, and the
measurement error is 5%.

For testing, samples in the following ratio of components: 0.09 mol of Fe*" to
0.06 mol of Fe*" with 50 ml of 28% NH,OH, 50 ml of fuel oil and 5 ml of oleic
acid were prepared.

A nanosized magnetic composite was obtained by co-precipitation
of ferrous iron or molybdenum and ferric salts according to the scheme
(Fe*' + 2Fe’" + 80H = Fe;0, + 4H,0), the fuel oil with a small amount of
sodium oleate (3-5 wt.%) was used as the dispersed phase. The prepared
high dispersion sample of coal was impregnated with the obtained magnetic
fluid.

We have shown that the nanosized iron or iron-molybdenum catalyst is
formed on the basis of magnetic composites. The optimal size of the active partic-
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les of the catalyst are 40-50 nm The specific surface of the catalyst, calculated
from the total isotherms of low-temperature nitrogen adsorption by the Brunauer—
Emmett-Teller (BET) method, is 24.0-51.7 m*/g.

RESULTS AND DISCUSSIONS

In this research work, we synthesized 9 samples of the catalysts differing in
the content of active components and the method of their deposition. Charac-
teristics of the catalysts are shown in table 1.

Table 1 — Characteristics of magnetite catalysts

Catalyst Composition of the active phase,% in terms of Pore volume, cm®/g
No. MoO Fe,0; Vs Vi ™ Vina
1 - 10.0 0.257 0.091 0.166
2 - 8.0 0.276 0.105 0.171
3 - 6.0 0.297 0.120 0.177
4 - 4.0 0.325 0.138 0.187
5 0.5 - 0.440 0.192 0.248
6 1.0 - 0.433 0.197 0.236
7 3.0 - 0.418 0.188 0.230
8 5.0 - 0.385 0.160 0.225
9 5.0 10,0 0.227 0.115 0.112
Note. VM is micropore volume during magnetic fluid (MF) adsorption; V,,, is macropore
volume.

The catalysts No. 1-4 were used to study the effect of Fe;0, concentration on
their catalytic activity. In the presence of samples No. 5-8, the effects of Mo
concentration on the catalytic properties of catalysts on carbon carriers were
studied. The catalyst No. 9 was synthesized to study the effect of the sequence of
deposition of the active phase.

The dependence of the porous structure of the catalysts on the composition
and concentration of the active phase was studied. As shown by the experimental
data, the active phase of the catalyst is evenly distributed in all the pores of the
carrier; the volume of micropores and macropores decreased in proportion to the
increase in the concentration of the active phase of the catalyst. Micropores with a
radius of less than 0.5-0.7 nm had a significant proportion of the total pore
volume in the structure in both the initial catalyst carrier and the catalysts. Almost
the same contribution to the porous structure for all catalysts was made by
macropores, the volume of which changed slightly with varying content of the
active phase. The catalysts were characterized by a change in the distribution of
pores in a wide range: V™" from 0.091 to 0.197 cm’/g; Vi — from 0.112 to
0.248 cm’/g.
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The developed catalysts are tested in the process of coal hydrogenation. The
results of the experiments on coal hydrogenation using magnetic catalysts on a
carbon carrier are shown in table 2.

Table 2 — Results of coal hydrogenation in the presence of catalysts with different content
of the active phase in the atmosphere of synthesis gas. The ratio of coal : paste-forming agent
is 1 : 1,5; Pressure is 5.0 MPa; Temperature is 410 °C

Composition of . . Lo o .

CI;tszi- the active phase, % ZMM?EET_ Vi The yield of liquid products, wt. % I({iclslz- I;;)Ss-
S50 | 80- | 180- | 250- | Yyp o | o

No. Fe,04 MoO | experim. 180 °C | 250 °C | 320 °C % %
4 4.0 - 423 122 | 72 7.8 21.0 36.0 | 46.8 | 5.0

3 6.0 - 43.4 12.1 | 10.2 9.5 25.0 447 | 384 | 438

1 10.0 - 44.8 12.8 | 12.5 11.5 29.1 53.1 | 29.2 | 49

- 5.0 437 123 | 104 9.6 29.5 495 | 33.0 | 52

9 10.0 5.0 69.3 10.1 | 20.8 22.6 26.1 69.5 | 15.8 | 4.6

Table 2 shows that the activity of the catalysts increases with increasing
concentration of Fe,O3 on the carrier from 4.0 to 10.0 wt. %, while the liquid
yield is increased from 36.0 to 53.1%. Introduction of Mo compound to the
catalyst composition leads to an increase in the liquid yield to 69.5%. This
increases the yield of the gasoline fraction to 20.8%.

The effect of increasing the total porosity of the carrier on the activity of the
catalyst during hydrogenation can probably be primarily explained by the
simultaneous growth of not only the volume, but also the size of all pores in the
structure, which makes the active phase of the catalyst more accessible to reagent
molecules (table 1). However, such a change in the structure of the carrier (res-
pectively, the catalyst) causes an increase in desorption time of the reaction pro-
ducts adsorbed on the catalyst, which contributes to an increase in the depth of de-
struction of the coal substance and, consequently, an increase in the liquid yield.

In addition to the porous structure, the content of active components, such as
Fe and Mo oxides, has a great effect on the activity of heterogeneous catalysts in
coal hydrogenation. It was found that for deep conversion of organic coal mass,
the content of Fe oxide in the wide-porous catalyst may not exceed 4-10%, and
the total content of active components — 5-10.0%. A higher content of active
components leads to a decrease in the activity of wide-porous Mo-Fe catalysts
during coal hydrogenation.

The results obtained by us during hydrogenation of coal from the Kenderlyk
deposit in the presence of molybdenum-iron catalysts allow us concluding that,
like in the case of industrial Al-Mo-Co catalysts, samples with large pores in the
amount of 0.227 cm3/g contain 10% Fe,O; and 5.0% Mo oxide in their com-
position.
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It should be noted according to table 2 that, apart from porosity, the magni-
tude of the magnetic composites used is of great importance to the activity of the
studied catalysts, and the higher the magnetic properties of the catalyst, the more
active they are in the process of coal hydrogenation.

Further a chromatographic study of the products obtained was carried out
(table 3).

Table 3 — Hydrocarbon composition of the gasoline fractions,
obtained by hydrogenation of coal from Kenderlyk deposit

Hydrocarbon composition, %
Hydrocarbons —
Initial Fe,0; MoO 10 % Fe, O3+ 5 % MoO
Paraffins 325 232 14.7 13.4
Isoparaffins 222 27.6 26.0 28.7
Aromatic hydrocarbons 25.0 22.7 34.1 36.2
Naphthenes 14.2 17.2 17.8 16.2
Olefins 42 3.8 3.8 32
Cycloolefins 1.9 5.2 3.5 2.1
Dienes - 0.3 0.1 0.2

According to the obtained data of chromatographic analysis, it can be seen
that in the composition of the initial gasoline fractions obtained by hydrogenation
of coal from the Kenderlyk deposit compared with the gasoline fractions obtained
in the presence of magnetized catalysts, the amount of paraffin hydrocarbons
decreases from 32.5 to 13.4% and olefins from 4.2 to 3,2%, and an increase in
isoparaffin hydrocarbons from 22.2 to 28.7% and aromatic hydrocarbons from
25.0 to 36.2% is observed, which has a positive effect on the performance of
motor fuels.

A scheme was drawn for the transformation of the organic mass of coal paste
in the hydrogenation process (figure) based on the results obtained (tables 2, 3).

—» Paraffins 13.4 %
—* Isoparaffins 287 %
—» Aromatic hvdrocarbons 36.2 %
410 9C, 5.0 MPa, 10% Fe;0:+3% MoO
» C:-Cjg— ™ — Naphthenes 16.2 %
OMP l l l l 20.8%
— Qlefins 32%
C11-Cas =Cys Residue Losses+gas
226% 261 % 158 % 14.7% — Cycloolefins 2.1%
L—» Dienes 0.2 %

Scheme of transformation of the organic mass of paste during hydrogenation
of distillates of coal liquefaction
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Thus, in the process of performing the work, it was established that the
advantage of magnetic adsorbents and catalysts compared to ordinary (non-mag-
netic one) is that possessing high sorption and catalytic capacity, they can be
controlled using a magnetic field, which greatly simplifies the processes and
increases the completeness of adsorbent development, eliminates time-consuming
stages of separation of the spent adsorbent from the solution and catalyst
regeneration, replacing them with magnetic separation.
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Pe3iome
K. K. Kaupbexos, U. M. [{xcenovibaesa, 3. T. Epmonouna

KoeMIPI TUIPOI'EHJEY YHIIH MATHUTTI KOMITIO3UTTEP HEI'T3IHAE
HAHOOJIIEMAI TEMIP )KOHE TEMIPMOJIMBIEH/II
KATAJIU3ATOPJIAPABI AJTY

By Makanana ypJicTiH KaTaqTu3aTOPbI PETIHIE dPTYPIi KypaMisl OenceH i ha3aHbiH
KarceiHga KeHIipiik KeH OpHBIHAH ajblHFaH KOMIpIl THAPOTCHU3AIUIIAY HOTIKEIEpl
kentipinred. Marnerutke cotikec kenerin Fe (III) men Fe (II) apackiHmarsl colKecTiKTi
eKire JeHiH KenTipy omictepi o3ipmeHni. KarammzaTtopmapIblH KEYeKTi KYpPBUTBIMBIHBIH
Gercenni Ga3ackIHBIH KypaMbl MEH KOHIIEHTPAIMSICBIHA TOYEJIALIIr 3epTreminai. Hotmke-
ciaze, Fe,O; xonnentpanusiceiablH 4-neH 10,0% - o3repyi karanmm3atopiapabiH OernceH-
IUTITI apTypaasIpamsl , CYHBIK eHIMIepAiH mBFeIMBL 36,0-meH 53,1% -Fa neifin apTampl.
AJ KaTanu3aTOpIJIBIK KOMIO3HIHSFa MOiMuOaeH KochUIBICHIH (0,5-5%) eHrizy, CyHbIK
OHIMJIEP/IiH WILIFBIMBIH 69,5%-neliin apTThipansl. byn 6enszunniy ynecin 20,8%-ra neifin
apTTBIpaabl. XpoMaTorpadusyIbIK SiC apKbLIbl CHHTCTHKAIBIK MYHAHIaH alblHFaH OCH-
3uH (PAKIUAIAPBIHBIH KOMIPCYTCKTIK KYpPaMbl aHBIKTAIBIHABI. MarHuTTereH KaTaan3a-
TOpPJIApABIH KAThICYbIMEH alIbIHFaH OCH3MH (QpakiMsIchiHIa napaguHai KeMIpCYTeKTepIiH
memiepi 32,5-ten 13,4%-ra xoHe onedunnep 4,2-1cH 3,2%-ra AciiH TOMCHCYI Oaiika-
JIaJIbl, COHJa-aK u3onapaduH KeMipcyTeKTepiHiH 22,2-neH 28,7-re AediH KoHEe apoMar-
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ThI KemipcyTektep 25,0% -nan 36,2% -ra neitin aptysl Oaiikananel. demen Kenmepiik
KEH OpHBl KOMIpiH THIPOTEHIEY YpIICIHIH OHTAaMJbl KaTalu3aTopbl pETIHIC
10% Fe, 05 + 5% MoO ycbiHbUIaIbI

Tyiiin ce3aep: ruaporenzaey, kemip, Kenmipiik, kaTanu3aTtop, MarHUTTi CYHBIKTBIK-
Tap, MarHeTu3m, oexceHai gasa, CyHbIK OHIMAEP MIBIFBIMBI, KOMIPCYTEKTIK KYPaMBl.

Pe3ome
K. K. Kaupberos, U. M. [{xcenovibaesa, J. T. Epmonouna

ITOJIVHEHUE HAHOPA3MEPHBIX JXEJIE3HBIX
N XKEJIE30-MOJIMBAEHOBBIX KATAJIN3ATOPOB
JUIS TUPOT EHUBALIAI VIJIA
HA OCHOBE MATHUTHBIX KOMIIO3UTOB

B nmaHHO# cTaThe MPUBENCHBI PE3yJIbTATHl THIPOTCHU3AMN YITISI MECTOPOXKICHUS
Kennepabik ¢ pa3uaHBIM COEpKaHNEM aKTHBHOHN (ha3bl B KaUECTBE KaTaIn3aTOPOB MPo-
mecca. Paszpaboransl cnocoOsr moBenenust cootnomernns Fe(Ill) x Fe(Il) nmo aByx, uro
COOTBETCTBYET MarHeTUTy. bbija M3ydeHa 3aBUCHMOCTb MOPHUCTOM CTPYKTYPBHI KaTalin3a-
TOPOB OT COCTaBa M KOHIIGHTPAIIMU aKTHBHOW (a3bl. B pe3ynbrare BBISICHHIOCH, YTO aK-
TUBHOCTH KaTaJH3aTOPOB BO3pacTaeT ¢ yBelnueHneM KoHueHTparun Fe,O; Ha HocuTene ¢
4,0 no 10,0 macc. %, mpu TOM BBIXOJ KUAKUX MPOIYKTOB yBenuuuBaercsa ¢ 36,0 1o
53,1 %, a BBeieHHE B COCTaB Katayiu3aropa coequaeHny monnonaena (0,5-5 %) npusoaur
K YBEJIMUEHHIO BBIXOJA *KUJIKUX MPOAYKTOB 10 69,5 %. Ilpu 3TOM yBenn4uuBaeTCsl BBIXO
6ensunoBoH ¢pakmmu 10 20,8 %. XpomarorpaduueckuM METOIOM OIPEAEIEH YIIIeBOI0-
POIHEIN cocTaB OEH3MHOBBIX (ppakumii cuHTeTHYeCKOi HeTH. B OeH3MHOBBIX (hpakmusx,
MOJYYEHHbIX B IPUCYTCTBUM HAMarHMYEHHBIX KaTaJlU3aTOpOB, HAOJIONAECTCS YMEHb-
LIEHUE KOJIMYECTBa MapaMHOBBIX yriieBogopoaos ¢ 32,5 no 13,4 % u onepunos c 4,2 no
3,2 %, a Taxke HaOMIOmAeTCs yBEIWUIECHHE M30MapaMHOBBIX YIIIEBOJOPOAOB ¢ 22,2 no
28,7 % n apomaTHyeckux yraesonopos ¢ 25,0 no 36,2 %. IlosTroMy onTHManbHBIM KaTta-
JU3aTOPOM I Tpoliecca THAPOTEHU3AIMK YTl MecTopoxaeHus: KeHmgepribik ObIT BBI-
opan 10% Fe,0O3+5% MoO.

KaioueBbie ciioBa: ruiporeHu3aiys, yroib, KeHaepibik, KaTanu3aTtop, MarHUTHbIE
JKUJKOCTH, MarHeTHU3M, aKTHBHas (as3a, BBIXOJ >KUAKHX TPOJYKTOB, YIIICBOAOPOJHBIH
COCTaB.
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VK 541.6+678.021.16

M. 5. YMEP34AKOBA, B. J]. KPABIJOBA, P. 5. CAPUEBA

AO «HuctutyT xumuuecknx Hayk uM. A.b. BekrypoBa», Anmartsl, Pecrybnmka Kazaxcran

TEPMHUYECKHUE CBOVMCTBA TPOMHON KOMIIO3UIINU
HA OCHOBE AJIMIIUKJIMYECKOT' O MOJIUMMHAJIA
C NOJIMMEPHBIMHU JIOBABKAMHU

Annoranus. Metogamu TI'A u JICK ananmza ObUTH OTIpesieNieHbl OCHOBHEIE (DH3H-
KO-XHMHUYECKHE CBOWCTBA HOBBIX TPOHHBIX KOMITO3WIHN HAa OCHOBE AUIHKINIECKOTO
NOJHMMHUA C A00aBKaMH IMOJUAKPUIAMHUAA W TOIMITHICHIIIMKOMS. Y CTaHOBICHO, YTO
HpI/I OIITUMAJIBHBIX COOTHOIIICHHUIAX HHaCTI/I(l)I/IHI/Ipy}OH_H/IX IIO68.BOK B INOJIMUMUIC l'IpOf{B-
JIIETCSL XOPOIliass COBMECTUMOCTh KOMIIOHEHTOB cMecd. [Ipu 3ToMm Habmromaercs yiyd-
[ICHAE TEPMHYCCKUX M YBEIUYCHHE MPOYHOCTHBIX CBOICTB, a DJIACTHYHOCTH KOMIIO3HU-
IIMOHHOTO MaTepHaja He YXYAIIAcTCs.

KiroueBble cJI0Ba: aTUIMKINYCCKUHN TOJIMUMHUI, TIOJTAAKPIIIAMHE]T, TTOJTUITUICHTTU-
KoJb, Tepmuueckue ceoictBa, TT'A u ICK ananus.

OnmHUM W3 TEPCHEKTUBHBIX HANpaBICHUH B XUMHHU IIOJIMMEPOB SIBISIETCS
pa3paboTKa CMECEeBBIX KOMIIO3WIIMH Ha OCHOBE TEPMOILIACTOB IS TOJTYUYCHHS
HOBBIX KOHCTPYKIIMOHHBIX ITOJMMEPHBIX MaTE€pPHAaJIOB, MCIOJIB3YEMBIX B MaIlIH-
HOCTPOCHUH, CEIbCKOM XO3SIMCTBE, NHIIEBOH INPOMBIIIJICHHOCTH, HpUOOpO-
CTPOCHHH, IIEKTPOTEXHHUKH, dIEKTPOHUKN U Apyrux orpacisx [1, 2]. Jna xoH-
CTPYKUMOHHBIX MAaTE€pPHaJIOB TaKXe LIIMPOKO MPHUMEHSIOTCS pa3U4HbIe Tep-
MocTolikue monuumuasl. B nHauane 90-x romoB B CILA (NASA) paspaboranbl
MOJIMMMUAHBIE KOMIIO3UTHI AJIsl THIIEP3BYKOBBIX aBHALMOHHBIX KOHCTPYKLHMH.
Jist TOW TEeNMW WCTOIh30BaHBI YAaCTHYHO KPUCTAUITMYECKHE TOMUUMUIBI [3].
[To3uTHBHBIMU CBOICTBaMM, KOTOpBIE MO3BOJISIIOT NPUMEHEHHE MOJIMMMHIOB B
Ka4ecTBE OCHOBBI MJIM TaK HA3bIBAEMOW MATPHLBI C LENBIO MONyYCHHS KOMIIO-
3WIMOHHBIX MaTePHUajoB, SIBISETCS TO, YTO KPOME PaCTBOPUMOCTH OHH 00JIa/atoT
CIOCOOHOCTBIO K TEYEHHUIO WIM OOpa3oBaHUIO pacilaBa IPH TeMIepaTrypax,
MIPEBBIIAIONINX TEMIIEPATYPY PasMATUEHUS TOJIUMEPA.

B naboparopum cunTe3a u pusznko-xumun mommmepoB AO UXH um. A.b.
BexTypoBa BemyTcsi cucTeMaTHMYECKHE HMCCIEIOBaHMS MO0 CO3JaHMIO MOJUUMUI-
HBIX CMECeH C pEeryJupyeMbIMH MEXaHWYECKMMHM W JUIIEKTPUYECKHMHU CBOM-
ctBamu [4, 5]. Hamu pa3zpaboTaHpl MOJUMEpPHBIEC TJIEHKH W3 TPOWHBIX KOMIIO-
3UNWANA Ha OCHOBE AJHMIHKINYECKOTO TMOJUIMH/IA C J0OABKaMU MOJIHAKPHUIaMHIA
U TONMITHICHINIHKONA. B HacTosmedl paboTe NpHBEICHBI pPE3yJbTaThl II0
N3YYEHHIO X TEPMHUECKUX U MEXaHHUECKHX CBOICTB.

OKCITEPUMEHTAIJIBHAA YACTD

Homuumun (IIM) cuHTE3MpOBaNM OJHOCTAAMWHON TIONHMKOHACHCAITUEH
TUAHTHIPUAA TPHUIMKIOACIICHTETPaKapOOHOBOH KHUCIOTHI C 4,4'-mMaMuHOIH-
¢dennnoBeiM 3pupoM B N-metun-2-nuppoiunone (40 mac.%) B TpPUCYTCTBUHU
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nupuanHa (6 Mac.%) B KadecTBE KaTaM3aTopa, MPOIECC MPOBOIWIH MIPHU MOCTE-
eHHoM nojabeme TemnepaTtypsl oT 80—90 no 140 °C B Teuenue S u.

Hommytunenrnukons (11217 monexynsproit maccet (MM) 2000 u momnu-
akpunamua (ITAA) MM = 210000 ¢wupmsr Aldrich (CILA) mapku «X.9.»
HCTIONB30BAIN 0€3 IOMOIHUTEIBHON OUNCTKH.

Tpoitasle kommno3unuu Ha ocHoBe [IM momyuamm cnemyrommmM oOpazoMm:
MIpeBapUTEIbHO TOTOBIIIM TOMOTeHHBIe pacTBOpbl ITAA+IIOI u3 1% pac-
tBopa [13I" B MII ¢ mobGaBkamu pa3nuyuHBIX KoiudecTB cyxoro [TAA, uro0Osl ux
COOTHOIIICHHE B MOJYYEHHOM pacTtBope coctaBisuio 1:1,0; 1:1,4; 1:2,0; 1:2,5 u
1:3,0 mac.%. 3arem ero mepememmBanmu B TeueHne 1 1 mpu 50 °C m oOpa-
30BaBIINECS CMECH B OIPENEICHHBIX Iponopuusx godasnsiau B 30 % pacTBopsl
MOJIMMMKU/IA, YTOOBI yKa3aHHBIE COOTHOIIEHHS J00aBOK COXpaHHTh B TPOWHOU
KOMITO3UIIMH C NOJMMMHUIHONW MaTpULEH, U Aajee MepeMeIInBaiy B TeueHue 1 4
pu 50 °C.

KommosunuonHeie TMJICHKH (QOPMUPOBAIM METOJOM IIOJIMBA PACTBOPOB
MOJIMMMHUIa U KOMIIO3UIIMH Ha €ro OCHOBE Ha CTEKJISHHBbIE MOBepxHOCTH. C
LENbI0 yNIAJeHUSI PACTBOPHUTENS IUIEHKH NPEABAPUTENFHO BBICYIINBAIHM HArpe-
BaHHEM B CymImibHOM Mikady mnpu temmeparype 90 °C B teuenue 0,3 4, 3artem
MPOBOJMIN JIOTOJIHUTEIbHYIO TEPMOOOPAaOOTKY MpH CTYNEHYaTOM MOIbeMe
temreparypsl ot 140 mo 225 °C Ha Bo3ayxe B TeueHue 1,5 u.

Tepmuueckue cBOMCTBA HOJIMUMHUIHBIX ¥ KOMIO3HOHHBIX TJICHOK HA OCHOBE
MTOJIMUMU/Ia UCCIIE0BaHBI METOIaMH TepMorpaBuMeTprdeckoro aHammza (TT'A) n
muddepermanbHoi ckanupytoniei kanopumetpun (JICK) Ha mpubope «Metter
Toledo» TGA/SDTA 851° u FP85 TA Cell npu mocTosiHHOW CKOPOCTH Harpesa
4n 8 °C/Mum.

Mexanuyeckne CBOMCTBA IUIEHOK — NPOYHOCTh HA pasphiB (0,,) U OTHOCH-
TenpHOe yumuaenne ([), wis 06pasnos pasmepoM 10x10 mm”, TommmHoi 0,45—
0,55 mxM, n3yuanu Ha pa3psiBHOM Mamae Com-Tem Testing Equipment (USA).

PE3VJIbTATBI U X OBCYXXJAEHHNE

Pa3paboTka HOBBIX KOMITO3UTOB BBEJICHUEM B MOJMMEPHYIO MaTPHILy MOJIH-
(UIMPYIOIIET0 KOMIIOHEHTa, CIIOCOOCTBYIOLIETO M3MEHEHHIO (DHU3MKO-XHMMUYec-
KHX XapakTepUCTHK TOJIMMEPHOW OCHOBBI B ONpEAENCHHO 3aJaHHBIX HaIpaB-
JICHUSIX, YJIyYIICHUIO TEPMHYECKHX CBOMCTB MaTpUIBl M JIp., HA MPOTSHKCHHU
MOCJIEIHUN JECATUIIETHIH OCTAaeTCsl OJHUM M3 aKTyaJlbHBIX Oo0OJlacTeidl mccieno-
BaHWH B MaTtepuanoBeaeHud [1, 6, 7]. [Ipu Momudukanuu moruMepoB pasziud-
HbIMH 100aBKaMH JIPYTHX BBICOKOMOJIEKYJISIPHBIX COEAMHEHWH BO3MOXKHA KO-
PEKTHPOBKA B 3aBUCHMOCTH OT KOJIMYECTBA MOAMU(PUKATOPA TAKMX CBOHCTB KOH-
CTPYKLIHMOHHBIX TEPMOIIJIACTOB, KaK yJapHasl TEIUIOCTOMKOCTh, XEMOCTOWKOCTh U
CTaOMIIBHOCTH pa3MepOB, TEXHOJIOTHIHOCTH U Ap. [8]. Microns30BaHme B KauecTBe
MOJIU(PHUKATOPOB HEOOIBIINX KOJINYECTB OBEPXHOCTHO- AKTUBHBIX M MOIU(YHK-
LUUOHAIBHBIX MTOJIMMEPOB MPUBOAUT K MIPOSBICHUIO B KOMIIO3UIIMU UX TIaCTH(H-
LUPYIOIIETO AEHCTBHSI, B YACTHOCTH M3MEHEHHUIO 3JIaCTUYHBIX cBOMCTB. K umciy
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BOKHEHITNX TUIACTH(QHUKATOPOB OTHOCATCS 3(QUPH apOMAaTHYECKUX W ajaudarh-
YECKUX KapOOHOBBIX KHUCIIOT, 3(PHUPBI TIUKOJEH M MOHOKApOOHOBBIX KHCIIOT,
nomuamunbl U gap. [9]. Hapsgy c¢ pacmmpeHueM accOpTUMEHTa M MOBBIIICHUS
KauecTBa M3ACIUNA U3 MOJUMEPHBIX MAaTepUajoB ILENbI0 HCCIeqoBaTeNeH
SIBIIIETCS CTPEMJICHUE K YITYUIICHUIO TIOTPEOUTETHLCKUX CBOMCTB. B 3aBucuMocCTH
OT HA3HAUYCHUS W YCJIOBHHA DKCIUIyaTallud TOJUMEPHBIC MAaTEPHAIbI JOJKHBI
OTBEYaTh MPEABIBIIEMBIM K HUM TpeOOBaHUIM, HAIPHUMEpP, MO0 MEXaHHYECKUM
(IPOYHOCTH M DTACTUIHOCTH) M TEPMUICCKAM CBOHCTBAM.

Hamu panee mpoBezicHbI pa0OThI 1O MOJYUYEHHIO JBOWHBIX KOMIIO3HMIIUN Ha
OCHOBE aJTUITUKIMYECKOTO MOJIMUMUIA, TOTU(PYHKIMOHAIBHBIX moinuMepoB [19T°
u ITAA, nposBistonue xopouryto copmectumocts ¢ TN [10, 11]. Ilnenku Ha ux
OCHOBE O0JIaJIaf0T yJIYYIICHHBIMU TEPMUYECKUMHU CBOWCTBAMH IO CPABHEHHIO C
ucxogueiM [IM. IloaToMy mpencTaBisuio MHTEPEC NOJYyYEHHUE TPOMHOM KOMIIO-
3UIMU Ha OCHOBE anuuukinyeckoro I u nByX AaHHBIX MONMMEPOB, UMEIOLIUX
pasIUIHYI0 (QYHKIIMOHATEHOCTh M OTHOCSAIIUXCS K HEHMOHOTCHHBIM IIOBEpX-
HOCTHO-aKTHBHBIM BEIIECTBAM, IIPH UX OJTHOBPEMEHHOM MPUCYTCTBUH.

Ha nganHOM 3Tare ucclieZjoBaHbl OCHOBHBIC (PU3WKO-MEXaHHUYECKUE U Tep-
MHUYECKHE CBOMCTBA IMOJIYUYEHHBIX IJIEHOK HA OCHOBE TPOMHBIX KOMITO3UIIUH W3
111, ITAA u I1IOT".

Ha pucynke 1 mpuenensl kpuBbie TI'A, oTpakaromue TEpPMOIECTPYKIIHIO
KOMITO3HUIIMOHHBLIX TUJICHOK Ha OCHOBE IToJumuMHIa. M3BecTHO, 9TO HadajioM
Pa3IoKEHUSI TIOTUUMHUIHBIX MATCPHAIIOB SBIISICTCS MECTPYKIINSI UMUIHBIX ITUKIOB
[13, 14]. TepmomecTpyKuusl MOIUUMHUAHBIX LUKIOB MPOUCXOAUT B Mpeaesax
370400 °C. Jlus ucxoxsoro 11U Ha kpuBoit TI'A 3ToT ckauok HabmIOAAaETCS MPH
380 °C, 4TO COOTBETCTBYET Hayaly €ro pasnoxeHus. J[obaBaeHHe B MOJMUMULL
1,4 mac.% ITAA u paznumunoe konmaectBo [191° (ot 1 1o 3 mac.%) cnBuraet 3TOT
CKauOK TeMIIepaTypy Havana pasnoxenus ot 416 no 400 °C B 3aBUCHMOCTH OT
koumeHTparuu [ 131" cooTBeTCTBEHHO.

TG i DTG fgin )y
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Temperatne T

Pucynok 1 — TepmorpaBuMeTprudeckuii aHaJIn3 KOMIO3UIIMOHHOHN MIIEHKU
Ha ocHoBe [T1+1,4mac.%ITAA+1mac.%IIOI (TT'A). KpuBas m3MeHeHus: Macchl 00pasna
OT TeMIIepaTypsl (—), IepHBaTHBHAsK TEPMOTPaBUMETpHUECcKast quarpamma (---)
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Ha tepMorpaBuMeTpr4ecKoil KpUBOii, Ha HayabHOM ydactke g0 100 °C, rae
HW3MEHEHUE Beca HE3HAUYUTEIbHO, MPOUCXOAUT BBIACICHUE M3 00paslia OCTaTKOB
BOzIbl. BTOpoii yuacTok co ckaukom Ha kpuBoii TI'A B o6nactu ceime 200° 10
300 °C [11] COOTBETCTBYET BBIIECIEHHIO OCTATKOB PACTBOPHUTENS M BOJIBI,
BBIIETISIIOIIEHCS TP LIUKIM3AllMY OCTABIINXCS aMHIOKHCIOTHBIX IPYII, a TAKXKe
¢parmenToB TIAA. [anmpHeiimee BO3IEHCTBHE TeMIepaTypsl Ha oOpaser o
350 °C COOTBETCTBYET, MO-BHAMMOMY, DPa3JIOKEHHMIO arperaTHBHBIX CTPYKTYD
[19T, a mocnexyronMii MoAbEM TeMIlepaTypsl MPUBOAWUT K paclagy MMHIHOTO
OUKIa ¢ o0pa3oBaHHWEM MaJeMMUAHBIE (parMeHTOB M OeHzona. XOTs Bech
mporiecc UMeeT OoJiee CIIOKHBINA XapakTep, KOTOPBIA MPH TeMIiepaTypax Oosee
500 °C cBsizaH ¢ peKOMOMHANMEN paJUKaioB, OOYCIOBJIEHHBIX YdYacTHEM
I(QEHWIOKCHIHOTO 3B€HA B PaJMKANbHBIX MPOLECCax M PachajoM INapHUPHOU
CBA3U B apOMaTHYeCKOil KoMnoHeHTe [14].

W3BecTHO, 9TO B MPOAYKTaX pa3lIOKEHUS MPHUCYTCTBYIOT MaJeHMHUHbIE,
CYKIMHUMUJHbIE (parMeHThl, a TakKe MNPOAYKTHI, CBSI3aHHBIE C TEPMOIH30M
apomartuueckoro (parmenra. IlosTomy mpouecc pasnoKeHHs aTHLUKINIECKOTO
MTOJIMUMU/Ia MOKHO pacCMaTpUBaTh Kak MPOIECC TEPMIUECKOTO Pachaia CIIMTHIX
NOJIMOMCMANIEUMHJIOB, OJHOBPEMEHHO C TPOLECCOM pachaia aJuIuKInYecKOn
COCTaBJISIONIEH U MIMHHOTO LIUKJIA.

Ilo mmarpamMmaM H3MEHEHHS TEMJIOEMKOCTH O0pa3loB OT TEMIIEPaTyphl
(pucyHok 2, 3) ompezaeneHsl Temneparypbl crekinoBanus (T,), momydeHHBIX
KOMITO3UIIMOHHBIX IUJICHOK Ha OCHOBE TpoMHBIX Kommosuuuii [TU+TIAA+ISOT
Pa3IMYHOro COCTAaBA.

Kax BuaHO M3 pucyHKa 2, TulaBHBIA XapakTep (06e3 CKadkoB) auarpammbl
WM3MEHEHUS TEIIOEMKOCTH OT TeMIIepaTypbl COOTBETCTBYET €INHON TeMIeparype
crexnoBanus (T,=315) U cBHIETENBCTBYET O COBMECTHMOCTH KOMIIOHEHTOB B
KOMMO3UIMOHHON cMmecH mpu cooTHomeHuu [11+1,4mac.%IIAA+1mac.% 1190
[15]. IIpu yBenmuuenun coxepxanust [191 ot 2 no 3 mac.% B KOMITO3UIIMOHHOM
cmecu IIH+1,4mac.%ITAA nuarpamMma TEIUIOEMKOCTH MPONMCHIBAETCA C ABYMS

me

20

am
rampmialun 1T

Pucynok 2 — I3MeHeHHe TemI0eMKOCTH KOMITO3UIIHOHHO TUIEHKH HAa OCHOBE
M1+ 1,4 mac.%ITA A+1mac.%II9I ot Temmepatypsl
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Pucynok 3 — I3MeHeHHe TeI0eMKOCTH KOMITO3ULIMOHHOH IIEHKU
Ha ocHoBe [11+1,4 TTAA+2mac.% 13T ot TemmepaTypst

MOJIOTUMH CKayKaMu B obyiactu temieparyp ot 85 mo 150 u ot 170 g0 230 °C, u
OoJice pe3KuM CKadkoM rpu Temneparype 365-375 °C (pucynok 3). ITosoruii B
M3MEHEHUS] TEIUIOEMKOCTH OT TeMIepaTyphl CBUAETEIbCTBYET 00 aMOp(HBIX
y9acTKaX B KOMITO3WIIMOHHBIX IUICHKaX C JBYMS CKaYKaMH TETUIOEMKOCTH,
COOTBETCTBYIOIIMMH JIBYyM TEMIlepaTypaM cTekjaoBaHusi (pucyHok 3). Peskuit
CKa4yoOK Ha JHarpaMMe TEIUIOEMKOCTH OTHOCHTCS K Temrieparype raBienus (T,,)
¥ TOBOPHUT O HAIMYNN KPUCTALTUNICCKAX YIACTKOB B KOMITO3UITMOHHBIX TUICHKAX.

Ha ocHOBaHMM JaHHBIX TEPMOIPAaBUMETPUYCCKOrO aHaiu3a ObLIM OIpeje-
JICHBl OCHOBHBIC TEPMHUUYECKHE U MEXAHMUYECKHE XAPaKTEPUCTUKH HUCCICAYEMBIX
KOMITO3UIIMOHHBIX TUICHOK (Tabmmma). Kak BUAHO, TONBKO ISl OJHOTO COOTHO-
menust [IHU+1,4mac. %IIAA+1mac. %I nposBnsercs eauHas TeMmIeparypa
crexnoBanusi T,=315°C, a Takxe HaONMIOJAIOTCS MaKCHMAlbHBIC 3HAYCHHS KaK
tepmudeckux (T, ,=416 °C), Tak M MEXaHMYECKUX CBOWCTB KOMIIO3HIIMOHHOTO

TepMuyeckue 1 MeXaHUYECKHE CBOWCTBA KOMITO3UIIMOHHBIX IJIeHOK Ha ocHoBe [1U, I[TAA u 100

Inenxa Ty, Trn, °C Typ C Ops.» MIIa 1, %
IIN+1,4 mac.%ITAA+1mac.% I1OT T,=315 416 166 25
Ty=114
IM1+1,4 mac.%ITAA+2 mac.% IO Ty=205 410 155 23
T,,=369
Ty=115
TTU+1,4 mac.% ITAA+2,5 mac.% I12I Ty=207 408 149 20
T=375
Tglzl 15
IIN+1,4 mac.%ITAA+3 mac.% IIOT Ty=203 400 144 20
T,.=373
Ucxoauerii [T1 T~114 380 71 30
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Mmarepuana (6,=166 MIla n 1=25 %). D10 XOpomo coBmagaeT ¢ JaHHBIMH
UK- cniekTpockonuu, Ha OCHOBaHHH KOTOPBIX BBISBJICHO, YTO TOJBKO JJISl OII-
tuMajbHOro coorHomenus ITM+1,4mac.%ITAA+1mac.%II3I umeer mecto co-
BMECTHMOCTh B MaTepuaie, oOyciioBieHHas H-kommuiekcoobpazoBanmem [13].
IIpu yBenmuenum conepxkanust 1190 B TpoitHoi komnozuumu [TU+HITAA+IOT
MTOJIMATHIICHTJIIMKOJb TIPOSIBIIIET TIOBEPXHOCTHYIO aKTHBHOCTh K MOJHMHMHUTHON
MaTpuIle ¢ O0pa3oBaHUEM arperaTMBHBIX CTPyKTyp [17,18]. OTO TmpHBOIUT K
pacCIOCHUI0 KOMITO3WIIMOHHOM TIJICHKH, B pPE3yJbTaTe YE€ro, B IUIEHKAaX IOSB-
JSIOTCS KaKk aMop(HbIe, TaK M KPUCTALTUYECKHE YYaCTKH, XapaKTepHbIC s
ncxonubeix [TAA u I191 coorBercTBeHHO [19].

Takum 00pa3om, MoKa3aHo, 4To yiyumieHHble Ha 36 “C TepMUYeCcKHue U B
2,4 pa3a MPOYHOCTHBIC CBOMCTBA TPOMHBIX KOMITO3UIIMI HA OCHOBE MOJUUMHUJIA C
IaCTUOUIUPYIONIMMHA ~ HAONIONAIOTCA TPH  ONTUMAIBHOM  COOTHOIICHHUU
BBOJIMMBIX KOMIIOHEHTOB, a uMeHHO [TAA=1,4 Mmac.% u I13I'=1mac.%, ipu xo-
TOPOM HMEET MECTO XOpOIIasi COBMECTHMOCTh KOMIIOHEHTOB CMECH, MPHU ITOM
AIACTUYHOCTH IIJICHKH HE yXyAIIaeTCs.
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Pesome
M. b. Omipzakosa, B. . Kpasyosa, P. b. Capuesa

AJIMIUKIIAI TTIOTMMMUATIH ITOJIMMEP KOCBIHABIJIAP HEI'T3IHAEI'T
YIITIK KOMITO3ULUAIIAPIbIH, TEPMUAJIBIK KACUETTEPI

[NonnakpunaMun NMEeH MOMMATHICH TIIMKONb KOCBHIHABUIAPHI Oap aJIWIMKIAI MOJH-
HUMHJT HET131H/IEeT YKaHa YIITIK KOMIO3HIUSIIAPAbIH 0acThl (PU3HKO-XUMHUSUIBIK KaCHETTEPI
Tr'A men JICK capanrtama snicrepiMen aHbIkTanpbl. [lonuumuareri muactiuduiupeyi
KOCBIH/IBLIAP/IBIH ONTUMAJIB/I KaTBIHACHI KEe31HIe KOCHa KOMIIOHCHTTEPIHIH )KaKChI Yiijie-
cimauniri GalKanaThIHIBIFBI KepceTinai. Ochl Ke3lle TEPMUSUIBIK KacHeTTEp)KaKcaphblIl,
OepiKTiK apTKaHMEH, KOMIO3UIHMSUIBIK MAaTEPHANIbIH HUITIIITIT ©3repMe/Ii.

Tyiiin ce3aep: aMIMKINI TOJIMUMHL, TTOJHAKPUIAMUJ, TOIUITUICHIIINKOIb, TEP-
musibIK Kacuertep, TT'A xone JICK capanrama.

Summary
M. B. Umerzakova, V. D. Kravtsova, R. B. Sarieva

THE THERMAL PROPERTIES OF TRIPLE COMPOSITIONS BASED
ON ALICYCLIC POLYIMIDE POLYMER ADDITIVES

The basic physical and chemical properties of new triple compositions based on
polycyclic polyimide with additives of polyacrylamide and polyethylene glycol were
determined by TGA and DSC analysis. It was found that for the optimal ratio of plastici-
zing additives in polyimide there is a good compatibility of the mixture components and
there is an improvement of 36°C thermal and 2.4 times increase in strength properties,
while the elasticity of the composite material as a whole does not deteriorate.

Key words: polycyclic polyimide, polyacrylamide, polyethylene glycol, thermal
properties, TGA and DSC analysis.
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VK 543.257.1

C. C. CATAEBA

3amagHo-KazaxcraHckuil arpapHO-TEXHUYECKUI YHUBEPCUTET UM. JKaHTHp XaHa,
VYpansck, Pecrry6mika Kasaxcran

HUCITIOJIb3OBAHHUE TI-2JEKTPOJA AJIAA OIIPEAEJEHUA
HNOHOB TAXKEJIBIX METAJIJIOB B IIVIACTOBBIX BOJJAX

AnHotanusi. IlpemioxkeHbl CrocoObl ANEKTPOXMMHUYECKOTO MOAU(DUIMPOBAHUS
TTOBEPXHOCTH IEKTpoJa U3 Metaimndeckoro Tutana (Ti). Hemonuduimposanusie 1 Mo-
mudupoBanHbIe Ti-37IEKTPOBI HCCIIEIOBAHBI B PACTBOPAX 3JIEKTPOIMTOB. OnpeeneHsl
UX 3JEKTPOAHAUTUTHIECKUE XaPAKTEPHCTHKH (KPYTH3HA MIEKTPOJHON QYHKIINHM, pabouuii
WHTEPBAJT, BPEMS OTKJIMKA, BOCIPOU3BOAMMOCTH). IlokazaHo, 4YTO MOAM(HUIPOBAHHBIC
Ti-anmexTpoap! 001a0af0T YITydIIEHHBIMA 3JEKTPOAHATNTHYECKUME XapaKTEPUCTUKAMH B
BapHaHTaX MPsIMOI MOTEHIIMOMETPHUHN U TIOTEHIIMOMETPHYECKOTO TUTPOBAHNS.

KaroueBbie c10Ba: NOTEHIIMOMETPUUECKOE TUTPOBAHUE, IIEKTPOXUMUIECKH MOJIM-
¢bunupoBanHbie Ti-311€KTPO/IbI, KATHOHBI MENU, IIMHKA, KaJIMHUSI.

B ycnoBusix pacTyuiero aHTPOIIOI€HHOTO IMpPecca Ha OKPYXAIOLIYI0 CPedy
MPOMCXOJUT TIOCTOSIHHOE paclIMpeHHue 4YHCIa 3arps3HUTENCH, IOJIeKalux
KOHTPOJTIO UX JJOMYCTUMOTO MPHUCYTCTBUS B BOZE, B TIOYBE U MPOJIYKTaX MATAHUSI.
VYcnoxkHeHne XMMHYECKOT0 aHaJIM3a 110 YUCIy KOHTPOJIHMPYEMBIX HOKazaTeneil u
WX MUHHMAQIBHO OIPENENIIEMbIM COJICPKAHHUSAM JIMKTYIOT HEOOXOJMMOCTh
MOUCKOB BCE 0osiee HalEKHBIX M I(P(PEKTUBHBIX CPEJICTB IS IKOJIOTO-aHAJIH-
THYECKOTO KOHTPOJII NPUPOIHBIX 00BEKTOB. OCOOCHHO PE3KO BO3pOCia POJIb
aHaJgM3a TEXHOJIOTHYECKUX M NPHUPOIHBIX OOBEKTOB B CBS3M C HapalldBaHHWEM
MPOM3BOJICTBA YTIIEBOJIOPOJHOTO ChIphsi B 3amamHoM Kazaxcrane (MecTOPOX-
nenusi Kapawaranak, TeHrH3ckoe, CTPOMTENBCTBO HedTenepepadaThBaloIero
3aBojla B ATBIpayCKOW 00JIaCTH | Ap.).

Jnst pemieHWss 3TUX BOMPOCOB CYNICCTBEHHYIO POJb WIPAIOT JIEKTPO-
XUMHUYecKne Metoab! aHanmm3a (OMA), KOTOpble OCHOBAaHBI Ha HCCIEJOBAHUU
MPOIIECCOB, MPOTEKAIOIINX Ha MOBEPXHOCTH 3iekTpona. Cpemn DMA, moreH-
MUOMETPHS — OJIMH M3 HauboJiee JOCTYIHBIX, YYBCTBUTEIBHBIX H JIETKO aBTOMa-
TU3UPYEMBIX METOAOB XMMHUYECKOTO aHalu3a. JJOCTOMHCTBAMHU MOTEHIIMOMETPHU
SBIISIIOTCA: TPOCTOTA ammaparypHoro o¢QOpMIICHHS, SKCIPECCHOCTh, OoJjee
HU3KUH Tpenen OOHapy)KEHHs, BBICOKas TOYHOCTb PE3yJIbTaTOB aHauW3a M
YHHBEPCAIBHOCTh TI0 OTHOIICHUIO K ONpeAesieMbiM OOBEKTaM. 3HAYUTEIHHO
pacumpsiercss 00J71acTh NPAKTHYECKOTO MPUMEHEHHUS MOTCHIHUOMETPHUECKOTO
TUTPOBAHUSI IIPH UCTIOJIb30BAHUU HEBOJHBIX PACTBOPHUTEIECH.

Jlnst aHaJTMTUYECKUX Tesiel pa3paboTaHo U M3YYEHO OIPOMHOE KOJIUYECTBO
AJIEKTPOIOB PA3IMYHBIX THIIOB M Ha3HAUCHWH, 3TO HAIpaBJICHHE U B HacTOALICE
BpeMs HHTEHCHBHO Pa3BHBAETCSL.

Tak, B pabore [1] uccienoBaHa BO3MOKHOCTb NPUMEHEHUS! MOHCEJIEKTHB-
HOTO 3JIEKTPOJIa Ha OCHOBE 1,2-THOKCHAHTpaxXWHOHA JJIS MPSMBIX ONpeAeTIeHHH,
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OCHOBaHHBIX Ha pEaKIMy KOMIUIEKCOOOpa30BaHUSI B HEMPEPHIBHOM MPOTOYHOM
aHanuze. MeToauKa MO3BOJISET ONPEAEIATh ANIOMUHUN B MOTOKE C IPOU3BOAM-
TeNbHOCTBIO 10 180 mpo6/y mpu ynOBAETBOPUTENBHONH BOCIPOM3BOJMMOCTH U
npaBuUiIbHOCTH onpeneieHus (s, = 0,0084).

He menee untepecHa pabota [2], rae n3y4eH OapuilCeNeKTUBHBIA DIIEKTPO.T
IUIS1 IOTEHLIMOMETPUYECKOTO ONpPENENICHHUs CEPbl B OPTaHUYECKUX COEIUHEHUSX.
Pazpaborana Mmeroanka oIpenencHHs Cepbl B OPraHUYECKHX COCIUHEHUSX,
coIepKalliX rerepodsieMeHTsl. Cepocopepikaliue COeIWHEHUs! ObUIM OTTHTPO-
BaHbl pacTBopoM Ba(NO;); B BOIHO-alleTOHOBOM Cpezae, IpU 3TOM OTHOCHTEIb-
Has IOTPENIHOCTh onpeneneHus <3%.

CuHTE3UpOBaHBl M HM3YYCHBI KaIMHICEICKTUBHBIE 3JEKTPOIBI Ha OCHOBE
HUOOaToB cTpoHUMs-Kagmus [3]. OmpenencHbl OCHOBHBIE 3JIEKTPOXUMHUYECKHE
XapaKTepUCTUKU: O0JIaCTh JIMHEHHOCTH, KPYTH3HA 3JIEKTPOAHOM (QyHKIMH,
pabouas obmacts pH 1 BpeMst OTKIHMKA dIEKTPOJOB. M3yueHa nx CeneKTHBHOCTh
[0 OTHOUIEHWIO K HEKOTOPBIM JBYX3apsAHBIM HoHaM. [IpoBeneHO cpaBHEHHE
HOBBIX Ka/IMHHCEIIEKTHBHBIX JJIEKTPOJIOB C PaHEe M3YHYEHHBIMH DIIEKTPOJAMH Ha
ocaoBe HHo0aTtoB Cd)Nb,O; u CdNb,O4. DnekTpoji HCIIONIb30BaH B KauyecTBE
WHIWKAaTOPHOTO B BapUaHTaX MOTEHIIMOMETPUYECKOTO TUTPOBAHHUSL.

OnHuM W3 TEPCNEKTUBHBIX HANPABICHUH COBPEMEHHOW aHAJIMTHYECKON
XUMHH SIBISIETCS Pa3BUTHE MMOTEHIIMOMETPHYECKUX METOJOB aHallu3a C HCIIONb-
30BaHHEM MOAM(DUIMPOBAHHBIX XMMHUYECKUX CEHCOpOB. PazpaboTka Moandum-
POBaHHBIX CEHCOPOB, a TAKXKE M3YUYEHHE MX CBOMCTB IO3BOJISIOT BHECTH 3HAYH-
TENBHBIN BKJIAJ B MPAKTUKY 3JIEKTPOXMMHUYECKOTO aHanmn3a. B pe3ynbprare mene-
HaIpaBJIEeHHOTO BO3ACHCTBUS Ha IIOBEPXHOCTD AJIEKTPOJIOB IMMyTEM MEXaHUYECKOM,
XUMUYECKOH, 3JIEKTPOXUMHUUECKOH 00pabOTKH yJaeTcsi U3MEHSTh MX SJIEKTPOA-
HbIC CBOWCTBAa M YJIyYIIaTh 3JIEKTPOAHAIMTHUYECKUE XapaKTEPUCTHKU. BakHbIM
MPEUMYIIECTBOM MOAH(DUIMPOBAHUS MOBEPXHOCTH SBISCTCS NMPUHIUIHAIbHAS
BO3MOXHOCTb Ha 0a3e OJTHOTO 3JIEKTPOAA MOIyUUTh Psill MEMOpPaH ¢ ONTHMAIEHO
MOJOOPaHHBIMH CBOMCTBAMH, UYBCTBUTEJIBHBIX K Pa3JIWYHbIM BEILECTBaM, IS
pemreHnsi KOHKPETHBIX aHAIMTHYECKHUX 3afad. Moau(uuupoBaHrie MOBEPXHOCTH
3JIEKTPOJIa MPUBOAUT K CHIDKEHHUIO Tpejiena 0OHapy KeHHs, TOBBIIICHUIO CelleK-
TUBHOCTH OIIPEIENICHNS, YIPOLICHNIO aHaJIN3a, YMEHBIICHUIO BPEMEHH OTKIIMKA.

B Hacrosmeit pabore uccIeNOBaHBI ANEKTPOAHATUTHUYECKHE CBOMCTBA
TUTAHOBBIX 3JIEKTPOAOB B pacTBOpax MeJH, IWHKA, KaJMHUS M MOKa3aHa BO3MOX-
HOCTh WX MPHUMEHEHHUS NJs MOTEeHIMOMETPHUYECKOTO OIpENelIeHNs yKa3aHHBIX
HMOHOB B IJIACTOBBIX BOJaX, UTO SIBJSIETCS AKTyaJbHOW M NMPaKTHUYECKH BaKHOM
3a1a4CH.

Jis  M3TOTOBIEHHS JJEKTPOJIOB HWCIOJB30BAaH METAIUITMYECKUH THTaH
KBaJM(PUKALUN «OC.4.», U3 KOTOPOTO BBIPE3aJM JWUCKU TONIIMHOW 1 MM, Iua-
MeTpoM 6 MM. X moMeImanu B KOPITyC U3 HHEPTHOTO MOJMMEPHOTO MaTepHana, B
KayecTBE TOKOOTBOAA HCIIOJIb30BaHa MelHas MpoBojoka. HemocpenctBeHHO
mepes AKCIEPUMEHTOM ITOBEPXHOCTh AIJIEKTPOJOB, 3aUWIIAN OKCHIIOM allfo-
MUHHS, HAHECEHHOTO HAa MSTKYI0 TyOKy, M TIIATEIbHO MPOMBIBAJIH JUCTHILIH-
poBaHHOM BoAoOH. Hapsgy ¢ MeTalmMyecKMMH THTAaHOBBIMH 3JIEKTPOJaMU B

157



XUMWYECKHH )KYPHAJI KA3AXCTAHA

KadecTBe WHAMKATOPHOTO WCCIENOBaH paHee ONMHMCAHHBIA B JUTEpaType IJIaTH-
HOBBI 2nexTpon (PtCO) [4].

DJNEeKTPOAOM CpaBHEHUS CIIYKHII XJIOpHAcepeOpsHbIi nekTpog OBJI 1M3,
3aIl0JTHCHHBIA HACBIIIEHHBIM PACTBOPOM XJIOpHZAA Kaius. MonuduurpoBaHue
MTOBEPXHOCTH METAJUIMYECKINX THTAHOBBIX OJIIEKTPOJOB TPOBOAVIN METOIOM
anekTpoxumuueckoii oopadotku B 0,1M pactBope Na,S u B 5%-HOM pacTBope
H,SO,, Bpems o0OpaboTku BapbupoBaimn. MoauduIpoBaHUE BBIIOIHIIA B
pexume U = 20-25B, I = 0,05A, ¢ ucnonb3oBanueM Bepsmutenss BYII-2M.
[ToTeHumomeTprueckrue U3MepeHus MPOBOAMIN C TMOMOIIBI0 HOHOMEpa AHHOH-
4100 ¢ Tounoctrio 0,02 MB.

OObekTaMu HCCIENOBAaHUS CIYXKWIM HUTpPAThl MEOHW, LMHKA W KaaMUs;
(OHOBBIN 3JEKTPOIUT — HUTpAT Kajiusi. B KkaduecTBe TUTpaHTa HCIIOJIHL30BAIU
koMmIuiekcoH III.

IIpoBeneHO cpaBHEHHE 3IEKTPOAHAIUTHYECKUX XaPAKTEPUCTHK TUTAHOBOTO
Y TUIATHHOBOTO AJIEKTPONIOB. il M3ydeHHs BIUSHIS WOHHOM CHIIBI Ha 3HAYCHUS
MOTEHIIHANa ¥ KPYTU3HY SJEKTPOJHON (QyHKIMU ObUTHM W3MEPEHBI IMOTCHIIUAIBI
(OHOBBIX pacTBOPOB HMccieayeMbIX colieid. [IpuroroBieHne pacTBOpoB Ha QoHE
IM HuTpaTa Kajaus NO3BOJISIET IPOBOAUTH ONIPENEICHUE IPU MTOCTOSIHHOW HOHHOU
cuwie (I=1). Kpome Toro, skcriepuMeHTANBHO OKA3aHO, YTO MOTCHIIMA TUTAHO-
BOTO 3JIEKTPOAA NPAKTHUECKH HE 3aBUCHT OT KOHLEHTpAaUWU BBIOpaHHOTO (hoHa.
Ha pucynke 1 mpencraBieHbl 3JeKTpogHbIE (YHKIUH TUTAHOBOTO BJIEKTPOJa B
pacTBopax coJieil meu.

Kak BugHo u3 pucynka 1 (kpuBas 1), sjexrpogHas (yHKUUS THTAHOBOTO
3JIEKTPOa B PacTBOpax HOHOB MEAM JIMHEHHA B [Mama3oHe KOHLEHTpalui
1,0:.10°—1,0-10", mpu stom makmon k ocu pC cocrapmser 39+1 MB/pC, uro

E MB
300 -

200 4

100 4

0-— . T . T — pC. M
6 5 4 3 2 1

Pucynok 1 — 3aBucuMoCTH MOTEHIMANa TUTAHOBOTO (1) M MUIaTHHOBOTO (2) 3JEKTPOAOB
B pacTBopax HUTpaToB MeaH (1, 2). Don — 1M KNO;
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3HAYHUTENILHO BBIIIE, YeM JUIS TUIATHHOBOTO 3JEKTPOAA, JJsl KOTOPOTO YTIOBOH
kodpduument pasen 20+2 MmB/pC (pucynox 1, kpuBas 2). DneKTpoAHBIN
MOTEHIHAN JAOCTUTAET CTalMOHAPHOro 3HaueHus B TeueHue 30-40 c, pe3ynabTaThl
M3MEPEHUN JOCTATOYHO BOCTIPOU3BOIUMEI (£2MB/pC).

DnekTpoaHas (YHKIHMS THTAHOBOTO >JIEKTPOAa BhIomHsercs B 1-10° —
110" M pacTBopax HuTpaTa LHMHKA (PHCYHOK 2, KpHBas 1); yrioBoii ko3hu-
nueHT paBeH 25+2 MB/pC; Bpems otkimka cocrapiseT 30-40 ¢ (a1 mIaTHHOBOTO
anekTpoaa T = 1-1,5 mun).

E wB
600 A

400 4 % 4

200 - Fr_k__.___k__.,_,.z

-200 T T T T T T Ic. M
6 5 4 3 2 1

PucyHok 2 — 3aBHcHMOCTH NOTeHIMana TuTaHoBoro (1, 3) u miatuHoBOrO (2, 4) 31EKTPOAOB
B pacTBOpax HUTparToB IuHKa (1, 2) u kagmus (3, 4). Pox — 1M KNO;

B pactBOpax MOHOB KaaMus Ul THUTAHOBOTO 3JIEKTPOJA IMONy4eHa 3JeK-
TpoxHas (yHKIUMA B Auanasone kKoHuenTpamuii 1-10°-1-10"" Moms/n (pucyHox 2,
KpuBast 3), MpH 3TOM KpYTH3HA yIia HakJoHa coctaBisier 29+2 mB/pC, uto
COBIA/IaeT C TEOPETUYECKUM 3HAUCHUEM.

UyBCTBUTEIBHOCTh METANIMYECKOIO TUTAaHOBOTO JJIEKTpPOJa B pacTBOpax
CoJIed METaJVIOB MOXXHO OOBSICHUTh HPOTEKAaHHEM Ha IOBEPXHOCTU 3IIEKTPOJA
OKHUCITUTEIbHO-BOCCTAHOBUTENBHBIX PEAKINHA, MPUBOAIMNAX K 0Opa3oBaHUIO
MOBEPXHOCTHOTO CJIOSI U crieniudruieckoil copOiueii HOHOB OKUCIIUTENEH, T.€. Ha
MIOBEPXHOCTH 3JICKTPOJa, BEPOATHO, MIPOMCXOAUT BOCCTAHOBJICHUE COPOMPOBaH-
HBIX MOHOB JI0 METAITTMYECKOTO COCTOSHUSI.

OOHapy>KeHHBI OTKJIMK TUTAHOBOTO AJIEKTPOJa K HMOHAM MEIH, LIMHKA U
KaJMUs TO3BOJIMJI HCIIOJIB30BaTh €r0 B KAUECTBE WHAMKATOPHOIO JJIs MOTEH-
LUOMETPUYECKOTO THUTPOBAHHMS YKa3aHHBIX HOHOB PAacTBOPOM KOMIUIEKCOHA
III (BATA). Ha pucynke 3 mnpencTaBieHbl KpHBbIE MOTEHIIHOMETPHYECKOTO
TUTPOBaHMs PAaCTBOPOB COJIEH MeIH, IMHK M KaIMHs ¢ HEMOIU(PHUIUPOBAaHHBIMU
1 MOAU(UIIMPOBAHHBIMHU TUTAHOBBIMHU 3JICKTPOJAMH.

159



XUMWYECKHH )KYPHAJI KA3AXCTAHA

E.uB

50 MB j

L.

Lh

| k-l \2 3 L4

1 mn

Pucynok 3 — Kpussie TuTpoBanus HUTpaToB: meau (1, 2), uuHka (3, 4), kaqmus (5, 6)
¢ HemoaudumpoBanHeMU (1, 3, 5) 1 ¢ MogupuEpoBaHHEIME (2, 4, 6) TATAHOBBIMH JIEKTPOIAMH;
tutpant J[TA

Bo Bcex ciydasix nposiBisieTcs o0Iasi 3aKOHOMEPHOCTD, 3aKJII0YAoNIasics B
TOM, YTO ¢ MOAM(DUIMPOBAHHBIM THTAHOBBIM JIIEKTPOJIOM CKa4OK MOTEHIIHAJIA
Bo3pacTaeT (pUCyHOK 3, KpuBble 2, 4, 6). Bpems ycTaHOBIEHHS CTAllMOHAPHOIO
noteHuana cocrasiser 8-10 c. B koneunoit touke tutpoBanus (KTT) paBHoBec-
HBIH MTOTEHITHAN yCTaHABIMBAETCS MIHOBEHHO.

Pe3ynbrarel npsAMoil MOTEHIMOMETPUU U MOTEHIIMOMETPUUYECKOTO THUTPO-
BaHMs JaJId BO3MOXXHOCTh NPUMEHEHUsS] TUTAHOBBIX 3JICKTPOJOB B KadeCTBE MH-
IUKATOPHBIX JJIST ONpeAeNieHusT MenW, IWHKAa W KaaMHUs B IUIACTOBBIX BOJax
METOJIOM IMTOTEHIIMOMETPUUYECKOTr0 TUTpOBaHUsA. B Tabmuie B KadecTBe NmpuMepa
MIpPEJICTaBJIEHbl PE3YJIbTaThl MOTEHIIMOMETPUUECKOTO OMNpEENICHNs] HOHOB MENH,
LMHKA ¥ KaaMUs B OJHOH U3 npoO ruractoBoi Boabl Kapauaranakckoro Hedre-
ra30KOHJICHCATHOTO MecTOopokaeHHs 3amanHo-Kazaxcranckoit obmactu. KoHT-
pOJIb MPaBWJIBHOCTU TOTEHIMOMETPUYECKOH METOJIMKH TPOBOAMIN METOJIOM
aTOMHO-a0COPOLMOHHOM criekTpockonuu. CpaBHEHUS PE3yJbTaToB ABYX Me-
TONIOB 1O F-KpHTEpHIO MOKa3a10 OTCYTCTBHE CHCTEMATHUECKOH MTOTPEITHOCTH.
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Pe3ysbrarsl OnpeaeseH s MeId, HHKA U KaJMHUs B TUIACTOBBIX BOJAX
Kapauaranakckoro HeTera3okoHICHCATHOTO MecTopokaeHus (n = 5; P = 0,95)

OnpeerseMbli ATOMHO-a6CcOpOIMOHHAs IoTennmomeTpudeckas
KOMIIOHEHT C =+, mr/n S, C+6, mr/n S,
cu** 0,13 +0,02 0,002 0,12 +0,03 0,004
Zn** 0,12+ 0,01 0,001 0,10+ 0,01 0,011
cd* 0,21 +0,03 0,004 0,19 +0,02 0,013

Metoauxka onpeneenusi. 50 cM poObI epeHocsT B (papdopoByIO YalIKy,
106aBysIOT 1 cM® KOHIIEHTPHPOBAHHOMN a30THOM KHCIIOTHI M YHAPHBAKOT PACTBOP
JI0 BIIQXKHBIX COJICH Ha DICKTPOILIMTKE CO CIAaObIM HArpeBOM, JJISI OTICICHUS
OpPTaHMYECKOH 4YacTh MpoObl. MuHepanu3alus CUYHTAETCsS 3aKOHUYCHHOW, €CIU
OCTaToOK ocBeTsmicsA. Eciam ocTaTOK ocTaeTcs TEMHBIH, KUCIOTHYIO 00paboTKy
TIOBTOPSIIOT JI0 €ro ocBeTieHus (3-5 pa3),3aTeM OXJIKAAOT 0 KOMHATHOH TeM-
nepatypsl, godassior 1 e’ IM HNOs u 5 M ponooro pactsopa KNO; Tmia-
TENBHO NEPEMELIMBAIOT U HEPEHOCAT B MEPHYIO KOJIOY BMECTHMOCTHIO 50 cm’.
JoBomaTr o0beM pacTBOpa 10 METKH (OHOBBIM pacTBOpPOM. B oTmenbHBIX
ANMKBOTHBIX YACTSX MPOBOMAT ompexeienne Zn> (pH 4,5), Cd*" (pH 5,0), Cu*"
(pH 6,0).

Takum 00pazoM, OKa3aHO MPUHIUIHAIBHAS BO3MOYKHOCTh MCIHOJIB30BAHHS
MeTammaeckoro Ti-aIekTpoa il TOTCHIIMOMETPHYECKOTO ONPEIEIICHISI HOHOB
Cu®", Zn*", Cd** B MOZIEIbHEIX PACTBOpPAX M ILIACTOBBIX BOJAX.
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Pe3iome
C. C. Camaesa

AT'BIH CYJIAPJATBI AYBIP METAJITAP NOHIOAPBIH AHBIKTAY A
Ti-OJIEKTPObIH KOJIJJTAHY

Metannet tutad (Ti) SMEKTPOATHIHBIH OCTIH ANEKTPOXMMHUSIIBIK TYPICHIIPYHiH
(Mommuumpneyain) Tocinnepi YCHHBUTFaH. MoanuupiIeHOereH xKoHe MOTUPHIIAPIICH-
red Ti-3JeKTpoATaphbl 3JACKTPOJIUT epiTiHmiIepinae 3eprrenred. OJapablH 3JICKTpOaHa-
JIUTUKAIBIK CHUIaTTaMalapbl aHBIKTAIFAaH (AJIEKTPOJ (PYHKIMSCHIHBIH TIKTIrl, KYMBIC
HHTEPBAJIbI, JkKayan Oepy YakKbIThl, iCKe KOChUIybl). Moaudwurmpnenren Ti-aiekrpoarap
Typa HOTECHIIMOMETPUS JKOHE MOTEHIIMOMETPIIIK TUTpJIEYy HYCKaJlapblH/Aa JKaKCapThUIFaH
INIEKTPOAHAMTUKAIIBIK CHIIaTTaMajlapFa e eKeHi KOpCeTIIreH.

Tyiiin ce3aep: MOTEHIMOMETPIIK THUTPICY, DICKTPOXUMUSIBIK SMICIEH MOIU(H-
nupiieHreH Ti-3JIeKTPOATaphl, MBIC, MBIPBIIL, KaIMHHA KATHOHAAPHL

Summary
S. S. Satayeva

THE USE OF TI-ELECTRODE FOR DETERMINATION
OF HEAVY METALS IONS IN PRODUCED WATER

Methods are proposed for electrochemical modification of the surface of an electrode
of metallic titanium (Ti). Unmodified and modified Ti-electrodes were studied in elec-
trolyte solutions. Their electroanalytical characteristics were determined (slope of the
electrode function, working interval, response time, reproducibility). It has been shown
that modified Ti electrodes have improved electroanalytical characteristics in direct
potentiometry and potentiometric titration.

Key words: potentiometric titration, electrochemically modified Ti-electrodes, cop-
per, zinc, cadmium cations.
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LASER IGNITION OF ENERGETIC MATERIALS BASED
ON CARBON CONTAINING METAL OXIDE PROPELLANT

Abstract. An experimental study to investigate the laser ignition using a diode laser
for carbon containing energetic compositions based on metal oxide propellant in order to
develop more liable and greener laser ignitors for directinitiation of the propellantwas
conducted. Samples of the propellant were ignited using a 974 nm near-infrared diode
laser. Laser beam parameters including laser energy, beam width and pulse width were
investigated to determine theireffects on the ignition performance in terms of delay time,
rise time and burn time of the propellant which wasarranged in several different confi-
gurations. The results have shown that the smaller beam widths, longer pulsewidths and
shorter laser energy resulted in shorter ignition delay times and overall burn times, howe-
ver, which increasing the amount of laser energy transferred to the material resulted in no
significantreduction in either delay time or overall burn time. The tested propellant well
responded to laser ignition, an expansion that supports continued research into the deve-
lopment of laser-based propellant ignitors.

Key words: laser ignition, ignition delay, combustion, energy materials, activated
carbon, metal oxide.

Introduction. In recent years efforts have been made to eliminate primary-
explosives from ignition mechanisms, primarily because of the associatedsafety
and environmental hazards. Historically, several accidentshave resulted from the
use of high explosive materials, which canbecome unpredictable if they are not
carefully stored and monitored.For example, high temperatures experienced
during storageareknownin affecting the energetic materials service life and, in
extreme cases, lead to potentially fatal occasions. Governments around the world
have introduced measures to discourage the use of heavy metals inignitors and
other explosive devices with the introduction of newlegislation, such as REACH.
This has meant that the search foralternative solutions has become not only
desirable, but necessary. Direct ignition of energetic materials using laser tech-
nology couldeliminate the problems associated with traditional ignitors, by
removingthe primary explosives and heavy metals [1-3].

Laser ignition offers several advantages over electrical ignitionmechanisms,
including immunity to electromagnetic interference, nometal component inser-
tion, the reliability and reproducibility inherentof laser systems and the ease with
which the optical fibers could beutilized to install multipoint initiation. It has
become an important andinteresting topic not only to researchers, but for manu-
facturers ofexplosive ignitors, due to the modern advancements in the develop-
mentof lasers which are more compact, more cost effective, and moreefficient in
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comparison to those lasers used during the first laserignition attempts in the
1960's [4-7]. Despite the extensive researchwhich has been carried out into the
laser ignition of energetic materialsincluding propellants [13—15], few laser-based
ignitors havebeen developed for real world use to date and the details of these
systems are not currently available in the open literature.

Many energetic materials that are typically used in low energy electro-
explosive devices (EED's) can be ignited whenheated by a laser of sufficient
power density. In the past decade, high-power solid-state laser diode technology
hasmatured to the point that it is a viable candidate for replacement of EED's in
applications where reliability and safety areconcerns [8]. Historically, the deve-
lopment of optical initiators has been based on off-the-shelf laser diodes and solid
state lasers. In order to reverse this trend and optimize the laser source speci-
fically for ignition of energetic materials, thefundamental process of ignition must
be better understood. In this work we analyze the thermal-radiative transport
inenergetic materials that are being heated by a laser beam, and investigate the
effects of material properties and laserbeam shape on the minimum energy
threshold for ignition.

Since the laser was first introduced as an ignitionsource for energetic mate-
rials numerous studiesinvolving laser ignition of both deflagrationand detonation
have been carried out and published. However, none or only a few studies have
been devoted to diode laser ignition of unconfined secondaryexplosives by means
of an optical fiber. Thereare at least two possible reasons for this apparently
weakinterest. The first possibility is that studies of the ignitionof confined explo-
sives are more useful when constructinglaser ignition systems. The second possi-
bility originatesfrom the earlier shown strong pressure dependence inthe threshold
ignition energy. The energy needed toignite a secondary explosive at atmospheric
pressure istherefore high [9-11].

Ignition by a laser beam is an external ignition methodwhich offers a number
of advantages when compared toother ignition methods. A non-exhaustive list
includes: high temporal and spatial precision and accuracy, minimalignition
delay, no need for premixing, simultaneousignition of multiple combustion cham-
bers via optical fibercoupling, an increased ignition probability for a widerrange
of mixture ratios and initial chamber conditions(from vacuum to high pressure),
as well as an electromagneticinterference (EMI) which is well below permissible
levels for space flight. Studies comparing laser and electric spark ignition forfuel
rich mixtures has shown that laser ignition ensures ahigher ignition probability for
lower pressures and this isindependent of the initial chamber pressure [12]. Laser
ignition can be performed in a number of differentways, by direct means, where
by the laser energy isabsorbed by the propellants directly upon impingementof the
laser beam, or indirectly, whereby the laser energyis transmitted from the laser
beam to the propellants viaanother medium, such as metal particles.

Due to the potential to increase both the safety and performance of initiation
systems, the use of laser radiation to initiate energetic materials remains a topic of
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interest.Once the fundamentaldetails of the interactions of laser energy and ener-
getic materials are understood, the laser source and delivery hardware can be
designed specifically for this purpose.

EXPERIMENTAL

Materials and Samples. Activated carbon was obtained in the Laboratory of
Functional Nanomaterials of the Institute of Combustion Problems (Almaty,
Kazakhstan). Mechanical treatment (15 min) of ammonium nitrate (purity 99%)
powder was carried out in a planetary mill. Ammonium nitrate was used as an
oxidizer in the condensed mixture with a diameter of 212-250 pm. Magnesium
(Mg) was used as a fuel, and its diameter was 200 um. The diameter of the metal
oxide particles was 30-40 um, and it acted as a catalyst. Nitrate cellulose was
used as a binder. The diameter and length of the compositions were 3 and 10 mm,
respectively.

Measurement of Laser Ignition Characteristics. The schematic diagram
illustrated in figure 1 shows the set up used for laser ignition of a sample. A fibre-
coupled laser diode operating at a wavelength of 974 nm was used as the igniting
source, a laser diode controller was used to set pulse width of 300 ms and laser
power (up to 40 W with ~6 mW resolution), and an external pulse generator (RS
Components 610—629) was used for triggering the laser. The laser beam output
was focused with a focusing lens (50 mm diameter and 50 mm focal length) onto the
surface of a sample material. The beam diameter incident on the lens was ~50 mm.
The spot sizes on sample surfaces varied from 0.7 to 3.5 mm in diame-ters (= 0.05 mm
error). A glass block was used for a strand propellant to sit on for ignition. For
laser initiation, 30 samples were prepared and burned in with each composite.

Figure 1 — Experimental set up for laser ignition: 1 — laser diode; 2 — attenuator split;
3 — energy meter; 4 — focusing lens; 5 — glass plate; 6 — sample; 7 — optic detector;
8 — sampling resistance; 9 — data analysis system
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Upon correct set up of the equipment, a sample holder containingthe pro-
pellant material was placed on a height adjustable stage belowthe focusing lens
and the sample surface was positioned at the laserfocus. Following exposure to
the laser beam, the sample material wouldbe heated up and ignited with sufficient
laser power. The ignition characteristics of the propellant were studied by exa-
mining changes in delay time, rise time and burn time across a range of beam
widths, laser powers and pulse durations.

(1)
(2)

) 200 400 600
Time-base (ms)

Figure 2 — Oscilloscope traces of (1) laser pulse and (2) the ignited flame with measures:
(A) delay time, (B) rise time and (C) burn time

Figure 2 shows graphically the delay time, rise time and burn time measure-
ment definitions. Delay time (A) is taken to be the time between the start of the
laser pulse and onset of deflagration of propellant, rise time (B) is taken to be the
time between deflagration onset and ignition and burn time (C) is taken to be the
time between onset and end of deflagration.

RESULTS AND DISCUSSION

Finding the ignition energy threshold of the propellant was importantas this
benchmarked the minimum energy requirements forsubsequent testing. In
eachcase, a «Go/No-Go» result was recorded for whether or not the ignitiontook
place. Table shows the results of the spent laser energy and ignition delay to
initiate for each composition.

According to the results, we can see that the energy spent on laser initiation
of the composition decreases (figure 3). As seen for the initiation of the basic
composition (AN/Mg) which does not contain activated carbon with metal oxide
was spent 25.97 Jof energy. And for the initiation of the composition AN/Mg/C-
CuOused 4.35 J of energy, almost four times less energy was spent.
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The results of the spent laser energy and ignition delay to initiate for each composition

Ne Compositions Ignition energy, J Ignition delay, ms
1 AN/Mg 25.97 902
2 AN/Mg/Carbon 9.31 810
3 AN/Mg/C-NiO 6.88 688
4 AN/Mg/C-CuO 435 506
* AN — ammonium nitrate.

26—- »
24—-
22—-
20—-
18—-
16—-
14—-
12—-

Ignition Energy, J

10 +

81 \
6 \

T T T T T T
1 2 3 4
Number of compositions

Figure 3 — Ignition energy Dependencies on the compositions

The thermal properties of the energetic material play an important part
in addition to the laser energy. This is due to the fact that the activated carbon
itself in the form of as a fuel contains a large amount of energy. Metal oxides
(CuO/NiO) can be the catalyst for our AN-based propellant system.Ignition by a
low-medium laser energy of continuous wave is a complicated process, which
includes transfer and dissipation of the heat generated by laser and also the
energetic material decomposition in a long-time scale.

The delay time is of particular interest as it can affect both system safety and
system response times. Figure 4 presents the dependencies of the ignition delay
time on the compositions. As shown, to initiate the compositions with a decrease
in energy expended, the delay of the ignition time was also reduced. Ignition
delay of basic AN/Mg composition was 902 msand for the AN/Mg/C/CuO com-
position reduced to 506 ms.It could be said that the composition with activated
carbon based on metal oxides reacts quickly to inflammation and is sensitive to
initiation.
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Figure 4 — Dependencies of the ignition delay time on the compositions

Conclusion. This study shows that laser ignition limit for the propellant de-
pends on laser energy and ignition delay and demonstrates that AN/Mg/C/MeO
propellant is a good candidate for laser ignition for several reasons. Firstly, the
propellant does not require the addition of any optical sensitizers in order to
achieve reliable and sustainable ignition, meaning that chemical properties are
retained. Secondly, the propellant burned sustainably at a laser energy of >4.35 J,
providing that ignition delay was 506 ms. The findings of this study support the
development of a laser-diode propellant ignitor based on direct ignition of the
propellant charge without the need for sensitive pyrotechnics or primary explo-
sives.
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Pesome
K. K. Enemecosa, 3. A. Mancypos, b. T. Jlecbaes, P. Illen

METAJI OKCUJ] HET'T3IHAEI'T
KOMIPTEKKYPAM/IbI DHEPT'ETUKAJIBIK KOMITO3NI W AJIBIK
IMMPOINIEJIJITAHTTBIH JTA3ZEPJIIK T¥ TAHVYBI

Tikeneil TyTaHyAbl THIMAI €Ty MakKcaTbIHJa METall OKCHIl Heri3iHieri KypambIHIa
KOMIpTEK 0ap dHEPreTHKAaIbIK KOMIO3UIMSIIBIK MPONEUIAaHTKa AUO/T JIa3epiH KOJIJaHy ap-
KbUIbI TOXKIPUOETIK 3epTTey Kypriziami. OTeIH yarinepine 974 HM-JIK *aKblH HH(PAKbI-
3bUT JAMOATHIH Ja3epi maiimananeuinel. Jlazepnik coyse mapamerpsiepi, COHbBIH IHIHIE
JIA3ePIIiK PHEPTHUs, COYJICCIHIH €HI OHE CEepIliH CHi, opTYpi KOH(HUTypaIusiaa opHagac-
KaH KilipTy YaKbIThIH KOTEPY MEH OTHIHHBIH JKaFy yaKbIThIHJA TYTaHy CHIIaTTamajiapblHa
9CepiH aHBIKTAY VIINIH 3€PTTENIi. AJBIHFAH HOTIOKEIEP OOWBIHIIA COYJICHIH KIIIPEK CHi,
UMITYJIbCTIH YJIKEH €Hi )KOHE KbICKa JIa3epJIiK SHEPTHUsIChI KbICKA TYTaHYIbIH KEILIIry yaKbl-
TBHIHA JKOHE TOJIBIK JKaHY yaKbITbIHA OKENeTIHIH KOPCEeTTi, aaiiia Jla3epiiK dHeprusHbIH
ke0erol TyTaHyJIbIH YaKbITHIH a3alTiaijibl. 3epTTEeNliHreH OTBIH Jla3epllik TYTaHyFa OH
acep eTTi )OHE OJ1 JIa3epIliK OThIH TYTATKBIIITAPBIH UTepy/Ie KYPTi3Lil KaTKaH 3epTTey-
JIEp/Ii KOJAaiabl.

Tyiiin ce3aep: na3epiik TyTaHy, TYTaHy KEUIiryi, )kaHy, SJHEPreTHKaJIbIK MaTepHa-
Jap, OeCeHaIpIIreH KOMip, MEeTaJllI OKCHII.
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Pesome
K. K. Enemecosa, 3. A. Mancypos, b. T. Jlecbaes, P. Illen

JIABEPHOE MTHUIITMNPOBAHUE .
YI'JIEPOACOJEPXAIIINX SHEPTETUYECKNX KOMITO3UINN
HA OCHOBE METAJIOKCUJHOT'O ITPOIIEJIJTAHTA

OKCIepUMEHTAIBHOE HCCIIeIoBaHNE OBIIO MPOBENCHO IS M3YYEHHS JIa3epPHOTO
BOCIUIAMEHEHHS C HCIIOJIB30BAaHUEM AMOIHOTO Ja3epa Ui YIIIEPOJCOACPKAIINX JHEp-
TETHYECKUX KOMITO3HMIMH Ha OCHOBE METAUIOKCHIHOTO MPOMENIaHTa C IENbI0 pas3pa-
60TKH Ooiee HAAEeKHBIX M OoJee 3€JEHBIX JIA3€pPHBIX BOCIUIAMEHHUTENEH IUIA MPSIMOTO
MHUAIMHMPOBaHus nponesianta. O0pasibl TOIUIMBA 38)KUTAINCh C HCMOJb30BaHueM 974
HM OJIMDKHEro MH(pPAKpacHOTo IMOIHOTO ja3epa. [lapamerpsl J1a3epHOro Jiy4a, BKIIOYAs
SHEPruIo Jla3epa, MUPHUHY Jyda U MIUPUHY UMITYJIbCca, OBUIM HMCCIIEIOBAHBI I ONpene-
JICHUS! MX BIIMSHUS HA XapaKTEPUCTHKH 3)KUTAHHS C TOYKU 3PEHHSI BPEMEHH 3aJep)KKH,
BpPEMEHH HapacTaHHs U BPEMEHU TOPEHHs TOIUIMBA, KOTOPOE OBUIO PacIiojioKEHO B He-
CKOJIBKMX DPa3ziIM4YHBIX KOH(uUTypaumsix. Pe3ynpraThl Mokaszanu, 4TO MEHbIIAs IIUPUHA
nyda, Oobliiasi DIMpHHA UMITyJIbca U OoJiee KOpOTKas SHEPTHs Jia3epa NPUBOAAT K Ooiee
KOPOTKHMM BpPEMEHaM 3aJICPKKH 3a)XKUT'aHUsl ¥ TTOJTHOMY BPEMEHM T'OPEHHs, OJJHAKO YBe-
JMYCHNE KOJWYECTBA JA3EPHOW DHEPrHHM, IEpPeaBacMoOil MaTepHaly, HE TPHBOAUT K
3HAUYNTEIHHOMY COKpAIIEHHIO BPEMEHHU 3aACpKKUIIIN 00Iee BpeMs 3amucH. VcmbITaH-
HBII MPOTIEIIAHT XOPOIIO PEarupoBaj Ha Ja3epHOE BOCIUNIAMEHEHNE, PACIIMPEHUE, KOTO-
poe MoJ/IePKUBAET MPOJIODKAIOIIMECS] MCCIIeIOBaHKs B pa3paboTKe JIa3epHBIX BOCILIA-
MEHUTEJIEH TOIINBA.

KaioueBble ciioBa: nazepHOe WHHIMMPOBAHME, 3a/IePXKKa 3aKUTaHHs, TOPEHHE,
SHEPreTHYecKUe MaTepualibl, aKTHBUPOBAHHBIN YTOJIb, OKCH METaIa.
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HNCCIEJOBAHUE MUKPOCTPYKTYPBI U
MUKPOMOP®OJIOI'MA
KOOPJINHAIIMOHHBIX COEJJUHEHU METAJLJIOB
C CEPOCOJEPKAIIUM ITPEKYPCOPOM
KAK BA3UC BbIBOPA OIITUMAJIBHBIX METOOB
CUHTE3A HOBBIX MATEPHUAJIOB

AnHotanusi. VccrnenoBanne MHKpPOCTPYKTYPHI U MHKPOMOP(]OJIOTHH KOMILIEKC-
HBIX Cyﬂb(bI/I)IHBIX COGIII/IHCHI/Iﬁ MCTaAJIJIOB Ha CeFOlIHfH.HHHﬁ JCHb UMCCT BAXKHOC NIPUKJIAI-
HOC 3HAYCHHUEC, B YaCTHOCTH, JIA INOHMCKAa MaTCpUaJIOB aJIbTCPHATUBHBIX HWCTOYHHUKOB
SHEPTHH.

[TpuBeneHbl CHUIMKH MHKPOCTPYKTYPBI 1 MUKPOMOP()OJIOTHH KOMIUIEKCHBIX COCIH-
HEHUH METaJUIOB C CEepPOCOJEPXKALIMM IIPEKypCOpOM, MOIYUYEHHBIX Ha PacTPOBOM 3JIEK-
TpoHHOM MHKpockore (POM). YcraHoBIeHO, UTO B MPOLECCE TEPMUUECKOTO PA3TIOKEHHS
MIPEKyPCOPCOJEPIKAINX KOMIUIEKCOB METAJUIOB MPOMUCXOIAT BEChMa pa3lIMuMMble M3Me-
HEHHSl B CTPYKTYpE MaTE€pHAIIOB OOpa3IoB MO CPaBHEHMIO C MEPBOHAYAIHHBIMHU COENH-
HEHWSIMH. B 4acTHOCTH, CHUMKH OTpakaroT JIAMHHAPHYIO MHKPOCTPYKTYpY (Ui cepo-
COZIEPIKAILEr0 KOMILIEKCa MEIH), CBOHCTBEHHYIO aMOP(HBIM TellaM, MaTPHYHYIO CTPYK-
Typy (I TepBOHAYANBHOTO MPEKYypPCOPCOAEpIKAMIEro cocTaBa KOMIUIEKca cepedpa),
XapaKTEPHYO IS MEHEE IUIOTHBIX COCAMHCHUN U T.1. MUKPOMOPGOJIOTHs B CTPYKType
00pa3ioB MO3BOJISET yTBEPXKAATh, YTO BHEIIHME (PU3MKO-XUMHUECKHE (HaKTOPHI OKa3bl-
BalOT BJIMSHKE Ha CTPYKTypoOOpa3oBaHUE MaTepUalioB M MX MOBEPXHOCTEH, YTO, B CBOIO
oyepelb, MPUBOJIUT K BO3HUKHOBEHHUIO M YIYUIICHUIO MX (HU3MKO-XMMHUYECKHX (B 4acT-
HOCTH, TIOJTyITPOBOJHUKOBBIX ) CBOHCTB.

KnioueBbie cii0Ba: TepMOIIN3, MUKPOCTPYKTYpa, MEKpOMOp(doIIorus, cepocoaepxa-
M IPEKypcop, PU3UKO-XUMHUUECKHE CBOICTBAIO

Beenenne. IIpornecc TepMUYECKOro pasiIoKeHHUs CEPOCOIEPHKALIUX KOMII-
JIEKCOB TECHO CBSA3aH C U3MEHEHUEM U MEepPECTPONKON NMOBEPXHOCTH BelecTBa. B
Ipolecce TEPMOJIN3a NPEHMYILIECTBEHHO MPOMCXOAAT MPOLECCH 00pa3oBaHUs
HOBBIX (ha3 ¢ COBEPUICHHO MHOW MOPQOIOTHEH, YeM NCXOIHBIE KOMILIEKCHI [ 1-4].
B cBsi3M ¢ 3TUM MONTyYeHBI pacTPOBBIC AIIEKTPOHHO-MUKPOCKOITMUECKHE H300pa-
xeHust (POM) ncxogHbeIx cepocoaepKalux KOMIIEKCOB B TBEPJOM COCTOSHUM U
MIPOJYKTOB UX TEPMOJIM3a HA CTaJNW ACCTPYKIHHA KOOPAMHUPOBAHHBIX MOJIEKYII
JAUrasja.

Crnenyer oTMeTHTh, YTO MeToa POM naer neHHy0 MHGOPMALHUIO O KOJHU-
YECTBEHHOM OIIEHKE IEPOXOBATOCTH IOBEPXHOCTH O0pAa3LOB C IOMOIIBIO CIIE-
UAJbHBIX MPOQUIOTPaMM, OCHOBaHHBIX Ha M3MEPEHUH TOKA OTPAXKCHHBIX JIIEK-
TpoHoB. Kpome 3Toro, POM mno3BossieT nzyuaTh BIusHUE (a30BBIX BBIACICHHUN
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Ha MEXaHW3MBI pa3pylieHUs 00pa3lloB, MCCIIEJ0BATh CBI3b MHKPOTONOTrpaduu
M3JIOMOB OOpPAa3IOB C MCXOJHOW CTPYKTYpPOW JIs BBISBIEHUS MECT IPEINOYTH-
TEJIFHOTO 3apOKACHUS HOBBIX (a3, M3ydaTb MoOp¢oJoruio (a3zoBBIX COCTaB-
JAIOMUX U UX 00beMHYI0 KOH(pUrypamuro. HakoHer, n3ydeHne MUKpOCTPYKTYPBI
MPOJIYKTOB TEPMOJIH3a MO3BOJISIET OIYYHTh JOTOJHUTEIbHYIO HH()OpMAIIHIO JUIs
OOBSCHEHHsI TOJYNPOBOJHUKOBBIX CBOWCTB 0O0pasyromuxcsi cyinbQuaoB u
OKCH/JIOB.

OKCITEPUMEHTAIJIBHAA YACTD

B pabote wucmonp30BamM KPUCTALTHYECKUAN 2,3-TUMEPKAITONPOIAHCYITh-
¢onar Hatpus oxHoBoaHbli C;H,;S;0;Na‘H,O mapku «x.4.», a Takke KpHC-
taumueckue conu MetaioB: CuSO,4-5H,0, Pb(CH;CO0), 2H,0, NiSO,4-7H,0,
AgNO; mapkm «x.4.». Bce BemecTBa HCIONB30BAUCH 0€3 IpenBapUTEIbHON
OYHCTKH.

CuHTE3 TBEpIbIX KOMIUIEKCHBIX COSAMHEHUH OCYIIECTBIAETCS Pa3IMIHBIMU
METOJIaMH, KOTOPbIE OOBIYHO MOJOMPAIOTCS U KaXKIOTO KOHKPETHOTO CITydasl.
CynbdoHOBasi Tpymmna CepocoepKaIIero COSTUHEHNs COOOMAET ero KOMILIEK-
caM C MeTaJJIJaMH XOpOIIYH) PAacCTBOPUMOCTH B BOJZIE, OIJHAKO METAIIIONPOU3-
BOJHBIE CEPOCONIEPKAIIETO COCTUHEHHS 3HAYUTEIBbHO XYK€ PacTBOPAIOTCA B
HEKOTOPBIX OPraHMYECKUX PACTBOPUTEINSAX, B YACTHOCTH B ITHIIOBOM CITHPTE.
Brigenenne KOMIDIEKCHBIX COEIWHEHUH OCYMIECTBIIIOCH MyTeM J00aBIICHUS
cnupTa K BOIHBIM pPAacTBOpaM KOMIUIEKCOB, IOJYYEHHBIX IIPH CMEIINBAaHUU
HCXOIHBIX KOMIIOHEHTOB.

[IpeanpuHATa MOMBITKA BBIICTUTH CEPOCOACPKALIUE KOMILIEKCHl METAIJIOB
10 aHAJIOTUYHOM MeToauke. [Ipu BEIOOpE COOTHOIIEHHUS HCXOJHBIX KOMIIOHEHTOB
PYKOBOJICTBOBAINCH JINTEPATypHBIMA JaHHBIMA O COCTaBe OOpa3yroImuXcs
KOMILIEKCOB [5, 6]. OnTuManbHbIC YCIOBHS BBIACICHUS KAXKIOTO M3 YKa3aHHBIX
KOMILJIEKCOB, METOJMKA CHUHTE3a MPUMEHHUTEIBHO K KAKIOMY CIy4yaro MPUBO-
JIAITCST HUKE.

Cepocopaepxanmuit kommuieke meau (II). 8,351 r cepocoaepxariero coemu-
nenusa C;H;S;0;3;Na-H,O mapku «x.4.» pactBopsuid B 30 MJI TUCTUILIMPOBAHHOM
Bozbl. 3ateM 5,485 r CuSO4-5H,0 pacTBopmim B HEOOIBIIOM KOJIMYECTBE BOJIBI,
pactBop cymbdara Meawm A00aBMIM K BOJHOMY pacTBOPY TIpEKypcopcomaep-
JKAIEro COCIUHEHMsI. PacTBOp MOAKUCINIM MPUOABICHUEM HECKOJIbKUX Karellb
2 H consnoit kucnotel 1o pH = 6, 3atem npunuBamu k 150 mn 96 % pacteopa
atunoBoro cuupra. Cpasy ke BhIIaaal 0CagoK TPSI3HO-3€JICHOTO IBETA, KOTOPBIM
OT(OUIBTPOBBIBATIM, TPOMBIBAIM ATAHOIOM, 3(QUPOM M CYLIWIM CHadaja IMpU
KOMHATHOHM TeMIepaType, a 3aTeM B cymmibHOM mikady mpu 80 °C mo mocTosH-
Holt Macchl. [lomydyeHHOE coeqUHEHHE PacTBOPSETCS B BOJE, HEPACTBOPUMO B
cnupre, OenHzone, ameroHe. [lpw HarpeBaHwm pasiaraercs, HE IUIABACH, NPHU
Temneparype oxono 140°°C.

Obmas cxema (GOpPMHPOBAHHS CEPOCOEPKAIIETO KOMILIEKCHOTO COEIUHE-
HUS MEIH C MOCICAYIONUM TEPMUYECKUM PA3IOKEHUEM U TOTYyUYCHHUEM YCTOMH-
YUBOTO BEIIECTBA CYJh(HUIa MEAM MPEIICTaBICHA Ha PUCYHKax 1-3.
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Hcxonnblii pacTBop
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Pucynok 1 — ®opmupoBaHue cepocoaeprkallero KOOpINHAMOHHOTO COSMHEHNS MeIH

l

CrpykrypHas Qopmyna cepocoiepkaliero KOMILIEKca MeAHu, 0Opa3oBaH-
HOTO B XO/JI¢ CHHTE3a, PEJICTAaBIIeHa HA PUCYHKE 2.
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Pucynok 2 — KommiekcHoe coeiMHeHNnE MEAH

l

Ha pucynke 3 mokazaHa cxema TEPMHUYECKOTO pa3IOkKEHHsI CEpOCoepIKa-
LIEro KOMIUIEKCa Me ¢ 00pa30BaHHUEM yCTOMYMBOIO BELIECTBA CYJIb(UAA MEIIH.

Hcnapenue pacrBopures
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IIlnaBjeHne KOMILIEKCA MeIH
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Pucynok 3 — TepMuueckoe pasiiosKeHUe CepoCOAePIKALIEro KOMIUIEKCa MeH
¢ oOpasoBanueM cynbduaa Meau

O6pasoBaHue cepocoaepKaluX KOMIIEKCHBIX COCAMHECHUH CBUHIA, HUKEIIS
u cepebpa, a TAKKE MEXaHU3M HMX TEPMHUUYECKOI'O PA3JIOKEHHs C IOIy4E€HHEM
YCTOMYMBBIX COCTUHEHUH CylIb(QUIOB METaJUIOB MPOHMCXOAUT MO aHAIOTUYHOU
CXEME.

Cumraercsi, 4TO TEPMOACCTPYKIHS IPEKYPCOPCOAEPKAMMNX KOMILIEKCOB
METaJJIOB MTPOUCXOJHUT 33 CUET TEPMHUECKOTO Bo30OykaeHus cesa3u C-S B koop-
JUHUPOBAHHOM MOJIEKYJIE CEpOCOIEpIKaIero coeuHeHns [7].

J1s1 KCXOHOTO CepocoepKallero KOMIUIEKCa MEAN HaOJII0aeTcsl BBICOKO-
OpPHEHTHPOBAaHHAs JIAMHHAPHAS MHUKPOCTPYKTYpa, XapaKTepHas s aMOp(HBIX
TEJl M CBsI3aHHAS ¢ OJNM3KHM PacCIIOJIOKEHHEM BOJHOOOPa3HBIX MHKPOArperaToB
(pucynok 4). Marepuaibsl ¢ TaKOl MHKPOCTPYKTYPOH 00JIagaroT OOJBIION IITOT-
HOCTBIO ¥ BBICOKOM MPOYHOCTHIO, YTO O0YCIOBICHO MPUCYTCTBHEM B HUX BEChbMa
NPOYHBIX (Ha30BBIX KOHTAKTOB KPUCTAIUIN3AHOHHOMN MIPUPO/IBI.
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Ha 31eKTpOHHO-MHKPOCKOHUYECKOW (oTorpaduu BU3YyaIU3HPOBAHBI He-
OJTHOPOJIHOCT C XapaKTepHbIMU arperatamu pasmepoMm 5-10 mxm. Cremyer
OTMETHTh, YTO IJEKTPOHHO-MHKPOCKOTTHYESCKHE N300paXKeHUsT aMOPPHBIX CTPYK-
Typ UMEIOT CITa0BI KOHTPACT M HA HUX CJIOKHO BBIICIHTH KaKUEe-TNOO OOHEKTHI,
TaK KaK MEX]y HEOJHOPOJHOCTSIMHU OTCYTCTBYIOT pe3kue rpanuibl. [loatomy s
BCEX HCXOJHBIX KOMIUIEKCOB UX MHKPOCTPYKTYpPhI UMEIOT CBHIICOOPA3HBIA Xa-
paxTep.

Pucynok 4 — DnextpoHHast MUKpopoTOrpadus
NI€PBOHAYATIBHOI0 KOMIIJIEKCHOI'O COEIUHEHUS MeiU

JlaHHBIE DIEKTPOHHOW MHKPOCKONHMH JUIS CEPOCOAEPIKALIEro KOMILIeKca
Meny, BeiaepkanHoro mpu 710 K, cBHAeTenbCTBYIOT O TOM, YTO HM3MCHEHHE
XMMHYECKOTO COCTaBa O0pasloB B pe3yjbTaTe TEPMOIHM3a COMPOBOXKIACTCS
CYLIECTBEHHBIM H3MEHEHHEM MHUKpomopdonorun (pucyHok 5). [ma oOpasua
HaOJIIOaeTCs TONBKO YMEHBIICHHE WHAMBHIYAIBHBIX YacTHI] W 0Opa3oBaHHe
Ooyiee TJIOTHBIX arperaroB MO CPAaBHEHHIO C HMCXOJHBIM IMOPOIIKOM, a TaKKe
3aMETHOE YHCJIO JOCTaTOYHO KpPYMHHBIX arperaTtoB IUIaCTUHYATOH (HOpMBI
pasmepoM 10 1-2 mMkM. OcobeHHOCTBhIO MHKpoMoOpdoorun obpasua sBiseTcs
paBHOMEpPHOE pPACHpENeNICHNEe OKPYTJICHHBIX M CHJIBHO AHU3OTPONHBIX YaCTHIL
iacTuHYaToii (opmbl. BIU30CTh XapakTepHBIX JHAMETPOB YaCTHIl W HX
CTPYKTypa MO3BOJISIOT CIETaTh BBIBOJ O TOM, YTO OOpa3yloIIvecss B TEUCHHE
HepBBIX 3-5 MUH CHHTE3a MOJIyc(epsl BRICTYNAIOT B POJIH MEPBUYHBIX YACTHUII, U3
KOTOPBIX 3aT€M pacTyT 0ojiee KpyIHbIe YaCTHIIBI CYyTbQHUI0B Menu [8].

Cepocoodepacawuii komniexc ceunya (11). 5,49 T cepocoepxaiiero coeu-
venus C;H;S;0;Na-H,O pactBopsiimn B HEOOmbIIOM KoJuuecTBe BOAbI (30 mi).
3arem 9,131 r Pb(CH3COQO), 2H,0 pactBopsuin B 20 M1 JAMCTHILTUPOBAHHON
Boxbl. Ilocie 3TOro BOOHBIN pacTBOp alerata CBHHIA NPHIUBAINA K PacTBOPY
npeKypcopaepxkaiiero coenuHeHus. K pactBopy m00aBIsuin HECKOJIBKO Kamelb
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PucyHok 5 — DnexTpoHHast MUKpodoTorpadust KOMIUIEKCHOTO COEIMHEHHS MEJIH,
npokanéuaoro npu 710 K

€/IKOTO Hatpa 10 1menouHoi peakuuu (pH =~ 8). [TomyueHHsli pacTBop 100aBHIN
K 150 mnt 96 % pactBopa 3THIOBOrO criupra. Cpazy 00pa3oBHIBAJICS 00BEMHUCTHIN
0CaJIOK JKENTOTO IIBE€TAa, KOTOPBIH OT(HIBTPOBBIBAIM, IMPOMBIBAIN ITAHOJIOM,
3GUpPOM U CYUIMJIM TNEPBOHAYATIBHO B IKCHUKATOPE HAJ XJIOPHUCTHIM KaJbIIHUEM,
3aTeM B CylIHIbHOM Iikady mpu temneparype 100 °C 10 mocTOSIHHON MacChl.

OnexkTpoHHass Mukpodororpadusi HCXOOHOTO MPEKYPCOpPCOAepIKaIIero
KOMIUIEKCa CBHHIIA IPE/ICTABIEHA HA PUCYHKE 6.

Pucynok 6 — DnextpoHHast MEKpodoTorpadus
TIEPBOHAYAIFHOTO KOMIIEKCHOTO COSIMHEHNUSI CBUHIIA
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HcxonHpiii KOMIIEKC CBHHIIA TPEJCTABIISET COOOH OJHOPOIHBIN MaTepHal.
OpHaKo YacTHLBI OTAENBHBIX (a3 HE yAaloch paclo3HaTh Ha MeMOpaHe. Pa3mep
OTZENBHBIX arperaToB aocturaer 3-4 MxM. U3 pucyHka 6 BUIHO, YTO B UCXOAHOM
KOMIUIEKCE CBWHIIA COIEP)KATCS OTAEIbHBIE MHUKPOBKIIOUYEHHUS IUIACTHHYATON
(hopMBI, UYTO MOXKET OBITHh OOYCIOBJICHO MPUCYTCTBUEM HEOOJBIIOTO KOJUYECTBA
HCXOIHOM COJIM aleTara CBUHIIA, UCTIOIh30BAHHOTO TIPU CHHTE3E.

Ha pucynke 7 npencraBieHa 3JeKTpOHHas MUKpodoTorpadus mpeKypcopco-
JIeprKaIlero coeauHeHus cBuHIa, npu Temneparype 710 K. 3epna cynbhuma
CBHMHIIA HA HAYaJbHOM CTaJUM MPOLECCa OCAKACHUS COCTOAT U3 KPHUCTAIUTOB C
Ooyee WM MEHEe YETKOM KyOMYEeCKOW OTpaHKOH, pasMepoM OKoio 10 MKM.
[IpenmyIiiecTBEHHOM TEKCTYPHI IUICHOK He 0OHapykeHo. Kak mokas3piBaeT aHau3
MUKpodoTorpadun, A JaHHOTO 00pa3la OTCYTCTBYIOT MUKPOBKITIOUCHHS.

Pucynok 7 — DnextpoHHast MEKpodoTorpadus
KOMIIJIEKCHOTO COSAMHEHHUsI CBUHIIA TI0CIIE POKAIUBAHUS

Cepocoodepacawuii komniexc uuxens (II). 9,667 r cepocoaepkamiero co-
emuaenns C;H;S;0;Na-H,O pactBopsun B HeOobIioM komudecTse BoAb! (30 mi).
5,918 r NiSO4-7H,0 pactBopmiu B 15 M1 JUCTHILTUPOBAHHON BOIBI. 3aTeM pac-
TBOP COJIM HUKENIS NPWIMIH K PacTBOpPY IMPEeKypCOPCOAEPKAILET0 COCTUHEHUS,
n00aBIsUIM HECKOJbKO Kamenb 3 H enkoro Harpa. [lomyuyenHsiii pactBop n006a-
B kK 150 mim 96 % pactBopa 3tminoBoro crupra. Cpa3y ke BBITafall TEMHO-
KOPUYHEBBIA 0CaJIOK, KOTOPBI OT(UIBTPOBBIBAIN, IPOMBIBATIM 3TAHOJIOM, d(H-
POM M CyIIWIH IEPBOHAYAIHLHO B SKCHKATOPE HAJ XJIOPUCTHIM KaJILIUEM, 3aTEM B
cymwibHOM 1mikady npu remmeparype 90 °C 710 OCTOSIHHON MacChl.

Jns cepocoaepikalero coequHeHus: HUKens, npoxkainenHoro mnpu 770 K, xa-
pakTepHa CKeJIeTHAsT MUKPOIIOPUCTas CTPYKTypa (pucyHok 8). B cBs3m ¢ Tem, 910
oOpa3ymomuiicss B xoje Tepmonu3a aucynbdun Hukens NiS, (Bascur) obOnamaer
SIPKO BBIPAXKEHHBIMU TIOJIYITPOBOJHUKOBBIMH CBOMCTBAMH, B 3TOM CIy4ac OJHUM
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PucyHnok 8 — DnekrponHas MukpodoTorpadus cepocoaepKamero CoOeANHEHNST HUKEIS
rocye mpokanuBanus: a — x15000; 6 — x50000

13 BO3MOXHBIX OG'I:SICHGHI/Iﬁ MOSIBJIEHHUS THX CBOMCTB SBJISICTCS BO3SHUKHOBECHHUE
B MUKPOCTPYKTYpPE Ba3CUTa MUKPOIIOpP CKeJIETHOro Tumna [8§, c. 58].

JlaHHBIE >JIEKTPOHHOW MHKPOCKOIHHU ITOATBEPXKIAIOT BHEIAPCHUE YACTHI]
NiS; B CKelIeTHO-MIOPUCTYIO CTPYKTYPY M YKa3bIBaeT Ha YaCTHYHOE pa3pyllcHHE
YIOPSAOYEHHBIX MACCHBOB ITOP Ha Kpasx 00paslia, YTO CBSI3aHO C WHTEPKAILHen
YaCTHI], HEMHOTO TPEBBIMIAIONINX M0 pa3Mepy AuameTp nop (pucyHok 8a). Ilpu
yBeanueHur u3o0paxkenus 10 50000 pa3 oTmebHBIC MOPHI BU3YAIU3HPYIOTCS
JOCTaToyHO 4eTKo (pucyHok 80). @opmupoBanue NiS, co cTpykTypoil BascuTa
NPOTEKaeT NPH HOBBIIICHHOW TeMIeparype M, NO-BHAMMOMY, BO3HHKHOBEHHE
MOJTYTIPOBOJHUKOBEIX CBOWCTB y Cyib(HIa HUKENS CBA3aHO MMEHHO CO CKe-
JISTHO-TIOPUCTOM CTPYKTYpOii 3Toi (hassl [9, 10].
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Cepocooepacawuii komnaexc cepedpa (I). 7,238 T cepocojepxaiiero co-
equnenus: C;H;S;0;Na-H,O pactBopstin B 30 M1 AMCTHIIMPOBAHHON BOJIBI.
3arem 5,365 r AgNO; pacTBOpuiM B HEOOJIBIIOM KoJIn4yecTBe BoAsl. [locne atoro
pacTBOp HHUTpara cepeOpa HPHIMBAIA K BOAHOMY pacTBOPY HpEeKypcopcoep-
kKalero coenuHeHus. Ilpyn HempepplBHOM MEpeMENIMBaHMHM K pacTBOPY IpH-
0aBIsLIM HECKONIBKO Karenb 3 H enkoro Hatpa. IIpu ocTOpOXKHOM BCTpSIXWBaHUHU
PacTBOp OKpaIlIMBajCs B JKeAThIA 1BeT. [lomydeHHBIH pacTBOp N00ABMIIM K
150 M 96 % pacTtBopa 3THIOBOrO crnupTta. Cpasy BEIIAAan OCaIOK >KEITOTO
LBETa, KOTOPBII OTQMIBTPOBBIBAIN, TPOMBIBAIM 3TAHOJIOM, 3UPOM M CYLIWIN
MepBOHAYAIIBHO B 9KCHKATOPE, 3aT€M B CYIIMJIBHOM IIKady IIpU TeMIepaTrype
90 °C mo moctosHHOM Macchl. [losydeHHOE COeqUHEHHE pacTBOPSETCS B BOJE,
HEpacTBOPUMO B cnupre, OeHsoie, aueroHe. IIpu HarpeBaHum pasmaraercs, HE
IJ1aBsCh, IPH TemnepaType okoso 210 °C.

JUI1  MCXOAHOTO TPEKYypPCOPCOJAEPIKAIIETO COCTaBa KOMILIEKca cepebpa
MpHUCyIla MEHee IIJIOTHAas, MO0 CPaBHEHHIO C KOMIUIEKCOM MEAW, MaTpUyYHas
MHUKPOCTPYKTypa, KOTOpasi XapaKTepU3yeTcsl MPUCYTCTBHEM CIUIOIIHOW He-
OPHEHTHPOBAHHON MAaTpHIbI, I'I€ HAOIIONAIOTCS 3€pHA, HE KOHTAKTUPYIOIINE
Mexay coboii (pucyHok 9). Bo3moxkHO, 4To moJ00Has TeKcTypa obpasma cepo-
coJieprKaliero Komriekca cepedpa, Beiaepxkannoro npu 710 K, ces3ana ¢ mpo-
neccaMu IutaBieHus (a3, oOpasyrommxcs B NpoIecce TepMOJIH3a, Ha JAaHHOW
CTaJINU Pa3TIOKEHUSL.

Pucynox 9 — DnexrpoHHas MUKpodoTOrpadus
TIepBOHAYATBHOTO MPEKYPCOPCOAEepIKaIero KOMILIEKca cepedpa

OO0pazelr MpeKypcopCcoACPKAIIEro COSNUHEHUST KOMIUIeKca cepebpa mnpu
temneparype 710 K obGnamaer ciaoucTodl CTPYKTYypo#l ¢ mioxo c(hOpMHUpPOBaH-
HbIMH Mex3EpeHHbIME rpanunamu (pucyHok 10). Ilo-Bupmmomy, oOpa3oBaHue
MEX3EPEHHBIX CIIOEB MPOUCXOMT BCICACTBUE BHICOKOIM TeMIepaTyphl, KOTOpas B
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KOHEYHOM HTOTE JOJDKHA MPHBECTH K TOJHOMY pa3pylieHHio oOpasma. VHbMu
CJIOBaMH, HaxXoJACh B YCIIOBHSX BBICOKOM TeMIIEpaTypbl, YaCTHIBI OTAEIBHBIX
(a3 cBapuBalOTCs OPYT C APYroM IO KOHTAKTHPYIOIIMM BHEIIHUM ITOBEPXHOC-
M. Ha pucynke 10 Buaabl ¢pparMeHTs! OTAEIBHBIX (a3, OAHAKO K KaKMM MMEH-
HO BEILECTBAaM OHU IIPHUHAJJIEKAT, yCTAHOBUTH HE yaanoch. Ciion ocakaarolie-
rocsi cyibduaa cepedpa AgS SBIAIOTCS MOTHKPUCTAIMYECKUMU U COCTOSIT U3
KPHUCTAJJIUTOB IPEUMYIIIECTBEHHO HENPABUIBHON (hOPMBI.

Pucynok 10 — Dnextponnas MukpopoTtorpadus
MPEKypcopcoiepKaliero KoMIuiekca cepedpa, Beraepskansoro mpu 710 K

st vcciaenoBaHusT MHUKPOCTPYKTYPbl MaTEpUAJIOB OOPa3lOB U H3YYCHUS
pacmpeneneHus 3JIEMEHTOB METOAOM BJIEKTPOHHO-30HIOBOTO PEHTIE€HOCIIEK-
TPaTbHOTO MUKPOAHAIHM3a TPUMCHSIICS PACTPOBBIM 3ICKTPOHHBIA MHKPOCKOI
JSM - 7500F (Jeol, SImonus).

PE3VJIbTATBI 1 OBCYXJEHUE

Bonee neranbHO MPOBEPUTH NPU MMOMOIIM MUKPOCTPYKTYPHBIX HCCIIEIOBA-
HUI TIPEANOJIOKEHHE O Pa3HOM COOTHOIIEHHM COCYIIECTBYIOMIMX (a3 mocie
K&KIO0T0 TMpoIlecca HarpeBaHUs M OXJIAXKICHUS OKa3aJloCh HEBO3MOXKHBIM. DTO
00YCJIOBJIGHO TEM, YTO TPHU MOJArOTOBKE oOpasna k POM ero HeoOXoauMo wu3-
BJICKAaTh W3 KBapIICBOM aMIlyJibl, TOTOBUTH HUIU(}, (oTorpadupoBaTh MHUKPO-
CTPYKTYpy, @ 3aTeM CHOBa MOMeLIaTh o0pasel] B KBapLEBYIO aMIIyly, dBaKyH-
poBaTh €e M MPOBOJMTH MPOIECC MOBTOPHOTO HArpeBaHUs U oxyaxaeHus. [Ipu
3TOM OIEPAIMI0 MCCIICOBAHUS MHUKPOCTPYKTYPhl HEOOXOJAUMO MOBTOPSTH. Bee
3TO YK€ caMO IO ce0e BBI3BIBACT HEBOCIPOU3BOJUMOCTh IOJYYCHHBIX PE3yJib-
TATOB, MOCKOJBKY TPH MOBTOPHOM OMPEACICHUU MUKPOCTPYKTYpPhI HEBO3MOXKHO
WCCIIEIOBATh OJUH W TOT XK€ y4acTok oOpasna. [To3ToMy moirydeHHbIE DKCIIepH-
MEHTAJIbHBIC pPE3YJbTAaThl MO WCCIEAOBAHUID MHKPOCTPYKTYPHI HMCXOJHBIX U
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MIPOKAJICHHBIX KOMIUIEKCOB HOCST NMPOMEXYTOUHBIA XapakTep, U CIyXatT JOTOoJ-
HEHHUEM K CBEJICHHSM, MTOJYyUYEHHBIM IPY IOMOILU APYTUX METOJIOB.

OnHako, B LIEIOM MOXHO YTBEpXKIaTh, YTO MHKPOCTPYKTypa OTpa)xaeT
BITUSTHUE Pa3IMYHBIX (U3NKO-XUMHUYECKHX (PaKTOPOB HA IPOIECCH CTPYKTYpO-
obpazoBanus. CrnenoBaTeNbHO, MHUKPOCTPYKTYpa SIBISIETCS  CBOEOOpa3sHOM
"boTorpadueir” Tex ycioBuii, B KOTOPHIX c(hOPMUPOBAIOCH TaHHOE BEIIECTBO. B
HEHl 3a cyeTr CcHenu(puUecKoro COUYCTAHUSI PA3JIUYHBIX MOPGHOMETPUUECKUX
(pa3mep, popma, XxapakTep MOBEPXHOCTH CTPYKTYPHBIX SIEMEHTOB, HX KOJIHYECT-
BEHHOE COOTHOIIEHHE), TEOMETPUUECKUX (MPOCTPAHCTBEHHOE PACIIOJIOKEHHE
CTPYKTYPHBIX DJIEMEHTOB) M JHEPreTHUECKUX (CTPYKTYypHBIE CBS3H) MPH3HAKOB
Kak Obl 3ao)keHa MH(pOpManus O MPOYHOCTH U AeHOpMAIMOHHOM IOBEJICHUN
BEIIECTBA, O BO3MOXKHOM XapakTepe MU3MEHEHHs NOJ ACHCTBHEM TEX WJIM MHBIX
YCJIOBH.

3akaouenue. Takum obpaszoM, pemiasi 0OpaTHYIO 3a7a9y ¥ KOJIWIECTBEHHO
oTpesensisi COOTBETCTBYIOIHME MHUKPOCTPYKTYpPHBIE IapaMeTphbl, MOXHO JaTh
JOCTOBEPHBIN NMPOrHO3 MX U3MEHEHUs IPU pa3iu4HbIX Bo3aencTBusX. [lonobHas
nH(pOopMaIsl Ype3BhYAiiHO BaKHA MIPH MMOWCKE HAyYHO-O0OOCHOBAHHBIX METO/IOB
IIOJTy4Y€HHUS] HOBBIX, B YAaCTHOCTH, MOJYNPOBOAHUKOBBIX MaTepHUAIIOB Ha OCHOBE
CyJb(QHIO0B EPEXOTHBIX METAIIIOB.
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Pesome
M. ©. Jlaypenbex, A. K. Masxcubaes, P. K. Haoupos

KAHA MATEPUAJIZIAPJILI CHHTE3AEYAIH OHTAJIBI OIICTEPIH
TAHJIAY HEI'T3I PETIHJIE KYPAMBIHJIA KYKIPTTI ITPEKYPCOP
BAP METAJIJIAPJIBIH KOOPJMHAITMSUIBIK KOCBUTBICTAPBIHBIH
MUKPOKYPBIITLIMBI MEH MUKPOMOP®OJIOTUSICHIH 3EPTTEY

MeranaapaslH KeneHai Cyab(QuATI KOChUIBICTAPBIHBIH MUKPOKYPBUIBIMBI MEH MUK-
PpoMOp(dOITOTHSCHIH 3epTTey OYTiHTI TaHza, dcipece, YHEPTUSHBIH Oaama Ke3Jepi YIIiH
MaTepHaniap i3eyie MaHbI3Jbl MOHTE H€.

Pactpnel anektpoHasl MukpockonTa (POM) amblHFAaH KYKIPTTI HPEKypOCOpIBI
MeTaJJIapAblH KEIEeH i KOCBUIBICTAPbIHBIH MHKPOKYPBUIBIMBI MEH MHKpOMOp(OIIorus-
CBIHBIH KecKiHzepi KenTipinmi. MeranmapasiH MpeKypcopibl KeIIeHAEPiHiH TEPMUSITBIK
BIIBIpAy TpoIIecCi Ke3iHme 0acTankpl KOCBUIBICTAPMEH CANBICTRIPFAHAA YIATUICPAiH MaTe-
pHaIIapbIHBIH KYPHUIBIMBIHIA ©TE aiiKbIH e3repicTep ®ypeai. ATamn aifiTkaHma, KeCKiHaep
aMOp(QTHI ACHeNepre TOH JJAMHHAPIB MUKPOKYPBUIBIMABI (KYKIPTTI MBIC KEIICHi YIIiH),
TBIFBI3/IBIFBl TOMEHIPEK KOCBUIBICTAPFa TOH MAaTPULAIBIK KYPBHUIBIMABI (KYMIC KEIleHIHIH
GacTamnKel IPEKYPCOPJIBI KYpPaMbl YIIIiH) jKoHE T.0.kepceTeni. YIrinepaiH KypbUIbIMbIHIA
OpbIH anfaH MUKPOMOP(OJIOTrUs 63 Ke3eriHle ChIPTKbI (DU3UKA-XUMHUSIIBIK (akropiap
MaTepUaNIapbIH JKOHE OJIApJIbIH OCTTEpiHIH (aTam alTKaH/a, XKapThUIald OTKI3TIITEePIiH)

182



ISSN 1813-1107 Ne 2 2019

(hU3MKa-XUMUSITBIK KAaCHETTCPIHIH TYBIHAAybIHA JKOHE JKaKCapyblHA OKENCTIH KYPBUIBIM
TY3UTyiHE BIKITAT €T/ e OeKITyre MyMKIHIIK Oepe/ti.

Tyiin ce3mep: TEpMOIU3, MUKPOKYPELUTBIM, MHKPOMOP(HOIOTHS, KYKIPTTi MPEKyp-
cop, pHU3HKa-XUMUSITBIK KaCHETTEP.

Summary
M. A. Daurenbek, A. K. Mazhibaev, R. K. Nadirov

COORDINATION METALS COMPOUNDS MICROSTRUCTURE
AND MICROMORFOLOGY INVESTIGATION INCLUDING A SULFUR -
CONTAINING PRECURSOR AS A BASIS FOR CHOOSING
THE BEST METHODS FOR THE SYNTHESIS OF NEW MATERIALS

Present days it is a great practical importanceto study of the complex sulfide com-
pounds of metals microstructure and micromorphology particularly in the research of
materials for alternative energy sources.

The complex metal compoundsmicrostructure and micromorphology including a
sulfur-containing precursor are shown on the images obtained by scanning electron mic-
roscope (SEM). It was defined that there are distinct changes occur in the structure of the
materials samples in compare with the original compounds, during the process of thermal
decomposition of precursor-containing metal complexes. In particular, the images reflect
the laminar microstructure (for a sulfur-containing copper complex), characterising amor-
phous bodies, the matrix structure (for the initial precursor-containing composition of the
silver complex), characterising less dense compounds, etc. The micromorphology occur-
red in the structure of the samples suggests that external physicochemical factors in-
fluence the materials formation structure and their surfaces, which, in turn, leads to the
emergence and improvement of their physicochemical (in particular, semiconductor)
properties.

Key words: thermolysis, microstructure, micromorphology, sulfur-containing pre-
cursor, physical and chemical properties.
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K. A. CAHBIKOB, E. E. EPTO’KHH, H. A. BEKTEHOB,
B. K. KAJTUEBA, K. M. KAJIMYPATOBA, A. K. BAHJ]YJIJIAEBA

AO «MHcTHTYT XUMHYeckux HayK uM. A.b. bektypoBa», Anmatsl, Pecrrybnmka Kazaxcran

CUHTE3 N UCCJIEJOBAHHUE HOBBIX
XEJATOOBPA3YIOLINX
MHNOJIMMEPHBIX COPBEHTOB

AHHOTanusi. B 11a00paTOpHBIX YCIIOBHSIX CHHTE3UPOBAaHBI HOBBIE XeJIaTrooOpa-
3yIolMe MOHOOOMEHHbIe MaTepHallbl Ha OCHOBE TPOMHOIO CONOJIMMEpA IIMIUIUIMETa-
kpuinarta (I'MA), cruporna (Ct), akpunonutpuna (AKH) m komriekcoHa OKCHATHIICH-
mudocdonosoit kucnorsl (OD/1P). Haiinensl onTumanbHbIe YCIOBHS CHHTE3a M HCCIIE-
JIOBaHbI (PU3UKO-XMMHYECKNE CBOMCTBAa MOHNTA JUIS MPaKTHYECKOro npuMeHenus. Ipen-
JIO)KEHHBIH croco0 cuHTe3a o0ecrednBacT MONTyYeHHE HOBBIX KOMIUIEKCOOOpa3yIOMINX
MOJIMAJICKTPOINTOB HA OCHOBE COMOJIMMEPOB 3MOKCHAKPHIATOB M HEKOTOPBIX KOMITICK-
COHOB C YIy4YIICHHBIMH (PU3MKO-XMMHUYCCKHMH XapaKTEPUCTUKAMH ISl TPAKTHIECKOTO
MPUMEHEHHUS B 00JIACTH I[BETHON METAJUTYPrHH.

KarodeBble cioBa: xenaTooOpasyrolie HOHWUTHI, MOJIH3IEKTPOIUTHI, KOMIUIEKCO-
HBI, COPOIHSL, TSKEIbIE METaILJIbI, HOHHBIH OOMEH.

Pa3BuTHe TpOM3BOJCTBA M MHPOMBINIJICHHOCTA TPHUBEIO K 3HAYUTCIHHOMY
3arpsi3HCHUIO TOYBEHHOTO IMOKpoBa M ruapochepsl. MOHBI TSKEIBIX U TOK-
CHUYHBIX METAJJIOB, OCOOEHHO KaJIMUH, PTYyTh, CBUHEI, IWHK, CTPOHIINHA, HaKarl-
JUBAIOTCS B TKAHSIX PACTCHUH.

B opranm3m 4enmoBeka OHHM IMOCTYHAOT 4epe3 NHILy (3arps3HEHHBIC pac-
TEHUS, OBOIIHU, PPYKTHI, pbI0a, MOJOKO, MSICO) M OTPHUIATEIHFHO BIHSIOT Ha 3]10-
poBbe denoBeka. [lodToMy OYHCTKAa MPOMBINUICHHBIX CTOYHBIX BOJI XEJIaToO-
00pasyomuMy MOHOOOMEHHBIMHU TIOJTUMEPAMHU SIBIISICTCS OJHON M3 aKTyallbHBIX
po0JIEM CETOTHSIIIHETO JIHS.

OmHnM W3 aKTyaJIbHBIX HAIPABICHWA B MOHOOOMEHHBIX TEXHOJIOTHSX SIB-
JSETCS CHUHTE3, WCCICAOBAHWE W TPUMEHEHHE XeIaTooO0pa3yrommx HOHO-
OOMEHHBIX TOJUMEPHBIX MATEPUAIIOB C AKTHBHBIMH (YHKIIHOHAIBHBIMH TPYII-
TaMH, CITIOCOOHBIX 00Pa30BHIBAThH MPOYHBIE XEIATHHIE CBS3H.

OH OH
N\TCHQ—CHQ —';N
H,C CH,
| /O/ \O

0=C \é=o
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OnmHUM M3 BaXKHBIX CBOWCTB XeJIaTOOOPa3yIOMIMX HOHOOOMEHHUKOB SIBIISI-
€TCsl CIOCOOHOCTD JIETKO YAEP)KUBATh NOHBI Pa3IMYHBIX METAIJIOB U3-3a HAJIMUHUS
XeJaToo0pa3yoINX aKTHBHBIX T'PYMIl B CTPYKTYpE, MMEIOLIEH MPOYHYIO CBS3b
Kak "kmemrHs" [1-4].

Hamu B naGopaTOpHBIX YCIOBHUSIX CHHTE3MPOBAaHBI HOBBIE XEJIaTOOOpa3ylo-
mye MOHOOOMEHHBIE MaTepHaibl Ha OCHOBE TPOWHOIO CONONMMEpa TIIHLUANI-
merakpmiata (I'MA), ctupona (Cr), axpunonutpuia (AKH) m xommiexcona
okcryTHICHAPOoCcPoHOBOH KucnoTel (O3/]®D). HalineHsl onTuManbHbIe YCIOBUS
CHHTE3a U UCCIIeIOBaHbI (PU3NKO-XMMHUYECKUE CBOMCTBA HOHHUTA.

B xadecTtBe HCXOIHBIX TPOAYKTOB HCIIONH30BAIM PACTBOpP COMOJIMMEpa
I'MA u pactBOp okcudTHICHIUPOCHOHOBOH KrciaoTel (ODAD).

OKCITEPUMEHTAIJIBHAA YACTb

CuHTe3 comoimMepa MPOBOIWIA METOAOM PaJUKAILHONW MOJHMEp3alud B
pactBope [IMDA.

Conepxanne smokcuguaeix rpymn (DY, %) ompemensiii M0 W3BECTHBIM
MeToauKkam [5]:

o4=(V,-V;) -0,0043-K-100 ,
g

rie Vp — oovem 0,1 H pactBopa NaOH, m3pacxoqoBaHHOTO Ha THTPOBaHHE
xoJocToi podsl, Mir; V, — 06bem 0,1 H pactBopa NaOH, u3pacxooBaHHOTO Ha
TUTPOBaHNE HABECKH BemecTBa, Mil; K — mompaBouHbil KOA(G(UITUEHT K THTPY
0,1 1 pactBopa NaOH; g — HaBecka BeIecTBa, T.

Konpencamnuio nuaednpix u cuthix cononumepoB 'MA-Ct-AKH ¢ oxcu-
stuneHandochoroBoit kucnoroir (ODP) mpoBoAmIN B cpene OpPraHWIECKHX
pactBopureneit (JIM®A). B tpexropaymo konly, CHa0XKECHHYI) MEXaHHYECKOM
MEIIAJIKOM, TEpPMOMETPOM M KamlelbHOW BOPOHKOW, MpuiuBaiu 35%-KUCIOTY
(O3/1®) u mocTeneHHO MPHUKAIBIBAIM PACTBOP COMOJIMMEpPa B OPraHUYECKOM
pactBopurene. [Ipn HHTEHCHBHOM IepeMeIBaHNuN cMech HarpeBaiau 10 90 °C B
teueHune 8-12 u. [locne oOpasoBaHus Tens BHITpyKaiu B ¢GaphopoByIO HallKy,
oTBepkIanu B TeueHue cyTok mpu (90-100) °C, mpobunm, mpocenBaiy, oToupas
(dhpaxmuro ¢ pazmepom rpanyi (0,25-1,00) mm [6].

PE3VJIbTATBI U UX OBCYXXJAEHUE

CurHTE3 IPOBOIMIN TIO CIIEIYIOIIEH cXeMe:
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Crpykrypy wmonura I'MA-Ctr -AKH: O3® ycraHaBmuBamid METOIOM
UK-cnexkrpockonun, MK-ciekTpel B KATHOHUTOB MOKa3bIBAIOT HAIMYUE BHYTpPH-
MOJICKYJIIPHOW BOMOpOAHON cBs3u Mexay OH-rpynmamu u aromamu docdopa
okcuaTHieHUupochoHoBOH KucioTel. B obmactu (850, 912, 1000, 1250, 3012 u
3075) cM™', XapaKTepHBIX I SIOKCHIPYIII, HCYE3AK0T MOJIOCH! UX MOTTIOMCHHUS H
TOSBJISIOTCA HOBBIE, COOTBETCTBYyIomMe rpymmam P=0, P-C (1267, 703 cm™).
(2249,5; 2350 cm™).

B cnekrpax nonuta Ha ocHOBe TpoitHoro comonumepa ['MA-Cr-AKH -
OD/IP coXpaHsSIOTCS TOIOCHI MOMNOMEH:s B obnacti 2249,5 cm,” KoTophie co-
OTBETCTBYIOT BAJICHTHBIM KOJICOAHMSAM TPOMHBIX CBsI3eH ITMaHnAHON Tpyrisl —CN.

Jid HaxoXXJeHWS ONTHUMAIBHBIX YCIOBHUH CHHTE3a MCCIEIOBAIN BIIHSHUE
COOTHOUIEHHS HCXOIHBIX PEareHTOB, MPOJOHKUTENBHOCTH U TEMIEPATyphl Mpo-
[ecca Ha CBOWCTBAa KOHEYHOI'O MPOAYKTa. 3aBUCHMOCTb CTEIEHM IMpPEBpAIlECHUs
(dochomMpoBaHHBIX COMOTUMEPOB U3YUAIH 10 JAHHBIM 3JIEMEHTHOTO aHAJIN3a.
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Pucynok 1 — UK-cnextp noHura Ha ocHOBe TpoiiHoro cononumepa ' MA-Ct-AKH- O3 /1®
Ta6mima 1 — M3menenne COE ¢ocdopcopepkamix CITUTEIX HOHUTOB

Ha ocHoBe TpoiHoro conoynnmepa 'MA-Ct-AKH u O31® kucnots
B 3aBUCUMOCTH OT COOTHOIIEHHUSI UCXOIHBIX KOMIIOHEHTOB

No MaccoBoe coOTHOLIeHHE T, T, Brixon COE no 0,1 1 pactBopy
- I'MA-Ct-AKH: O3 /1d °C q M, % NaOH, mr-sks/r
1 1,0:1,0 2,90
2 2,0:1,0 3,15
3 3,0:1,0 90 4,22
4 4,0:1,0 % 8 3,81
5 1,0:2,0 2,36
6 1,0:3,0 2,15

Ycranoieno (tabnwma 1), 9TO0 BO BCEX Clyd4asX C yBEITHYEHHEM KOH-
[IEHTpaIlii PacTBOpPa COIMOJMMEPa B HCXOJAHOW CMECH MOBBIMIACTCS OOMCHHAS
€MKOCTh MOHUTA W AocTHraer 4,22 Mr-sks/r. JlambHeiiliee MOBBIIICHUE KOHICH-
TpaIy PacTBOpa COTIOIUMEPA TIPUBOIUT K 00Pa30BaHUIO PACTBOPHUMEBIX HIIH CIia-
OOCIIMTEIX HOHHUTOB, COOTBETCTBEHHO cHIbKaeTcss COE nonnra 10 3,81 Mr-sks/T.
Haiineno, uto yBenuuenue cogepxkanus kuciaoTsl O2]® B peakunoHHOM Macce
ot 1,0 mo 3,0 Macc.4. IpUBOANT K CHIDKEHHIO CTATHYECKOW OOMEHHOW €MKOCTH
mo 2,15 mr-ske/r. [lodTOMy MaccoBOE€ COOTHOIICHHE WCXOTHBIX KOMITOHCHTOB
paBHoe 3, 0:1,0 mpUHATO CYMTATH ONITUMAJIBHBIM.

[Ipy onTUMaNbHBIX COOTHOLICHUAX PEArHPYIOUIMX KOMIIOHEHTOB HCCIe-
JIOBAJIM BITUSTHAC TEMIIEPATyphl OTBEPKACHMS Ha CBOMCTBA CIIUTHIX (hochopco-
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JepKalux MOHWUTOB. M3 Tabmuipl 2 BUIHO, YTO C TOBBINICHUEM TEMIIEPATYPHI
cTaTUuecKas OOMEHHasi eMKOCTh MOHHTA HECKOJIBKO CHHXKAETCs, YTO, BEPOSTHO,
00YCJIOBJIIEHO JONOJHUTENBHBIM CTPYKTYPOOOpa3oBaHWEM IIOJIMMEPOB, MpU-
BOJIIIETO K YIUIOTHEHWIO MAaTPHIBI MOHUTA M, CIIEAOBATEIHLHO, YMEHBIICHUIO
JOCTYIMTHOCTH WOHOTEHHBIX TPYII MOJIEKYJIaMU HHU3KOMOIEKYIISIPHOTO JIIEKTPO-
JIUTa MIPU HOHHOM OOMEHe.

Tabmuna 2 — U3menenne COE ¢ocdopcoaepxaniero HOHATA OT TEMIIEPATYPhI OTBEPKACHUS
(Bpems oTBepkACHUS 24 1)

COE mo 0,1 1 pactBopy, NaOH Mr-sxB/r
VoHut IIpU TeMIIepaTtype oTBepxkaeHus, °C
40 60 90 130
I'MA-Ct-AKH: O3 1® 1,70 2,10 4,22 3,56

UccnenoBanu Takke BIUSAHHUE NPOAOIDKUTEILHOCTH OTBEPXKACHHS Ha CBOM-
CTBa CHIMTHIX (ochopconepkammx HOHUTOB. M3 Tabmuiiel 3 BUAHO, YTO C TTOBBI-
MIEHUEM BPEMCHH OTBEPXKICHUS OOMEHHAas EMKOCTh HMOHWUTAa HE H3MCHICTCS.
[ToaToMy THPOJOKUTENBHOCTh OTBEPKACHUS MOHHMTA Oojee 12 4 Herenecooo-
pasHa.

Tabnuua 3 — BiustHue Mpoa0/KUTENLHOCTH OTBEPIKICHHS HA CTATHCTHYECKYO
00MeHHY0 eMKocTh hocdopcoaepxkaiero nonuta Ha ociose [ MA-CT-AKH: O3 1d

COE 1o 0,1 1 pactBopy, NaOH Mr-skB/r pu Temmeparype
WoHuT otBepkaeHus 90 °C, MpoaoIKUTENBHOCTD, U
6 8 12 48
I'MA-Ct-AKH: O9/1® 0,9 2,21 4,22 4,22

B pesynbrare uccienoBaHus HaijeHO, YTO HawboJiee ONTHUMAJbHBIM pe-
XKUMOM OTBeprkAeHHe HOHUTOB Ha ocHOoBe  MA-CT-AKH: O31® sBnsercs 12 4
mpu teMmeparype orBepxkiaeHuss 90 °C, mpu MaccoBBIM COOTHONIEHHH COIO-
mumep:O10® 1:3. Cratuueckas oOMEHHass €MKOCTh XeJlaToOOpa3yIOIIero
HMOHHWTA, TIOJIYIEHHOTO MPH 3TUX yCIOBHSIX, paBHa 4,22 Mr-0KB/T.

Takum 06pa3om, NpeIoKEHHbIH cI0c00 cHHTe3a 00eceunBaeT MOTyYeHUE
HOBBIX XeJIaTO00Pa3yIOMUX MOJIMAIEKTPOIUTOB HA OCHOBE CONOJIMMEPOB SIOK-
CHAKpWJIATOB U HEKOTOPBIX KOMIUIEKCOHOB C YJIYYIIEHHBIMU (PU3HKO-XHMU-
YEeCKHMMHU XapaKTEPUCTHKAMHU JUIsL IMPAaKTUYEeCKOTO IPHMEHEHHsT B 00JacTu
THIPOMETAILITYPTUH.
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Pe3rome

K. A. Caovixos, E. E. Epeoocun, H. A. bexmenos,
b. K. Kanuesa, K. M. Kaamypamosa, A. K. Baiioynraesa

KAHA XEJIATTYS3TI ITOJIMMEPJII COPBEHTTEP AJIY )KOHE 3EPTTEY

3epTxananslK Karnmaiga romunuaniMerakpuiaar (I'MA) comonmmepi, ctupon (CT),
akpunonntpun (AKH) sxoHe xoMrurekcoHokcmaTuieHaudpocdon Kemkpuiel (O3D) He-
Ti3iHAeT] KaHa XeIaTTY3Till HOHAIMACTHIPFBIII MaTepuanaap aablHAbl. VOHUTTI mpakTu-
KaJIbIK TYPFBIIA KOJJAaHy MaKCaThIHIA OHBIH (HU3UKa-XUMUSUIIBIK KacHeTTepi 3epTTeill,
CHUHTE3[IH OHTAWJIBI JKaFmailllapbl aHBIKTANAbl. ¥ CBHIHBUIBII OTBIPFAH aly TOCUIl TYCTi
METaJUTYprusiia MPaKTUKAIBIK JKaFaia KOJNJaHbUIATBIH 3IOKCHAKPHIATCOIONIUMEpPIIepi
JKOHE KeHOIp KOMIUIEKCOHAAp Heri3iHferi (u3nKa-XuMUSUTBIK KaCHETTepl JKaKcapThUIFaH
JKaHa KOMILICKC TY3YIII MOJUAJICKTPOIUTTEP allyFa MyMKIH/IIK Oepei.

Tyiiin ce3mep: XxenarTy3yii HOHUTTEDP, MOIUAIIEKTPOIUTTEP, KOMIIEKCOHAAP, aYbIP
MeTajjap, MOH ajaMacy.

Summary

K. A. Sadykov, E. E. Ergozhin,N.A.Bektenov,
B. K. Kaliyeva, K. M. Khalmuratova, A. K. Baidullaeva

SYNTHESIS AND STUDY OF NEW CHELATING POLYMER SORBENTS

In the laboratory synthesized a new chelating ion-exchange materials based on
ternary copolymer of glycidylmethacrylate (GMA), styrene (St), acrylonitrile (APC) and
the chelating agent oxyethylidendiphosphonic acid (HEDP). Optimal conditions of syn-
thesis and the physico-chemical properties of the ion exchanger for practical use. The
proposed method of synthesis provides for the production of new complexing poly-
electrolytes based on copolymers of epoxyacrylates and some complex on swith improved
physical and chemical characteristics for practical application in the field of non-ferrous
metallurgy.

Keywords: chelating ion exchangers, polyelectrolyte, chelating agents, sorption,
heavy metals, ion exchange.
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MHNOUCK ITPOTUBONH®EKIIMOHHBIX ITPEITAPATOB
B PAY 3BAMEIIEHHBIX ITPOU3BO/JIHBbIX
APWJIOKCHUITIPOTTAPTUWJINIMNNEPUJINHOB

Annotanus. Konpencarmeit 1-(2-¢peHmmTin)-nunepuana-4-ora ¢ (GpEHOKCHIIPO-
MapruioM, |-mponuI-nunepuanH-4-oHa ¢ HAQTHIOKCHIIPOIIAPTHIIOM B YCIOBHSX pPeak-
nun daBopckoro B aOCONOTHOM OCH30Jie B MPUCYTCTBUH MSATHKPATHOTO HM30BITKA IO-
porikoobpasHoro texundeckoro KOH mpu cOOTHOIICHHH MHUIIEPHIOH-4:apHIOKCUTIPOP-
naprun=1:1,5 momydensl coorBercTByoumel-(2-penunatuin-)-4-(3-penokcunporn-1-un-
1-um)nunepununa-4-o1 u 1-nponmi-4-[3-(aadt-1-nnoxcn)npon-1-un- 1 -un | munepuaun-4-
ona. [Ipyn anunMpoBaHUM TPETHYHBIX (DEHOKCHITPONMHHUIOBOTO W HA(QTHUIOKCHITPOIINHH-
JIOBOTO TIMIEPHUIONOB  4-(pTOpOCH30MIXIOPHIOM, IUKIO0YTaH-, HUKIOTeKCAaHKapOOHHII-
XJIOpHJaMH B JIMOKCaHE NPH KOMHATHOM TeMIlepaType WM HarpeBaHHH O00pa3yroTCs
COOTBETCTBYIOIINE THAPOXJIOPHIBI CIOXKHBIX 3(hupoB. CTpOoeHHE CHHTE3UPOBAHHBIX CO-
eIMHEHWI TOATBEP KIeHO JaHHBIMU criekTpockormu SIMP n KC.

KiaroueBble ci0Ba: apMIIOKCHIIPONIAPTIIIIHIICPUINHEI, 4-(hTOPOESH30MIXIOPHL,
OUKIO0yTaH-, IUKIOTEKCAaHAPOOHMIXIOPHUIBI, CIOKHBICI(UPHI, aHTUMUKPOOHAS aKTHB-
HOCTb.

BemectBa, obnanaronye aHTHOAKTEpUAIEHONH aKTUBHOCTBIO, TIPEACTABIISIOT
OTPOMHYIO [IEHHOCTH Jisi MeOunuHBl. HecMoTpss Ha G6oiblIoe KOJMYECTBO
JICKapCTBEHHBIX CPEJACTB, MOUCK HOBBIX AHTUMHKOOAKTEpPHANbHBIX MpErnapaToB
SIBJIACTCSL aKTyaJIbHOM 3a7adeil, B MEpBYIO OYEpelb, CBSI3aHHOW C BBICOKOM
MIPHUCTIOCOOIIEMOCTRI0O TTATOTCHHBIX OPTraHMU3MOB K Pa3UYHBIM aHTHOMOTHKAM.
Ha cerognsitiHuid 1€Hb XWHOJIOHBI PAaCcCMATPUBAIOTCA KaK OJHA M3 Ba)KHEUIIMX
IpynIl aHTHOAKTEpUANBHBIX NPEenapaToB, Cpear HUX (GTOPXHHOJIOHBI IO YPOBHIO
AKTUBHOCTH W CIIEKTPY AaHTHOAKTEPUANBHOTO ICHCTBHSA TPEBOCXOIAT MHOTHE
AQHTUOMOTHKH, B TOM YHCIE 1e(aNToCIIOpUHBI TPETHETO IMOKOJEHUS, U Jpyrue
XUMHOTEPANIEBTHUECKHE CpeACTBA. TakKe TUTepaTypHbIE JaHHbIE YKa3bIBAIOT Ha
TO, 4TO (TOpCOAEpKALIME COeIUHEHUsS piaa 3-dTopapui-3-keTo3(UpoB NposB-
JISTFOT BBICOKYIO MHUKOOAKTEPULIUAHYIO aKTHBHOCTb.

Xumust (GTOPOPraHUYECKUX COEAMHEHHH HMMEET HCKIIOYHTEIFHO Ba)KHOE
TEOPETUYECKOE U MPAKTHUUECKOE 3HaueHue [1-5].

MHoTrOYHCIIEHHBIE WCCIIEOBAHNS TTOATBEPANIN BBICOKYIO OHOJIOTHYECKYIO
aKTHUBHOCTh LEJIOTO psina (TOpCcomepk alliuX OPraHMYECKHX COSAWHEHHH, B
pe3yabTaTe Yero ObUIM CO3JaHbl M C YCIEXOM NPHMEHSIOTCS TaKue Hpenaparsl,
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KaK (PTOPXMHOJIOHOBBIE aHTUOMOTUKHU, PHCIIEPUIOH, PTOpdeHa3HH, TaJonepuI0Il
U T.J.

KomnuectBo mybOnukamuii 1 0COOEHHO MATEHTOB B 3TOW 00IacTH OBICTPO
YBEIUYUBACTCS, IPUYEM 3HAUYUTEIHHOE YHCIIO UX OTHOCUTCS K apOMATHYECKUM U
TETEPOITUKIINICCKAM COCTMHECHUSM ¢ (DTOPCOAEPKANITUMHU 3aMECTUTEISIMU [6].

DTOT WHTEpeC BBI3BAH 3HAYUTEIHHBIM YIIyYIICHHEM (DapMaKkoIOTHIECKUX
CBOHCTB (PTOPHUPOBAHHBEIX CcoenWHEHWHA. BBomx atoma ¢Topa B MOJICKYJIIBI
OPTaHMUYECKUX COEIMHEHUI IOBBILACT UX OHUOIOCTYIIHOCTb, META0OINYECKYIO
CTaOMIIEHOCTD, JTUTO(PIIBHOCTh, a TaKXKe YIy4IaeT CIOCOOHOCTh JaHHBIX Be-
IIECTB B3aMMOICHCTBOBATH C IEJIEBBIMA Ocekamu [7].

Kpome toro, prop MOKET H3MEHUTH OCHOBHOCTD coeuHeHus. Kak u apyrue
JIEKTPOHETaTUBHBIE aTOMBI, (PTOP MPOSIBIAET CUIBbHBIA 3()(eKT Ha KUCIOTHOCTh
WM OCHOBHOCTH ()YHKUMOHAIBHBIX Tpyni. M3menenue B pKa Bnusier Ha gapma-
KOKMHETHYECKUE CBONCTBA MOJIEKYJIBl U Ha MX CPOACTBO CBS3bIBaHMA. BbICOKO-
OCHOBHBIEC TPYMITBI MOTYT MMETh OTpaHHuYeHHBbIH 3(dekT Ha OHOMOCTYITHOCTS.
AtoMm ¢Topa, BBEJACHHBIM OJU3KO K OCHOBHOW TPYIIE, YMEHBIIAECT €€ OCHOB-
HOCTB; 3TO NMPHUBOAMT K Jy4YIIEeMy NPOHUKHOBEHHUIO B MEMOpaHy COCIMHEHUS H,
TaKUM 00pa3oM, K YIyUIIEHHOW OHOAOCTYITHOCTH.

Texymias cuTyalusi B OpPraHMYECKON XHMHUHM OTpa)kaeT NeQUIUT HOBBIX
CTPYKTYP-JIUACPOB, KOTOPBIE MOTYT OBITh ONTUMH3UPOBAHBI JI0 TEPAIIEBTUUECKU
MIPUTOAHBIX JieKapcTB. HayuHble wucclienoBaHus, HalpaBJICHHbIE Ha CO3JaHHE
HOBBIX MAaTepHajoB JJisi TPAKTHUYECKOW MEIUIIMHBI WU CEIIbCKOTO XO3SHCTBA,
SIBIISIIOTCS aKTYaIbHBIMU M IPUOPUTETHBIMHA BO BCEM MUPE.

OcHoBaHHEM [yl POBEICHUS HACTOSALIMX MCCICHOBAHUN SIBUJIACH BBICOKAs
Omonornyeckasi aKTUBHOCTh CHHTE3MPOBAHHBIX paHEe CIOXHBIX 3¢upoB 1-(2-
3TOKCHATHI)-4-TUAPOKCU-4-[3-(apuiokcH)iponuH- 1 -wi Jnunepuauaos  [8], a
TaKKe MUIEPUIUHCOACPKAIIUX CIOXHBIX 3(QUPOB LHUKIONPONaHKapOOHOBON
kuciotsl [9-11].

Lenp HacTosimiel pabOTHI 3aKiIIOYAeTCs B HANPABICHHOM CHHTE3€ HOBBIX
MPOM3BOJHBIX APHJIOKCUIIPONAPTMWIITUIICPUIMHOB C TOTEHUHAJIbHON OHOoIIo-
IMYECKON aKTHBHOCTBIO BAPbUPOBAHUEM IIPUPOABI ALMIIOKCUTPYTIIIBIN BBEICHUEM
B MOJIEKYJIBI JTOTIOTHHUTENBHBIX (apMakopopHBIX (parmeHTOB—4-(hTOpOEH30MI-
OKCH-, TUKJIO0yTaH-, IUKJIOTEKCAHKaPOOHMIIOB.

Konpencamus 1-(2-penmmatun)-nunepuana-4-ona (1) ¢ ¢enoxcunponap-
TIioM # 1-mponmi-numnepuanH-4-oHa (2) ¢ HaTHIOKCHIIPONAPTHIIOM B yCIIO-
BusAx peakiun Pasopckoro [12-14] mpuBoaUT K 0Opa3oBaHUIO TPETHYHBIX
(eHoKCUnponMHUIOBOTO (3) M HAPTUIOKCUTIPOITUHUIOBOTO (4) CITUPTOB.

OntumansHBIME HapaMeTpaMH PEakLUUH OKa3ajliCh: COOTHOLICHUE nune-
puoon:enunokcunponurn = 1:5, abCOMIOTHBIA OCH30JI, TMATUKPATHBIA HU30BITOK
TEXHUYECKOTO €IKOTO Kalld, MPH KOTOPBIX apHIOKCHIIPONHHUIITUICPHIOIBI
MIOJIyYEHBI C XOPOIIMMH BBIXOJAMH.

AnunupoBaHre (QEHOKCHIIPONMUHIIOBOTO THnepuaona (3) B3ATHIMH B
n30bITKEe 4-PTOP-OCH30MIXIIOPUIOM, ITUKIO0YTaHKAPOOHUIXJIOPUIOM, Ha(TUII-
OKCHUIIPONMMHMWIIOBOTO cnupTa (4) 4-prop-OeH30MIXJIOPUAOM M IMKIOTeKCaH-
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KapOOHWIXJIOPHIOM TPOBOIAT MPH KOMHATHOM TeMmIlepaType WIH HarpeBaHHUU
(60°C) B a0COJIIOTHOM JTUOKCAHE.

(6}
_— (0]
S EN B 4 Yo = R
=__R 0 Ry € e T o
(0] Cl 2 [6)
—_— —_—
N KOH, benzene N dioxane
R | N
R N HCI
1,2 3,4 R
5-8

R= -CH,~CH, —@ 1,3,5,6); —CH,~CH,~CHj (2,4,7,8)

R,= —@ (3,5,6)3 —@ 4,7,8); Rz——©—F (5,7 —<> ©6); —O ®)
)

Crnoxusie 3¢upsl 4-GTOpOEH30HHBIX KHCIOT (5,7), HUKI00yTaH-, IUKJIOTEK-
CaHKapOOHOBBIX KHCIOT (6,8) MpEeACTaBIAIOT COOOH KPUCTAITUUYECKUE TTOPOIIKU
0eJ0ro, XKEeaTOBAaTOI0 LIBETA, XOPOILO PACTBOPUMBIE B BOJE, 3TAHOJE, alleTOHE.

CoctaB M CTpoeHHE CHHTE3WPOBAHHBIX COEAMHEHWH (5-8) MOATBEpKIEHBI
JAHHBIMH 3JIEMEHTHOTO aHanmu3a, MK-crnekTpockonuu, CieKTpOCKOIUN HMP13C,
WHAWBHUIYAIHOCTh — TOHKOCIOWHOW XpoMarorpadueii (Tabmmna 1, 2).

Tabmuna 1 — Berxoas! 1 GU3NKO-XUMHYECKHE XapaKTEPUCTUKU COCTMHEHIH 5-8

5 53,0 0,81 173-176 - 1702 CyoH,9NOsFCI
6 36,84 0,91 77-80 - 1736 C,7H3,NO5Cl
7 73,13 0,86 118-120 - 1728 CysHy9NOsFCl
8 71,72 0,83 152-154 - 1742 CysH36NO;Cl

B HK-cnekrtpe mnumepuaonoB (3,4) NpOSBIAIOTCS TOJOCH TTOTJIOMIECHUS
BAJICHTHBIX KONIEOAHMIl TMAPOKCHIBHOM rpynnel B obnactu 3414 cm', apoma-
THYeckoro konbna 617-774 ¢cm™'. IHTEHCUBHBIE MOJIOCHI norjyomenus mpu 1702-
1742 cm”', obGycnosnennsie konebanmsamMu C=0 CIOXHO>(PHPHON TPYIIIBI,
CBHUJIIETENILCTBYIOT 00 00pa3oBaHUM I1eTeBbIX dQUPOB 4-HEHOKCHUIIPOTUHII U 4-
HaQTOKCUNPONIMHKMA THnepuaon-4-oB 4-gropdensoitubix (5,7) nuxioOyTaH-,
LUKIIOTEKCAaHKapOOHOBBIX KUCIOT (6,8).

B Tabnune 2 mpuBeieHbl 3HAYCHHUS XUMHUYECKHX CIBUTOB COOTBETCTBEHHO
YIJIEPOAOB, KOTOPBIE MOTHOCTBIO MOJATBEPKIAIOT YIIIEPOIHBIA COCTaB CIOMKHBIX
3¢upoB 4-heHOKCHITPOTTMHIII, 4-Ha(QTOKCUNPONMHUI NUNeprunoi-4-oB4-drop-
6en30iHbIX(5,7), MUKII00yTaH-, MUKIOTeKCaHKapOOHOBBIX KUCIOT (6,8).
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B crextpax SIMP "C (rabmuna2) 4-dpropbensoitusix (5,7), UUKIOGYTaH-,
nuKinorekcan (6,8) KapOOHHMJIOKCHIPOU3BOAHBIX IPHCYTCTBYIOT CHHIJIETHBIC
CUTHaJIbl aTOMOB YIJIEpOJa CIOXKHO3(HUpHOrO KapOoHmina B obsactu 163,45-
173,64 m.n., cuHrneTHbIi curHan C4MUIEpUIMHOBOTO LKA PE30OHHUPYET B 00-
macta 69,37-82,39 M.n., aToM yrjiepoJa METHJICHOBOM TpyNIbl MPOMUHOBOTO
¢parmenTa nposiBisiercs B obmactu 47,18-56,70 m.n. CrnabomonbHas 001acTh
(115-163 M.n.) CHEKTPOB «HAcCEICHa» CHUTHAIAMH apOMATHYECKUX YTJIEPOIOB.
Curnanst ipu 115,42-166,28 u 25,02-37,93 m.j1. OTHECEHBI K yriaeponam 4-drop-
(eHMIIOBBIX, LMKIOOYTaHOBOTO, LUKJIOTEeKCaHOBOro koien. Kpome Toro, Ha-
Omomatorcst 1yOneTHbI Habop curHanoB yriepoaoB Css n Cp COOTBETCTBEHHO
npu 32,98-33,98 u 42,75-49,40 m.A. TUOEPUAUHOBOTO IMKJIA, CBSI3AHHBIX C
3aMe/JICHHOW MHBEPCHEH MOCIEIHET0 U3-3a 00beMHBIX 3amecTuTenel npu Cy.

Tabmuma 2 — 3Ha4eHus] XUMUYECKUX CIIBUTOB aTOMOB yriepona B cnekrpax SIMP 13 C a¢upos
4-[ beHnIT0KCH-, HAQ THIIOKCH- |-IPONHHWIIITUIIEPUIH-4-010B 4-pTOpOEeH30WHBIX, IIUKIO0YTaH-,
LUKJIOTEeKCaHKapOOHOBBIX KUCIOT (5-8)

Co- Xummdeckue caurd (CDCly), 6, m.1.
enu-
Heé Cis | Cog | Cy4 R, | C=0 |=C-CH,|C4C=|0-CH,| OR, N-R
HU
5 (33,22 47,20 | 72,46 | 115,42; |163,45| 82,39 | 85,68 | 56,50 | 116,29; 29,89;
121,88; 121,82; 56,68;
133,14, 129,19; 129,19;
164,56 157,56 129,94,
4-¢prop- 137,54
Gbenun N-CH,CH,Ph
6 |33,57|47,99 69,37 | 37,93; |173,24| 82,88 | 86,05 |55,94 | 115,51, | 30,10; 56,67,
18,21; 121,81; | 127,26; 129,15;
25,02 129,97, 137,78
110209) (V8 157,63 | N-CH,CH,Ph
OyTaH
7 133,39;|47,56;| 82,39 | 115,97; |165,17| 84,23 | 85,50 | 56,70 | 107,35, 58,13;
33,98 | 49,40 116,24, 121,40; 15,21;
132,86; 121,73; 11,05
135,26; 122,24; |N-CH,CH,CH;
166,28 126,01;
4-¢rop- 126,35;
bennn 127,10;
128,10;
153,63;
163,58
8 (3298 |42,75| 71,24 | 25,11- |173,64| 81,67 | 86,38 | 47,18 | 106,90, 56,64;
28,85 121,28; 17,16;
IHKJIO- 121,91; 11,46
reKcal 125,51; [N-CH,CH,CHj;
125,86;
126,00;
126,42;
134,61;
153,05;
153,19
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HccnenoBanue ouonormyeckoii aktuBHocTH. I'uapoxmopun 1-(2-penmn-
atrn)-4-(3-penokcurnponun- 1 -un)-4-propdeHzomnokcununepuauaa (5, A7),
ruapoxsiopuy;  1-nponui-4-(3-nadTunokcunponus- 1-mi)-4-(n-grop)oeH30mn0K-
cunniepuanna (7, [TUI1-40), ruapoxnopunl-npomnun-4-(3-Had THIIOKCUTPOTIHH-
1-n)-4-rmksorexkcankapoonmiokcununepuauaa (8, [IN11-39) n3ydenst Ha aHTH-
MHUKPOOHYIO aKTHBHOCTb. Pe3ynbTaTbl OHOJIOTMYECKUX HCIBITAHUN TPEICTaB-
JIEHBI B Tabnunax 3, 4.

Ta6nuua 3 — AHTUMUKPOOHAst aKTUBHOCTh A7

Staphylococcus | Bacillus- | Escherichia | Pseudomonas Candida-
Coenunenue . . . .
aureus subtilis coli aeruginosa albicans
A7 16+0,1 14+0,1 - - 14+0,1
T'enTamunua 24 +0,1 21+0,2 26+0,1 27+0,1 -
Hucratun - - - 21+0,2

Kak BuiHO U3 TaHHBIX TaONHIEI 3, COETUHEHHE MO MUPPOM A7 MPOSBIISET
YMEPCHHO-BBIPOKCHHYIO aHTHOAKTEPUANBHYI0 aKTHBHOCTh TOOTHOIICHHIO K
mTaMMaM TPaMITOIOXKUTENBHBIX OakTepuii Staphylococcusaureus, Bacillussub-
tilis, B TO BpeMsi KaK HUCTATHH HE AKTUBEH B OTHOLICHHU 3TUX MHKPOOPTaHU3-
MOB.

Ta6muua 4 — Autumukpo6Has aktuHocts [TNI1-39, TTUII-40

MUK, mxr/ma
Escheri-| Escherichia | Klebsiella | Klebsiella | Staphy- | Staphy- | Candida
chia coli coli pneumonia | pneumonia |lococcus|lococcus|albicans
ATCC ATCC- ATCC ATCC aureus | aureus | ATCC
25922 | BAA-196 10031 700603 ATCC | ATCC- | 10231
6538-P [BAA-39
7, TIATI-40 2000 2000 2000 2000 HA 2000 HA
8, TTAII1-39 HA HA HA HA HA HA HA
HA — He akTuBeH.

Ha ocnoBanuu nanubeix tabmuusr 4 TTAT-40 (7, rugpoxiopun 1-npommi-4-
(3-madTHnoKCHTIpONINH- 1 -1i1)-4-(T1-(h TOP ) OEH3OMIIOKCUTIHIIEPH INHA, obnamaer
AHTUMHUKPOOHOW AaKTHBHOCTBIO K TISITH B3ATBIM B OKCHEPUMEHT MYy3eHHBIM
mramMmmMaM MHUKpoOpranu3MoB: Escherichiacoli ATCC 25922, Escherichiacoli
ATCC-BAA-196, Klebsiellapneumoniae ATCC 10031, Klebsiellapneumoniae
ATCC 700603, Staphylococcusaureus ATCC-BAA-39 B xonnentpamun (MUK
2000 wmxr/mm), THAII-39 (8,rugpoxnopual -mponui-4-(3-Ha THIIOKCUTIPONTHH- 1 -
11)-4-IUKIOreKCaHKapOOHMIIOKCHITUIIEPUIMHA) HE MPOSBHII MPOTHBOMHUKPOOHYIO
AKTHBHOCTb.
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OKCITEPUMEHTAIJIBHA A XUMNYECKAS YACTDb

XoJl peakluu U UHIUBUILYaTbHOCTh COCTUHEHUH KOHTPOIUPOBAIM METOIOM
TCX na okcune amoMunus IIl creneHn akTUBHOCTH, C MPOSIBICHUEM IISITEH Ma-
pamu iomga. UK-criexTper 3ammcansl Ha ciekTpomerpe «Nicolet 5700» B ToHKOM
cnoe mexay miuactuakamu KBr. Cnektper IMP 1H u 13C 3apeructpupoBaHs! Ha
cnektpomerpe JNM-ECA400 ¢upmer «JEOL» (400 m 100.8 MI'm cootBet-
creenHo) B CDCI3, Buytpennuii crangapt — TM/JIC.

1-(2-penunsmun)-4-(3-penoxcunponun- 1-un)-4-euopoxcununepuoun (3). B
IUIOCKOIOHHYIO KOOy Ha MarHWTHOW Memanke BHocaT 1,65 1 (0,0295 momnp)
nopomkooOpasHoro enkoro kamus B 10 M abcomoTHOro OeH3olla W 4epes
10 muH npu nepemenmuBanum npukansiBaoT 3,79 mi (0,0295momb) 3-eHokcu-
mpornmHa-1 B 15 M abcomotHOro Oenszona. [Ipu sToM HabmogaeTcs He3HAYH-
TENbHOE pa3orpeBaHMe W HM3MEHeHHe IBeTa pactBopa. Uepes 30 MuH mpuKa-
neiBaroT 2 T (0,0098 monb) 1-(2-benmmatun)-nunepunni-4-ona (1) B 15 Mt abco-
JIOTHOro OeH3ousia. PeakMOHHYI0 CMeCh MEpEeMEIINBAIOT B TeUeHHE 7-8 4 mpu
KOMHATHOH Temreparype. 3a xomoMm peakiuu cieast nmo TCX. B peakunonayio
cMech 100aBnsAoT 50 M1 TUCT. BOJBI, Pa3JelsioT cliou. BogHbIH sKcTparupyior
OeHzosoM. OpraHn4eckue CIOM OOBEAMHSIOT, cywaT cynbdaTom MmarHus. Ort-
(WIBTPOBBIBAIOT OCYIIUTENb, YIIAPHBAIOT PACTBOPHUTENb, OCTATOK MEPEKPHCTAI-
TU30BBIBAIOT U3 rekcana. [lomygator 1,88 r (95,0 % OT TeOpeTHUECKOTO) CIIUPTA
(3) B Bume Oenbix kpucrawioB ¢ T.aul. 112-114 0C, Rf 0,51 (amroeHT—OCH-
30i:quoKcaH—4:1).

HaﬁI{eHO, % : C 78,91, H 7,91 C22H25N02

Brraucneno, % : C 78,70; H 7,45

UK -criektp, cM': 613-755 (Ph); 3414(-OH).

T'uopoxnopuo  1-(2-penunsmun)-4-(3-gpenoxcunponun-1-un)-4-(n-gpmopoen-
sounoxcu)nunepuouna (5). 1,056 mu (0,0089 moss) 4-hropOeH30MIXIOPHIA B
abCONIOTHOM JHOKCaHe MEIUIEHHO NMpH MEPEMEIIUBaHUN PUIUBAIOT K PACTBOPY
2,0 T (0,0059 momp) 1-(2-benmmTin)-4-(3-peHokcunponuH-1-ui)-4-ruIpoKcu-
nunepuauna (3) B abcomoTHOM auokcaHe. Ilpu sTOM HabmomaeTcst paszorpe-
BaHHE PEaKUMOHHOW cMecH. CMech BBLACPKUBAIOT 24 4 MpPU KOMHATHOW TEM-
nepatype. 3a XoA0M peakiuuu KOHTponupytoT 1o TCX. OTroHst0T pacTBOPUTENb.
OcTaToK TPOMBIBAIOT JMATHIOBBIM 3()HUPOM, MEPEKPHUCTALIM30BLIBAIOT U3
nzonponanona. [Toxywator 1,56 r (53,0 % ot TeopeTnyeckoro) ruapoxiopuaa 1-
(2-penmmyTIn)-4-(3-penoxcunponus- 1 -ni)-4-(1-propOeH30MIOKCH ) TUTIEPUATHA
(5) ¢ T.rn. 173-176°C, Rf 0,81 (Al,O3,5:110€HT - GEH30I : AHOKCAH - 3:2).

HaﬁHeHO, % : C 70,18, H 6,2 C29H29NO3C1F

Brrancneno, % : C 70,50; H 5,91.

UK crextp, cM™: 1736 (C=0 ci1.50.).

Tuopoxnopuo  1-(2-ghenunsmun)-4-(3-penoxcunpon-1-un-1-un)-4-yuxiooy-
manxapoonunoxcununepuouna (6). 0,7 v (0,0022 momnw) 1-(2-pernmatun)-4-(3-
(hbenokcumnpor- 1 -uH-1-un)nunepuanH-4-on (3) pacTBOPSAIOT B HEOOJBIIOM KO-
JUYeCcTBE a0COJIOTHOTO OHOKCaHA, K 3TOMY pacTBOPY MEUIEHHO NPHIABAIOT
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pacteop 0,75 M (0,0065 moip) MUKIO0yTaHKAPOOHWIXJIOpUAA B aOCOTIOTHOM
nuokcane. COOTHOIIEHNE MHUIEPUI0I:AlMINPYIOmuUi areHT - 1:3. Peakunonnyio
CMech HarpeBaroT B TeueHue 15 muH npu Temmepatype 60°C u OCTaBIAIOT mpH
KOMHATHOM Temmnepatype Ha 48 4. Xojn peakuuu KoHTpoaupywor mo TCX. B
TeYeHHe HENeNH PEaKIHOHHYI0 CMech HarpeBaroT mpu Temmeparype 50-60°C
BrimaBmmii ocagok OTQHUIBTPOBBIBAIOT, OCTAaTOK IMEPEKPHCTAIUTM30BBIBAIOT W3
n3onponanona. [lomyuator 0,35 1 (36,84% OT TeopeTH4eCKOro) TUAPOXIOPHIAA
1-(2-dhenmmaTin)-4-(3-penokcumnpon- 1 -un- 1 -ni)-4-11ukI00y TaHKapOOHIITOKCH-

nunepuanHa (6) ¢ 1.1, 77-80°C, Rf 0,91 (ALOs, 3/m0eHT - GeH307T : AHOKCaH - 3:2).

T'uopoxnopuo 1-nponun-4-(3-nagpmunoxcunponun-1-un)-4-(n-gpmopoen-
sounoxcu)nunepuouna (7). 0,9 v (0,0028 mons) 1-npormi-4-[3-(radt-1-mmox-
cu)npor-1-uH-1-un|nunepunux-4-omna (4) pacTBOPSIIOT B HEOONBIIOM KOJHYECTBE
abCONIOTHOrO JAMOKCaHa, 3aTeM K 3TOMY PacTBOPY MENJIEHHO TNpPH IepeMelIr-
BaHWU TpuKaneBaloT pactBop 1,32 r (0,0083 monp) n-propOeH30MIXIOpHIa B
abCONIOTHOM JAHMOKCaHe. PeakImoHHyI0 cMech BBIACPKHUBAIOT 48 4 mpu KOMHAT-
HOM Temmeparype. Kontpons 3a xogom peaknuu no TCX. PeaknuonHyo cMmech
MPOMBIBAIOT JUATHIOBBIM 3(GHPOM M BBINABUIMKA OCAAOK OTPHIBTPOBHIBAIOT,
MIEPEKPHICTAIUTM30BBIBAIOT M3 M3omnponmioBoro cimpra. [lomygator 0,98 1 (73,13 %
OT TEOPETHYECKOT0) THApoxyopuaa 1-npomnui-4-(3-HadpTHIOKCHTIPONUH- 1 -11)-4-
(n-dropbensomnoxcn)munepuansa (7) ¢ T 118-120°C, Rf 0,86 (ALO;,
JJTIOEHT - OEH30I: TMOKCaH - 4:1).

Haﬁ)leHO, %: C 69,54, H 6,76 C28H29NO3FC1.

Brraucneno, %: C 69,7; H 6,01.

T'uopoxnopuo I-nponun-4-(3-nagpmunoxcunponun-1-un)-4-yuxiozexcanxap-
bonunoxkcununepuduna (8). Cmemmsarot pactsopsl 1 (0,003 monp) 1-mponmi-4-
[3-(nadt-1-unokcu)npon-1-un-1-wi|nunepuauna-4-ona (4) ¢ pacteopom 1,24 mi
(0,01 moup) HMKIOreKCaHKapOOHMIXJIOpUIA. PeakiMOHHYI0 CMECh HAarpeBaroT B
Teuenne 48 4 mpu 55-60°C Temmeparype Ha MaciIsHON GaHe. 3a XOZOM PEaKIun
cinenar mo TCX. PeaknmoHHYI0 CMECh MHOTOKPATHO TPOMBIBAIOT JAUITUIOBBIM
3GUpOM U BBHINABIIMK OCaJOK OT(MIBTPOBBIBAIOT, NEPEKPUCTAIUIN3OBBIBAIOT U3
n3onponanona. Ilonyuator 1,04 r (71,72 % OT TeopeTHUECKOr0) THUAPOXIOPHAA
1-mponun-4-(3-aap THIIOKCUTPOTTHH- | -1i1-4-
IUKJIOTeKCaHKapOOHMIOKcuunepuauaa (8) ¢ T.IL. 152-154°C, Rf 0,83 (AL, O3,
JIOEHT - OEH30I: IMOKCaH - 4:1).

Haﬁzero, %: C 72,06, H 7,21 C23H36NO3C1.

Beraucneno, %: C 71,55; H 7,72.

OKCITEPUMEHTAJIBHA A BUOJIOT MYECKAS YACTD

a) M3yveHne aHTUMUKPOOHOW AaKTHBHOCTH COCIUHCHHS S5 moaumdpom
A7 TpOBOJUIOCH TIO OTHOIICHUIO K IITAMMAaM TPaMIOJIOKUTENBHBIX OaKTepHi
Staphylococcusaureus, Bacillussubtilis, TpaMOTpHUIIATEIILHBIX MTaMMOB Esche-
richiacoli, Pseudomonasaeruginosa n k npoxokeBomyrpuodky Candidaalbicans
MeTosioM nuddys3un B arap (yHok). [IpenapaTel cpaBHEHUS — TEHTAMUIUH IS
OaxTepuii ¥ HUCTaTHH AJs ApoxokeBoro rpudka Candidaalbicans.
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Kynstyps! BeipamuBanu Ha xxuakoit cpeae pH 7,3+0,2 npu temmeparype ot
30 o 35°C B Teuenme 18-20 u. Kympryps pasommmu 1:1000 B crepumbHOM
0,9%-HOM pacTBOpE HATPHsl XJIOPUAA U30TOHNYECKOM, BHOCHJIM TI0 | MII B YalKu
C COOTBETCTBYIONIMMH 3JICKTUBHBIMH, MTUTATEIHHBIMU CPEAAMHU U M3y4aeMbIX
TECT-IITAMMOB U 3aCEBAM 10 METOAY «CIUIOMIHOrO TazoHay. llocie moxcymm-
BaHMs Ha IOBEPXHOCTH arapa (GopMUpPOBaJIU JIyHKH pazMepoM 6,0 MM, B KOTOpBIE
BHOCWJIM PacTBOP HMCCIIEAYyEeMBIX 0Opas3IoB, T€HTAaMHUIIMHA, HUCTaTHHA. B KOHT-
poJie WCIONB30BAIM JTWIOBBIH CIUPT B IKBHOOBEMHBIX KOJMYECTBaX. TakuMm
00pazoMm, uccieayeMble 00pa3ibl HCHBITHIBAICS B KOJIHYEeCTBE | MKT, a mpemnapat
cpaBHeHHs B KonmuecTse | wmr. IToceBsl nuky6uposanu npu 37°C, yuer pacry-
LIUX KyJBTYp IPOBOJIMIN Yepe3 24 .

AHTHUMUKPOOHAasi aKTMBHOCTH OOpAa3LOB OLCHUBAJIACH II0 AWAMETPY 30H
3aJepKKH pocTa TecT-ITaMMOB (MM). Jlnamerp 30H 3a1epKKu pocTta MeHbIe 10
MM M CIUIOLUIHOHM POCT B YallIKe OLEHUBAJIHM KaK OTCYTCTBHE aHTHOAKTEpUAIBbHON
aktuBHOCTH, 10-15 MM — cnabast akTHBHOCTB, 15-20 MM — YMEpEHHO BBIpayKeHHAs
aKTHBHOCTb, cBbllie 20 MM — BblpakeHHas1. Kaxnpiii oOpasen HCHBITHIBAICS B
TpeX MapajuieNbHbIX OnbITaXx. CTaTUCTHYECKYI0 00padOTKy MPOBOAMIN METOJaAMU
MapaMeTPUUYECKON CTAaTUCTHKH C BBIYMCICHHEM CpeiHeil apudmeTndeckoil u
CTaHAAPTHOM OLIMOKH.

0) Coenunenus (7,8) nogmmdpamu [MNI1-39, TTUI1-40 n3yueHsl Ha TpOTHU-
BOMHMKPOOHYIO aKTUBHOCTb B OTHOILIEHMHM MY3€HHBIX IITAMMOB MHKpPOOpra-
HU3MOB, OLIEHCHBI ACHCTBUA JAHHBIX IIPENAapaToB in Vitro B OTHOIIEHUH Esche-
richiacoli ATCC 25922, Escherichiacoli ATCC-BAA-196, Klebsiellapneumoniae
ATCC 10031, Klebsiellapneumoniae ATCC 700603, Staphylococcusaureus
ATCC 6538-P,Staphylococcusaureus ATCC-BAA-39, Candidaalbicans ATCC
10231. Moguenb ucciaeIoBaHus BKIIIOUAET B ceOsi HEOOXOAMMBIH MUHUMYM TECTOB
C Pa3IUYHON CTEMEHBIO YYBCTBUTEIBHOCTH invitro[15]. Cxema uccienoBaHus
MIPOBOJUTCS B COOTBETCTBUM C JEHCTBYIOIIMMHM Ha TeppuTOpuM PecryOnukn
KazaxcraH MeTOIMYeCKUMH pEKOMEHAAIMSIMHU, YTBEpXAECHHBIMH [ ocynapct-
BeHHBIM PapmakonoruyeckuM KkomuteToM Pecrybnuku Kazaxcran [16].

Iloozomogka myselinbix KyIbmyp K UCCIe008aHUI0: peakmusayus, nposepra
HCUSHECHOCOOHOCMU U KOHMPOAb Du3uon020-ouoxumuieckux ceovicme. llepen
HAYaJIOM JKCIEPUMEHTa MHUKPOOPTaHU3MBI TIOJIBEPTIINCH PeaKTUBAIMU (0XKUBJIC-
HUIO) C MOCIIEAYIONMM CyOKyIIbTHBHpOBaHHEM. J[JIsl oTipeieieH st )KU3HECTI0Co0-
HOCTH B3ATBHIX B JKCIEPHUMEHT MHKPOOPraHW3MOB HcCIOyb30Banu meron Koxa.
VYcTaHOBIEHO, YTO BCE IUTAMMBI OO0JIAAIOT XOpOIIEH KU3HECIOCOOHOCTHIO,
npessimaromeii 10" KOE/m.

Onpeodenenue MuHuManrbHou uneubupyrowei xouwyenmpayuu (MUK) npe-
napamog ITHI1. OnieHKy MUHUMaIIbHOW HHTHOMpYtomer kontenTpaun (MHUK) B
OTHOLICHUH B3SITHIX B OKCIEPHUMEHT MHUKPOOPTaHH3MOB IPOBOJIWIM IO oOIIe-
MPUHATOMY METOXLy IBYKPAaTHBIX CEpUHHBIX pa3BeleHu B OyipoHe Mroitepa-
XwuntoHa. Jlns mpurotoBimeHus 0a30BbIX pacTBOopoB I[INII-39, IIUII-40 B
kouneHrparuu 4000 mxr/mi, HaBecky 0,2 r pactBopwin B 50 mu 0,9 %-Horo
pacTBopa xyiopuza Hatpus. [lanee TOTOBWIM ByKpaTHbBIE CEpUIHBIC Pa3BeICHHUS
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ot 2000 mo 2 mxr/ma (2000, 1000, 500, 250, 125, 63, 31, 16, 8, 4, 2 mxr/mi). B
MIPUTOTOBJICHHBIE PAa3BEAECHUS BHOCWIIM CBEXXENPUTOTOBICHHYIO CYCIEH3HUIO
MUKpooprasusMa B kornentpanuu 10° KOE/min. Kortpornem ciyskuna npoGupka,
coJiepkallias IMUTATEIbHYIO Cpely ¢ TeCTHpyeMbIM InTamMMoM. IloceBbl MHKY-
oupoBamu B Tepmoctare npu 37°C B Tedenue 18-24 4. Ilo ucTeueHNn BpeMEHH
MHKYOallMu C KakJI0TO pa3BeJeHHs MPpOou3BeleH BbIceB Ha wamku Iletpu comep-
xamue arap Mroyutepa-XunToHa. Yamku [leTpu ¢ moceBamu MHKYyOUpOBaiu Npu
temriepatype 37°C B teuenue 18-24 1. MUK omnpenensiin 1o HANMEHbIEH KOH-
uentpanuu [TNI1-39, TTMI1-40, koTopas momaBisia BUAMMBIN POCT TECTHpYe-
MOT0 MUKPOOPTaHU3Ma.

B KOHTpONBEHOM oOmbITE HAOMIOAAICS OOMJIBHBIM POCT TECTHPYEMBIX ILTaM-
MOB.

Takum 00Opa3om, MOKa3aHO, YTOHAIpaBIEHHOE BBeAcHHE 4-(hTopOeH30MIb-
HOro (parmMeHrta B CTPYKTYpy apWIKCUIPONUHWIIHIICPUINHOB NPHUBEIO K
COEIMHEHHAM C TPOTHBOMUKPOOHOW aKTHBHOCTHIO, B TO BPEMsA KaK BBEICHHE
(parMeHTOB MaJbIX IMKIOB HE BJIHACT Ha MPOSBICHUE MPOTHBOMHKPOOHOMN
AKTUBHOCTBIO.

The work has been performed within the frames of the grant financing of the
Ministry of Education and Science of the Republic of Kazakhstan No.AP05131065.

JUTEPATYPA

[1] Dypun I'.T. dropcomepxamue rereporukiInieckue coequHenus. — HoBocubupck: Hay-
Ka, 2001. — C. 295-299.

[2] Filler R., Kobayashi Y. Biomedicalaspects of fluorine chemistry. — Tokyo: Kodansha,
1982. — P. 246.

[3] Puankos FO.A., SArynonsckuii JI.M. JlekapcTBeHHBIE Mpenaparsl, coaepxkame Grop //
@usnon. aktus. BemectBa. — 1982. — Bemm. 14. — C. 3-22.

[4] Arymombckwmii JI.M., ®anendeBa A.T'., Matromeuesa [.11., Duneneman E.C. Cunres ¢ro-
pHpOBaHHOTO aHajora ButaMuHa B2 (puboduasuna) / XKypa. obm. xumun. — 1967. — T. 37, Ne 12.
—C.2787-2788.

[5] Granger B., Albu S. The Haloperidol Story // Annals of Clinical Psychiatry. — 2005. — Vol.
17,N 3. - P. 137-140.

[6] Srymonbckmit JLM. ApoMaTHueckue M TeTEpPOLMKINYSCKUE COSAMHEHHs1 ¢ (Topcoaep-
KammMu 3amecturesnsiMu. Kues: HaykoBa nymka, 1988. — C. 275-280.

[71 Choudhary N., Gupta U., Gupta O.D. Synthesis, characterization and anti-bacterial study
of fluorine containing N-benzyl substituted piperidine and pyrrolidine derivatives // International
Journal of ChemTech Research. —2014. — Vol. 6. — P. 5687-5691.

[8] BaxsikoBa K.b., IIpamues K.J., ITomraBckas M.A. CuHTe3 U HEKOTOpHIE NPEBPAICHUSL
1-(2-3ToKcmaTHn)-4-(3-apmnokcunponus- 1 -wn)nunepuauaos // V3. MH-AH PK. Cep. xum. —
1998. — Ne 3. — C. 112-120.

[9] Kosnosckuit B.U., [Ipamue K.J., I'onuapyk B.B., 3aBomnuk JI.b., AxmeroBa I'.C.,
HUckakosa T.K., IO B.K. Ananerernueckas akTUBHOCTb OPUTMHAJIBHBIX BEIIECTB MUIICPUANHOBOTO
psina: SKCHEepHMEHTATbHOE MCCIEeIOBAaHME HAa MOJENH TepMHueckoro pasgpaxenus // Xypaan
I'ponnenckoro meauuuHCKoro yHuBepcutera. bemapycs, 2014. Ne 3. C. 38-41.

[10]  Axwmerosa I'.C., CagpipbacBa ®.M., IO B.K., [Ipanues K./I., Kunkudaer O.T., [Tnaxan-
3e .M., Hacsiposa C.P., mamosa II1.0., Amupkymnosa M.K. ITunepuaunconepkaiiue mpou3BoI-
HBIE [IMKJIONPONAaHKapOOHOBOI KHCIOTH — noteHmansueile @AB // Xum. xypHan Kazaxcrana. —
2012. —Ne 1. - C. 118-127.

198



ISSN 1813-1107 Ne 2 2019

[11] Kumar K. Ajar. Brief review on cyclopropane analogs: synthesis and their pharma-
cological applications // Int. J. of Pharm. and Pharmac. Sc. —2012. — N 5(1). — P. 467-472.

[12] Hlocrakorckmit M.®., Bnacos B.M., Ky3nenosa T.C., CadponoBa JI.A. HoBas o0iacth
npumeHeHus peakuun A. E. ®asopckoro // XK. oprad. xum. — 1966. — Ne 2. — C. 953-956.

[13] Asepbaes U.H., EpxxanoB K.b., CagpixoB T.C., Mycun M.A., Ymaposa 3.H. B3aumo-
neiicTBre OyTOKCHIIPONApriiioB ¢ KapOoHUnbHBIME coenuHenusivu // 13B. AH KazCCP. Cep. xum.
—1976. —Ne 1. - C. 30-33.

[14] Hoxky6aittute C.I1., Koymuc 3.I1., Mo3zomuc B.B. CuHTEe3 U cBoOicTBa aneTUIEHOBBIX
MIPON3BOJHBIX Ha ocHOBe (eHokcunpomnapruna // Tpyast AH Jlut. CCP. Cep. b. — 1980. — Ne 1. —
C.116-119.

[15] PykoBomcTBO IO AKCHEPHMEHTAIHHOMY (IOKIMHMYECKOMY) H3YYEHHMIO HOBBIX (apma-
KoJjoruueckux Bemects, Munszapas PO, «MUA Pemenuym». M., 2000. — 679 c.

[16] HoximHMYeckHe HCIBITaHUA JEKApCTBEHHBIX CpeAcTB (MeTonuueckue peKOMEHIALuH).
®dapwm. rocynapcTBeHHbli komuteT PK. — Anmarter, 1997. — 22 c.

REFERENCES

[1] Furin G.G. Ftorsoderzhashhie geterociklicheskie soedinenija. Novosibirsk: Nauka, 2001.
P. 295-299

[2] Filler R., Kobayashi Y. Biomedical aspects of fluorine chemistry. Tokyo: Kodansha,
1982. P. 246.

[3] Fialkov Ju.A., Jagupol'skij L.M. Lekarstvennye preaparaty, soderzhashhie ftor // Fiziol.
aktiv. veshhestva. 1982. Vyp. 14. P. 3-22.

[4] Jagupol'skij L.M., Fadeicheva A.G., Matjushecheva G.I., Jendel'man E.S. Sintez ftoriro-
vannogo analoga vitamina B2 (riboflavina) // Zhurn. obshh. himii. 1967. Vol. 37, N 12. P. 2787-2788.

[5] Granger B., Albu S. The Haloperidol Story // Annals of Clinical Psychiatry 2005. Vol. 17,
N 3. P. 137-140.

[6] Jagupol'skij L.M. Aromaticheskie i geterociklicheskie soedinenija s ftorsoderzhashhimi
zamestiteljami. Kiev: Naukova dumka, 1988. P. 275-280.

[71 Choudhary N., Gupta U., Gupta O.D. Synthesis, characterization and anti-bacterial study
of fluorine containing N-benzyl substituted piperidine and pyrrolidine derivatives // International
Journal of ChemTech Research. 2014. Vol. 6. P. 5687-5691.

[8] Bazhykova K.B., Praliev K.D., Poplavskaja I.A. Sintez i nekotorye prevrashhenija 1-(2-
jetoksijetil)-4-(3-ariloksipropin-1-il)piperidinov // Izv. MN-AN RK. Ser. him. 1998. N 3. P. 112-120.

[91 Kozlovskij V.1, Praliev K.D., Goncharuk V.V., Zavodnik L.B., Ahmetova G.S., Iskako-
va T.K., Ju V.K. Anal'geticheskaja aktivnost' original'nyh veshhestv piperidinovogo rjada: jeksperi-
mental'noe issledovanie na modeli termicheskogo razdrazhenija // Zhurnal Grodnenskogo medi-
cinskogo universiteta. Belarus', 2014. N 3. P. 38-41.

[10] Ahmetova G.S., Sadyrbaeva F.M., Ju V.K., Praliev K.D., Zhilkibaev O.T., Pichhadze G.M.,
Nasyrova S.R., Imashova Sh.O., Amirkulova M.K. Piperidinsoderzhashhie proizvodnye ciklopro-
pankarbonovoj kisloty — potencial'nye FAV // Him. zhurnal Kazahstana, 2012. N 1. P. 118-127.

[11] Kumar K. Ajar. Brief review on cyclopropane analogs: synthesis and their pharmacolo-
gical applications // Int. J. of Pharm. and Pharmac. Sc. —2012. — N 5(1). — P. 467-472.

[12] Shostakovskij M.F., Vlasov V.M., Kuznecova T.S., Safronova L.A. Novaja oblast'
primenenija reakcii A. E. Favorskogo // Zh. organ. him. 1966. N 2. P.. 953-956.

[13] Azerbaev I.N., Erzhanov K.B., Sadykov T.S., Musin M.A., Umarova Z.N. Vzaimodejstvie
butoksipropargilov s karbonil'nymi soedinenijami // Izv. AN KazSSR. Ser. him. 1976. N 1. P. 30-33.

[14] Iokubajtite S.P., Koudis Z.P., Mozolis V.V. Sintez i svojstva acetilenovyh proizvodnyh na
osnove fenoksipropargila // Trudy AN Lit. SSR. Ser. B. 1980. N 1. P. 116-119.

[15] Rukovodstvo po jeksperimental'nomu (doklinicheskomu) izucheniju novyh farmakologi-
cheskih veshhestv, Minzdrav RF, «IIA Remedium». M., 2000. 679 p.

[16] Doklinicheskie ispytanija lekarstvennyh sredstv (Metodicheskie rekomendacii). Farm.
Gosudarstvennyj komitet RK. Almaty, 1997. 22 p.

199



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Pe3zrome

I'. C. Axmemosa, K. J[. Ilipanues, A. M. Maxcamosa, V. M. /lamxaes,
M. T.Omwipzaxos, H. B. Kopomeyxas, T. M. Ceiinxanog

APWIIOKCUITPOITAPTMJITIUITEPUVNHAEPITH OPBIHBACKAH TYBIH/IbIJTAPBI
KATAPBIHAH MH®EKIUAFA KAPCEHI [TIPEITAPATTAP/IBI I3IEY

1-(2-penmmaTin)-nunepuanH-4-oHa61  PEHOKCUIIPONApTHIIMEH, |-TIpOTHI-NHITEpH-
IWH-4-0H16I HadTHIIOKCHITpOoTIaprui MeH PaBopcKuil peaknusCH XKarnaibiHIa a0ComoT-
Ti 6eH3oIa Oec ece apTHIK Medep e YHTaK TexHuKanslK KOH xaTeIchIHAa, THITepHI0H-
4:apunokcunpopnapriwin = 1:1,5 KaTbiHaCBIHIa KOHICHCAIMIAY apKBUIBI COHKECiHIIe
1-(2-¢penmmyTiin-)-4-(3-penoxcurpon- 1 -uu- 1 -um)munepuaua-4-oa sxoHe 1-mponmn-4-[3-
(nadT-1-unokcun)pon- 1 -un- 1 -un | nunepuanH-4-0J1 aabIHIbI.

YuiHminik (peHOKCUITPONMHIII JKOHE HAa(TUIOKCUIPOITUHIIIITUIIEPUIOIAAPIBI
4-(ropOeH30mIXII0pu I, HUKIO0YTaH-, UKJIOICKCaHKAapOOHMIXJIOPUATEPMEH AUOKCaH /1a-
anuIMpiey KesiHie OesiMe TeMIepaTypachlHIa HeMece KbI3JbIpFaHaa COHKECIHIe Kyp-
Jieni a¢pupiepain ruapoxiaopuarepi Tysineni. CHHTE3IeNreH KOChUIBICTAPABIH KYPBUIBIMBI
SAMP xone UK crieKTpocKomust apKBUTBI JTONEIICHT.

Tyiiin ce3mep: apHIOKCHUIIPONAPTHIIIHITEPUANHED, 4-PTOPOSH30MIXIOPUA, IIUKIIO-
OyTaH-, IIUKJIOTEKCAaHAPOOHMIXIOPUATED, Kypaeli 3¢upiep, MUKpoOKa Kapchl OeiceH-
JUTIK.

Summary

G. S. Akhmetova, K. D. Praliyev, A. M. Maksatova, U. M. Datkhayev,
M. T. Omyrzakov, N. V. Korotetskaya, O. T. Seilkhanov

SEARCH FOR ANTI-INFECTIOUS DRUGS INTO A SERIES
OF SUBSTITUTED DERIVATIVES OF ARYLOXYPROPARGILPIPERIDINES

By condensation of 1- (2-phenylethyl) -piperidine-4-one with phenoxypropargyl,
1-propyl-piperidine-4-one with naphthyloxypropargyl under Favorsky reaction conditions
in absolute benzene, in the presence of a fivefold excess of powdered technical KOH at a
ratio of piperidone-4:arylpropargyl = 1:1,5 the corresponding 1- (2-phenylethyl-) -4-(3-
phenoxyprop-1-yn-1-yl) piperidine-4-ol and 1-propyl-4- [3- (naphth-1-yloxy) prop-1-yn-
1-yl] piperidine-4-ol. Upon acylation of tertiary phenoxypropynyl and naphthyloxy-
propynyl-piperidols with 4-fluorobenzoyl chloride, cyclobutane, cyclohexanecarbonyl
chlorides in dioxane at the room temperature or upon heating, the corresponding hydro-
chlorides of esters have been formed. The structure of the synthesized compounds has
been confirmed by the NMR and X-rayspectroscopy data.

Key words: aryloxypropargylpiperidines, 4-fluorobenzoyl chloride, cyclobutane-,
cyclohexanecarbonyl chlorides, esters, antimicrobial activity.
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ELEMENTAL COMPOSITION
OF CYCLORIUM INTYBUS L. AND URTICA DIOICA L.

Abstract. This experiment was conducted to establish mineral accumulation in
different parts of Kazakh samples of Cichorium intybus L. (flowers, stems, leaves, roots)
and Urtica dioica L. (stems, leaves, roots). Mineral concentration was determined by
atomic emission semiconductor spectral method. As a result, 39 macro, micro and trace
nutrients were identified in Cichorium intybus L. and 20 — in Urtica dioica L. High levels
of Ca, Mg and Al were found in all parts of Cichorium intybus L and of Ca, K, Zn, Si and
P in all parts of Urtica dioica L. The levels of elements not significantly differ between
parts of plants. Flowers of Cichorium intybus L. contained low percentage (<1.0-10° %)
of Bi, In, Nb, Ta, V, Ge; stems — As, Bi, In, Nb, V, Ge, Sb; leaves — Bi, Nb, Ta, V, Ge,
Sb, Se; roots — As, Bi, In, Ta, V, Sb, Se. Stems of Urtica dioica L. contained low
percentage (<1.0- 107 %) of Mo, Cu, Pb; leaves (<5.0- 107 %) — of Mo, B, Ni, Cu; roots
(<7.0-10” %) of Cr, Cu, Mo, V, Ni.

Key words: Cichorium intybus L., Urtica dioica L., macro-and microelements, trace
elements, atom-adsorption method, atomic-emission semiconductor spectral analysis.

Introduction. Cichorium intybus L., commonly known as chicory, is an
erect fairly woody perennial herb, around 1 m in height with a fleshy taproot of
up to 75 cm in length and large basal leaves having blue or white flowers. It has
major distribution areas in South Africa, North and South America, Australia and
New Zealand [1]. C. intybus is grown for the production of inulin which has a
negligible impact on blood sugar and thus is suitable for diabetics [2, 3]. It is a
medicinally important plant worldwide due to its long historic experience of use
in traditional medicines [4]. The folk medicine the roots and leaves are used for
various purposes. The roasted roots of the plant are used as a substitute of coffee
in Turkey.

The aqueous root extract is used against malaria in Afghanistan [5]; for the
treatment of eupeptic, stomachic, depurative, choleretic, laxative, hypotension,
tonic, and antipyretic diseases in Iran [6]; against liver diseases and lack of
appetite in Poland [7]; as laxative and blood purification in Italy and Serbia [8, 9];
whole plant is used for internal hemorrhage, sedative in typhoid in Jordan [10];
for jaundice and rheumatism in India [10, 11]

Research for evaluation of the biological activity have revealed that whole
plant aqueous extract, leaf and seed extracts of C. intybus exhibits activities:
antibacterial and antifungal [12-14], anthelmintic [15], anti-inflammatory [16],
analgesic [17], antioxidant [18], tumor-inhibitory [19], remedy for malarial fevers
[5]. On the other hand, the aqueous-methanolic extract of the seeds and aqueous
extracts of the roots of C. intybus has been showed for the hepatoprotective
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activity [20, 21]. The antidiabetic effect of the aqueous seed extract of it has also
been researched [22].

Urtica dioica L., often called common nettle, stinging nettle or nettle leaf, is
a herbaceous perennial flowering plant in the family Urticaceae. Originally native
to Europe, much of temperate Asia and western North Africa but it is distributed
nearly worldwide [23]. The research of plant used as remedies in traditional folk
medicine to treat theumatic pain and for colds and cough [24] and also is used
against liver insufficiency [25], and aqueous methanolic extract from roots used
in the treatment of prostatic hyperplasia [26]. U. dioica is well known as hypogly-
caemic [27]. Crude extract of the plant produces a hypotensive, antioxidant,
antimicrobial, antiulcer, analgesic and immunomodulatory actions [28, 29].

The role of these elements in various metabolic processes and their impact on
human health have an increased interest due to environmental pollution. Conse-
quently the elemental composition of the herbs is very important for dietary. The
elements are present at varying concentrations in different parts of the plants
which are used as ingredient in the medicinal preparation. Moreover with
increasing industrialization and environmental pollution it is necessary to check
the content of toxic elements such as Ar, Hg, Sn and Se. Heavy metals that are
considered essential for at least some forms of life include V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, and Mo. Heavy metals required by plants include Mn, Fe, Cu, Zn, Mo,
and Ni. The phytotoxicity of such relatively common heavy metals as Cd, Cu, Hg,
and Ni is substantially greater than that of Pb and Zn. In order to establish a direct
link between elemental content and its curative capability, the monitoring of the
elemental composition of the leaves has become essential [30].

Therefore, the aim of the present work was to determine mineral accumu-
lation in different parts of Cichorium intybus L. (flowers, stems, leaves, roots) and
Urtica dioica L. (stems, leaves, roots) which growing in Kazakhstan.

Materials and methods. Plant raw material C. intybus L. (common spray)
and U. dioica L. (duplex nettle) were collected from Medeo mountain range in
Almaty, Kazakhstan.

The quantitative analysis of elements contained in plant C. intybus L.
(flowers, stems, leaves, roots) at atomic-adsorption method in the «AA 7000»
Shimadzu instrument and the size of the plant U. dioica L. (stems, leaves, roots)
are determined at A-Analyst 400 device by atomic-emission semi-quantitative
spectral analysis [31].

RESULTS AND DISCUSSION

According to the research data, 39 elements from the plant C. intybus L.
(flowers, stems, leaves, roots), 20 elements from the plant (stems, leaves, roots)
were identified. The elemental levels of different parts of analyzed plants are
presented in table.

The Gd element is equal to <0.001 % in the flowers, stems, leaves, roots
and the elements V, Bi in all parts of C. intybus L., is <0.000001 %, the Sb plant
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Elemental composition of Cichorium intybus L. and Urtica dioica L.

Cichorium intybus L., % Urtica dioica L., %

No | Element

Flowers Stems Leaves Roots Stems | Leaves | Roots
1 Al 0.62 1.00 0.64 233 3.50 1.43 1.00
2 As 4.0-107 1.0-10°¢ 3,7.10°% | <1.0-10°° - - -
3 Bi <1.0-10° | <1.0-10° | <1.0-10° |<1.0-10°® - - -
4 Ca 12.58 14.83 21.08 7.59 22.6 22 9.50
5 cd 2.1-10* 2.2-107* 3.1-10* | 49-10* - - -
6 Cr 4.1-107* 6.2:107* 5.0-10° | 2.0-10° |3.5-10°|7.5-10°|3.0-10°°
7 Cu 1.4-1072 7.9-107° 4.5-107° 0.01 1.0-103%(1.5-102%|7.0-10°°
8 Fe 0.16 0.21 0.16 0.10 - - -
9 In <1.0-10° | <1.0-10° | 8.6-10* |<1.0-10°° - - -
10 Li 9.0-107* 3.6:107° 2.1-10° | 1.7-107° - - -
11 Mg 2.30 1.58 1.91 1.77 0.21 2.65 3.06
12 Mn 0.031 0.024 0.022 0.027 0.03 0.05 0.15
13 Mo 1.1-107 2.1-107° 46107 | 5.2:107 [3.0:10%|9.0-10*| 4.0-1073
14 Nb <1.0-10° | <1.0-10° | <1.0-10° | 3.6-107* - - -
15 Pb 3.2:10°7 6.4:107 3.8:10° | 43:10° |1.0-10°|7.0-107 -
16 Rb 0.028 0.016 0.020 0.017 - - -
17 Si 0.028 0.038 0.030 0.100 2.59 6.97 1.00
18 Sn 2.8:107 5.7-107° 24107 | 4.4-10° - - -
19 Ta <1.0-10° | 7.7-10° | <1.0-10° |<1.0-10°° - - -
20 Te 1.7-107 8.4:107° 6.4:10° | 6.4-10° - - -
21 Ti 0.035 0.075 0.038 0.100 - - -
22 A4 <1.0-10° | <1.0-10° | <1.0-10° | <1.0-10°|3.0-10°| 0,015 |7.0-107
23 W 3.8:107 1.7-107 44-10° | 2.8-107° - - -
24 Zr 1.9-107 1.9-107 1.2:10° | 5.6:107° - - -
25 Ge <1.0-10° | <1.0-10° | <1.0-10°® 0,13 - - -
26 Sb 1.3-10% | <1.0-10° | <1.0-10° | <1.0-10° - - -
27 Se 1.9-107 26107 | <1.0-10° | <1.0-10°° - - -
28 Tl 0.019 0.018 0,024 5.0:10° | 0.01 0.03 0.40
29 Zn 0.044 0.028 0.036 0.027 6.31 6.80 | 0.015
30 p - - - - 2.17 231 6.96
31 K - - - - 1583 | 9.81 | 23.98
32 Ba - - - - 0.01 0.01 0.05
33 B - - - - 3.0-10°%(5.0-107 -
34 Sr - - - - 0.05 0.05 0.03
35 Ni - - - - 2.0-10°]5.0-10°]3.0-107°
36 S - - - - 1.53 2.0 -
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members were <1.0-10°-1.3-10° %. By the roots<stems<flowers <leaves
(Ho, Fe, Zn, T, In, Si, Ti) was increased between <0.000001- 7.46 % respecti-
vely. One of the most important microelement for the plant and the metabolism is
Sa 7,59-21,08 % in leaves.

Level of Zn, Si, Pb, B, Sr in the roots of U. dioica L. stem < flower < leaf
was changed between the range from 0.003 to 6.97%, elemental concentration of
Mg, Ba, Ti, Mn, Mo, Cr was increased from 0.0003 to 3.06% respectively.
Moreover, concentration of the elements P, Ca, K is particularly important. The
level of P in the roots is more (6,96%) than in stems and leaves. Concentration of
Ca is higher in leaves and stems than in the roots with 22, 22.6, 9.50% respec-
tively. Concentration of K is higher in roots than in stems and leaves 23.98, 15.83,
9.81 % respectively.

High levels of Ca, Mg and Al were found in all parts of Cichorium intybus L
and of Ca, K, Zn, Si and P in all parts of Urtica dioica L. The levels of elements
not significantly differ between parts of plants. Flowers of Cichorium intybus L.
contained low percentage (<1.0-10° %) of Bi, In, Nb, Ta, V, Ge; stems — As, Bi,
In, Nb, V, Ge, Sb; leaves — Bi, Nb, Ta, V, Ge, Sb, Se; roots — As, Bi, In, Ta, V,
Sb, Se. Stems of Urtica dioica L. contained low percentage (<1.0-10~ %) of Mo,
Cu, Pb; leaves (<5.0-10” %) — of Mo, B, Ni, Cu; roots (<7.0-107 %) of Cr, Cu,
Mo, V, Ni.

Conclusion. Based on the results of the study, medicinal herbs Cichorium
intybus L. and Urtica dioica L. were the most important source of macro- and
micronutrients. 39 elements were identified in the flowers, stems, leaves and roots
of Cichorium intybus L. and 20 elements were found in the flowers, stems, leaves
and roots of the Urtica dioica L. plant. In the future, the plants can be recom-
mended for medical and pharmacological experiments.
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Pe3rome
M. B. Axmaesa, I'. E. Azumbaesa

CICHORIUM INTYBUS L. XOHE URTICA DIOICA L.
OCIMJIKTEPIHIH 3JIEMEHTTIK MOJIIIEPI

Byn makamama xypmem ryizminep TykeiMaachiHa jkatatelH Cichorium intybus L.
(Tymi, cabarsl, sxameIparsl, TaMBIpeD) skoHe Urtica Dioica L. (cabarbl, ambIparsl, TAMBIPHI)
OCIMIIKTEepiHIH 3JIEMEHTTIK MOJIIEepPi aHBIKTANBII, 3ePTTENIl. OCIMIIKTepAiH KypaMbIH/a-
FBI MAKPO-MHKPO JIEMEHTTEPIIH MOJIIIIEPi aTOM-3MHUCCHUOH/IBI XKaPThUIAH CAHIBIK CIIEKTP-
JIK aHaM3 9JiCiMEH 3epTTenim, MariMerTepi kepcerinai. Hotmkecinae Cichorium inty-
bus L. ecimairiniag kypameiga 39 snement, Urtica Dioica L. ecimairiHiH KypaMmbIHIa
20 snemenT asbIKTanapl. Cichorium intybus L. ecimairinig 6apnbeik mymieciage Ca, Mg u
Al amemenTTepi sxoFapel MoHAI kKepcetce xoHe Ca, K, Zn. Si m P snementrepi Urtica
Dioica L. ecimairinig ne 6apisik mymecinae kesaecti. Cichorium intybus L. eciMairing
rymaigge Bi, In, Nb, Ta, V, Ge snementrepi, cabarpiana - As, Bi, In, Nb, V, Ge, Sb;
xamblpareiHaa — Bi, Nb, Ta, V, Ge, Sb, Se; Tampipbiana - As, Bi, In, Ta, V, Sb, Se Tomen
MaRBIBIK KepceTKimTi kepeerTi (<1,0 - 10°® %). An, Urtica dioica L. eciMairiniyg caba-
reiEIa Mo, Cu, Pb omementrepi (<1,0 -+ 107 %) a3 Memmep/i kepceTce, KambiparbIHia
Mo, B, Ni, Cu (5,0 - 10~ %), Tambipsiama Cr, Cu, Mo, V, Ni snementrepi (<7,0 - 107 %)
MOHTE HE.

Tyiiin ce3nep: Cichorium intybus L., Urtica dioica L., Makpo- %oHE MHUKPO3JIEMEHT-
TEep, TPAHCHIEMEHTTEP, aTOM-aJICOPOLUSIIBIK SJIC, ATOM-3MUCCHOH/IBI JKAPThUIAH CaH/IBIK
CIIEKTPOMETD.
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Pe3iome
M. B. Axmaesa, I'. E. A3umbaesa

SJIEMEHTHBIA COCTAB
CYCLORIUM INTYBUS L. I URTICA DIOICA L.

ﬂaHHBIﬁ OKCIICPUMECHT 6BU'I MPOBEACH MJIsA YCTAHOBJICHUS HAKOIUICHUSA MUHCPAJIOB B
pa3HBIX YaCTIX Ka3zaxCTaHCKUX o0pasuoB Cichorium intybus L. (1BeTKH, CTEONH, JTUCTHS,
kopuu) u Urtica dioica L. (crebmnu, mucthsi, kopHu). KoHIleHTpals MUHEpaIoB omnpee-
JIATaCh AaTOMHO-3MHUCCHOHHBIM MOJTYTIPOBOHUKOBBIM CIIEKTPAILHBIM METOIOM. B pe3yib-
TaTe OBUIO BBIBICHO 39 Makpo- M MUKpodyieMeHTOB B Cichorium intybus L. u 20 - B
Urtica dioica L. Bricokue ypoBau Ca, Mg u Al ObUIM OOHapyXECHBI BO BCEX YaCTAX
Cichorium intybus L u Ca, K, Zn. Si u P Bo Bcex wactsx Urtica dioica L. Konnentpanus
AJIEMEHTOB B Pa3IMYHBIX YACTAX UCCIECIYyEMBIX PACTCHHUH pa3indaeTcs He CYIISCTBCHHO.
Heerxu Cichorium intybus L. comepxanu Hu3Kui npoueHT (<1,0 - 10°¢ %) Bi, In, Nb, Ta,
V, Ge; crebmu - As, Bi, In, Nb, V, Ge, Sb; muctes - Bi, Nb, Ta, V, Ge, Sb, Se; xopHu -
As, Bi, In, Ta, V, Sb, Se. Crebmu Urtica dioica L. comepxanu HH3KHA TPOIEHT
(1,0 - 10 %) Mo, Cu, Pb; muctest (<5,0 - 10° %) - u3 Mo, B, Ni, Cu; kopuu
(7,0 - 107 %) Cr, Cu, Mo, V, Ni.

KiroueBnie cioBa: Cichorium intybus L., Urtica dioica L., Makpo- # MUKpO3JI€MEH-
ThI, TPAHCAJIEMCHTBI, ATOM-aJICOPOIMOHHBIA METOJ, ATOMHO-3MHCCHOHHBIA MOIYIIPO-
BOJIHUKOBBIN CIICKTPOMETP.
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ENHANCEMENT OF MEMBRANE DISTILLATION
OF PET TRACK-ETCHED MEMBRANES
BY HYDROPHOBIZATION
WITH DICHLORODIMETHYLSILANE

Abstract. Recent reports from the United Nations show that approximately 1.8 bil-
lion people live in countries that experience an absolute shortage of water resources. Due
to global population growth and industrialization, it is expected that water consumption
will lead to a 40% shortage of fresh water by 2030. Desalination by membrane distillation
can help to reduce lack of water by extracting fresh water from polluted sources, including
seawater, and wastewater. In this study, new types of membranes have been tested for this
purpose. Hydrophobic track-etched membranes (TeMs) based on poly(ethyleneterephta-
late) (PET) were prepared using covalent binding of silicon monomer such as dichloro-
dimethylsilane (DCDMS). Efficiency of hydrophobization was increased by preliminary
oxidation by hydrogen peroxide treatment. Pre-oxidation of PET TeMs leads to an in-
crease inwater contact angle (CA) up to 102°.The effect of reagent concentration, reac-
tion time were studied by scanning electron microscope (SEM), Fourier-transform in-
frared spectroscopy (FTIR), gravimetrically, water- and gas-flow rate, contact angle
measurements. The performance of the modified membranes was evaluated using direct
contact membrane distillation (DCMD) process. The results show maximum water flux of
17 kg/m*-h during 6h of saline solution operation at 15 g/l with efficiency up to 98 %.

Keywords: PET, track-etched membranes, dichlorodimethylsilane, membrane distil-
lation, hydrophobization, water desalination, surface hydrophobicity.

As a result of natural and human induced factors, the water consumption in
the world is constantly increasing, especially in densely populated regions. The
problem of lack of fresh water is no longer the prerogative of African countries,
but also it can be relevant for Central Asian region. As a result of the combination
of anthropogenic and natural factors, more than 70% of Kazakhstan territory is
subject to desertification processes to varying degrees. At the moment, there is an
acute shortage of water resources in Kazakhstan for the needs of industry and
agriculture, and for drinking water supply. The importance of this problem was
also noted by the President NursultanNazarbayev in the message "Strategy
Kazakhstan-2050: a new political course of the prosperous country"”, that one of
the challenges of the current century will be the shortage of drinking water [1].

The main pollutants of water resources are petroleum products, phenols,
easily oxidized organic substances and heavy metal ions. In addition, man-made
radionuclides entering the groundwater as a result of nuclear dumps, accidents at
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nuclear power plants, discharges of liquid radioactive waste of some industries,
make it unsuitable for use without proper treatment.

Currently, most of the ongoing researches in the field of water purification is
aimed on the development of environmentally friendly, energy-saving and
efficient systems based on membrane separation processes [2-4].

There are various types of membranes used for these purposes: isotropic,
anisotropic, composite, flat, tubular, fiber, woven, sintered or molded.

One of the most important and defining characteristics is the membrane ma-
terial. Currently vast majority of the membranes on the market are made from
polymeric materials. The main materials for the manufacture of flat polymer
membranes are cellulose acetates, aromatic polyamides, fluoropolymers,
poly(ethylene terephthalate) (PET), polyacrylonitrile, polyamides, polyimides,
polyethylene, polypropylene and some other polymers [5].

One of the methods for producing so-called ion-track membranes is the irra-
diation of a polymer film. Its macrostructure is formed by irradiation with accele-
rated ions followed by physicochemical treatment, ultraviolet (UV) irradiation
and chemical etching. This results to the formation of track-etched membranes
(TeMs).

A characteristic feature and advantage of TeMs is regular pore geometry
with the ability to control their number per unit area and a narrow pore size distri-
bution. This in turn, provides a given selectivity and specific performance of
membrane [6, 7].

Currently PET films are one of the most widely used materialsfor the prepa-
ration ofTeMs. The main characteristics of film materials based on PET should
include high strength and optical characteristics, low swelling and shrinkage,
thermal stability, chemical indifference towards conjugate media [8—10].

Despite the fact that the surface of PET TeMs has medium-hydrophobic
properties, for using them in the process of membrane distillation (MD), it is ne-
cessary to improve the water-repellent properties of such membranes. One of the
most frequently used methods of materialhydrophobization is the creation of a
thin polymer film layer of hydrophobic nature on their surface. In this case, two
problems can be solved simultaneously: a change in the surface energy of the
TeMs and a decrease in the average pore diameter to the optimum value. Howe-
ver, most of the methods used do not satisfy the needs of MD, since the created
hydrophobic layer is susceptible to washing away with prolonged contact with
water. The most commonly used are polysiloxane polymers and copolymers with
a pronounced hydrophobic nature. The problem is instability of the connection of
these polymers with the underlying surface of the membrane. Thus the hydro-
phobization of PET TeMsfor such applications is an important task "',

The new generation of membranes will provide access to alternative sources,
providing water purification unsuitable for irrigation, industrial and domestic use.
Industrial application of the membrane distillation process will help to solve the
problems of water scarcity, environmental pollution, inconsistencies between
water supply and water demand [20].
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In this paper, we consider method of hydrophobization based on covalent
binding of dichlorodimethylsilane (DCDMS) on PET TeMs. The effect of pre-
oxidation of PET TeMsand further silanationon the contact wetting angle will be
studied in comparison with the etched samples. The obtained hydrophobic mem-
braneswere tested in desalination process.

EXPERIMENTAL

Chemicals. DCDMS, sodium hydroxide, o-xylene, 2-propanol, hydrogen
peroxide, hydrochloric acid were purchased from Sigma-Aldrich and used as
received. Deionized water (18.2 MQ) was used in all experiments.

Preparation of the membrane. PET films with a thickness of 12 pm («Mitsu-
bishi Polyester Film», Germany) were irradiated in the DC-60 accelerator by Ar
ions with an energy of 1.75 MeV/nucleon and ion fluence of 1-10° ion/cm®. After
the etching process in a 2.2 M solution of NaOH at 85°C, membranes with pore
sizes of 200-250 nm were obtained. Etched membranes were dried and kept
between paper sheets at room conditions.

Hydrophobization of PET TeMs. To increase efficiency of covalent binding
of silanes, pre-oxidation of PET TeMs in the H,O,/UV system was applied[8].
For this purpose, PET TeMs samples (5x7.5 cm®) were oxidized in a solution of
0.3M H,0O, at pH = 3 (HCI). Oxidation was carried out for 180 min under
UV-irradiation with 190 W mercury lamps at 254 nm. After the oxidation the
samples were washed with deionized water twice, dried in air at room tempe-
rature.

Hydrophobization of PET TeMs was achieved by immersion of samples into
the solution of DCDMS in 2-propanol or o-xylene with various concentrations
(0.01M, 0,1M, 1M, 5M) during 1h — 48h. At the end of these periods membranes
were quickly removed from the reaction medium rinsed with the solvent and
dried.

Membrane characterization. Chemical changes on the membrane surfaces
were studied by taking FTIR spectra using Agilent Cary 600 Series Spectrometer
with Single Reflection Diamond ATR accessory (GladiATR, PIKE). JEOL JSM-
7500F scanning electron microscope was used to characterize pore diameters and
morphology after PET TeMs modification. Water contact angle of the samples
was measured using Digital Microscope 1000x at room temperature.

Direct contact membrane distillation(DCMD). Direct contact membrane
distillation (DCMD) was used to determine separation performance of hydro-
phobized PET TeMs. DCMD rig was described in our previous paper [19, 20].
In brief, the modified membrane was placed in a cell for MD process, the flow
rate on permeate and feed side was controlled and kept at 227+3 ml/min and
453+3 ml/min respectively using Easy load Cole-Parmer Masterflex L/s 77200-62,
these parameters provide optimal performance and lowest temperature polari-
zation. The temperature at the feed side was 85 °C and at the permeate side 10 °C.
The permeate flux was measured by weighing the mass of liquid on permeate side
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at fixed time intervals (30 sec) on a balance (+0.01 g). The efficiency of salt
rejection was evaluated conductometrically using Hanna Instruments HI2030-01.

RESULTS AND DISCUSSION

Preparation and characterization of hydrophobic membrane. Hydropho-
bization of the surface was achieved by creating on the surface of PET TeMs

covalent bonds along the terminal OH groups with DCDMS.

The reaction is based on the chemical inertness of the Si-C bonds and the
high reactivity of the Si-Cl bonds, which easily undergoes by hydrolysis and
interaction with the OH-rich surface of PET TeMs. Schematically, the covalent
attachment process of DCDMS is presented in figure 1.

—OH

Membrane

—OH

Cl

I
+ 2Cl—Si—CH,

H,0
 —

-3 HCI

Membrane

CH,4 CH,
—O—S!i——CH3 g —O—Si—CH;
OH —_— % (0]

-HCI <
—O—Si—CH;,4 —O—Si—CH;
éH3 CH,

Figure 1 — Scheme of the hydrophobization of surfaces of PET TeMs

The experiment was carried out under different conditions by changing the
solvent (o-xylene, 2-propanol), concentration of DCDMS (0.01M; 0.1M; 1M;
5M) and reaction time (from 1 h to 48 h). The results are shown in table 1.

Table 1 — Results of hydrophobization PET TeMs by DCDMS

No Time, h Solvent Concentration, M Water contact angle, ©
1 0 - - 49+4
2 1 o-xylene 1 70+4
3 6 o-xylene 1 73+£3
4 16 o-xylene 1 79+2
5 24 o-xylene 1 84+4
6 48 o-xylene 1 84+2
7 24 o-xylene 0.1 76+4
8 24 o-xylene 0.01 74+4
9 24 o-xylene 5 7545
10 24 2-propanol 0.1 7245
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According to the obtained data, it was concluded that o-xylene is a suitable
solvent and it was chosen for further work with samples in other conditions.
Images of drops on the surface of the membranes after modification in o-xylene
under various conditions are presented in figures 2, 3.

S

-

@ (b) ©

Figure 2 — Images of drops on modified PET TeMs at a concentration of DCDMS
in o-xylene of 0.01M (a), 1M (b) and 5M (c)

(b)

© (d)

Figure 3 — Images of drops on modified PET TeMs at a concentration of DCDMS of 1 M
and a reaction time of 1h (a), 6h (b), 16h (c) and 48h (d)

It can be seen that, the DCMDS system in o-xylene with a concentration of
IM and time of 24 h is the most optimal for achieving the hydrophobic properties
of the PET TeMs surface. At the same time, it should be noted that a decrease in
the CA with an increase in the concentration of the DCMDS to 5M is probably
associated with the predominant interaction of silanes with each other than with
the surface of the membrane.To increase efficiency of covalent binding of silanes,
pre-oxidation of PET TeMs in the H,O,/UV system was used [8]. Pre-oxidation
lead to increasing chemical active groups on the surface that potentially can
improve density of hydrophobic layer. In turn, this will lead to an increase in the
value of the contact angle. The obtained results are presented in table 2.

The obtained data indicate that pre-oxidation leads to an increase in the CA
to 102°. This is probably due to the creation of active reaction centerson the sur-
face of the membrane that occur after oxidation.Thus, research on the hydro-
phobization of etched and oxidized PET TeMs in DCMD was carried out, and the
optimum process conditions were determined. Studies have shown that pre-
oxidation leads to an increase in the CA to 102°.
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Table 2 — Experimental data on the wetting angle of oxidized and etched PET TeMs by DCDMS

No Sample name Concentration, | Time, | Water contact Effective pore size,
M h angle, ° nm
1 PETTeMsox. 1 1 75+3 189+5
2 PET TeMsetched 1 1 70+4 19146
3 PETTeMsox. 1 3 7842 18445
4 PET TeMsetched 1 3 71+1 182+6
5 PETTeMsox. 1 5 79+1 171£5
6 PET TeMsetched 1 5 78+1 17245
7 PETTeMsox. 1 24 102+2 165+6
8 PET TeMsetched 1 24 8442 164+6

Modified membranes were studied by FTIR-ATR spectroscopy. Typical
FTIR-ATR spectra of pristine and modified PET TeMs as well as DCDMS
for comparison are shown in figure 4. The comparison of the modified and non-
modified PET TeMs spectra shows us differences confirming the presence of
DCDMS on the membrane surface. The main absorption peaks related to PET are
3432 cm™ (O-H), 2972 em™ (C-H), 2910 cm ™' (C-H), 1715 cm™' (C=0), 1470,
1430, 1409 cm™ (aromatic vibrations of benzene), C(O)-O bonds of ester groups
(1238 em™), 980 cm™ (O-CH,). In the modified samples, the valence vibrations of
Si—CH; and Si—O bonds at 1118 and 1045 cm™!, the deformation vibrations of the
Si—C bond at 987 cm ™', which are related to DCDMS, are observed.
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Figure 4 — FTIR-ATR spectra of 1 — pristine PET TeMs, 2 — DCDMS-PET TeMs
(reaction time 24h), 3 - DCDMS-PET TeMs (reaction time 48h)
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The surface of the modified membranes was also studied by SEM.

Figure 5 — SEM images of PETTeMs surface after modification of DCDMS depending
on the reaction time of 1h (a), 6h (b), 16h (c), 24h (d) and 48h (e)

SEM images showed us that increasing reaction time led to decreasing pore
size, that is also consistent with the results on gas permeability. The decrease in
pore diameter is due to swelling of the PET TeMs.

Transport properties of hydrophobized PET TeMs after DCMD process.
Membrane distillation was carried out in direct contact mode in a laboratory setup
[19]. The membrane distillation characteristics of the modified membranes were
evaluated using NaCl solution with concentrations of 15 g/l. In the MD process,
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the efficiency of mass transfer and salt removal was evaluated, as shown in figu-
re 6. A gradual decrease inproductivity occurred in the process. Deviations in
performance are most likely due to the inconstancy of the temperature gradient.
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Figure 6 — MD water flux and the distillate electrical conductivity during continuous DCMD
tests using hydrophobized PET TeMs (DCDMS) for NaCl solution with concentration
of 15 g/l with pore diameters of 250 nm

Average water flux for the solution of NaCl (15g/l) is 17 kg/m?-h. The de-
gree of salt rejection for a solution with a concentration of 15 g/l was 98%. It is
worth noting that wetting and contamination are one of the main factors contri-
buting to reduced productivity. Results show us that hydrophobized PET TeMs
have a high potential to use them for membrane distillation and need to be further
studied.

Conclusions. In this work, PET TeMs was modified by covalent binding of
DCDMS with improved surface hydrophobicity. FTIR, and contact angle analysis
confirm the success coating of DCDMS on the membrane using o-xylene as a
solvent. The optimal parameters (DCDMS system in o-xylene with concentration
IM for 24h) showed, that using pre-oxidation PET TeMs leads to CA 102°, while
non-oxidized samples have CA - 84°. Thus, technologically convenient methods
of hydrophobization by covalent binding of DCDMS to the surface of PET TeMs
were investigated. Then modified membranes with pore size of 200+£50 nm were
tested in DCMD process for water desalination. The average results reaches maxi-
mum water flux of 17 kg/m*-h 15 g/l NaCl solution operation with efficiency up
to 98%. The results show the possibility of using hydrophobized PET TeMs in the
method of water purification by membrane distillation.
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Pe3iome

A. B. Ecocanos, U. B. Koponvkos, E. I'. I'opun,
O. Twsen, M. B. 30oposey, C. C. [Jocmasambemosa

[I3T® TPEKTIK MEMBPAHAJIAP/IbIH,
MEMBPAHAIJIBIK CY3V YIIIH
JUXIJIOPINUMETUIICUIIAH THAPOD®OBU3ALIATIAY

Kazipri yakpitta bipikken ¥nrrap YWbIMBIHBIH JAepekTepi OOWbIHIIA HIaMaMeH
1,8 mMunmmapa ajgaMm cy pecypCTapbIHBIH JKETICHEYIIUIriH Ce3iHEeTiH enfeplae Typaibl.
KahaHaplk XayblK CaHBIHBIH ©CYyIMEH WHIYCTPHUSUIaHIBIPYIbIH apkacsiHaa 2030 xpurra
Kapai Cy/bl TYTBIHY TYIIBI CyJIbIH JKETICHEYIIUIIriHe aKelel Jaen KyTrityne. MemOpaHa-
JBIK aijay apKbUIbl TY3CBI3AAHABIPY JIaCTAaHFaH KO3JEpACH TYIIbl CyJapAbl, COHBIH
IITHE TEHi3 CYBIH, CAPKBIHIBI CYIIap/Ibl )KOHE PaauoakTuBTi cy. Cy pecypcTapbIHBIH He-
Ti3ri JacTaFpIITaphl — MyHall eHIMIepi, PeHONIaap, MECTHIUATEP, OHAl TOTHIKKAH Opra-
HUKAJIBIK 3aTTap JKOHE aybslpMeTangap MoHAaphl. Kazipri yakpITTa CyIsl TasapTy cana-
CBIHAA JKYPTI3UTII JKaTKaH 3epTTeyNeplHiH OachkiM Oeiiri MeMOpaHaIBIK Oexy mporec-
TEpiHEH €Ti3IeNTeH SKOJOTHIBIK Ta3a, YHEPTUSHBl YHEMACUTIH KoHE THIMII KyHenepmi
JaMbITyFa OarbITTanFaH. byn 3eprrey yiniH MeMmOpaHaHBIH JKaHa TYpJiepi TEKCepui.
I'uapodo6Ter Tpektik MemOpananapabl (TM) nonmdtuientepedranar (IIDTD) Heris-
JieNreH KpeMHuii MoHoMep nuxiopoauMeTicuinat (JXIMC) cuskTel koBajeHTTI Oaiina-
HBICTBIPY apKbUIBI AJTBIHIBL. [ MIp0oGhoOU3aIMSHBIH THIMIUTITI CYTETl aCKBIHBIHBIH CPITiH-
JCIHIIE TOTBIKTHIpYMEH ayjpiH-ana keoeini. PET TM-HiH TOTBIFYBI aljIbIH-aJIa KOHTaKTI
suTFIIbIBIK OypbimbiH (KbIB) 102°-re aeiiin apTThipazpl. PeakiusuiblK KOMITOHEHT-
TEpAiH KOHIEHTpauuschiHbIH acepi, KbIb-nbIH e3repyine peakius yakbIThl 3J€KTPOH/IBIK
CKaHEepJICH OTETIH AJIEKTPOHABIK MuKpockon (COM), UK-cmekrpockomnus KeMeTriMeH
3eprrenai. TypneHaipiiren MemOpaHanapAblH eHIMAUTrT MemOpanansik cy3sy (MC) ap-
KbUTBI Oaranmannel. EH skoFaprel HOTIDKeNep cy eHiMauriri 151/m NaCl koHmeHTparusicet
kesinme 98,36% meliin Tazanay THIMIUTITIMEH 6 caraT Ooibr 17 Kr/M>-caF neitin sxKeTei.

Tyiiin ce3nep: I[I9T®, TpekTik MemOpaHaiap, AUXJIOPAMMETHICHIAH, MeMOpaHa-
JBIK CY3Y, THAPO(OOTH TYPIACHIIPY, CYABI Ta3apTy, OeTTik ruapodoOu3aius, KOBaJICHHTI
OalIaHBICTHIPY.

Pe3rome

A. B. Ecocanos, . B. Koponvkos, E. I'. I'opun,
O. Tosen, M. B. 30oposey, C. C. [Jocmasambemosa

TMAPODOBU3AIINA [IT® TPEKOBBIX MEMBPAH
JAUXJIOPIMMETHICUTIAHOM
JJ1 MEMBPAHHOU JJUCTUJIIAINN

B Hacrosimmee Bpemst, mo ganHsiM Opranuzaiuu O0neauHeHHbIx Haruil, nmpumepHo
1,8 MwIIHapaa 4eoBeK )KHUBYT B CTPaHaX, UCTIBITHIBAIOIIAX a0COMIOTHYIO HEXBATKY BOJI-
HBIX pecypcoB. M3-3a ri100aabHOr0 POCTa HACEICHUS U WHAYCTPHATH3AIMUA OKUIACTCH,
yt0 K 2030 roay motpebienue Boabl npuseaet k 40% nedunuty npecHoit Boasl. Ompec-
HEHHE IyTeM MEMOpaHHON TUCTIIUIAIMA MOKET TOMOYb YMEHBIIUTh HEXBATKY BOJBI 32
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CYeT M3BJICYCHHUS IIPECHON BOJIBI U3 3arPS3HEHHBIX HCTOYHUKOB, BKIIIOUAsi MOPCKYIO BOY,
CTOYHBIE BOJIBI U paJiMOaKTHBHAs Boja. Jns 9Toi uenu B pabore ObUIM MPOTECTUPOBAHBI
HOBBIC THITBI MeMOpaH. ['uapodoOHsie TpekoBbie MeMOpaHbl (TM) Ha OCHOBE IMOJHUITH-
nenrepedranara ([I9TD) ObuM MONMYUYEHBI METOJOM KOBAJICHTHOTO CBS3BIBAHHS KPEM-
HUEBOTO MOHOMEpA, Takoro kak auxyopaumericuian (JIXIMC). DbdexTuBHOCTD rH-
podoOu3anuy noBhIaIachk MyTeM NPEIBAPUTEIBHOTO OKHUCICHHS B PAcTBOpPE IMEPEKUCH
Bogopona. IIpeasapurensHoe okucienue [I9T® TM npuBOIUT K yBEIMUYEHUIO KOHTAKT-
Horo yria cmaunBanus (KYC) no 102°. BiusHue KOHIEHTpAMU Pearnpyrolux KOMIIO-
HEHTOB, BpeMEHHU peakiuu Ha u3MeHeHHe KYC usyyanu ¢ IOMOLIBIO CKaHUPYIOIIETO
anekTpoHHOro Mukpockona (COM), MK-cnekrpockonnu ¢ @ypre-npeoOpasoBaHHEM.
[TpousBoanTENHHOCTE MOANGDHUIMPOBAHHBIX MEMOpaH ONIEHMBAIH C HCHOJIb30BaHUEM
mporecca MeMOpanHoi muctwuriun (M/J]). Pe3ynpraTsl MoKa3sIBaloOT, 9TO MaKCHMAalb-
Hasl IPOM3BOTUTENHHOCTh BOJBI JOCTHraeT 17 Kr/M>-4 B TeUeHHE 6 4 IPH KOHIIEHTPAIHH
15 r/n NaCl ¢ adpdextuBHOCTBIO 0OUnCcTKH 10 98,36%.

KaroueBsie caoBa: [IDT®, TtpexoBble MeMOpaHBIL, TUXIOPIAMETWICHIAH, MEM-
OpaHHas TUCTHLIALMS, THAPodoOHasT MOAM(UKAIIUS, OYUCTKA BOIBI, THAPOGOOH3AIHs
MIOBEPXHOCTH, KOBAJICHTHOE CBSI3BIBAaHHE.
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SYNTHESIS OF SUBSTITUTED COUMARINS
AND THEIR CARBORANE DERIVATIVES
AS POTENCIAL ANTICANCER DRUGS

Abstract. In this paper, we present the reactions of the conjugated addition of C-me-
tal derivative of boron-rich compound — lithium-o-carborane to the coumarins: 3-acetyl-
bromcoumarin, 3-carbethoxycoumarin and products of its substitution with aromatic
nitrogen-containing compounds. Getting the latter was performed here for the first time;
the dependence of the reaction direction on the basicity of the amine was shown — the low
basic amine (indole) is attached to the 4-position of 3-carbethoxycoumarin, while the mo-
re basic amines (aniline and 2-amino-6-methylpyridin) led to obtainment of the classical
carboxamides. These initial compounds were introduced into the reaction of conjugated
addition with isopropyl lithium-o-carborane. There are row of the products of this interac-
tion: 3-indolo-3-carbonyl-4-(isopropyl-o-carborane)-3,4-dihydrocoumarin, 3-(2-amino-6-
methylpyridino)-3-carbonyl-4-(isopropyl-o-carboran)-3,4-dihydrocoumarin and 3-anilino-
3-carbonyl-4-(isopropyl-o-carboran)-3,4-dihydrocoumarin. Reaction of 3-acetylbromcou-
marin with lithium-o-carborane in equivalent amount gives 3-carbonyl-3-isopropyl-o-car-
boranoyl coumarin; whereas two amount of isopropyl lithium-o-carborane leads to the
3-carbonyl-3-isopropyl-o-carboranoyl-4-(isopropyl-o-carborane)-3,4-dihydrocoumarin.

Key words: 3-carbethoxycoumarin, 3-acetylcoumarin, o-carboran, boron neutron
capture therapy of cancer, organic synthesis.

Introduction. Coumarins and their derivatives have a wide range of biolo-
gical activity [1]. They are able to bind heavy metal ions, quench free radical pro-
cesses, and others. Moreover coumarin derivatives have wide range of the thera-
peutic properties, such as antispasmodic, coronary expanding, choleretic, anti-
inflammatory, antiallergic. The versatility of these hybrid compounds makes them
potential candidates for drugs to treat multifactorial diseases: cancer, Alzheimer's
disease, metabolic syndromes, AIDS, malaria and cardiovascular diseases [1-5].
Another potential application of such hybrid compounds is boron neutron capture
therapy of cancer (BNCT). At the present moment method of BNCT is under con-
siderable attention the scientists around the world. This treatment mode of cancer
include: administering of specific boron compounds, which are absorbed only by
the cancer cells and are accumulated inside the cancer cells; at irradiating by neu-
trons boron compounds and neutrons collide and cause atomic fission, producing
a-Ray radiation which destroys the cancer cells from inside. However, in order to
successfully realize the unique capabilities of BNCT in clinical practice, it is
necessary to solve complex chemical, biological, medical and physico-technical
problems. At first potential drugs for BNCT should be soluble in water, should
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have: low toxicity, biological and chemical stability, maximum amount of boron
atoms, and be selective to tumor cells [6—10]. Carboranes have special interests
for scientists involved in research of drugs for BNCT. A large amount of boron
(10 atoms) per molecule makes them promising for use in the development of
drugs for BNCT. For icosahedron carboranes, the methods for their appending
into different organic/biochemical compounds are well known. Huge amount of
published paper are devoted to research o-carborane derivatives [8—12]. At
present, the clinical practice of BNCT relies on two preparations: 4-dihydroxy
borophenyl alanine [13], and mercapto-closo-dodecaborate sodium [14], and
many other boron delivery agents are under evaluation [13—15]. However, 4-dihy-
droxy borophenyl alanine does not have a sufficient amount of boron, and the
mercapto-closo-dodecaborate sodium does not exhibit selectivity for cancer cells.
Therefore, the search for drugs for BNCT is a priority task. To date, carboranyl-
containing functionally substituted derivatives of coumarins have been studied by
a group of scientists under the leadership of Prof. A.V. Kazantsev [16—19]. Such
structures include heterocyclic fragments of a different nature, giving these
compounds unique chemical and pharmacological properties. In the continuation
of these studies, the article describes the reactions of first modified 3-substituted
coumarines with isopropyl lithium-o-carborane.

RESULTS AND DISCUSSIONS

The most accessible and having several reaction centers for the addition of
carborane derivatives, 3-carbethoxycoumarin 1 and 3-acetylcoumarin 2 were
chosen as initial compounds. Compounds 1 and 2 were synthesized by the Kno-
venagel reaction: by the condensation of salicylic aldehyde and acetoacetic ester
in the presence of piperidine as a catalyst [20] and by the condensation of sali-
cylic aldehyde and malonic ester in the presence of the piperidine/acetic
acid/ethanol as catalytic system [4]. To establish the various features of the C-me-
tal attachment of carborane, various derivatives of these compounds were
obtained. The reaction of 3-carbethoxycoumarin with indole, aniline and 2-amino-
6-methylpyridine was carried out.

The reaction of 3-carbethoxycoumarin 1 with indole gives 3,4-dihydro-
coumarin 3 because of '"H NMR spectra of 3 contains proton signals of CH,CH;
group at & 1.38 ppm and & 4.38 ppm, proton signal of 4™ position of starting
coumarin 1 at § 8.56 ppm [21] is absent in the '"H NMR spectrum of compound 3.
Proton signals at 3- and 4-carbon atoms of 3,4-dihydrocoumarin 3 exist at ¢ 4.18
and 5.01 ppm and have spin-spin interaction with the constant J = 7.2 Hz. The
total intensity of the signals of aromatic protons Cg,H in the region of & 6.81—
7.65 ppm is 9H. Aniline and 2-amino-6-methylpyridine react by the ether compo-
nent of 3-carbethoxycoumarin (1).
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N OC,Hs H,N

Their 'H NMR spectra does not contain proton signals of C;Hs group, while
signals of proton at 4™ position of coumarins 4 and 5 are still exist in 'H NMR
spectra at & 9.00 ppm; proton signals of NH group of these compounds are at
0 11.30 and 10.90 ppm, respectively. The total intensities of the signals of aro-
matic protons Cy,,H of the compounds 4 and S in the regions of 6 6.94-9.00 ppm
and 6 7.14-9.00 ppm amount 8H and 10H, respectively.

Differences of the reaction directions may be explained by the fact of various
basicity of indole and aniline and 2-amino-6-methylpyridine. The lone electron
pair of indole nitrogen atom is delocalized throughout the aromatic ring and not
available for protonation that explains the absence of basic properties of indole.
However, the electrophilic substitution can take place to the 4™ position of the
carbon atom .

Bromine-derivative of 3-acetylcoumarin 6 was synthesized according to the

work [20]:
O O
Br
N CH;  Br N
—
CHCl;
O O O O
2 6

The synthesis of carboranyl containing coumarin derivatives was based on
conjugated addition reactions, which were first described in [17]. Developing
studies of conjugate addition reactions in the series of C-metal derivatives of
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carboranes, we studied in detail the interaction of isopropyl lithium-o-carborane
with 3-ethoxycarbonylcoumarin (1), 3-acetobromcoumarin (2), 3-indolo-3-
carbonyl-3,4-dihydrocoumarin (3), 3-anilino-3-carbonyl-3,4-dihydrocoumarin (4)
and 3-(2-amino-6-methylpyridino)-3-carbonyl-3,4-dihydrocoumarin (5). As a
result of the conducted research, it was established that lithium derivatives of
isopropyl-o-carboran in ether-benzene medium and tetrahydrofuran react with 3-

carbethoxycoumarin (1) only according to the 1,4-addition scheme:
Pr-i

|
C
N oL Pr-i Pr-i
\/C C/ C/
I ¥ |
\C \C
— OC,H;s - OC,H
N 0CHs 2Hs H,0? 2Hs

O O 0

(0] (0)
7

Structure 7 is supported by the main absorption bands in the FTIR-spectra at
v, em™: 2987 (Cyo—H), 2906 (Cq—H), 1732, 1755 (C=0); stretching vibration
bands of carborane core vg y are at 2576, 2616 cm™. Proton signals of BH group
were detected in '"H NMR spectrum as a broad multiplet at § 1.6-2.5 ppm.
The interaction of lithium derivative of isopropyl-o-carboran with 3-ace-
tylbromocoumarine (6) proceeds in two directions:
Pr-i Pr-i

I prd
C . | C .
N\, __Li [e) N\, Li
Q e //C\ Ve
C
\ Br \ \é/
—_— em—
o) o) (0] O
8
Pr-i
-
L C
I|)1-1 @ IIJr-i
C .
N\, Li C 0 C
C
]gg%‘g .
—_—

6
C
O (6]

9

The yield and structure of the final product essentially depends on the ratio
and the order of mixing the reagents. When the ratio of reagents is 1:1, isopropyl-
o-carboranyl lithium reacts via more reactive C—Br bond of coumarin 8, FTIR
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spectrum of this sample 8 does not contain characteristic bands vc g, at 666 cm™;
at the same time, in 'H NMR spectrum proton of 4™ position of coumarine 8 at
9.00 pmm (1H, s) was detected. With an increase in the mole fraction of isopro-
pyl-o-carboranyl lithium to two, carborane is also added to the 4th position of the
lactone ring 9.

To search for new potential biologically active substances, we also studied
the interaction of an equimolar amount of lithium carborane derivatives with va-
rious substituted coumarins 3—5. Products of substitution on protons in the groups
NH were obtained: 4-indolo-3-carbonyl-4-(isopropyl-o-carborane)-3,4-dihydro-
coumarin (10), 3-(2-amino-6-methylpyridino)-3-carbonyl-4-(isopropyl-o-carbo-
ran)-3,4-dihydrocoumarin (11) and 3-anilino-3-carbonyl-4-(isopropyl-o-carbo-
rane)-3,4-dihydrocoumarin (12) with high yields (65, 84 and 87%, respectively).
IR-Spectra and spectra '"H NMR of the product 10 does not contain band of
stretching bond vy_y of and proton signal of NH group.

i—Pr\

Pr:
g; JLi

CH; >

H
/

N
/

Tl\I N CH;
H
(6) 6]
11
Il’r-i
C Pr-i
) ‘\\/C Li C/
0 \|
—C 0
E—
\ N
H |
(0) (6]
(6) (€]

In the IR spectrum of the product 10 following characteristic bands are
present, v, cm’: 2568 (B-H), 1739, 1672 (C=0), 1231(C-N); '"H NMR spectrum
contains proton signals, ppm (J, Hz): 1.01 (3H, t, J= 7.1, CH-CH,), 1.33-1.42
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(6H, dd, J = 6.8, (CH;),CH), 2.57-2.63 (1H, m, CH(CHj3),), 3.48 (1H, d, J = 7.2),
53 (1H, 4, J = 7.2), 4.01-4.15 (2H, m, CH,—CH3), 6.92-7.91 (9H), m, C,H),
1.6-2.3 (10H, m, BH).

Both structures 11 and 12 were supported by IR and 'H NMR spectroscopy.
IR-spectra of 11 and 12 contain bands, v, cm’': 2565, 2615 and 2566, 2615 (B-H),
1670 and 1712 and 1648, 1705 (C=0). 'H NMR spectra of the structures 11 and
12 have the following characteristic proton signals, 6, ppm (J, Hz): 1.19-1.29 and
1.27-1.40 [6H, dd, J = 6.8, (CH3),CH], 2.5 and 3.52 [1H, m, (CH(CHjs),], 4.71
and 3.64 (1H, s, NH), 1.4-2.2 and 1.5-2.3 (10H, m, BH), 3.45 (1H, d, J = 7.2,
Cy3H) and 5.2, 5.3 (1H, d, J = 7.2, C43H). Synthesized carboranyl-containing
coumarins will be further tested as potential drugs for boron-neutron capture the-
rapy of cancer using the '’B (n, o, y) Li (B-NRT) reaction.

EXPERIMENT

FTIR spectra were recorded on Cary 600 Series FTIR spectrometer manu-
factured by Agilent Technologies (USA) using a single reflection attachment on a
Gladiatr diamond manufactured by PIKE (USA). The NMR spectra were
recorded on “JNM-ECA Series FT NMR” (JEOL) model ECA 500, at 500 MHz.
Melting point were obtained on “Buchi Melting Point M560” device. The elemen-
tal analysis for carbon, hydrogen and boron were done by the express-gravimetric
method (for boron, in the presence of lead (II) oxide). Nitrogen was determined
by Dumas — Pregl — Kite method. The reactions were monitored by TLC on
Sorbfil plates sorbent-loaded silica gel with 8—12 pm grain size. Solvents (EtOH,
i-PrOH, DCE (1,2-dichloroethane), hexane, ether, benzene, THF, petroleum ether
and ethyl acetate used in the reactions and at recrystallization, were prepared
according to accepted methods [22].

4-Indolo-3-carbonyl-3,4-dihydrocoumarin (3). 1.17 g (0.01 mol) of indole
was added to the alcoholic solution of 2.18 g (0.01 mol) of 3-carbethoxycoumarin
with stirring. The mixture was boiled for 10 h and controlled by TLC. The solu-
tion was cooled, the precipitate 3 was filtered and washed with cold EtOH, the
residue was recrystallized from EtOH. Yield of the product 3 amounted 2.67 g
(80%), mp 241-243 °C (EtOH), Rt 0.35 (7/3, EtOAc/hexane as eluent). Found, %:
C 71.47; H 5.01; N 4.11. C,0H;7NO,. Calculated, %: C 71.63; H 5.11; N 4.18.
FTIR spectrum, v, eM™': 3357 (N-H), 2982, 3060 (Cy-H), 1715, 1768 (C=0). 'H
NMR spectrum (CDCl;), ppm (J, Hz): 8.16 (1H, s, NH), 7.02-7.65 (8H, m,
Cy2H), 6.81 (1H, d, J =3.6, C(2)s,2H indole), 5.01 (1H, d, J = 7.2, Cy3H), 4.38
(2H, q, J = 7.2, CH;CHy), 4.18 (1H, d, J = 7.2, Cy3H), 1.38 3H, t, J = 7.2,
CH;CH,).

3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-dihydrocoumarin (4). To the
alcoholic solution of 2.18 g (0.01 mol) of 3-carbethoxycoumarin, 1.08 g (0.01
mol) of 2-amino-6-methylpyridine was added with stirring. The mixture was boi-
led for 10 h. The reaction was monitored by TLC. The solution was cooled, the
precipitate was filtered. Then it was washed with cold EtOH. After the drying and
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recrystallization of the residue from i-PrOH yield of the product 12 was 2.05 g
(63%), mp 226-228 °C, R 0.82 (1/2, EtOAc/hexane as eluent). Found, %: C
68.41; H 4.22; N 9.83. C;sH,N,05. Calculated, %: C 68.56; H 4.32; N 9.99. FTIR
spectrum, v, cM: 3237 (N=H), 3052 (Csp—H), 1667, 1717 (C=0), 1231 (C-N).
'H NMR spectrum (CDCl3), ppm (J, Hz): 11.30 (1H, s, NH), 9.00 [1H, s,
C(4)s2H], 8.13 (1H, d, J = 7.4 Hz, Cy,,H), 7.59-7.74 (3H, m, Cy,,H), 7.38-7.46
(2H, m, Cy,H), 6.94 (1H, d, J = 7.4 Hz), 2.50 (3H, s, CHj3).

3-Anilino-3-carbonyl-3,4-dihydrocoumarin (5). To the alcoholic solution of
2.18 g (0.01 mol) of 3-carbethoxycoumarin, 0.93 g (0.01 mol) of aniline was
added with stirring. The reaction mixture with TLC control was stirred for 10 h.
After distilling off the solvent on a vacuum evaporator and drying of the residue 5
on an air for 10 h and its recrystallization from DCE-hexane yield of the product 5
was 1.77 g (57%), mp 252-253 °C, R¢0.75 (1/2, EtOAc/hexane as eluent). Found:
C 72.27; H 4.02; N 5.16. C;¢H;|NO;. Calculated, %: C 72.45; H 4.18; N 5.28.
FTIR spectrum, v, cm™': 3238 (N-H), 3047 (Cyp-H), 1698, 1719 (C=0), 1248 (C~
N). 'H NMR spectrum (CDCls), ppm: 10.90 (1H, s, NH), 9.00 [1H, s, C(4)sp2H1,
7.68-7.76 (4H, m, Cy,H), 7.36-7.47 (4H, m, C,,H), 7.14-7.19 (1H, m, C,,H).

3-Ethoxycarbonyl-4-(isopropyl-o-carborane)-3,4-dihydrocoumarin (7). 2.18 g
(0.01 mol) of 3-carbethoxycoumarin was added to a benzene solution of 0.01 mol
of 1-isopropyl-2-lithium-o-carboran obtained from 1.86 g (0.01 mol) of isopropyl-
o-carboran and 0.011 mol (1.5N) 7.33 ml of a BuLi solution. The mixture was
stirred for 1 h under an inert atmosphere, treated with dilute HCI and then extrac-
ted with benzene. After distilling off the solvent on a vacuum evaporator and
recrystallizing the residue in EtOH yield of the product 7 was 3.27 g (80%), mp
189-191 °C, R 0.67 (1/2, EtOAc/hexane as eluent). Found, %: C 50.29; H 6.72;
B 26.56. C17H5B004. Calculated, %: C 50.48; H 6.98; B 26.73. FTIR spectrum,
v, eM™': 2987 (Cyp—H), 2906 (Cypi—H), 1732, 1755 (C=0), 2576, 2616 (B-H). 'H
NMR spectrum (CDCL), 6, ppm (J, Hz): 7.13-7.25 (3H, m, C,H), 7.38-7.42
(IH, m, CyoH), 5.3 (1H, d, J=7.2),4.21 (1H, d,J=7.2), 1.34-1.4 [6H, dd, /= 6.8,
CH(CHs)2], 2.59-2.63 [1H, m, (CH(CHj3),], 4.04 (2H, m, CH,CH3), 1.6-2.5 (10H,
m, BH), 1.0 (3H, t, J=7.1, CH,CH,).

3-Carbonyl-3-isopropyl-o-carboranoyl coumarin (8). 1.34 g (0.005 mol) of
3-bromo-3-carbonyl-3,4-dihydrocoumarin (6) was added to a solution of
0.005 mol of 1-isopropyl-2-lithium-o-carboran in 5 ml benzene. The mixture was
stirred for 3 h under an inert atmosphere, treated with dilute HCI and extracted
with benzene. After distilling off the solvent on a vacuum evaporator and
recrystallizing in DCE-hexane, the residue yield of the product 8 was 1.41 g
(62%), mp 182—185 °C (DCE-hexane), Rr 0.68 (1/2, EtOAc/hexane as eluent).
Found, %: C, 51.40; H, 6.32; B, 28.88. CsH»4B005. Calculated, %: C, 51.59; H,
6.49; B, 29.02. FTIR spectrum, v, cm™': 2980, 3028 (Cy-H), 2573 (B-H), 1606,
1720 (C=0). "H NMR spectrum (CDCl3), ppm (J, Hz): 9.00 [1H, s, C(4)sp2H],
7.25 (1H, m, CyH), 7.52-7.53 (3H, m, Cy,xH); 0.89-0.95 (2H, m, CH»), 1.37—
1.45 (6H, dd, J = 6.8, CH(CHj3),), and 2.5 (1H, m., CH(CHs;),); 1.65-2.4 (10H, m,
BH).
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3-Carbonyl-3-isopropyl-o-carboranoyl-4-(isopropyl-o-carborane)-3,4-
dihydrocoumarin (9). 1.34 g (0.005 mol) of 3-bromo-3-carbonyl-3,4-dihydrocou-
marin (8) is added to solution of 0.01 mol of 1-isopropyl-2-lithium-o-carboran in
8 ml benzene. The mixture was stirred for 3 h under an inert atmosphere, after
completion of the reaction (monitored by TLC), the mixture was treated with
dilute HCI, and then extracted with benzene. After distilling off the solvent on a
vacuum evaporator and recrystallizing in DCE-hexane. Yield of the product 9
amounted 1.66 g (51%), mp 191-195 °C (DCE-hexane), R 0.72 (1/2,
EtOAc/hexane as eluent). Found, %: C 44.97; H 7.42; B 38.52. C;;HyB0s.
Calculated, %: C 45.14; H 7.58; B 38.69. FTIR spectrum, v, em: 2958 (Cyp—H),
2572, 2620 (B-H), 1608, 1720 (C=0). '"H NMR spectrum (CDCls), ppm (J, Hz):
7.23 (1H, m, Cy,xH), 7.52-7.53 (3H, m, Cy,,H), 5.21 (1H, d, J = 7.2), 4.3 (1H, d,
J=1.2),0.87-0.94 (2H, m, CH,), 1.38-1.46 [12H, dd, J = 6.8, 2CH(CH;),], and
2.5 (2H, m, 2CH(CHj3),); 1.65-2.4 ppm (20H, m, BH).

3-Indolo-3-carbonyl-4-(isopropyl-o-carborane)-3,4-dihydrocoumarin ~ (10).
1.62 g (0.005 mol) of 3-indolo-3-carbonyl-3,4-dihydrocoumarin (3) was added at
room temperature to the solution of 0.005 mol of 1-isopropyl-2-lithium-o-car-
boran in 5 ml benzene. The mixture was stirred for 3 h under argon atmosphere
with TLC monitoring. After 5 h the reaction mixture was treated with dilute HCI,
and extracted with benzene. After distilling off the solvent on a vacuum evapo-
rator and recrystallizing in benzene-petroleum ether, the residue yield of the
product 10 was 1.67 g (65%), mp 180-183 °C (benzene-petroleum ether), Ry 0.76
(2/3, EtOAc/hexane as ecluent). Found, %: C 57.63; H 6.28; B 20.64.
CysH33B1oNOy. Calculated, %: C 57.78; H 6.40; B 20.80. FTIR spectrum, v, em:
2980 (Cy-H), 2568, 2615 (B-H), 1672, 1739 (C=0), 1231 (C-N). 'H NMR
spectrum (CDCl;), ppm (J, Hz): 1.01 3H, t,J= 7.1, CH,CHj3), 1.33-1.42 [6H, dd,
J = 6.8 Hz, CH(CH,;),], 2.57-2.63 [1H, m, CH(CHjs),], 3.48 (1H, d, J = 7.2,
Cy3H), 5.3 (1H, d, J = 7.2, Cy3H), 4.01-4.15 (2H, m, CH,CH3), 6.92-7.91 (9H,
m, CyH), 1.6-2.3 (10H, m, BH).

3-(2-Amino-6-methylpyridino)-3-carbonyl-4-(isopropyl-o-carboran)-3,4-
dihydrocoumarin (11). 0.33 g (0.001 mol) of 3-(2-amino-6-methylpyridino)-3-
carbonyl-3,4-dihydrocoumarin (4) was added at room temperature to the solution
of 0.001 mol 1-isopropyl-2-lithium-o-carboran in 5 ml benzene. The mixture was
stirred for 3 h under argon atmosphere and then was treated with dilute HCI and
extracted with benzene. After distilling off the solvent on a vacuum evaporator
and recrystallizing in THF-hexane mixture, the residue yield of the product 11
was 0.44 g (84%), mp 159-162 °C, R 0.75 (1/5, EtOAc/hexane as eluent). Found:
C 53.88; H 6.30; B 22.98. C;1H;30BoN,O5. Calculated, %: C 54.06; H 6.48; B
23.17. FTIR spectrum, v, cm': 3247 (N-H), 2976 (Cs»—H), 2565, 2615 (B-H),
1670, 1712 (C=0). 'H NMR spectrum (CDCl3), ppm (J, Hz): 1.19-1.29 (6H, dd,
J=6.8, CH(CH;),], 2.5 [1H, m, (CH(CHj3),], 4.71 (1H, s, NH), 7.16-7.21 (3H, m,
Csp2H), 7.34 (1H, m, CynH), 6.65-6.77 (1H, m, CnH), 6.93-7.00 (1H, m, CynH),
7.76-7.77 (1H, m, Cy,,H), 3.45 (1H, d, J = 7.2, Cy3H), 5.2 (1H, d, J = 7.2, Cy3H),
1.4-2.2 (10H, m, BH), 1.75 (3H, s, CH3).
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3-anilino-3-carbonyl-4-(isopropyl-o-carboran)-3,4-dihydrocoumarin  (12).
0.38 g (0.00125 mol) of 3-anilino-3-carbonyl-3,4-dihydrocoumarin (5) was added
at room temperature to the solution of 0.00125 mol of 1-isopropyl-2-lithium-o-
carboran in 5 ml benzene. The mixture was stirred for 3 h under argon atmosphe-
re; and then it was treated with dilute HCI, and extracted with benzene. After di-
stilling off the solvent on a vacuum evaporator and recrystallizing in DCE-hexane
mixture, the residue yield of the product 12 was 0.54 g (87%), mp >400 °C (DCE-
hexane), Ry 0.76 (1/5, EtOAc/hexane as eluent). Found, %: C 55.75; H 6.33; B
23.80. Cy1Hy9B1¢NO;. Calculated, %: C 55.86; H 6.47; B 23.94. FTIR spectrum,
v, eM': 3289 (N-H), 2982, 3047 (C,,—H), 2566, 2615 (B-H), 1648, 1705 (C=0).
'H NMR spectrum (CDCly), ppm (J, Hz): 1.27-1.40 [6H, dd, J = 6.8, (CH;),CH],
3.52 [1H, m, CH(CHj;),], 6.69-6.77 (1H, m, Cy,,H), 7.10-7.23 (3H, m, Cy,,H),
7.35-7.40 ppm (1H, m, C,H), 7.68-7.75 (4H, m, Cy,,H); 3.45 (1H, d, J = 7.2,
Cy3H), 5.3 (1H, d, J=7.2, Cy3H), 3.64 (1H, s, NH) 1.5-2.3 (10H m, BH).

This study was funded by the Ministry of Education and Science of the Re-
public of Kazakhstan (grant No AP05130947 “Setting the stage for boron neutron
capture therapy of cancer in the Republic of Kazakhstan”).
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Pe3iome

U. B. Koponvros, E. I'. I'opun, | A. B. Kazanyes |,0. Myxan, A. K. Tawenos

OPBIHBACKAH KYMAPMHJIEP MEH OJIAPIbIH KAPBOPAH/IbI
TYBIHABUUIAPBI CUHTESI ICIKKE KAPCBI TTPEITAPATTAP PETIHIAE
ITPEITAPATAP/IbIH KOHE AVBICTBIPBIUIIFAH KYMAPUHAEPAIH CUHTE3I

Bepinren xympIicTa 3-alleTUIKYMapHH jKoHE 3-KapOITOKCUKYMapHH OpPbIHOACKAH Ky-
MapuHJep KarapblHbIH C-MeTajnblK KapOopaH TYBIHABLIIAPHIMEH KOCapiackaH KOCHUTY
peaKuusUIapbIHBIH 3epTTey HATHXKeepl kopceTinreH. 3-KapooTokcuKkyMapuHHIH apoMaThl
A30TKYpaM/Ibl KOCBUTBICTAPMECH PEAKIUsIAPhl 3epTTeal. KoMmaHbIFaH aMUH HETi31iTi-
TiHE peakmusi OAFbITBIHBIH TYEJIUIIrT KOpCeTUIreH: TOMEHHETI3IIK aMUH 3-KapO3TOKCH-
KyMapHHHIH 4-OpBIHBIHA KOCBITIA/Ibl, COFaH COMKEC JKOFapBIHETI3/1l aMUHAEP KIIACCHUKAIIBIK
KapOOKCHaMUATEPIH aJbIHYbIHA aNbIN KeJi. AJBIHFAH KOCBUIBICTAPMEH H30IPOIHII-
TUTHR-0-KapOOpaHMEeH KocapiackaH KOCBUTY PEaKIHsICHl JKYPTi3iimi, HOTWKeciHae 3-uH-
Z10710-3-KapOoHMIT-4-(M30TIpOnIUI-0-KapOopanmi)-3,4- INMTHIPOKYMApHHHIH, 3-(2-aMHHO-
6-MeTHIIHUPUANHO) — 3 — KapOoHMII — 4 - (M30mponmI-o-kKapoopanmn)-3,4-THrHApOKyMa-
PHUHHIH JKoHE 3-aHMIMHO-3-KapOoHUI-4-(M30MpOonuiI-o-Kapoopanu)-3,4-TMruApoOKyMa-
PHHHIH aJbIHybIHA abill Kenai. CoHmai-ak, JUTHHKapOopaH 3-aleTHiIOpoMKyMapuH Oe-
perin ke3ne 1:1 apakarblHAchIHIA 3-KapOOHMI XJIOPHU-3-H30IPOIHI-0-KapOOpaHUIl Ky-
MapuH eHiMi, an 1:2 KaTbIHACHI KOCapJIaHFaH KOChUTYy KapOopaH OOMBIHIIA allHIIbi TOOBI-
HBIH OHIMI XoHE 4 epee JIAKTOH CaKuHalap-3-KapOOHUI-3-U30NpOnmiI-o-KapOoopaHui-4-
(m3onponui-o-kapOopan)-3,4-IMTHAPOKYMaprH PEaKIMSIHBIH €pPEeKIICTIKTepl oTyiHe Kop-
CETLIreH.

Tyiiin ce3nepi: 3-kapO3TOKCHKyMapHH, 3-aneTHIKyMapHH, o-kap6opan, BH3T,
OpTaHMKaJbIK CHHTES.
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CHUHTE3 3BAMEIIEHHBIX KYMAPHUHOB
N NX KAPBOPAHOBBLBIX ITPOU3BO/IHBIX
KAK IIOTEHIIUAJIBHBIX ITPOTUBOPAKOBBLIX ITPEITAPATOB

B nanHO# paboTe mpeacTaBICHBI Pe3ybTaThl MCCICIOBAHUN PEaKIiA COTpPSIKEH-
HOTO IpucoenuHeHNss C-MEeTaIMYECKNX MPOU3BOAHBIX KapOOPaHOB B PSIY 3aMEIICHHBIX
KyMapuHOB — 3-KapO3TOKCHKYMapuHa U 3-aneTwikymapuHa. V3ydensl peakiuu 3-kap0-
OTOKCHUKYMaprHa ¢ apOMaTUYCCKUMHU a30TCOACPKAINMHU COCTUHCHUAMU. Iloka3aHna 3aBu-
CHUMOCTb HAIIpaBJICHUA PCAKIUM OT OCHOBHOCTU B3ATOTO aMHUHAa: HHU3KOOCHOBHBIN aMUH
MIPUCOEANHSIETCSI B 4-TT0JI0KEHUH 3-KapO3TOKCHKyMaprHa, B TO BpeMsi KaK BEICOKOOCHOB-
HBIE aMHMHBI [IPUBEIN K MOJTYYECHHIO KJIACCHYECKUX KapOokcamuIoB. IlomyyeHHble coenn-
HEHHUS BBEJICHBI B PEAKLHUIO CONPSDKEHHOTO MPHCOEIUHEHHS C M30TIPONHIUTUTHH-0-Ka0o-
paHOM, YTO HMPUBOAMIO K 00pa3oBaHMIO 3-MHAOJIO-3-KapOOHMI-4-(M30MponHiI-0-Kapoo-
pannn)-3,4-muruapokymMapuHa, 3-(2-aMHHO-6-METHIITUPUINHO)-3-KapOoHMI-4-(13011po-
mT-o-kapOopanmn) -3,4-muruapokymMapruHa U 3-aHWINHO-3-KapOoHMI-4- (M30IpOnHiI-o-
kapbopanmn) -3,4-guruapokyMapuHa. Takke TIOKa3aHbl OCOOEHHOCTH TPOTEKaHHUS
peaxmyu nuTHitkapOopaHa ¢ 3-aneTHIOpOMKYMapHHOM, Naromiei mpu cooTHomeHnH 1:1
HPOJYKT 3-KapOOHMII-3-H30MPONMII-0-KapOOpaHUIl KyMapuH, a MpPU COOTHOIIEHUU 1:2
NPOJYKT ABOMHOTO MpPUCOENUHEHHs KapOopaHa MO aluiIbHOW Tpynne U B 4 MoJOoXKEHHEe
JIAKTOHHOTO KOJIbIIa - 3-KapOOHMII-3-H30MPOII-0-KapOopaHui-4- (H30MpoIuiI-0-Kapoo-
paH) -3,4-IUTrUAPOKyMapHH.

KiroueBnie ciioBa: 3-kapO3TOKCHKYMapUWH, 3-alleTHIKyMapuH, o-kapoopan, bBH3T,
OpraHUYecKuil CHHTES.
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Abstract. It was shown that the yield of benzene increases by 1.4 and yield of
naphthalene increases by 1.9%, respectively, due to hydrodealkylation and hydrocracking
of aromatic hydrocarbons as a result of high-temperature hydrogenation of a mixture of
crude benzene and naphthalene fraction after recycle of residue in the composition of
products with residue recycle. It was established that the yield of a product of hydro-
genation increases up to 98.2% with hydrogenation of hydrotreated feedstock with the
addition of residue after naphthalene extraction compared with 97.0% with hydrogenation
of hydrotreated feedstock.

Key words: coke-chemical tar, semi-coking, tetralin, tar fractions with boiling
points up to 180, 180-230 and 230-280°C, naphthalene, benzene.

At present, due to the tightening of requirements for the quality of feedstock
for organic syntheses, the growing need for benzene and naphthalene, research
and experimental work are underway in the countries of near and far abroad to
improve the hydrogenation processes of coke-chemical feedstock.

Naphthalene fractions of coal (coke-chemical) tar and technical grades of
naphthalene are the objects of research aimed at developing the conditions for
their hydrogenation purification of impurities of sulfur compounds, unsaturated
hydrocarbons, etc., as well as at obtaining tetralin. However, the resulting tetralin
is difficult to extract in its pure form with its low concentration in a product of
hydrogenation. Therefore, studies are being carried out in parallel to develop the
conditions for hydrogenation making it possible to purify naphthalene with a
minimum depth of its hydrogenation.

Studies on the hydrogenation of naphthalene-containing products (crude
naphthalene fractions, press runoffs, etc.) were aimed at developing optimal
conditions for producing sulfur-free naphthalene and tetralin, as well as at
increasing the yield of naphthalene as a result of hydrodemethylation of its
homologues contained in the feedstock [1]. It should be noted that the processing
of press runoffs by a coke plant is of particular interest, since they do not cur-
rently find qualified use.

The hydrocracking reactions of saturated hydrocarbons and hydrodeal-
kylation of aromatic hydrocarbons are intensively developed at high-temperature
hydrogenation, carried out at a temperature of 500°C and higher, along with the
removal of sulfur-, oxygen-, and nitrogen-containing compounds. As a result, the
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naphthalene yield and its concentration in the products of hydrogenation increases
as compared with the feedstock, the technology of its extraction is simplified. In
particular, it becomes possible to apply the method of precision fractional distil-
lation to obtain 99% and cleaner naphthalene with a high degree of recovery from
the potential. Hydrogenates containing 82-85% of naphthalene, 0.3-0.5% of
tetralin and 0.0031-0.0017% of sulfur were obtained when hydrogenating naph-
thalene fractions of the Zaporozhye Coke Plant and Gubakha Coke Plant (400-
550°C, 5 MPa, feed space velocity is 0.5 kg/l-h, gas supply containing 50% of H,
is 1.5 m’/kg, Al-Co-Mo catalyst, steam supply is 15% for feedstock). The yield of
a product of hydrogenation, containing 90.8% of naphthalene, 0.4% of tetralin
and 0.0015% of sulfur was 96.5% when hydrogenating processing naphthalene tar
fraction of the Novolipetsk Metallurgical Plant in similar conditions [1]. It was
shown that, naphthalene practically does not hydrogenate at a temperature of
550°C, but demethylation reactions of methylnaphthalenes intensively proceed.

It was found in the paper [2] that catalytic hydrogenation of a mixture of
crude benzene and naphthalene fraction of coke-chemical tar under a pressure of
5 MPa (hydrogen-containing gas contained 50-55% of H,) and a temperature of
560-580 °C over the Al-Co-Mo catalyst produces a product of hydrogenation for
complete extraction of aromatic hydrocarbons using precision fractional distil-
lation. Similar results were obtained when using the MoHNaY zeolite-containing
catalyst, but at a lower temperature of 475 °C [3-5]. The presence of large hydro-
gen resources at the Kazakhstan Coke Plant determines the prospects for the
widespread introduction of processes for the production of sulfur-free naph-
thalene, high-purity benzene, tetralin and other hydrogenation processing of coal
(coke) tar. The prospect of the implementation of this direction on an industrial
scale is due to the availability of industrial equipment of the necessary capacity,
produced by the enterprises of Kazakhstan, which is significant, since it does not
require additional investments in the creation of the mechanical-engineering base.

This article is concentrates on the development of processes for the catalytic
hydrogenation of crude naphthalene fractions of coal tar of the Kazakhstan Coke
Plant to obtain high-grade sulfur-free naphthalene, high-purity benzene for
organic syntheses, as well as to increase the yield of naphthalene.

EXPERIMENTAL PART

The used feedstock was a mixture in a mass ratio of 3:1 of crude coke-che-
mical benzene and naphthalene fraction with a boiling point of 180-230°C of coal
tar obtained at the enterprise SaryArkaSpetskoks JSC (Karaganda, Republic of
Kazakhstan).

Hydrogenation was carried out in a flow laboratory high-pressure unit with a
hollow reactor with a volume of 0.25 dm’ with an agitator (figure 1). The feed-
stock in a mixture with ground up catalyst were placed in a reactor, which was
previously purged with argon at an initial pressure of 4 MPa. Heating of the reac-
tor was turned on, and upon reaching 150 °C an agitator was turned on too. The
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temperature was measured with a thermocouple and automatically maintained to
an accuracy of £ 2°C. The group hydrocarbon composition of the feedstock and
the resulting  products of hydrogenation were determined on the CHROMO-
TEK chromatograph (Germany), the sulfur content was determined using a POST
LEKI P1437 device (Germany).

Figure 1 —
The scheme of the laboratory
flow high pressure unit:

1 —reactor; 2 — insert; 3 — heater;
4 — ammeter; 5 — voltage regulator;
6 — thermocouple (chromel — copel);
7 —relay; 8 — KSP-4; 9 — pressure gage;
10 — fine adjustment valve;

11 — cylinder with hydrogen
(or inert gas);

12 — gas meter; 13 — agitator;

14 — sealing device; 15 — plug;

16 — sealing bolts

RESULTS AND DISCUSSION

Experiments on the hydrogenation of a mixture of benzene: naphthalene
fraction = 3:1 (characteristic of which was as follows (wt.%): saturated hydro-
carbons 2.9; benzene 47.6; toluene 12.8; xylenes 3.8; ethylbenzene 0.9; C9 aro-
matic hydrocarbons 3.6; tetralin + methyltetraline 15.8; naphthalene 10.2; 2-me-
thylnaphthalene 0.9; 1-methylnaphthalene 0.1; other compounds 4.1; sulfur
content <0.001) were carried out at 4, 0-5.0 MPa, preferably 4.0 MPa, tempe-
rature 400-580°C, preferably 450 °C, ratio of Hj:feedstock = 12:1 (mol), Mo-
containing catalyst on HNaY zeolite.To increase the yield of a product of hydro-
genationand improve the quality of benzene and naphthalene, the feedstock was
preliminarily subjected to ozonation for 30, 60, 90 minutes, preferably 60 minu-
tes, at 20°C and atmospheric pressure. Ozonation was carried out on a PV-5 labo-
ratory ozonizer at 20°C and atmospheric pressure in a bubble-type reactor with a
continuous supply of an ozone-air mixture (2.16 mol% of ozone) with rates of
0.25 and 2.0 ml/min [5]. Considering the results of studies [4] to determine the
effect of ozonation on the hydrogenation process of the semi-coking tar of
Shubarkol coal, 60 minutes were chosen as the duration of ozonation. Then the
ozonized mixture of crude coke-chemical benzene and naphthalene tar fraction
was subjected to high-temperature hydrogenation. The results of high-temperature
hydrogenation of preliminary ozonated feedstock are shown in table 1.

Table 1 shows that the deposition of coke on the catalyst during the process
at 450°C is 1.2% less than at 525°C. However, when hydrogenating the feedstock
at 525°C, an increase in the naphthalene yield by 1.6% and a yield of a product of
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Table 1 — Results of high-temperature hydrogenation of preliminary ozonated feedstock
(4,0 MPa, ozonation time is 60 minutes, benzene:naphthalene fraction = 3:1,
H,:feestock = 12:1 (mol), Mo-containing catalyst on HNaY zeolite)

Indicator Temperature, °C
450 525
Liquid yield, wt. % 93.8 96.6
Gasyield (C—C,), wt. % 5.2 3.1
Hydrogen consumption, wt. % 1.0 0.8
Coke content on catalyst, wt. % 24 3.6
Yield of purified products with precision fractional distillationwt. %:
benzene 56.0 51.2
naphthalene 223 239

hydrogenation of 96.6% compared to 93.8% at 450°C was observed. Precision
fractional distillation was used to extract commercial benzene and naphthalene
from a product of hydrogenation obtained at 525°C. The head fraction was distil-
led from the a product of hydrogenation, and then benzene, toluene, fractions with
a boiling point of 120-150 and 150-180°C (solvents) and naphthalene were ex-
tracted.

The products obtained during distillation had the following quality indica-
tors: naphthalene salts — crystallization temperature was of +78.6°C and sulfur
content was less than 0.0002%. The crystallization temperature of benzene was
+5.41°C, density ps>° = 0.8783, iodine value was less than 0.05 g J,/per 100 g of a
product, sulfur content was 0.00014%, which meets the requirements of GOST
9572-93 for high-purity benzene for organic synthesis.

The aromatic hydrocarbons C;-Cy and C;; should return to the process in the
amount of ~ 25-30% in the form of recycled material after extraction of benzene
and naphthalene, since feedstock it is not fully converted to benzene, naphthalene
and gas during its one pass.

The results of high-temperature hydrogenation of a mixture of crude coke-
chemical benzene and naphthalene fraction (3:1) after recycle of residue are
shown in table 2 and figure 1.

Table 2 shows that an increase in the yield of a product of hydrogenation was
noted — 98.2% with the hydrogenation of hydrotreated feedstock with the addition
of residue after naphthalene extraction, compared to 97.0% with hydrogenation of
hydrotreated feedstock. The gas yield during hydrogenation of hydrotreated
feedstock with the addition of residue after naphthalene extraction is 1.2 wt. %.
And also coke content on catalyst increases from 0.6 wt. to 3.6 wt. % Hydrogen
consumption during hydrogenation of hydrotreated feedstock with the addition of
residue after naphthalene extraction is 0.8 wt. %.
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Table 2 — Results of high-temperature hydrogenation of a mixture
of crude coke-chemical benzene and naphthalene fraction after recycle of residue

Indicator Hydrotreated . Hydrotreated feedstock + .
feedstock residue after naphthalene extraction
Liquid yield, wt. % 97.0 98.2
Gasyield (C1—Cy), wt. % 22 1.2
Hydrogen consumption, wt. % 0.2 0.8
Coke content on catalyst, wt. % 0.6 3.6

B0

504

40

304

204

104

Figure 2 shows that the yield of benzene increases by 1.4 and yield of naph-
thalene increases by 1.9%, respectively, due to hydrodealkylation and hydrocrac-
king of aromatic hydrocarbons in the composition of products with residue recycle.

E Row 1
B Row?2

row 1— hydrotreated feedstock; row 2 — mixture (75:25) of hydrotreated feedstock and residue
after naphthalene extraction.1 — benzene; 2 — toluene; 3 — decalin andmethylindan;
4 — tetralin; 5 — naphthalene; 6 — methylnaphthalenes.

Figure 2 — Chemical composition of high-temperature hydrogenation products of a mixture
of crude benzene and naphthalene fraction after residue recycle (wt. %)

Conclusion.Thus, it was shown that the yield of a product of hydrogenation
increases up to 98.2% with hydrogenation of hydrotreated feedstock with the
addition of residue after naphthalene extraction compared with 97.0% with
hydrogenation of hydrotreated feedstock. This increase is due to hydrodealky-
lation and hydrocracking of aromatic hydrocarbons.

Acknowledgement. The paper is prepared according to the project
AP05132699 «Hydrogenation processing of distillate fractions of coal semi-
coking tar from the Shubarkol deposit to produce sulfur-free naphthalene, ben-
zene and tetraliny.
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Pe3iome
K. K. Kauvipoexos, H. T. Cmagynosa, A. C. Manoremnes, []. C. Kanabaes

TAC KOMIP IIAWBIPHIHBIH, JUCTUJUIATTHIK ®PAKLIMACHI MEH LIUKI
KOKCOXMMUAJIBIK BEH30JI KOCITACBIH KATAJIMTUKAJIBIK OH/IEY

Tac xeMip MmaibIPBIHBIH JTUCTHIUIATTHIK (PaKIusChl MEH HIMKI KOKCOXUMHUSUIBIK OCH-
30J1 KOCTIAChIH KAJJIBIKTBI PELUPKYIUPIICYACH KEHiH KOFaphl TeMIIeTpaTypasa THAPOeH-
JIey, KaJJIBIKThl PEUPKYIINPIICY apKblIbl allbIHFaH OHIMAEPiH KypaMblHAa OCH30J IIbI-
FeIMBIH 1,4 %-Fa HadTanuH MWBFRIMBIH 1,9 %-Fa apoMaTThl KOMIPCYTEKTEPIiH THIPOKpe-
KUHTTENY1 KoHE THAPOJICTATKUINPIICHY1 HOTH)KECIH/IE apTaThIHILIFBIH KopceTTi. HadTa-
JUH/TI OOJIiN aJFaHHAaH KEWIiHT1 KaJIBIKTHI, THApPOTAa3aJlaHFaH IIMKI3aTKa KaiTa KOCHII
THAPOTEHIECY apKbUIBI THAPOTEHU3AT HIBIFBIMBIHBIH THIPOTA3IaHFAH [IMKI3aTTHl THAPO-
reHaeyMeH canelctbipranaa 97,0 %-nan 98,2-%-ra apTaTbIHABIFEl OPBIHAIBI.

Tyiiin ce3mep: KOKCOXMMUSUIBIK MIANBIP, KapThUIall KOKCTEY, TeTpajuH,l180 neiiiH,
180-230 >xone 230-280°C kaiHaNTBIH MaibIp (HpakuusIapsl, HahTaIMH, OCH30I1.

Pe3iome
K. K. Kaupbexos, H. T. Cmazynosa, A. C. Manoremnes, /]. C. Kanabaes

KATAJINTUYECKAS TIEPEPABOTKA CMECH
JUCTUIIIATHBIX ®PAKIINMN KAMEHHOVYIT'OJIBHOU CMOJIbI
N CBIPOI'O KOKCOXMMHNYECKOI'O BEH30JIA

IToka3aHo, 4TO B pe3yJibTaTe BBHICOKOTEMIIEPATypHOW THIPOTEHH3AIlMH CMECH ChI-
poro GeH307a U HAPTATMHOBOW (PAaKIHMU TOCIE PEHUPKYISIIAN OCTaTKa B COCTaBe IPO-
IYKTOB yBEIHMUMBAETCS BBIXOJ OcH30ma Ha 1,4 m Hadrammuaa Ha 1,9% COOTBETCTBEHHO 32
CUeT THAPOACATKWINPOBAHUS U THAPOKPEKHHTa apOMaTHYECKUX YIJIEBOAOPOJOB. YcTa-
HOBJICHO, YTO IPU THAPOTCHU3AIUN TUAPOOYUIIICHHOI'O CBhIPbA C JIOGaBJTeHI/IeM ocTaTka
nocJie BbIeNieHns] HadTaduHa yBEeJIMYHIICS BBIXOJ ruaporennsata ao 98,2 % mo cpaBHe-
Huto ¢ 97,0 % npu ruAoreHu3ay r’uJpOOYHIIEHHOTO ChIPhSI.

KnioueBbie c10Ba: KOKCOXMMHUYECKass CMOJIa, MOJIYKOKCOBaHUE, TETPalInH, (pak-
MU cMOJTBI ¢ T. kutl. 70 180, 180-230 u 230-280°C, nHadTanuH, 6SH30I.
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Excel.

SI3bIk craTtbu. CTaTbu MMPUHUMAIOTCA Ha Ka3aXCKOM, PYCCKOM HJIHU AHTJTMHCKOM
A3bIKaX, OAHAKO, B HEIAX MNOIIyJSApU3allun )KypHa.na, peZ[aKHPIOHHOfI KOJUIETHEH npu-
BETCTBYCTCA IIPUEM cTaTeii Ha aHTTIMMCKOM SI3BIKE.

IMapametpsol cTpanunbl. Popmat crpanuip: A4 (210x297 Mm).

ITonst: BepxHee — 2 cM, HIKHEE — 2 ¢cM, JieBoe — 3 cM, mpaBoe — 1,5 cM. PaccTanoBka
TIepEeHOCOB He AomyckaeTcs. @03arubiil otctyn — 1,0 M.

YJK. B Hauane cTaTby, B BEPXHEM JIEBOM YLy, YKa3bIBa€TCd HOMEp MO YHH-
BepcanbHON Aecsatuanor knaccudukanuu (YK), cooTBEeTCTBYIOMNI 3asBICHHON TeMe.
Hamnee, mocie OoTCTyma CTPOKH, YKa3bIBAIOTCS HHHUIMANBI W (aMWIIMK aBTOpa(-OB), emie
Yyepe3 CTPOKY CIEAYIOT Ha3BaHWS OpraHW3alHv(-i), B KOTOPOH(-bIX) pabOTarOT aBTOPHI,
Ha3BaHWE ropoja M crpaHbl. Eile HMKe, yepe3 CTPOKY yKa3bIBaeTCsl Ha3BaHHWE CTAThU
nponucHeIMU OykBamu. Lpudt - momyXupHBI.

Annoranus. [Ipenocrasnsercs Ha s3p1ke cTaThu (00beM He MeHee 150 cioB).

KaroueBbie cioBa. CnoBa m cinoBocoderanust (6-8), oOecneunBaromme Hanbosee
TIOJTHOE PACKPBITHE COJEPKaHMUS CTaThbH, MPEACTABIISIIOTCS HA SI3BIKE CTaThH.

I'apuutypa. Tekct crateu Habupaercst B rapautype Times New Roman, pasmep
Kerys 14 1T, MeXXCTPOYHBIA HHTEPBAJ - OJMHAPHBIH, (POPMAaTHPOBAHHUE - TTO NIMPHHE.

Crpykrypa m 00béM craTbu. CTpyKTYpHpPOBAaHUE CTaTbH MPOU3BOIUTCA B
COOTBETCTBHH C OOIIETIPUHATHIMU CTaHAapTamy: "'"Beegenne" (10KHO BKIIOUaTh B ceOs
MOSICHEHHUE, B CBSI3M C YEM IPOBE/ICHO JAAHHOE HCCIIA0BaHUE, 0030p aKTyalbHOM JIHTe-
paTypsl, 00OCHOBaHHME BHIOOpa METOJOJIOTHH HCCIENOBaHMM), ''JKCIMepUMEHTAIbHAS
yacTth' (ommcaHWE TPOBOAWMBIX HccienoBaHuii), "Pe3yjabTaThl M HX o0cyxneHue'
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(ToTy4eHHbBIE B XOJIC MCCIICOBAaHUS Pe3ybTaThl), "BeIBOABI" (KacaTelbHO MONTYYCHHBIX
pe3yJIbTaToOB, B TOM YHCIIE COOTBETCTBYIOT JIM OHU OXKHJIQHUSM Wi HeT). O0beM CTaThy,
BKITFOYAs] aHHOTAIIMIO M CIMCOK JMTepaTyphl: oT 6 mo 10 ctpanum. OO030pHBIC CTaThU
MOryT OBITH 10 20 cTpaHHII.

CchUIKN HA MCHOJIb30BaHHBbIEe MCTOYHMKH. CCHUIKM Ha HCIOJIb30BaHHBIE MCTOY-
HUKH TPUBOAATCS IIOCHIE IUTATHl B KBaJPATHBIX CKOOKax, C yKa3aHHEM IOpPSIKOBOTO
HOMEpa MCTOYHMKa nuTHpoBaHus, B coorBerctBuu ¢ I'OCT 7.1-2003 «bubnuorpadu-
yeckas 3amuck. bubnmorpaduueckoe ommcanne. OOmue TpeOOBaHMS W MPaBUiIa COCTaB-
JCHUS».

Cnucox aurepatypsl. Pacmonaraercst mocne Tekcra crtarthi. Hymepamus Hauu-
HaeTca ¢ mepBoro Homepa, mpenBapsiercsi cioBoM «JIMTEPATYPA» u odopmisercs B
TOpSIZIKE YIIOMHHAHHS WM [IUTHPOBAHUSA B TEKCTE CTAThU. PEeKOMEHAyeMoe KOJIMYECTBO
cchUToK — He MeHee 20, B ToM uucie He MeHee 50% — CChITKM Ha MEXIYHAPOIHBIE UCTOY-
HUKH (KypHAJbl, BXOZSIINE B MexayHapoaHble 0a3bl ganHbix Clarivate Analytics, Sco-
pus, Springer Nature). Jlaiee B TOM k€ IOPSIKE IPUBOAMUTCSA TPAHCIUTEPALUs CIIHCKA.
[Ton ogHUM HOMEPOM yKa3bIBa€TCS TOJBKO OAWH UCTOYHUK. CIIMCOK JIMTEPATYPHI TOJDKEH
OBITB TIpeJICTaBIICH HanboJIee CBEXKUMH U aKTyalbHBIMH HCTOUHHKAMH.

Pe3tome. [locne crimcka nuTepaTypbl TOJDKHBI OBITH ITpeAcTaBiieHsl pestome. K mpu-
Mepy, €CITM CTaThsl HallMCaHa Ha Ka3aXxCKOM S3bIKE, TO Ha PYCCKOM M aHTJIMHCKOM SI3bIKaX
narorcsi pestome, cocrosine n3 GO aBTopa (-0B), HazBaHus, Tekcra ( He MeHee 150
CJIOB), KITIOUEBBIX CJIOB, OpPraHU3alNH, TJIe BEITOJIHATIACH padoTa.

ConpoBoanTeIbHbIEe JOKYMEHTBI, MpUjaraeMsle Kk cratbe. K cratbe npuiiara-
IOTCSI COTIPOBOANTEIBHBIC JIOKYMEHTHI (Ha Ka3aXCKOM HIIH PYCCKOM SI3BIKE):

1. Ilncemo-HanpaBieHne B pelakMOHHY0 Kojulernio JKypHana oT opraHu3aiyy, B
KOTOPOM TaHHOE MCCIIE0BAHNE BBITTOIHEHO.

2. AKT 3KCTIEPTH3HI.

3. Cepenus 00 aBTopax: QaMuims, IMS M OTYECTBO KaXKIOTO aBTOpa C yKa3aHHUEM
YUEHOH CTENEeHW W YYSHOTo 3BaHMs, CIy)KeOHble W JOMallHWE HoMmepa Tele(oHOB,
JOMAaIllHAE ajJpeca C YKa3aHHEM IIOYTOBOTO HHIEKCA, aJpec DIICKTPOHHOH IMOYTHI
(B 2-X sK3eMILIsIpax).

4. Penensus.

5. Hayunble ydpexaeHus, BbICIINE y4eOHbIE 3aBElICHMsS, NMPOMBIIUICHHBIEC Tpel-
MIPUATHS M KX aBTOp HayYHOM CTaThd, UMEIOIIMH YYEHYIO CTENeHb JOKTOpa HIIH
KaH/AnaaTa HayK, MPEACTaBISIOT KCEPOKOIMIO MM CKAaH-BEPCHIO KBUTAHINHU O TOAOBOM
noanucke Ha «XuMmuueckui xypHan Kazaxcrana». (IloxnucHo# nanexc B karamore AO
«Kaslloura» mnu B momonmHeHWH K HeMy — 75 241). Be3 atoro mokymeHTa CTaThbil He
TIPUHUMAIOTCS.

Martepuaisl, He COOTBETCTBYIOIIME YKa3aHHBIM TpeOOBAaHHUSAM, BO3BPAILAIOTCS Ha
nopaboTKy.

Pemenue o myOnuKaIyy CTaThby IPUHEMACT PeAaKIMOHHas Koyuterus JKypHana.

DNeKTpOHHAsI BEpCHsl MPEACTABISIETCS HA DAJIEKTPOHHOM HOCHUTENE JIMOO OTHpaB-
JISIeTCs 10 ANIEKTPOHHO# moyre: (ics_rk@mail.ru, lena.yanevskaya47@mail.ru).

JlaToif MpUHATHA K Te4YaTH CYHUTAETCA JaTa MOCTYIUICHHWS BEPCHUH, YJOBJIETBO-
psitoieit Bcem TpeboBanusM JKypHana. OuepesHOCTh MyONMKAIMK YCTaHABIMBACTCS 110
Jiate MPHUHSATHS CTAaThbU K MEYaTH.

Peoaxyuonnan konnezus Kypnana
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