ISSN 2710-1185 (Online)
ISSN 1813-1107 (Print)

EHBEK KbI3BLT TY OPJEH/II
«®. B. BEKTYPOB ATBIHJIAFBI

XUMMUS FBUIBIMJIAPBI MTHCTUTY ThI»
AKITMOHEPJIIK KOFAMBI

KA3AKCTAHHbBIH
XMms JKYPHAJTBI

XMMUUYECKUM JKYPHATI
KA3AXCTAHA

CHEMICAL JOURNAL
of KAZAKHSTAN

AKIIMOHEPHOE OBIIIECTBO
OPJIEHA TPYJIOBOI'O KPACHOI'O 3HAMEHU
«MHCTUTYT XUMHNYECKUX HAYK
uM. A. b. BEKTYPOBA»

2 (74)
ATIPEJIb — UIOHDB 2021 r.

WU3JAETCSI C OKTSIBPSI 2003 TOJIA
BBIXO/JIUT 4 PA3A B TOJ]

AJIMATBI
2021



XUMHYECKHH )KYPHAJI KA3AXCTAHA

XKXypunanney 6ac pegakTopsl

bac nupexrop
A. E. ®@uuep, X.F.K.

Pemaxnousg KeHeciHIH Mymexepi:

0.K. Kycinéexos, npod., T.r.0., KP ¥FA kopp.-mymeci (Kazakcran Pecmy6nmkachr);
B.H. A6caabikoB, npod., T.F.1., KP ¥YFA kopp.-mymieci (Kasakcran PecmyGnukacer);
A.P. Xoxaos, npod., ¢.-m.r.1., PFA akazn. (Peceii); M.IL. Eropos, npod., x.r.1., PFA
akan., (Peceit); B.C. CoanmaroB, mpod., x.r.a., ¥FA (benapyce); M.JK. )KypbiHos,
mpod., x.r.0., KP ¥FA akagemuri (Kazakcran Pecnyoimkacsl); UK. Beiicem0eToB,
mpod., 23.r.1a., KP ¥FA akamemwuri (Kaszakcran PecmyOmukacer); K.K. Ilipoaues,
mpod., x.r.a., KP ¥FA akapemuri (Kazakcran Pecnyomukacer); J.X. Xaaukos, npoo.,
x.r.0., TPFA akamemuri (Toxikcran PecnyOmukacer); B.M. Jdemouukuii, mpod., X.F.1.,
PXXFA axan. (Peceit); J.A. KawokoBa, mpod., x.r.n. (Kazakcran PecmyOmukacsl);
B.K. 1O, mpod., x.r.a. (Kasakcran Pecniy6nukacer); E.®. Ilanapun, npod., x.r. 1., PFA
kopp.-myueci (Peceit); 9.B. 3eiinanos, npod., x.F.1., O3ipbaibkan ¥YFA kopp.-myieci;
(Ozipbaitkan); Bpaxum Eaoyau, PhD, mpod., x.r.x., e Jla Pomiens yHuBepcuteri
(®pannus Pecnybnmkacer); X. Temean, npod., Juxme yausepcureri (Typkust Pecmy6-
mukacel); B.C. 3akupos, mpod., x.r.no., ©Os30excran Pecny6nukacel FA (O36ekcran
PecniyOnukacer); I'.A. MyH, x.r.1., npod. (Kazakcran Pecnyonukace); K.b. Ep:xkanoB,
x.F.1., npod. (Kasakcran PecmyOnukacer); B.T. Ortenbaes, x.r.n., npod. (Kazakcran
PecnyOnukacer); A.E. ManmakoBa, PhD pokroper (Kasakcran PecmyGmukachr);
M.E.KacbimoBa (0ac FbUIBIMH XaTILIBICHI).

«Ka3zakcTaHHBIH XUMHUS KYPHATBD)
ISSN 2710-1185 (Online); ISSN 1813-1107 (Print)

Kypburaiimer: Enoex Kei3eun Ty opaerai ©.b. bektypoB aTbiHIars!
XUMUSI FBUTBIMIAPE] HHCTHTYTHI

Tipkey: Kasakcran Pecrny0OnukaceiHbIH MoieHHET, aKapaT »oHE KOFaMIBIK KEJliCiM
munucTpiirinae Ne 3995-K 2003 KbuiFsl 25-MaychIMIarbl

2003 >xputbl KypbUIFaH. JKbUIbIHA 4 peT MIbIFa/bL.
Penakuumsubie mexen-xkaiipr: 050010 (A26F3Y1), Kaszakcman Pecny6aukacel, Aimamel K.,

LI Yanuxanos keweci, 106. men. 8 (727) 291-24-64, 8 (727) 291-59-31.
ics_rk@mail.ru

© AK «O.B. BeKTypoB aThIHIaFbl
XuMHA FBUTBIMAAPEI HHCTUTYTH», 2021

«KaznomTa» AK-HBIH razeT-xypHajijap KaTaJoTrbIHAA HEMeCe OHBIH KOCBIMIIaIaphIHaa
»Ka3blly MHAeKc 75241.

2


mailto:ics_rk@mail.ru

ISSN 1813-1107, elSSN 2710-1185 Ne 2,2021

I'maBHBIW penakTop

I'enepanbHblil AUPEKTOP
J. E. ®uiep, K.X.H.

Pe}.‘[aKHI/IOHHaH KOITJIECT MU

Y. K. Jxycundexos, npod., n.1.H., wieH-kopp. HAH PK (Pecnybnmka Ka3zaxcran);
B.H. A6caabikoB, npod., n.1.H., wieH-kopp. HAH PK (Pecmybmmka Kazaxcran),
A.P. XoxuoB, ipod., 1.¢.-M.H., akan. PAH (Poccus); MLIL. Eropos, npod., 1.X.H., akaf.
PAH (Poccus); B.C. Coapartos, npod., n.x.H., akax. HAH benapycu (Benapycs);
M.K. Kypunos, mnpod., ax.H., axkagx. HAH PK (Pecnybnuka Kasaxcran);
N.K. BeiicemberoB, mpod., a.5.H., akagx. HAH PK (Pecnybmuka Kasaxcran);
K. . Ipaaues, npod., 1.x.H., akag. HAH PK (Pecrny6muka Kazaxcran); 1.X. XajauKoB,
npod., 1.X.H., akaax. AH Pecniyonuku Tamkukucran (Tamkukucran); B.M. JdeMonukmii,
npod., n.x.H., akax. PAEH (Poccus); JI.A. KawkoBa, npod., a.x.H. (PecrmyOmmka
Kazaxcran); B.K. 10, npod., n.x.H. (Pecnybnmka Kazaxcran); E.®. [lanapun, npoo.,
0.x.H., wieH-kopp. PAH (Poccus); I.b. 3eiinanoB, mpod., a.Xx.H., wieH-kopp. HAH
Asepbaiimkana (Asepbaiipkan); Bpaxum Ejoymam, mpod., a.x.H., Ph.D, Yuusepcurer
He Jla Pomens (®pannysckas PecnyOnuka); X. Temens, npod., YHusepcurer Jlukie
(Typeukast Pecmy6muxka); B.C. 3akupoB, mpod., ax.H., (Pecnmybnmka Y30Oekucran);
I.A. Myn, npod., n.x.H. (Pecnybonuka Kasaxcran); K.B. EpxaHoB, mnpod., 1.X.H.
(Pectiy6onmuka Kasaxcran); B.T. Yrteanbaes, mpod., n.x.H. (Pecrmybnuka Kasaxcran);
A. E. Maamakosa, nokrop PhD, A.E. Maamakosa, nokrop Ph.D  (PecmyGiuka
Kazaxcran); M.E.KacsiMoBa (OTB. cekpeTapsb).

«Xnmuueckuii ;kypHaa Kaszaxcrana».
ISSN 2710-1185 (Online); ISSN 1813-1107 (Print)

VYupeaurens: Oppena Tpynosoro KpacHoro 3namenn MHCTUTYT XUMHUECKUX HAYK
uMm. A.b. bekryposga.

Peructpanms: MHHHCTEPCTBO KyJIbTYpbl, MHOOPMAIIMHU U OOIIECTBEHHOTO coriacus PecmyOnuku
Kaszaxcran Ne 3995-XK ot 25 urons 2003 r.

OcuoBan B 2003 r. Berxonut 4 pasa B rof.
Anpec penakiuu: 050010 (A26F3Y1), . Anmamut, ya. I Yanuxanosa, 106,

men. 8 (727) 291-24-64, 8 (727) 291-59-31.
ics_rk@mail.ru

© AO «MHCTUTYT XMMHUYECKHX HAYK
uM. A. b. bexrypoBay, 2021

HoanucHoit unnexe 75241 B Karanore raszer u xxypHanoB AO «Ka3moura» win B JONOJHEHHU K
HEMY.


mailto:ics_rk@mail.ru

XUMHYECKHH )KYPHAJI KA3AXCTAHA

Editor in Chief

General director
D.E. Fisher, Candidate of Chemical Sciences

Editorial board:

U.Zh. Dzhusipbekov, Prof., Doctor of Technical Sciences, Corr. Member of NAS RK
(Republic of Kazakhstan); B.N. Absadykov, Prof., Doctor of Technical Sciences, Corr.
Member of NAS RK (Republic of Kazakhstan); A.R. Khokhlov, Prof., Doctor of
Physical and Matematical Sciences, Academician of RAS (Russia), M.P. Egorov,
Prof., Doctor of Chemical Sciences, Academician of RAS (Russia), V.S. Soldatov,
Prof., Doctor of Chemical Sciences, Academician of NAS of Belarus (Belarus);
M.Zh. Zhurinov, Prof., Doctor of Chemical Sciences, Academician of NAS RK
(Republic of Kazakhstan); I.K. Beisembetov, Prof., Doctor of Economic Sciences,
Academician of NAS RK (Republic of Kazakhstan); K.D. Praliyev, Prof., Doctor of
Chemical Sciences, Academician of NAS RK (Republic of Kazakhstan);
D.Kh. Khalikov, Prof., Doctor of Chemical Sciences, Academician of ASRT (Tajikistan);
V.M. Dembitsky, Prof., Doctor of Chemical Sciences, Academician of the RANS;
L.A. Kayukova, Prof.,, Doctor of Chemical Sciences (Republic of Kazakhstan);
V.K. Yu, Prof., Doctor of Chemical Sciences (Republic of Kazakhstan); E.F.Panarin,
Prof., Doctor of Chemical Sciences, Corr. Member of RAS (Russia); E.B. Zeynalov,
Prof., Doctor of Chemical Sciences, Corr. Member of NAS of Azerbaijan (Azerbaijan);
Brahim Elouadi, PhD, Prof., De La Rochelle University (French Republic); H. Temel,
Prof., Dicle University (Republic of Turkey); B.S. Zakirov, Prof., Doctor of Chemical
Sciences (Republic of Uzbekistan); G.A. Moon, Prof., Doctor of Chemical Sciences
(Republic of Kazakhstan); K.B. Erzhanov, Prof., Doctor of Chemical Sciences
(Republic of Kazakhstan); B.T. Utelbaev, Prof., Doctor of Chemical Sciences
(Republic of Kazakhstan); A.E. Malmakova, Doctor PhD (Republic of Kazakhstan);
M.S. Kassymova (executive sekretary).

«Chemical Journal of Kazakhstan»
ISSN 2710-1185 (Online);
ISSN 1813-1107 (Print)

Founder: Order of the Red Banner of Labor Institute of Chemical Sciences named after
A.B. Bekturov.

Registration: Ministry of Culture, Information and Public Accord of the Republic of Kazakhstan
No. 3995-XK dated June 25, 2003 year.

«Chemical Journal of Kazakhstan» was founded in 2003 year, publishes four issues in a year.

Address of the Editorial board: 050010 (A26F3Y1), Republic of Kazakhstan, Almaty,
Sh. Ualikhanov str., 106, A.B. Bekturov Institute of chemical
sciences awarded by the Order of Red Banner of Labor,
Fax: 8(727)291-24-64.
ics_rk@mail.ru

© JSC «Institute of Chemical Sciences
named after A.B. Bekturov», 2021.


mailto:ics_rk@mail.ru

ISSN 1813-1107, elSSN 2710-1185 Ne 2,2021

Chemical Journal of Kazakhstan
ISSN 1813-1107, elSSN 2710-1185 https://doi.org/10.51580/2021-1/2710-1185.23
Volume 2, Number 74 (2021), 5-13

V]IK 543.4+502/504.75

AJIAKOJI CY AJIABBI T’ EO)KYFIEﬂEPIHIH
IKOJIOI'UAJIBIK dKAFJAUBI

I'.A. Mykanoga', M.A. Tineyncanosa', K.A. Cadvikos’
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Tyiiingeme: Cy 1mapyamibUibiFel 0acceifHi T'€0dKOJOTHSUIIBIK JKyle OOJIBIN TaObUIAJIbL,
OHBIH ©3€r1 63¢H/Iep, al OaIaHBICTBIPYIII AIIEMEHTTEPI-aFbIH I CyJiap. COHIIBIKTAH OCHI
TeOXKYHEHIH JKYMBIC iCTEYiHIH HETi3ri 3aHIbUIBIKTApbIH FaHAa eMeC, COHBIMEH Oipre OHBIH
TYpPaKThl JJaMybl MEH 3BOJIOIMACHIHBIH CEPIIHAUIITIH KAMTaMachl3 €TETIiH XOHE TaOUFH
pecypcrap YIIiH CeHIMIi jkoHe Kayilci3 cy naijanaHyqasl O0ackapy oJicTepiH jkacayfra
MYMKIHIIK OepeTiH mpomeccTepai 3epTTey oTe MaHBI3ARL. Makanamga Ajaken Cy anadbl-
HBIH F€03KOJIOTHSUIBIK JKaFalibl KapacThIpbuiabl. Anakes cy 0acceitni, Ibrsic Kazakcran
OOJIBICBIHBIH €Ki OKIMIIIIK ayIaHBIHBIH XKoHEe AJIMATHl OOJIBICHIHBIH AJIaKes ayJaHBIHBIH
ayMaFrbIH/Ia OpHAJIACKaH KeIiep KyheciHe Qu3nKa-XuMUSUTBIK 3ePTTEY KYMBICTAPHI XKYP-
rizinai. Axkumm, Kexryma, KabGanbaii, Kekran aybuimapHBIH MaHBIHAA KOJIIH >KarachIH-
Jla OpHAllaCKaH ayMaKThIK TaOWFU KyHerep peKpeanusuiblK Maijanany MnpoueciHie eH
YJIKEH aHTPOIOTCHIIK dCepre YINbIPAiabl, COHABIKTAH OI3MiH 3epTTEYIMI3diH HEri3iH
OJIap/IbIH T€0IKOJIOTUSUIBIK XKaFJablH Oaranay Kypauzpl. 3epTTey HOTHXKenepi OoibIHIIa
Araken cy anaObIHOaFrbl Cy ChIHAMAJAPbIHAH THAPOMOP(OIIOTHSIIBIK IapaMeTpiep
OolibIHIIA, (HU3UKA-XUMUSIIBIK 3EPTTCY KYMBICTAphl KYPTi3UIreH ayblp METaIap.IbiH,
MECTHUIIUATEP, AMOHUM, HUTPUT JKOHE HUTPAT, (YTOPHUI ITEH KPEMHUN KOCBUIBICTAPHI CUSK-
ThI KayilTi JJACTAYIIbI 3aTTAP.IbIH KOIl Meuiepi ansikTainFad. OCbIHIAl Tangaay HeriziHiae
Anaken ke OaccelHiHIE JIACTaHy JCHTEUiHIH KaJbIITACy EPeKINENIKTEPiH aHBIKTayFa,
COHJIaif-aK JIacTaHy JCHTEHiH CalBICTBIPYFa *KOHE 3EPTTENICTIH 3JIEMEHTTIH HIOFBIPIaHy
JTHAITa30HBIH KikTeyre Oonmaabl. By o3 ke3eriHe cy pecypcTapbIHBIH JIACTaHY JCHTeHiHe
JKaH KaKkThl Oara Oepyre j>KoHE THICTI miemrimMaep KaObUImayFa MYMKIHIIK TYIBIPabI.
3epmmey oicymbicbinbly makcamol: JKOFapbiga aWThbUIFaH MONIIMETTEpre OallIaHbICThI
Kazipri ke3neri Anakes ke OacceiHiHIH JaHAmAadTTapblHA TEO3KOJIOTHAIBIK Oaranay
KaXXETTUTIr TyBIHAAIBL.

Tyiiin ce3mep: reosKoNOrMsUIBIK Oaranay, peKpearysiIbIK KbI3METTep, MApoMopQoIio-
THSJIBIK TTapameTpiep, TabUFHu pecypce, SKCIEANIMSIBIK 3epTTeyiiep, Gru3nKa-XuMUSITBIK
3epTTeynep.

Citation: Mukanova G.A., Tileuzhanova M.A., Sadykov K.A. The ecological condition of
the geosystems of the lake Alakol. Chem. J. Kaz., 2021, 2(74), 5-13 (In Kaz.). DOI:
https://doi.org/10.51580/2021-1/2710-1185.23
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1. Kipicne

KazakcTaHHBIH Cy MIapyamibUTbIFbl OaCCEHHJEPi JKUBIHTHIFBI aJlaMaapablH
OPTYPJIi Cy QJICYMETTIK-DKOJOTHSIIBIK-OKOHOMHUKANIBIK KaXXCTTUIIKTEPIH KaHarat-
TaHJIBIPY YIOiH Oipiecin »KYMBIC ICTEUTIH, YTHIMABI 0acKapbUTybl KayillCi3 yoHE
OPHBIKTHI  DKOJIOTHSJIBIK-DKOHOMHUKAIBIK ~ JaMyFa Kemuimik OepeTiH e3apa
0aifaHpICTH TAOMFU OOBEKTITIEp MEH HHKEHEPITIK-TEXHUKAIBIK KYPBUIBICTAPIBIH
TaOWFU-aHTPOMOTEHIK KemreHiH Oinmiperin «Kazakcran PecrmyOnmukachiHBIH
Bipinraii Cy mapyamsiblFel OaccedHAiK kyHeci» Kypaiinel. COHABIKTaH
«Kazakcran PecnyOnukaceinbiH  bipinrait Cy mapyalibuiblFbl  OaccerHIIK
JKyHec» CyIbl YTBIMABI TaianaHyFa KaThICThl QJIEYMETTIK, SKOHOMHUKAJIBIK,
TEXHUKAJBIK, KYKBIKTHIK JKOHE JKOJIOTHSUIBIK ©3apa KaThIHACTApIbIH OacKaphl-
JaThIH KyHeci Oomyra Thic. O KOFapbl HEPapXUSUIBIK ACHreiaeri xyhe Oobin
TaOBLTAJIBI, OJJTaH TOMEH ©3€HACP/iH Cy MapyallbUTBIFbI OaccelHAepi, COMaH KeliH
Kajajap MeH OHEPKACiNTiK opTaibikTapAbiH Cy apyanbuIbIFbl KyHenepi HaKThl
Cy mapyambUIbIFel OacCeHHIHIH 2JIEMEHTTEp1 peTiHae opHatackaH [1].

Anaken cy mapyambUIBIFBEI OaccelHi ipi bankam kemiHiH >kKoHE OJaH Ja
ycak Auakenm MeH CachIKKesd KeJIepiHiH e3eH OaccedHaepiH KaMTuabl. OHBIH
KypaMmbliHa AnMaTbl OOJBICBIHBIH Oapnbik aymarbl, [erbeic KazakcTan o0ibI-
CBIHBIH OHTYCTIiK Oeuriri skoHe KaparaHIpl OONBICHIHBIH OHTYCTIK-IIIBIFBIC 06T,
coHJiaii-ak YKaMObL1 00JIBICKIHBIH COJITYCTIK-IIBIFBIC O6tiri Kipeni [2,3].

Bankani-Anaken ruaporpadusChIHbIH ©631HE TOH €PEKIICIIrT OHBIH JKEKe-
JIeHreH OOJKTepiHiH ©3€H KeJiCl THIFBI3ABIFHBIH KYPT aibIpMaIIbUIBIFBl OOJIBII
TaOBUIA B TAYJBl aynaHdapIarkl ©3¢H KENICIHIH YJIKEH THIFBI3ILIFEl ayMaKThIH
JKa3bIK OeJiriHAeri cupek e3eH jkeiciMeH yiurecemi. Tay Oektepinzaeri aynaH-
Japja THApOrpadusIIBIK XKeli Tay ©3€HJIEPiHiH TPAH3UTTIK ydacKijepiMeH KoHe
«Kapacy» THIITI ycak e3eHAepMEH YChIHbUIFaH [4].

Anaxesn OacceliiHiH ayMarblHJa 3KOJOTHSUIBIK KEIICHI FhUIBIMU 3EpPTTCY
KYMBICTapblH Kyprizy Kazakcran yurH e3ekti Mocenenepnid Oipi. Kasipri
yakpITTa AJlakesn ayMarblHIa MYHai-Ta3 KYOBIpIapBIH CalyFa, TEMIpXKOJ >KoHE
Tac JKOJI KypbUIbICEIHA OaitnanbicThl KazakcTan-KpiTail S5KOHOMUKAJBIK dK00aIapsl
TaObICTBl Mamyna. CoHpaii-ak OanamanelHeprus kenepid JKoHFap KaKmachIHBIH
TaOUFU adpOJUHAMHUKAIBIK KYOBIpEI (JKoHFap AnataybIHBIH CONTYCTIK Oeiri MeH
TapOaraTaitneiH OHTYCTIK CijeMJepi apachlHIarbl TAOUFU OTKEN) ayJdaHbIHIAFbI
JKEJT DJIEKTP CTAHIUSUIAPBIH Maiijanany xo0ackl icke achipbutyaa [S].

AHTpPOTIOTEH/TIK KBI3METTIH 9CEPIHCH KOpPIIaFraH OpTa CallachIHBIH TOMEHIEY1
callajjapblHaH AJakes Kelli 0accelHIHIH OPHBIKTHI JaMy IMpoOiieManapbl OHIpIIK
MaHBI3BI cunartka ue Oonaabl. Kasipri 3amaHfel oq0uerTepae Oy Macele reo-
SKOJIOTHSJIBIK Tpo0JieManap Jel aTajlajibl, aHTPONOTSHIK OEICEHIUIK IeH
oyapael Oaranay mpoOJjeManapbl TybIHIaraH KOJANCHI3 DKOJIOTHSIIBIK Kardai-
Jlapra Kell KeHLI OeJiHe/I.

3epmmey owcymulcoinbly Makcamul: JKorapplna aWTBUTFAH MOJIIMETTEpTe
OaifmaHpICTBI Ka3ipri ke3jeri Anakelnl Kei OaccelHiHiH JaHgmadTTapblHa reo-
SKOJIOTHSIIBIK OaFaiay KaKeTTLTir TYbIHIAIbI.
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2. Toxipubenik 6eaim

Anakes cy ajJa0bIHA KYPTi3lireH (pU3MKa-XUMHSIBIK 3epTTey KYMbIC-
Tapel. 3epTTey HBICAHBI AJakelsl cy anaObiHmarkl Asaken cy amadwl, Kextyma
ayBUTBIHBIH MAaHBIHIAFbl CY ChIHAMACBIHA THUAPOMOPQOIOTHSIIBIK MapaMeTpriep
OoiibIHIIa, HU3NKA-XUMHSIIBIK 3€PTTEY XKYMBICTaphl aTKapbuiapl. Cy chIHaAManaphl
«OpHBI ayBICTRIPBIIATHIH (TaChIMAIAAHATEIH) OOBEKTIICPIIH KOHE OHOJIOTHSITBIK
MaTepHAJIbIH ChIHAMANIAPbIH aly KaFuaaiapblH OCKiTy» Typalbl 3aHbIHIA OEKi-
TINTeH TOPTIMIIEH, YKCIICANLIUSIIBIK dficrieH anbiHapl. Cy ChIHAMACBhIHA XKYPTi3ii-
reH 3epTrey xkyMmbichiHaarsl omictep KP CT 1432-2005 — kepcetinren memie-
KeTapaiblK CTaHaapTTap OoWbIHIIA Xyprizinmi [7-8]. Anmaken kemiHiH KexTtyma
aybUIbIHAH allbIHFaH Cy ChIHAMAChlHA XMMMSUIBIK Tanjay >KyMbicTapbsl Kaszako-
morus «PecmyOnuKanblK FRUIBIMH-OHIIPICTIK KoHE aKHapaTTHIK OPTaIbIFBIHBIHY
3epTXaHACBIHA KACAIIbI.

3. HoTu:keJ1ep :kaHe 0J1apabl TATKbLIAY

Ousnka-XUMUIIBIK,  KepceTkimTepi OoiibiHma NHy- cy chlHamMachIHAAFBI
memmepi 1.34 mr/nm 6onmel. NH, wonsr IIPK-man 1.5 ece acwim typ. An Si - cy
ceiHamMackiHAarel Memmepi 0.5 mr/m Gommel. Si IIPK-mam 10 ece acweim Typ.
Keneci nuarpammana, xecte OoiibiHIIa ayblp metangapasiH IPK HopmaceiHan
KaHIlla ececre achlll TYypFaHbl KepceTinreH.Cebebi Amaken cy amaObHAa
CcyapMallbl alkanTapfa NeCTHIUATEp KoyigaHbUIFaH. Onap KOpPEeKTiK Ti30eKTep
apKbUTBI TaCHIMaJJaHFaH.

[Tectutnuarep, aMOHUH, HUTPUT XKoHE HUTPAT, (PTOPHI MEH KPEMHHUU KOCHI-
JBICTAphl CHSIKTHI KAayiNTi JlacTaylIbl 3aTTapblH KOl MeIIepi aybpuiapya-
WIBUTBIK aiiMaKTapblHaH, COHBIH IIIiHAE Mal IIapyallbUIBIFbl KEHICHAEPi allbIll
JKaTKaH JKepJIepACeH Tycedi. byi 3arrap cy oOBeKTiIepi MEH Cy aFbIHAaphIHA
eIIKaH/Iall Ta3apTyChl3 €Hell, COHABIKTAH OPTaHWKAJBIK 3aTTapAbIH, OMOTEHIK
JNEMEHTTEPAIH XoHe 0acka Ja JacTayllbl 3aTTapAblH KOFapbl KOHLIEHTPALUSCHI
6ap [9].

OTTeriHiH XUMHSIIBIK IIBIFBIHBI, AJIaked KeIiHiH Xaramay OenueyiHiH
OOHMBIHAAFBI PEKpealusuIbIK MayChiM Ke3iHIe KONl MeJIIepAe MIOFbIpJIaHaThiH
MOTODPJIBI KalBIKTap MEH aBTOKOJIK KO3FaJITKBIIITAPBIHBIH ITalJalaHbIIFaH
ra3fgapel 0ap MmIaFblH KeJieMIi MOTOp (hJIOTHIHBIH ocepiHe OaillaHBICTHL. AYEIp
MeTanaap OOWBIHIIA HEFYpJBIM CEHIMAI JepeKTep ainy YLIH KOCBhIMINA
MOHHUTOPHUHITIK 3epTTeyNiep >Xypriziry twic. OcblFaH OalmaHBICTHI Asakel
kemHAeri KexTyMma »KeprimiKTi ayMakThIK peKpealusulblK >KyWelepiHaeri cy
carachIHBIH TYPaKThl MOHUTOPUHT1 KaXeT.
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l-xecre — Aunaken cy anaObl, KekTyma aybUIBIHBIH Cy ChIHAMachlHa JKacaliFaH
3epTTeyJIep HOTHUXKECI

Anaxen cy ana6sl, Kexryma aybsuist
Carma kJ1. cy

Ne Hopmananatein XuMusAIbIK | Omniem camnacsl HIPK,

KepceTKimTepi TagOa Oipmiri |cTaHAapTTaphIHBIH MI/1

CaH/IBIK MOHEepi
I'mapoMopdoorHsIIEIK TapamMeTpiep
T'uapoMophoTOTrUsIIBIK ) Onuem-
JKUBIHTBIK HHJICKCI ci3
DusrKa-XUMHUSIIBIK TapaMeTpIiepi

1 pH peaknusicet - - 8.84 6.5-8.5
2 AMMOHHMIA-UOHBI NH,4 MI/JT 1.34 0.5
3 Tewmip (opTaria) Feopr M/ 0.05 0.05
4 | Xpowm (opraria) Crop: MI/7 0.0005 0.07
5 Kagmnit Cd MU/ 0.00002 0.005
6 Kanbuumit Ca MU/ 329 180.0
7 | Kpemunit Si MI/71 0.5 0.05
8 Kopracein Pb M/ 0.0003 0.006
9 Marnwmii Mg MI/1 284 40.0
10 Mapranerg Mn?* Mr/I1 0.005 0.01-0.05
11 | Msic cu® MI/71 0.0262 0.001-0.005
12 | Iusx (epitingi) Zn% M/ 0.03 0.01-0.05
13 | Mpimbsk As M/ 0.0122 0.05
14 | Mymnaii enimMaepi - MI/TT 0.02 0.05
15 | Hurpar-anuon NO; MI/1T 2.53 40
16 | Hutpur-anuon NO, MI/7 0.016 0.08
17 ?;i:;;f OHOXUMHSIBIK OBT mr Oy/n 1.73 3.0
1g | OrrerimivxmmALC OXUI | wr Oy 30 30
19 | ©nmenren 3arrap - MI/7 4.0 0.25-0.75
20 | Cyabdar SO, Mr/i 2594 100-3500
21 | Tewmip (+3) Fe¥* MI/TT 0 0.1-0.05
22 | ®eHou (YUIKBIK) - MI/1T 0 0.15
23 | ®ocoar PO, MI/7 0.017 0.05
24 Dropug F MI/71 6.1 0.05
25 | Xnopun Cl MI/TT 1099 300.0-11900
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AybIp MeTaJAapAbIH MeJIIIepi

AMMOHMII-
HOHBI — ] 5
dTopun
OnieHrex

3aT 6
OXI1I

Maruunit

12,2

10

Kpemuunii

10
0 2 4 6 8 10 12 14

2-cyper — IIIPK-TeH acein TypraH ayblp MeTanap.

4. KopbITBIHABI

3epTTey HOTHXKENepi OOWbIHINA AJaKes Cy alaObIHAaFbl Cy ChIHAMaapblHAH
TUIPOMOP(OIOTHSITBIK  TapamMeTpiiep OOMbIHINIA, (QU3NKA-XUMUSIIBIK 3EpPTTEY
JKYMBICTaphl JKYPTI3UIreH ayblp MeTaIJAap/blH, MECTHIUATEP, aMOHUH, HHTPUT
XKOHE HHUTpPAT, (PTOPHI MEeH KPEMHHH KOCBUIBICTaphl CHAKTHI KayilTi JIACTAyIIbI
3aTTap/bIH KOI MOJIIepi aHbIKTAJIFaH. AybIp METaIIap/blH Cy pecypcTapbiHaa
TapalyblH TANIIAy 63eKTi Macesenepaid O0ipi. OckiHmal Tamgay HeTi3iHae Aake
Ko OacceiHiHae JlacTaHy ACHIeHiHIH KaJbITAaCy €peKIIeTIKTEepPiH aHBIKTayFa,
COHJIali-aK JacTaHy JICHICHIH CaJNBICTBIpYFa >KOHE 3CEpPTTENICTIH 3JIEMEHTTIH
MIOFBIPJIaHY JUATa30HBIH XKIKTEyTe 00JIaIb.
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Pe3iome
KOJOI'MYECKOE COCTOSHHUE FEpCHCTEM
BAJIXAHI-AJIAKOJIbCKOI'O BACCEMHA

I A. Mykanosa', M.A. Tineyscanosa', K.A. Cadvikos®
Y 40 «Kaszaxckuii nayuonanvmolii YHugepcumem um. ano-Dapadbuy, Anmamol, Kazaxcman
E-mail: tileuzhanova.m@mail.ru

240 «Hucmumym xumuyeckux Hayk um. A.b. bexmyposa», Aimamsi, Kazaxcman
E-mail: kanat.sadykov.80@bk.ru

Bomoxo3siicTBeHHBI OacCeH MpencTaBIsieT cO00W T€0IKOIOTHIECKYIO CHCTEMY,
SIIPOM KOTOPOH SIBJIIOTCSI PEKH, & CBSI3YIOIINMH JIEMEHTaM1 — CTOYHBIE BOJIBI. [loaTOMy
OYCHb BAXKHO MCCIIENOBATh W PACIIO3HABATh HE TOJHKO OCHOBHBIE 3aKOHOMEPHOCTH
(YHKIIMOHMPOBAHUS TaHHOW T'€0CHCTEMBI, HO U MPOLECCH, 00ECIEYNBAIOIINE €€ YCTOM-
YMBOE Pa3BUTHE W TUHAMHUYHOCTD 3BOJIOIMU U TTO3BOJIAIONINE pa3paboTaTh HAZEKHBIE U
B TO ke BpeMst Oe30IacHbIe ISl IPUPOIHBIX PECYPCOB METOABI YIPABICHUS BOJOMOIB30-
BaHHEM.

B crathe paccMOTpPEHO I'€03KOJIOTHYECKOE COCTOSHUE AJIaKOIBCKOTO BOJHOTO Oac-
ceiiHa. [IpoBeneHb! PHU3NKO-XUMHIYECKHE HCCIIEIOBAHMS CHCTEMBI 03€p, PACITIONOXKEHHBIX
Ha TepPUTOPUH AJIaKOJILCKOTO OacceliHa, IBYX aJMHUHHCTPATHBHBIX paiioHoB BocrouHo-
Kazaxcranckoit obiactu m Amnakosbckoro paiiona AnmaruHckoi obmacti mo CT PK
1432-2005. TeppuTopnanbHble peKpealioHHbIE CHCTEMBI, pacllojOKEeHHbIE Ha Oeperax
o3epa BOmu3m cen Axmm, Kokryma, KabanbOaii, Kokran, momseprarorcs HanOoOIbIIEMY
AQHTPONIOT€HHOMY BO3JEHCTBHIO B IPOLECCE PEKPEALIMOHHOTO HCIOIb30BAaHUS, MOITOMY
OCHOBY HAallIET0 UCCJIEIOBAHMSI COCTABISIET OLEHKA UX N€0IKOJIOTUIECKOr0 COCTOSIHUS.

I[To pesynbraram ucciaenoBaHMH B MpoOax BOAbI AJIaKOJIBCKOTO BOAOXPAaHHMIIMILIA T10
THAPOMOP(OIOTHUECKUM TTapaMeTpaM BBISBICHO OOJIBIIOE KOJIMYECTBO OIIACHBIX 3arpsis-
HSIIOUIUX BELIECTB, B TOM UUCIE COCAUHEHMUH TSDKENBIX METAIOB, MECTUINIOB, aMOHUS,
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HUTPHUTOB M HUTPATOB, (PTOPHUAA U KPEMHHUS, 110 KOTOPHIM MPOBOAMINCH (HU3UKO-XHMH-
YecKHe uccieqoBanus. Ha ocHOBe Takoro aHain3a MO>KHO BBIABUTH OCOOCHHOCTH (opmu-
pOBaHMS YpOBHS 3arpsi3HCHUS B OacceifHe o3epa AJaKoib, a TaKKE CPaBHUTh ypPOBEHb
3arpsA3HEHUS] M KJIACCU(UIUPOBATh JHANa30H KOHLEHTPALMHA HCCIELYEMOTO 3JIEMEHTA.
370, B CBOIO OYEpelb, MMO3BOJIUT BCECTOPOHHE OLICHUTh YPOBEHb 3arpsI3HEHHSI BOJHBIX
PECYPCOB U MPHHATH COOTBETCTBYIOIINE PEIICHUS.

KnioueBble cji0Ba: Te€0IKOJIOTHYECKasl OIEHKA, PEKPEAOHHBIE YCIYTH, THAPO-
MOpQOJIOTHUECKHE TTapaMeTphl, MPUPOIHBII pecypc, HKCIEAWIMOHHBIE HCCIIEIO0BaHUS,
(PU3UKO-XUMUIECKUE UCCIIECOBAHN.

Abstract
THE ECOLOGICAL CONDITION OF THE GEOSYTEMS
OF THE LAKE ALAKOL

G.A. Mukanova', M.A. Tileuzhanova®, K.A. Sadykov?

1 JSC «Al-Farabi Kazakh National University», Almaty, Kazakhstan
E-mail: tileuzhanova.m@mail.ru

2 JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan
E-mail: kanat.sadykov.80@bk.ru

The water management Basin is a geoecological system, the core of which is rivers,
and the connecting elements are waste water. Therefore, it is very important to study and
recognize not only the Basic Laws of the functioning of this geosystem, but also the
processes that ensure its Sustainable Development and dynamics of evolution and allow
us to develop reliable and at the same time safe water use management methods for
Natural Resources.

The article considers the geoecological situation of the Alakol watershed. Physical
and chemical studies of the Alakol Basin, the lake system located on the territory of two
administrative districts of East Kazakhstan region and Alakol District of Almaty region
were carried out according to St RK 1432-2005. Territorial recreational systems located
on the shores of the lake near the villages of Akshi, Koktuma, Kabanbai, Koktal are
subject to the greatest anthropogenic impact in the process of recreational use, so the basis
of our research is an assessment of their geoecological state.

According to the results of research in the waters of the Alakol water reservoir on
hydromorphological parameters, a large number of dangerous pollutants, including
compounds of heavy metals, pesticides, ammonia, ammonium, ammonium, ammonium,
ammonium. Based on this analysis, it is possible to determine the specifics of the
formation of the level of contamination in the basin of Lake Alakol, as well as to compare
the level of contamination and classify the range of concentrations of the element under
study. This, in turn, will allow the public to assess the level of pollution of water resources
and adopt appropriate solutions.

Keywords: geoecological assessment, recreational services, hydromorphological
parameters, natural resource, Expeditionary research, physico-chemical research.
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OBTAINING OF MESOPHASE PITCHES FROM COAL TAR
A.M. Imangazy™*

1 JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan
2 JSC «Al-Farabi Kazakh National University», Almaty, Kazakhstan
E-mail: kazpetrochem@gmail.com

Abstract: This article presents the results of research on mesophase pitch production
from coal tar. The preparation of mesophase pitch was carried out by heat treatment in an
argon atmosphere at temperatures of 300, 350, and 400 °C. The resulting carbon pitches
were analyzed by scanning electron microscopy, Raman spectroscopy, and energy-
dispersive analysis. An increase in the degree of surface degradation and the number of
mesophase centers per unit area was observed with an increase in the treatment
temperature to 300 °C. At 350 °C, a transition from an isotropic to an anisotropic structure
was observed, where the mesophase centers were about 2 um in size. A similar aniso-
tropic structure was observed for a sample of coal tar obtained at 400 °C, and in some
areas, a layered structure was observed, which could be associated with an increase in the
graphitization degree of the samples. The particle size of the mesophase increases to 3.5-
5 microns. The results of energy dispersive analysis showed that an increase in tempera-
ture leads to a decrease in the sulfur content. At 400 °C, sulfur is completely removed
from the coal tar pitch composition. A correlation between the heat treatment temperature
and the structure of the obtained pitch was established.

Keywords: coal tar, processing, heat treatment, mesophase pitch.

1. Introduction

Coal is widely used as a heating agent and in power generation [1], and is
also an initial material in the production of valuable products. Coal coke is a
product of coking coal processing, which has found its application in industry, in
the production of steel and cast iron, in the chemical industry, etc. In the process of
coal coking, coke oven gas, coal tar, and a mixture of aromatics are released [2].

Coal tar is a complex mixture of aromatic hydrocarbons, heterocyclic sulfur-,
oxygen- and nitrogen-containing compounds. Tars, according to their chemical
properties, are divided into three groups: neutral, acidic, and basic [3]. According
to [4], the world coke production in 2019 amounted to about 700 million tons, at
which about 35 million tons of coal tar were produced and about 50% of which
was further processed. By further processing, such valuable products as benzene,
toluene, xylenes, etc., as well as impregnating oil, plastics, electrode pitches,
carbon fibers, binder pitch, etc. could be obtained.

Citation: Imangazy A.M. Obtaining of mesophase pitches from coal tar. Chem. J. Kaz.,
2021, 2(74), 14-20. DOI: https://doi.org/10.51580/2021-1/2710-1185.24
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One of the possible ways to process coal tar is to produce pitch. There are
two main types of pitch: isotropic (non-mesophase) and anisotropic (mesophase).
Mesophase pitches are usually obtained by the heat treatment, as a result of which
chemical reactions occur with a change in structural characteristics - the
formation of mesophases. The heat treatment was carried out in a wide
temperature range in an inert atmosphere of nitrogen, argon, or helium [5]. The
formation of liquid crystal structures (mesophase) occurred in the temperature
range 300-500 °C [6]. Mesophase crystallites were composed of condensed high
molecular weight aromatic compounds with an interplanar spacing of 0.34 nm.
The course of mesophase transformations depends on the physicochemical
characteristics of the feedstock and the temperature regime of processing. An
important characteristic of pitch is the content of sulfur and insoluble residues,
which determine the quality of the pitch [7]. The preparation of mesophase
pitches with a high degree of aromaticity is described in [8]. In this work, the
results of studies on the production of polyaromatic resins by extraction of low-
temperature soot are presented. The quality of mesophase pitches and their fiber-
forming properties were determined by the degree of aromaticity of the original
resin, the presence of highly condensed structures in it [9]. The transition of
carbon pitch into the mesophase structure occurs through the stage of an
intermediate isotropic-mesophase structure formation, under the temperature
influence. The transition is accompanied by the removal of gaseous products and
a change in the H/C ratio [10].

In this work, coal tar obtained during the processing of coal from the
Shubrakol deposit (Kazakhstan) was used. The reserves of the Shubrakol deposit
are about 1.5 billion tons. The consumers of special coke produced from
Shubarkol coal are the largest enterprises of Kazakhstan: ferroalloy plants of
«KazChrome» JSC, «Kazphosphate» JSC, «KazZinc» JSC, Russia and Ukraine.
Some scientists [12] were conducting research on the extraction of hydrocarbon
products from coal tar, as well as the production of boiler coke fuel as an
alternative to fuel oil.

2. Experimental part

Coal tar is a thick black liquid with a specific odor and a viscosity of
1.35 g/cm®. For the experiments, the mesophase pitch preparation was carried out
by heat treatment in an argon atmosphere at temperatures of 300, 350, and
400 °C. The argon flow rate was 90 cm®min. Heat treatment was carried out in a
tubular furnace with a quartz reactor with a diameter of 3 cm. A pre-dried and
weighed porcelain boat was filled with initial coal tar, after which the boat was
placed in a quartz reactor and purged with argon to remove air from the reactor
and exclude contact with oxygen. Argon was passed for 5 minutes, after which
the reactor was heated to temperatures from 300 to 400 °C. The heating rate was
13 °C/min. The time of temperature treatment was 2 hours; after the end of the
heat treatment process, the heating of the reactor was stopped, the sample was
cooled to room temperature without being removed from the reactor in an argon
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atmosphere. After removing it from the reactor, the boat with the final product
was weighed to establish the weight loss.

After heat treatment, the initial coal tar from a viscous-flowing state goes
into a solid, with an increase in volume. The resulting coal tar pitch has a porous
structure, which occurs due to the removal of low-boiling fractions in the form of
vapors, which lead to the formation of loose and spongy material.

The resulting product was investigated by scanning electron microscopy
(SEM), EDAX analysis, and Raman spectroscopy.

3. Results and discussion
The samples of coal tar before and after the heat treatment at various
temperatures were weighed to determine the mass loss (Table 1).

Table 1 — Coal tar masses before and after the heat treatment

Heat treatment Mass of coal tar before Mass of coal tar after Mass loss value,
temperature, °C the heat treatment, g. the heat treatment, g. %

300 35 1.9 46

350 2.4 1.2 50

400 2.3 0.9 61

Based on the data in Table 1, it can be seen that the highest weight loss was
observed at a temperature of 400 °C and is 61% of the initial weight. The heat
treatment removed volatiles from the coal tar. After the heat treatment at different
temperatures, coal tar was examined to Quanta 200i 3D scanning electron
microscope (Figure 1a).

Figure la shows the scanning electron microscopy images. Analysis of the
images shows that at 300 °C, an increase in the degree of surface degradation is
observed. At a processing temperature of 350 °C, a transition from an isotropic to
anisotropic structure is also observed. For this sample, all volatile fractions were
removed. The sample surface was uniform, the size of the mesophase centers was
about 1.5-2 um. For a coal tar pitch sample obtained at 400 °C, a similar
anisotropic structure was observed; in some areas, a layered structure is observed
which is associated with an increase in the degree of graphitization of the sample.
The sizes of mesophase particles increased to 3.5-4.5 um.

To establish the effect of the heat treatment on the composition of the initial
coal tar, elemental analysis was carried out for coal tar pitch obtained at different
temperatures (Figure 1b). For samples of coal tar pitch obtained at temperatures
equal to 300 and 350 °C, the sulfur content was observed from 0.24 to 0.26 wt.%.
An increase in the processing temperature to 400 °C leads to the complete
removal of sulfur from the composition of coal tar pitch. Sulfur is contained in
coal tar in the form of sulfur-containing heterocyclic aromatic compounds.

Figure 1c shows the Raman spectra of coal tar pitch obtained by processing
the initial coal tar at different temperatures. Raman spectroscopy analysis was
carried out under excitation by unpolarized radiation of a semiconductor diode
laser at a wavelength of e =473 nm. The interpretation of the Raman spectra
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Figure 1 — Images of scanning electron microscopy (a), EDAX analysis (b),
Raman spectra (c) of coal tar after the heat treatment at different temperatures:
300 °C, 350 °C, and 400 °C.

was carried out on the basis of the analysis of the review article [13]. Figure 1
shows a graph of the combined spectra.

Analysis of Raman spectra allows one to evaluate the effect of the heat
treatment on the degree of graphitization of the initial coal tar. For pure graphite,
two main first-order peaks were observed at a wavelength of 1356 cm™ (D-peak,
Defective Raman zone) and 1575-1582 cm™ (G-peak due to the presence of
carbon atoms in the sp? state and located in planes of graphite grids), spectral
lines of the second order in the region of ~ 2710 cm™. While interpreting Raman
spectra, the following indicators are important: AD, AG - the values of
wavelengths for D and G peaks, respectively, in cm™; ID, IG — the intensity of D
and G peaks in relative units; R — the ratio of intensities of D and G peaks
(ID/1G). While graphite nanocrystallites appear in the sample, the G peak shifts
from 1575-1582 cm™ to higher values of ~1600 cm™. In the sample treated at
300 °C, a shift of the G peak to the region of higher frequencies ~ 1405-1428 cm™
was observed, this could be explained by the fact that the samples contain clusters
with a small number of aromatic rings. The generalized data on the wavelengths
of the G and D peaks, their intensities, and the R index are presented in Table 2.
For the sample treated to 350 °C, a significant change in the intensities and
positions of the G and D peaks was observed, characterized by the removal of all
volatile fractions and the beginning of the transition from a disordered structure to
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a more ordered structure with the formation of mesophase centers. For the
samples treated to 400 °C, a shift of the D peak to the range of 1600-1610 cm™
was observed, which is explained by the formation of nanocrystalline mesophase
centers.

Table 2 — Characteristics of G and D peaks for coal tar samples treated at different
temperatures

Sample AG, cm’? AD, cm’® Ig I R (Ip/1g)
300 °C 1406 1605 792 1042

350 °C 1356 1600 1103 1606 0.6867
400 °C 1362 1610 395 638 0.7215

Based on the data in Table 1, an estimated calculation of the degree of
graphitization can be made using the equation [14]:

9(%) = [1-2]- 100 (1)

n

where g is the degree of graphitization, %; R is the ID/IG ratio; n is the maximum
value of R obtained during the study (in this case, 0.7215).

Thus, the calculation showed that for the 350 °C sample the degree of
graphitization was about 5%. For the 400 °C sample, this indicator could not be
determined, since the R value was taken as the maximum value (n).

4. Conclusion

Based on the conducted research, a correlation between the heat treatment
temperature and the structure of the resulting coal tar pitch was established. The
results of scanning electron microscopy showed that with an increase in the heat
treatment temperature, the number of mesophase centers per unit volume of the
final pitch increases. The diameters of mesophase particles range from 3 to
15 um. The highest number of mesophase particles was observed for pitch
obtained at a temperature of 400 °C. The results of the energy-dispersive analysis
showed that heat treatment at a temperature of 400 °C leads to the complete
removal of sulfur. On the basis of Raman spectroscopy data, the calculated
graphitization values of coal tar pitch obtained at 350 °C were about 5%.
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Tyiingeme
KOMIP IHAUBIPLIHAH ME30®A3AJIBI LIIAWBIP ATTY

A.M. Hmanzazo*?

L«O.B. Bexmypoe amvinoagvl Xumus evinvimoapul uncmumymuly AK, Anmamol, Kasaxcman
2 «On-Papadbu amvinoazel Kazax ynmmuix ynueepcumemiy AK, Aimamul, Kazaxcman
E-mail: kazpetrochem@gmail.com

Byn makamama xewmip maibIpbiHaH Me30¢a3anbl MIaWbIp aly >KOHIHIETi 3epTTey-
JepAiH HOTHXKeNepi KenTipinred. Me3ogasza KagamMblH JalbIHAAY aproH atMocdepachiHaa
300, 350 xone 400 °C TemriepaTypanapa TEPMHUIIBIK OHJICY apKBUTHI KY3€Te aChIPBLUIIBI.
TepMusUIIBIK ©HZIEY TEMIepaTypachl MEH ajbIHFaH INaWbIpIbIH KYpPBUIBIMBI apachlHZA
e3apa OalimaHblc OpPHATHULABL. AJIBIHFaH KOMIpPTETi KabaTTapblH 3JIEKTPOHIBI CKaHEpIey
MHKPOCKOTIHACHI, PaMaH CHEKTPOCKONMACH! JKOHE SHEPTHsl ANCTIEPCUSUIBIK aHAIN31 apKbl-
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7l 3eprrengi. OHpey temmeparypacsiHblH 300 °C neitin xKorFapbsUIaysIMeH OeTTiH Jerpa-
Janus JTOPEXeCiHiH KOoHe aynaH OipiiriHe makKaHAarsl Me3o¢a3a OpTaIbIKTapBIHBIH
caHBIHBIH apTysl Oaiikangsl. 350 °C temmepaTypachlHIa H3OTPONTHIAAH AHU3OTPOIITHI
KYpBUIBIMFa ©Ty OaifKamaapl, MyH#a Me30(a3a OPTAJIBIKTApbIHBIH MOIIIEpi IaMaMeH
2 MKM Kypaiapl. ¥Kkcac aHu30TponTsl KypsuisiM 400 °C TeMmepaTypana ajaslHFaH KOMip
IIaWBIPBIHBIH YITICI YIIiH Oaifkammsl, an kelOip aymaHmapnaa Kabatrap KYpbUIBIMBI Oaii-
Kanabpl, Oy yirinepai rpadurTey AOpeKeciHiH KOFapbUIaybIMEH OailIaHBICTHI OOIyBI
MyMKiH. Me3oda3zanbH Oemmektep Memmepi 3.5-5 MUKpoHFa AeHiH apTamsl. JHEPreTH-
KaJIBIK JMCIIEPCHSUIBIK TaJlayAblH HOTIOKENIepl TeMIlepaTypaHbIH KOFapbulaybl KYKipT-
TiH TeMeHzaeyiHe okeneTiHiH kepcerTi. 400 °C TemmepaTypama KYKipT KeMip IIalbIpBI
HIafBIPBIHBIH KYpaMbIHaH TOJIBIFBIMEH aJIbIHAMIBL.

Tyiiin ce3nep: keMip MIANBIPEL, OHICY, TEPMISUIBIK OHICY, Me30(a3aibl MIalbIp.

Pe3iome
MOJIYYEHUE ME30®A3HBIX ITEKOB N3 KAMEHHOYT'OJIbHON CMOJIBI

AM. Hmanzazor**

‘40 «Hucmumym xumuyeckux nayk um. A.b. bexmyposa», Armamsi, Kazaxcman

2 AO «Kazaxckuii HayuoHanoHbiii YHugepcumem um. ano-Dapadbuy, Anmamol, Kazaxcman
E-mail: kazpetrochem@gmail.com

B nmaHHOM CcTaThe NPEACTaBIEHBI PE3yNIbTAThl UCCIENOBAHUHI IO MOIYYEHHIO ME30-
(a3HOTO IeKa U3 KaMEeHHOYToJIbHOM cMmonbl. [lomyuerne mMe3oda3Horo meka MmpoBOAUIN
IyTeM TepMuYeckoil o0paboTku B armocdepe aproHa mpu temmeparypax 300, 350 u
400 °C. bruta ycTaHOBJIEHA KOPPEISIINS MEXIY TEMIIEpaTypoit TepMOOOpadOTKH B CTPYK-
Typoil monydeHHOTO rneka. IlomydeHHbIe yriepoJHble MEKbl OBIIIM HCCIEIOBaHBI METO-
JlaMU CKaHUPYIOLIEN 3JIEKTPOHHOW MHUKPOCKONHH, PamMaH-CIIEKTPOCKONMH, M SHEPro-
JVCIIEPCHOHHOTO aHAIN3a. Y BEIMUCHUE CTEIICHN JIeTPaJalliyl TOBEPXHOCTH U KOINIECTBA
Me30(a3HBIX HEHTPOB HAa COWHUILY IUIOMAANM HAOJIIOAANOCh IPH TOBBIMICHUH TEMIIE-
parypst oopadorku 10 300 °C. IIpm 350 °C yxe HabmIODaeTCs MEPexXo OT M30TPOIHOM
CTPYKTYpE K aHH30TPOIHOH, T pa3Mep Me30(ha3HbIX LIEHTPOB COCTABIIAET OKOJIO 2 MKM.
AHanorn4Hasi aHM30TPOMHAs CTPYKTypa HaOmomanack A oOpasna KaMEeHHOYTOJBHOM
cModbl, moydeHHoro npu 400 °C, a Ha HEKOTOPBIX ydYacTKax HaONIOJaNIach CIOWUCTAs
CTPYKTYpa, YTO MOTJIO OBITH CBSI3aHO C YBEIMYECHHUEM CTEHECHHU IpaduTH3annu 00pasIoB.
Pa3smep wacturr me3odassl yBenmmauBaeTcs 10 3,5-5 MkM. Pe3ynmpTaThl sHEproaucnepcuoH-
HOTO aHaJIM3a MOKAa3aJIM, YTO ITOBBIIIEHUE TEMIEpaTypsl IPUBOANUT K CHIDKEHHIO COIEp-
xarus cepbl. [Ipu temneparype 400 °C cepa MONHOCTBIO yAAIIeTCss U3 COCTaBa KaMeH-
HOYTOJIBHOTO TIEKa.

KnaioueBble cioBa: KaMEeHHOYroibHas cMoja, IepepadoTka, TepMooOpaboTka,
Me30(a3HbIH MeK.
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ARYLSULPHONATES OF SPIROPYRAZOLINES AND
O-TOSILATE-B-(BENZIMIDAZOL-1-YL)PROPIOAMIDOXIME
AS THE PRODUCTS
OF B-AMINOPROPIOAMIDOXIMES TOSYLATION
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Abstract: Introduction. Pyrazolinium structures have practically valuable biological
properties. Their methods of synthesis mainly consist in the reactions of cyclization of
steroid compounds containing an enone fragment with a variety of hydrazines. We have
previously obtained new spiropyrazolinium compounds by hydrolysis of 3-(B-heteroami-
no)ethyl-5-aryl-1,2,4-oxadiazoles and by arylsulfochlorination of B-aminopropioamido-
ximes. The aim of the work is to reveal the dependence of the structure of the final B-ami-
nopropioamidoximes tosylation products from the structure of the starting amidoxime and
strength of base. Methodology. The tosylation of B-aminopropioamidoximes was carried
out in chloroform using diisopropylethylamine as a base. The synthesis was carried out at
room temperature for 15-20 h. The progress of the reaction was monitored by TLC. After
completion of the reaction, the precipitate was filtered off, followed by evaporation of the
filtrate and additional precipitation of the product; the combined precipitates were recrys-
tallized from isopropanol. Results and discussion. The products of tosylation of f-amino-
propioamidoximes were obtained in 45-65% yields and identified using physicochemical
and spectral [IR, NMR (*H and *3C)] characteristics, tosylation of B-aminopropioamido-
ximes (B-amino group: piperidin-1-yl, morpholine -1-yl, thiomorpholin-1-yl, 4-phenyl-
piperazin-1-yl) proceeds with the formation of spirocyclic compounds — arylsulfonates of
2-amino-1,5-diazaspiro [4.5]-dec-1-ene-5-ammonium; tosylation of B-(benzimidazol-1-
yl)propioamidoxime gives the product on the oxygen atom of the amidoxime group.

Key words: B-aminopropioamidoximes, tosylation, leaving group, IR spectroscopy, NMR
spectroscopy.
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1. Introduction

The drugs currently sold in the pharmaceutical market are based on
heterocyclic compounds. From the point of view of the breadth of biological
activity, pyrazoline is of paramount importance among them. The five-membered
pyrazoline heterocycle contains two adjacent nitrogen atoms. The vast majority of
of biologically active pyrazolines are 2-pyrazolines or 3,4-dihydropyrazoles [1,2].

w
N
N TZ
\/m
[N

2-pyrazolines (3 4-dihydro-2H-pyrazole)

To develop effective and potent drugs molecules with a pyrazoline fragment
of natural and synthetic origin are being investigated all over the world. In the last
decade reviews summarizing certain aspects of the well-developed field of
medicinal chemistry of pyrazoline derivatives have appeared [5-12].

Thus, the review [5] summarizes this area, beginning from the pyrazoline
structures that have found application in therapy, then examines the developed
pyrazoline compounds that have reached the phases of clinical trials, and then
draws attention on a wide range of in vitro and in vivo results of studies of the
potentially highly active pyrazoline derivatives.

Methods for the synthesis of pyrazolines mainly consist in the reactions of
interaction of steroid compounds — chalcones containing an enone fragment with
substituted hydrazines [11, 17-19].

R1
2
H,C R NaOH CH,COOH R N

. CoHsOH NH,NHR2 N\
+ RICHO — R - R
Rl

Innovative, «green» methods for the synthesis of substituted pyrazolines are
being developed: activation of the reaction by ultrasound [11], microwave
radiation [18], thermal reactions without a solvent using a biodegradable maltose
catalyst [19].

Among the derivatives of B-aminopropioamidoximes, we have accumulated
experience of spiropyrazolinium compounds formation [20-22]. Boulton-
Katritsky rearrangement is a transition pathway of 3-(B-heteroamino)ethyl-5-aryl-
1,2,4-oxadiazoles to 2-amino-8-oxa-1,5-diazaspiro[4.5]dec-1-ene-5-ammonium
spiropyrazoline benzoates and chloride. It turned out that the spiropyrazonium
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structure is synthetically available already upon arylsulfochlorination of
B-(morpholin-1-yl)propioamidoxime [23]. In this case, the formation of
structural isomers, O-arylsulfo-p-(morpholin-1-yl) propioamidoximes, was not
observed.

\Q-E “ NH,
= g
Y CHCl,, Et3

c

d N A\ ’ J_/ g

) NH, _ < >
X = CH;0, CH, H, Br, CI. NO,

The aim of this work is the study of the effect of the base strength and the
structure of amidoximes on the structure of tosylation products of
B-aminopropioamidoximes, which may include spiropyrazoline derivatives. We
carried out interaction of B-aminopropioamidoximes (f-amino group: piperidin-1-
yl, morpholin-1-yl, thiomorpholin-1-yl, 4-phenylpiperazin-1-yl, B-(benzimidazol-
1-yI) with tosyl chloride (TsCI) in CHCI; in the presence of diisopropylethylamine
(DIPEA) at room temperature.

2. Results and discussion

Products (6-10) were isolated in 45-65% yields and identified using
physicochemical characteristics and data from IR spectroscopy and NMR (*H and
13C) spectroscopy (Tables 1-4).

X/m
e oy
i+
ILH2 CHCl, DIPEA —N 0

1-4

) — /J o_i@m

+Cl-$— »cCH
b ’ 6-9
X=CH,(1,6),0(2,7),53,8),PhN (4,9

N—
N N
NCF SOH
5 'L'HZ CHCI; DIPEA

e e —

N C|§—@—Y r.t
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Table 1 — Physicochemical characteristics of B-aminopropioamidoximes tosylation
products 6-10

. . Found,%
Comp. | Yield, | Time,| M.p,, Ry | MW Calculated, % Gross
% h C c " N formula
55.36 7.12 12.91
6 62 15 230 0.24 | 325.43 5486 | 663 | 1241 C15Hp3N305S
51.36 | 6.47 | 12.83
* - 2290 200 2£:09
7 65 15 | 218-220 | 0.13 | 327.40 50.86 599 1251 C14H»1N30,S
8 56 | 20 | 255 | 008 |34346 | 3000 | 220 | 12831 CLHNO:S,
59.36 6.47 13.53
9 50 15 290 0.10 | 402.51 5968 | 651 | 1392 CyoHz6N403S
56.55 | 5.06 | 15.63
10a 45 15 | 163-165 | 0.67 | 358.42 56.97 545 15.11 C17H1gN4O3S

*Note. M.p. of compound 7 obtained in [23], is 220-222 °C; R¢— 0.14.

In the IR spectra of the synthesized substances 6-10, there are bands of
asymmetric and symmetric stretching vibrations of the SO, group in the region v
1131-1190 cm™ and 1347-1380 cm™, bands of stretching vibrations of double
bonds C=C in the region v 1600-1617 cm™ and the bands of stretching vibrations
of the Cs;, —H bonds in the region > 3000 cm™ (Table 2).

Table 2— IR spectra of B-aminopropioamidoximes tosylation products 6-10

Stretching vibrations of bonds, v, cm?
Comp.. V 502
Ve=N | Ve=c asym. sym. V(N-H)2 VCsp3-H Vesp2-H
6 1641 | 1616 1131 1380 3415 2848, 2912 3115, 3210
7 1643 | 1600 | 1190, 1127 - 3466 - 3236, 3328, 3388
8 1652 | 1611 | 1132,1189 | 1347 3427 | 2810, 2913, 2985 | 3162, 3233, 3289
9 1642 | 1599 | 1131, 1189 | 1347 3421 | 2770, 2848,2910 3115, 3286
10a | 1648 | 1617 1190 1358 3417 2791, 2920 3110, 3237
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The 'H NMR spectra of the products 6-10 contain doublet signals of the
para-substituted phenyl group in the region of & 7-8 ppm and the signal of the
para-methyl substituent in the range & 2.29-2.38 ppm. The signal of the amino
group of compounds 6-10 is observed in the range of & 6.80-7.33 ppm. The
interacting groups of a- and B-methylene protons give two triplet signals in the
regions 6 2.50-3.17 ppm and 6 3.82-4.33 ppm (Table 3).

Products 6-9 are characterized by a high melting point (214-290 °C) and
low Ry values (0.08-0.24) (Table 1), which are characteristic for the spirocyclic
compounds — arylsulfonates of 2-amino-8-oxa-1,5-diazaspiro[4.5]-dec-1-en-5-
ammonium [23].

Table 3 - "H NMR spectra of B-aminopropioamidoximes tosylation products 6-10

Chemical shift, 5, ppm (J, Hz)
Comp. (CHZ)S (11) N(+)(CH )
) ) 2)2 [ax| para- | NH;
@O | B-CHa 1 X(CHo) | by eq 2m)) | CHo(3m) | @H) | S
(12-14)
1.57m,
o o | B Tamman [ o [ ppmra
7 1011 87m (6H)| 2 : Xk
o | 313t | zext | a3am | 34ImQ@H), | Lo || 711d(2H.7.0),
@H,7.0)|@H,7.0)| @) | 36s5m@H) | 281 748d (2H, 7.0)
g | 312t | 387t | 332m | 288m(QH). | ,,0 |,aq| 7114 (2H7.0),
@H,7.0)|@H,7.0)| @) | 3semeH) | 331 747d (2H, 7.0)
7.10d (2H, 7.0),
o | 317t | 395t | 3sem | 348mQH) | Lo | ;4| 7.48d(2H,7.0)
@H,7.0)|@H,7.0)| @) | 39mQ@H) | : and 6.87, 7.02,
7.27m (5H)
7.18-7.64m, 7.99s,
10a (Zﬁsgto) (2ﬁ3§t0) - - 238 | 6.80| 7.36d (2H, 7.0)
7, 7. 7.70d (2H, 7.0)

Compound 10 has m.p. 163-165 °C and, in contrast to the compounds 6-9,
has a significantly higher value of R; 0.67.

In addition, the broadened signal of the protons of the NH, group of
compounds 6-9 is in the range of 6 7.28-7.33 ppm (Table 3) — in the same region
as the analogous signal of 2-amino-8-oxa-1,5-diazaspiro[4.5]dec-1-ene-5-
ammonium arylsulfonates (6 7.29-7.48 ppm) [23]; while the signal of the NH,
group of the compound 10 was determined at 5 6.80 ppm, which is close to the
position of the analogous signal of NH, group of the O-acylation products of
B- (piperidin-1-yl)propioamidoxime (5 6.58-6.77 ppm) [24].

In the **C NMR spectra the signal of the carbon atom of the C=N bond of the
pyrazolinium ring of compounds 6-9 is present at 6 169.10 ppm; and for
compound 10 — at 6 158.04 ppm (Table 4).
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Table 4 — *C NMR spectra of -aminopropioamidoximes tosylation products 6-10

Chemical shift, 3, ppm

Comp.
a-CH, |B-CH;| N(+)(CHy), | X(CHy), | para-CH3 Csp2 C=N
21.0 (2C), 126.0 (2C), 128.5 (20),
6 315 | 60.7 | 64.3(20) 21.9 (1C) 21.2 138.0 (1C), 146.3 (1C) 168.5
126.0 (2C), 128.6 (20),
7 314 | 621 | 63.2(2C) | 62.4(2C) 21.2 138.1(1C), 146.2(1C) 169.0
8 314 | 625 | 64.7(2C) | 23.2(20) 21.2 126.0(2€), 1285 (2C), 169.0

138.0 (1C), 146.0 (1C)
126.0 (20),
128.5(2C),138.0 (1C),
9 315 | 615 | 62.9(2C) | 445(2C) | 213 | 146.3(1C), 116.3 (2C), | 169.1
129.6 (2C),

120.4 (1C), 149.9 (1C)
1285 (2C), 130.0 (2C),
133.5(1C), 144.7
(1C),110.8 (1C), 119.8
(1C), 121.9 (1C), 122.7
(1C),134.0 (1C), 143.7
(1C), 144.3 (1C)

10a 312 | 416 - - 21.6 158.0

Based on a comparison of physicochemical and IR and NMR spectral data of
products 6-9 and product 10, it is a priory assumed that product 10 is an O-
tosylsulfo derivative of B-(benzimidazol-1-yl)propioamidoxime - 3-(1H-
benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide (10a).

In addition, we obtained quantum-chemical confirmation of the
advantageousness of the formation of spirocyclic tosylation products of pB-
aminopropioamidoximes 6-9 with negative values of 4,G° — the Gibbs energy of
the chemical reaction (-95.44 — -131.42 kJ/mol) and the disadvantage of the
formation of a spiro structure with a positive values of 4,G° for -(benzimidazol-
1-yl)propioamidoxime at 31.76 kJ/mol) [25].

Our experiment showed that there is no dependence of the structure of the
products on the strength of the base, since when using EtsN (pKa = 10.7) during
the arylsulfochlorination of B-(morpholin-1-yl)propioamidoxime [23] a number of
spiroderivatives were obtained, as well as when using DIPEA as a base (basicity
pKa = 11.4) in the case of tosylation of a series of B-aminopropioamidoximes
(1-4) with six-membered heterocycles in the pB-position (piperidin-1-yl,
morpholin-1-yl, thiomorpholin-1-yl, 4-Ph-piperazine -1-yl).

X-Ray structural analysis data will be useful confirmation of the compounds
6-10 structure.

3. Experimental part

IR spectra were obtained on a Thermo Scientific Nicolet 5700 FTIR
instrument in KBr pellets. *H and **C NMR spectra were recorded on a Bruker
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Avance Il 500 MHz NMR spectrometer (500 and 126 MHz, respectively).
Melting points were determined on a TPL apparatus (Khimlabpribor, Russia). The
progress of the reaction was monitored using Sorbfil TLC plates (Sorbpolymer,
Russia) coated with CTX-1A silica gel, grain size 5-17 um, UV-254 indicator.
The spots were developed in I, vapors and in the UV light of a chromatoscope (A
254 nm) «TCX 254/365» (PETROLASER). The eluent for the analysis is a
mixture of EtOH-benzene, 1:1 + a few drops of a 25% aqueous solution of NHa.
Microanalysis according to the Pregl method was carried out on an elemental
analyzer with the absorption of CO, and O; isolated during combustion with a
two-degree repetition of combustion.

Tosylation of B-aminopropioamidoximes (1-5) was performed in dried
CHCI; with tosyl chloride in the presence of DIPEA, purchased from Sigma-
Aldrich and used without purification. Solvents for synthesis, recrystallization,
extraction and TLC analysis (EtOH, i-PrOH, benzene, CHCI3) were purified
according to the standard procedures described for each solvent.

Synthesis of f-aminopropioamidoximes tosylation products 6-10 (general
method). To a solution of 0.0029 mol of B-aminopropioamidoximes 1-5 in 20 ml
of CHCI; 0.0029 mol of DIPEA was added. The reaction mixture was cooled to -1
°C, and a solution of 0.0029 mol of tosyl chloride in 2 ml of chloroform was
added dropwise with stirring. The reaction mixture was then allowed to warm to
room temperature and stirred until completion of the reaction. The progress of the
reaction was monitored by TLC. The formed white precipitates of tosylchlorides
6-10 were filtered off and recrystallized from i-PrOH.

2-Amino-1,5-diazospiro[4.5]dec-1-en-5-ammonium tosylate (6). The reaction
time was 15 h. The yield of 2-aminospiropyrazolylammonium tosylate (6) was
0.59 g (62%), m.p. 230 °C, R¢0.24.

2-Amino-8-oxa-1,5-diazospiro[4.5]dec-1-ene-5-ammonium tosylate (7). The
reaction time was 15 h. The yield of 2-aminospiropyrazolylammonium tosylate
(7) was 0.65 g (65%); m.p. 218-220 °C, R¢ 0.13.

2-Amino-8-thio-1,5-diazospiro[4.5]dec-1-ene-5-ammonium tosylate (8). The
reaction time was 20 h. The yield of 2-aminospiropyrazolylammonium tosylate
(8) was 0.5 g (56%); m.p. 255 °C, R¢ 0.08.

2-Amino-8-phenyl-1,5,8-triazaspiro[4.5]dec-1-ene-5-ammonium tosylate (9).
The reaction time was 15 h. The yield of 2-aminospiropyrazolylammonium
tosylate (9) was 0.15 g (50%); m.p. 290 °C, R¢ 0.10.

3-(1H-Benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide (10).

The reaction time was 15 h. The yield of O-tosylation product of B-
(benzimidazol-1-yl)propioamidoxime 10 was 0.4 g (45%); m.p. 163-165 °C, R¢
0.67.

4. Conclusion

Thus, the tosylation of p-aminopropioamidoximes (B-amino group:
piperidin-1-yl, morpholin-1-yl, thiomorpholin-1-yl, 4-phenylpiperazin-1-yl)
proceeds to obtain spirocyclic compounds — tosylates of 2-amino-1,5-diazaspiro

27



XUMHYECKHH )KYPHAJI KA3AXCTAHA

[4.5]-dec-1-en-5-ammonium;  tosylation  of  p-(benzimidazol-1-yl)propio-
amidoxime gives the product at the oxygen atom of the amidoxime group. As a
result of our studies, along with the expected product — O-tosyl-B-(benzimidazol-
1-yl) propioamidoxime, a number of the structurally new, isomeric spiro-
pyrazolinium compounds was obtained. This indicates on their thermodynamic
advantage in comparison with the products of O-acylation. Analysis of the
literature data shows that among of the pyrazolines derivatives there are no
examples of doubly charged spirocompounds with ammonium nitrogen in the
head of the bridge and any anion as a counterion.
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Tyiingeme
B-AMHUHOINPOITMOAMUJOKCUMIAEPAIH TO3UJIAHABIPY OHIM/IEPI
PETIHAETT CIIMPOIMUPA3OJUHAEP MEH O-TO3UJIAT-p-
(BEH3UMHNAA30.JI-1-UJ1) MIPOITMOAMUJOKCUM APUJICYJI®OHATTAPBI
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Kipicne. Tlnpa3oymH KYpbUIBIMIAPHI iC JKY3iHAE KYHIBI OMOJIOTHSUIBIK KacHETTepre
ne. OmapIelH CHHTE39[I CTepiHEeTi3iHEHOPHIHOACKAHTH] PAa3HMHACPMEHEHOH (parMeHTi
0ap CTepOUATHI KOCBUIBICTAPIBIH IUKIH3AIMs peakUsIapblHaH Typansl. bypbH 0i3 xaHa
CIMPOINHKPA30JIMH KOCBUIBICTAphIH 3-(P-reTepoamuno)3tui-5-apui-1,2,4-okcaauasonmap-
Ibl THOAPOJIH3ACY JKOHE [-aMHUHONPONHAMHIOKCHMAEPAl apuicyab(oxyopiay apKbLIbl
anFaH 0O0NaThIHOBIZ. By orcymvicmuly makcamsl — P-aMHHOTPOITHAMHUIOKCUMIEPIIH TO-
3WJIJICHYIHIH COHFbI ©HIMJIEpl KYPBUIBIMBIHBIH 0acTankbl aMWJIOKCHMHIH KYpPbUIbIMBIHA
TOYEJIAUIIrIH amy. Odicmeme. P-AMUHOMPOIMOAMHIOKCUMICPIl TO3WIACY KE31H/Ie Heri3
peTiHAe UHM3ONPONIIATHIAMHUH/AL TaiilajiaHa  OTBIPBI, XJIOPO(QOpMAa OpPBIHAAIIBI.
Cunre3 Oenme TemneparypacbiHia 15-20 caraT 6oiibl sxyprizingi, peakuunst 6apsicel TLC
KeMeTiMeH OaKpUIaHABl. Peaknus askraidraHHaH KeWiH TYHOA Cy3LTN aimblHABI, (QHi-
TPATThI Kaiita OyJaHIbIpy 9/IIiCIHEH KEHiH TYCKEeH TYHOAHBI alJbIHFbI aJbIHFaH TYHOaMeH
OipIKTIpisIiN, M30MPOIIAHONAAH KaiiTa KPUCTAINAHABIPY SiCiIMEH allbIHFaH OHIMII Ta3ap-
TBIN aNubIK. Homuoicenep men mankviiay. [-AMHHOIPOIHOAMHIOKCHMICPAIH TO3MIIaH-
IbIpy eHimaepi 45-65% MIBIFBIMIAPbIMEH alIBIHFAH KoHE (DU3MKa-XUMISUIBIK KacHeTTe-
pimen crnekrprik [UK-, SMP (*H sxone *C)] cumarramanapbiHbiH KOMETiMEH aHBIKTa-
FaH, J-aMUHOIIPIHOAMUIOKCUMAEPAIH TO3MWIaHyH! (3-aMUH TOOBI: THIIepUINH-1-111, MOp-
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¢donun-1-nn, THOMOpGOIMH-1-ni, 4-peHuwn-nunepasuH-1-1i1) CHUPOLMKIII KOCHUIBIC-
Tap — 2-amuH-1,5-anazacnupo apuicynbhoHaTTapeIHbBIH TY3LtyiMeH eteni[4.5]-neu-1-en-
5-aMMoOHHUit; mponnoamunokcuM B-(0eH3uMKAa30-1-1i1) TO3WIAHIBIPYBl aMUJAOKCHM
TOOBIHBIH OTTETi aTOMBI OOMBIHIIIA OHIM Oepe/Ii.

Tyiiin ce3mep: B-aMHHONPOITMOAMHIOKCHUMIEP, TO3WIAHIBIPY, WBIFY ToObI, MK-
cnekrpockonusi, IMP cnekTpocKonuschl.
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Beeoenue. IlupazonuHueBbie CTPYKTYpbI 001aat0T MPAKTUYECKH LIEHHBIMU OHOJIO-
TMYECKUMH CBOMCTBaMU. VX crmocoObl CHHTE3a, B OCHOBHOM, 3aKJIIOYAIOTCSI B PEaKIMAX
LUKJIN3AIUN CTEPOUIHBIX COCTUHEHHH, COAEpKAINX SHOHOBBINH ()parMeHT C 3aMellIeH-
HBIMH THpasiHamu. Hamu panee mpu ruaponuse 3-(B-rerepoamuno)atmi-5-apui-1,2,4-
OKCaJIa30JI0B U TPH apWICYIb()OXIOPHPOBAHUN [-aMHUHOIPOMHOAMUTOKCHMOB MOJY-
YEeHBI HOBBIE CIIMPOIHMPA30JIMHUEBBIE COSAMHEHUS. [[enb 9motl pabombi COCTOUT B BBISIB-
JICHUW 3aBUCHMOCTH CTPOEHHSI KOHEUHBIX IPOJYKTOB TO3WJIMPOBaHHS [3-aMHHOIPOITHO-
aAMHJIOKCMOB OT CTPOEHHMSI MCXOJHOTO aMHJOKCHMa M CHJIbI OCHOBaHMs.Memodonozus.
TosnnmupoBanue -aMHHOIPOITMOAMHIOKCHMOB BBIIIOJIHEHO B XJIOPO(OpPME C MCHOIB30-
BaHHEM JTMH30MPOITMIATHIAMIHA B KadecTBe ocHOBaHMA. CHHTE3 NMPOBOJAMICS MPU KOM-
HATHOH Temmeparype B TedeHHe 15-20 4. XoJ peakuuu KOHTPOIMPOBAICS C MOMOLIBIO
TCX. Ilocie OKOHYAHUS PEaKIMHA 0CaIOK OT(PHIBTPOBHIBAIN C IMOCISAYIOMNAM YIapH-
BaHMEM (UIbTpPAaTa W JOMOJIHUTENBHBIM BBIACICHHEM OCa/IKa MPOIYKTa; 0OBEIMHEHHbIC
OCaIK¥ MEPEKPUCTAIIN30BBIBANIN U3 M30NpONanona. Pezyabmamel u oocyscoenue. IIpo-
IOyKTBI TO3HIMPOBAaHHS -aMUHONPONNOAMUIOKCUMOB TIOY4eHbI ¢ BRIXOAaMH 45—-65% u
HACHTH(HUIMPOBAHBI C OMOIIBI0 (PH3HKO-XHMHUECKHX 1 criekTpanbhbix [MK-, SIMP (*H
1 °C)] XapaKTepHCTHK, TO3MIMPOBAHHE [-aMHHONMPIIMOAMHIOKCHMOB (B-aMHUHOrpyIIa:
nunepuanH-1-nn, mopdonun-1-m1, THomopdonnH-1-ni, 4-penun-nunepasnH-1-mn) mpo-
TEKaeT ¢ 00pa3oBaHWEM CHHMPOLMKIMYECKUX COEAMHEHUI — apuiIcyab(pOHATOB 2-aMHUHO-
1,5-nuazacmupo[4.5]-nen-1-en-5-ammonus; To3mwupoanne B-(6eH3uMuIa30-1-mn)npo-
MTMOaMHIOKCHMA JIaeT IPOAYKT MO aTOMY KHUCJIOPOAA aMUAOKCHMHOM TPYIIIIHI.

KnaioueBble cioBa: [-aMHHOIPOITMOAMHUAOKCHMBL, TO3WIMPOBAHUE, YXOJISIIAs
rpynna, MK-cniekrpockonus, cnekrpockonus AMP.
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ULTRAFINECOPPER AND NICKEL POWDERS
IN THE ELECTRO-CATALYTIC HYDROGENATION
OF ORGANIC COMPOUNDS
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Abstract: Ultrafine copper and nickel powders are synthesized by a chemical reduction of
the metal cations from their salts in an aqueous ethanol solution without and with the
addition of a polymer stabilizer (polyvinylpyrrolidone and polyvinyl alcohol). The
structure and morphological features of the prepared metal powders were investigated by
X-ray phase analysis and electron microscopy. The electrocatalytic properties of the Cu
and Ni powders have been studied in the electrohydrogenation of acetophenone, nitro-
benzene, p-nitroaniline, and cyclohexanone. A higher electrocatalytic activity of Cu
powders, as well as skeletal copper, was established in the electrohydrogenation of the
first three of the listed compounds in comparison with nickel powders, which is explained
by the ability of copper cations to be reduced from its oxides in the electrochemical
system under investigation. It is shown that the use of polymer stabilizers in the synthesis
of Cu and Ni powders contributes to reducing metal particle sizes, but does not increase
the electrocatalytic activity of the corresponding metal powders.

Key words: ultrafine metal powders, copper, nickel, polymer stabilizers, electrocatalytic
hydrogenation of organic compounds.

1. Introduction

The method of electrode activation, which consists in coating the
catalytically active powder material with ferromagnetic properties on to electrode
surfaceand held it with a magnetic field, was developed by Kazakhstan scientists
in the 70s of the last century [1, 2]. A high efficiency of the method was shown in
many processes of electrocatalytic hydrogenation of organic compounds [3-5] and

Citation: Soboleva E.A., Visurkhanova Ya.A., Ivanova N.M., Beisenbekova M.E.,
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was introduced into the production of the anticancer drug «metatrexate» (at the
Shchelkovo Vitamin Plant, in 1989). It should be noted that powders of skeletal
catalysts (Raney catalysts), such as Ni, Co, Fe were most often used as a
ferromagnetic material, and as non-ferromagnetic powders were used the skeletal
copper and copper obtained in an electrochemical cell [6]. For instance, the size
of particles of skeletal nickel according to Wikipedia is usually 400-800 nm, its
specific surface area is ~100 m?/g. However, in the review [7] devoted to the
preparation of skeletal catalysts with reference to corresponding studies, it was
noted that crystallites of skeletal nickel have sizes from 1 to 20 nm, of skeletal
copper from 10 to 100 nm, and in this case the copper grain sizes are 10-13 nm
and they are collected in larger particles. At the same time,it was concluded that
the sizes of particles of skeletal catalysts, as well as their catalytic activity, depend
on the conditions of their preparation [7].

With the development of various methods for the preparation of metal
nanoparticles (NPs) and methods for their investigation, a desire to study their
catalytic properties, selectivity, and stability in known catalytic and electrocata-
Iytic processes has arisen and continues to this day. Metal NPs can be produced
by various methods, which are divided into three main groups: chemical,
physical, and biological. According to [8, 9], chemical methods include chemical
reduction, microemulsion reduction, sonochemical methods, sonoelectrochemical,
microwave, photochemical, electrochemical methods, and thermal decomposition.
Physical methods are laser ablation, mechanical mixing, pulsed discharge, electric
wire explosion, gas evaporation, etc. Biological methods include bacterial,
fungicidal, and using various plants [8]. All of the above methods have their
advantages and disadvantages, but the most widespread and available methods for
producing metal NPs are currently the methods of chemical reduction of metals
from their salts.

For each of the metals there are both general chemical reduction techniques
and techniques that are predominantly applicable to a particular metal. So, many
studies in the literature have been devoted to the methods of chemical reduction
of copper; they are reviewed, for example, in [9-11]. As noted in [11], copper
reduction can occur in agueous, organic media, agueous-oil-polymer systems,
aqueous-oil-surfactant and other media. Such factors as the nature and
concentration of the copper salt, reducing agent, solvent and stabilizing agents,
pH of the medium, temperature, a method for separating Cu particles and some
others are influenced on the size, morphology, stability and other characteristics
of the resulting copper NPs. Sodium borohydride [12,13], hydrazines [14,15],
sodium hypophosphite [16], ascorbic acid [17-19], alcohols and polyols (e.g.
ethylene glycol) [20-22] and some others are used as reducing reagents to
fabricate copper NPs in reduction reactions. Becausethe copper NPs, like other
metal NPs, are inclined to aggregation and rapidly interact with water and
oxygen, it is necessary to synthesize them with stabilizing agents, for instance,
polymers, surfactants, various complexing agents, organic compounds, which
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form an adsorption layer on the surface of the nanoparticles to protect them from
oxidation and prevent agglomeration. Due to the manifested physical and che-
mical properties, good electrical and thermal conductivityof copper nanoparticles,
it is promising to use them as lubricants, antibacterial agents, biosensors, solar
energy conversion materials, in electronic and optical devices and especially in
catalysis [11].

Among the chemical methods of the preparing of nickel NPs, the most
developed are polyol methods, when the reduction of metal cations is carried out
in an alcoholic medium or in a medium of polyatomic alcohols containing more
than one hydroxyl group. These polyol solvents themselves can act as reducing
agents, but more often a reducing agent is added to the system. Thus, work [23]
describes the preparation of magnetic Ni NPs with a size of 3.4-3.8 nm from
nickel (I1) chloride in an ethylene glycol with the addition of a polymer stabilizer
(poly(N-vinyl-2-pyrrolidone) and wusing sodium borohydride as reductant.
Spherical Ni NPs with sizes from 2 to 600 nm were obtained without the using of
stabilizers, but also in ethylene glycol, with a reducing agent hydrazine hydrate
(N2H4-H20) in the presence of sodium hydroxide and at 60°C [24]. The conditions
for the synthesis of Ni NPs in ethylene glycol solution with using mainly hydra-
zine hydrate were studied in [25-27]. Without a reducing agent, monodisperse
polymer-stabilized Ni NPs with the sizes of particles 25-42 nm were synthesized
from nickel acetate in the presence of NaOH and the PVP stabilizer dissolved in
1,2-propanediol and at 160°C. The addition of PVP and the concentration of
NaOHwereinfluenced on the Ni NPs dispersion and the degree of their agglome-
ration [28]. Ni NPs with a diameter of 8.4-13.8 nm were synthesized in ethanol-
solution using hydrazine hydrate [29]. Not in a polyol medium, but, for example,
in a DMSO-H,0 and PVP solution using a borohydride reductant, Ni, Co and
Ni/Co nanoparticles were obtained and applied as catalysts for the reduction of
nitroaromatic compounds [30]. It was found that the average size of Ni NPs is 35-
40 nm; however, the availability of van der Waals forces between the particles
and the tendency of the system to minimize the total surface energy led to the
formation of Ni NPs agglomerates of 300-1100 nm in size.

Thus, the presented brief review of the literature on methods of preparing the
Cu and Ni metals nanoparticles, which are the objects of study in this work,
showed their great variety, the possibility of choosing and reproducing their
specific synthetic techniques.

The aim of this work is to study the behavior and electrocatalytic activity of
ultrafine copper and nickel powders synthesized by chemical reduction methods
in the electrohydrogenation of organic compounds when they are deposited on the
cathode by the method described above.

2. Experimental part

For the synthesis of Cu and Ni micro- and nanoparticles, a water-ethanol
mixture was chosen without and with the addition of water-soluble polymer-
stabilizers — polyvinyl alcohol (PVA) and poly(N-vinylpyrrolidone) (PVP) using
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sodium borohydride (NaBH,) and hydrazine hydrate (N,H4H,O) as reducing
agents.

According to recommendations in the book [8], the reduction of metal
cations with sodium borohydride is more efficient carried out at pH>7 and
20-30°C (Cu** cations) and at pH>7 and temperature 50-90°C (Ni** cations).
When reducing agent is hydrazine hydrate, the optimal pH and temperature
values for metals are follows [8]: pH>7 and 60-90°C (Cu®* cations); pH > 7 and
90-95°C (Ni?* cations).

The processes of metal cations (Cu, Ni) reduction by sodium borohydride
and hydrazine hydrate could be described by the following reaction equations:

CuCl, + 2NaBH;, + 6H,0 — Cu°| +7H,1 + 2NaCl + 2H;BO;,
2CuCl, + N,H, +4NaOH — 2Cu°| + N,1 + 4NaCl + 4H,0,
2NiCl, + NoH, +4NaOH — 2Ni°| + N,7 + 4NaCl + 4H,0.

Dispersed copper powders were obtained by using NaBH, according to the
following procedure:

The metal salt (0.05 mol) was dissolved at room temperature in 50 ml of
agueous-ethanol mixture (solvent ratio 1:1 by volume). In the case of adding a
stabilizer, 50 ml of 3% polymer aqueous solution was separately prepared and
added to the aqueous-ethanol solution of the metal salt. The pH value of the
reaction mixture was adjusted to optimum value for the copper reduction by 1M
NaOHaqueous solution. The mixture was heated to the required temperature. To
this mixture, 50 ml of 2M NaBH, solution (metal salt/NaBH, ratio wasl:2 in
moles) was poured dropwise and stirred for 1 hour. As a result of the violent
reaction, dark brown precipitate was produced. Then the mixture was centrifuged
for 10 minutes at a speed of 1300 rpm. The obtained powder was washed with
distilled water and ethyl alcohol and dried at 80°Cand pressure of 0.06 MPa.

The copper and nickel powders were prepared using N,H4H,O by the
following procedure:

The metal salt (0.05 mol) was dissolved at room temperature in 50 ml of
aqueous-ethanol mixture (solvent ratio 1:1 by volume). In the case of adding a
stabilizer, 50 ml of 3% polymer aqueous solution wasseparately prepared and
added to the metal salt solution. The mixture was heated to the required
temperature. Separately an alkaline solution of hydrazine hydrate was prepared:
37 ml (0.75 mol) of 64% N,H;H,0 and 25 ml of 4M NaOH. This mixture was
added dropwise to metal salt solution with constant stirring and heating. The
reaction mixturewas centrifuged at 1300 rpm for 10 minutes. The resulting metal
powder was washed with distilled water and ethyl alcohol. Then it was dried at
80°C and pressure of 0.06 MPa.

The structure and phase constitutions of synthesized ultrafine metal powders
were investigated using X-ray diffractometer (DRON-2), the morphological
features of the powders metal particles were scanned on a TESCAN MIRA 3
LMU electron microscope.
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The electrocatalytic activity of the prepared copper and nickel powders was
studied in the processes of electrohydrogenation of acetophenone (APh), nitro-
benzene (NB), p-nitroaniline (p-NA) and cyclohexanone (CH). The obtained
products of their hydrogenation (methylphenylcarbinol, aniline, p-phenylene-
diamine, cyclohexanol) are known organic compounds with a wide range of
applications. Experiments were carried out in a diaphragm cell in alcohol-
aqueous-alkaline catholyte with a current of 1.5 A and temperature of 30°C. The
cathode is a copper plate that was closely contacted the bottom of the cell and
served as a substrate for the deposited metal powder as a catalyst (by a weight of
1 g), platinum gauze was used as an anode. The initial concentrations of the
organic compounds were 0.198 mol/L (for APh and CH) and 0.066 mol/L (for NB
and p-NA).The metal powders deposited on the cathode were first saturated with
hydrogen. Then an organic compound was injectedinto the catholyte and its
electrocatalytic hydrogenation occurred. The amount of hydrogen absorbed V,, the
hydrogenation rate W, the hydrogen utilization coefficient #, and the conversion
of the hydrogenated compound « were calculated from the volumes of gases
evolved (oxygen and hydrogen). Hydrogenation products were extracted from the
catholytes with chloroform, and the extracts were analyzed on a Kristall-5000.1
chromatograph.

3. Results and discussion

According to the microscopic investigations carried out, the particle sizes of
skeletal Cu catalyst (after a leaching of Cu-Al alloy (50:50)) vary within the wide
range (from 0.5 pm to 50 um) and have a different morphological structure
(Figure 1).

3 um 2 um
Figure 1 — Micrographs of skeletal Cu particles.

Some particles have a twisting and porous surface, which is formed,
apparently, after the transition of aluminum to an alkaline solution, and which is
similar in structure to particles in micrographs in various literature sources(for
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example, in [7]). Other particles consist of numerous small crystallites of ~ 0.2-
0.5 pm in sizeagglomerated with each other. All skeletal copper particles contain
such chemical elements as aluminum and small amounts of oxygen, iron and
sodium. Apparently, the skeletal nickel particles have a similar structure after
leaching, andobviously,their sizes depend on the sizes of the particles in an initial
metal-aluminum alloy.

Copper powders were synthesized using similar techniques in our work [31].
It was shown thatdiffraction peaksin the XRD patterns of these powderscorres-
pond to the crystalline phases of reduced copper (Cu°) and its oxides (Cu,O and
CuO). Moreover, in the powders prepared using hydrazine hydrate,the reduced
copper crystallites contain more than in the powder synthesized with sodium
borohydride. After application of these powders to activate a copper cathode in
the electrohydrogenation of acetophenone the content of copper crystalline phases
in them was increased due to the electrochemical reduction of copper cations
from its oxides.

2um b) 1 pm

Figure 2 — Micrographs of Cu(NaBH,) particles
before (a) and after (b) electrocatalytic hydrogenation of APh.
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The surface morphology of particles of the copper powder synthesized with
borohydride reductant was examined by performing microscopic analysis. From
electron micrographs (Figure 2) it follows that copper particles are formed in the
shape of plates coated with its oxides, the sizes of which are ~ 100-160 nm
(Figure 2, a). Larger agglomerated particles are also presented. After application
of Cu(NaBH4) powder in APh electrohydrogenation, the size of its particles
slightly decreases (~ 50-120 nm) (Figure 2, b). In the case of preparation of
copper powder using hydrazine hydrate, the size of its particles is ~ 35-90 nm and
they are also collected in larger formations [31].

In this work, nickel powders were synthesized only with the using of
hydrazine hydrate and their X-ray diffraction patterns have peaks corresponding
to reduced nickel (Ni°) and a small amount of NaCl as impurity (Figure 3, a). The
synthesis of nickel powders in a solution with polymers is also accompanied by
almost complete reduction of nickel (I1) cations and Ni° particles formation. In
this case, the corresponding peaks in the X-ray diffraction pattern are slightly
broadened (Figure 3, c), which may indicate the formation of nickel particles with
smaller sizes. It should be noted that nickel powders obtained using sodium
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Figure 3 — XRD patterns of Ni(N,H4-H,O) powders after synthesis (a) and after
electrocatalytic hydrogenation of APh (b), and Ni(N,H,-H,0) + PVA after synthesis (c).
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borohydride contain various impurities, including nickel borides, and exhibit the
weak electrocatalytic properties, which are tested in the process of electrohydro-
genation of APh, and therefore, for hydrogenation of other organic compounds,
theyare decided do not use.

The micrographs of Ni powders prepared without and in the presence of
PVA polymer are shown in Figure 4. As can be seen from the presented
micrographs, the Ni powder synthesized without polymer stabilizers (Figure 4, a)
consists of round particles with sizes of ~ 150-600 nm. These particles are bonded
to each other in varying chain lengths and simply shapeless formations that
together form the large agglomerates with a porous structure. According to EDS
(energy dispersive X-ray spectroscopy) analysis, this Ni powder contains the ClI,
Na and O chemical elements, obviously in the form of NaCl, NaOHimpurities, or
nickel oxide.

T smm b) T

Figure 4 — Micrographs of Ni powders prepared without (a) and
in the presence of PVApolymer (b).
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The particles of Ni powder synthesized with PVA polymer (Figure 4, b) have
really the smaller sizes (~ 90-200 nm), than particles of Ni powder prepared
without the polymer stabilizer. In last case, the surface of the particles is loose,
they interact less with each other, and as if they are enclosed in a transparent
polymer film. This powder also contains the NaCl, NaOH impurities and possibly
others.

The electrocatalytic activity of the synthesized Cu and Ni powders was
studied in the processes of electrohydrogenation of the following organic
compounds:

o) NO,
“CH,
Cyclohexanone

Acetophenone Nitrobenzene
p- Nltroamlme

The electrochemical reduction of these compounds on a Cu cathode (without
deposition of metal catalyst powders) proceedsvariously (Tables 1, 2). The nitro
groups in NB and p-NA are reduced at fairly good reaction rates and conversion,
although the products contain side-formed compounds. Dimeric byproducts are
also found in the APhreduction which is carried out at a small rate and low degree
of conversion. The carbonyl group in cyclohexanoneis not reduced under the
specified conditions of the electrochemical system.

To compare the obtained results on the electrohydrogenation of organic
compounds using the synthesized metal powders,the experiments were also
carried out using skeletal Cu and Ni catalysts and Cu and Ni nanoparticles (Tables
1 and 2) prepared by the method of electric wire explosion (EWE) (fromTomsk)
[32]. The particle sizes of Cu (EWE) powder are 40-160 nm and it containcopper
() oxide [31]. Nickel powder is represented by reduced nickel crystallites with
sizes of 50-90 nm.

The results of the research performed on the electrocatalytic hydrogenation
of organic compounds on copper catalysts are given in Table 1.

From the data presented in Table 1 it follows that the electrocatalytic effect
in the investigated processes in comparison with their electrochemical passages is
observed for almost all copper powders used. In the electrohydrogenation of APh,
high values of the rate and APh conversion are obtained on copper powders
synthesized with the using of sodium borohydride reducing agent both without
and with the addition of polymer stabilizers. Although in the presence of the
latter, powders of a larger mass are formed, and as a consequence, with a lower
metal content in 1 g taken to activate a cathode (Table 1). However, the most
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intense hydrogenation of APh is carried out on skeletal copper. The main product
of APhhydrogenation is methylphenylcarbinol, a well-known fragrant substance.

The electrocatalytic hydrogenation of NB and p-NA is also passed most
intense with the using of skeletal Cu. Close values of the rate of NB hydroge-
nation and its conversion are obtained on copper powders prepared using NaBHj,,
and for the p-NA hydrogenation on copper powder synthesized using hydrazine
hydrate and without polymer stabilizers (Table 1).

Table 1 — Electrocatalytichydrogenation of organic compounds with using copper
powders

Copper APh NB p-NA CH
contentin
Cu powders 1g of Wi u Wi " WI, u WI, "
owder, m o, m o m o m o
P g H,/min % H,/min % H,/min 4l H,/min 4l
Cu-cathode - 1.0 221| 7.8 | 95.6 6.6 86.7 0.0 0.0
Cuskeletal - 8.5 98.0| 9.4 | 99.6 9.5 94.5 6.5 84.6
Cu (EWE) NPs - 7.1 995 | 8.3 | 98.6 8.8 95.2 0.8 215

N,H4-H,0 reducing agent

Cu (H,0 + EtOH) 0.985 7.3 972 91 |96.7| 93 |955 | 1.7 | 459
Cu (H,O+EtOH)+PVP 0.605 5.6 725| 7.6 |1000| 7.1 |93.0| 1.7 | 507
Cu (H,O+EtOH)+PVA 0.835 70 (1000 83 [ 980 | 74 |97.7| 19 | 523

NaBH, reducing agent

Cu (H,O + EtOH) 0.797 75 |100.0f 9.2 |100.0f 86 | 942 | 15 | 525
Cu (H,O+EtOH)+PVP 0.462 7.3 |1000f 9.1 | 991 | 81 |95 | 35 | 754
Cu (H,O+EtOH)+PVA 0.420 7.3 9.6 | 85 |86.7| 76 |942| 15 | 582

The electrohydrogenation of cyclohexanone withapplication of fabricated
copper powders showed a weak electrocatalytic effect in comparison with the
absence of electrochemical reduction of CH on the Cu cathode, but almost twice
and more better, than in the process on Cu (EWE) nanoparticles (Table 1). This
leads to the conclusion that a decrease in the size of copper particles becomes less
favorable for the passage of electrocatalytic hydrogenation of CH on them in a
liquid catholyte medium. Among the possible factors influencing this process we
can assume a weak contact of these copper nanoparticles with the cathode surface,
when nanoparticles not attached to it together with the released hydrogen rise
upward, and their own gravity is not enough to return to the cathode. This
assumption is consistent with the fact that on larger particles of skeletal Cu the
hydrogenation of CH proceeds quite intensively and its conversion reaches almost
85% (Table 1). In addition, it follows from the results obtained that the rate of CH
hydrogenation sharply decreases on Cu (EWE) nanoparticles and on synthesized
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copper powders in comparison with skeletal copper with larger particles. It can be
assumed that this reaction is structurally sensitive (or "hindered"), while all other
investigated processes of electrocatalytic hydrogenation on copper particles are
apparently structurally insensitive.

Nickel powders also exhibited electrocatalytic activity in the electrohydro-
genation of carbonyl groups in APh and CH compounds (Table 2). However the
values of hydrogenation rates are lower than when using Ni (EWE) nanoparticles
and noticeably lower than those for Raney Ni catalyst. At the same time the
degree of APh and CH conversion is close to its value on the skeletal catalyst, and
in the case of APh, it was even higher. If we compare the results of the
electrocatalytic hydrogenation of APh and CH (Table 2) obtained on nickel
powders with the results for copper powders (Table 1), it can be noted that the
hydrogenation rates of acetophenoneare higher for copper powders, and in the
case of cyclohexanone, on the contrary, they are higher for nickel powders. It may
be noted, that the hydrogenation of cyclohexanone on nickel catalysts is related to
structurally insensitive reactions.

Table 2 — Electrocatalytic hydrogenation of organic compounds in the presence of nickel
powders synthesized withN,H,4-H,O reducing agent

Nickel APh NB p-NA CH
Catalyst contentin W, " W, " W, " W, "
lgof ml o lm e m || m |
owder % % | % %
p 8 | Hy/min Hy/min Hy/min H,/min
Cu-cathode - 1.0 221 | 78 | 9.6 | 66 |86.7| 00 | 00
Ni skeletal - 7.9 918 | 85 | 959 | 81 |914 | 6.7 | 824
Ni (EWE) NPs 1.0 6.6 100.0f 75 | 971 | 74 | 927 | 58 | 583
Ni (H,O + EtOH) 0.97 4.2 945 | 82 | 995 | 74 | 958 | 39 | 787
Ni (H,O+EtOH)+PVP 0.61 4.9 913 54 | 9%.4 | 52 | 809 | 3.6 |689
Ni (H,O+EtOH)+PVA 0.93 3.9 983 | 44 | 817 | 51 |781| 45 |818

For nitro derivatives the opposite picture is observed:the prepared Ni
powders turn out to be less catalytically active in these processes than Cu powders
synthesized under similar conditions. Fairly good results for the processes of
electrocatalytic hydrogenation of NB and p-NA are obtained using skeletal
nickel. The discussed characteristics of NB hydrogenation on Ni powder prepared
without participating polymer stabilizers are also close to the results (Table 2).

The explanation for the lower activity of nickel powders than copper
powders is the fact repeatedly confirmed by our studies that copper (I, I1) cations,
in contrast to Ni?* cations, are reduced under specified conditions of the
electrochemical system. Therefore, the oxide film on copper particles undergoes
electrochemical reduction with the formation of zero-valent copper, which
catalyzes the processes of electrohydrogenation of organic compounds, while on
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nickel particles, on the contrary, it prevents electrocatalytic hydrogenation
reactions. In addition, the energy of adsorption interaction of an organic molecule
with the catalyst surface and a number of other factors also play an important role
in catalytic and electrocatalytic processes.

4. Conclusions

Copper and nickel powders synthesized by chemical reduction in an
aqueous- ethanol mixture without and with the addition of polymer stabilizer
(PVP, PVA) contain metal particles with a wide size distribution collected in
larger agglomerates. In the composition of Cu powders its oxides (CuO,
CuyO)arecontained. The carried out investigations have been established that the
cathode activation with synthesized Cu and Ni powders makes possible to get an
electrocatalytic effect in the reactions of APh, NB, p-NA and CH electro-
hydrogenation, that consists in the increasingof the rate of hydrogenation and the
conversion of these compounds in comparison with their electrochemical
reduction on a non-activated cathode.The best results for the electrocatalytic
hydrogenation of APh, NB and p-NA has been obtained using copper powders,
including skeletal copper and Cu (EWE) powders, which is conditioned by the
ability of copper cations to be reduced (including from its oxides)in an
electrochemical system under given conditions. In the electrohydrogenation of
cyclohexanone, the Ni and Cu skeletal catalysts exhibit the highest electrocata-
lytic activity, andthe synthesized copper powders are less active in this process
than nickel powders. This fact can be explained by the presence of a favorable
interaction of the electrons of the non-full completed Ni d-shell with the electrons
of the C=0-bond of cyclohexanone, as well as the structural features of CH
molecules, which prevented the interaction with copper atoms. That is, the
electrocatalytic activity of Cu and Ni powders depends on the preparation
method, the size of their particles (apparently,smaller particle sizesare not an
advantage in the studied electrocatalytic system), on the nature of the metal
catalyst, the nature of the reducing functional group, the interaction of catalyst
particles with a cathode, the structure of the molecules of organic compounds and
a few other factors.
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OPTAHUKAJIBIK KOCBIJIBICTAPABI DQJIEKTPKATAJIU3AIK
T'nAPJEYJAEI'T MBIC )KOHE HUKEJIBAIH YJIbBTPAIUCIIEPCTI
YHTAKTAPBI
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MBpIc oHEe HUKENBIIH YIBbTPAIUCIIEPCT] YHTAKTAPBI CYJIBI-3TAHOJIIbI OpTaia CoHKec
METaJUIIApIbIH TY3JapblHAH IIOJMMEpNi TYPAaKTaHABIPFBILTHIH (IOJHBHHHIIIHPPOIIU-
JOHHBIH JKOHE MOJIMBUHII CIUPTIHIH) KOCBUIYBIMEH JKOHE KOCBLTYBICHI3 XUMHUSUIBIK TO-
TBIKCBI3/IaHy apKbUIBl CHHTE3IENl. AJBIHFAaH METAaI YHTAKTapbIHBIH KYPbUIBICEI MEH
MOP(]OJIOTHSAIBIK EPEeKIICTIKTepl peHTreH(a3anblK Taljiay >KOHE OSJIEKTPOHIBI MHUKPO-
ckomust oxicTepiMed 3eprreini. AnbiaFad Cu jkoHe Ni YHTaKTapbIHBIH AJIEKTPKaTaIH3/IiK
KacueTTepi areTo(peHOHHBIH, HUTPOOCH3OJIbIH, N-HUTPOAHWINHHIH JKOHE ITHKJIOTeKCa-
HOHHBIH JIEKTPKATAIM3IIK THAPIeHYIHIe 3epTTenai. Hukens yHTaKTaphIMeH CajbICTHIp-
FaH/a, aTaJlFaH KOCBUIBICTAPBIH AIFalIKbl YIICYiHIH deKkTprujpienyinie, Cu yHTaKra-
PBIHBIH, COHBIMEH KaTap CKEJEeTTI MBICTBIH 3JICKTPKATAU3IIK OCJICEHIIIIT] JKOoFaphuiay
€KEeHI aHBIKTAJIBI, OJ1 3€PTTENI€H JNEKTPOXUMUSUIBIK, KYHECiH/Ie MBIC KaTHOHAAPBIHBIH
©3iHIH OKCHATEpiHEH TOTHIKCHI3JaHy KaOineriMeH Tyciumipinmi. Cu xone Ni yHTaKra-
PBIHBIH CHHTE31H/IC TTOJIMMEPI TYPaKTaHIBIPFRIIITAPIBI KOMAAHY METall OeIIeKTepiHiH
KimriperoiHe oKeJeTiHi, Oipak CoKec METayul YHTAaKTaphIHBIH AJIEKTPKAaTAIH3IIK OenceH-
JIUTITiH apTTHIPMANTHIHBI KOPCETLIII.

Tyiiin ce3aepi: MeTaiuigap/AbIH yAbTPAUCIEPCTI YHTAKTAPHI, MBIC, HUKENb, MOJIHU-
MepIi TYPaKTaHABIPFHIIITAP, OPraHUKAIBIK KOCBUIBICTAPABIH 3JEKTPKATATU3AIK THAp-
JICHYI.

Pe3rome
VJAbTPAJIUCIEPCHBIE MIOPOIIKA MEIU U HUKEJIS
B JIEKTPOKATAJIMTUYECKOM I'JIPUPOBAHUUA OPITAHUYECKHUX
COEJVHEHUI

E.A. Coéoﬂeeal, AA. Bucypxauoeal'z, HM. Heanoeal, M.E. Beiicenbexoea’,

C.0. Kenswemaesa®
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Kaszaxcman

2 Kapaeanounckuu ynusepcumem um. akademura E.A. Bykemosa, Kazaxcman

E-mail: esoboleva-kz@mail.ru

VYibTpasucnepcHble MOPOIIKA MEIH W HUKENsS CHHTE3MPOBAaHbI XMMHYECKHM BOC-
CTaHOBJICHHUEM K3 COJIeH COOTBETCTBYIOIIMX METAIUIOB B BOJIHO-3TAHOIBHOM cpejie 0e3 1 ¢
JN00aBJICHUEM IOJMMEPHOrO CTa0MiIM3aTtopa (MOJMBUHIIMUPPOIUIOHA U HOJIUBUHUIO-
Boro crupta). CtpoeHue u MOP(HOIOTHUCCKHE OCOOCHHOCTH IOJYYCHHBIX IMOPOIIKOB
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METaJJIOB MCCJIEJOBAaHbl METOJaMU PEHTIeHO(Aa30BOr0 aHajau3a M JJIEKTPOHHOW MHUKPO-
CKOMHH. M3ydeHbl IIeKTPOKATATIMTHICCKHE CBOMCTBA MoayueHHbIX mopomkoB Cu u Ni B
ANIEKTPOTHPUPOBAHUM alleTOPEeHOHa, HUTPOOCH30J1a, N-HUTPOAHWIMHA M IHUKJIOreKca-
HOHa. YcTaHOBJIeHa 0oJiee BBICOKAsS AJEKTPOKATATUTHYECKasi aKTHBHOCTh MOPOIIKoB CU,
a TaKXe CKEJIETHOW MeIu B AIIEKTPOTUAPUPOBAHMU MEPBBIX TPEX U3 IMEPEUUCIECHHBIX
COC/IMHEHUH MO CPaBHEHHUIO C IOPOLIKAMU HHUKENS, YTO OOBSCHEHO CIIOCOOHOCTBHIO
KaTUOHOB M€Y BOCCTAHABIIUBATBCS U3 €€ OKCHJOB B UCCIEAYEMOH IIEKTPOXHUMUYIECKON
cucreme. [loka3aHo, 9TO HCIIONB30BAHHWE ITOJIMMEPHBIX CTaOMIIN3aTOPOB NpPU CHHTE3E
nopomkoB Cu u Ni crmocoOCTByeT yMEHBIICHHIO Pa3MEpOB YacTHI[ METAJUIOB, HO HE
MOBBIIIAET DIEKTPOKATAIUTUYECKYI0 AKTUBHOCTh COOTBETCTBYIOLIMX METAIUIMYECKHUX
MTOPOIIKOB.

KiiioueBble cj10Ba: yIbTpaJuCIIEPCHBIE MOPOIIKH METAIIOB, MEIlb, HUKEIb, TOJH-

MEpHBIC CTA0WIH3aTOPbI, JJICKTPOKATATUTHYCCKOE THAPHPOBAHUE OPTraHUYCCKHX CO-
eIMHECHUH.

47



XUMHYECKHH )KYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
ISSN 1813-1107, elSSN 2710-1185 https://doi.org/10.51580/2021-1/2710-1185.27
Volume 2, Number 74 (2021), 48 — 59

90K 665.61

"COJITYCTIK BO3AIIbI" MYHAM-TA3 AYJIAHBI MYHAWBIHAH
IKCTPAKLUA 9AICIMEH BAHA IWJIITIOP®UPUH KEINEHJAEPIH
bOJ1Y ’KOHE KOHUEHTPALIUSACBIH AHBIKTAY

K.K. Moiaimuikoaesa, K. T. Ewmosa, A.b. Ceiicemoexosa, M.b. Cmaiivin

«On-@Papadbu amvinoasel Kazax ynmmuix ynusepcumemiy AK, Anmamul, Kazaxcman
E-mail: zhannur.myltykbaeva@kaznu.kz

Tyiiinaeme: N-N-JumernndopMaMu KaTBICBIHIA SKCTPAKIUSA 9MiCIMEH MyHail BaHa-
JUIopUpUH KeUIeHaepi anbiHasl. Banaguamopupus KemeHaepinin xpomarorpadus-
neIK Oeminyiage “Contyctik bo3zambr” myHalnapeiHad 534 HM jkoHE 573 HM eki CiHipy
MaKCHMYMBbI 0ap Ie30KCOMHILIOIPUTPOITHOMOPGUPHUH — THUIITEP OackiM Oerim MyHai
nopuprUH KYpBUIBIMAAPHIHBIH OapliblK TypJiepi aHBIKTAJIFaH TOPT Herisri Qpaxums
aNBIHBL 534 HM )oHE 573 HM XKYThUTYy allMarbIH/a TIPKEITeH BaHAIUITOPGUPHH KEIlleH-
JICPIHIH KBl KOHIEHTPAIMACH 550 HM XYTBUTY JKOJIAFbl aiiMarblHA TOH HUKEJIBIIOP-
(upHH KeleHAePiHiH KOHIICHTpausIChiHaH 11 ece apThIK Meimiepae eKeH/IIr aHbIKTAa-
IBL. DTHO- XoHE Ae30Kco-(rmtodpurpostronopdupun (JDIII) tunti Banagmwitmopdu-
punaepAid apakatbiHackl 0.11 Kypanmbl. 3eptrey JKyMbIchl HoTmxkenepi "CoaTycTik
Bozambel" MyHaii-ra3 aymaHbIHBIH MYHaWIapbl BaHAAWINOPGUPHH KEIICHIACPiH aly YIIiH
MIEPCIIEKTUBTI MIMKi3aT OOJBIN TaOBUIA B! ACTT KOPBITBIHIBI JKacayFa MYMKIHIIK Oepeti.

Tyiiin ce3nep: TYTKbIp MyHaii, BaHAAWINOP(QUPUH KeUleHAepi, BaHAANN, HUKEeIbIOPHH-
pHHIIEP, SKCTPAKIMIIBIK Ty, MeTauInopupuaaep, noppupuaaep KypbUIbIMBL

1. Kipicne

Kazipri Tapma >xeHin MyHail eHIMepiHe NereH CYpaHbIC KYHHEH KYHTE
apTyna. ©Onedu nepek Ke3AepiHIe Kbl CallblH CYHBIK KOMIPCYTEKTepAl 9JIeMIIK
TYTBIHYy opTama KapkblHMeH 1.2%-fa ecce, 2025 >xpuira AediH ToyJlirine
105 mmH. Gapp. MyHaWABl eHIIPY KakeT nereH OomkaMm Oap [1]. Ochvl cebemnri
TYTKBIPJIBIFBL JKOFaphl MYHAHIBIH KaHa KEH OPBIHAAPBIH Urepy Kazipri yakbITTa
©3eKTi Macenere anHamyna. TYTKBIPIBIFBI JKOFapbl ayblp MyHailap KypaMbIHA
KYKIPT IIeH ayblp MeTangapAbl *KMHAaKTaWTBIHABIKTaH, OJapAbl TEXHOJIOTHUSIIBIK
MakcarTapra KojjiaHOacTaH OYpBIH OCHI ayblp METajUl KOCBUIBICTapBIHAH Tazap-
Ty KaXeT. AybBIp MeTall KOCBUIBICTAphl MYHaiJa METaTHOpQUPHHII KOHE

Citation: Myltykbayeva Zh.K., Yeshova Zh.T., Seisembekova A.B., Smaiyl M.B.
Determination of the concentration and separation of vanadylporphyrin complexes by
extraction from oil of the oil and gas district «North Buzach». Chem. J. Kaz., 2021, 2(74),
48-59. (In Kaz.). DOI: https://doi.org/10.51580/2021-1/2710-1185.27
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nopGUPHHIII eMeC KYPBUIbIMAAp TYPiHAE KMHAKTadaabl. MyYHalbIH KYypaMbIH-
JaFbl METaUIMOP(UPHH/II KEIICH/ISP/IiH HETri3ri O6JjiriH BaHAJWi XKOHE HHKEIb
KYPBUIBIMIBI MeTaIuInoppupuHaep Kypaiapl. COHABIKTAH TYTKBIPIBIFEI KOFaphI
aybpIp MyHalIap/Isl HTepy, OHBIH KYPaMBIHAAFBI Oarajibl CHPEK JKep dIIeMEHTTEpiH
Oeiin anyra OaFbpITTaNfaH FBUIBIMH 3CEPTTEY JKYMBICTAPBIHBIH MaHBI3BI 30pP.
CapamubuiappiH mikipinmre [2,3], ayslp MyHail MeH OUTYMIapaarbl BaHATUITIH
QNIEMJIIK QJICYETTI pecypcTaphl maMaMeH 125 MIITHOH TOHHAHBI KYypaumbl, ai
MyHaiiMeH Oipre ajpIHFaHbI — mamaMeH 20 MIJUIMOH TOHHAFa KeTeIi.

[Iuki MyHa#l KypamblHIa METaT KOCBUIBICTAPBIHBIH MOJIIEPI MUJUIMOHFA
Oipuemre GemikreH (ppm) 1000 ppm-nen acaxpl. [lluki MyHall KypaMbIHIAFbl €H
ke Tapairan Mmeranuap — kobansT (Co), aukens (Ni), mbic (Cu), Banaauit (V),
kymic (Ag), narpuii (Na), kanuii (K), muruii (Li), kaneuuii (Ca), ctponuuii (Sr)
JKOHE MBIbIK [4,5]. MyHa#pIH KacueTTepi MEH OHBI OHJEY YIepicTepiHe
HHKEJIb MEH BaHAIWH KOCBUIBICTAphl YIKEH ocep eremi [6,7], MyHaill KypaMbIH-
JIaFbl OChI METAJULIAPJIbIH ©TC a3faHa KOHIICHTPaUUsIapbl MYHAHIaH ajJbIHATHIH
CYWBIK OHIMIEPAiIH PU3NKA-XUMUSIIBIK KAaCHETTEepiHe Tepic dcepiMEeH Koca MyHai
OHJIey KOHJABIPMAaIApPBIHBIH KOPPO3MACHIH TYyAbIpansl [8] koHe MyHall eHaey
yAepicTepiHe KONIaHbUIATEIH KaTaau3aTopIapbIHbIH OCIICEHIUTITIH TOMEHICTE /i
[9-11].

[wuki MmyHait MeH OuTyMaap/a BaHaaul MOpGUPHH CaKHMHATIAPBIH KAMTHTHIH
OpraHOMETaJII BaHAAWJI KeIIeHI TypiHae 00aabl >KOHEe BaHAIWI MOHBI TYPiHIETI
BaHaJIWi a30T aTOMJApbIMEH KEeIIeHII KOCBUIBICTap TypiHae OaiinaHbicasl,
COHJIali-aKk OpraHoMeTajsl eMec KOCBUIbICTap TypiHAe nae ke3gecemi [12,13].
Banagun mopdupuH KemeHAepiHiH MYHIal KYPBUTBIMBI TeKapOOKCHIIICHY JKOHE
JETUAPJICY peaKusuIaphl Ke3iHIe, COHIai-aK MOopQUpUHATTAPAAFbl JPTYpIIl
MeTalJIapblH OPTAIBIK ATOMJAPBIHBIH IIUKI MYHAWIbIH KEHJACPIHIH ©3iriHeH
MICIMT-KETUTy YIepicTepiHIe BaHAaguii aToMIapblHAa aJMacybl Ke3iHIe maiima
6ouel [14-16].

KemipcyTekTi mmki3aTTaH BaHaAWW KOCBUIBICTAPBIH O6JIN aily COHFBI
JKBIIIAPBI SNEMJIIK MaHBI3EI 0ap ©3eKTi Macerere aifHabin oTeip. Lluki MmyHaiina
MeTaUTTOpGUPHHACPAIH OONYybl OHBIH (H3UKA-XUMHSIIBIK KAacHETTepiHe ocep
€TeJli, MBICAJIbI, JKOFaphl MOJIEKYJIAIBIK KOCBLIBICTAP/IBIH arrperaiuschl sKypel
[17]. Kypambinaa BaHAAWI- KOHE HUKEIBIPOPUPHHIACP Oap ayblp MyHamapasl
KaTalnu3diK OHJIey YIepicTepinae Oyl KelleH i KOChUTBICTAp KaTalnn3aTopiIapabiH
KaWTBIMCBI3 O€JICEeHINIriHIH JKoFamybsiHa bIKMan eredi [17-18]. Merami-mopdu-
PUHIACPIIH JKOFapbl TEPMUSIIBIK TYPAKTBUIBIFBI MEH >KOFAaphl CaJBICTHIPMAIIbI
VIIMANBIFBIH €CKEPeTiH 00JICaK, MIMKI MYHAWIbIH KypamblHAA 13MIK JCHTeine
OoJca ma, Y3miKCi3 GpakIusIIbIK aifgay yaepicTepinae oCchbl KOCBUIBICTap KEPOCHH,
JTU3e1b JKOHE ra30iiib CHSIKTHI (YpaKIsiapia )KUHAKTAIysI xkypeni [16,19].

Bananuii kemieHAi KOCBUIBICTapBIH MYHaH, achanbTeH >XoHE OWTYMHaH
OexyIiH MEepCHeKTHBTI omicTepiHiH Oipi ojapAaH BaHATWIOPGUPHHIEPII dKC-
Tpakusuiay OOJbI TaOBUIAMBL. 3epTTey KYMBICHIHBIH HBICAaHBI periHae Kazak-
ctaH PecrybOnukacel, MaHFbeicTay 00nbIchiHAa opHanackaH "ContycTik bozambr"
MYHali-Ta3 ay aHbIHBIH MYHAHbl aJTbIHIBL.
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Kypamer Ootipiama "Contyctik bo3amel" MyHaibl ayplp JKoHE TYTKBIP
myHai, KP CT 1474-2016 MeMJCKeTTiK CTaHAAPTHIHBIH TaanTapbl OOWBIHIIIA
MyHa#IbeIH mwaptTel Oenrinenyi — 3.4.1.0.

3eprreyre anbiarad "Conryctik bo3ambl" MyHaii-ra3 aynaHbl MyHaWbIHBIH
cananblK kepcerkimrepi: 20°C Temmeparypana ThIFBI3IBIFEI —937.8 kr/M®, 15°C
temneparypajga — 941.0 KI/M°, KMHEMATHKAIBIK TYTKbIpABIFEl — 80.08 MmM2/c,
dpaxuusansik Kypamsr — 200°C Temneparypana 2 % xone 300°C Temmepary-
pazna 21 %, napadunaepain Maccaislk yiueci — 1.6%, >kanmsl KyKipT Memmepi —
2.19 macc.%, cyneiH Maccanblk yieci — 0.15 %, xmopasl Ty3gapAblH KOHIICH-
Tparusicel — 31.2 MF/IlMs,KaHBIKKaH 0y kvickiMBI — 9.0 klla, XxJOpOpraHUKAIBIK
KOCBUIBICTap/bIH Meiepi — oprama ecenmneH 0.6 ppm MoHiHe TeH. MyHalarsl
Baranuit Memmepi 300-350 /T KypaimL.

2. Toxipubesik 6eiMm

MyHaif MeH BaHaAWINOPGUPUHAEPIAIH (UIUKAIBIK-XUMUSUIBIK CHIIaTTa-
Manapel on-®apabu aTteiHIarel Kasak YITTHIK YHHBEPCHUTETIHIH aTTecTalus-
nanrad (29.12.2018 x. Ne 71/18 atrectarsr) “YKaHFbiln Ka30anap/isl )KoHE OJIap.IbI
KaliTa eHJCY OHIMICpIH 3epTTey MEH KelleHAl Tangay’ 3epTXaHachIiHa
JKYPTi3ui.

Kepinerin aiiMakTarbl SIEKTPOHIBI XKYThUTYy criekTpiepi "Cd-56"cmnekrpo-
tdotomerpinae Tipkenmi. Ilopupunnepnin TUNTEpi CHIEKTpHAETi KOIAKTapABIH
KaTbIHACHl OOWBIHIIIA CanaNbl TYPAE aHBIKTAJIBL.

UK-cniekrpockorust omici VIPTEX 70v kypaeni FbUIBIMH 3epTTEyiepii
KYprizy MeH ToxipuOen eHAeylepli opblHAayFa apHaiFaH Bakyymasl, FT-IR
CaHBIK CIIEKTPOMETPIHE KYPTi3UIIi.

Banagunmopdupun kemeHzepiH Oenly YHIIH MIMKIMYHaHABIYHIPTKiIEY
apKBUIBICY)KOHEMEeXaHUKANBIKKOcTanapaan Oemin, Oipriggen N,N-auMerwni-
dhopmamunria (JJM®DA) 100 mn keneminin 10-nbiK ynecimen myHaii: [ IM®DA-4:1
KaTbIHAaChIHAA OenceHnai TypAae 3-5 MMH maiikanm sKkcTpakuusiadiael. Pazamap
y#ipTkiney omicimen Oeminni. Bipikripinren JM®A-3KcTpakT XJI0pOoQpOPMHBIH
Oipmet xenemimen exmemin, IM®A-HBI TOJBIK JKOIO YIIiH CyMEH IAHBUIIBL.
Kunakranran xmopodopmab! epTiHai HaTpuil cynbdaTeiMeH Na,SO, kenripimir,
pPOTOPIBI OyNaHABIPFBIITA ePITKITI OymaHabpy xyprizinmi. Tanmanran ¢pak-
UUSUIApABIHCAHBIH a3aiiTy VIIIH aJIbIHFaH epiTiHALIep SJIOMPJICHTEeH Kypamjac-
TapIblH TYCIHIH e3repyiHe coiikec ke30eH OesiHai. baraHanbik xpomaTtorpadus
onmiciMeH OemiHIN anbiHFaH MOpGUpUH (pakuusuiapsl kejemi 10 M OomaThiH
Oemikrepae >xuHANABL. beminren Banamwmmopdupuamep "CD-56" cmekrpodo-
TOMETpiH/E XKaKblH YyIBTPAKYJITiH XKoHE KepiHeTiH aiimakTapma (400-700 Hwm)
KanbIHABIFB 10 MM KBapl KioBeTiHAE Tanmanabl. CHIFBIHIBIIAPABIH KOHLEHTpA-
LUSCH TPpaUKAIBIK SKCTPATIONALMS 9iCIMEH aHBIKTaJIbI.

Opnan opi CHeKTpOPOTOMETPISUIBIK Talaay Oyl TOCUIAIH >KapaMIbLIBIFBIH
pacTaibl, OUTKEHI CHEKTpJIeperi ailbIpMalIbUIBIKTAD MOPPUPUHACPIIH TYPJICPiH
aHBIKTayFa MYMKIHIIK Oepemi. POHABIK XYTHUTYy MIaMachl OOMBIHINA aJIBIHFAH
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MeTaJI-NOPpGUPHH  (PpaKIUsIAPbIHBIH Ta3aJbIFbl MEH KOJaKTapIblH KapKbIH-
IBUTBIFBI  OOMBIHIIA (DpakIusuIapaarbIBaHATMITIIOPGUPUHACPAIH KOHIICHTpAITHs-
ceiH aHbIkTay yirH 300-750 HM KepiHeTiH aiiMakTarbl KOHIICHTpPATTapAbl CiHi-
PYIiH 3IEKTPOHABIK CIIEKTPIIEPi TiPKEIIi.

3. HoTuakeJ1ep sk9He 0J1apabl TAIKbLIAY

MerannnopdupuHAepaiH TaaFaMIa3AbIFbIH KoHE OOl alblHy A9PEkeciH
MIOJIFOCTI ePITKIIITEPMEH CalBICTBIpFaH Ke3zae: 3taHon — 42.1%, aueton — 33.3%,
areToHUTpuI — 56.1% xone JIM®DA — 75.7% Kypansl. AJBIHFaH HOTIKEIEp KOp-
ceTKeHjel, mophuprHIi MyHail KeleHaepiHiH eH ken Meimepi N,N —mumeru-
(dbopMaMuAneH anbHAIBI XOHE OHBI IMaiiianaHy Ke3iHae OapiblK MeTajul Iop-
¢upunaep OONHTEHIIT, al ameTOH MEH CHUPTTEp OJIAPABIH HETI3iHEH TEeK
IOJIFOCTI OOJIiriH OOJIETIHAIrT aHBIKTAIIIEL.

"Contyctik bozambl" KeH OpHBIHBIH MyHalbIHAH aJIbIHFaH BaHAAMIIIIOP-
(bMpHH KOHIIEHTPATTAPBIHBIH Kem Oeiri OeiiHy Ke3iHAe YKcac Xpomarorpa-
buselk KepiHic Oepeni. EpiTiHzinep airoWpiieHreH KOMIIOHEHTTEPIIH TYCIHIH
e3repyiHe colikec (Qpakuusiiapra OipikTipuial. Dioupiey Ke3iHie alibIMeH
capbl, all COHBIHJA Kapa KOHBIp TYCTi ¢pakuusbeninmi. Kelinri cnekrpodoro-
METpHsS OVJI TOCUIAIH KapaMIBUIBIFBIH pacTaibl, OUTKEHI 3JICKTPOHIBI CICKTP-
Jiepaeri albIpMaIIbUIBIKTap MOpGOUPHHAEPAIH TYpJIEpiH aHBIKTayFa MYMKIHJIK
Oepei.

[TopdupuH 3KCTpakTiIEpiHiH XpoMaTtorpadwsulbIK OeiHy HOTHKECIHIES
MyHa# mopUpUHIEPiHIH KYPHUIBIMIAPBIHBIH 0apIIbIK TYPJIEPi aHBIKTAIFaH TOFBI3
Herisri (pakuus anblHIBL. AHBIKTAIFaH MOPGOUPHUH KYPBUIBIMAAPHIHBIH iIIiHAE
3THO -, Ae3okcodmmodpurpodTronophupun (ADPII]) KypbUTBIMIBI TypIiepiHiH
OaceIM ekeHmiri aHpIKTanapl. Otro/JJDII1 Typaepinig KarbiHacel "CD-56" crek-
TpodoToMeTpiHae OaKbIIaH b

Xpomartorpadusuiblk OeIniHymeH KeHiHTi anblHFaH(paKIUsUIapIbIH CIeK-
TPOoOTOMETPUSUIBIK Tajlgay MOHIEpiHE CYyHeHe OTBIPHIN, >Ka3bIKKBaAPAaTThI
KOH(UTYpAILUAIBl HUKEIbMOPpGUPHH KemeHaepi OaraHaman 1-4 MOMHOCTLIIr
aszraHa (pakUUsUIApKYpaMbIHAA STIOUPIICHETiHI aHbIKTanabl. OTTeriMEeH akcual-
bl OpHaJACKaH TePTOYPHILTH NHPAMUAA TEOMETPUSICHIMEH CHIIATTAlIaThIH
BaHAAWITOP(PHUPUH KEIICHePl MOMIOCTUIIN JKOFaphl KOCBUIBICTAP YKOHE KEHiHTI
(dpakuusIapIaaHbIKTaIbL.

Mynait MertamonopupHuHAEpiH Tangay YLIIH OJApAblH KYPBUIBIMIIBIK
EPEKIICIIIKTEPIHEe KOFaphl Ce3IMTANIBIKKA OaIaHBICTHI CIIEKTPIIIH KOPIHETiH
alimarbl Koyanbiiaael. CIEKTpAiH OChl aliMaFbIHIa MEeTaIonopGUPHHICPIIH €Ki
MaKCHMaJIJIbl )KYTBITYBI aHBIKTAIIBI — 0. 5koHE f3 (1-cyper). DIeKTpOHABIK CIEKTp-
JEpOiH IepeKTepl MYHaWmaH OKIIayJlaHFaH METaUTTOPGUPUH KOHIICHTpAT-
TapbIHBIH CHEKTpJIepi KOPIHETIH aliMaKTa a3/1al epeKIeiIeHeTiHiH xaHe 4, 5, 6, 7,
8 xoHe 9 (dpakumsitapnaS73 HM koHE 534 HM €Ki KapKbIHIBI CiHIpDY MaKCHUMY-
MBbIHA M€ eKeHiH, 1-4 ¢pakuusuiapaa 550 HM aliMarbIiHIa HUKENBIIOPpQUPUHIIEPTE
JKATATBIH KYTHUTY JKOJAKTAPhl AaHBIKTAJJIBL.

51



XUMHYECKHH )KYPHAJI KA3AXCTAHA

—— 1-(paxmms
I~ 2-¢paxums| 0814
121 550 |——3-gparuns

—— 4-¢ppakuus
I~ 5-chpaxiius|
6-(pakuus

550 nm

573 um
534 um

X 0,64
084 5
04
064 550
04 :
02
024

T T T T T T 0,0
450 475 500 525 550 575 600 500 52‘5 5%0 57‘5 600

ONTHKAJIBIK THIFBI3IBIK
ONTHKAJIBIK THIFBI3ABIK

TOJIKBIH Y3bIH/IBIFbI, HM TOJIKBIH Y3BIHIBIFBI, HM

a) 1-3 ¢pakuusiiap yurin 9) 4-6 dpakipsTap yirig

— 7-dppaxims
06+ — 8-ppakims
9-¢ppaxums

1-cyper —
MyHaiigpIH XpoMaTorpadusTbIK

0,44 . .
534 1w OeJiHyIHEH aJIbIHFaH
NOPQHUPHH CHIFBIHBITAPBIHBIH
0 SIIEKTPOH/IBI CIIEKTPIIEP],
a) 1-3 dpaknus,
9) 4-6 dbpaxius,

00 0) 7-9 dpaxmusutap yuris.

573 nm

ONTHKATBIK THIFBI3IBIK

T T T T
500 525 550 575 600

TONKBIH Y3bIH/IBIFBI, HM
0) 7-9 dpakuusnap yuriH

Anparan crektpiaep OoiipiHma (1-cyper) rpaduKanbK IKCTPAmoNsAus 9i-
cimen JlamGept-bep popmymnacer 6oitpiamia [20] MeTamumophUprH KeleHAepiHiH
KOHIIEHTpaIMCHI ecenTemini (1-kecre):

C=DV10°/m-¢-e, (1)

myHzaarel D — 573 uwm, 550 HM xoHe 534 CiHIpY JKOJIAKTapbIHBIH OWIKTITiHE
COMKEC KEJeTiH ONTHKAIBIK THIFBI3ABIK;E — OSKCTHHKIMS Ko3(duimenTi
(Puop= 2.9-10* 1/MOJIb CM; 8Nij-p = 2.7-10* n/MoIb-cM); V — 3epTTEeJIeTiH epiTiHaiHIH
KeJIeMi, JT, m — MYHall Maccachl, T; € — KIOBETa KaJIbIH/IbIFbL.

EcenTeynep ywiH BaHaaun MEH HUKeNb MOpQUPHHACPIHIH CiHipily aima-
FeIHAAa (OHIBIK KHUCHIK XYpri3inmi (2-cyper). Banagun (573 um, 534 HM) XoHE
HUKENb TTopdupuHaepi (550 HM) YIIiH MaKCUMAaIbl CiHIPITyTre COMKEC KENETiH
KHUCBHIK HYKTEJCH aOclucca eCiHe MEPICHIUKYIIAP TYCIPLIN, MaKCUMYM HYKTE-
CiHIe CiHipily KapKbIHABUIBIFbIHA JKayar OepeTiH OWiKTik ecenteninai. Mbicambl,
573 aM 7-bpakuAIIBIHBIHEH OHikTiri 0.26892 Kypassl.
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2-cypet — BananumopduprHHIH KOHIIEHTPALUSCBIH TPa(UKTIK aHBIKTAY.

1-kecrte — besiHreH ChIFBIHBLIAPAAFEI HOP(OUPHH KEIICHAEPIHIH KOHLIEHTPAIHSICHI

KonmenTparnus, HMOJIb/T
OKCTpakT OKCTpPaKT LIBIFBIMBL,
\ )
Ne Ni550 um V, Mt
573 am 534 um

1 - - 0.001 150 M

2 - - 0.041 150 M

3 - - 4.002 200 M

4 47878 - 1.26 460 M

5 10.7758 5.508 - 500 M

6 8.052 45354 - 300 M

7 7.32 4.2 - 300 m

8 5.1252 2.998 - 200 ma

9 2.9472 1.9018 - 200 M
JKaue! ¢, HMOJIB/T 39.008 19.1432 5.304 2460 M

Kecte wnHoTmkenepiHeH KepiHICHICH,

HUKENBIOPQUPHHACPAIH KOHIICH-
Tpanusckl 5.304 HMonb/T, 534 HM >xoHe 573 HM Ke3iHIe BaHaTUIOP(HUPHH-
nepaiH KoHmeHTparuschl 19.1432 mmons/T xoHe 39.008 HMONB/T, THICIHIIE
BaHAAWINOPGUPUHICPIIH KaJIbl KOHIEHTpauuschl 58.1512 HMOJB/T, HUKEIb-
nopdupuHIepaiH KoHUeHTparusacel 5.304 HMonb/r Kypanbl (1-kecte). SrHu
534 uM xoHe 573 HM Ke3iHAe TIpKeITeH BaHATUINOPGOUPHH KEMICHACPIHIH Kall-
bl KOHIIEHTpanuschl 550 HM Ke3iHjie TipKeIreH HUKEIbIOpOUPUH KelleHIePiHiH
KOHIIeHTpaIuschiHaH 11 ece »orapbl, OYJI HUKETbIOPUPHHICPMEH CaBICTHIP-
FaHJla MYHaHAaFel BaHAAUITPOGUPHUHACPAIH KOIl TaparyblHa coiikec kenemi [21].
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(2) xone (3) popmynara colikec bo3aripl keH OPHBIHBIH MYHAHBI MbICATIBIHIA
573 am (Ha) xone 534 um (HP) xe3inaeri >KyYTBITY >KOJTaKTapBIHIA dTHO- JKOHE
JOOIT-nopbupunaepaid (EO1uo/ZJDIIT) KaTbIHACH! AHBIKTAIIBL:

2.15-2
cC = = B - (2)
2.15—3—2.52 (1.26—5)

MYHJIArbl: ¢ - 3THO TYPiHAETi MOPGUPHHIAEPAIH CaTBICTHIPMAIBl KypaMbl;, offf —
0, KoHe [} CIHIpY »OJaKTapbIHBIH KapKbIHIBUIBIFBIHBIH KaThiHAchl, (1 — c) —
JADIII typinzeri nopupuHIEpIiH CATBICTHIPMABl KYPaMB.

XKyprizinreH ecentey anplHFaH BaHATMIMOPGOUPHHIED KEIICHACPIHIH ATHO-
xone JJDDII typrepiniy kartbiHackl 0.11-re TeH eKeHAIr aHBIKTAIABL. MyHaiiiaHn
BaHaaunmopoupuHaepai any yuin JM®PA naiiganany Ke3iHae OChl TYpJEpiHiH
TaHJaMaJibl aJlbIHY bl OaliKaaMabl.

Kepinerin aiiMakTarbl cnekTp HoTIkenepi WK cIekTpocKomusHOTH)E-
JEpIMEH COMKEC KEeei.

2-xecre — VK crniexrpzeri BaHagminopGUpHH KeIeHIepiHiH Heri3ri XuilikTepi

Kuiniri, em? Kuiniri, em?
Tepbemic ApPKBIH- . Bacranker CoHnrbl
TaﬁpPIFaTLI I;LEII:)IFBI Koceuwic Typaepi (.JppaKI_IESI (bpaII:HHH
(2-ppakums) (6-ppakrms)
Ve-H- Kymri MUPUMUIUH 3091.16 3091.10
VN-H Oprama | KaybIMIACTBIPBUIFaH JIAKTAM 3071.56 3071.53
VNH3+ Oprama | aMHHKBIIIKBUIIAPbI 3036.19 3036.12
Ve—c=C Oprama | xynrackan C=C=C 1960.20 1960.23
Ve—o Kymrri KaHBIKKaH KapOOH KBIIIKBUIAAPEI 1815.18 1815.44
d.ch- Oprama | aJkui TONTapblHAA 1478.92 1478.93
S.c Kyurri g;ﬂ‘f;g:ggm THPPOTIBL 1035.87 1035.88
S.cH- Kymrri MTUPHIUH 671.36 671.30

2-xecTeneH Kepinrenneir,3091.16 cm™ (2-dpakums) xome 3091.10 cm™
(6-dppaxums) aiimarbiHga (vC-H-) mHpUMUIMHTE TOH JKYTBUIY KOJAKTaphI
Gaiikamasl. Con cusiktsl 671.36 ev™ (2-bpakums) sxone 671.30 cv™ (6-ppakis)
XKyThuty skonarbiHAa (8-C-H-) Tex mnupumuH yuIiH KapKbIHIBL Aedopmarims-
ae1K TepoOenicrep, N-H dparmentTepinin KaypIMAackaH BaJICHTTIK JKoHE Oedop-
MamusUIBIK Tepbemicrepi tricinme 3071.56 cm™ (2-bpakums) xone 3071.53 cm™
(6-¢pakims) Ke3iHAE CiHIPY JKOJAFBIHBIH OpTallla KAPKBIHIBUIBIFbIHA, COHIAaN-aK
3036.19 cm-1 (2-bpakumst) xome 3036.12 cm™ (6-dpakums) xesinge NHi'
KaTHOHJIApPbIHA TOH JKOJIAKTapra colikec Kenai. [IMpuaMH KaTapbIHBIH KOCBLIBIC-
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Tapbl TOPQHUPHH KelIeHIEepiMeH KaTap MyHail KypamblHIa Ja a3 MeJllepiae
ke3neceni [22].

Conpaii-ak, 1960.20 cmt (2-dbpaxums) sxone 1960.23 emt (6-dbpaxmus) aiima-
FBIHAA OpTama KapKbIHIBUIBIKTHIH ~ aHTUCHUMMETPISUIBIK — AyBITKYJIapbIMEH
KabarracaTelH ankui TtontapbiHblH C-H ¢parmeHTTepiHiH KapKbIHABI CiHIpY
JKOJIAKTaphl, KAaHBIKKAH KapOOH KBIKBUIAapbiHa ToH 1815.18 emt (2-ppaxmms)
xoHe 1815.44 cm' (6-¢pakums) Kesimmeri KapKbIHIBI JKOIAKTAp, COHIAH-aK
1478.92 cv ! (2-ppakums) xome 1815.44 cv’'(2-ppakumstyurin anku1 TomTa-
poinarsl C-H  dparmentrepi) xome 1478.93 cm™'(6-¢paxums). Conjaii-ax,
1035.87 cm™ (2-¢paxims) xome 1035.88 cm™(6-(paxius) ciHipy aiMarbHIarbl
nopoupunnepain C-H-muppon ¢parmentTepiHiH KaTThl AedOpManusIIbIK
TepOemnicTepin aran etyre Oomazpl, Oy GenekrenreH ¢pakuusga Banaguid (IV)
TTOP(UPHHATHIHBIH OOJTYBIH KOPCETETI.

Ocepuraiima, N-N-JuMmetmipopmamMua KaTBICBIHIA JKCTPAKITUS dMiCiMEH
MyHail BaHaguanopQupuH KemeHAepl aibiHABL. BaHanunmopdupuH KeuleH-
IepiHiH xpomaTtorpadusuiblk OeriHyiHze bo3zambl TOOBIHBIH MyHaWTapbIHAH
534 um sxoHe 573 HM eki ciHipy Makcumymbl Oap DOl — Typnepi Oaceim
Oenrinx MyHail TOpQHUPHH KYPBUIBIMIIAPBIHBIH OapiIbIK TYpJepi aHBIKTAIFaH TOPT
Herisri (ppakmust aneiHABL. 534 HM KoHE 573 HM XYTBUTY aiMarbIHIIA TIPKEITCH
BaHAIWITIOPGOUPHH KEIICHIACPIHIH Kbl KOHIEHTpamwsIckl 550 HM Ke3iHmae
HUKEJIBNOPGHUPHH KeUICHAEePiHiH KOHIEeHTpauusichiHal 11 ece apThIK Memmiepae
EKEHJIr aHbIKTaNABl. JTHo- koHe J|DIII Typingeri BaHagummophupuHICPIIH
apakatbiHackl 0.11 kypanpl. 3eprrey sxyMbichl HoThxenepi "Conrycrik bo3zamsr"
MYHaii-ra3 ayJaHbIHBIH MYHaiIapbsl BaHAAWINOPGUPUH KEHICHAEPIH aly YIIiH
MIePCIEKTHBTI MMUKi3aT OOMBIT TaOBLIAABI JET KOPBITHIHABI KacayFa MYMKIHIIK
Oeperi.

Kapxbuianapipy: 3eprrey kyMbickl KP BEM  KapKbUIBIK KOJIaybIMEH
(01.10.2020 k. AP08856825-OT-20 xo0acel "Ka3zakcTaH MyHaiiapsiHaH
aNbIHFaH BaHAaIWi mopQUPUHAEPIH MyHail OHIMIEPIH KATaJIUTHUKAIBIK OHJACY
YLWIiH Kongany" aschlHIA KYPri3iai.
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Pe3iome
OIIPEJEJEHME KOHHOEHTPAIIUN U BBIJIEJIEHUE
BAHAJINJIIOP®UPUHOBBIX KOMHJIEKCOB METOAOM U3BJIEYEHUS
N3 HE®PTU HED®TEI'A30BOI'O PAUOHA "CEBEPHOE BY3AUH"

K.K. Moiamuikoaesa, K. T. Emosa, A.b. Ceiicemoexosa, M.b. Cmaiivin
AO «Kaszaxckuil HayuonanoHulil ynusepcumem um. ano-Papabuy, Anmamel, Kazaxcman
E-mail: zhannur.myltykbaeva@kaznu.kz

B npucyrcrBun N-N-/lumerundopMamuia METOAOM IKCTPAKIIMU TIOJyYEHBI KOMII-
nekcsl HeTAHOTO BaHammanopdupuHa. IIpm xpomaTorpaduueckoM pasaesieHHH BaHA-
TUIOop(UPUHOBEIX KOMIUTEKCOB 13 Hedtr “CeBepHoe By3zaun” ObUTH MOTyYEHBI YETHIpE
OCHOBHBIE (DpPAaKIUH, B KOTOPBIX BBIIBICHBI BCE THUIIBI M3BECTHBIX HE(TIHBIX mOpdu-
PHHOBBIX CTPYKTYp C TpeoOiagaHueM 1e30KCO(MUIOIPUTPOITHONOPGUPHUH — THIIOB C
IBYMs MakCHMyMaMu moryomeHus 534 uM u 573 HM. YCTaHOBIIEHO, YTO 00IIasi KOHIICH-
Tpanusi KOMIUIEKCOB BaHAIMITOpGUpPHHA, 3aUKCHPOBAHHAS B 30HE MOTIOMCHUI 534 HM
u 573 M, B 11 pa3 mpeBsIaeT KOHIEHTPAIMIO KOMIUIEKCOB HUKENBIIOp(hUpHHA, Xapak-
TEPHYIO JUIL 30HBI Horiomaromeii moocsl 550 aM. COOTHOIIEHHE BaHAAWIIIOP(PHUPIHOB
THIIA 3THO- U NIe30KCco-pmmiodputpostronoppuput (ADPIII) cocrasmio 0.11. Pesymnspra-
THI UCCIIEIOBATEIBCKON pabOTHI MO3BOJSIOT CAENATh BBIBOMA, YTO HEe(PTh HedTerasoHoC-
HOro patioHa "CeBepHblli By3aun" sBIseTCS MEPCHEKTUBHBIM CBIPHEM JUIS TIOTYYICHUS
BaHAIMITIOP(OUPUHOBBIX KOMIUIEKCOB.

KnroueBsble ciioBa: Bsi3kas HeTh, BaHAMINOP(PUPHUHOBEIE KOMIUICKCHI, BaHAAUH,
HUKEJBIIOP(GUPHHBL, 3KCTPAKLIHOHHOE W3BJICYCHUE, METAIUIONOP(UPUHBIL, CTPYKTYpa
nop¢upuHOB.
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Abstract
DETERMINATION OF THE CONCENTRATION AND SEPARATION
OF VANADYLPORPHYRIN COMPLEXES BY EXTRACTION FROM OIL
OF THE OIL AND GAS DISTRICT “NORTH BUZACH?”

Zh.K. Myltykbayeva, Zh.T. Yeshova, A.B. Seisembekova, M.B. Smaiyl
JSC «Al-Farabi Kazakh National University», Almaty, Kazakhstan
E-mail: zhannur.myltykbaeva@kaznu.kz

Oil vanadylporphyrin complexes were obtained by extraction in the presence of
N-N-dimethylformamide. In the chromatographic separation of vanadylporphyrin comp-
lexes, four main fractions were obtained from the oils of the oilfield “North Buzachi”,
where all types of known oil porphyrin structures were identified, dominated by
deoxophylloerythroethioporphyrin — types with two absorption maxima of 534 Nm and
573 nm. It was found that the total concentration of vanadylporphyrin complexes
registered in the absorption zone of 534 nm and 573 nm is 11 times higher than the
concentration of nickelporphyrin complexes characteristic of the absorption zone of
550 nm. The ratio of vanadylporphirins of the etio- and deoxo-phylloerythroethiopor-
phyrin (DPEP) type was 0.11. The results of the research allow us to conclude that the oil
of the “North Buzachi” oil and gas district is a promising raw material for obtaining
vanadylporphyrin complexes.

Keywords: viscous oil, vanadylporphyrin complexes, vanadium, nickel porphyrins,
extraction extraction, metalloporphyrins, structure of porphyrins.
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PREVENTION OF INORGANIC SCALE FORMATION
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Abstract: Development of the oil industry in Kazakhstan at the current stage is
characterized by a decrease in the quality of the raw material base. In the total balance of
fields under development, the fields that have entered the late stage of development
prevail and, consequently, there is a significant deterioration in their structure, an increase
in the share of hard-to-recover oil reserves, watering of beds and well production.One of
the main challenges during the development of the field is the deposition of inorganic salts
in the oilfield equipment.

This article describes the main reasons for the formation of solid inorganic deposits
in oil fields, methods of scale inhibitors, as well as the classification of scale inhibitors.
Presents the physical and chemical characteristics of the objects under study: the
properties of oils and watersof Uzen and Zhetybai oil fields and the chemical reagents —
inhibitors of scale formations.

Based on the results of laboratory studies, scale inhibitors were selected, which
showed high efficiency (90 - 100 %) to prevent the precipitation of CaCO;, CaSO, and
BaSO, under the conditions of Uzen and Zhetybai oil fields.

The study was conducted in the center of scientific and laboratory research branch of
KMG Engineering LLP "KazNIPImunaygas".

Keywords: scale inhibitor, inhibiting efficiency, compatibility, deposit.

1. Introduction

The Mangistau region is one of the largest oil regions in Kazakhstan. The oil
fields Zhetybai and Uzen are located in the Mangistau region, 80 - 150 km south-
east of Aktau [1, 2].

Citation: A.O. Tarbanov 1, A.T.Khabiev 1, Ye.O.Ayapbergenov. Prevention of
inorganic scale formation in the Uzen and Zhetybai fields by using of salt deposition
inhibitors. Chem. J. Kaz., 2021, 2(74), 60-71. DOI: https://doi.org/10.51580/2021-1/2710-
1185.28
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Oils of Uzen and Zhetybai fields are characterized by low values of density
0.85 — 0.87 g/cm®, high content of paraffin hydrocarbons, which vary depending
on horizon in the range of 17 — 26 % wt. and asphaltene-resinous substances
up to 20 % wt. It has caused a number of specific characteristics of oils of
the given fields: high solidification temperature (26 — 35 °C), increased viscosity,
etc.

As it is known, oil production is accompanied by formation of solid
inorganic deposits (SSI), the main reason of formation of which is formation
water, extracted together with oil. Along the whole period, development of Uzen
and Zhetybai fields was carried out with reservoir pressure maintenance by
injecting water of different types: artesian, sea, fresh and wastewater into the
formations. As well output became more watered, the volume of injected
produced water increased.

Scaling usually occurs when the chemical equilibrium in a solution is
disturbed, where the concentration of a particular substance or ion increases. Solid
inorganic deposits thus accumulate in the bottomhole formation zone (BFZ), on
the walls of production casing, in the pumping equipment and surface
communications of oil gathering and treatment systems. As a consequence of salt
deposition, the yield of the well decreases, the service life of the equipment is
reduces, which also leads to a number of other complications in the fields [3].

The mechanism of sediment formation is quite complicated and is
represented by a set of different processes. Analysis of literature sources showed
[3 — 8] that the main causes for formation of deposits include:

- mixing of waters of different compositions incompatible with each other.
Often, produced water contains Ca?*, Ba**, Sr** cations and mixing them with
injected water containing SO,* ions produces insoluble sulfate minerals such as
barite, celestine, gypsum and anhydrite:

Ba?*(Sr?*,Ca?*) + SO2~ — BaSo0, 1 (5rS0,,CaS0,)

- change in thermobaric conditions, leading to the release into the gas phase
of dissolved carbon dioxide, the decrease in concentration of which with
increasing pH leads to a decrease in the content of carbonic acid, and as a
consequence, significantly reduces the solubility of calcium carbonate CaCOs:

Ca?* + 2(HCO3) - CaCOs L +CO, T +H,0

- evaporation of water by contact with heated equipment, which leads to
oversaturation of fluids with poorly soluble salts and their desalinization.

The most common types of deposits in oil production and the main causes of
their formation are presented in Table 1 [9].

To prevent scale formation, various techniques such as removal of formed
deposits and prevention of their formation are used. The choice of the method of
sediment removal is determined by the nature of salt deposits, location and
composition of the deposits. Technological methods for preventing scale
formation, which are used in oil production, are presented in Figure 1.
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Table 1- The most common salts, and the physical conditions of their formation

Name Chemical formula Reason of formation
Calcite Caco, Temperature, pressure, partial pressure of CO,, total
Siderite FeCO, mineralization, pH
Anhydrite CaSO,
Gypsum CaS0, - 2H,0
Temperature, pressure, totalmineralization
Barite BaSO,
Celestine Srso*

Technigues to prevent
scale formation
| Chemical s ‘ -| Reagentless |

— x L3 L 3 L 3
Inhibitors Selection and mixing Physical Protective | Technological
of accompanying coatmgs J —_—
waters at the surface
before injection into

the reservoir  J Based on G\azmg | Constructwe
wave | changes
x ) . phenomena
Composite Single | High molecular
| Component weight coatings
—_—

L 3
Regulating ™

Turbulization
: systems
and increased . .
— - rate of flow influencing
njectioninto Y, the scale
forrmation

Figure 1 — Techniques to prevent scale formation [10].

The most effective way to prevent salt deposits nowadays are chemical
methods, in particular - the use of scale inhibitors. Figure 2 shows the classifi-
cation of scale inhibitors.

Hence, for effective oil production it is extremely important to choose
optimal chemical reagents to prevent salt deposits formation, taking into
account the specifics of Uzen and Zhetybai fields. By-product and injected
waters of Uzen and Zhetybai fields are diverse in their ionic composition and
mineralization. Their physico-chemical properties and composition are presented
in Table 2.
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Figure 2 — Classification of scale inhibitors [11].
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different inhibitors

Polyalkylenamines ]

Monoamines

Quaternary
ammonium bases

Polyethoxylated
amines

Table 2 — Physico-chemical properties and composition of waters of Uzen (U) and
Zhetybai (Zh) fields

Concentration, g/L

2

3 E
-E_’ ; “g « | & }f N S| s 4 E” g(/%)
3I2|E] 2|52 2|6 (3|8 & |6 |8|2]|ee
U | F |55]|1.059|541|1.34|24.97 |51.05 0.24]0.053 | 0.26 {0.011(83.01| ClI-Ca
U | D |6.8]|1.038|2.81|0.91|16.46 |32.61| — |0.42|0.005| 0.17 |0.014|53.21| Cl-Ca
U| A |7.8]|1.008|0.25|0.13| 3.26 | 421 |2.01|0.24| - - - 110.08 | SO,-Na
Zh| F |7.3[1.028|2.00(0.61|11.77 |22.33|1.26[0.34| - 011 | - |[3832| CI-Ca
Zh| A |7.6(1.008|0.40(0.12| 3.60 | 4.83 |2.26|0.20 | 0.001 |0.021| - |11.42|S0O4Na
- | S181|1.009(0.40(0.73| 3.40 | 5.67 |2.77|0.32|0.006 |0.006| - |13.30| Cl-Mg

Note: F - formation water: D - drainage water; A - albsenomanian water; S — seawater.

Current properties of Uzen field waters by the level of salinity, according to
the classification of underground mineral waters by V.A. Sulin belong to the
chloride-calcium and sulfate-sodium types. Salinity of water reaches 83 g/L at a
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density of 1.059 g/cm®. The main components of water are chlorides and sodium
with potassium. The content of sulfates is 2.01 g/L, carbonates are absent.

Waters of Zhetybai field according to the classification of V.A. Sulin are
represented by chloride-calcium and sulfate-sodium types with a total salinity of
38 g/L and 11 g/L, respectively. They contain a significant amount of sulfate ions
(up to 2.3 g/L) that can combine with calcium, magnesium and barium ions. As a
result of this interaction, precipitation of insoluble salts from the formed
supersaturated solutions is possible.

Selection of the most effective inhibitor for protection of equipment against
salt formation was carried out within the framework of laboratory researches:

- only powdered substances and non-separated liquids are allowed as
inhibitors in terms of aggregate state. The content of suspended and settled
impurities in liquids is not allowed;

- The inhibitor must be fully compatible with mineralized water of Uzen
and Zhetybai fields without separation and sedimentation;

- The inhibitor must be compatible with the base demulsifier. The content
of salts and water must not increase when treating the oil of the field with the
composition of inhibitor and demulsifier;

- the efficiency of scale inhibition must be at least 90 % of mineral salts
reduction under the given conditions.

It should be noted that the research was carried out at the Scientific
Laboratory Research Center of "KMG Engineering” LLP branch
"KazNIPImunaigas" on the basis of the Program of work on selection of chemical
reagents in the fields of JSC "Ozenmunaigas" and JSC "Mangistaumunaigas".

In the course of testing of the scale inhibitor attention was also paid to the
control of its physicochemical and technological properties. In addition to high
protective properties, the reagent must be adaptable and applicable to the
conditions of Uzen and Zhetybai oil fields. Physico-chemical properties of the
tested inhibitors were obtained according to ST RK 2498-2014 and the results are
presented in Tables 3-4.

The given results demonstrate that the tested inhibitors are homogeneous
liquids with acceptable values of density, viscosity and mass fraction of active
substances, resistant to negative temperatures (minus 42 °C).Thus, chemical
reagents meet the requirements of ST RK 2498-2014 for physical, chemical and
technological properties for liquid scale inhibitors.

Laboratory tests of new reagents were carried out by a sequential
determination of inhibitory properties (ST RK 2604-2015) in relation to calcium
carbonate, then in relation to calcium and barium sulfate. Inhibiting efficiency of
a reagent to prevent sedimentation of salts (CaCQOs, CaSO,4 or BaSQy) is estimated
by comparing sedimentation processes in inhibited and not inhibited media
(control test). The effectiveness of inhibitors is estimated by the increase in the
retention (dissolving) ability of salts in water in the presence of a certain amount
of inhibitor. Laboratory tests of scale inhibitors for preventing sedimentation of
calcium sulfate and calcium carbonate, barium sulfate are held in artificial water,
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Table 3 — Physico-chemical parameters of scale inhibitors tested in the conditions of the

Uzen field
5 Mass fraction 5
Ne | Reagent Appearance pl((ZO 9’ of active v(202C), pHof_ the
g/m mm°®/c medium
substance, %

The norm according

to ST RK 2498-2014 750-1400 2-60 N -

1| uz1 | Homogeneous liquid, 983.5 431 10.7 7.7
dark brown in color
Homogeneous,

2 Uz-2 transparent, 1081.5 26.9 41 0.9
colorlessliquid
Homogeneous,

3 Uz-3 transparent, 1067.6 35.9 9.1 8.1
colorlessliquid
Homogeneous,

4 Uz-4 transparent, 983.4 30.2 5.8 9.2
colorlessliquid

5 | uzs | Homogeneousliquid | a0, 25.4 5.3 45
of light yellow color

6 | uze | Homogeneousliquid 1086.7 29.4 8.9 7.6
of pale yellow color
Homogeneous,

7 Uz-7 transparent, 1011.2 141 3.0 9.4
colorlessliquid

Table 4 — Physico-chemical parameters of scale inhibitors tested in the conditions of the

Zhetybai field

5 Mass fraction o pH
Ne | Reagent Appearance p l((ZO C3)’ of active M (202C)’ of the
g/m mm</c -
substance, % medium
The norm according
to ST RK 2498-2014 750-1400 2-60 B B
Homogeneous,
1 Zh-2 transparent, 1042.2 33.8 8.2 5.8
colorlessliquid
Homogeneous,
2 Zh-3 transparent, 986.4 27.1 8.9 9.1
colorlessliquid
3 | zh4 | Homogeneous, 1044.9 25.0 5.3 7.4
clearyellowliquid
Homogeneous,
4 Zh-5 transparent, 1079.6 26.5 5.3 0.6
colorlessliquid
Homogeneous,
5 Zh-6 transparent, 1069.4 324 11.2 7.7
colorlessliquid
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Table 5 — Evaluation of the effectiveness of scale inhibitors in the conditions of the Uzen
field

No Name Dosage, Inhibition efficiency, %
: of the reagent mg/L calcite gypsum barite
10 0 0 0
15 40 2353 195
20 48 35.29 235
! Uz-1 25 48 35.29 3l
30 48 37.65 2
50 496 40 325
10 80 81 75
15 88 90 85
20 944 9% 915
2 Uz-2 25 100 100 100
30 100 100 100
50 100 100 100
10 72 71.43 60.49
15 84.8 85.71 82.93
20 89.6 88.57 89.27
3 Uz-3 25 97.6 100 97.56
30 100 100 100
50 100 100 100
10 53.33 53.12 4351
15 66.67 62,5 52.63
20 75.56 70.31 59.65
4 Uz-4 25 7778 71.88 70.18
30 88.89 84.37 73.68
50 94.44 92.19 80.7
10 66.67 62.5 51.67
15 72.22 71.25 70.83
20 88.89 875 83.33
S Uz-5 25 94.44 925 91.67
30 100 100 100
50 100 100 100
10 50 48.89 45
15 50 49.11 475
20 75 7111 675
6 Uz-6 25 775 75.56 725
30 75 73.56 67
50 475 46.67 46
10 50 50 50.61
15 62.5 60 69.39
20 76.25 70 74.69
! Uz-1 25 875 80 81.63
30 90 90 89.8
50 925 92 90.2
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simulating sulfate, carbonate and barium waters of Uzen and Zhetybai oil fields at
60-80 °C for 5 hours at the dosage of 5-30 mg/L. The saline solution is prepared
by mixing the equivalent amounts of salt-forming ions. The research results of
effectiveness of scaling inhibitors are showed in Tables 5-6.

Table 6 — Evaluation of the effectiveness of scale inhibitors in the conditions of the
Zhetybai field

Name Dosage, Inhibition efficiency, %

N1 of the reagent mg/L calcite gypsum barite
5 75.75 745 70
10 885 86.25 86.85

1 Zh-2 15 100 100 99.26
20 100 100 99.63
30 76.6 741 74.07
5 66.67 65 63.4
10 83.33 82.2 80

2 zh-3 15 86.67 85.6 834
20 83.33 817 80
30 83.33 816 79.62
5 43.48 424 38.18
10 52.17 50 46.91

3 Zh-4 15 43.48 422 39,64
20 43.48 42.22 39.45
30 43.48 42.24 39.49
5 86.67 84.2 81.82
10 100 98.4 97.82

4 Zh-5 15 100 100 100
20 93.33 926 87.27
30 80 796 72.73
5 79.33 78 7273
10 89.67 89.2 86.91

5 Zh-6 15 99.67 98 97.45
20 100 100 100
30 100 100 100

Studies showed that the examined inhibitors are water-soluble, when mixed
with saline waters of Uzen and Zhetybai fields at dosages of 10-90 g/L solutions
are not turbid, do not form a viscous gel-like mass or solid precipitate, do not
cause separation of the liquid. Based on the research results, we summarize that
the inhibitors are compatible with saline waters of the studied oil fields.
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The results of studies show that among the samples submitted for testing,
the most effective inhibitors of scale deposition to prevent CaCO;, CaSO,4 and
BaSQO, are samples Uz-2, Uz-3, Uz-5 and Uz-7 with an efficiency > 90 % at the
concentration of 20-30 mg/L. It was found that a highly effective inhibitor among
the tested reagents is the sample Uz-2, the efficiency of which is > 90% at a
specific flow rate of 20 mg/L, 100% reduction of mineral salt deposition at
25 mg/L. When compared samples Uz-3 and Uz-5 at a dosage of 25 mg/L it is
revealed that the sample Uz-3 is more effective than Uz-5. The efficiency
of Uz-7 at a specific flow rate of 30 mg/L is ~ 90%, which is lower than the basic
reagent.

Among the samples submitted for testing, the most effective samples are
Zh-2, Zh-5 and Zh-6 with an efficiency of > 90% and a dosage of 10-15 mg/L.
The high efficiency is noted with the sample Zh-5, which provides 100%
reduction of mineral salt deposition at 10 mg/L. The protective effect of samples
Zh-2 and Zh-6 at a dosage of 10 mg/L shows < 90%, while at 15 mg/L it is
~100%. The efficiency of Zh-3 and Zh-4 at a dosage of 20 mg/L is < 90%.

To summarize, taking into account that the studied inhibitors of salt deposits
are effective to prevent deposits of barium and calcium sulfate, as well as calcium
carbonate, it is possible to use them:

- at the Uzen field samples Uz-2, Uz-3 and Uz-5 at dosages of 20-25 mg/L;

- at the Zhetybai field Zh-2, Zh-5 and Zh-6 at dosages of 10-15 mg/L.

In order to prevent risks of breakdown of technological processes of
gathering, transportation of produced oil and oil treatment when using different
types of chemical reagents introduced into "well - oil treatment" system, the
demulsifying ability of demulsifiershas been defined in the presence of other
chemical reagents and without them. Chemical reagents used in the field for
different purposes must not worsen the demulsifying efficiency of the basic
demulsifier used in the field.

To identify the possibility of combined application of reagents used in oil
treatment for different purposes, studies were conducted on the mutual solubility
and compatibility of basic demulsifiers of Uzen and Zhetybai fields and selected
inhibitors of salt deposition. One of the ways to improve the process of collection,
transportation and preparation of oil, to improve the quality of commercial oil is
the use of special, selected for each field chemical reagents-demulsifiers.

According to the results obtained, the selected inhibitors and basic
demulsifiers of Uzen and Zhetybai fields in different ratios are mutually soluble
and with the lapse of time changes are not observed, and also at combined
injection into the initial water-oil emulsion no negative impact on the process of
oil dehydration is observed.
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Tyiingeme
O3EH )KOHE )KETIFA KEH OPBIHJIAPBIH/IA TY3 KAJIJIBIKTAPBIHA
KAPCBHI THT UBUTOPJIAPJIbI KOJIIAHY APKbLIbI BEHOPTAHUKAJIBIK
MOeTrTHAIIEPAIH TY3LTYIHIH AJIIBIH AJTY

A.O. Tap6anoé', O.T. Xabues’, E.O. AﬂnﬁepzeH032

ISatbayev University, Almaty, Kazakhstan

2Branch of KMG Engineering LLP "KazNIPImunaygas", Aktau, Kazakhstan
*E-mail: ayapbergenov_e@kaznipi.kz

byrinri tapna Ka3zakcrannarsl MyHaii-ra3 KeH OpBIHIApbIHJA OHIIPUIETIH HINKi-
3aTThIH camnackl TeMeHjeyzae. KosmaHbicTarbl K€H OPBIHIAPBIHBIH KON IIHKi3aT
OHIPYAIH COHFBI CaTBICHIH/IA, OCBIFAH OaiIaHBICTHI I'€OJIOTHSIIBIK KYPBUIBIMHBIH Hallap-
Jlaybl, KMbIH OHAIPUIETIH MYHail KOPBIHBIH OCyl, KabaTTap MEH YHFbIMaJIaparbl OHIMHIH
CyJIaHyBI apTyhl OalKamy/a.

Makayiaga MyHail KeH OpBIHIApbIHIA TY3UICTIH OeHOopraHMKalblK KATThl IIOTiH-
IUTEepIiH Ty3U1y ceOenTepi, ONapablH aJl[bIH aly 9MICTepi MEH Ty3 MIeTiHIIepiHe KapChl
KOJIIaHBUIATBIH MHTUOUTOPIIAPABIH TYpJIepi KapacThIpbUIFaH. 3epTesieTiH 00beKTiIepaiH
(U3MKaNBIK-XUMUSUTBIK CHIIATTaMalapbl, sFHU O3eH xoHe JKeribail KeH OpbIHAAPBIHBIH
MYHaibl MEH CYBIHBIH YXOHE XUMUSUIBIK PEareHTTEPAIH CHIIaTTaManapbl KENTipijreH.

3epTXaHalbIK J)KYMBICTAp HOTHIKECIHE CYHEHE OTBIPBIN, TY3 KaJJbIKTapBIHBIH TY3i-
JIyIHIH aJIbIH alyaa KOJIaHbUIATBIH HHruouropiap Tanganabl. Omap O3en xone JKeri-
6aii keH opbiHaapsl xarnaitbiaga CaCO3z, CaSO, xxone BaSO4 ty3napblHBIH TY31LTyiHIH
angeiH anyaa 90-100% HOTHKEITITiH KOPCETTI.

3eprxanansik  okymbicTap JKIIC «KasMyHnaiil'a3 WHXUHUPUHD) — (QHIHAIBI
«KaszF3)XKmyHaiira3»-nplH FhUIBIMU-3€PTXaHAIIBIK 3€PTTEY OPTAJBIFbIHAA KYPTi31Ii.

Tyilin ce3nep: Ty3 KaIOBIKTaphl TY3UTyiHIH albplH alyFa apHaJIFaH WHTHOHTOpIAp,
WHTHOHUTOPIICY KAaCHETi, YHIECIMIUTIK, IOTiHIi.

Pe3iome
NOPEAYINPEXJIEHUE OGPA3OBAHUSA HEOPFéHI/IIIECKI/IX OTJIOKEHUI
HA MECTOPOXIEHUSAX Y3EHb U ) KETBIBAU C UCITIOJIBb30BAHUEM
UHITUBUTOPOB COJIEOTJIOKEHUM

A.0. T apﬁauoel, A.T. Xa6ueel, E.O. A}m6epzeno¢s’2

1Satbayev University, Arvamei, Kazaxcman

2Branch of KMG Engineering LLP "KazNIPImunaygas", akmay, Kazaxcman
*E-mail: ayapbergenov_e@kaznipi.kz

OcBoenne HedTsiHOTO MpoMbIcia Ka3axcrana Ha TEKyIIed CTaJuy CONPOBOXKIACTCS
CHIKEHHEM KauecTBa ChIpbsi. Cpeay BCeX 3KCIUTyaTHPYEMBIX MECTOPOXKACHUN HpEeBalH-
PYIOT MECTOPOXKICHUSI, TEPEIICANINe Ha MMO3IHUN 3Tan pa3paboTKH, U, Kak CIEICTBUE,
OTMEYAETCs 3HAYUTEIPHOE YXYALICHHE X T€0JOINIEeCKON CTPYKTYPHI, YBEINUECHHUE JOIN
TPYIHOU3BIIEKAEMbIX 3a11acoB HE()TH, 0OBOTHEHHUE TUIACTOB U CKBAXXMHHOMH ITPOILYKINH.

B cratbe paccmarpuBaroTCs OCHOBHBIE INIPUYMHBI 00pa30oBaHUs TBEPABIX Heopra-
HUYECKHUX OTIIOKEHHH Ha HE(PTIHBIX MECTOPOKACHHIX, METOIBI OOPBOBI, a TAKKE KIIACCH-
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¢uKanuss UHrUOUTOPOB coJieoTNOXeHUH. [IpuBeeHbl PU3NKO-XMMUUECKHE XapaKTepuc-
THUKH HCCIIETyeMBIX OOBEKTOB: CBOICTBa HE(TH M BOJBI MECTOPOXKAECHHH Y3€Hb H
JKeTp10aii, XHMIHYECKUX PEarcHTOB.

ITo pe3ympTaTtam 71a0OpaTOPHBIX MCCIENOBAHMH MOAO0OpaHbl MHTHOUTOPHI COJEOT-
JIOXKEHUH, ToKa3aBIIre BHICOKYIO d¢ddextuBHOCT (90 — 100 %) ans mpenynpexaeHus
BemaneHns ocangka CaCOz;, CaSO, m BaSO, B yCIIOBHSAX MECTOPOXICHHH Y3€Hb U
XKertpibaii.

Pabota Obuta BBITIOJIHEHA B IIEHTPE HAYyYHO-T1a00paTOPHBIX HccienoBannn Puinana
TOO «KMI" Mnxunupunr» «KasHUIImyHaiirasy.

KiroueBble c10Ba: HHIHOUTOP COJICOTIOKCHHUN, HHTHOUPYIOIIasi CIIOCOOHOCTb, CO-
BMCCTHMOCTbD, OTJIOXKCHUC
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KINETIC RESEARCH ON THE OBTAINING OF POTASSIUM HUMATE
FROM BROWN COAL OF THE LENGER DEPOSIT
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Abstract: This article provides information about the method of obtaining potas-
sium humate obtained from brown coal of the Lenger deposit, and also describes the
elemental and mineralogical composition of potassium humate determined with SEM
(JSM-64901 V, Jeol). Kinetic data on the decomposition of brown coal with solutions of
potassium hydroxide are presented. The area of chemical reactions and the activation
energy are determined. The benefits of the obtained potassium humate are that they are
environmentally safe and have high bioactivity. They are also characterized by a high
content of humic substances that are involved in the structure formation of the soil,
accelerate biochemical processes, and increase the physical and chemical characteristics
in the soil. Under the influence of humate-containing substances, the function of
microflora elements in the soil is activated, and the number of beneficial microorganisms
increases.

Key words: humate, brown coal, alkaline solution, the soil.

1. Introduction
It is known that a high-quality crop can be obtained from fertile land that
contains a large amount of humus. At the moment, humate is very popular in
agricultural production. Humate is an environmentally friendly substance that
improves soil structure, increases fertility, reduces the negative impact of
pesticides, and contributes to the accelerated production of high-quality crops.
Humate is a substance that is synthesized from humic substances. Humic
substances in soils are contained in different amounts. On average, the content
level is 10-15%, the content in peat is 25-30%, and in brown coal — about 85%

[1].

Citation: Smailov B.M., Beisenbayev O.K., Tleuov A.S., Zakirov B.S., Taspolatova
A.M., Tasymbetova A.Zh., Esirkepova M.M., Kantureeva G.O. Kinetic research on the
obtaining of potassium humate from brown coal of the Lenger deposit. Chem. J. Kaz.,
2021, 2(74), 72-78. DOI: https://doi.org/10.51580/2021-1/2710-1185.29
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Waste from the Lenger deposit is a promising and valuable source of organo-
mineral raw materials and contains a wide variety of trace elements and organic
substances with fertilizing properties, and in this regard, is a valuable secondary
raw material suitable for processing into humic acid (table 1) [2].

Table 1 — Elemental and mineralogical composition of coal waste from Lenger deposit

Element Weight, % Oxides In terms of oxides, %
C 42.96 - -
0] 39.66 - -
Na 0.14 Na,O 0.19
Mg 0.30 MgO 0.50
Al 3.92 Al,O4 7.40
Si 8.06 Sio, 17.27
S 0.89 SO; 1.78
0.67 K,0 0.80
Ca 1.05 CaO 1.47
Ti 0.26 TiO, 0.43

From the analysis of table 1, it follows that the elemental composition of the
sample of coal waste from the Lenger deposit contains in%: C - 42.96, Fe - 5.39,
Mg - 0.36, etc. This content of elements in the composition of coal waste is
sufficient to use it as a raw material for the production of humate-containing
fertilizers.

2. Results and discussion

The process of obtaining potassium humate and humic substances from the
Lenger coal waste was carried out under laboratory conditions in accordance with
GOST 9517-94. The process of obtaining potassium humate is carried out by
continuous mixing at a temperature of 40-80C for 80-120 minutes. Due to an
increase in the concentration of alkali used in the production of potassium
humate, the yield of the resulting potassium humate increases [3-4]. The results of
experimental work are shown in table 2.

Table 2 — Alkali concentration at the output of potassium humate and temperature
dependence

Temperature, The concentration of potassium hydroxide, %
' The yield of potassium 1 8 5
40 humate in the total amount, 77.35 81.22 91.25
60 % 79.28 84.98 94.37
80 80.22 87.32 96.67
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Table 2 shows that at 5% of the alkali concentration and at a temperature of
80°C, the yield of potassium humate is 96.67%. During the extraction process,
there is no need to further increase the concentration of alkali, since, firstly, the
chemical composition of humate in the maximum amount, and secondly, the
consumption of alkali required for the process increases. Chemism of this process
can be described by the following way:

CW + KOH— HA-COOK 1)

where CW - coal waste; HA — COOK - potassium humate.

The elemental and mineralogical composition of the resulting potassium
humate was determined using an electron microscope (JSM-6490I V, Jeol. Japan).
The results of the study are shown in table 3.

Table 3 — elemental and mineralogical composition of potassium humate

Element Weight, % Oxides In terms of oxides, %
C 54.02 -
0] 23.26 -
K 19.41 K,0 23.4
Na 0.29 Na,O 0.39
Al 0.62 Al,O5 1.17
Si 0.94 SiO, 2.01
S 0.88 SO; 2.20
Cl 0.33 -
Fe 0.25 Fe,0; 0.35

Table 3 shows that in the composition of potassium humate, the content of
carbon (C) is 54.02 %, potassium (K) is 19.41% , etc. This content of elements in
the composition of potassium humate is sufficient for its use as humate-containing
components.

The dependence of the consumption of potassium humate on the yield of the
alkali concentration and temperature during the extraction of the Lenger coal
waste with a solution of potassium hydroxide is shown in the figure 1.

The Pavlyuchenko equation [5] is used to determine the rate of the chemical
reaction constant and the energy of "activity" during the dissolution of the Lenger
coal and potassium hydroxide waste. Table 4 shows the results of the process of
dissolution of the Langer coal waste obtained by the method of the Pavlyuchenko
equation.

In the figure 2 below, the rate constants of chemical reactions are established
by drawing parallel lines to the abscissa axis on the curves T1 — 313K, T2 —
333K, T3 — 353K by detecting the tangent of the intersection angle based on the
equations. The rate determined by the equation and the constants shown by the
graphical method were determined by processing the activity energy of the
process.
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Figure 1- Potassium humate yield as a function of temperature and concentration.

Table 4 — Processed results using the Pavlyuchenko equation method

a 1-a ‘ 1-a)® ‘ 1-(1-o)® ‘ 7, min ‘ NG
T=313K
0.7735 0.2265 0.6095 0.3505 80 8.944
0.7928 0.2072 0.5919 0.4081 100 10.00
0.8022 0.1978 0.5826 0.4174 120 10.95
T=333K
0.8122 0.1878 0.5726 0.3874 80 8.944
0.8498 0.1502 05315 0.4685 100 10.00
0.8732 0.1268 0.5023 0.4977 120 10.95
T =353K
0.9125 0.0875 0.4438 0.4762 80 8.944
0.9437 0.0563 0.3832 0.6168 100 10.00
0.9667 0.0333 0.3217 0.6783 120 10.95
0,7 q
0.6 -
‘E“ 0,5 4
¥ 04 %
| — 313K
T %21 = 333K
102y 353K
0,1
e
8 9 10 11

Figure 2 — Dependencies between 1 — (1 —a )** = /7.
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Table 5 — Relationship between the inverse value of the velocity constant and the
temperature

e s siaed | Moot || romeraue |17
tQer = K1 0.0391 -3.241 343 0.0029
te = K 0.0442 -3.119 353 0.0028
Qs = K 0.0616 -2.787 363 0.0027

Based on the data in table 4, a figure 3 of the relationship between
Inx = f(1/T) was made.

-2,75 : . , LT

00047 0,0028 0,0029

-2,85 1
Inx

-2,95 1

-3,05 A

-3,15 A

-3,25 A

-3,35 -

Figure 3 — Dependencies between Inx = f(1/T).

3. Conclusions

The benefits of humate-containing substances are that they are environ-
mentally safe and have high bioactivity. Humate-containing substances accelerate
biochemical processes, as well as increase the physical and chemical characte-
ristics in the soil. Under the influence of humate-containing substances, the
function of microflora elements in the soil is activated, and the number of
beneficial microorganisms increases.

It was determined that the yield of potassium humate at 5% of the alkali
concentration is 96.67% at a temperature of 80C. The elemental and mineralo-
gical composition of potassium humate obtained according to GOST 9517-94 was
determined using an electron microscope (JSM-64901 V, Jeol. Japan),

The energy of the "activity" of the extraction process of Lenger coal waste
with a solution of potassium hydroxide using the graphical method LNK = f(1/T)
and Pavlyuchenko equations is determined. The energy value of the "activity" of
the chemical reaction is equal to Eactivity = 7.69 j/mol. Based on the data
obtained, the chemical reaction of brown coal decomposition with potassium
hydroxide was detected in the diffusion region.
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By makamama JleHrip keMip KeH KalABIFBIHAH KAl TYMAaTBIH aly 9IicCi Typassl
aKmapar GepinreH, conbiMer kartap POM (JSM-6490L V, Jeol) kemeriMeH aHBIKTaIFaH
KaJIMi TyMaTBIHBIH 3JIEMEHTTIK )KOHE MHHEPaIOTHSIBIK KypaMbl cunaTtanrad. Kemipuin
KaJIBIFBIHBIH KM THAPOKCHUII epiTIHAIIepIMEH epiTy YPIICiHIH Typaybl KHHETHKAIBIK
3aHIBUIBIKTApEl  3€pTTENin, MomiMerTepi KentipinreH. COHBIMEH KaTrap XHMUSUIBIK
PEaKIyst XKYPy aiiMarbl MCH aKTHBTEHY SHEPTHUSACHI MOHICP1 aHBIKTATAIHI.
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AJIBIHFAH Kaluil TYMAThIHBIH apTHIKIIBUIBIFBI-OKOJOTHSIIBIK Ta3a MKOHE IKOFaphl
OmoakTHBTUTIKKE Fie. O TOMBIPAKTHIH KYPBUIBIMBIHA KATHICATHIH, OMOXAMUSIIBIK IIPOIIEC-
TEp/i KeICIIETETIH, COHBIMEH KAaTap TOMBIPAKTAFbl (HH3UKA-XUMHSLIBIK CHITATTaMaIap/ibl
apTTBIPAThIH TYMHH/II 3aTTap/bIH KOFaphl KYpaMbIMEH cunaTtanaabl. Kypambiga rymar-
KypaMmJac 3aTTapIblH OCEpiHEH TONBIPAKTAaFbl MHKpPOQIIOpa 3JIEMEHTTEPiHIH KBI3METi
OenceHipineni >koHe maiaaasl MEKPOOPTaHU3MAEP IiH CaHbI apTaIbl.

Tyiiin ce3mep: rymar, KOHbIp KOMIp, CUITLI epiTiHAl, TOIBIPaK.

Pe3iome
KUHETHYECKHWE UCCIEJOBAHUS 1O IMTOJYYEHUIOT'YMATA
KAJIUAU3 BYPOI'O YIJISI JEHT'EPCKOI'O MECTOPOXK/JIEHUS

Bb.M. Cmaﬁﬂoel, O.K. Eeﬁcenﬁaeel, A.C. Tﬂeyoel, b.C. 3al<up032, A.M. Tacnonamosa",
A.JK. Tacwimbemosa', M.M. Ecupkenoea’, I.O. Kanmypeesa*

Y FOorcno-Kasaxemanckuii 2ocyoapemeennwiii ynusepcumem um. M. Ayssoea, lvivkenm,
Kaszaxcman

2Uncmumym obweil u neopeanuyeckoti xumuu, Tawxenm, Pecnybnuxa Y3bexucman
E-mail: baha_uppr@mail.ru

B craThe npuBeneHa nHMOPMAIKS 0 METOAUKE MONYICHUS] TyMaTa KaJus MMOTy<IeH-
HOTO U3 Oyporo yrist JICHrepCKOro MECTOPOKACHNUS, TAKXKE OIHCHIBACTCS IEMEHTHBIN U
MUHEpaIOrHIecKuil cOCTaB TyMara Kanus, onpeneiaeHHeile ¢ POM (JSM-64901 V, Jeol).
IIprBOASATCS KUHETHYECKUE AAHHBIC TI0 PA3IOKEHUIO OypOro yIisi ¢ pacTBOpaMi IHAPOK-
cuna kanmst. Onpenenena 061acTb NPOTEKAHUS XHMUYECKUX PEAKIIMH U SHSPIHSI aKTHBALIH.

ITosb3a MOMYYCHHOTO TyMaT KAJIHsi COCTOMT B TOM, YTO OHH IKOJIOTHYECKH Oe301mac-
HBI ¥ 00JIAIAFOT BBICOKOH OHMOAKTHBHOCTBIO. Tarike XapaKTepH3YIOTCSI BBICOKAM COJIEp-
JKaHMEM TYMHHOBBIX BEIIECTB, KOTOPBIE YYaCTBYIOT B CTPYKTypOOOpa30BaHHWH MOYBHI,
YCKOPSIFOT OHOXMMHUYECKHE MPOIECCHI, a TAKKE MOBBIMIAIOT (PU3HKO-XUMHUYCCKUE XapakK-
TEPHUCTUKH B TIOYBE.

IMox BO3MEHCTBHEM TYMATCOICPIKAIIUX BEIICCTB aKTUBU3UPYETCS (DYHKIIUS SJIeMEH-
TOB MHKPO(IIOPHI B IIOYBE, MOBBIIIACTCS KOJUIECTBO MOJIE3HBIX MHKPOOPTaHU3MOB.

KnioueBsie cioBa: rymar, Oypblif yrosib, EIOYHONH pacTBOp, MOYBA.
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LJIE AJIABBI TEOKYMEJIEPIHIH DKOJOT USLJIBIK KAFIAMBI
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E-mail: Tursynkul.Bazarbaeva@kaznu.kz

Tyiiingeme: Maxkanana Inme amaOBIHBIH TEOIKOJOTHUSUIBIK KaFTalbl KapacTHIPBULIBL.
AWMaKTBIH aTayblHa, (DHU3MKa-TeorpadusaiblK OpHaJacyblHa, >kep OemepiHe aHBIKTaMa
Oepingai.lne e3eHiHIH KOKTEMIi aFbIHABICHIH aHBIKTAHTHIH (akTopiapbl KepceTimi. [ie
©3CHIHIH OPTAHFbI aFbIChI, JKAIIBl ©3€H 3KOXYHECl, Kypilll aKanTapbl »oHE MIeHIresi
MacCHUBTEpiH Urepyre OaiylaHBICTHI MUHEPAJ/Ibl THIHANTKBIIITAD MEH XUMUSJIBIK ITpena-
partTap eTe KeIl KOJIIaHbUIbII, HOTHXKECIHE 03€H CYBIHBIH CaNaliblK KypaMbl TOMEHJICYiHE
oKenTeH. ©3¢eH CYBIHBIH KYPaMbIHBIH Canajibl OONybIHA Cy PEeCypCTapbIHbIH TalIIbUIBIFbI-
MEH KaTap, aybll LIapyallbUIBIFBIHBIH KAapKBIHIBI JaMyblHa OaiIaHBICTBI OpPBIH AaJIbII
OTBIPFaH aHTPONOTEH/IIK LIapajap acep €Tyl Typalbl AepeKTep KenTipiiani. line e3eHiHeH
QNBIHFAaH Cy CBhIHAMalapblHa (QU3UKA-XUMHSIIBIK 3€PTTEY IKYMBICTaphl O KYPri3iuimi.
MBIpHITI, KOPFACHIH XKOHE TEMIPIiH CyJaFbl MHKPOAJIEMEHTTEPIHIH MeJIepi OeKiTinreH
IIPK-maH >xofapbl eKeHi aHBIK OalKanmgel. 3epTTey HBICAHBIHA JKYPTi3UIreH 3epTrey
HOTHXKeNepi OOMBIHIIIA MEKPORJIEMEHTTEPIIH a/1aM aF3achlHa 9CePi KapacThIPBUIIbI.

Tyiiin ce3mep: dKONOTHANIBIK JKaraad, (QU3NKa-XUMUSIIBIK 3€PTTEYyJiep, KOKTEMI1 aFblH,
KYH pajuaiusachl, MUKPOJIEMEHTTED.

1. Kipicne

Tipmimik ke3i cy OONBIN TaOBUIATHIHABIKTAH, OJIAPABIH JKOJIOTHSUIBIK
TYpFBIZa Ta3a OOJyblHA OapiblK JEHTeWae epekiie Hazap aynapbuiaabl. Ochl
opaiinareorpadusiiblK OOBEKTIIEP MEH JKep-Cy arayJiapblHBIH Jia KOpIaraH
OpTaMeH OalJIaHBICHIHBIH Jla ©31HIIK 3aHIBLIBIKTAphl 0ap. «XKep skaHHATBD) -
Kericy emkeciH reorpadUsIBIK TYPFBIAAH 3€PTTEI, XKYHENi Typae cUmarrama
Oepy ypaiciHe Ka3akThlH Ykl FanbiMbl L. YonnxaHOBTBIH eHOeri 30p eKeHMiri
MaiM. «lnmeHiH aprel OeTiHAeTi eJIKeHiH reorpadusbIK OYepKi» aTThl €HOETiHIH
e3inye, «lime» e3eHiHIH 3epTTeNnyiHe JeH KOWMaraHJIbIFbl OalKamubl. JKammbr
TYPIK XaJbIKTapbIHAA, OHBIH IMIHAE OI3MIH Ka3ak JKYPTHIHIA «KETi» CaH XHi
KOJIJIaHBLIAThIH KHedi caH. «JKeTi aTra», <OKEeTI IISNNEKy, «anTaHbIH JKETI KYHI»

Citation: Bazarbayeva T.A., Rakhyshova B.D., Oshakbay A.A. Ecological state of the Ili
bazin geosystem. Chem. J. Kaz., 2021, 2(74), 79-86. (In Kaz). DOI:
https://doi.org/10.51580/2021-1/2710-1185.30
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CUSKTBI cO37ep MEH Ce3 TipKecTepi KHeNi, KaCHeTTi YFhIMIAp MEH ofeT-
rypeinTapasl  Oinmipeni. «Kerticy» enkeciHiH aTBIHIAFBl <OKETi» €31 Kal
JKaJlaH CaH YFbIMBIH Oepil TypraH J>OK, OJ aTayFa «KacHETTI MOJ CYJIbl
eJIKe» JereH YFhIMIBI ycTemenaen Ourmipeai [1,2]. Lime Herisri aHfap apKbUIbI
Kazakcran apKpUTBl ©Telli; aHFapbl KEH XoHE JKa3blK. O3¢H apHachl KebiHece
apanmapMeH OeJiHTeH »JKoHe Oyramap MeEH KaMblC ©CKEH apHalapra
TapMakTanaabl. O3eH aHFaphl Tek Kammmarail matkamel aiMarblHIa TapbUIBIIL,
COJlaH KeWiH jka3blK Oomanel. Ine e3eni bankam keniHe OipHENIE aFbIHJIBI
apKbLIbl KYHBIN, KEH arhipay/ibl Kypaiabl. ©O3¢H aHrapbl Kapama-KaullbUIbIK-
TapFa TOJIbI YKOHE OT€ KBI3BIKTHI: IIEKCI3 KYMJbl KYM >KOTajJapbl apachIHIarbl
TEPEH ©3€H KaMbICTapja MBIHJAFaH KycTap MeH Xalaibsl jkaHyapiap eMip
CYPETIH Cy Najarylijepi eCKeH >Xy3JereH Ta3a Kejjepre OeliHeml; OalbIKTHIH
kenTiri bankain keiHiH KeHIIriH kepcetei [3].

Bankam kemi - onemzeri eH ipi ki cy alABIHOAPBIHBIH Oipi. AyMmarbl
19 300 KM3, Y3bIHIBIFBI 605 KM, an eHi 4-TeH 74 kMm-re neitin e3repeni. OHbIH
Oomysl Inme men JKonrap AnaTayblHBIH TayNapblHaH Oacray anaThlH ©3CHICD
arplHBIMEH OalmaHbBICThI. bankam ke OaccelHiHiH sKanmbl ©3¢H arblHBl KXP
aymarbiH/a, lie e3eHiHIH JKOFapFbl arbICBIHA KajbllTacaabl. KOPBIKTEIH THAPO-
rpadusIIBIK JKeTtici Kazipri Lite e3eHiHiH aThipaybIHa kaTafpl. JKenaeTkinn Topismi
JenbTa apHajapbl Kypleli ayMakThl Kypaiasl. bypein lie e3eninin Oip apHachl
Ka3ip YII Heri3ri TapMakka OesiHi: mbIFbICH - JKumeni, opranbiFsl - Liie, 0aThI-
col - Tomap, onap/AbIH 9pKaiChICH! OipHEIe Killli apHaiapra >KoHe KeITereH Tas3
KeJjiepre TapMaKTalagsl. O3¢H aTeIpaybl YHEMi Kosraibicta Oomansl. ['mapo-
rpaduAIBIK KeNiHI peopmalnay, JKalmbl OPbIH ayBICTBIPY TAOWFH PEXUMAE Je,
aFpIH/IBI peTTeyne e TaOufu KyOBUIBIC. APHANBIK MPOLECTEPIiH JaMy epeKIie-
JIKTEpiHEe JKOHE aFbIH/IbI KaliTa 06y TUHAMHKACHIHA COMKEC, OHBI )KOFAPFhI )KOHE
TOMEHTI aThipayra OesiHel. JlenbTaHbIH JKOFAPFhI JKaFbl - O-11bI OAJIBIK CTAHIIHS-
CBIHBIH ayJiaHbl, OFaH Kapama-kapchl Tomap apHachkl. JKoFaprbl aThipay — FHIPO-
TpadUsIIBIK JKeITi, OHBIH KO31Iepi aThIpayablH KOFapFhl KarbiHaH Kyransr-Kunemi
alipIppIHa NeiiiH OpHaNackaH. lie apHachl JKOFapFhl aTBIPAYJNBIK JKYHEHiH Oeiri
OonpIn TaObwIaAbl. JlenbTaHBIH OCHI OOINIriHIH THAPOTPAUIIBIK JKeTici Kapa-
nmaiibIM JKOHE KYKa - kanmbl arblH 20% -maH acnaiinel. OHBIH OapibIFBl JSpIiK
Inenin Heri3ri apHACBHIHBIH COJI JKarblHIa OpHaJIacKaH. e apHACHIHBIH KaitHa-
phIHAH TeMeH TapMak JKujemi apHachl A€M atajajibl - arbiHABI cynapabiH 80%-bI
TYCETIiH TOMCHTI aThIpayIslH OacTaybl. TeMEHTi aThIpayAblH THAPOTPAPUSIBIK
JKEITICiHIH dIIEMEHTTEepi e3apa acepiiecin, bamkarn keiHe KYs/bl.

Cynmpl TazapTy KoHE Cy OOBEKTUIEpPiH JacTaHylaH KOpFay MpoOiIeMachl
OYKLUI oJeM MaMaHIapbIHBIH Ha3apblH ayAapajibl. AFBIHIBI CyJap - 9JCETTE KOll-
TereH OcHOpraHuKajblK JKOHE OpPraHHUKAJbIK KOMIIOHEHTTEPACH TYPAThIH
TYPMBICTBIK, OHIIPICTIK XoHE atMoc(epanblK arblHAbl cynap. OnapablH HAKTHI
KYpaMBIH, TIMTi callaJbIK TYPFBIIAH Jla opKamaH 0oipkay MyMKiH emec. JKep ycri
CyJIapbIH JIACTANTHIH 3aTTap OJapiblH SHEPrHsChHA Kepi ocep erim, (rmopa MeH
(hayHaHBIH TipIIUTIK YKaFJaiiblH KYpPT Hammapiataasl. COHABIKTaH, Cy KOpJapbiHa,
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©3CH CYJapbIHBIH KypaMblHAa JKYHeNli Typie Tanaayliap >KacallbIHBII, OJIAP.IbIH
SKOJIOTHSIIBIK Ta3aJIBIFBIH CaKTay ©3¢KTi Moceie OOJBIT TaObUTaIs! [4].

2. JKCepUMEHTTiK 06J1iM

Ine e3eHiHe :KypriziireH (U3NKA-XUMHMSUIBIK 3€pPTTEY KYMBICTaphI.
3eprrey HeriziHae, lie e3eHiHiH OoiibIHAa OpHANacKaH JKu/em aybUIbIHA KaKbIH
MaHBIHAH [JeHIH IIeTi MEH OpTachl, asFbIHAH XOHE KYIBIK CybIHAa OCKITIITCH
Tajanrtapra COWKEeC Cy ChIHAMAChl aJbIHABL [€ ©3eHIHeH J>XoHEe KYJBIKTaH
QNBIHFAH Cy CBIHAMACBIHA XUMILUIBIK Talgay >KYMBICTapbl AJIMAaThl Kaiachl
«O.0. OcnaHOB aTHIHAAFBI Ka3aK TOIBIPAKTaHY >KOHE arpOXHMES FBIIBIMHE-
3epTTey MHCTUTYTBHI» 3epTXaHacbiHaa xacanapl. Cy OOWbBIHIA epireH WOH MeJ-
IIepiH aHBIKTay ONTHUKAIBIK CHEKTPOCKOMHUSUIBIK Kypangap ®OK xoHe apHaiibl
WOHNAp MOJIIEPiH abIKTay/a KOJJAHBUIATEIH HOHOMETPISUIBIK KYPBUIFBLIAp
rmalganany apKbUTel Kyprizimmi. CopIMEeH KaTap, aybslp MeTaimap HOHmaphl Zn,
Cd, Pb xone Co omapjablH >KapThUIail TOJIKBIH IOTEHUAIBI MOHIHE ColiKec
BOJIETAMIIEPMETPUSIIBIK TOYEIIUTIKTEH aHBIKTAIBIH]IB.

3. HoTuxkesiep skoHe 0J1apAbl TAJIKbLIAY

Ine XKeticynarpl y3uiHABIFEL 1439 KM-Te CO3BUIATHIH €H Y3bIH ©3¢H. OHBIH
ke3i Anmmatel o0bIckiHAa; KpiTaiinan kakrap »onna on Kammarail cy KoiMachkIH
Kypaiasl, O akpIpplHAa banmkam kesiHe Kysiasl, OHBI Keibipeynep TeHi3 Jen
ataigs! (1-cyper). Kackenen, Tanrap, lapein, Typren, Kypti, Ocek xxone LLimik
e3eHnepi Kazakcrannarsl e e3eHiHiH ipi cananapbl OOJBIT TaObLIAIBI.

O3eHHIH KBUIIBIK aFbIHABICBIHBIH Taiga OOybIHA OKEJICTIiH TaOWFH JKar-
naimap caH-ainyaH Oomanel. lme e3eHi KopekTeHy Twimi OoibrHIma KazakcTaHmapik
TUTIKE JKaTaabl. [ne pexumiHiyg OacThl Oenrinepi op KeiKi ©CIMIIK-TOIBIpaK
JKaMBUTFBICBIHA, JKep OcIepiHiH IIIiHiHe, COHIaW-aK ©3CHHIH Cy ajJaObIHBIH
THIPOTCOJIOTHSUIBIK KYPBUIBIMBIHA COHKEC, KYPFAaK KOHTUHEHTANIbJl KIUMATIICH
aHBIKTaNaAbl. ©3eH KapallaHblH asfblHAa KaThI, COyipIiH OacklHAa My3 XKapbl-
naasl. My3nblH opTama KanblHABIFE IamameH 0,5 M Kypadasl. ANWMakTarbl
e3eHIep peXUMiHE TOH (haza - KOKTEeMTi Cy Tacy. byil yakeITTa OOGNBICTBIH TYpIIi
aylaHAapbIHAAFel  ©3CHJICPIHAC OJKalMNbl KbUINBIK aFbiHABl 70 maiibi3naH
100 naiteI3ra aeitinTi KemeMi arbl oTeni [S].

O3cHHIH KOKTEMT1 aFbIHIBICHIH aHBIKTAUTHIH (pakTopiIap Kelrecime:

1) cy Tacybl yakbITBIH/IA TYCETIH XKaHOBIP;

2) KapJpIH epy KapKbIH/BUIBIFGL;

3) KapablH epy alblHIa Kapaarbl Cy KOpPbI, Cy XKHHAY aJaObIHBIH ailMak
OOlBIHA TapaTyHI;

4) xapabiH epy OachIHAArsl TOMBIPAKTHIH BUIFAIIAHY TOPEKECi MEH KaTy
TEpEeHIri.

JKanmbl KeKTeMri arbIHIBIHBIH MOJIIEPiH aHBIKTAaWTBIH KY3T1 JKOHE KBICKBI
JKaybIH-IIAIIBIH, ayJaH OOWbIHA OipKeJNKi TapajaMaraHbl, ajl OyJI JKaybIH-IIalIbIH-
HBIH COJNTYCTIK aliMakTaH OHTYCTIK aiiMakKka Kapail 30HaJNbIbI a3al0 3aHbIHA
OarpiHAABI JKOHE alWMAaKTHIH Jkep OemepiHiH ocepiHe OaimaHBICTHI Oomambl. lie
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1-cyper — Kazakcran meH KpiTait MeMJeKeTTepiHiH apachiHaa
e e3eniniH opHanacysl.

Kammrarali maTkanblHaH IIBIKKAH Ke3ae bamkamr ska3elFbl OOMBIMEH aFrbll, ©3i
KallpIlITACKaH bankam kemiHe Kysiapl. ©O3€H TEXHUKANBIK KHBIHIBIKTap
TyABIPMaNIBL.

Kepcerinren 1-cyperre, Kazakcran men Keitalinbiy Line e3eHiHIH 3K0XyHeci
Bankam xenmin, Ine e3eHiHiH arbipaybiH, Kammmaraii cy koiMachlH >koHe KpI-
Talnarel lite ©3eHIH KypalThIH YIII ©3€HIi KOPCeTe/Ii.

KyH pammamnusicel ayaHbIH TeMIlepaTypachlHa OaillaHBICTBI Kap epy Kap-
KBIHABUTBIFBI OHBIH Kap epy Ke3eHiH/e TYPaKThl eMec, 00JbIC MaHBIHA CONTYCTIK
ayJaHHAH OHTYCTIiK ayJaHFa Kapail YJIFasibl.

['€OTeKTOHMKAIBIK JKOHE KJIMMATTBIH ©3repyiHe eTe ce3iMTain lne e3eHiHiH
9KOXKYHeci coHFBI 50 KbUT iMIHIE ©3€HTe KyaT OepeTiH MY3IBIKTApIbIH TOPTTCH
OipiHiH >KOMBUTYBI KOpIIaFaH OpTa JKaFAalblHa Ja YJIKEH BIKman erti [6-7]. lme
©3CHIHIH TOMEHTI XaFbIHJaFbl TAOUFU OPTaHBIH KaJBINTACYbIHA CYIIBIH aFbIMBI,
KeneMmi acep eTeni. O3eH CybIHBIH KYpaMBIHBIH camajibl OOJyblHa Cy pecypc-
TapbIHBIH TANIIBUIBIFBIMEH KAaTap, aybll IaPyallbUILIFEIHBIH KaPKBIHIbI JaMybIHA
0alIaHBICTBl OpPBIH aJBIN OTHIPFAH AHTPOIOTCHIIK IIapaiap acep ereni. O3eH
CyJapbIHBIH JIACTAHYBIHBIH OacThl cebebi — OHIIPICTIK, HIapyallbUTbIK-TYPMbIC-
THIK JKOHE KOJUIEKTOPIBI-KAPI3iK cyap OOIBIT TaObIIa b,
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Ine TpaHciIekapanblK ©3¢H OOJIFaHIBIKTaH, CYBIHBIH JIACTAHY MOJIIIepl Kep-
i Mmemuteket Kpitait Xaneik PecnyOnukaceinbie (KXP) cy kyiienepin nmaiinana-
HybIHA TiKkenel OainanbicThl. O3eH KpiTait Xaneik PecriyOnrkaceiHan aFbIl 6TKEH
ke3ne, Keitaii Xanplk PecnyOnmkacelHBIH [ime aiiMarbIHAAFbl CeTi3 ayldaH MEH
Kymka KajgachlHBIH TYPMBICTBIK, COHBIMEH KaTap OHEPKAICINTIK KOHE aybul-
[apyambUIBIFBIHAH IIBIKKAH JIac CyJlap ©3eHTe KyHblIaabl. O3¢HHIH HIeKapabIK
TycTamMa aiiMarblHAa CYIBIH XUMHSIIBIK Kypambl KeiTait Xambik PecrmyOmmkacsr
ayMarblHAH KeJIeTiH jacTaHybiMeH kepcerineni. CyaplH JlacTaHy uHAeKci 1987-
1988 xputmaper 1,6 meH 1,8 apanwirbiamga Oonca, 1990 skeur meH 1991 xbin
apaceiHga 3.0-meH 3.7-Te KOTEpUIreH, SFHU «KAIBINTHl JCHTeie JacTaHFaH»
KOPCETKIIIIHEH «OKOFapHI ICHTEHIe TacTaHFaH» JKaFdaibiHa KeTKeH [8].

1-kecte — I11e ©3€Hi Cy ChIHAMACBIHA JKacaJIFaH 3epTTEYJIep HOTIKEC]
(MHKpOBJIEMEHTTEPAIH MeJIepi)

Cypmarbl MUKPODJIEMEHTTEPIIH MOJIIEPi, MI/I
Araysl
Zn Cu Mn Cd Ni Pb Fe
Lie e3eni Nel 0.077 i3aepi 0.060 i3aepi 0.001 0.004 0.50
Ine e3eni Ne2 0.012 0.001 0.010 0.001 0.002 | 0.026 0.52
Ine e3eni Ne3 0.021 0.005 0.017 i31epi 0.002 | 0.006 0.10
Kyabikeyst 0.077 0.009 0.004 i3aepi 0.004 0.014 1.14
HIPK, mr/n 0.01-0.05 |0.001-0.005| 0.01-0.05 | 0.005 0.02 0.006 | 0.05-0.1

3epTTey HOTHMXKeci OOWBIHINA, MBIPHIII, KOPFACBIH JKOHE TEMIpAiH CYJIaFrbl
MHKpOdJIEMEeHTTepiHIiH Memmepi Oekitimredn IIIPK-man >xorapbl eKeHIH aHBIK
Oaiikanpl. FeulbiMu o/1e0UeTTEer MOTIMETTEP HEri3iHIe Oy MEeTaJIIapAbIH ajaM
ar3achlHa KenTipep MaiaachkIMeH KaTap, MeJIIepi MIaMajad ThIC acKaH Karaia
Keleciziel KaFbIMCBI3 Kepi ocepiiepi OalKamybl MYMKiH. AyBI3 KyBICHI apKBIIBI
MBIPBIII METaJIBIHBIH aF3ara eHyIMEeH OYHpeKTe MaTOoNOTHsJIBIK ©3repicTep maiiia
00Jabl, an alTapiIBIKTall MOJIIEpC capFaro JaMUJIbl. ¥ 3aK AKCIIO3UIIMS KE3iHIe
OyJ1 KaHnIarbl KaJbIMid JeHTeHiHe ocep eTeli, Oy OChl MeTaljap apachIHIIaFbl
AHTAaroOHW3MIe OalIaHBICTHI a3asabl. MBIPHIIT KaNbIIUNAIIH CYHEeK TiHIHCH
madblTyblHA BIKOAN eTedi, ¢ochop ammacybl OY3BUIBIN, OCTEONOPO3 IAMHIBL.
¥3aK 3KCIO3UIUS Ke3iHe OyJ1 MeTaul KaTepii iCIKTep/IiH AaMyblHA BIKIIAN €Tyl
MYMKiH, COHBIMECH KaTap OeACYIIiKTi TyabIpaIbl.

Kopracsin Oyt 3aT afaM ar3achklHa opTYPIIl YiINagapAslH 6cyl MeH KaHapybIH
BIHTAJAHJIBIPYFa JKOHE KaHJAarbl TeMOTJIO0MH MOIIIEepiH peTTeyre KaxkeT. bipak
Tek a3 memmiepae. KyHaemikTi MemmepaeH achlll KeTy OHBI yilayFa TEHECTIPETiH
yJIbl JIacTaylibiFa adHamabipagsl. OChl METaJIMEH YyJIaHFaH Ke3Je aaamiap
YHUKBICHI3/IBIKTHI, CHKAPJBIKTHI, QJICI3/IK, KATThl 0ac aypysl, allyJIaHIIaKThIK, 0ac
aifHaly, JKypeK aiiHy, nenpeccusi, ToOeTTiH TeMeHiaeyiH Oaiikail amaapl. OHBIH
ar3afga OIpTiHAEN >XWHATYBl SHIEe(asonaTHs, TEMIip TalIIBIIBIFEl aHEMUSCHI,
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Oylipek e3eKIIenepiHiH 3aKbIMIaHybl JKOHE ajFalllKbl Oe[EYIiK CHUSKTHI aybIp
aypyiapra ajelll Kenemi. by OamamapablH, JKYKTI oHeIIepiIiH JeHCayIbIFbIHA
JKOHE YPBIKTHIH JJaMybIHA ©T€ )KaFBIMCHI3 9cep eTeIi.

TemipaiH Kaymi Typajbl *buigap OOWBI aWThUIBIN Kenendi. Exxenri msyipain
e3iH/Ie azamjap 3aTThiH KOJIJaHy MeJlepiHne OailylaHbICThI Jopi HEMece yra
alfHAJIaTBIHBIH OLIrCH.

TeMip KypaMbl ©T€ XKOFaphl aybl3 CYIbIH FRUIBIMH JJICIIACHTCH oCepIepiHiy
KaTapblHa MBIHAJIAP Kipeai:

- OaybIpIbIH YIFAIObI XKOHE KaH KYPaMbIHBIH Hallapiaybl;

- JKYpPeK BIpFarbIHBIH HpoOieManapbl, MHOKapl HMH(apKTici MEH WHCYNIBT
KaymiHiH )KOFapbUIaybl;

- ac KOPBITY JXYHECIHIH Oy3bUTybI )KOHE KalKaHIa 0e31HIH OY3bLTYHI;

- JepMaTHT IeH aJJICPTUSHBIH 1aMybl;

- OHEIUTIH, acKa3aHHBIH, TOK ILIEKTIH J>XOHE KYBIKTBIH OHKOJOTHSIIBIK
aypyJapblHa }KOFapbl Ce31MTaNAbIK;

- YJAKEH mapliay >KoHe Wi 9JICi3IiK, COHAal-aK KeHT 0eiy »oHe Hamap
ecre cakray.

4. KopbITHIHABI

Ie e3eHi cy pecypchlH YTHIMIBI TMaiifaiaHy, OHbI Oackapy Maceneci, eH
aNJBIMEH aJlalThlH ayMarblHa CHETIH ©3CHJACPIiH Cy KOpBIHA, COHBIMEH KaTap
Bankan ke:xi neHreiiine OaiiTaHBICTHI €KeHI aHBIKTAIBI.

3epTTey HoTHMXeci OOWBIHINA, MBIPHIII, KOPFACHIH JKOHE TEMIpJiH CYJIaFbl
MHUKpO3JIeMeHTTepiniH Meuuepi Oexitinred LLIPK-xan >xorapel. ©3eHiHiH opTaH-
FBI aFBICHI, TOJIBIK ©3CH YKOXKYHEC], MEHreN i MAaCCUBTEPi MEH KYPIIll aIKanTapblH
KOJIJlaHyFa OaiJIaHBICTBI MHHEPAJIAbl THIHAWTKBIIITAPMEH KOCA, XHUMHUSIIBIK
mpenaparTap/bl aMajaH ThIC KOl MakiIalaHbLIbI, HOTHKECIHAE 63€H CYBIHBIH
canaJyblK KypaMbl TOMEHCYiHEe OKelTeH.

Iiie e3eHiHIH Cy camachIHBIH JKaFIalbIHBIH Hallapiiaybl OHBIH KOXYHeciHe
Kayin Ttenxipeni. CoHpail-ak, CON Kepieri TYPFBUIBIKTHI XalIBIKTBHIH J1a JKaF-
NaiiblHa eJieyi ocepiH Thrizeai. Aj, Oy mpobiema o3 Kezerinae Apan TeHi3iHiH
JKarmalbrHa yKcac Oonmrannbiktad, OHTycTiKk Ka3zakcran eHipiHe FaHa emec, OYKiI
KazakcTaHHBIH 2KOHOMHUKAIBIK, YKOJIOTHSUIBIK JKaFIalbIHa KePl 9CEpiH TUTI3ei.
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Pe3rome
IKOJOI'MYECKOE COCTOSSHUE TEOCUCTEM
WJINMACKOI'O BACCEMHA

T.A. bazapéaesa, b./]. Paxvimosa, A.A. Owiaxoai
AO «Kaszaxcxuil nayuonanvuuiii ynueepcumem um. ano-@apabuy, Anmamer, Kazaxcman
E-mail: Tursynkul.Bazarbaeva@kaznu.kz

B crarbe paccMoTpeHO reoskosnoruueckoe cocrosiuue Mnuiickoro Oacceiina. [lano
OMpeeIICHUEe Ha3BaHUS PErroHa, (PU3MKO-reorpa)uuecKoro MoJIOKEHHs, peibeda MecT-
HocTH. [TokazaHbl GakTopbl, ONpeNeNsIole BeCeHHUI cTok peku Vnn. B cBsi3u ¢ ocBoe-
HUEM CpEIHEro TeueHus peku Mnu, B 1enoM, peuHOl SKOCHCTEMbI, PUCOBBIX MOJIEH U
IMCHICJIbJUHCKNX MAaCCHBOB, 6LIJ'IO HCIIOJIB30BAHO OOJIBIIOE KOJUYECTBO MUHEPAJIBHBIX
yz[o6peHI/1171 n XUMHUYECKUX IMpe€rapaToB, 4YTO IIPUBEIO K CHUXXCHHIO KadCCTBCHHOTO
coCTaBa pequﬁ BOJBI. HpI/IBe)]eHI)I JJAHHBIC O BJIMAHUUN aHTPOIIOI'CHHBIX MEP, CBA3aHHBIX
C MHTCHCHUBHBIM Pa3BHTHEM CEJILCKOTO XO3SHCTBA, HAPAAY C ACHUIIMTOM BOIHBIX Pecyp-
COB Ha Ka4Y€CTBO COACPIIKAHUA PCUHBIX BOI. HpOBe)]eHBI q)HBI/IKO-XI/IMI/I'-IeCKI/IC ucciaeaoBa-
HUS TIpoO BoIbl M3 peku Miu. Bbuio 4eTko BHIHO, 4TO COAEPIKAHHUE MHKPOIIEMEHTOB
IIMHKA, CBUHIIA W jkene3a B Bojne Beimie yTBepxkaeHHBbIX [IJIK. ITo pesympTaTam mpose-
JICHHOTO HMCCIEOBaHHsl OOBEKTa HCCIEN0-BaHUsI OBUIO PAacCMOTPEHO BIMSHHE MHUKPO-
3JIEMEHTOB Ha OPTaHU3M YEJIOBEKA.

KiroueBble cj10Ba: dKOJIOTHIECKast curyanus, @HSHKO-XHMH‘I@CKI/IC nucciaeaoBaHus,
Be-CeHHHUI CTOK, COJTHEYHAA paaramnnsa, MUKPOIJIEMCHTBI.
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Abstract
ECOLOGICAL STATE OF THE ILI BASIN GEOSYSTEM

T.A. Bazarbayeva, B.D. Rakhyshova, A.A. Oshakbay
JSC «Al-Farabi Kazakh National University», Almaty, Kazakhstan
E-mail: Tursynkul.Bazarbaeva@kaznu.kz

In this article the geo-ecological situation of the Ili basinare considered. The name of
the region, physical and geographical location, and terrain were given. Factors deter-
mining the spring flow of the Ili River are shown. Due to the development of the middle
reaches of the Ili River, the whole river ecosystem, rice fields and shangel massifs,
excessive use of mineral fertilizers and chemicals has led to a decrease in the quality of
river water. In addition to the shortage of water resources, anthropogenic measures related
to the rapid development of agriculture affect the quality of river water. Physical and
chemical studies of water samples taken from the Ili River were carried out. It was clearly
observed that the content of trace elements of zinc, lead and iron in water is higher than
the approved maximum allowable concentration. According to the results of the study, the
effect of micronutrients on the human body was considered.

Key words: ecological situation, physical and chemical research, spring runoff, solar
radiation, microelements.
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STRUCTURE AND PROPERTIES OF THE DI-((2S)-2-AMINO-3-
(1H-INDOL-3-YL)PROPIONATE)DIHYDROTETRAIODIDE

A.N. Sabitov’, S. Turganbay, A. Dzhumagazieva

Test Facility, JSC «Scientific center for anti-infectious drugs», Almaty, Kazakhstan
*E-mail: aitugans@mail.ru

Abstract: New organic iodine complex in the amino acid - alkali metal salt - iodine -
water system was synthesized. The physico-chemical properties of complex di-((2S)-2-
amino-3-(1H-indol-3-yl)propionate)dihydrotetraiodide were studied. Microscopic analysis
shows that particles of complex have elongated needle-like linear stick-like shapes with
average size 2.50-4.00 um. The cytotoxicity test on MDCK cell culture, antimicrobial
activity on S. aureus ATCC 6538-P (museum susceptible strain); S. aureus
ATCC-BAA-39 (museum multiresistant strain); E. coli ATCC 8739 (museum susceptible
strain); E. coli ATCC-BAA-196 (museum multiresistant strain); P. aeruginosa ATCC
9027 (museum susceptible strain); P. aeruginosa TA2were observed. Complex has low
cytotoxicity, direct antiviral effect, and antimicrobial activity against antibiotic-resistant
strains of microorganisms. Di-((2S)-2-amino-3-(1H-indol-3-yl) propionate)-dihydro-
tetraiodide does not cause any mutagenic effect on mammalian cells of the L5178Y line,
both in the presence and in the absence of metabolic activation.

Keywords: iodine polyanion complex, Di- ((2S) -2-amino-3- (1H-indol-3-yl) pro-
pionate)-dihydro-tetraiodide, x-ray diffraction analysis, mutagenic test on L5178Y line,
cytotoxicity.

1. Introduction

Semiorganic compounds, including metal atoms and various organic
molecules are of great interest from the point of view of the diversity of their
pharmaceutical and physical properties. For example, the large glycine family of
metal halides and metal halides includes a large variety of different crystal
structures. The structural units of these compounds are glycine molecules, halide
ions, and metal cations. Depending on the combination of building blocks, five
different structural families of glycine halides and glycine metal halides were
distinguished [1]. Studies of the physical properties have shown that some of

Citation: Sabitov A.N., Turganbay S., Dzhumagazieva A. Structure and properties of the
di-((2S)-2-amino-3-(1H-indol-3-yl)propionate)dihydrotetraiodide. Chem. J. Kaz., 2021,
2(74), 87-103. DOI: https://doi.org/10.51580/2021-1/2710-1185.31
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these compounds are ferroelectrics, ionic conductors, and exhibit interesting
thermal and optical properties [2-9]. Due to the presence of asymmetric centers in
most amino acid molecules, coordination compounds with amino acids crystallize
within non-centrosymmetric spatial groups, being possible candidates for
nonlinear optical materials and are interesting compounds because of their
possible use in new optoelectronic technologies [10, 11].

In our early studies, we have already studied semi-organic iodine complexes
in the amino acid - alkali metal salt - iodine - water (or organic solvent) system.
A number of them had significant biological activity against pathogenic
microorganisms and viruses [12-14].

The aim of this research is the synthesis of new compound in the tryptophan-
iodine-sodium iodide-water system, determination of the crystal structure of new
compound and physico-chemical properties of the obtained complex.

2. Experimental part

Synthesis of new semiorganic iodine complex. 2.000 g of tryptophan, 11 mL
of purified water, and 3 ml of hydrochloric acid (18%) were added to a 50 mL
beaker. The mixture was stirred with a glass rod until complete dissolution of the
amino acid, while heating the beaker on a water bath. The molar ratio of
tryptophan: Nal : I, was 1:0.5:1. 0.7340 g of sodium iodide, 1.0132 g of iodine,
previously crushed in an agate mortar to a fine powder, and 20 mL of ethanol
(96%) were added to a 100 mL flask with ground-in stopper. The mixture was
stirred until complete dissolution, while heating on a water bath. After complete
dissolution of the mixture in the flask the sodium triiodide solution was added to
the tryptophan solution. The resulting reaction mixture was capped and stirred at
room temperature for 5 min. The prepared product was kept in a dark place at
room temperature.

A day later the complex solution was poured into a crystallizer, a crystallizer
with the complex solution was further placed into a desiccator with anhydrous
calcium chloride to evaporate the solvent at room temperature. After complete
evaporation of the complex solution we took the monocrystals of the new
tryptophan: Nal:iodine system and the yield of monocrystals of the complex was
1.95 g (65% of the theoretical).

X-ray diffraction analysis. The purpose of these studies was to determine and
refine the crystal structure of the new coordination compound formed in the
tryptophan: Nal:iodine:water system. Small crystals were formed after crystalli-
zation of the synthesized compound. All diffraction measurements were carried
out by using Enraf-Nonius CAD4 autodiffractometer (Nederland) (graphite
monochromator, Mo-K, radiation, 6/20 scan, CAD4 software) [15]. The main
fragment of the structure was decoded by a direct method. The coordinates of
missing atoms were determined by difference Fourier syntheses of electron
density. Due to the presence of heavy atoms in the structure, it was not possible to
detect hydrogen atoms by difference Fourier syntheses of electron density.
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The coordinates of hydrogen atoms were determined by geometric
calculations and refined using the “rider” model with the following conditions:
C-H bond length = 0.96A, Uix(H) =1.5U¢ (C) for CH, groups, CH = 0.93A,
Uiso (H) =1.5U¢q (C) for CH groups, NH = 0.86A, Ujs, (H) = 1.2U¢q (N) for NH
groups, NH = 0.89A, Ujs, (H) = 1.2Ugq (N) for NH; groups and O- H = 0.86A,
Uiso (H) = 1.2U¢q (O) for water molecules. The structure was refined using full
matrix OLS in the anisotropic approximation for non-hydrogen atoms and in the
isotropic approximation for hydrogen atoms. All structural calculations were
carried out using the SHELXTL [16] and JANA2006 [17] software packages; the
purity of structural data was checked using the PLATON software [18].

Investigation of physical-chemical parameters. UV-VIS spectra of the water
solution of obtained compound was measured using an UV-Vis spectro-
photometer Perkin Elmer Lambda-35 at wavelength from 200 to 900 nm.

Determination of the melting point of the compoundwere carried out using a
synchronous thermoanalyzer STA 449 F1 Jupiter (NETZSCH) combining simul-
taneous measurement of mass changes (thermogravimetry) and heat fluxes.
Samples weighing 0.8-2 mg were heated in the temperature range from 28 to
320 °C in 85 pl closed corundum crucibles at a rate of 10 K/min in a dry nitrogen
atmosphere (gas flow rate 40 ml/min). The thermograms were recorded differen-
tial curves of change in the heat capacity of the sample.

The determination of the melting temperature of substances was carried out
by using the Netzsch-Proteus program at the intersection point of the tangents
held to the beginning of the endothermic peak on the Differential Scanning
Calorimetry (DSC) curve. The temperature of the beginning of the peak, which
corresponds to the melting point of the sample, was determined.

Bulk density (kg/m®) is determined by weighing a graduated cylinder filled
with a substance after repeated compaction. Particle shape and size were deter-
mined using a Nikon Eclipse 50 i microscope and NIS Elements AR software.
Solubility is determined in purified water, as well as several polar and non-polar
solvents. The measurement of pH is carried out by potentiometric method using a
combined electrode on an ionometer Basic pH Meter PB-11, manufactured by
Sartorius. The test was carried out on 1% aqueous solutions of the substance.

Determination of cytotoxicity. Cytotoxicity is the indicator of the quality of
being toxic to cells. The in vitro cytotoxicity of substances was determined using
the MTT test. Cells were seeded into 96-well plates at a concentration of 200,000
cells in 1 ml. Dies were cultivated in a thermostat at 37 °C, 5% CO,. After 24 h of
incubation, the growth medium was removed from the wells of the plate, and 200
ul of the medium containing the test substances was added. 200 ul DMEM
nutrient medium was added to the negative control wells.

After 48 and 72 h, the medium with the substance was removed from the
wells, 200 pl of fresh nutrient medium and 50 pwl of MTT working solution
(5 mg/ml) were added, the plate was incubated for 4 hours at 37 °C. After the
expiration of the incubation period, the supernatant was removed. 100 pl of
DMSO was added to each well. The optical density in the wells was measured on
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a Tecan Sunrise RC.4 microplate reader, Austria, at the wavelength of the main
filter - 492 nm and the reference filter - 620 nm. The calculation of the results was
performed using formulas 5-7:

- calculated the arithmetic average value of optical density (Y_) for the
negative control by theequation (5):

— +...+ 1

v=treTh _2yy ©)
n N

Where, y; - measurement result of the optical density (OD) of each object of the

group; n - is the number of objects in the group; - calculated the percentage of

surviving cells for each repetition of each concentration of the test substance

according to the (6):

Percentage of surviving cells :1—1*100%. (6)
NC

Where, Y, — the result of the measurement of the OD for each group; Y nc —

arithmetic average OD (Y_) for negative control; - calculated the arithmetic

average value of the percentage of surviving cells (Y ) for each concentration of
the analyte by the formula (3);

- CTCs (concentration of substances at which 50% of cells die) for each test
substance was calculated as in (7):

CTC,, = [%* (Mx2- Mxl)} +Mx1. (7)

Where X1 - > 50 % surviving cells; x2 - <50 % surviving cells;Mx1- concen-
tration of matter where survived > 50 %; Mx2 - concentration of matter where
survived < 50 %.

Studies on antimicrobial activity. The antimicrobial activity of the coor-
dination compound was studied by using the twofold serial dilution method in a
liquid nutrient medium [19].

The procedure for antimicrobial activity was performed by the method of
twofold serial dilutions in a liquid nutrient medium (CLSI M100, 2016). For the
method of two-fold serial dilutions, an inoculum of the test strain of the
microorganism at a concentration of 1.5x10° CFU/ml was used. The primary
suspension of the test strain was prepared in a physiological solution
(0.9% NaCl). An aliquot of a day-cultured test strain was taken with a sterile loop.
After that it was introduced into a sterile tube with 5 ml of 0.9% NaCl. The
turbidity of the inoculum obtained was monitored by measuring the optical
density on a DEN-1 densitometer (Biosan, Latvia). The density of the primary
suspension was 0.5 units. According to McFarland, which corresponds to
1.5 x 10® CFU/ml. Next, the primary suspension in an amount of 0.1 ml was
introduced into a test tube with 9.9 ml of isotonic solution to achieve a working
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concentration of 1.5 x 106 CFU/ml.Testing was carried out on a liquid nutrient
medium - Muller-Hinton broth (Himedia, India).

A 48-well plate (BIOLOGIX, China) was used to determine the antimicro-
bial activity. In all the wells, except the 1st (from 2 to 16), poured nutrient broth
Muller-Hinton (MHB) in an amount of 0.5 ml. Working solutions of coordination
compounds were introduced in a volume of 0.5 ml into the 1st tube, and the
second with MHB already present in it (0.5 ml). Next, serial dilutions were made,
which were carried out by taking the mixture (MHB (0.5 ml) + test compound
(0.5 ml)) from the 2nd tube in the amount of 0.5 ml to the 3rd tube, which already
contains 0, 5 ml of broth, etc. From the last tube, 0.5 ml of the mixture was
removed. Thus, the following dilutions were obtained: 1: 0; 1: 1; 1: 2; 1: 4; 1: 8;
1:16; 1:32; 1:64; 1: 128; 1: 256; 1: 512; 1: 1024; 1: 2048; 1: 4096; 1: 8192;
1: 16384, which corresponds to the tubes from the 1st to the 16th. The 17th test
tube was the control of culture growth.

After conducting a series of dilutions, 0.05 ml of microorganism test strain
was added to all tubes at a concentration of 1.5x10° CFU/ml. The procedure was
repeated for all test cultures.All samples were incubated for 18-24 hours at a
temperature of (37+1) °C. After the time of incubation, seeding was carried out on
a dense nutrient medium - Muller-Hinton agar (Himedia, India) to determine
viable cells. After seeding the cups were placed in a thermostat for 18-24 h, the
cultivation was carried out at a temperature of (37+1) °C.

The results were recorded by the presence / absence of visible growth of
microorganisms on the surface of a dense nutrient medium. The minimum
bactericidal concentration (MBC) was considered the lowest concentration in the
well, which completely suppressed the growth of microorganisms. All experi-
ments were performed in triplicate.

Test strains used in the study were obtained from the American Type Culture
Collection (ATCC). The museum susceptible, museum multiresistant, and one
clinical test strains were used in the experiment: S. aureus ATCC 6538-P
(museum susceptible strain); S. aureus ATCC-BAA-39 (museum multiresistant
strain); E. coli ATCC 8739 (museum susceptible strain); E. coli ATCC-BAA-196
(museum multiresistantstrain); P. aeruginosa ATCC 9027 (museum susceptible
strain); P. aeruginosa TAZ2 (clinical multiresistant strain) [20].

Investigation of mutagenic properties in in vitro micronucleus assay.The
choice of the investigated concentrations of the complexes based on the range of
concentrations of drugs recommended for their study on the putative mutagenic
activity in vitro. According to the OECD Guideline for Research on Chemical
Substances No. 487 "In vitro micronucleus test of mammalian cells", adopted on
September 26, 2014 [21], for non-toxic, highly soluble compounds, the maximum
dose can be up to 5 mg/ml,

The suspension culture of L5178Y cells is recommended for MNvit by the
OECD Guidelines for Testing Chemical Substances No. 487.

Murine L5178Y Ilymphoma cells are used because they are sensitive
indicators of mutagenic activity of a wide range of chemical compounds.
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3. Results and Discussion

Structure of the obtained crystals. The resulting organic complex is a dark
gray-green with a weak iodine odor (Figure 1). Particles have elongated needle-
like linear stick-like shapes. All synthesized amount of the monocrystals of new
compound were stored at dark place for further use. The parameters of triclinic
unit cell were determined (Table 1) and refined based on 25 reflexes with
10.2<6<1209.

Figure 1- Photo (a) of the obtained di-((2S)-2-amino-3-(1H-indol-3-yl)propionate)-
dihydrotetraiodide complex and (b) its particles sizes.

Table 1 - Crystallographic data for Ci;H1oN,05¢(CiiH13N,0,) (1,)%*Na*+2H,0,
determination accuracy is given in parentheses

Crystallographic data
Formula C11H15N;0,7(C11H13N,0,) " Nat-2H,0- (1)
Molecular weight 976.08
Syngony; Space group Triclinic, P1
Lattice parameters a, b, ¢ [A] 5.4298(11), 11.427(2), 13.388(3)
alpha, beta, gamma [deg] 101.58(3), 100.96(3), 93.43(3)
VAP Z 794.8(3); 1
D(calc)[g/cm®]; F(000) 2.039; 460
Mu (MoKa) [ mm™ ] 3.973
Crystalsizes [mm] 0.22x0.10x0.005

Measurements

Temperature (K); Radiation+ [A] 293; MoKa; A=0.71073
Brmin:Omax[Deg] 1.6,30.0
Measuring area -7<h<7; -16<k<16; -18<I<18
Number of reflexes 7080
Observed data [I > 2.0 sigma(l)] 2408
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Refinement

Number of reflexes, Number of parameters

7080, 363

R, WR?, S

0.0784, 0.2176, 0.97

W = 1/[\s"27(F02)+(0.0349P)"2"+8.8867P] where P=(F0"2/+2Fc 21)/3

Max. and Av. Shift/Error

0.00, 0.00

Min. and Max. Resd. Dens. [e/A%]

-0.45, 0.41

According to the results of the calculations performed, the chemical structure
of the compound can be represented as C13H1,N0,¢(C11H13N,05) *Na*e2H,0¢(14) 2.
By IUPAC it will be di-((2S)-2-amino-3-(1H-indol-3-yl) propionate)-dihydro-
tetraiodide. Interatomic distances in the crystal structure are given in Table 2.

Table 2 — Main interatomic distances in the structure

C11H1:N;0,4(Ci1H13N,0,) “sNa*«2H,00(14) *

Atoms Distance (A) Atoms Distance (A) | Atoms Distance (A)
1112 2.762(4) C4-C5 1.38(5) ci1c2 L.44(4)
11-13A 3.431(4) 11-13B 3.444(4) | C1-C6 1.41(3)
12-14B 3.628(4) 12-14A 3.629(4) | C1-C9 1.42(5)
Nal-O1W 2.30(2) C5-C6 1.35(4) c2-C3 1.41(5)
Nal-O2wW 2.36(3) N7-H7 0.8600 C3-C4 1.40(5)
Nal-035 2.43(2) C8-C9 1.41(4) C5-H5 0.9300
Nal-O14 b 2.39(2) C9-C10 1.45(4) C8-H8 0.9300
Nal-O15 2.42(2) C10-C11 1.55(3) C10-H10A 0.9700
Nal-0O34 b 2.34(3) Cl11-C13 1.51(3) C10-H10B 0.9800
014-C13 1.29(3) N12-H12B 0.8900 Cl1-H11 0.9800
015-C13 1.21(3) N12-H12C 0.8900 C22-H22 0.9300
034-C33 1.35(4) N12-H12A 0.8900 C23-H23 0.9300
035-C33 1.17(4) C21-C22 1.34(4) N32-H32C 0.8900
O1W-H1W?2 0.87(11) C21-C26 1.49(4) N32-H32B 0.8900
O1W-H1W1 0.86(7) C21-C29 1.40(5) C2-H2 0.9300
02W-H2W1 0.86(17) C22-C23 1.31(4) C3-H3 0.9300
02W-H2W2 0.86(6) C23-C24 1.47(5) C4-H4 0.9300
N7-C6 1.37(3) C24-C25 1.30(5) C24-H24 0.9300
N7-C8 1.39(4) C25-C26 1.37(4) C25-H25 0.9300
N12-C11 1.43(3) N27-H27 0.8600 C28-H28 0.9200
014-H14 0.8200 C28-C29 1.37(4) C30-H30B 0.9700
N27-C28 1.34(4) C29-C30 1.50(4) C30-H30A 0.9700
N27-C26 1.36(4) C30-C31 1.52(3) C31-H31 0.9800
N32-C31 1.49(4) C31-C33 1.51(4)

034-H34 0.8200 N32-H32A 0.8900
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The independent part of the unit cell contains two molecules of tryptophan
Ci1H1:N,0,, two molecules of water H,O, sodium cation Na', and iodine
polyanion (1,)% At the same time, one of the tryptophan molecules is positively
charged (C11H13N,0,)" due to the addition of a proton. The negative charge of the
polyanion (l4)%is compensated by the positive charge of tryptophanium
(C11H13N,0,)*and Na* cation (Figure 2).

In three-dimensional packing of the crystal structure of the compound
C1:H1N,02¢(CriH1sN,0,) *Na*«2H,0+(1,)*, Na® cations are octahedral
coordinated by six oxygen atoms, forming infinite tapes in the plane direction
(Figure 3).

Figure 2 — Model of atomic structure Cy;H1oN,04¢(C11H13N,0,) sNa*e2H,00(1,)*.
Ellipsoids of anisotropic thermal oscillations are shown at the 50% probability level,
hydrogen atoms and disordered polyanions (l)?are not demonstrated.

Figure 3 — Perspective view of the crystal structure
C11H12N2022(C11H13N20;) *Na*s2H,00(15) *.
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According to the obtained structural data, a search was conducted in the
Cambridge Structural Database in order to establish the originality of the results
or find analogues in the case of their availability. The search indicated that these
crystals are original, were not previously obtained and studied, and new
crystallographic data in the CIF format were deposited in the Cambridge
Crystallographic Data Centre, the deposit number is CCDC 1877292,

The composition of the semiorganic complex compound formed in the
tryptophan-sodium iodide-iodine-water system indicates that the system is non-
equilibrium. The iodine hydrolysis reaction takes place in it.

H,0 +1, —HI + HOI 1)
2HOI — 2HI +O,? @)

The resulting hydroiodic acid protonates part of the tryptophan molecules at
the nitrogen atom of -NH; -group. Therefore, in the equilibria in the tryptophan-
Nal-1,-H,O system, along with the initial components there are protonated
tryptophan and triiodide ions, which are formed by the reaction I, + I' — I3,

Na® cation coordinates one tryptophan molecule and one protonated
tryptophan molecule (tryptophanium) on the oxygen atoms of the carboxyl
groups, as well as two water molecules.lodide ions formed during dissociation of
sodium iodide and iodide ions of hydroiodic acid form with molecular iodine
tetraiodide 1,2

Q (0]
| |
OH OH
N —m +2HI = H —m\ +1° (3)

The bond length in the iodine molecule (11-12, Table 2) is 2.762 A, while
the bond length of ions I3 and I, attached to the molecule is as follows: 11-13 -
3.431 A 12-14 - 3.628 A. In the polyanion I, a rare case is realized when two
iodide anions polarize the electrons of the iodine molecule with the formation of a
partially positive charge on each atom

|-3.431A|5+ 2.762A |8+ 3.628 AI- (4)

Determination of the physical-chemical parameters of the compound.
UV spectra, a 0.1% aqueous solution of tryptophan as the control and a 0.05%
aqueous solution of the obtained iodine complex were measured. The UV
spectrum of tryptophan displays two peaks at 218.45 nm at 0.83 A and 278.41 at
0.13A (Figure 4).
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Figure 4 — UV-spectrum of tryptophan.

The pictures below show the UV spectrum of tryptophan and tryptophan
complexes: Nal: iodine. The spectra show real absorption bands that do not exist
in the spectra of a pure tryptophan sample. These are bands at 190 and 280 nm for
the corresponding complex formed by the reaction of tryptophan and potassium
iodide with iodine (Figure 5).
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Figure 5 — UV-spectrum
of di- ((2S) -2-amino-3- (1H-indol-3-yl) propionate)-dihydro-tetraiodide.
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The thermograms were recorded differential curves of change in the heat
capacity of the sample. The DSC curves of tryptophan shows the peak of melting
point of tryptophan is 298.1°C. Starting value of the melting point at the peak is
292°C. The table data for the melting point of tryptophan is 293-295°C (Figure 6).

TG /% DSC f{pVimg)

Onset: 292.0 °C T exoL 15
150 4

10

100

50

Residual Mass: 84.30 % (319§ |C)

-50 4

Peak: 298.1 -10

50 100 150 200 250 300
Temperature (*C

Figure 6 — DSC and TG curves of Tryptophan.

The DSC and TG curves of complex shows the peak of melting point of
complex is 58.9°C (Figure 7). The TG curve of the new complex shows us the
single stage decomposition.

TG /% DSC /(uVImg)

T exo)

4

120

-9.14 %
100

80

60

40 Residual Mass: 59.32 % {319.4 °C)

Peak: 58.9

50 100 150 200 250 300
Temperature /°C

Figure 7 — DSC and TG curves
of di- ((2S) -2-amino-3- (1H-indol-3-yl) propionate)-dihydro-tetraiodide.

Some physicochemical parameters of the di-((2S)-2-amino-3- (1H-indol-3-
yl) propionate)dihydro-tetraiodide complex is presented at Table 3.
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Table 3 - Physicochemical parameters of the di- ((2S) -2-amino-3- (1H-indol-3-
yl)propionate)-dihydrotetraiodide complex

Parameter Value
Particleshape elongated needle-like linear stick-like shape
Bulkdensity, g/cm® 0.767
Particlesize, pm 3.20

- It is soluble in water, DMSO, slightly soluble in ethanol, acetone
Solubility

and cyclohexane.

pH of aqueous solutions 4.30-4.40

Solubility studies show that the complex dissolves well in solvents with a
polarity index of 7.2 and 10.2, and in solvents with an index of 5.1; 4.3 and 0.04
are slightly soluble. The dissolution process in organic solvents is accompanied
by the formation of an intense brown color.

Cytotoxicity of the complex. The cytotoxic effect of the coordination
compound was studied to determine the maximum concentrations that do not have
toxic properties. Monolayer transplantable cell culture MDCK was used to
evaluate the toxicity. The results of the study assessing the cytotoxic effect of the
coordination compound on MDCK cell culture are presented in Figure 8.

160
140
120
100

Cell viability [%]

80
60
40
20
ot
0.0156 0.0313 0.0625 0.125 0.250 0.500 1.000 2.000

Concentration, mg/ml

Figure 8 — Cytotoxic effect of the coordination compound on MDCK culture.

The toxicity value for the coordination compound was 1.70 mg/mL, which
characterizes the examined substance as a low toxic compound.

Antimicrobial activity of complex. The results of testing for antimicrobial
activity are presented in Table 4.

As may be seen from the above, the semiorganic complex contains molecular
iodine in its structure, which has antimicrobial properties. Its content in the
complex is 26 mass%, and the coordination compound is therefore of particular
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Table 4 — Minimum bactericidal concentrations values of the di-((2S -2-amino-3-(1H-
indol-3-yl) propionate)-dihydro-tetraiodide, pug/mL

Sample Test strain Minimum bactericidal concentrations
P of the complex, pg/mL

S. aureus ATCC 6538-P 125
S. aureus ATCC-BAA-33591 125

CuH1oNOpe | E. coli ATCC 8739 250

(C11H13N20;)" :

Na*e2H,0 o(1,) % E. coli ATCC-BAA 2523 125
P. aeruginosa ATCC 9027 250
P. aeruginosa TA 2 250

interest due to its potential antimicrobial activity. This compound is effective
against both susceptible and resistant strains of S. aureus ATCC 6538-P and
S. aureus ATCC-BAA-33591, value of the minimum bactericidal concentration
is125 pg/mL. The coordination compound is effective against the susceptible
P. aeruginosa strain ATCC 9027, as well as the clinical multiresistant of
P. aeruginosa strain TA2, at a concentration of 250 pg/mL.

The minimum bactericidal concentrations of the compound under testing
against the susceptible E. coli strain ATCC 8739 and multiresistant E. coli strain
ATCC-BAA 2523 are 250 pg/mL and 125 pg/mL, respectively. The complex
exhibits bactericidal activity against both susceptible and multiresistant bacterial
strains.

Determination of the mutagenic activity of the complex in the in vitro
micronucleus assay. In these studies, the maximum concentration used is 5 mg /
ml, followed by 2-fold dilution in exposure medium. The analysis is carried out
with a 4-hour exposure with metabolic activation (+ S9) and without metabolic
activation (- S9). For the analysis of micronuclei, slides with L5178Y cells treated
with complex di-((2S -2-amino-3- (1H-indol-3-yl)propionate)-dihydro-tetraiodide
at concentrations from 0.625 to 0.039 mg/ml in the presence or absence of
metabolic activation are taken.

Calculation of the number of micronuclei per 1000 mononuclear cells with
new complex shows (Figure 9) an unreliable increase in the frequency of
micronuclei with an increase in the concentration of complex in the presence and
absence of metabolic activation.

Evaluation of the results of the experiment. If the validity of the analysis is
satisfied, the following criteria are met:

- Positive response: a test substance is considered a mutagenic substance if it
induces a statistically significant, dose-dependent increase in the frequency of
mononuclear cells compared to a negative control.

- Negative response: a test substance is considered a non-mutagenic
substance if there is no statistically significant increase in the frequency of
mononuclear cells compared to a negative control.
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Figure 9 — Frequency of micronuclei in the presence of a new complex.

Thus, the new complex does not cause any mutagenic effect on mammalian
cells of the L5178Y line, both in the presence and in the absence of metabolic
activation.

4. Conclusion

New iodine complex from system tryptophan:Nal:iodine:water system was
synthesized. The parameters of triclinic unit cell were determined. As follows
from the obtained data, a new complex di- ((2S) -2-amino-3- (1H-indol-3-yl)
pI‘OpiOnate)-dihydro-tetraiOdideor C11H12N202'(C11H13N202)+’Na+'2H20°(|4) z
has low cytotoxicity, direct antiviral effect, antimicrobial activity against
antibiotic-resistant strains of microorganisms and is therefore promising for
further use as an active antimicrobial substance. New complex does not cause any
mutagenic effect on mammalian cells of the L5178Y line, both in the presence
and in the absence of metabolic activation.
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Tyiingeme
JAU-((2S)-2-AMHUH-3-(1H-UHAOJI-3-UJ)ITPOIMMOHAT)-
JUT'NAPOTETPAHNOIUATIH KYPBLIIBIMbI 7)KOHE KACUETTEPI

A.H. Cabumos, C. Typzanoéaii, A. /Ircymazazuesa

Tecminey zayvimol, AK «Hnghexyusza kapcol 0api-oapmexkmep opmanvievly, Aimameol,
Kazaxcman

E-mail: aitugans@mail.ru

AMUPH KBITIKBUTEI - CUITUIIK METaN TY3HI - HOJ - CY JKY#ecl Heri3iHae jkaHa OpraHu-
KaJBIK KOMIUIEKC cuHTe3aenni. au-((2S)-2-amuno-3-(1H-ungon-3-un) mnpomnuoHar) —
TUTAAPO-TETPANOAN] PETIHIEC aHBIKTAIFaH KOMIUIEKCTIH (PM3WKa-XUMHUSUIBIK KacHeTTepi
3epTTenai. MUKpOCKOTHUSIIBIK Tajiay KOpPCeTKeHACH, KOMIDICKCTIH OOMIIeKTepi Y3bIH HHE
TOPI3Mi CHI3BIKTHI TasKIIA TOPI3/l mitmiHae, oprarra memepi 2.50-4.00 mm. Komrutekeriy
MUKpoOKa Kapchl Gencenainiri S. aureus ATCC 6538-P (mypaxaiice3iMTan mrammel);
S. aureus ATCC-BAA-39 (mypaxaiinpiH TypakThl mramMmsl); E. coli ATCC 8739 (mypa-
xail cesimtan mrammsel); E. coli ATCC-BAA-196 (MypakaiablH TYpaKThl IITaMMBI);
P. aeruginosa ATCC 9027 (mypaxaii cesimran mrammbl); P. aeruginosa TA2 xacymiasa-
pBIHIA TiKenel BHpYCKa XOHE aHTHOMOTHKKE TO3IMJI MHKPOOPTaHM3MIEPJiH IITamja-
pBIHa Kapchl Oerncenniniri 6ap exeni anpikranasl. MDCK jkacyriacsiHa xacalirad 3epTrey
HOTIDKECIHe LIMTOTOKCUKAJIBIK dCepiHiH ToMenairi kepcerinai. Di-((2S)-2-amuno-3-(1H-
WHJI0J1-3-WI1)IIPONHOHAT)-turuapoTerpanoans L5178Y CHI3BIKTBI CYTKOpPEKTiIep >Kacy-
IIAJIapBIHA KATBICTBI MyTareHIiacep eTnemmi.

Tyiiin ce3mep: woj moNHaHUuoOH KemeHi, au-((2S)-2-amun-3-(1H-ungon-3-s01) mpo-
MTUOHAT)-AUTHIPOTETPANOANA, PEHTTCHIIK KYPBUIBIMABIK Tanaay, L5178Y ChI3BIKTHI Ka-
CylIajapblHa MyTareHAiK TeCT, IUTOTOKCHKAIIBIK acep.

Pe3iome
CTPYKTYPA U CBOMICTBA JIM-((2S)-2-AMHUH-3-(1H-UHIOJI-3-1J)
MPOIMMOHAT)-AUTUJIPOTETPAUOIUIA

A.H. Cabumos, C. Typeanoai, A. /Iicymacazueea

Hcenvimamenvnasn 6aza AO «Hayunweiii yenmp npomugoun@exyuoHHbIX npenapamosy,
Anmamel, Kasaxcman

E-mail: aitugans@mail.ru

CHuHTE3MpOBaH HOBBIM KOMIUIEKC HOa B CHCTEME aMHHOKHUCIIOTA - COJIb LIEIIOYHOTO
Mertauia - Hox - Boma. M3ydeHsl GU3MKO-XHUMHUIECKHE CBOMCTBA KomIuiekca mu-((2S)-2-
amuHO-3-(1H-uH1051-3- 1) IPOTIHOHAT ) TUTHAPOTETPAroAuA. MHUKPOCKOTTHUECCKAM aHaH3
IMMOKa3bIBACT, YTO 4YaCTHLbl KOMIUICKCA MMCIOT ITPOJOJTIOBATYIO HIOJHYATYIO HHHeﬁHyIO
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NAJIOYKOBUIHYIO (hopMy co cpeanuMm pasmepom 2,50-4,00 mxm. Ompenernsii UATOTOK-
CHYHOCTB Ha KyJsbType Kietok MDCK, anTiMuKpoOHyto akTHBHOCTH Ha S. aureus ATCC
6538-P (myseitHo-uyBcTBUTENBbHBIA mmTamm); S. aureus ATCC-BAA-39 (myseitHbiid
MynbTHpe3ucTeHTHBIN Tamm); E. coli ATCC 8739 (My3eiHO-4yBCTBUTEIBHBIA ITAMM);
E. coli ATCC-BAA-196 (Mys3eiiHblii MyJbTHPE3UCTEHTHBIA wmTamm), P. aeruginosa
ATCC 9027 (mys3eiiHo-uyBCcTBUTENBHBIN mTamM); P. aeruginosa TA2. Kommieke o6a-
JaeT HU3KOH IHTOTOKCHYHOCTBHIO, MPSIMBIM NPOTHBOBHPYCHBIM JCHCT-BHEM U aHTUMU-
KpOOHOIl aKTUBHOCTBIO B OTHOIICHHH YCTOMYHMBBIX K aHTHOMOTHKaM IITAMMOB MHKPO-
oprauu3moB. J{u-((2S)-2-amuro-3-(1H-uH1011-3-1IT) IPOITHOHAT) INTUAPOTETPAHOAUT  HE
OKa3bIBa€T MyTareHHOTO JACHCTBHSI Ha KIETKH Miekonurtarommx juHuu L5178Y kak B
NPUCYTCTBUH, TaK U B OTCYTCTBUHM METa00JIMUECKON aKTHBALIHH.

KnroueBble cjioBa: HOJ-TIOMHAHHOHHBIA KoMIuieke, mau-((2S)-2-amumo-3-(1H-

HHI0JI-3-WT)IPONUOHAT ) INTUAPOTETPANOIUI, PEHTTCHOCTPYKTYPHBIA aHAa M3, MyTarcH-
HBIU TecT Ha KieTkax L5178Y, IUTOTOKCUYHOCTb.
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Abstract: Corrosion leads to huge losses every year, and solving this problem is an
important task.One of the effective methods of corrosion protection of equipment and
pipelines in the oil industry is the use of corrosion inhibitors.Inhibitory protection is the
most technological and effective way to control corrosion of oilfield equipment.The
article deals with phosphate corrosion inhibitors of complex action in a carbon dioxide
environment.The method of corrosion testing is generally accepted. Quantitative
indicators of corrosion processes were calculated using formulas, and the measurement
uncertainty was estimated using an algorithm using the Student's coefficient with a
confidence probability of 0.95. In the course of the work, potentiometric determination of
the pH of corrosive media using a combined glass electrode and an ionomerand
photocolorimetric determination of the content of iron (111) with potassium rhodanide, as
well as methods of infrared spectroscopy and electron microscopy were carried out.

Keywords: corrosion of metals, corrosion inhibitors, carbon dioxide environment, oil and
gas fields.

1. Introduction

During oil production and transportation, corrosion causes great damage to
oilfield equipment and pipelines.One of the most common causes of premature
failure of oil-producing equipment is carbon dioxide corrosion [1].

Carbon dioxide corrosion occurs when the metal surface interacts with a
carbon acid (H,COs3) formed by dissolving CO, in water according to the
following total reaction:

CO;(gas) + H,0 (liquid) <> H,COg3 (liquid) (1)
Therefore, the presence of CO, and water in oil-producing media is a

necessary condition for the occurrence of carbonate corrosion. The main
corrosion process is described by cathodic (2-4) and anodic (5-6) reactions [2]:

Citation: Niyazbekova A.B., Shakirov T.A., Urinbaeva G.N. Investigation of various
phosphate corrosion inhibitors in carbon dioxide. Chem. J. Kaz., 2021, 2(74), 104-112.
DOI: https://doi.org/10.51580/2021-1/2710-1185.32
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2H,CO; + 26" — H, + 2HCOy )
2HCO; + 26" — H, + 2CO5” @A)
2H" + 26" — H, (4)

Fe — Fe™ + 2e (5)

Fe + H,CO3 <> FeCO;3 | + H, (1) 1 (6)

As a result of these reactions, deposits of corrosion products - iron carbonate
FeCOgz-are formed on the surface of the corroding steel.Hydrogen depolarization
takes place in a carbon dioxide environment.

In the presence of gaseous oxygen in the solution and the impossibility of the
corrosion process with hydrogen depolarization, the main role of the depolarizer
is played by oxygen. Corrosion processes in which cathodic depolarization is
carried out by oxygen dissolved in the electrolyte are called metal corrosion
processes with oxygen depolarization. This is the most common type of metal
corrosion in an agueous medium, in neutral and even weakly acidic salt solutions,
in sea water, in the ground, in the air. The general scheme of oxygen depolari-
zation is reduced to the reduction of molecular oxygen to a hydroxide ion, and
iron molecules are oxidized to a two- and trivalent state, which then interacts with
ions of an aggressive medium:

At the anode: Fe - 2" — Fe?* (oxidation)
Fe - 3¢ — Fe** (oxidation)
At the cathode: 2H,0 + O, + 2e < 40H" (reduction)

This leads to the formation of deposits on the surface of the steel, which will
influence the development of corrosion processes.

One of the most effective methods of anticorrosive protection of field
equipment and pipelines in the oil and gas industry is the use of corrosion
inhibitors.

Corrosion inhibitors are the most technologically advanced and effective way
to combat corrosion of oilfield equipment [3]. In this regard, they have been
widely used in the oil industry. By changing the dosage of the inhibitor or using
inhibitors with various anticorrosion properties, it is possible to achieve a
reduction in the corrosion rate to an acceptable level without a fundamental
change in the existing technological schemes [4].

2. Research methodology

The aim of the work was to study the effect of phosphate corrosion inhibitors
in a carbon dioxide environment.

The following inhibitors were taken: sodium dihydrogen phosphate
NaH,PO,, sodium hydrophosphate Na,HPO,, sodium phosphate NasPO,, sodium
dihydrodiphosphate Na,H,P,0O; and sodium diphosphate Na,P,0O. Carbon dioxide
was used as the medium.
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The method of corrosion tests was generally accepted . Rectangular steel
plates with a size of 30x20x3 mm were used. The duration of the experiments is
24-480 hours. The corrosion rate was estimated by the mass loss of the samples
through 24, 48, 72, 96, 120, 240 hours.

Quantitative indicators of corrosion processes were calculated using
formulas, the uncertainty of measurements was estimated using an algorithm
using the Student's coefficient with a confidence probability of 0.95.

In the course of the work, electrochemical studies were carried out using
well-known methods. The identification of corrosion deposits in the systems
under consideration was carried out using infrared spectroscopy and electron
microscopy.

Table 1 — Results of corrosion tests in model systems

Inhibitor E.vB Cogzsj%”z‘rhate' Digt?m'/;f:rr
NaH,PO, 94+2.14ca=252E=37% 0.95+0.03 1.06
Na,HPO, 114+2.09 c = 2.52 E = 3,45 % 1.13:0.7 1.26
NaoH,P,0; 105+1.52 c o= 2.52 E = 355 % 1.06+0.8 118
NasPO, 78+1.87 c 0= 252 E=3.25 % 0.27+0.08 0.30
NasP,0; 38+1.36 ca =252 E=4.1% 0.09+0.05 0.10
Without inhibitor | 102+1.25¢c o =252E=3.6% 0.27+0.35 0.30

The curve of the anode current density of corrosion shows the oxidation of
the metal with its further destruction and the transition of iron ions from the plate
to the solution. The cathode curve shows the reduction of oxygen in the solution.

0.04
0.035
0.03
0.025

. 0.02
9 0015
0.01
0.005

0
1 2 3 4 5 6 7 g
i A2

=== Anodic density of metal corrosion 1 A/m?2
=== (Cathode density of metal corrosion 1. A/m?2

Figure 1 — Polarizing diagram for the systemwith Na,P,0; as an inhibitor
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The curve of the anode current density of corrosion shows the oxidation of
the metal with its further destruction and the transition of iron ions from the plate
to the solution. The cathode curve shows the reduction of oxygen in the solution.
In this case, oxygen is an oxidizing component of an aggressive corrosive
environment. The presence of oxygen in the solution is due to the presence of
partial pressure and the contact of the electrolyte with the environment. A sharp
jump in the cathode and anode curves with their further intersection indicates a
slow down in the transition of the metal to the solution and its further oxidation,
as well as a slow down in the corrosion process.

The rate of corrosion processes with oxygen and hydrogen depolarization is
affected by pH. Changing the values of the hydrogen index causes a decrease in
the rate of hydrogen depolarization. An increase in the concentration of OH’ions
also reduces the rate of oxygen depolarization. Both in this and in the other case,
the supply of iron ions from the anode sites decreases, thus, the dissolution of the
metal slows down.

The inhibitory effect of phosphates in an acidic environment in the presence
of dissolved oxygen plays the role of a passivator, which promotes the adsorption
of oxygen on the metal surface and converts it to a passive state. The anodic
process of metal dissolution slows down due to the formation of hard-to-dissolve
protective films of various types.

Phosphate inhibitors, undergoing hydrolytic degradation, causing the
reduction of iron and the transition to a solution in the form of ions. The speed of
the cathodic process increases. With further oxidation of iron, chemisorption
processes take place on the surface of the metal plate, which causes a decrease in
the rate of the cathode process. In the future, the inhibitor enters into a chemical
process with chemisorption iron ions to form a stable protective layer on the
surface.

According to the results of the tests, the EMF of the NayP,O; E < 80 inhibitor
was determined for the system, these values correspond to category A (Table 2).

Table 2 — Categories of inhibitors and their corresponding EMF values

Category Inhibitor E, MB
A NayP,0-, 38+1.36ca=252E=41%

Category A - the use of inhibitors in model solutions of produced water is
permissible, the probability of corrosion and metal destruction is lowest, EMF
values up to 80 mV [5].

The limits of the thermodynamic possibility of an electrochemical reaction
and the composition of corrosion products are presented in the diagram of the
state of metal-water systems (Purbe diagram).

The work on electrochemical research shows the active and passive level of
dissolution of the metal, and also leads to the formation of a protective film in
accordance with the EMF, the concentration of the metal and the pH value of the
medium.The results of these studies arepresented in Figure 2.
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Figure 2 — Purbe diagram for a system with Na,P,0- as an inhibitor:
| - region of thermodynamic stability; I, IV - region of corrosion; Il - region of passivity.

As shown in Figure 2, four main areas have been identified by the

experimental value of the EMF, the change in concentration, and the change in
the medium pH.
The first region is the region of thermodynamic stability, the second and fourth is
the region of melting, the third is the passive region. When the pH value is 1-7,
thermodynamic stability occurs at a negative EMF value. In the second area, it
undergoes hydrolysis in accordance with an increase in the EMF value, i.e., it
dissolves and, accordingly, turns into an active area.

3. Results and discussion

Based on the further course of the process, the pH value increases, the
process shifts towards a slightly acidic environment. There is a passive process
going on here. As a result of the research work, corrosive products were collected
and studied by physicochemical methods (IKS, SEM).The spectra of the product
showed that compared to the spectra of the starting materials, the height, distance
of the main characteristic peaks of the starting materials changed, peaks
corresponding to some fluctuations. From here, in conclusion, it can be said that a
complex protective layer was formed on the surface of the iron plate.

Research work is well consistent with thermodynamic parameters and values
of electromotive forces.The lower the Gibbs energy in the system, the higher the
rate of the corrosion process.

In the course of the study, the thermodynamic parameters of the inhibition
process (AG®, AH®, AS°) were calculated. Along with this, the stability constants
of the formed corrosion deposits were calculated. All these indicators are reflected
in table 2 for a model sodium phosphate solution as an inhibitor, which showed
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the highest efficiency. A high negative Gibbs energy value indicates a high
inhibitory effect of the system [6, 7].

Table 3 — Basic thermodynamic characteristics of linear phosphate systems

L. Instability AG°® 0.1 4 AS°
Inhibitor constant kJ/mol AH™10kJ/mol kJ/mol
Na,P,07 Ki=1.910% —354.05+4.25 -2.54+3.48 556.43+4.89

To study the composition of the protective film, an analysis of corrosion
deposits was carried out on a Shimadzu IR Prestige-21 IR spectrometer.

Figure 3 shows an analysis of the IR spectrum of corrosion residues Na,P,0x.
An atlas of infrared spectra was used to identify the compounds. Thus, for the
compound of sodium diphosphate NasP,O-, according to the literature, the bands
1270 cm™ correspond to asymmetric v(P=0), and the band 1092-990 cm™ -
symmetric v(P=0) fluctuations. Bands 884 cm™ correspond to asymmetric
v(P-O-P), and bands 792-595 cm™ correspond to symmetrical v(P-O-P),
oscillations. The figure shows that in the IR spectrum of the corrosion deposit
peaks are formed within the range of 960-670 cm™, as well as 3100-2970 cm™.
Based on the fact that the values of the peaks of the corrosion deposition
spectrogram do not coincide with the literature data, the compound formed on the
plate surface is not sodium diphosphate. This means that another compound has
been formed which forms a protective film.
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Figure 3 — Corrosion deposition spectrogram of the system with sodium diphosphate.
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Figure 4 — Spectral scale of elements
for corrosion deposition of a system with sodium diphosphate.

The protective film was also analyzed on a raster electron microscope
(Figure 4).The analysis was carried out on a modern instrument - a raster electron
microscope JOOLJSM - 6490 LV.It was revealed that the corrosive deposits of
this system contain oxygen — 25.78%, iron — 21.84%, phosphorus — 18.21%,
carbon - 7.34% and sodium — 19.56%.

4. Conclusion

1. Electrochemical studies of a model solution of formation water with a
phosphorus-containing inhibitor in an aggressive environment containing carbon
dioxide showed that the inhibitory effect of a diphosphate inhibitor is effec-
tive.This inhibitor slows down the reaction rate by 100 times, the depth corrosion
index of this inhibitor is 0.1060 mm/year, the inhibition coefficient y is 0.095.

2. The resulting protective film prevents the corrosion process.Thermo-
dynamically, this system will be stable, as confirmed by the Purbe diagram. The
passivity region in which the stable compound is formed corresponds to pH
values from 6.82 to 11.2.

3. Analysis of corrosion deposits by IK spectrometry and also using a raster
electron microscope proves that there is a change in the initial composition of
phosphate, peaks within the range of 960-670 cm™, as well as 3100-2970 cm™ are
formed in the IR spectrum of corrosion deposition. Proceeding from the fact that
the magnitudes of the peaks of the spectrogram of corrosion deposits do not
coincide with the literature data, the compound formed on the surface of the plate
is not sodium diphosphate.This means that another compound has formed, which
forms a protective film.

Funding: The research was carried out with the financial support of the
Republic of Kazakhstan for fundamental research on the topic "Development of
scientific foundations for obtaining corrosion inhibitors based on modified
phosphates».
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Tyiingeme
KOMIPKBIIIKBLT OPTACBIHIA KOPPO3UAHBIH OPTYPJII ®OCDAT
HUHI'NBUTOPJIAPBIH 3EPTTEY

A.b. Huaszoexosa, T.A. Illaxupos, I .H. Ypunoaesa

«BKATY um. 2Koneip xan», Opan, Kazaxcman
E-mail: abnyazbekova@mail.ru

Koppo3us b1 caifblH YIIKEH IIBIFBIHAAPFA bl KeJeli JKoHe OyJI MoceNeHi menry
MaHBI3/Ibl MiH/IeT O0JIbIN TaObUIaAbl. MyHail eHJipiciHIer XKa0aAbIKTap MeH KYObIpIap bl
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KOppO3WsiFa Kapchl KOPFAyIBIH THIMII OmicTepiHiH Oipi KOppO3Ws WHTHOUTOPIAPHIH
KOJJaHy OOJbIT TaObuTaael. THTHOUTOPIIBIK KOPFAHBIC - OYI MyHal KOCIIIILTIT a0 abIK-
TapBIHBIH KOPPO3HWSACHIMEH KYPECYIiH €H TeXHOJOTHSUIBIK XKOHE THUiMAL omici. Makanmana
KOMIPKBIIIKBUT OPTAChIH/AA KYpesl ocep eTeTiH KOpPO3usiHbIH (ocdat UHrHOHTOpIAphI
KapacThIpblIaabl. KOppo3usiblK celHAay onicTeMeci kanmbl KabbuinanraH. Koppo3usibik
MIPOIECTEePIiH CaHABIK KOepceTKimTepi (opMmymamap OOHBIHINA €CENTeNIl, OIIIeyIepaiH
Oenrici3airin Oaranay anropuTM OoiibrHmia, 0.95 CeHIMAUIIK BIKTUMANIbIFbIMEH CThIO-
JEeHT KOX(QQUIMEHTIH KoJiaHa OTHIPbIN Kypri3inai. XKyMbICThI opbiHIAYy OapbIChIHAA
OIpIKTIPLITeH IIBIHBI JIEKTPO/] TIEH HOHOMEP/Ii KOJIIaHa OTBIPBII, KOPPO3HUSUIBIK OPTaHbIH
pH-BbIH OTEHIIMOMETPUSIIBIK aHBIKTAY JKoHE Kanuii poganuaimen temipaiy (11I) kypambia
(OTOKOJIOPUMETPHSIIBIK ~ aHBIKTAy, COHJAA-aKk WH(PAKBI3bUI CHEKTPOCKOIUS JKOHE
JIEKTPOHABI MUKPOCKOIIHS 9IicTepi KYPTi3iii.

Tyiiin ce3gep: MeTa;ul KOPPO3WSCHI, KOPPO3USI MHIHMOMTOPINIAPHI, KOMipKBIIIKBII
rasbl, MyHal-Ta3 KeH OpbIHIapHI.

Pe3iome
HNCCIEJOBAHUE PA3JIMYHBIX ®OCOPATHBIX UHTHBUTOPOB
KOPPO3UM B YIJIEKUCJIOMN CPEJE

A.b. Huazbekosa, T.A. lllakupos, I.H. Ypunoaesa
HAO «3KATY um. Kaneup Xanay», ¥Ypanvck, Kazaxcman
E-mail: abnyazbekova@mail.ru

Koppo3us npuBOoIUT €XKEroqHO K OTPOMHEBIM yOBITKaM, U pEIIeHHE 3TOH mpoOIeMbl
SABJIAETCS BakHOW 3amadeil. OmauM u3 3(h(HEKTHBHBIX CIOCOO0B aHTHKOPPO3HOHHOM
3alIMThl 000PYIOBAaHUS ¥ TPYOONPOBOJOB B He(TeAOOBIBAIOIIECH MPOMBIIIIEHHOCTH SIB-
JIsieTcs MPUMEHEHIEe HHIHOUTOPOB Koppo3uu. THrubuTopHas 3amuTa sBisieTcs Hanbonee
TEXHOJIOTUYHBIM U 3()(HEKTHBHBIM CIOCOO0OM OOpPHOBI ¢ KOppo3uei HehTEIPOMBICIOBOTO
obopynoBanusi. B crartee paccmarpuBaercsi ocdarHble HHIHOUTOPHI KOPPO3UU KOMII-
JIEKCHOTO JCWCTBUS B YIJIIEKHCION cpene. MeToauka KOPPO3MOHHBIX UCHBITaHUI oOIie-
npuHsTas. KoaumyecTBeHHBIE NTOKa3aTeIN KOPPO3UOHHBIX MPOIECCOB PACCUNUTHIBAIIMCE 110
¢dbopMmynaMm, OIEHKa HEONpPEeNeJICHHOCTH H3MEpEeHHH IpPOBOAWIACH IO AITOPUTMY, C
ucnojb30oBaHueM ko3¢ ¢urrenta CThIOJEHTa MPH TOBEPUTEIbHON BepositHocTH (.95,
B xome BeImOMHEHHsT pabOTHI MPOBOAWINCH MOTECHIIMOMETPUUYECKUE ompeneneHus pH
KOPPO3MOHHBIX Cpell C MPUMEHEHHEM KOMOWHHUPOBAHHOTO CTEKISTHHOTO JJIEKTpOJaa U
HOHOMEpaMH (DOTOKOJIOPHUMETPHIECKOE ompeneneHne comepkanns skenesa (II1) ¢ pomna-
HUOM Kaus, a TakKe METOABI MH(PPAKPaCHOW CIEKTPOCKOIUHN M 3JICKTPOHHOW MHKPO-
CKOTIHH.

KiroueBble cjioBa: KOpPpO3Ws METAIOB, HHICHOUTOPBI KOPPO3UH, YIJICKHUCTAs
cpena, HedTerazoBble MECTOPOXKICHHUSL.
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TEPMOCOKKBI KOMEI'TMEH KOMIIO3UTTI
MATEPUHAJIJAP AJTY ’KOHE KACUETTEPI

H.A. Opvinoann*, K.K. Kyoaiioepzenos, E.O. /locowcanos, 3.A. Maucypoe
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Tyiiingeme: TepMUsUIBIK OHIEY 9MicCi apKbUIbI TpadUT NMEH Ty34ap KOCHAChIHAH HEHO-
rpaduT aNBIHABI )KOHE OHBIH THIMIaly >Kardaiyapbl aHbIKTAIABL. Peceil KeH OpHBIHBIH
['JI-1 mapkansl Tabury rpadUTiHIH KypaMbl aHBIKTAIIBL. 3epTTey OolibiHIIa rpaduT Kypa-
MBIH/IaFbl HETI3Tl 3JEMEHT KOMIpPTEK JKOHE ©3re DJIEMEHTTEp KOcHachl a3 eKeHJITiH Kep-
cereqi. DHEProAMCIIEpPCHOHIBI TANAAY apKbUIBI TpadUT KYpaMbIHAAFEl ©3r¢ J¢ 3JIEMEHT-
TepIiH MOJIIIepi KepceTiai. DIEMEHTTIK aHaJIN3 apKbUIbI allbIHFaH MMEHOTpadUTTiH Kypa-
MBIHIAFEl Zn Meuiepi avpIKTanapl. COHBIMEH KaTap, TEPMOOHIENTEH TpaduTTiH QU3HKa-
XUMUSIIBIK KacueTTepi 3eprrenmi. MK-CrneKTpoCKOMUSACHIHBIH KOMETIMEeH MeHorpauTr
OeriHae op Typii TomTapablH OomaThiHBI aHBIKTanAbl. [leHorpadwurrin KII-crexrpie-
piHiH aHanmm3nepi rpadUTTIH KOHE MEHOTPA(UTTIH KYPBUIBIMBIH aHBIKTayFa MYMKiHIIK
Oepmi. XKyprisiiren 3eprreyiep, neHorpapur crektp GopmManapbiHa OalIaHBICTBI ©3Te-
HICJICHETIHIH, KPUCTAIABIK TOPJBIH JKETUTYy MOPEKECIH CaHMABIK Oarayayfa jKOHE opTYpii
aKayJapipl aHbIKTayFa MYMKIHIIK OEpeTiH CIEKTPajblIbl CHIIATTaMajap >KHBIHTHIFbIH
KepceTTi. PaMaH CIeKTpOCKONHMS aHalIM3 HOTWXKEJIEPIH TOJBIK TYCIHY YIIiH, HEHOTrpa-
¢UTTIH KabaT KypbUIBIMBIHA CKaHUPJIEYII 3JIEKTPOHABI MHUKpockomusi (COM) 3eprrey-
nepi xyprizinal. MUKpoaHain3 HOTHXKECI, TepMOOHAEY TaOUFu rpadUTTiH Kypa-Mbl MEH
KYPBUIBIMBIH ©3TepTKeHiH Kepcereai. JKorapbl Temreparypayibl TEPMUSUIBIK acep €Ty
KOCIIaHBIH CaHABIK KYpaMblH afTapiibIKTall e3repTeli JKoHEe opTYpJi SJIEeMEHTTEpIiH
KYpaMBbl TEPMOCOKKBI TEMIIepaTypachiHa TAYeJli eKeHI aHBIKTANIbl. TepMOOHICNTEH Irpa-
¢uttin EDAX cnekrpiepi kepceTini.

Tyiiin ce3nep: rpaduT, neHorpadur, KPUCTAJUIOTHIPAT.
1. Kipicme

Kasipri yakpiTTa rpaduTTi KOMOO3UTTI MaTepHaIlapisl aly >KOHE 3epTTey
omiCTepiH a3ipieyre Kol kKoHiT Oeminyae. KeH Kolmansic TallkaH MaTepraiiapra

Citation: Orynbay N.A., Kudaibergenov K.K., Doszhanov E.O., Mansurov Z.A..
Obtaining of composite materials by thermal shock and their properties. Chem. J. Kaz.,
2021, 2(74), 113-123. (In Kaz.). DOI: https://doi.org/10.51580/2021-1/2710-1185.33
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WHTEpKAJUpICHTeH rpaduTt xoHe neHorpadut xkatansl [1-3]. OnapasiH opkaii-
CBICHI OipkaTtap Oipereil kKacumertepre we. ['paduTTiH MHTEpKATUPICHTEH KOCHI-
JpICTapbl TpaduT KadaTTaphl apachlHAa MHTEPKANATTap JEN arajaThlH JpTYpIi
XUMUSUTBIK OOJIIEKTEePAiH aTOMIBIK HEMEce MOJICKYJANbIK KaldaTTapblH €HTi3y
apkpUIBl TY3Utemi [4-6]. 'paduTTiH WHTEpKaIMPICHTeH KOCBUIBICTAPBI - OYII
YKOFaphl aHM30TPONTHI KYPBUTBIM, HETi3ri rpaduTt KabaTTapbliHa KaparaHia HHTEp-
KaJMpJICHTeH KabaTTarbl KabaT apaiblK OaiimaHbICTapIblH OCpiKTIri >KOFaphl
oomazsr [7].

[TeHorpaduT yIKeH MEHIIIKTI 0T TeH KEYeKTUIKKEe He, COHIBIKTAH OJ
THIMZI COpOCHT peTiHAe KojaaHbuiaabl. OHBIH HETI3iHIE CyIbl MyHail Jjlacta-
HYbIHaH TazapTyFa apHajJfaH CY3TiIep, ra3lapbl Ta3apTyFa apHajFaH Cy3Tijep
kacanansl [8-9]. 3epTTey MeH KOJNIaHyAbIH YIKEH canackl Oarapesiiapra, COHBIH
IIIHIe aKKyMYJISTOpJIapFa /a KaTeICThl. MBICabl, MarHUi OKCHAIH NeHorpaduT
YHTaFbIHBIH a3 MeJIIIEPIMEH apanacThipy OKCHZ OJOTHIHBIH OTKI3TILITICiH apT-
THIpaabl. Byn sHeprus THIFBI3IBIFEI MEH OaTapes KyaTblH JKOFapbUIaTyFa oKelell
[10-11]. CousiMen karap meHOrpaduTTiH rpadur (oibrajgapsiHa HETi3IeNreH
TBHIFBI3JIAFBIINI  MaTepUalIaplibl OHIIPY YIIIH KOJJaHy aschl KEH TapaFaH.
Onap/piy 0acThl APTHIKIIBUIBIFBI-CEPIIMILTIK KacueTi [12-13].

2. 3epTTey MaTepuajgaapbl MeH daicTepi

Ilenocpagpummi any. Pecelt keH OpHBIHAH YHTaKTalFaH TaOuru rpadwur
I'JI - 1 xompmawpuinel. IleHorpadwurri amy rpadurTi TY3HapMeH apaiacThIpy
apKbUIBl JKYPri3inmi: TpapuTTiH TY3MapMEH apanackaH KOCIAChl MAacCallbIK
KaTelHacTa Ty3:rpadput — 8:2 kypazapl. IlafimanaHeuiFaH KpUCTaJUIOTHApATTAp:
[Zn(NOs),*6H,0], [FeClz*6H,0], [Mg(NO3),*6H,0]. Keiiin  anbiaran
[Zn(NO3),*6H,O]:rpadur Kocmachl anabliH ana 700° C neiiin KBI3JBIPBUTFaH
Mydenp neminae TepMusUiblK eHmemiHal. An [FeCl;*6H,O]:rpadur kocmacs!
650°C xone [Mg(NO3),*6H,0]:rpadur kocmacsr 800°C TemmepaTypana KbI3bl-
pBUTFaH My(]erb Menrinae TepMUSITBIK OHISTiHIT.

3epmmey a0icmepi. Ynrinepnin MK-ciekrpnepi «Mattson» (AKLL) dpupma-
ceiHblH  Dypre TyprneHmiprimni 6ap UR-20 UK-cnexTpoMeTpiHae aJbIHIBI.
CriHamanap ycakranFaH TYHipImik Typinge oepinai [14].

YnrinepaiH MUKpPOKYPBUIBIMBI MeH MukpoaHaim3i COM Quanta 3D 200i
(CIIA) xenengerinren kepHey 20kB sxone kpickiM 0,003[1a >xarmaiibiHza
3epTTeminAl. 3epTTey Ke3iHAe YAriIep MBIC YCTarbllIbIHA KJIEH HeMece CKOTY
KOMETIMEH JKaIlChIPbUIBI. ApHalbl BAKYYM/IbI KYPBUIFBLIA, 3apsaaTany ¢ ¢ekrici
Oonmac yimiH, yariiep OeriHe KanbIHABIFBI 5-10 HM OOJIaTBIH KYKa ajThIH
Ka0aThIH JKaraabl [15].

PamanoB crmekTpiepiH 3epTTey YIIH KOH(OKAIbIhl pPaMaHOB CIIEKTpi
INTEGRA Spectra konnansuiael. Kypbeumebel keneci mapaMeTpiepre ue: Ja3epiik
IIAFBUTYIBIH TOJIKBIH Y3BIHIBIFBI A = 473 HM, apanblk 1-3 cmt , KEHICTIKTer1
apanbik 1 mxM. Tex 500-3500 cmt TOJNIBIH/IBIK CaHNap apajbIFBIHAAFBl CTOKCTIK
KOMIIOHETTep Wambipaysl 28 enmeHni. bapiblk emmeysiep jia3epAiH TypakKThl
KyaThIHIA JKYPri3immi. YIri 1abopaTopusUIbIK IIBIHBIFA CEOLTIMN, CHEKTPOMETP
KaMmepacbhiHa eHri3inmi [ 14].
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rpa¢ur ['JI-1

Ienorpadur
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[zn(NO,),*6H,0]

['padut nen meramn
TY3JapbIHBIH KOCTIAChIH
TEPMUSLIIBIK OHJIEY OapbIChl

3. 3epTTey HOTHKeJIEP] JKIHE 0JIaPIbI TAJAAY

Peceit xen opubiabiH [JI-1 mapkanel TaOufu rpaduTiHIH KypaMbl aHBIK-
tanael. 1-kecreme ['JI-1 Mapkaisl rpadUTiHIH HETI3T1 KOPCETKIMTepi KOPCETIITEH.
Kecrene kepcerinreneit kemiprex meniepi 93,14% kypaiiasl. By kepcetkirire
rpaduT KypaMbIHJaFbl HETIi3T1 3JIEMEHT KOMIPTEK JKOHE 63Te JIEMEHTTEP KOCIachl
a3 ekeHuirin kepcereni. COHBIMEH KaTtap, SHEPTOIUCIIEPCHOHIBI TNy apKBLIBI
rpaduT KypaMBIHIAFBI ©3T¢ & JJIEMEHTTEPIIH MeJIepi KepceTureH. Kammsr
e3re aneMeHTTep 6,85% kypaiinel. Ken Oeniri orTekreH Typaasl. OHBIH Meiepi
5,66% xypatinpl. CoHmail ak, e3re Ji¢ MeTall JJIEMEHTTep a3 MeIlepae Kes-

necen.

1-kecte — ['JI-1 Mapkaisl TpaUTTIH HETI3Ti cHIIaTTaMalaphl

1-cyper — Taburu rpadurTeH neHorpaduT anybiH CbI30aHYCKACHL.

I'pagur, KemipTex MenmrikTi 6eri, Bemmekrep Kymnaimiri, blnran
Mapkacel | Medmmiepi, % M2Ir OIIIIeMi, MKM % Mermiepi, %
ri-1 93.14 0.528 0.5-4 10 0.5
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2-cyper — I'JI-1 Taburu rpaduTiHIH SJTEMEHTTIK KYpaMBbI KOHE KopiHici.

Taburu rpadut xoHE TICHOTPAPUTTIH canaiblK aHaIu3i OepiiareH. 2-cypeTTe
KODIHIN TYpraHIai, HHTCHCUBTI KOMIpTEeK INbIHBI Oaiikamaabl. by, rpaduttin
KYpaMbIH/IaFbl HETI3r1 DJIEMEHT KOMIpTEK eKeHIriH Tycinmipeni. byn cyperrepne
Zn-Ka coiikec KeJNeTiH IIBIHIApABIH Taiiga OoJFaHBIH KepeMi3d. MHKpoaHaIu3
HOTHXKECI, TEPMOOHICY TaOUFH rpadUTTiH KypamMbl MEH KYPBUIBIMBIH ©3TePTKeHIH
kepceteni. XKorapsl TemmepaTypaibl TEPMHUSUIBIK dCep €Ty KOCIaHBIH CaHIbBIK
KYpaMblH aWTaplbIKTall e3repTeili KOHE OpTYpJi DIEMEHTTEPIiH KypaMbl
TEPMOCOKKBI TEMIIepaTypachblHa TOYedi. 3-CypeT TepMOOHICITeH TpaduTTiH,
ssrau eHorpadurtin EDAX criekTpiepi KepceTiireH.
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3-cyper — «I'padur- [Zn(NO3)2x6H20]» kocnacbiHaH aJIbIHFaH
NIEHOTPaUTTIH JIEMEHTTIK KypaMBl.

KypbutbiMbl MeH MOPQOIOTHICHIH 3ePTTEY YIIiH CKaHUPJCYII 3JESKTPOHIBI
mukpockorust (COM) omici KommaHbBUIIBL. DIEKTPOHABI — MHUKPOCKOIHUSIIBIK
3eprrey HoTmkenepi rpadur- [Zn(NO3)2x6H20] KocmachiHaH — aJIbIHFaH
neHorpadurtiy KanbiHaeiFel 0.1 — 0.2 MKM Jkyka KabarrapjaH TypaThiH
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xoHe 250 HM-JIeH 5 MKM JIeHiHT1 apajbIKTarbl OOJIIEKTep MOIIepiHIeri Kyphl-
JBIMIIBI CHIIATTAlABI. 2-CypeTTe >KOFaphl TeMIeparypaia TY3AapMeH ©HJENTeH
nieHorpadurre Oenrini Oip emmemzepi Oap alikeiH Oeniek KepiHicTepi Oalka-
JIBII TYP.

[enorpadurriyg KL criexTpriepiniH aHAIN31 apKpUIbl OacTanksl rpaduT MeH
neHorpaduTTiH KypbUbiMb aubikTamgsl. 1-KIII cnextpae ~ 1583 cm™ aitmarbiizaa
WHTEHCHBTI XiHimMKe G >OJarkl >KOHE CKIHINI pPEeTTe KYPT aCHMMETPHSUIEI,
pitbIparan keze 2D1 men 2D2 mbiraapsiaa Geminetin, 2D (~ 2746 cM™) KomarsI
Oaiikanabl.

42. Andor Spectra
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4-cypet — Taburu rpadut (a) )xoHe TEPMHUSUIBIK OHIEITeH EeHOrPapUTTIH
(6) [Zn(NO3),*6H,0], (8) [FeClz*6H,0], (c) [Mg(NO3),*6H,0] KII-crekTpiepi.

Axaymap Ke3meceTiH TpaduT cIeKTpiepiHae HeMece KpHCTauT ejmeMaepi
ycak GONIFaH Kesje KOCHIMINA CHI3BIKTAap Kesmecenmi: 1370 cm™ — DI, 2490 cm™
animarbiga — D2, conpimen katap 1400-1500 cemt — D3 xome 1100-1200 cm™t —
D4 aiimarsrHmarel oici3 chI3bIKTap. lleHorpadwurriy percizmiri D cmekTpinme
JKOHE OHBIH MHTCHCHUBTI OCYiHEH KopiHe/i, D ChI3BbIFBIHBIH HHTCHCUBTLUIITI apTKaH
caifbiH, G cpB3BIFBl KeHeleni. bipak D CBI3BIFBIHBIH MHTEHCUBTLUIIN TrpadurTe
opaaiibiM G ChI3BIFBIHAH TOMEH.
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Kyprizinren 3eprreyinep, nmeHorpaduT CHeKTp GopmManapbiHa OaiIaHBICTHI
©3TCIICIICHETIHIH, KPUCTAIIBIK TOPJBIH KETUTy IOPEKECIH CaHJBIK Oaraiayra
JKOHE OPTYPJIL aKayinapAbl aHBIKTayFa MYMKIHIIK OEpeTiH CIeKTpalbAbl CHUIAT-
TaMaJap >KUBIHTHIFBIH KOPCETTI.

5-cyper taburu rpaduTneH TepMUSIIBIK oHuenreH rpaduttin MK-cnekpuepi

Oepinrex.
,.-ML/"”“’“M
o
\
'/

—

a)

0)

5-cyper — (a) Taburu rpadut sxone (6) menorpadut [Zn(NOs),*6H,0]
UK-criexTpiHiH KepiHici.
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Bipimi MK-crextpare C = C (1633 cm™ ) T06B Kepcerinren. HuTeH-
cuBTiNiTi ToMeH 1385 cM™ IIBIHBIHBIN 6oyl C(CHjs), TOOBIHBIH Oap eKeHIITiH
xepceredi. A 3468 cm™ mbiHel O-H TOOBIHBIH ilIKi ’OHE MOJCKYIAapaibK
opTanbikTapaa H- TOOBIHBIH BaJeHTTiK TepOENiCiHiH ocepiHeH MoHI OCHIFaH TEH
0O0JaTHIH IIBIH KOPCETLIIIT TYP.

Tepmusinbik ormenrer menorpaburrin UK-crextpinme 3446 oM™ wIbIHBI
kepcetinreH. O-H jxoHe BameHTTiK TepOemicreH e3repreH R-H TomTapeiHBIH
MOHIHEH MapJbpIMCBI3 e3renreniri 6ap. XKone 1586 cm! msapl C=C TOGBIHBIH Oap
€KEHIH KOpCETIT TYp.

4. KopbITBIHBI

I'padur meH Ty3map KocmachklHAH TEPMUSIIBIK OHACY 9Mici apKbUIBI ITEHO-
rpadut anbiaael. MK sxone PamaHn ciekTpockonusiapbl MEH CKaHUPIIEYII JJIeKT-
pouasl Mukpockonus (COM) axictepiMed OacTankpl rpaguT neH NeHOrpaduTTiH
KYPBUIBIMBI 3€pPTTENAl. DJIEKTPOHIBI — MHUKPOCKOIMSUIBIK 3EPTTECY HOTHOKENepi
rpadur - [Zn(NO3),x6H,0] KocmacsiHaH ajbIHFAH MTEHOTPAPUTTIH KaabIHIBIFEI
0.1 — 0.2 MKM XyKa KabaTTapJaH TypaThiH xoHe 250 HMIEH 5 MKM JieiiHri apa-
JBIKTaFbl  OJIIEKTep MeIIIepinaeri KypsulbiMabl cumnartansl. WK-cnekrpo-
CKOTMSICHIHBIH KOMETIMEeH TpaduT OeTiHme, TepMUSIIBIK OHICeyOaphICBIHIA Tpa-
¢urTin keneMinin icinyine ocep ererin, C=C, C(CHjs),, NO; »xone Tarsl 6acka
TONTapAblH OonaTelHbl aHbIKTaNbIHABL. [lenorpadutrin KU cnexTpiepinin
aHaIM31 apKpUIBl O0acTanmkbl rpaduT MeH MEeHOTPAPUTTIH KYPBUIBIMBI 3€PTTENII.
DJeMEeHTTIK aHaJIM3 apKbUIbl albIHFaH MEHOTPa(UTTIH KYpaMbIHIAaFbl Zn Mell-
mepi 5.47% OonaTbIHABIFB! NonenfeH . TepMIsUIBIK OHIeY 9Jici apKbUIBI Tpa-
¢ut + [Zn(NO3),*6H,0] KOMIO3UTTI MaTepyan aibIHIbI.
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Pe3rome
MNOJYYEHHUE KOMITIO3UTHBIX MATEPUAJIOB C TIOMOIIIBIO
TEPMOYJIAPA U UX CBOMCTBA

H.A. Opwvinéait, K.K. Kyoaiibepzenos, E.O. /lococanos, 3.A. Mancypoe

AO «Kaszaxcxuil nayuonanvuulil ynugepcumem um. ano-@apabuy, Anmamer, Kazaxcman,
Hucmumym npobdaem eopenus, Anmamol, Kazaxcman

E-mail: 98nurgul@mail.ru

Meto10M TepMHYECKOH 00pabOTKH M3 cMecH rpaduTa U cosell ObUT MOIydYeH IeHO-
rpaduT U omnpeneneHsl YCIoBUs ero 3G QekTUBHOTO nosrydenus. OnpeneneH coctas Npu-
pomHoro rpadura Mapku [JI-1 poccmiickoro mectopoxneHus. VccrienoBaHue MOKa3bl-
BaeT, YTO OCHOBHBIM 3JIEMEHTOM B rpaduTe SBISETCS CMECh yIiiepoja W APYTuX diie-
MEHTOB. AHAJIM30M SHEPTOIHUCIICPCHOHOB OBIJIO MOKA3aHO COAEPKaHUE JIPYTUX HIIEMEH-
TOB B rpaute. YCTaHOBIEHO coliepKaHie Zn B eHorpaduTe, MOIyYeHHOM C ITOMOIIBIO
3JIEMEHTHOTO aHanu3a. Kpome Toro, mccienoBaHbl (PU3MKO-XMMHUYECKHE CBOWCTBA Tep-
MoobOpaboTanHoro rpaduta. C momomsio MK-criekrpockonuu ObUI0 YCTaHOBIEHO, YTO Ha
NOBEPXHOCTH NeHorpadura HaxonsuTcs pasnuunble rpynnbl. Anamus3 KII-cnekrpos
neHorpaguTa Mo3BOJIMI ONPEACIUTh CTPYKTYpY rpadura u neHorpadura. [IpoBeneHHbie
UCCIIeZIOBaHUS IOKA3aJIH, YTO NMEHOrpadyT OTIMYAETCS B 3aBUCUMOCTH OT ()OPM CIIEKTpa,
Ha0Op CHEKTPaIbHBIX XapaKTEPHCTHK, MO3BOJIAIONIMX KOJIMYECTBEHHO OLICHUTH CTENEHb
3pENIOCTH KPUCTAJUTMUECKOIM PEIIeTKN M BBISBUTH pa3iinuHble nedekTsl. Paman cnekrpo-
CKOITHUSI JUISl TIOJTHOTO TIOHMMAaHUS Pe3yNIbTaToOB aHain3a ObUIN MPOBEIEHBI UCCIIE0BAHMS
CKaHUPYIOWIEH 3JIeKTpOHHOH Mukpockonuu (COM) Ha CIOHCTYIO CTPYKTYpy IE€HOTpa-
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¢uTa. PesynmpTar MUKpOaHaIm3a, TepMOOOPaOOTKH MOKA3BIBACT, YTO MPUPOIHEIA TpaduT
WU3MEHHWJI COCTaB M CTPYKTYpPY. YCTaHOBJIEHO, YTO BBICOKOTEMIIEPATYPHOE TEPMHYECKOE
BO3JICHCTBUE CYIIECTBEHHO M3MEHSET KOJINYSCTBEHHBIH COCTAaB CMECH U COJICPIKaHHe pas-
JUYHBIX 3JIEMEHTOB 3aBUCHT OT TeMIepaTypbl Tepmoynapa. Ilokasaneicriektper EDAX
TepMooOpaboTaHHOrOrpadura.

KarwueBble ciioBa: rpaduT, neHOrpapur, KPUCTAIIIOTHIPAT.

Abstract
OBTAINING OF COMPOSITE MATERIALS BY THERMAL SHOCK
AND THEIR PROPERTIES

N.A. Orynbay, K.K. Kudaibergenov, E.O. Doszhanov, Z.A. Mansurov
JSC «Al-Farabi Kazakh National University», Almaty, Kazakhstan,

Institute of Burning Problems, Almaty, Kazakhstan

E-mail: 98nurgul@mail.ru

By the method of heat treatment, a mixture of graphite and salts was obtained from
the foam graphite and the conditions for its effective production were determined. The
composition of natural graphite of the GL-1 grade of the Russian deposit was determined.
The study shows that the main element in graphite is a mixture of carbon and other
elements. The analysis of energy dispersions showed the content of other elements in
graphite. The content of Zn in the penografite obtained by elemental analysis was
determined. In addition, the physicochemical properties of heat-treated graphite were
investigated. Using IR spectroscopy, it was found that there are different groups on the
surface of the penografite. Analysis of the CS-spectra of penografite allowed us to
determine the structure of graphite and penografite. The conducted studies have shown
that penografite differs depending on the forms of the spectrum, a set of spectral
characteristics that allow us to quantify the degree of maturity of the crystal lattice and
identify various defects. Raman spectroscopy for a full understanding of the results of the
analysis, studies were carried out scanning electron microscopy (SEM) on a layered
structure of penografia. The result of microanalysis and heat treatment shows that natural
graphite has changed its composition and structure. It is established that the high-
temperature thermal effect significantly changes the quantitative composition of the
mixture and the content of various elements depends on the temperature of the thermal
cover. The EDAX spectra of heat-treated graphite are shown.

Keywords: graphite, expanded graphite, crystal hydrate.
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CHHTE3 IOJIMUMHU 0B APUJIAJIMITUYECKOI'O CTPOEHUSA

A.B. /Ipyscununa **, M.III. Cyneiimenosa', 0.A. Anmabexos', A.K.Kycaunosa’

Y40 «Anmamuncruii Texnonozuyeckuii Yuusepcumemy, Anmameir, Kazaxcman,
240 «Kasaxckuii Hayuonanvhwisi Meduyunckuii Yuueepcumem um C. /. Acghenousposa»,
Anmamel, Kazaxcman
*E-mail: nasta4330@gmail.com

Pe3tome: B cTarbe nmpuBeieHb! crioco0B! TTOTyYESHUS TOJMMEPHBIX MAaT€pPHUAJIOB HAa OCHOBE
JVaHTUIPUIOB TETPaKapOOHOBBIX KHCIOT, TOJNyYEHHBIX IPH (POTOXMMHUYECKOM WIIN COJI-
HEYHOM 00ydeHnn u3 (hypaHa U MaJenHOBOTO aHruapuaa. [ToapoOHO n3yueHa MeToauKa
CHHTE3a AapWIAJHIUKINYECKUX MOJMUMHIOB HA OCHOBE AHTHAPUA 7-OKCOOWIMKIIO
(2,2,1)-renrren-2,3-aukap6onoBoii kuciotsl (MA®) W IUAMHUHOB: JIHAMHAHOIA(EHHI-
okcuna (JAJJDO) u mnokcutpudenmwianamuta (JOTD/IA) B HOIIPHBIX alpOTOHHBIX
PACTBOPUTEIAX aMUIHOI'O TUIIA B MPUCYTCTBUU KaTajlu3aTopa OCHOBHOI'O THIIA: TPUME-
THJIaMHHA. HpI/Ipoz[a N pCaKIIMOHHaA CHOCO6HOCTB HNCXOJHBIX MOHOMEPOB OKa3bIBAIOT
BJIMAHUEC Ha IMPOUECC MOJIYUYCHHA IMOJIUHUMHIOB. HaﬁHeHbI OINNTUMAJIBHBIC YCJIOBUSA I10-
JIy4eHUs TIOJIMMMUAOB CO 3HA4YEHWsSMH Xapakrepucrtuueckoil Bsizkoctd 1.30-1.64 mu/r.
HccnenoBanbl (pU3UKO-XMMUYECKHE, JIIEKTPHYECKUE U TEPMUYECKHE CBOWCTBA CHHTE3U-
POBaHHBIX TOJIMMMUIOB. YCT@QHOBJIEHO, YTO OHM O0JIaJAOT IOBBIMIEHHOW 3JIacTHY-
HOCTBIO, BBICOKOW IPOYHOCTHIO Ha Pa3pbIB. Y UIMHEHHE IPU pa3pbiBE IMOJUMMHUIHBIX
mieHok gocturaer 30-43%, mpouHOCTs Ha paspeiB cocTaBisgeT 130-180 MIla. Ilo
JIEKTPUYECKIM CBOWCTBAM JAaHHBIEC TTOJUMMHU/IBI OTHOCSATCS K Pa3psay CpPeAHEYaCTOTHBIX
IVINIEKTpUKoB. Kpome TOro, OHM OTIMYAIOTCS TEPMOIUIACTUYHOCTBIO B MHTEPBAJIE OT
210 °C go 250 °C, obmamatoT TEpMOCTOWKOCTBIO W HE pa3jararloTcs NP HATPEBaHUW Ha
Bo3ayxe 1o Temreparyp 335-390 °C, a Hammume OKCHIOHBIX TPYII B CTPYKType IIONH-
MEpOB CIIOCOOCTBYET HOBBIIIEHHUIO PACTBOPUMOCTHU MOJTHUMHUJIOB.

KarouyeBble cj10Ba: MOJMAMHUIBI, THAHTHIPUIBI, MAJCHHOBBIA aHTHIPHUI, MOJIAMEPHBIC
MaTepHalbl, PypaH.

1. BBegenue

Co3nmanre COBPEMEHHBIX MOJUMEPHBIX MaTEPHAIIOB, 00JIATAIONTHUX IICHHBIMH
(1)I/I3I/IKO-XI/IMI/I‘-IGCKI/IMI/I, TepMOHHaCTI/I'-IHBIMI/I n paCTBOpI/IMI)IMI/I CBOI7[CTB3MI/I,
SIBJIICTCS. OJTHOM M3 aKTyalbHBIX 3a7ad. B 3TOM HampaBieHUU OCOOBIA MHTEpEC
MPECTABISIOT TOTUHUMHU/IBI APUITATHAIIHKINIECKOro cTpoenus [1,2].

Citation: Druzhinina A.V., Suleimenova M.Sh., Almabekov O.A., Kusainova A.K..
Synthesis of polyimides of aryl acyclic structure. Chem. J. Kaz., 2021, 2(74), 124-132. (In
Russ.). DOI: https://doi.org/10.51580/2021-1/2710-1185.34
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B Hacrosmieir paboTe aBTOpamMHu MPEAJIOKEH CHHTE3 ANIMIMKIHYCCKUX U
LOUKI0ATU(PaTHYeCKUX TONHUMHIOB, YTO TO3BOJISIET IOJy4aTh BBICOKOMOJIE-
KyJISpHbIE PaCTBOPUMBIE MOJMMEPHI C KOMIUIEKCOM LICHHBIX CBOWCTB. Hamimuue B
MOJMMMUAHON CTPYKType QIMIHUKINYECKUX M anudarndyeckux (¢GparMeHTOB
MpHUIAeT TONHUMEpaM IUIaBKOCTh, PAacTBOPUMOCTh, TEKy4YecTb, 4YTO SBISETCS
BaXHBIM IIPEHMYIIECTBOM IIPH TEXHOJOTMYEeCcKOoil mepepaboTke Iactmacc. B
Ka4ecTBE MCXOAHOIO COCAMHEHMS AJSl CHHTE3a MOHOMEPOB paccMaTpUBArOTCA
dbypan © JUXJIOPMAJECHMHOBBIM aHTHIAPHI. AJHIHUKIAYECKHE TUAHTHUAPUIBI
TETpaKapOOHOBBIX KHUCIOT CHHTE3UPOBAIH (POTOXMMHUUYECKHUM CIOCOOOM U COJ-
HewHbIM oOnydyenneM [5]. B Kazaxcrane oTcyTCTByeT COOCTBEHHOE MpPOM3-
BOJICTBO HCXOIHBIX MOHOMEPOB IS ITOJYYEHHS MOJIMMEPOB HAa OCHOBE IHMAH-
THIPUAOB TETPaKapOOHOBBIX KHCIOT. ABTOpaMH pa3paboTaHbl yCIOBUS HX
MOJIYYECHUSI C HCHOJIb30BAaHHEM BO30OHOBIIIEMOTO 3HEPropecypca — COJIHEUHOH
SHEPIHUu.

2. JKcnepUMeHTAJbHAS YacTh

CxeMbl TOJIyYCHHS AUaruApUI0B IPEACTaBICHBI HIDKE:

1. Auruapun 7-okcobunukio (2,2,1)-renteH -2,3-1uKapOOHOBON KHCIOTHI
(MA®D);

0 o]
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G\ C\
{3+ p >0 L
9 S S
0 o

2. Jumaaruapua 9-oKCOTPHUIHKIO —(4,2,11’6,02’5) -HOHaH-3,4,7,8-TeTpakap-
60HOBOH KHCIOTH (AD);
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3. Muanruapun 9,14-,Z[I/IOKC0H6HTaHLII/IKJ'IO-(8,2,11’11,14'7,02’10,03’8)-T6Tpa-
nekaH-5,6,12,13-rerpakapoonooii kuciotsl (JJOBI);

[e] o]
f? i\ I
C hv e C,
hS
2| o [ 0 — O o E 0
c c” ¢
I\ 1l |\
o} 0 0

125



XUMHYECKHH )KYPHAJI KA3AXCTAHA

4. Jlmanruapun 3,4—,Z[I/IXJ'IOp-9-OK00TpI/II_II/IKJ'IO-(4,2,11’6,02’5)-H0H3.H-3,4,7,8-
TeTpakapooHOBOM KUCIOTH (ADJIX);

O @] O cl 0
1y I W /i
e Y. w £ €
@ O+ | O—>» Q 0
C C C i &
W Cl W 1 W
o) o) 0 Cl o

5. Juaurumpun  3,7,8—tpuxiop-4-benni-tpuuukio-(4,2,21°0%°)- nen-9-cu-
3,4,7,8- terpakap6oHOBOii kucnoTel (AB/IX);

a O O, ci cl o
C\ hwv /C C\

+ ]| o —» O o
C C C=0o

o 2 o ¢l CeHs

IIpy BBINOJIHEHUHM SKCHEPUMEHTAIBHBIX PabOT HCIONb30BIN ITOJIHBIN
COJIHEUHBIH CHEeKTp. YibTpaduoneToBas TrpaHUIa CHEKTpa IHEBHOTO CBeETa
HaxoauTcsa okoyio 290 HM, AJIs1 OCYIIECTBICHHS MpoLecca MPUMEHSUINCH TaKKe U
reJIMOPEakTOPbl, W3TOTOBJICHHBIE W3 KBAapIEBOTO WM IHPEKCOBOIO CTEKIA,
MPOIyCKarIue CBET Bhiie 280 HM U 00ecneunBaroNIIue COONMI0ICHUE HEO0XO0aH-
Moro ans (HOTOXMMHUYECKOW peakIMu pexuMma. Brixonsl (GoToangykToB mnpu
€CTECTBEHHOM COJHEYHOM O00IyueHHH cocTaBstoT 50-70%, 9TO 3HAYHMTENHHO
HWKe o0ydeHus B renuopeakropax (Beixon coctasisin 80-90%). CpaBHHUTEIHHO
HEOOJIBIION BBIXOA OOBSCHIETCS HECKONBKUMH (PaKTOpPaMHu: 3aKOHOMEPHOCTSIMU
CIEKTPaJIbHOTO PacpeieNeH s COJIHEUHOW SHEPTUH, €€ 3aBUCHMOCTH OT BBICOTHI
[ObEMAa COJIHIA B TEUYEHHWE CBETOBOTO BPEMEHHM U KOHLEHTPALMOHHON
HEPaBHOMEPHOCTHIO PEAKIIMOHHOTO PacTBOpa (B CBSI3U C 3TUM OBUIM MPUMEHEHBI
MarHUTHBIC MEIIAJIKU, a Takke 0apOOTHpPOBaHNE MHEPTHHIM TazoMm). [lomoOpaHs
ONTUMAJIbHbIC YCIOBHUs CHHTEe3a (poToanmaykra Ha OcHOBE (ypaHa M IUXJIOpMa-
JIEMHOBOTO aHTHJIPH/IA.

YcraHoBleHO, YTO Ha oOpa3oBaHuEe (OTOAIIYKTOB BIHUSIOT NPHpPOJA H
KOHIIEHTpaIus ceHcuOmimiaropa (O0eH30()eHOHa), TMPOJOIDKUTEIHFHOCTh 00Iy-
YeHUus, CpeAHecyTouHas TeMmmeparypa. ONTHMaJbHBIMU SBJSIFOTCS CIELYIO-
LIMe YCJOBHS: MOJBHOE COOTHOIIEHHE (ypaH: AUXIOPMAJICHHOBBIA aHTHUAPHI
paBroe 1:10, xoHmeHnTpanus ceHcuOunuzaropa 0.75 Momd, OPONOIDKUTEINb-
HOCTBL OOJTlydeHHs 6 CYT IPH CpeTHECYTOUHOU Temmepatype 22-25°C. Hccneno-
BaHHS NPOBOJIMIIVCE B I'. AJIMATBI M €€ OKPECTHOCTSIX.

Ha ocHOBe CHHTE3MPOBaHHBIX TUAHTHIPUIOB M PA3IHUYHBIX apOMAaTHUECKUX
JUaMUHOB TIOJIy4€HBl IIOJIMAMHUIOKUCIOTHI, KOTOpPHIE CHHTE3UPOBAIH IBYX-
CTaJMIHBIM CIIOCOOOM B Cpee AampOTOHHBIX TOJSIPHBIX PACTBOPUTENEH 10
CIEAYIOUIEN CXEME:
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/CO HOOC _ CO-NH- K
Q /R\c /O + NHN-R - NH,—>

CO

COOH n
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|| ||
- 2HO N@ <>N—R—
|| || n
o) o

roe R -

CH3
CH
Rl - apOMaTquCKHe JUAaMUHBI TUIIA:

-Ar- X- Ar-, -Ar- X-Ar -X-, -Ar -X-, rae X = -O- , -CH,- , - S- .

Jns MOoNMaMUIOKUCIOT HaWJeHbl ONTHMANbHBIE YCIOBUS WX CHHTE3a.
Homnamupokucnorer (ITAK) momyuwanu B Msrkmx ycnoBusix. B mpormecce
BBITIOJTHEHUSI JKCIIEPUMEHTAIBHBIX HCCIEOBaHUN OBUIO HAWAEHO, YTO TIOJH-
AMUABl C HauOONBIIUMH 3HAYCHHUSMH TPUBEACHHOW BSI3KOCTH OOpa3yroTCs
IpU KOHLEHTpaUuu MOHOMepoB 25 macc. %, temmeparype 30 °C 3a 2 4. [us
peaKuu MOJHANMINPOBAHMS B KauyeCTBE JUAMUHHBIX KOMIIOHEHTOB OBLIH HC-
mob30Banel  auamuHOTUGeHmIokcHa (JAADPO) u muokcuTpudeHUITHAMAH
(IOT®JA). B xaduecTBe anuIHpyIONEro KOMIIOHEHTA HCIIOIB30BAIM aHTUIPH]L
7-okcobunmkino(2,2,1)-renten-2,3-nukapbonoBoit  kucinotel (MA®). B onrtu-
MaJbHBIX YCIOBUAX CUHTE3UpoBaHbl momuumMuasl (I1M) co 3HaueHnsIMU BA3KOCTH
1.30 — 1.64 m/r.

3. Pe3yabTaTsl 1 HX 00CyKIEeHHE

OC0OEHHOCTH CTPOCHHSI MCXOTHBIX MOHOMEPOB, CIOCOO CHHTE3a W HEKO-
TOpBIE Jpyrue (aKTOpbl ONPEACIAIOT TEPMHUYECKHE, XUMHUYECKHE, (UIUKO-
MEXaHHUYECKHE U 3JIEKTPUUECKHE CBOWCTBA KOHEUHBIX TIOJIMMEPOB.

Ha ocHoBanum aHanm3a TepMorpaduuecKux KpHUBBIX ObUIa JaHa OLIEHKA
TEPMHUYECKON YCTOMYMBOCTH CUHTE3UPOBAHHBIX MOJIMUMHJIOB. Y CTAHOBIIEHO, YTO
MOJIMUMU/IbI YCTOMUMBEI Ha BO3AyXE B MHTEepBaje TemnepaTyp ot 335 mo 390 °C.
HccnenoBanne TepMOMEXaHMYECKUX CBOMCTB MOKAa3ajo, YTO CHHTE3UPOBAHHBIC
HaMM TOJMUMHIBI SIBJISIOTCS TEPMOIUIACTHYHBIMHM, MX TEMIIEpaTyphbl pa3Msr-
YeHHs HaxoJATCs B HHTepBase Temmeparyp 250-280 °C, a TemmepaTypsl
pasnoxxenus B paiione 395 °C. Ilpu u3ydeHuu (pu3NKO-MEXaHMUECKHX CBOMCTB
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MOJIMMMHUIOB YCTAHOBJIEHO, YTO OHM 00JaJar0T MOBBILIEHHON 3JIACTHYHOCTHIO,
BBICOKOW NPOYHOCTBIO Ha PAa3phiB. YUIMHEHHE IIPU DPa3pblBe IMOJUMMHUIHBIX
wieHok jpocturaetr 30-43%, mpouHocTs Ha pas3pbiB coctaBiser 130-180 Mlla.
Bonee smacTHYHBIMH SBJISAIOTCS TOJMMMHUABI, CHHTE3MPOBAHHBIE C HCIOJIB30-
BaHueM muokcutpudernmnanamuta (JOTDJIA), uTo MokeT OBITH 00YCIOBICHO
OOJBITION THOKOCTHIO MaKPOMOJIEKYIT.

Hanuuue B MOMMMMUAHONW CTPYKTYype aNWIUKINYECKUX M adu(aTHUECKUX
(parMeHTOB NpHIaeT MOJUMEpPaM IIaBKOCTb, PACTBOPUMOCTH, TEKY4YeCTb, UTO
ABJSIETCS. BAKHBIM IIPEUMYIIECTBOM IIPU TEXHOJIOTHUYECKOH mepepadoTke
IacTMacc.

B mporecce BBIMONHEHHST SKCIEPUMEHTATBHBIX HCCIECAOBAHUN OBUIO Haii-
JI€HO, YTO MOJMMMHUABI C HaWOOJIBIIMMHU 3HAYEHUSIMH IIPUBEICHHOW BSI3KOCTU
00pa3yroTcs NPy KOHIEHTPAIMH MOHOMEPOB 25 macc.%, temmneparype 110 °C 3a
3 u. B onTtuManpHBIX yCIOBUSX CHHTe3MpoBaHbl 1M co 3HaueHHAMHU BSI3KOCTH
1.30-1.64 gu/r.

C nenplo KOJMYECTBEHHOH OLIEHKM KaTaJUTHYECKOTO BIMSHHUS Ha IPOLECC
00pa3oBaHusl TMOJUMMHUIOB OBUIM TPOBEACHBI KHHETHUECKHE HCCIEOBAHUS C
npusiedeHueM MetofoB Y®- u MK-cnektpockonuu. Peakius anuiaupoBaHus
MOUMHSETCS 3aKOHOMEPHOCTSIM PEAaKUUi BTOPOrO MOPAIKA, KaK B OTCYTCTBHE,
TaK ¥ B MPUCYTCTBUH KaTalu3aTopa - TpuMeTmiamuna [3,4].

KoncTaHThl ckopocTH peakuuu anunupoBanus mnpu remmeparype 110 °C mis
peakiuu aHruApuz 7-okcoOumukIo (2,2,1)-rentex -2,3-1MKkapOOHOBON KHUCIOTHI
(MA®) ¢ JAADPO u JOTD/IA B nmpUCYTCTBHH TPETUYHBIX AMHHOB TIPHUBEICHBI
B Tabymie 1.

Taoauua 1 —-Koncrantsl ckopoctu aruupoBanust JJADE u JJIOTOIA muanruapuiom
MA® B npucytcrBun 15 mace.% TMA npu temnepatype 110 °C

K-10%, rmomp ¢t
Anavis be3 katanuszaropa Karanuzarop TMA
TAZIDO 6.8 12.4
JIOTONIA 8.6 106

[lomydenHsle pe3ynbTaThl IMO3BOJIAIOT KOHCTATHPOBAaTh, YTO NpUpOAa U
pEeaKkIMOHHAsl CIIOCOOHOCTh HCXOIHBIX MOHOMEpPOB OKa3blBaeT BIMAHHE Ha
mpolecc MOMy4YeHUs] MOIMMMHUAOB NpU OJHOCTaIuiiHOM cuHTe3e. [IpoBeneHHbIe
HaMU HCCIIEJIOBAHUS IOKa3all, YTO TPETUYHbIE aMUHBI OKAa3bIBAIOT KaTaJHTH-
YeCKOe BIMSIHUE Ha PeakIiuy mpeBparieHust O-kapObokcnaMHuIHbIX (parMeHTOB B
WMHUIIHBIE IHKIBL. AHalW3 JaHHBIX ITOKa3bIBaeT, YTO B IMPHUCYTCTBUH aMHHOB
CKOPOCTh KaTaJIUTUYECKOTO TMPEBpAIICHUS IOJIMAMUIOKHCIOTHBIX 3BEHBEB B
MMHHBIC yBelqmduBaercs (mpu Temmeparype 110 °C K-10°=12.4 mmomstc? |
Ea = 29.2 xJlx/Monb, Torna kak 6es xarammsaropa K-10° = 6.8 mmoms™ ¢t |
Ea =40.2 x/x/monb. YMmenpuienne Ea u yBenuueHHE KOHCTaHTBI CKOPOCTH B
TPUMETHUIIAMUHE OOBSICHAETCS €T0 BRICOKOW KaTAIMTUYECKOH aKTHBHOCTBIO.
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OCoOEHHOCTH CTPOEHUS HMCXOJHBIX MOHOMEpOB, CIIOCOO CHHTE3a W He-
KOTOpbIe Ipyrue (axTopbl ONPEAETSIIOT TEPMUYECKHE, XUMHYECKHEe, (PUIUKO-
MEXaHHUYECKHE U SJICKTPUUCSCKHIE CBOWCTBA KOHEYHBIX TIOJIUMEPOB.

Ha ocHOBaHnM aHanmm3a TepMorpapuIecKux KPUBBIX (Tadnuia 2, pucyHku 1
u 2) ObLTa JaHa OICHKA TEPMHYECKOW YCTOWYMBOCTH CHHTE3UPOBAHHBIX IMOJIH-
WMUOB. YCTaHOBJICHO, YTO TOJHAMHUIBI YCTOHYMBEI Ha BO3JIyXe B HMHTEpBAJe
temrrepatyp ot 335 °C mo 390 °C.

Tabauna 2 — Pe3ynpTaTsl TEpMOYCTONYMBOCTH MOJIMUMUIOB

IToTepu maccel pu max, Temnepatypa MakcumyMa
% MA®+IAJIPO MA® +10TDJIA
1 95 90
2 260 160
3 475 455

Kak BHIHO, TepMOCTaOWIBHOCTH TOJMMEPOB B OKHUCIUTEIBHON cpene
yobiBaer B psagy MADO+ITAJTDOO ~-MAD+IOTDA (260°C —160°C).

W3 pe3yabTaToB MCCIEeIOBaHMUS BUIAHO, YTO MPUPOA MOJUUMHIA OKA3bIBACT
CYIIECTBEHHOE BIHMSHHE TMPEKIC BCEr0 HAa TEMIIEpPaTypy Hadala TepMoje-
CTPYKIIWH.
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Pucynoxk 1 — 3aBucumocts norepu maccst (%) DAUIDOAB or temueparypst (°C).
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PucyHok 2 — 3aBucuMocTsb rotepu Macchi(%) snokeuaabix cmoi ot remieparypbi(°C):
1 - DJUADOAMIIB, 2 — DJIUJPOAXE, 3 — DJIUJIPOAB.
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[lonmuuMuapl OTIMYAIOTCS XOpOLIeH pacTBOpuMOCThIO. bomee pacrtBo-
PUMBIMM  SIBJIIIOTCSL [OJMMMUABI, IIONyYEHHbIE OJHOCTAJUMHBIM METOIOM:
pactBopuMocTh B JIMAA (numerunaneramun) nocturaer 40%. Xopormast pac-
TBOPUMOCTD MOJUMMUAOB, TOTYYEHHBIX U3 YKAa3aHHBIX MOHOMEPOB, OOBSCHSET-
csl X aMOpP(HON CTPYKTYPOH.

o »nexTpuyecKuM CBOWCTBAM CHHTE3UPOBAHHBIE MOJIMUMUIIBI OTHOCSTCA K
paspsay CpeJHEeYacTOTHBIX AURIIEKTPUKOB, YTO MO3BOJIAECT PEKOMEHIOBATh HX B
Ka4decTBE 3JICKTPOM3OJILUOHHBIX MaTepuaioB. Hauboinee mnepcreKTHBHBIC
TEPMOOTHECTOMKHE TOJIMMEPHBIE MaTepHalbl IOJIy4al0T HA OCHOBE ATHUX IOJIH-
UMUJIOB (TEPMOCTOHKHUE JIAKH, SMAITH, TJICHKH, TTOKPBITHS U PA3IIUYHBIE TUIACTUKA
KOHCTPYKLUHMOHHOTO Ha3HAYCHUS).

4. 3akir04enue

1. Uzyden meron cuHTE3a apUIATHUUKIMYECKHX MNOJMHMHUIOB Ha OCHOBE
aHruapuy 7-okcoounukio (2,2,1)-renren-2,3-qukapoonoBoit kucnotel (MA®D) u
muamMuHOB  muamuHomudermiokenna (AAJIPO) m muokcuTpudeHUITHAMHHA
(AOTD/JJA) B mNONApHBIX amnpoOTOHHBIX PACTBOPUTENSIX AaMHUIHOTO THIA B
MIPUCYTCTBUH KaTaJM3aToOpa OCHOBHOTO THIIA: TPUMETHIAMUHA.

2. HaiineHsl onTHMaibHBIE YCIIOBHMS IONYYEHHs MNOJIMMMHIOB CO 3Hade-
HUSIMU Xapakrepuctudeckoi Bsiskoct 1.30 — 1.64 m/r.

3. HccnenoBanbl (PU3HKO-XUMHYECKHE, DJEKTPHUECKHE M TEPMHUYECKUE
CBOWCTBAa CHHTE3UPOBAHHBIX MNOIMMMHUAOB. IlokazaHo, YTO 3TH MOJTUUMHUABI
OTIIMYAIOTCS TEPMOIUTACTHYHOCTHIO B HTepBaje ot 210 °C go 250 °C, obmagaroT
TEPMOCTOWKOCTBIO W HE pasjiaraloTcs NpH HAarpeBaHWM Ha BO3AyXe OO0 TEM-
neparyp 335-390 °C, a HanMuue OKCHIHBIX TpyHIl B CTPYKType MOJUMEPOB
CIIOCOOCTBYET MOBBILICHUIO PACTBOPUMOCTH HOJIUUMHUJIOB.
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Y40 «Anmamor mexnonoeusnvix ynusepcumemiy, Anmame k., Kasaxcman Pecnybnukacet,
2¢C. JI. Acghenousapos ameinoasel Kasax ynmmuix meouyuHanvlk yuusepcumemin AK,
Anmamwl, Kazaxcman Pecnyonuxacol

*E-mail: nasta4330@gmail.com

Makanaga ¢ypaH MeH MajedH aHTHAPUIIHEH (OTOXUMHSIBIK HEMece KYH Coylie-
CIMEH aJBIHFaH TeTpakapOOH KHIIIKbUIAAPBIHBIH AWAHTUAPUATEP] HETI3iHAE MOIUMepIi
MaTepualIapAbl aly omicTepi KenTipinreH. AHruapua 7-oxcodwmnukio (2,2,1)-renteH -
2,3-nukap6oHoBoii kuciaoTel (MA®D) sxone muamus auamuHogupenmnokcun (JAADO)
xone nuokcurpudenmiauamut (JOTDJIA) HeriziHAe april-aTUIUKIII TOMHAMHUITEPIL
aAMUITI TUITI MOJISAPIIBI allPOTOHABI ePITKIIITEepIe HEeTi3ri THNTI KaTalIu3aTop:TPUMETHII-
aMHUHHIH KaTBICYBIMEH CHHTE3ZIEY dJicTeMeci erkeiTerkeini 3eprrenred. bacTamnkel Mo-
HOMEpJIEPIiH TaOUFAThl MEH PEaKTHUBTUIIT] MOJMAMHUITEP/I Ty IIPOIIECiHE ocepeTe]i.

1.30-1.64 nn/r cunarraManbiK TYTKBIPIBIK MOHI 0ap MONMUMHIATEP/I OHIIPYIIH OH-
Tainbl mapTTapsl TaObUTABI. CHHTE3ENTeH TOTMUMUATEPIIH (PU3UKA-XUMISUTBIK, JJIEKTp-
JIK JKOHE TePMIBUTBIK KacweTTepi 3epTrenai. OnapablH JKOFaphl dJIACTUKAJIBIK JKOHE Y3i-
JyTe KOFaphl OCPIKTLIITT aHBIKTAIIBI.

[MommmmunTi KaOBIKIIANapasl XKEIPTY Ke3iHne yzapy 30-43% sxereni, CO3bITY KYIIi
130-180 MIla kypaimpl. DIEKTpIiK KacHeTTepi OOHBIHINA OYJ MOJMUMHITEP OpTalla
KHUITIKTI AUAIEKTPUKTEP caHaThIHA jkaTaabl. CoHbIMEH Katap, onap 210 °C-tan 250 °C-xa
JIEHIHT1 apalbIKTa TEPMOIDIACTHKANBIK KAaCHETTepiMEH epeKIIeNeHe i, BICTRIKKA TO3IMIi
koHe ayama 335-390 °C Temmepatypara JeiiiH KbI3FaH Ke3/Ie bIABIpaMaiilibl, ITonuMepiep
KYPBUIBIMBIH/IA OKCHATIK TONTAPABIH OOJYBI MOIMUMHITCPHIH EpITilITITiH apTTHIpyFa
KOMEKTECE].

Tyiiingi ce3nep: MOIMUMUATED, aHTUAPUATEP, MATCUH aHTUAPUI, TTOTUMEPII Ma-
Tepuanmap, pypas.
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Abstract
SYNTHESIS OF POLYIMIDES OF ARILACYCLIC STRUCTURE

A.V. Druzhinina ", M.Sh. Suleimenova®, O.A. Almabekov?, A.K. Kusainova?

!AO «Almaty Technological University», Almaty, Kazakhstan,

2JSC « S.D. Asfendiyarov Kazakh National Medical University», Almaty, Kazakhstan
*E-mail: nasta4330@gmail.com

The article describes methods for producing polymeric materials based on tetra-
carboxylic acid dianhydrides obtained by photochemical or solar irradiation from furan
and maleic anhydride. The procedure of synthesis of aryl-alicyclic polyimides based on
7-oxsodiciklo (2,2,1)-gepten -2,3- dicarboxylic acid(MAF) and diaminodiphenyl oxide
diamines (DADFO) and dioxytriphenyldiamine (DOTFDA) in polar aprotic amide-type
solvents has been studied in detail in the presence of a basic catalyst type: trimethyl-
amine.The nature and reactivity of staring monomers affect the process of obtaining
polyimides. The optimal conditions for obtaining polyimides with intrinsic viscosity
values of 1.30-1.64 dl/g have been found. Physicochemical, electrical and thermal proper-
ties of the synthesized polyimides have been investigated. It was found that they have
increased elasticity, high tensile strength. Elongation at break of polyimide films reaches
30-43%, tensile strength is 130-180 MPa. According to their electrical properties, these
polyimides are classified as medium-frequency dielectrics. In addition, they differ in
thermoplasticity in the range from 210 °C to 250 °C, have thermal stability and do not
decompose at heating in air to temperatures of 335-390 °C, and the presence of oxide
groups in the structure of polymers increases the solubility of polyimides.

Keywords: polyimides, dianhydrides, maleic anhydride, polymeric materials.
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[IpaBuna odopmienus crateil B )KypHajie
«XUMHUYECKHU ) KYPHAJI KABAXCTAHA»

1. OBIIME MMOJIOXKEHUA

Kypuan «Xumudeckuid xypHan Kazaxcrana» (ISSN 1813-1107, elSSN 2710-1185)
BhIMycKkaeTca opaeHa Tpynosoro Kpacnoro 3namenu AO «VHCTHTYTOM XMMHUYECKHX
Hayk uM. A.b. BekrypoBa» 4 pasa B rog u myOmmkyeT pabOTHI MO IIMPOKOMY KpPYTY
(yHAaMEHTATBHBIX, NPUKIAIHBIX ¥ HHHOBAIMOHHBIX MCCIICOBAHUN B 00JIaCTH XUMHHU U
XMMHYECKOH TEXHOJIOTHH.

S3pIKH TMyOMUKAIMK: Ka3aXCKUW, PyCCKuil, aHrImickuil. JKypHam HHIOEKCHpYeTcs
Kazaxcranckoil 6mbiaromerprueckoi cucteMoi U BKimoueH B IlepedeHp m3manuii, pexo-
MeHayeMbIx Komurerom mo koHTpomo B cdepe oOpasoBaHus M HaykKn MHHHCTEPCTBa
oOpazoBanus U Hayku PecnyOnuku Kazaxcran juis myOJMKalu OCHOBHBIX PE3yJIbTaTOB
Hay4HOU JI€ATEIbHOCTH.

HNzpanue umeer ciaeayromme pyopuxku:

1. O630pHbIe cTaThy 10 20 TeYaTHBIX CTPAHHIL;

2. OpuruHanbsHble cTaTthi (10 8—10 neyaTHBIX CTPaHUIL);

3. PedepaTuBHBIC COOOIIEHNS (10 7—8 IEUATHBIX CTPAHMII).

2. IPEJICTABJIEHUE CTATEMN

Penmakumst mpuHAMAET CTaThbH OT Ka3aXCTAaHCKUX U 3apyOeKHBIX aBTOPOB. B mensx
nonyispusanuu JKypHana, peIaKIMOHHON KOJUIETUEN NMPUBETCTBYETCS MIPUEM CTaTEl HA
AHIJIMICKOM SI3BIKE.

Jns perucTpanuy M MyOJMKaIMM CTATbU Marepuall CTaThbU MPEACTABISIETCS B
pelaKkiuioo Yepe3 CUCTeMY OJEKTPOHHOW TmojauM cTaThu Ha caiite JKypHana
(http://lwww.chemjournal.kz/ru/) B xoMIuIEeKTE CO CIIEYIONIMME JOKYMEHTAMM:

1. OnexTpoHHas Bepcust ctathi B ¢opmarax Word u PDF Co BCTpOCHHBIMH B
TEKCT TaOJWIaMM, CXeMaMH, pUCyHKaMu (Qaiin noyokeH ObITh Ha3BaH IO (aMUIIUH
TIEPBOTO aBTOpa Ha aHIJINICKOM SI3bIKE).

2. ConpoBoUTENBEHOE MICEMO, aipecoBanHoe B Pexakinio XMMHUUECKoro xKypHaia
Kazaxcrana ot opraHu3aiiy, B KOTOpOW JTaHHOE HCCIIEAOBAaHWE BBIIIOIHEHO, C YTBEPXK-
JCHHEM, YTO MaTephaj PyKOIMCH HUIZAE He MyOJHMKOBANCs, HE HAXOIHUTCS Ha PaccMOT-
PEHUH Ul OMyONHMKOBAaHHS B JPYTHX KypHAJlax W B MaTephajlaX CTaTbH OTCYTCTBYIOT
CEKpETHBIC JaHHbIE. B cCONMpPOBOIUTENHHOM MUCHME YKA3bIBAIOTCS CBEICHHS 00 aBTOpe
IU1sl KoppecnoHaeHn: daMuimist, UM B OTYECTBO aBTOpa, CIIyKEeOHBIH aapec ¢ ykasa-
HHUEM I0YTOBOTO UHJIEKCA, afpec eKTpoHHOH noutsl, Tenedon u ORCID ID.

3. Bce crarbu, onyOaukoBaHHble B XHMMUUeckoM xypHaie Kazaxcrana (ISSN 1813-
1107, elSSN 2710-1185) myOnukyrTCS B OTKpPHITOM jgoctyrne. YToObl oOecrednTh
CBOOO/HBIN JOCTYIl YUTATEISIM M MOKPBITH PACXOJbl HA DKCIIEPTHYIO OLICHKY, PElaKTH-
poBaHMe, TOAJCPKAHWE CaliTa >XypHalla, JOJITOCPOYHOE APXUBHPOBAHWE M BEJCHUE
JKypHaJla, B3UMaeTcsl IuiaTa 3a o0paboTKy craThi. [IpaBuia ormiarsl 3a omyOIHKOBaHUE
MIPUHATOW K TE€YaTH CTaThH HAXOAATCS B OTIENBHOM JOKyMeHTe Ha caiire JKypnana
«Ormiara 3a oIy OJIMKOBaHHE.

4. CTaTbe IIPUCBaNBACTCS PErUCTPALIMOHHBIA HOMEP, KOTOPBIH COOOLIAeTCs aBTOpaM
B TCUCHHE HEAENH IOCIEC MOJTYYSHHUs] YKa3aHHOTO TepevHs JOKYMEHTOB; Ha 9TOT HOMEp
HEO0OXOIMMO CCBUIATHCS P HEPEIHCKe.
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5. IlpuHATBIM K TICUaTH CTaThsIM IIPUCBAMBACTCA UPPOBOU HIACHTUDHUKATOP
(DigitalObjectldentifier — DOI).

6. YuuThiBas HEBO3MOYKHOCTD MMpOBOAUTH CTATbM Ha Ka3aXCKOM S3bIKC 4Y€pPE3 CHUC-
TE€My aHTHUIJIaryar, aBTOPBI, MNPUCHUIAIOLINE CTaTbH HA Ka3aXCKOM S3bIKE, IOJIKHBI
MIPEICTABIATH TEKCT U Ha PYCCKOM SI3bIKE.

7. CtaTbu NOIDKHBI OBITH OhOPMIIEHBI COTJIACHO IIA0JIOHY, KOTOPBIH MOXKHO CKadaTh
B pazzene «OTmpaBka MaTepualioBy Ha caifte Xummdeckoro JKyprana Kazaxcrana.

3. CTPYKTYPA IYBJIUKAIIAM

3.1. B Hagane cTaTby Ha TEPBOM CTPOKE YKa3bIBACTCSA HOMEp 1O YHHUBEPCATBHOM
necsatuuHoit knaccupukanuu (YK nin UDC), cooTBercTByMOUMi 3asBICHHOI Teme.
Jaercs nponucHbIMA OyKBaMH B BEPXHEM JIEBOM yriy. Tarke Ha MEepBOil CTpOKe CrpaBa
NPONUCHBIMU OYKBaMH MOJYXUPHBIM mipudom Ne 14 yka3piBaeTcsi Ha3BaHHE JKypHaia
XUMHUYECKHUM )KYPHAJI KA3SAXCTAHA, ro, HoMep.

3.2. Jlanee uepe3 CTPOKY NPUBOAMTCS MEKAYHAPOAHBIA CTAaHIAPTHBIA CEpHAaTbHBIN
Homep xypHana (ISSN 1813-1107, eISSN 2710-1185) u Ha cnenyromell cTpoke cieBa
npuBogurcsi DOI: xoTopslit OyseT nMeTh 3HaYeHUE NOCIIE IPUHATHS CTAThU K IT€YaTH.

3.3. Jlayee, mociie OTCTyIla CTPOKH YKa3bIBacTCs 3arjaBHe CTATbH IIPONHCHBIMU
OykBamu, mpudt Ne 14 — momy>KUpHBIH, BeIpaBHHBAaHHE TEKcTa Mo IeHTpy. HaszBanue
JOJDKHO MaKCHMaJIbHO TIOJTHO M TOYHO OMNKCHIBATh COJACP)KAHWE CTAaThU, BKJIIOYATh KITIO-
YeBbIC CJIOBA, OTPAXKAIOIINE HANPABICHUE M/MIM OCHOBHOM PE3yJbTaT MCCIECIOBAHMS, HO
B TO K€ BpeMs OBITh KOPOTKHM H SICHBIM M HE COJIEPKaTh COKPAIICHHH.

3.4. [lanee, mociie OTCTyIa CTPOKH, YKa3blBAalOTCSd MHHIHUAJBLI U (aMHIMH aBTO-
pa(-oB) crpounbiMu OykBamu, mpudt Ne 12 MHONYXUpPHBINA, KYpCUB, BBIPABHUBAHUE
TEKCTa MO LeHTpy. PaMmius aBTopa, ¢ KOTOPBIM CIEIyeT BECTH NEPENHCKy, NOKHA
ObITh oT™MeueHa 3Be3noukoi (*): C.C. Camaesa™, A.M. /[acybananuesa.

3.5. Uepe3s crpoky mipudToM Ne 12, cTpouHbIMH OyKBamH, KYPCHBOM C BBIPAaBHU-
BaHMEM TEKCTa IO IEHTPY CIIEAYIOT HauMEHOBaHWe(s) opraHuzanuu(il) C yKa3zaHHEM
YacTH Ha3BaHWs OpPraHM3alld, KOTOpas OTHOCHTCS K IOHSATHIO IOPUIMYECKOro JHIa (B
AHIIMICKOM TEKCTe HEOOX0IMMO YKa3bIBaTh OHIIMAIBHO IPUHATHIA NEepeBO Ha3BaHMU),
ropoJ, cTpaHa. B aHrimiickom BapuaHTe agpecHbIC CBEACHHS JIOJDKHBI OBITH NpECTaB-
JICHBI HA QHTJIMICKOM SI3BIKE, B T.4. TOPOJ M CTpaHa.

Ctpoxu ¢ GpaMuUIUsIMA aBTOPOB M Ha3BaHMSAMH OPTaHM3alWMH COJEp)KaT HAACTpOU-
HBIE MHZIEKCH (Tocne (GaMuInM W Tepe] Ha3BaHHEM OPraHM3alliH), YKa3bIBAIOIIME Ha
MECTO pabOTHI aBTOPOB.

Ha cnenytomeii ctpoke KypCUBHBIM HauepTaHueM, mpudt Ne 12, ¢ BRIpaBHUBaHUEM
TEKCTa 110 LEHTPY YKa3bIBACTCs IJIeKTPOHHBIH a/ipec [Uis EPEHCKH.

3.6. Pe3rome (Abstract, Tyitingeme) cocTouT U3 KpaTKoro Tekcra (He menee 150—
250 croB, mpudt Ne 12) Ha si3b1Ke CTaThu. AHTIHICKHI AbStract my6nukyercst B MexIy-
HapoJHbBIX 0a3aX, TaHHBIX B OTPHIBE OT OCHOBHOTO TeKcTa. Pe3tome JNOMMKHO OBITH aBTO-
HOMHBIM, BCE BBOJIMMBIE 0003HAUYEHHS U COKpaleHUs] He0OX0IMMO paciudpoBaTh 3/1€Ch
xe.

[TpuBercTByeTCS CTPYKTYPHPOBAaHHOE PE3IOME, IOBTOPSIONIEE CTPYKTYpPY CTaTbul U
BKITIOYAIOIICE: 88eOeHUe, Yell U 3a0ayu, Memoobl, pe3yibmamol U 00CyicoeHue, 3aKio-
yenue (6b1600b1). B TO ke Bpems, IeJIM M 3a/1a4W OIUCHIBAIOTCS, €CJIM OHU HE SCHBI M3
3arfJaBusA CTAaThHM, METOIBI CIEIyeT ONHMCHIBATh, €CIM OHM OTJIMYAIOTCS HOBW3HOH. B
pe3ioMe BKJIIOYAIOTCST HOBBIE PE3YJIBTATHI, MMEIOLINE JONTOCPOYHOE 3HAYCHUE, BayKHBIC
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OTKPBITHS, OTPOBEPraloIIne CYIIECTBYIOIINE TEOPUH, a TAKKe JaHHBIC, NMEIOLINE MPAK-
THYecKoe 3HaudeHue. CIeayeT MCHONb30BaTh TEXHUYECKYIO (CIEHHUANTbHYI0) TEPMUHO-
JIOTHUIO Ballel TUCIUIIIHHBL.

Pesrome maercs 6e3 ab3allHOrO OTCTyHa CTPOYHBIMH OYKBaMH; OHO HE IOJKHO
cofiepKaTh HOMEpa COCTUHEHHH, 3KCIICPUMEHTAIbHBIE JaHHbBIC U CCHUIKU Ha JIUTEPaTypy.
Pe3rome TOIBKO OHO — B Ha4aje TEKCTa.

3.7. Jlaniee Ha si3bIke cTaThu 0€3 a03aI[HOTO OTCTyIa CTPOYHBIMU OyKBaMH MIPUPTOM
Ne 12, BbIpaBHMBaHHME TEKCTa IO JIEBOMY Kpalo, uepe3 CTPOKY MPUBOJSTCS KJIKYeBbIe
cioBa (ot 5 mo 10 mir.), obecreunBaroiue HauboIee MOTHOES PACKPBITHE COJCPKAHHS
CTaThH.

3.8. Crarpst HaUMHAETCsI ¢ BBeAeHMsI, B KOTOPOM (OpPMYJIHpyeTcsl Lelb U HeoOXo-
JMMOCTb TIPOBE/ICHHSI NCCIIEJOBAHMS, KPATKO OCBEIIACTCSl COCTOSIHHE BOIPOCA CO CCHII-
KaMH Ha HauOoJjee 3HaYMMble IMyONMKauu ¢ W30EraHHeM CCHUIOK Ha yCTapeBIIHE pe-
3ysbTaThl. M37aratoTcst OTKPBITHS, CACTAaHHBIE B XOJE JAHHOTO HCCIEAOBaHUS. YKasbl-
BaeTcs CTPYKTypa CTaTby.

3.9. 3arem B pa3mene Pe3yabTaThl M 00cCyxIeHHMe, KOTOPBIA SBIseTCS Hambojee
BAXHBIM, ClIeyeT 00CyIuTh W OOBSCHUTH NOJY4YCHHBIE B paboTe pe3yabTaThl, IMpo-
aHAIM3MPOBATh OCOOEHHOCTH CHHTE3a, NMPOAEMOHCTPUPOBATh M OOCYIUTH BO3MOXHBIC
orpannyenus. [IpoBecTH cpaBHEHHE BallMX pe3YyJIbTAaTOB C OMYOIMKOBAaHHBIMH paHee.
Bce HOBEIE COCANHCHUA J1OJI’)KHBI 6I)ITB IMOJHOCTBIO OXapaKTEPpU30BaHbl COOTBETCTBYIO-
LIMMH CIIEKTPOCKONMYECKUMH JaHHBIMH. B TexcTe 00001atoTest 1 pa3bsCHSIIOTCS TOJIBKO
TE CIIEKTpalbHbIC JaHHbIC, KOTOPBIC HCIIOJIB3YIOTCS IS TOATBEP)KACHUSI CTPYKTYDHI
MOJTy4EHHBIX coemHeHu. [lepeuncienie oHUX U TeX K€ JaHHBIX B TEKCTe, TabIHIax u
Ha PUCYHKaX He JoIycKaeTcs. JJisi HOBBIX METO/IOB CHHTE3a JKeNaTelnbHO 00CYANTh MeXa-
HU3M peakuuu. s 0000meHns: JaHHBIX HEOOXOAMMO HCIIONIb30BATh TOHATHBIE PUCYHKH
n Tabmunel. MumocTpanny KpaiiHe BaXKHBI, IIOTOMY YTO PHCYHKH M TaONHIBI — 4acTo
Haubosee »pPEeKTUBHBIN CIIOCO0 TpeACTaBICHUS pe3ynbTaToB. [IpencTapneHHbIe TaHHBIC
JIOJDKHBI TTOJ]/1aBaThCSl HHTEPIIPETALINH.

ITpn o6cyxaeHnn pe3ysbTaToB CIEAYET MPUACPKHUBATHCA OPUIINATBHON TEPMHHO-
norun ITUPAC.

Pe3yanaTb1 PEKOMCHAYECTCA U3JiaraTb B IpOomICcaJEM BPpEMCHHU.

OO0cyskneHne He TOKHO MOBTOPSATH OMHCAHUE PE3yJIbTATOB UCCIENOBaHus. B Tek-
CT€ JIOJDKHBI OBITH MCIIOJIB30BaHbI OOIIETIPHHATHIE B HAYYHOH JIMTEpaType COKPAIICHHS.
Hecrannaptabie cokpalieHus JOJDKHBI ObITh paciii(poBaHbl MOCHIE MEPBOTO MOSBICHHS
B TeKcTe. EMUHUIBI m3MepeHni JODKHBI OBITh YKa3aHbl B MexayHapoHoi cucteme CU.
B koHue pasmena pekoMmeHxyercs chOpMyIHpPOBaTH 3aKJIIYeHHe, B KOTOPOM YKasaTb
OCHOBHBIE JIOCTIDKEHUS, NPEICTaBICHHBIE B CTaThe, 1 OCHOBHOM BBIBOA, COAEp KaIlHi
OTBET Ha BOMNPOC, TIOCTABJICHHBI BO BBOJHON YacTH CTAThH, a TAK)K€ BO3MOKHOCTBH HC-
MIOJIB30BaHMS MaTepHaja CTaThH B (PyHIaMEHTAIBHBIX WM MPUKIIAIHBIX UCCIICIOBAHUSX.

3.10. DxcnepuMeHTAJIbHASI YacTh COJICPXKUT ONHUCAHHE XOAa U Pe3YJIbTaTOB
SKCIEPUMEHTA, XapaKTEPUCTUKY MOJYyUYEHHBIX COCQUHEHUN. B Hauane skcnepumeHTalb-
HOM YacTH NPHUBOJIATCS Ha3BaHUs MPUOOPOB, Ha KOTOPBIX 3apErHCTPUPOBAHBI (PU3NKO-
XUMHUYECKHUEC XaApaKTCPUCTHUKHU BEHICCTB M YKAa3bIBAOTCA YCJIOBUA H3MCPCHUA, TaKKE
YKa3bIBAIOTCS JINOO MCTOYHUKH MCIIOJIb30BAaHHBIX HETPUBHAIBHBIX peareHToB (Harpumep,
«KOMMeEpUECKHe Tpenaparsl, Ha3BaHue (GUPMBD»), INOO0 JAIOTCS CCHUIKM HAa METOJIUKH UX
IOy 4CHHSI.

Kaxnprii maparpad SKcrepUMEHTAIbHONW YacTH, ONHCHIBAIOUIMK ITOMydeHHE KOH-
KPETHOTO COSIMHEHHUSI, IOJDKEH COAEp KaTh €ro IMoJHOe HAaMMEHOBAaHHE N0 HOMEHKJIIaType
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HIOTIAK u ero mopsaKOBBI HOMEp B cTaThe. B MeTomukax 00s3aTelIbHO yKa3bIBaTh
KOJIMYECTBA pC€arcHTOB B MOJIbBHBIX U MaCCOBBIX €AMHUIIAX (Ilﬂﬂ KaTaJm3aTopoB — MacCy 1
MOJIBHBIC TMPOICHTHI), 00BbEMBI pacTBOpHTENei. MeToarKa SKCICPUMEHTA H3JIaracTcs B
npoweouiem BPeMEHHU.

JIns M3BECTHBIX BEIIECTB, CHHTC3UPOBAHHBIX OIyOJIMKOBAHHBIM pPaHEE METOIOM,
HE00XOMMO TIPUBECTH CCHUIKY HA JIUTCPATYpPHBIC NAaHHEBIC. J[J1s M3BECTHBIX BEIIECTB, MO-
JyYSHHBIX HOBBIMHU WJIA MOAUGUIIPOBAHHBIMA METOJJAaMH, TOJDKHBI OBITH TPEICTABICHBI
X QHU3MUYECKUE U CICKTPANbHBIC XapaKTePUCTUKH, MCIIONE30BAaHHBIC IS ITOITBEPKIACHUS
HWICHTUYHOCTHU CTPYKTYPBI, METOJ CHHTE3a M CChUIKA Ha JINTEpaTyPHbBIC JaHHEIC.

Jlns Bcex BIlepBBIE CHHTE3HMPOBAHHBIX COSTUHEHUN HEOOXOIMMO MPHUBECTH J0Ka3a-
TEJIhCTBA MPUIHUCHIBAEMOTO0 UM CTPOCHHS M JaHHEIE, TIO3BOJIIONINE CYIUTh 00 UX WHIH-
BUAYAJIBHOCTH U CTCIICHU YMUCTOTHI. B YaCTHOCTHU, OOJIXKHBI 6BITI) MpeACTaBJICHBI JaHHBIC
3JIEMEHTHOTO aHaJu3a WM MacC-CIIEKTPhI BRICOKOTO paspernenusi, MK-crekTpsbl U criekr-
pet SIMP 'H u °C.

JlaHHBIC PEHTTCHOCTPYKTYPHOTO aHalHM3a IPEICTABIIOTCS B BUAC PHUCYHKOB U
Tadaul. Bce HoBble coennuenus, 1anHble PCA KOTOpBIX MPUBOJSTCS B CTAThE, TOJKHBI
ObITh 3aperncTpupoBanbl B KemOpumkckoii 0a3ze cTPyKTYpPHBIX AAaHHBIX U HMETh
cootsercTBytonie CCDC-Homepa.

Ecimm, mo MHEHUIO peleH3eHTa WIH PeJaKkTopa, HOBBIE COCTUHEHHS HE OBLIH YIO-
BIICTBOPHUTEIBEHO 0XapaKTEPU30BaHbI, CTAaThs He OyIeT MPHUHATA K IeYaTH.

Mpumep wmeromuxu: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-dihydrocou-
marin (12).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 boiled
for 10 h. The reaction was monitored by TLC, solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and 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). Spectroscopic data. Found, %: C 68.41; H 4.22; N 9.83.
M*280. C16H1,N,03. Calculated, %: C 68.56; H 4.32; N 9.99. M* 280.08.

3.11. Tlocne ykaspiBatoTcs MCTOYHMKH (pMHAHCHPOBAHMSA, BhIpaxkacTcs baaro-
JApPHOCTB, JENacTCs 3asBIICHHE O HAIMYMHA WiIH OTCYTCTBHH KoHpamkra uHTEpecoB
MEXITy aBTOPaMH.

3.12. Mudopmanmsi 06 aBTOPAX HA aHTJIHICKOM S3bIKE 3aBEPIIACT OCHOBHON TEKCT
cTaThbi. B Hell yKa3bIBatOTCS: yUeHas CTENCHb, 3BaHNE, TOJDKHOCTD, e-mail, ORCID.

3.13. Crarbs, nogaBaeMass Ha PYCCKOM MJIM Ka3aXCKOM SI3bIKE, 3aKaHUUBACTCS
CIHCKOM JIUTEPATYPHI CO CChUIKAMU Ha si3bike opuruHana. CChUIKM Ha JIMTCPATYPHBIC
UCTOYHHMKUA B TEKCTE MPUBOISITCS IMOPSIKOBBIMH apaOCKMMH IudpaMu B KBaJpaTHBIX
CKOOKax mo Mepe yrnmomuHaHus. Kaxmas ccbUlka J0JDKHA COJEPKATh TOJIBKO OJHY JIUTE-
patypHyto nutary. CIHCOK JUTEPaTyphl JOJDKCH OBITH MPEJCTABICH HAUOONIEE CBEKIMU
Y aKTyaJbHBIMH UCTOYHUKAMH 0€3 M3JIUIIHEr0 CaMOIUTHpOoBaHUs. J[ns crareil skenare-
JIEH CIUCOK U3 He MeHee 10 cchuIoK.

CIrcoK TUTHPYEMOMH JINTepaTypsl 0POPMIIIETCS B COOTBETCTBUU C HIDKETIPUBEICH-
HBIMH 00pa3namMu OndIrorpaduaecKux onvucanui (4.8.).

3.14. B xoHILIe cTaThbU IOCIHE CIKCKA JIMTEPATYyPhl IPUBOAUTCS epeBoa Pe3lome Ha
kazaxckuii (Tyitingeme) m Ha anrnmiickuii s3eikn (Abstract). Abstract smecre ¢
References npexcrasiusier co00il aHMIMACKUI OJI0K JUIsl cTaTel, MOJAHHLIX HA PYCCKOM
i kazaxckom sizbike. CioBo Pestome (Abstract, Tyiiinaeme) maercs mo uenrpy. Ha
CJICJYIONICH CTPOKE C BBIPABHUBAHHEM II0 JICBOMY KparO MPOMUCHBIMH OYKBaMHU IOJIY-
)HUpHBIM mpudTom Ne 12 mpuBoAuTCS Ha3BaHUE cTaThu. Uepe3 cTpoky Oe3 ab3aiHOro
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OTCTyNa KypCHBOM, HONYXUpHbIM mpudTom Ne 11 narorcs MHHIMANB U (HaMUIHHA
aBTOpoB. Ha crnemyromeit ctpoke 0e3 a03amHOTO OTCTyIa KYpCHBOM, CTPOYHBIMH OyK-
Bamu, wpudrom Ne 11 npuBoaaTcs Mecta paboThl aBTOPOB C HAJICTPOUYHBIMU HHACKCAMH
(mocie damunum W Tepen Ha3sBaHWEM OPTAaHU3AIMK), YKa3bIBAIOIIHME HA MECTO PaOOTHI
aBTOPOB. 3aTeM Ha CIeayromeil cTpoke 0e3 ab3aIHOr0 OTCTyIa KYPCHBOM YyKa3bIBaeTCA
E-mail mis nepenucku.

Janee depe3 cTpoky ¢ ab3al[HOrO OTCTyNa C BBIPABHUBAHUEM TEKCTa IO LIMPHHE
UJIET TEKCT pe3toMe, HabpaHHBIN CTPOYHBIM IpudTOM Ne 12.

CrnenoM uepes3 CTpOKy C a03alHbIM OTCTYIIOM CTPOYHBIMH OyKBamH pupTom Ne 12,
C BBIPABHMBAHHEM TEKCTA IO IIHPHHE NPHBOIATCS KJYeBbie cjoBa (ot 5 mo 10 wrT.),
obecrieunBarone Handosee MOIHOE PACKPBITHE CO/ICPKAHUS CTAThH.

3.15. Jlna crareii, mojaBacMbIX Ha SI3bIKE, OTIIMYHOM OT aHTJIMMCKOro, B KOHIIE
CTaTbW HaXOAWTCA aHTIMicKuit 6ok (Abstract u References).

3.16. Bee cTpaHHIBI pYKOIHCH CIICIYeT IPOHYMEPOBATh.

4. TPEBOBAHHUSA K O®OPMJIEHUIO PYKOIIMCEN

4.1. O6beM cTaThy, BKIIOUYAsi aHHOTAIMIO U CHHCOK JIUTepatypbl: 10 8—10 crpaHmir.
O030pHbIe cTaThil MOTYT ObITh 10 20 cTpanui. CTaThs J0JKHA OBITh HameyaTaHa Ha
onHoit cropone mmcra A4 mpudrom Times New Roman, pasmep kerns 14 mr;
MEXCTPOYHBIM MHTEpBaJ — OAMHAPHBINA U monaMu: BepxHee — 2.0 cM, HukHee — 2.0 cMm,
neBoe — 3.0 cm, mpaBoe — 1.5 cM; paccTaHOBKa MEPEHOCOB HE JIOMyCKAeTCsl; a03aIHbIA
orctyn — 1.0 cM; popmaTrpoBanue — 1o mmpuHe. JloikeH ObITh HCIONB30BaH TEKCTOBBIN
penaktop Microsoft Word for Windows, B Bune doc-gaiina, Bepcus 7.0 u Goiiee mo3IHME.

Jnsi KpaTKOCTH M HarIAJHOCTH OOCYXX/IEHHS COSIMHEHUs, YIIOMHHaeMble Ooiee
OJIHOTO paza, CJIIEAYEeT HyMEpOBaTh apadCKUMM IH(paMu B COUYETAHHH CO CTPOYHBIMU
JaTUHCKUMH OykBamH (IU1s1 0003HAYEHUS COCAMHEHUH C NMEPEMEHHBIM 3aMECTUTEINIEM).
[Ipy ynoMuHaHMHM MTOTHOTO Ha3BaHUS COCIMHEHHMS IU(P NAeTCs B CKOOKAX.

CTepeoXMMHUECKHE CHUMBOJIBI M IIPUCTABKH, XapaKTEPU3YIOUINE CTPYKTYpHBIE
0COOCHHOCTH WIIM TOJIOXKEHHE 3aMECTHTENsl B MOJIEKYJe, CilelyeT HaOupaTh KypCUBOM
(italic): (R)-smauTHOMEp, mpem-OyTWIl, napa-KCWIoNL. BMecTO IpDOMO3IKHX Ha3BaHUM
HCOPraHUYCCKUX U 4aCTO yHOTpe6J’I$[CMBIX OpPraHn4eCKux CO@I[I/IHeHI/Iﬁ CJICOYCT IaBaThb UX
¢dopmynsi: NaBr, TSOH Bmecro 6poMua Hatpusi U TosyoscynbdoHoBast kuciora. [Ipn
WCIIOJIb30BAHUM TEPMHUHOB M O0O3HAYECHWIl, HE WMEIOIINX LIMPOKOTO IMPHUMEHEHHS B
JIUTEpaType, X 3HAYCHUsI MOSCHAIOTCSI B TEKCTE MPH IIEPBOM YNOTPEOJICHUH: HAaIpUMep,
nommTHIeHTepedranar ([I9TD).

Jist m300pakeHnst CTPYKTYPHBIX (OPMYJT XUMHUYECKUX COCAMHEHHWH HE00XOIMMO
HCIIOJIB30BaTh penaktop xummdeckux Gopmyn ChemDrawUltra. Bee Haamucu Ha cxe-
Max MPUBOSTCS Ha aHIIIMICKOM s3bIKke. B cxeme HEoOXOIMMO yKa3bIBaTh BCE yCIOBUS
peakuuii: HajJ CTPENIKOM — PeareHThl, KaTaJlu3aTopbl, PACTBOPUTENH, NOJ CTPEIKOU —
TeMIlepaTypa, BpeMs, BbIXOA. Ecim ycrnoBusl peakuuil CHIBHO 3arpyXarT CXeMy, HX
MOXKHO IIEPEHECTH B KOHEIl CXeMbl, pacIIi(poBbiBas OyKBEHHBIMU HHAEKCAMH, HaIllpu-
Mmep, i: HCI, H,O, 80 °C, 5h.Takoii ke OyKBEHHBI MHAEKC JOJDKEH OBITh yKa3aH Hajl
CTPEIIKOH COOTBETCTBYIOLIEH PEaKIty.

4.2. YpaBHeHHs!, CXEMbl, TaOJIMIbI, PUCYHKH U CCBHUIKM Ha JINTEPaTypy HyMEpYyIOTCS
B TOPSIJKE MX YINIOMUHAHUS B TEKCTE M OO0JJNCHbL OblMb 6CMAGIEHbI 8 MEKC Cmambl
TI0CIIE MIEPBOTO YITOMUHAHUS. TaOIUIBl M PUCYHKH JOJDKHBI COIIPOBOXKATHCS MOATNCHIO;
3aroJIOBKH K CXEMaM JIAI0TCs TPH HEOOXOAMMOCTH.
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4.3. Tlo BO3MOXXHOCTH CJIElyeT T'OTOBUTh PHCYHKH C TOMOUIBIO KOMIIbIOTEPA.
OJHOTHITHBIE KPUBBIE JIOJDKHBI OBITH BBIMIOJHEHBI B OJJHHAKOBOM MaclITabe Ha OJTHOM pH-
cyHke. KpuBble Ha pHCyHKax HyMepylOTCs apaOCKMMHU Ludpamu, KOTOpble pactugppo-
BBIBAIOTCSI B TMOJMNHCAX K pUCYHKaM. {1 BceX PHCYHKOB HEOOXOIMMO MPE/ICTaBUTH
rpaduueckue ¢aiinel B popmaTte jpg ¢ MUHIUMaNbHBIM paspemrenrneM 300 dpi. Hamnucu Ha
PHUCYHKaX JOJDKHBI OBITH HA aHIIMIICKOM SI3BIKE M TI0 BO3MOXKHOCTH 3aMEHEHBI IU(pamHy,
pacudpoBKa KOTOPHIX JaeTCs B IIOMIKCH K PHCYHKY.

OpavHOYHBIE TIPSIMBIE, KaK MPaBWIIO, HE IPUBOMIAT, a 3aMEHSIOT ypaBHEHHEM JIMHUU
perpeccun. Ilepecedenne ocelt KOOPAUHAT CIEAYET pacIoiaraTh B JIEBOM YIIIy PHCYHKA,
CTPENKH Ha KOHIIaX OCEH HE CTaBSTCS, JIMHUU, OTPAaHUYIHMBAIOIINE TOJI€ PUCYHKA HE NPH-
BOJATCS, MAacCIITa0HAsI CETKa HE HAHOCHUTCSA. MalonHpOpMaTUBHBIE PUCYHKH, HE 00CYXK-
JlaeMbI€ B CTAThE CIIEKTPBI, BOJIBTAMIIEPOTPAMMBI M IPYTHe 3aBUCHMOCTH HE MyOIUKYIOT-
csi. PUCYyHKH He0OX0JMMBIX CIEKTPOB He J0JLKHBI ObITh BBINOJHEHBI OT pyKku. Bee
PHUCYHKH JIOJDKHBI MMETh HyMepaiuio apabckumu iudpamu (eClii PUCYHOK HE OJIWH).
CnoBo «PuCyHOK»M HaMEHOBAaHHUE TIOMELIAIOT MOCIIE MOSCHUTENBHBIX JaHHBIX M PacIio-
JIararoT 10 IEHTPY ciexytomum odpazom: Pucynok 1 — Jleranu npudopa.

4.4. Kaxnas Ttabamua JOJDKHA MMETh TEMAaTHUECKUI 3arojloBOK M TOPSIKOBBII
apabckuit Homep (0e3 3Haka Ne), Ha KOTOpPBIM JaeTcsi cChUlKa B Tekcre (Tabmuma 1).
HasBanne tabimisl pacrionaraercst Hax Tabmunel cieBa 0e3 ad3allHOrO OTCTyNa B OJIHY
CTPOKY C ee HOMEpOM uepe3 Thpe 0e3 Touku nocse Ha3BaHus. ['padbl B Tabivie JOMHKHBI
UMETh KpaTKHE 3aroJIOBKH, OTPAXKAIONINE MapaMeTphl, YUCICHHbIE 3HAYCHUS KOTOPBIX
MIPUBE/ICHBI B TAOJINUIE; OHHU MHIIYTCS B MMEHUTEIHEHOM Ma/Ie)Ke CIMHCTBEHHOTO YHCIA C
MIPONMCHOM OYKBBI M Uepe3 3amsiTyl0 CONPOBOKAAIOTCS COOTBETCTBYIOIIMMH €AMHUIIAMH
usMepeHus: (B cokpauieHHoi dopme). PucyHku wim crpykTypHblie (opmysbl B rpadax
Tabnui He pomyckatorcs. Ilpomycku B Tpadax mpHu OTCYTCTBHM NaHHBIX 0003HAYAIOT
TpeMs TOUKaMH, IPU OTCYTCTBHH SIBJICHUS — 3HAKOM «THUDPEY.

[Tpumeuanus k TabMUIaM HHACKCUPYIOTCS apaOCKUMHU IH(paMu U MOMENIAIOTCS B
rpaHunax Tabuuubl mojx MarepuanomM tadiuipsl. CroBo «IIpumeuyanuey» ciienyer neyararb
C mponucHO# OykBHI ¢ ab3ana. Ecnu npumedanue oo, To nocnie ciosa «[Ipumeuanney»
CTaBUTCS THPE U IPUMEUYaHUE MeYaTaeTcs C MPONMcHON OyKkBbl. Heckosbko nprMedaHuii
HYMEpYIOT 10 NOPSAKY apaOCKuMu nudpamu 0e3 MpOCTaBIEHHS TOYKHM M I€YaTaIOT C
abzama. B Tabauiax MCToOmb3yIOT TOT K€ IPUQT, YTO M B TEKCTE CTAaThH; JIOIyCKaeTcs
ymeHblLIeHHbIH (He MeHee Ne 10 mpudgt TimesNewRoman).

4.5. Tlpn BeIOOpE enMHMI] U3MEPEHUS] PEKOMEHIYeTCs IMPUACPKUBATHCS CHUCTEMBI
CU: 1, mMr, M, cM, MKM (MHKPOMETp, MHKPOH); HM (HAHOMETpP, MWUIMMHKPOH); TIM
(muxometp); A (amrctpem); ¢ (Cexynna); mun, u (uac), I'm (repm); MI'n (merarepm); D
(apcren); I'c (raycc); B (BombT); 3B (amexrponBoOnbT); A (ammep); Om, Ila (mackans);
Mlla (meramackanp); rlla (rekromackans); x (mxoynp); K (xemsBuH), °C (rpamyc
Henscus); [ (Jebaii).

B necATHYHBIX ApOOSX Henasi 4aCTh OTAeJsieTcs OT APOOHOH He 3amATOH, a
TOYKOM.

Hcnonb3yroTes clieqyromnue COKpalieHus: T.KUM. W T.IUL (TOYKH KHUIIEHHUS W TUIaB-
neHus1) — nepen unppamu; KOHI. (KOHLUEHTPUPOBAHHBII nepes (opMyJIol COeMHEHN);
M — MounekyssipHas Macca); MOJIb, TaT, IIKB, Kaj, KKaJl, H. (HOpMalbHbIH), M. (Mosip-
HbIi); KOHI[CHTPALIS PacTBOPOB 0003HAUaeTCs (I/CM°, /71, MOJIB/1T).

J1s Bcex BrepBbIe CHHTE3HPOBAHHBIX COCIMHEHUI 0083aTeIbHBI JaHHBIEC JJIe-
MEHTHOI'0 aHAJIM3a JTH0O0 MacC-CIIeKTPhI BLICOKOT0 pa3pelieHus.
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B 6pymmo-gopmynax 3neMeHTH pacmnoiararotcs B cieayromeM mopsiake: C, H u
Jalee COTJACHO JATHHCKOMY anpaBuTy. DopMynmsl MONEKYISAPHBIX COCAWHCHHHA U
OHHEBBIX COJeii maroTcs yepes Touky (Hanpumep, CsHsN-HCI). Ilpumep 3amucu KOHCTaHT
W JaHHBIX dJIEMEHTHOrO aHaimm3a: T.kui. 78°C (100 mm pt. ct.), T.101. 50°C (EtOH), d,®°
0.9809, np™® 1.5256; MRD 50.68, MRD 50.68, Bbra. 51.07. CreKTpocKomHHecKHe
xapakTepuctuku. Haiineno, %: C 59.06; H 7.05; 1 21.00; N 8.01; H,.1.51. M" 145,
CaHplcN¢Oe. Boruucneno, %: C 59.02; H 7.01; 1 21.20; N 8.22; H,,, 1.36. M" 144.88.

HUK- nu Y®-cnexkrpol. B skcnepumenransHoit yactu i UK- u YO-cnekrpos
JIOJDKHBI OBITh yKa3aHbl XapaKTepHUCTHUECKHUE YaCTOTHI M0JIOC, JUIMHBI BOJIH MAaKCHMYMOB
HOTJIOMIEHHS, KO3 (GHUIMEHTH IKCTUHIMH (MU UX JIOTapr(MBbI) M yCIOBUSI, MPU KOTOPBIX
3aricaH CHeKTp.

Ilpumeput 3anucu:

UK-criektp (ToHKHMit cioif), v, cM™: 1650 (C=N), 3200-3440 (O-H). Y® crmexp
(EtOH), Amax, aM (Ige): 242 (4.55), 380 (4.22).

Crextpbt SIMP 'H u °C. Jlomkusr 6bITh yKa3zaHel pabodas 4acToTa IprOOpa,
HCTIOJB30BAHHBIA CTAaHNAPT M PACTBOPHUTENb. [IPOTOHBI B COCTaBE CIOXHBIX TPYHI, K
KOTOPbIM OTHOCHTCSl CHIHA&JN, CIEAyeT MNOoA4epKHyTh cHu3zy — 3.17-3.55 (4H, wMm,
N(CH,CHs),); a1 monoxeHust 3aMecTUTeNiell HCIOJb30Bath obo3Hauenus 3-CHs; ms
obo3HaueHus: nonoxeruss atomoB — C-3, N-4 u 1.0 Ecnu kakoil-HuOyIp curHan B
CIIEKTPE OIMKCHIBAETCS KaK JyOJeT, TPUILIET MK AyOJeT AyOieToB W T.II. (2 He CHHIJIET
WK MYJIBTUIUIET), HE0O0X0oauMo mpuBecTu coorBercTBytone KCCB. Ecnau mpoBeneHs
JIOTIOJTHUTEJIBHBIC HCCIICIOBAHUS Ul YCTAHOBJICHUS! CTPOCHUSI WIM HPOCTPAHCTBEHHBIX
B3aUMOJIEHCTBUI1 aTOMOB, TOJDKHBI OBITh YKa3aHBI UCIIOJIB30BAHHbIE TBYMEPHBIE METOIbI.
B onucanuu cnexrpos SAMP BC ornecenne KOHKPETHOI'O CUTHaJla K KOHKPETHOMY aTOMY
yIIIepoia NPUBOAMTCS TOJIBKO TOT/IA, KOTJIa ONpe/eIeHHEe IIPOBEJCHO Ha OCHOBE JIBYMEp-
HBIX 9KCIIEPUMEHTOB.

IIpumepul 3anucu:

Crektp SIMP'H (400 MI'u, CDCly), 8, m. 1. (J, T'mp): 0.97 (3H, 1, J = 7.0, CH3); 3.91
(2H, k, J = 7.0, COOCHy,); 4.46 (2H, n, J = 6.1, NCH,); 7.10-7.55 (6H, m, H-6,7,8,
NHCH,C¢Hs); 7.80 (1H, ¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, . 1, J = 8.2, J = 2.3, H-5);
11.13 (1H, ¢, NH).

Crnextp SIMP™C (100 MI'ry, IMCO-dg), 8, M. 1. (J, T'r): 36.3 (CH,CHj); 48.5 (C-5);
62.3 (CH,CHs); 123.0(CAr); 125.8 (x, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl NMPUBOAATCS B BHIC YHCIOBBIX 3HAYCHUH M/Z M OTHOCHTEIBHBIX
3HaYCHUH MOHHOTO TOKa. HeoOXOmMMO yKasbIBaTh METOM M SHEPTHUI0 MOHHU3AINH, Mac-
COBBIC YHCIIA XapaKTEPUCTUIECKUX HOHOB, NX MHTEHCHBHOCTH 10 OTHOIICHHIO K OCHOB-
HOMY MOHY M 110 BO3MOXXHOCTH MX T€HE3HC. B cilyuyae XMMHYeCKOW MOHM3AIMU TIPU OIIH-
caHMH TpUOOpa HEOOXOIMMO yKa3aTh Tra3-pearcHT. B Macc-CmeKTpax BBICOKOTO paspe-
NICHUS HAMJICHHBIC W BHIYMCIICHHBIC 3HAUYCHUSI M/Z IPUBOIATCS C YCTHIPHMSI JICCITHIHBIMHE
3HAKaMH; €CIM HAaWJACHHOE 3HAYCHHUE M/Z COOTBETCTBYET HE MOJICKYIISIPHOMY HOHY,
OpyTTO-hopMyIia M BBIYHUCICHHOE 3HAUSHHE M/Z TaK)Ke MPUBOUTCS ISl TOTO YK€ HOHA.

IIpumep 3anucu OAHHBIX MacC-CNEKMPA:

Macc-cniextp (3Y, 70 3B), M/Z (lom, %): 386 [M]" (36),368 [M-H,0]" (100), 353
[M-H,0-CH3]" (23).

Macc-cnextp (XU, 200 5B), M/Z (o, %): 387 [M+H]*(100), 369 [M+H-H,0]" (23).

Ilpumep 3anucu OAHHBIX MACC-CREKMPA BbICOKO20 PA3PEUIEHU.

Haiineno, m/z: 282.1819 [M+Na]". C17H,sNNaO.

Beruncneno, m/z: 282.1828.
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4.6. laHHbIe PEHTreHOCTPYKTYPHOI0 MCCJIeT0BAHUA CJEyeT INPEJOCTaBIATh B
BUJIC PUCYHKa MOJIEKYJII C IPOHYMepoBaHHbIMU aromamu, Harpumep, C(1), N(3) (mo
BO3MOXHOCTHU B MPCACTABICHUN aTOMOB 3JUIMIICOUJIaMU TCIJIOBBIX KOHEGaHHﬁ). ITomHbIC
KpucTamutorpaduyeckue NaHHbIC, TAOIHIEI KOOPIWHAT aTOMOB, JUIMH CBSI3¢H W BaJICHT-
HBIX YTJIOB, TEMIEPATYpHBIC (PAKTOPHI B KypHAJIC HE MyOJIUKYIOTCS, a JCOHUPYIOTCS B
KeMOpumxckoM OaHKe CTPYKTYPHBIX JaHHBIX (B CTaThC YKA3bIBACTCS PETUCTPAIIMOHHBIIN
HOMEp JICTIOHCHTA).

4.7. Tlo TpeOoBaHMAM MEXAyHApOAHBIX 0a3 maHHEIX Scopus, Clarivate Analytics,
Springer Nature mpu oreHKe yOIMKAINA Ha A3BIKAX, OTIMYHBIX OT aHTJIHICKOTO, OMo-
nmuorpaduvecKrue CIHMCKU JOJDKHBI TaBaThCS HE TOJNBKO HA S3BIKE OpPHUTHHANA, HO M Ha
nmatuHUIE (poMaHckuM anpaBuToM). [losTOMy aBTOPHI cTaTei, IOJaBaeMbIX Ha PYCCKOM
M Ka3axXxCKOM SA3BIKE, MOJDKHBI MPEAOCTABJIATH CIIMCOK JIMTEPATYphl B ABYX BapHaHTaX:
ooun na asvike opueunana (CNACOK JIUTEPATYPBI), a Opy2oli — 6 POMAHCKOM angasume
(References). Tlocienauii CIMCOK BXOJWT B aHTJIMHACKUI OJIOK, KOTOPBIH PACITONIOKCH B
KOHIIE CTaTbH.

Ecnu B crincke ecTh CChIIKM HA MHOCTPAHHbIE MyOJIMKAIMU, OHH MTOJHOCTHIO MOBTO-
psifotest B cricke References. Ipu MUTHPOBAHUH PYCCKOS3BIYHOTO XKypHANa, MePEeBOIH-
MOTO 3a pyOeKOM, B pYCCKOsI3bIYHOM Bepcnu CITHCKa TUTepaTyphl HEOOXOAUMO MTPHBECTH
MOJIHYIO CCBUIKY Ha PYCCKOsI3BIYHYIO BepcHIo, a B References — va mexayHapotayo.

Crincok ncTOYHMKOB B References momkeH OBITH HammcaH TOJNBKO HA POMAaHCKOM
andasuTe-naTuHUIE (IPH 3TOM OH JOJDKEH OCTaBaThCA IOJHBIM aHamorom Crucka
JUTEPaTypbl, B KOTOPOM HCTOYHUKH OBUIM MPEACTABICHHI HAa OPUTHHAIBHOM S3BIKE
OITyOJIMKOBAHUS ).

JIns HammMcaHWA CCHUTIOK HAa PYCCKOSI3BIYHBIC MCTOYHUKH (M MCTOYHUKH HA WHBIX, HE
HCIOJIB3YIOIIMX POMAHCKHH alipaBUT, A3bIKax) ciaenyer ucnonb3oBaTe ODUIIMAITIL-
HBI TIEPEBO/] u TPAHCJIUTEPALIMIO (cM. TpeGoBaHus K IEpeBOLY M TPAHCIIHTE-
parum).

B References tpebyercst cieayromast CTpykTypa OHOIHOrpadUUecKOi CCBUIKH H3
PYCCKOSI3BIYHBIX UCTOYHUKOB: aBTOPHI (TpaHCIUTEpAIHs), ICPEBO HA3BAHUS CTAThH WIIH
KHHATH Ha aHTJIMACKAN S3BIK, Ha3BaHNWE WCTOYHHKA (TPAHCIUTEPAIU — U TeX W3JaHUH,
KOTOpBIE HE WMECIOT YCTAHOBICHHOTO pEIaKIHMeH aHTINHACKOTO HA3BaHUS), BBIXOTHBIC
JnaHHble B nMpoBoM (opmMaTe, ykazaHue Ha sI3bIK cTaTbu B ckoOkax (In Russ. wm In
Kaz.).

TpaHcauTepaInio MOKHO BBITIOIHUTE Ha caitehttp://www.translit.ru.

VYcoBHBIC COKpalICHHs Ha3BaHHW PYCCKOSA3BIUHBIX JKYPHAJIOB M CIPABOYHUKOB
TIPUBOZSTCS B COOTBETCTBHU C COKPALICHUSAMU, MIPUHATEIMU B «PedepaTHBHOM KXypHaie
Xumus»: http://russchembull.ru; anrnos3erdHBIX ¥ APYTUX WHOCTPAHHBIX JKYPHAIOB — B
COOTBETCTBMH C COKPAIICHUSAMH, PEKOMEHIyEMBIMH H3IaTeNnbCTBOM «Springer and
Business Media»: http://chemister.ru/Chemie/journal-abbreviations.htm. [Inst crareii Ha
PYCCKOM M Ka3axCKOM s3bIKax Ha3BaHWe XypHana «Xumudeckuit XKypnan Kazaxcranay
cienyer cokpauarb: «Xum. Kypu. Kaz.» u «Kaz. Xum. KypH.» COOTBETCTBEHHO, a JIs
CTaTei Ha aHrTUiCKOM si3bike: «Chem. J. Kaz.».

IMpuBomsaTcs GpaMHUINK W MHUIIHATBI BCEX aBTOPOB (COKpaieHust u dp. u et al. ne
JIOTTYCKAIOTCS).

B Cmucke nureparypsl U B References Bce padotsl nmepeuncisitorcs B IIOPAIKE
HOUTUPOBAHUSL, a HE B andaButHOM TOpSIIKE.

DOI. Bo Bcex ciydasx, Korja y IUTHPYEMOI'0 MarepHalia ecTh LHU(POBOH
UOCHTU(DUKATOP, €ro HEoOXOOMMO YKa3hIBaTh B CAMOM KOHIIE OMMCAHUS HCTOYHHUKA.
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[IpoBepste Hamumume doi y MCTOYHWKA ciiexyeT Ha caidte http://search.crossref.org wmmm
https://www.citethisforme.com.

Jns ¢GopMHpOBaHMS CIHCKAa JUTEpaTyphl (BceX O3 MCKIOYEHHS CChLUIOK) B
XKypuane npunar Gubnuorpaduueckuii crangapr, onuskuii kK Harvard 6e3 ucmosb3o-
BaHMS PA3IEIIATENS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

JI71st pyCCKOSI3BIYHOTO UCTOYHUKA:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53. (In Russ.).

Hwxe npuBeneHsr 00pa3ibl 0(OPMIICHHS Pa3IMYHBIX BUIOB JTOKYMEHTOB, KOTOPBIX
HEOOXOIMMO TIPUJEPKHUBATHCA aBTOpaM Opu odopmieHHH poMaHckoro cromcka Refe-
rences.

Onucanue CTaThy U3 AKYPHAJI0B:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov D.V.
Technical and economical optimization of hydrofracturing design. Neftyanoe khozyaistvo.
Oil Industry, 2008, No. 11, 54-57. (In Russ.).

Onucanmne cratou ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Russian Journal of Electrochemistry, 2008, 44, No. 8, 926-930. DOI:
10.1134/S1023193508080077.

Onucanne UnrtepHer-pecypcea:

Kondrat’ev V.B. Global’naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available at:
http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost 2011-
07-18.html (Accessed 23.06.2013).

HJIn

APA Style (2011). Available at: http://www.apastyle.org/apa-style-help.aspx
(accessed 5 February 2011).

HJIN

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available at:
http://www.scribd.com/doc/1034528/(Accessed 7 February 2011).

Onucanue CTaTbU U3 JIEKTPOHHOI'0 KypHAaJIa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated =~ Communication, 1999, 5, No. 2. Available at:
http://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).

Onucanue CTATbU U3 NPOAOJIKAKIIET0Cs M3aHus (COOPHUKA TPYI0B)

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnost
soedinenii «stal’-kompozit» [Experimental study of the strength of joints «steel-
composite»]. Trudy MGTU «Matematicheskoe modelirovanie slozhnykh tekhnicheskikh
sistem» [Proc. Of the Bauman MSTU «Mathematic Modeling of the Complex Technical
Systems»], 2006, No. 593, 125-130.
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Onucanue MaTepuaioB KoHGpepeHuuii:

Usmanov T.S., Gusmanov A.A., Mullagalin 1.Z., Muhametshina R.Ju., Cher-
vyakova A.N., Sveshnikov A.V. Features of the design of the field development with the
use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
6" Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexenareapbHO OCTaBJIATH OAHO IEPEBOJHOE Ha3BaHWUE KOH(epeHIHH (B ciaydae
€CJIH HEeT TIePEeBEJIECHHOTO0 Ha aHTIMHCKWHN S3bIK Ha3BaHMA KOH(MEpEHINH), TaK KaK OHO
MIPH TIOTIBITKE KEM-JIN00 HAWTH 3TH MaTepUaIIbl, HACHTH(PHUIUPYETCS C OOJIBIIUM TPYIOM.

Omucanue kuuru (MoHorpaguu, COOPHHKA):
NenashevM.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanue rlepeBozmoﬁ KHUTHU:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering. 4"ed.
New York, Wiley, 1974. 521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver U.
Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F. Expert systems.Principles and cases studies. Chapman
and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye sistemy.
Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).

Onucanue quccepTanuu WK apTopedepara quccepraumu:

Grigor’ev Iu.A. Razrabotka nauchnykh osnov proektirovaniia arkhitektury
raspredelennykh sistem obrabotki dannykh. Diss. Dokt. Tekhn. Nauk [Development of
scientific bases of architectural design of distributed data processing systems. Dr. tech.
sci. diss.]. Moscow, Bauman MSTU Publ., 1996. 243 p.

Onucanune I'OCTa:

GOST 8.596.5-2005. Metodika vypolneniia izmerenii. lzmerenie raskhoda |
kolichestva zhidkostei | gazov s pomoshch’iu standartnykh suzhaiushchikh ustroistv [State
Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate and volume
of liquids and gases by means of orifice devices]. Moscow, Standartinform Publ., 2007.
10 p.

HJIN

State Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate
and volume of liquids and gases by means of orifice devices. Moscow, Standartinform
Publ., 2007. 10 p. (In Russ.).

OnucaHye MaTeHTa.

Palkin M.V., lvanov N.M., Gusev B.B., Petrov R.H. Sposob orientirovaniia po
krenu letatel’nogo apparata s opticheskoi golovkoi samonavedeniia [The way to orient on
the roll of aircraft with optical homing head]. PatentRF, No. 228590, 2006.
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4.9. IlpuMep aHIIOA3BIYHOTO 0JI0KA JJIsl MPEJICTABJIEHUS] CTATHH, HAMUCAHHOMI
Ha sI3bIKEe, OTJIMYHOM OT AHIJIMHCKOro:

Abstract
DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED AND
NEUTRALIZIED SOIL

Zhusipbekov U.Zh.!, Nurgaliyeva G.0., Baiakhmetova Z.K.}, Aizvert L.G.2

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

%Scientific and practical center of sanitary-epidemiological examination and monitoring
of the Ministry of Health of the Republic of Kazakhstan, Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical, agro-
physical, agrochemical and biological properties of soils. Sorption methods of cleaning
the soil with the help of humic preparations from oil pollution are of great importance.
The purpose of this work is to study the composition and properties of the contaminated
and neutralized soil, the determination of the toxicity indexes of all components of oil
waste, the calculation of the hazard class of waste according to their toxic-ecological
parameters. Methodology. Samples of the contaminated and neutralized soil were treated
with the use of humate-based energy-accumulating substances. The metal content in the
contaminated soil was determined by spectrometry using an AA 240 instrument using the
method of decomposing the sample with a mixture of nitric, hydrofluoric and perchloric
acids until the sample was completely opened. Results and discussion. Fractional
composition of oil products of all samples is stable: the content of complex acetylene
hydrocarbons is ~ 70.0% of the total mass of oil products, the content of resins and
paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens is 2.6%. In
the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and asphalteneswere
mainly found; complex acetylene hydrocarbons are not present. Conclusion. It has been
established that the contaminated soil belongs to the substances of the 3rd hazard class.
Neutralized soil became less toxic and according to the total toxicity index, it was
classified as hazard class 4 (low hazard). Neutralized soil can be used as construction and
road materials, at the improvement of boreholes and at land reclamation.

Key words: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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XUMHYECKHH )KYPHAJI KA3AXCTAHA

Foinvimu scapuanansimoapoviyy ImuKacyl

PenakuusiislKk anka xoHe '"Ka3akCTaHHBIH XUMHS JKYyPHAJbI" FHUIBIMH
sKypHaJIbIHBIH (0yaaH 9pi — Kypnan) 6ac pexrakrops! ""Kapusiansimaap :keHingeri
3THKA KomMuTeTi" (Committee on Publication Ethics - COPE)
(http://publicationethics.org/about), "Eyponajbik FbUIBIMH peIaKkTopJap KaybIMIac-
Teirpl" (European Association of Science Editors — EASE) (http://www.ease.org.uk)
JKOHE "FpLILIMH JKapusIaHbIMIAP aeoi JKoHingeri KoMurerTiy"'
(http://publicet.org/code/) kKaGbLIIAHFAH XAABIKAPATIBIK CTAHAAPTTAPABI YCTAHAIBI.

Bacma kpI3MeTiHZeTi ominerci3 ToxipuOeHi OonaplpMay MakcaTbliHIa (IUIaruar,
JKaJIFaH aK[aparThl YCbIHY JXOHE T.0.) KOHE FBUIBIMH IKAPHUSJIAHBIMAAPIBIH IKOFapPhI
carnachblH KAMTaMachl3 €Ty, aBTOPJIbIH aJIFaH FhUIBIMUA HOTHXKENEPIH XKYPTIIBUIBIKIICH TaHY
MaKCaThIH/Ia PEAAKIMSIBIK KEHECTIH opOip MYIIeci, aBTOp, PELEH3CHT, COHIal-aK Oacma
MPOIIECiHE KATHICATHIH MEKEMEJIep dTHKAJIBIK CTaHAapTTap/Ibl, HOpMAaJap MEH epexerep i
CaKTayFa YKOHE OJIapbIH OY3bUTYBIH OOJIIBIpMAy VIINIH OapJibIK IIapajiapibl KaObuigayra
MiHzeTTi. OChl TPOLECKE KATHICYIIBLIAPIBIH OapIbIFbIHBIH FHUIBIMHU KAPUSUIAHBIM 3TH-
Kachl epeKeNepiH CaKTaybl aBTOPIAPIBIH 3UATKEPIIIK MEHIIIK KYKBIKTApBIH KaMTaMachi3
eTyre, 0achUIBIM CallachlH apTTHIPYFa XKOHE aBTOPJIBIK MaTepUANIApIbl XKEKe TYIIFanap-
JIBIH MYZJIEC] YIIiH 3aHCHI3 NaiJaaHy MYMKIHIITiH OOJIIpIpMayFa BIKITAT TeIi.

Penakmmsra kemin TyckeH OapiblK FRUIBIMH MaKallalap MIiHIAETTI TYpAE €Ki JKaKThI
monygaH erexmi. JKypHan pemakiisichl MaKaJaHBIH JKypHalI HpodmiiiHe, peciMaey Ta-
JIanTapblHa COMKECTIriH Oenrijeiial *oHe OHBbI KOJDKa30aHBIH FBHUIBIMH KYHIBUIBIFBIH
AMKBIHIANTBIH JKOHE MaKala TaKbIPhIObIHA HEFYpJIbIM JKaKblH FbUIBIMH MaMaHJIaH-
JbIpyJiapel 0ap €Ki Toyenci3 peleH3eHT — MaMaHIapAbl TaraibIHIAWTBIH JKYPHAIIBIH
JKayarnThl XaTIIBICBIHBIH OipiHII KapaybiHa >kiOepeai. Makaanapabl peleH3HsIIay bl
pelakIMsIIbIK KeHEeC JKOHE PEAaKLMUIBIK allka Myllelepi, coHpaii-ak Oacka enaepiiH
MIaKBIPBUIFAH PEICH3CHTTEPI JKy3ere achlpaabl. Makanara capanrama XKyprizy yiiH Oen-
rim Oip peleH3eHTTi TaHAay Typaisl memiMai bac penakrop kaOsuinaiael. Penensusiay
Mep3iMi 2-4 anTaHbl Kypaiael, OipaK pelEeH3eHTTIH OTiHimI OOMbIHIIA OJI y3apTHUTYEI
MYMKiH.

Penakuusi MeH pelleH3eHT Kapayfra kiOepiireH kapusiaHOaFraH MaTepHalAapabIH
KYIISUTBUTBIFBIH  CaKTayra Kemurmik Oepeni. JKapusmay Typanbl memiMzi >KypHaIIBIH
PEelaKIMsIIBIK aJKachl pereH3usIaydaH KeiliH KaOpuimaiinel. Kaker OonraH >karmaiina
KOoJDKa3z0a aBToOpJapra pPELEH3EHTTEP MEH pelaKTOpIapAblH ecKepTyiepi OoibIHmIa
MBICBIKTayFa KiOepineni, cogan KeiH oNl KalTa perneH3usuIaHaibl. Penakius 3Tuka epe-
JKeNlepiH Oy3faH JKarjaiia MaKajJaHbl JKkapuslayJaH O0ac TapTyra Kykbuibl. Erep akma-
PATTHI IJIarKaT Je CaHayFa KETKUIIKTI Heri3 00J1ca, )KayamnThl PeJaKTOp XKapusuiayFa K0T
Oepmeyi Kepek.

ABTOpJIAp peaKiusaFa YChIHBUIFAH MaTepUalIap bl )KaHa, OYPhIH KapusiaHOaraH
JKOHE TYITHYCKa E€KeHJIriHe Kenuimik oepeni. ABTOpiap FHUIBIMH HOTIIKENEPAIH CEHIM/Ii-
Jri MEH MaHbBI3JbUIBIFbIHA, COHJAN-aK FBUIBIMH 3THKA KAFUJATTApbIH CaKTayFa, ararl
aliTkaHga, FRUTBIME STHKAaHBI Oy3y (akTinepiHe »oa OepMeyre (FBUIBIMH JepeKTepl TY-
KBIPBIMIAY, 3ePTTEY IepeKTepiH OypMmanayFa oKeleTiH Oypmanay, IUIaruar JKoHe JKajaraH
TEH aBTOPJIBIK, KalTanay, 0acka ajgamaap/blH HOTHXKENIEpIH HEMJICHY KoHe T. 0.) xkayan-
TBI OOJTAEL.

MaxkanaHsl peakiusra xidepy aBTopiIapIslH MaKaiaHsl (TYIHYCKaaa HeMece Oacka
Tinmepre Hemece 0acka Tinmepre ayaapbuiraH) Oacka >kKypHanra(kKypHajimapra) Oepme-
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TeHIH jkoHe OyJ1 MaTepuai OypbIH jkapusulaHOaraHbIH Olipeni. OnTIece, MaKaia aBTop-
JlapFa aBTOPJIBIK KYKBIKTHI Oy3FaHbl YIIIH MakajaHbl KaOblijamay Typajbl YCHIHBICIICH
nepey kaitapeuiaapl. backa aBTOp sKyMBICHIHBIH 10 MaibI3bIHAH acTaMblH OHBIH aBTOP-
JIBIFBIH JKOHE JEpEeKKe3re ciareMeciz ce30e-ce3 Keurpyre >koi Oepiimeizi. AJbIHFaH
(parmMeHTTEp HEMECE MATIM/IEMeNIep aBTOp MEH OacTarKpl Ke3Jli MIiHIETTI Typie KepceTe
OTBIPHIN acalybl kepek. lllamaman Thic Kemripy, COHIai-aKk Ke3-KEJIreH HBICaHIaFrbl
IUIaruaT, OHBIH iMIiHAE PocCiMIeIMereH qoieKco3ep, 03repTy HeMece 6acka agaMaapIbiy
3epTTEYNIEPiHiH HOTIKEJepiHe KYKBIKTap HEMICHY JSTHKAIBIK eMeC J>KOHE KOJAHChI3.
3eprrey OapbichiHa KaHgal na Oip Typlae ocep eTKeH OapliblK ajamIapAblH YJECiH
MOMBIHIAY KaKeT, aTall aliTKaHIa, MaKajaja 3epTTey JKYpridy Kes3iHae MaHbI3bl OOJIFaH
KYMBICTapFa CinTeMelep YChIHBUTYBl KepeK. Kocallkel aBTOpiaplblH apachblHAa 3epTTey-
re KaThICIaraH agaMaap/isl KepceTy OoaMaiiibl.

Erep »xymbicTa Kare TaObuIca, peJakTOpra Te3 apajaa xabapiay Kepek jkoHe Oipre
TY3€Ty TypaJbl LIeIiM KaObuiaay Kepek.

Komxkazbanel kapusiaynan Oac TapTy Typajibl INEIIM PpEIEeH3EHTTepAiH YCHI-
HBIMIapbIHA COWKEC PeaKIMsIIbIK ajlKa OTHIPBICHIH/IA KaOblaHaapl. PeakiisuIbK anka-
HBIH I[ICHIIMIMEH >KapusiayFa YChIHBUIMaFaH Makana KailTa Kapayra KaObL1gaHOaijbl.
Kapusnaynan Gac TapTy Typansl XabapiamMa aBTOPFa DJICKTPOHJBIK MOIITA apKbUIbI
xKibepimesmi.

PenmakumsmbIK aka MaKaJlaHbI JKapHsUIayFa xKioepy Typaiibl MIeIiM KaObUlIaFraHHaH
KeWiH pemakmus Oy Typasibl aBTOpFa Xabapiaiiibl xKoHe Kaprsiay Mep3iMiH KepceTei.
PenensusuapAbIH TYIHYCKaIAphl KYPHAIIBIH PEAAKIMACBIHAA 3 KBUT OO0l caKTamapl.
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Omuka nayunvlx nyoaukayui

PepakuuonHasi KoJulerusi M IJIABHBIA PeJaKTOP HAYYHOIO KypHajia «XHMH-
yeckuiizkypHaa Kazaxcrana» (nanee — JKypHaua) npuaep:KuMBaroTCsl NPUHATHIX
MeXAYHApPOAHbIX cTaHAapToB «Komurera 3THKM mo myomukamusam» (Committee on
Publication Ethics — COPE) (http://publicationethics.org/about), «EBpomneiickoii
accolManuy HAyYHBIX peaakTopo» (European Association of Science Editors — EASE)
(http://www.ease.org.uk) u «KomuTera mo JTHKe HAYYHBIX MyOJHKAIMIA»
(http://publicet.org/codel).

Bo u3bexxanne HemoOpPOCOBECTHOW MPAKTUKK B ITyOIMKAIMOHHOW NESATEIBHOCTH
(maruaTt, u3JNoKeHNe HeJIOCTOBEPHBIX CBEICHUH U JIP.) U B LIENsAX 00eceueH sl BHICOKOTO
Ka4yecTBa Hay4yHbIX MyOJIMKAlMH, MPU3HAHKUS OOLIECTBEHHOCTHIO, MOJYYEHHBIX aBTOPOM
HAYYHBIX PE3YJIbTATOB, KaX/IbIil YWICH PEAAKIIMOHHOTO COBETA, aBTOP, PCIICH3CHT, a TAKXKE
YUPEXKICHHUS], yJacTBYIOUINE B U3ATEIILCKOM Ipoliecce, 00s3aHbl COOI0NATh ATHYECKHUE
CTaHdapTbl, HOpPMbI W IpaBWiIa W NPpHUHUMATb BCC MCPbI I MPEAOTBpAllCHUA HX
HapyureHuit. CoONro/ieHHe TpaBWI ITHKH HAYYHBIX ITyOJNUKAIMA BCEMH YYacTHUKAMU
ATOTO TpOIlecca CIIOCOOCTBYET 00SCIICYCHUIO IPaB aBTOPOB HA MHTEIUICKTYAIBbHYIO CO0-
CTBCHHOCTB, IMOBBIIICHUAIO KA4eCTBA W3JaHHUA W HCKIFOYCHUIO BO3MOXKHOCTH HEMPAaBO-
MEPHOT'O MCIOJIb30BAHUS aBTOPCKUX MAaTEPUATIOB B MHTEPECaX OTAC/IbHBIX JIUII.

Bce HaydHbIe CTaThd, MHOCTYNHUBIINE B PEAAKIHIO, IMOIEKAT 00A3aTEIBHOMY
JIBOMHOMY CIIEIOMY pelieH3upoBanuio. Penakiust JKypHaia ycraHaBinBaeT COOTBETCTBUE
ctatbu npodwo JKypHama, TpeOoBaHUAM K OGOPMICHHIO M HAIpaBISIET e Ha MepBOe
paccMOTpeHHE OTBETCTBEHHOMY cekperapio JKypHaiia, KOTOpBIH ONpenensier Hay4dHYo
HCHHOCTb PYKOIIMCHU W HA3HA4YACT ABYX HC3aBUCHUMbLIX PCEICH3CHTOB — CICHUATINCTOB,
UMCIOIIMX HanOosee OJIM3KUE K TeME CTaThU HAYYHBIC CIICHUAIN3AIUK. PelieH3upoBaHme
CTaTel OCYLIECTBIISIETCS WICHAMHU PENAaKIMOHHOTO COBETa M PEJaKIMOHHOM KOJJIErHH, a
TaKXKe MPUTIAIICHHBIMU PEICH3CHTAMU IPYTUX CTpaH. PemreHue o BRIOOpE TOrO WU
HWHOTO PELEH3EHTA JUIS MPOBEICHUs SKCIIEPTU3bI CTAThU MPUHUMAET TIaBHEBIN PENaKTop.
CpoKk peleH3upOBaHMs COCTABIICT 2-4 HEIENH, HO MO NPOCHEOE PEIEH3EHTa OH MOXKET
OBITH MIPOJICH.

Penakumsi M peUeH3eHT rapaHTUPYIOT COXpaHEHHe KOH(MUACHIMAIBHOCTH He-
OIMyOJIMKOBAaHHBIX MAaTEPUAIIOB MIPUCIIAHHBIX HA PACCMOTpeHue pabot. Pemienue o myomu-
KAl NPUHUMAETCsl pelaKMOHHOW Koyuterneit JKypHama mnociie pereH3upOBaHUsl.
B ciiyuae He00X0IMMOCTH PYKOIIMCh HAMpPABISIeTCs] aBTOpaM Ha J0pabOTKy IO 3ame-
YaHUSIM PELCH3EHTOB U PEJaKTOPOB, IMOCIE Yero OHa MOBTOPHO peleHsupyercs. Penax-
U] OCTABJSICT 3a COOOM MPABO OTKIOHUTH MyOJMKAIMIO CTAThU B CIy4ae HapyIICHHS
npaBui STUKH. OTBETCTBEHHBIH PEIaKTOpP HE JOJDKEH JOIMYCKaTh K MyOJHKaiuu uHpop-
MAIHIO, €CJTH KMEETCSI JOCTATOYHO OCHOBAHMH T10J1araTh, 4TO OHA SBJISICTCS IUIAarHATOM.

ABTOPBI TAPAHTHUPYIOT, YTO NPEICTABICHHBIC B PEIAKIMIO MATCPHAIBl SIBIISIOTCS
HOBBIMH, paHee HEONMYOIMKOBAHHBIMA WM OPHIHHAJIBHBIMH. ABTOpPBI HECYT OTBETCT-
BEHHOCTb 3a JIOCTOBEPHOCTh U 3HAYMMOCTH HAYYHbBIX PE3yJIbTATOB, a TAKIKE COONIOJCHUE
MPUHIIUIIOB HAYYHON 3THUKH, B YaCTHOCTH, HEJOMYIICHHE (AKTOB HAPYIICHHS HAY4YHOM
STHKH ((habpuKanys HAYIHBIX JaHHBIX, (hanbCHUKAINS, BeAyas K NCKaKESHHIO HUCCIe-
JIOBaTEJIbCKUX JIAHHBIX, IJIarMaT W JI0XKHOE COaBTOPCTBO, AyOJMpOBaHUE, MPHCBOCHUE
Yy)KUX Pe3yJIbTaTOB H Jp.)

HamnpaBnenune craThby B PeAaKLUIO 03HAYAET, YTO aBTOPHI HE MEPEAaBaln CTaThio (B
OpUTHHAJIE WK B IIEPEBO/IC Ha APYTHE A3BIKU UM C APYTHX SI3BIKOB) B IPYToH >KypHas(bI)
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U YTO ITOT Marepuayl He ObUI paHee ONyOJMKOBaH. B NpPOTHMBHOM cilyuae cTaTbsi He-
MEJJICHHO BO3BpalllaeTcs aBTOPaM C PEKOMEHJAlell OTKIOHUTh CTaThiO 3a HapylleHHe
aBTOpckux npas. He nomyckaercsa qocioBHoe konupoBanue 6osiee 10 mpouneHToB paboTh
Jpyroro aBTropa 0e3 yKa3aHHsI €ero aBTOPCTBA M CCHUJIOK Ha MCTOYHMK. 3aMMCTBOBAaHHBIC
(parMeHTHl WM YTBEP)KACHHS JOJDKHBI OBITH O(OPMIIEHBI C 00S3aTENbHBIM yKa3aHHEM
aBTOpa M NEPBOMCTOYHMKA. Upe3aMepHble 3aMMCTBOBAHMS, a TaKXKe IUIarvaT B JIIOOBIX
(dopmax, BKITIO4ass HeoPpOpPMIICHHBIE UTATHI, IepedpasupoBaHie WIH MIPUCBOCHHUE IIPaB
Ha pe3yJibTaThl Uy)KUX HCCIECIOBAaHWH, HE3THUHBI M HempuemseMmbl. Heobxomumo mnpu-
3HaBaTh BKJIAJ BCEX JMI, TAaK WINM MHA4Ye MOBIMABLIMX HAa XOJ MCCIIENOBAHUS, B 4acT-
HOCTH, B CTaTb€ JOJDKHBI OBITh IPEICTABIEHBI CCHIIKM Ha pabOThl, KOTOPBIE HMEIH
3HaYeHNE NPH NPOBEACHUM HccienoBaHus. Cpeau coaBTOPOB HENOIYCTHMO YKa3bIBaTh
JINII, HE YU4aCTBOBAaBUIMX B UCCJIICAOBAHNH.

Ecnu obHapysxena ommnbka B pabore, HEOOXOIUMO CPOYHO YBEAOMHTH PEAAKTOPA U
BMECTE IPUHSITH pellieHne 00 UCIPaBICHHH.

Pemenne 00 oTkaze B ImyOnMKalMy PyKOIMCH NPHHUMAETCS HAa 3aceJaHUM PelaK-
LIMOHHOM KOJUIETNH B COOTBETCTBHH C PEKOMEHJAIMSIMH pelieH3eHTOB. CTaTbs, HE peKo-
MEHJIOBAaHHAsl PEIICHWEM pPEAAKIMOHHOM KOJUIErMH K MyOJNMKalud, K ITOBTOPHOMY
paccMmoTpennio He mpuHEMaeTrcs. CoolOmeHne 00 oTka3e B MyOJMKAIlUN HAIpPaBISAETCS
aBTOPY MO 3JIEKTPOHHON TIOUTE.

[Mocne mpuHATHA penkoiuiernei JKypHana pelieHds o JIOMyCKe CTaThH K IyOIu-
KallM{ pelaklusi HHPOPMHUPYET 00 3TOM aBTOpa U yKa3bIBaeT CPOKH IyOaukanuu. Opuru-
HaJIbl pelieH3uil XpaHaTcs B pepakiuy JKypHaia B TedeHue 3 JeT.
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Ethics of scientific publications

The editorial board and editor-in-chief of the scientific journal “Chemical
Journal of Kazakhstan” (hereinafter - the Journal) adhere to the accepted
international standards of “the Committee on Publication Ethics” (COPE)
(http://publicationethics.org/about), “European Association of Science Editors -
EASE” (http://www.ease.org.uk) and“Committee on the Ethics of Scientific
Publications™ (http://publicet.org/code/).

Public recognition of the scientific results obtained by the author, each member of
the editorial board, author, reviewer, as well as institutions involved in the publishing
process is obliged to comply with ethical standards, norms, and rules and take all
measures to prevent violations thereof. This is needed to avoid unfair practice in
publishing activities (plagiarism, presentation of false information, etc.) and to ensure the
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