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KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblk». 3a rojbl CBOSH IesITeIbHOCTH
Ha peaju3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooXpaHeHus u cnopra, Ponp Boyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBoputenbHbIH GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4MTas 3TO HaIlpaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH IEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa3oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTaim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha coOmelCTBHE MajoMy OHM3HECY IMIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHT HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexXTyHapOJHOH IIKOoJIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 MIPEAMETY
«OCHOBBI TIpeANpUHUMATENLCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(HUKAIWU IIE€AaroroB,
COBEpIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAaHUM OyoyIIMX MOKOJEHHH KazaxcTaHueB. [Ipu mognepxke Donna
«XanplK» B IOKHOH cTonuie ObUI OpPraHW30BaH €XKEroJHbI TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHOll MHHMLMATUBOW CTall pealn3yeMblii MPOEKT MO OOYYEeHHIO OCHOBAM
(uHAHCOBOM TPaMOTHOCTH Tpernoaasareield n3 BochkMH obnactedl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHWE (PMHAHCOBOW ITPAMOTHOCTH H
MpEeINPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

HeoOxonumyro nmomors @oHx «Xaiblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHON 3allUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS



paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTell W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOE€B HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIbEM, CTPOUTEILCTBY COIIMATBLHO
BaXHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, JCTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTENIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xaiablk» MOXKHO JOOAaBUTh OKa3aHUE ITOMOIIH
JICTCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO BaKHYIO TIOMOIIL biaroTBopuTeNbHBIN QOHI «XaIbIKy»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemuu COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpyCcHOH nHpeknuerd Donx Beiaenui cBbime 11
MUJTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO O0O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MeEIMIIMHCKON
TIOMOIUIH U CPENICTB 3aLIUThI, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEIUIIUHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c IOpYyrMMH TPOCKTaMH, HALCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS TOCY1apCTBA.

[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AkageMuu Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)Ke HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENIbLCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYUMBIM
BKu1ajjoM DOH/Ia B pa3BUTHE Ka3aXCTAaHCKOTO OOIIIeCTBA.

C yBakeHnuem,
baarorsopurebHbiil @®oHA «XaJBIK»



Bac pepaxrop:

JK¥PBIHOB Mypat JKypbIHYJIbI, XUMHS FEUIBIMAAPEIHBIH TOKTOPHI, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTBIK FBUTBIM akaieMUsACHIHBIH npe3uaeHTi, AK «J[.B. CokonbCckuii aTbIHIAFbI
OTBIH, KaTaJIN3 JKOHE HJIEKTPOXUMHUSI HHCTUTYTHIHBIHY Oac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacwl:

9JIEKEHOB Cepra3sl MbIin:kacapyJibl (6ac pefakTOpabIH OPEIHOACAPET), XUMHS FHIIBIMIAPEIHBIH
JIOKTOpHL, mpodeccop, KP ¥FA akagemuri, «PuToxumusy XaablKapaiblK FEUTBIMA-OHAIPICTIK XOIIUHT1HIH
nmupekrtopsl (Kaparannel, Kazakcran) H = 11

ATABEKOB Baamumup EnoxoBmu (0ac pemakTopIblH OpbIHOACAPhI), XUMHS FHUIBIMIAPBIHBIH
JIOKTOpEL, ipodeccop, benapycs ¥FA akamemuri, XKana matepuangap XuMHACH! HHCTUTYTBIHBIH KYPMETTI
nupexrops! (MuHck, benapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexus FBUIBIM aKaJeMUSCHIHBIH JKCIICPUMEHTTIK OOTaHMKA
WHCTUTYTHIHBIH 3epTXaHa MeHrepymrici (Onomoyn, Yexus) H = 66

BYPKITBAEB Myxam6eTKaJu, XuMust FbUIBIMAAPBIHBIH JOKTOPSL, podeccop, KP ¥YFA axanemuri,
an-®apadu arernars! Kaz¥Y Y-abiH Gipinmi npopextops! (Amvarst, Kasakcran) H = 11

XOXMAHH J[xymut, Ceren ynuBepcureTiHiH DapmaneBTrka ¢(akyasreTiHiH DapMakorHO3Us
kaderpachiHblH MeHrepyuiici, YKapaTbuiblcTaHy FHUIBIMIAPBIHBIH TISHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPBI
(Ceren, Benrpus) H =38

POCC Camup, PhD nokropbl, Muccucunu yHUBEPCUTETIHIH OCIMIIK OHIMICPIH FRUIBIMU 3€PTTEY
YITTBIK opTanbirbl, Dapmanust Mektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPIHCKWAW Burtammii, pmiocopus mokrops (PhD, dapmariesr), PequHT yHHBEpCHTETIiHIH
npodeccops! (Peaunr, Aurmms) H = 40

TEJTAEB Barnar Bypxan6aiiyiabl, TexHHKa FbUIBIMIAPBIHBIH JOKTOpBI, mpodeccop, KP ¥YFA
xoppecrnionaent-mymreci, Kasakcran PecrmyOmukacer Wupgyctpust skoHe MH(PAKYPBUIBIMABIK —J1aMy
MuHHCTpIITI (AnMarsel, Kazakcran) H = 13

DAPYK Acana Jlap, Xamaap ans-Mamxuaa [LsiFsic MeauIMHa KOJISDKIHIH Tpodeccopbl, Xamaap
yrusepcuretiig LIbreic mequimna akymsreri (Kapaun, [Toxictan) H = 21

DA3BIJIOB Cepik IpaxmeTyJibl, XUMHS FEUTBIMAAPBIHBIH TOKTOPEI, ipodeccop, KP ¥FA akagemuri,
OpraHuKaablK CUHTE3 JKOHE KOMIP XUMUSIChI HHCTUTYTBI AUPEKTOPBIHBIH FBUIBIMH JKYMBICTApP XKOHIH/ET
opsrabacaps! (Kaparannpl, Kazakcran) H =6

KOPOBEKOBA Illapuna Kopo0eKKbI3bl, XHMHS FBUIBIMIAPBIHBIH JOKTOPHL, Tpodeccop,
Keipreiscran ¥FA akagemuri, KP YFA Xumust xoHe XUMUSUIBIK TexHoJorus uHCTUTYTHI (Bimikex,
Keiprescran) H =4

XAJIMKOB [I)xypadaii XaJuKoBHY, XUMHS FEUTBIMAAPBIHBIH JOKTOPHI, Tpodeccop, Toxkikcran FA
axanemuri, B.M. Huxkutun areinnarsr Xumust uHCTUTYTHI ([ymante, Toxikeran) H = 6

DAP3AJIMEB Barng Memknioribl, XUMUS FEUIBIMIAPBIHBIH JOKTOPEL, TIpodeccop, ¥FA akagemuri
(baky, O3ipbaitkan) H =13

T'APEJIMK Xempa, ¢unocodust mokropsl (PhD, xumus), XanblkapaiablK Taza jKoHE KOJIaHOAJbI
XMMUSI OJIaFbIHBIH XHMMHUSI KOHE KOpIiaraH opTa OemiminiH npe3uaeHTi (Jlonaon, Aurmms) H = 15
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I'naBHbII perakTop:

KYPUHOB Mypar JKypunoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3naeHT HanmonaneHO# akagemun Hayk Pecrryomikn Kazaxcran, reHepanbabiid aupektop AO « MHCTHTYT
TOIUIMBA, KaTanu3a U anekTpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkmuonnasi KoJuierus:

AJIEKEHOB Cepra3sl MpIHKacapoBU4 (3aMeCTHTENb IJIABHOTO PEAAKTOPA), TOKTOP XUMHYECKHX
HayK, mpodeccop, akaneMuk HAH PK, mupexrop MexayHapomHOT0O HayYHO-TIPON3BOACTBEHHOTO XOIIWHTA
«Duroxumusa» (Kaparanaa, Kazaxcran) H=11

ATABEKOB B gagumup EHokoBHY (3amMecTHTENb INIABHOTO pPENAKTOpPA), JOKTOP XUMHYECKHX
HayK, poeccop, akagemuk HAH Bbenapycu, mouetHslit tupextop MHCTUTYTa XUMHN HOBBIX MaTepHAaIoOB
(Munck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBeayroiinii labopatopueii HHCTUTYTa DKCICPUMEHTAIBHON
6orannkn Yermickoit akanemun Hayk (Omomoyn, Yexwst) H = 66

BYPKUTBAEB MyxameTkaiaun, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopektop KasHY nmenn anp-dapadu (Anmarsl, Kazaxcran) H= 11

XOXMAHH [xyaut, 3aBenyrommii kadenpoit dapmakorano3nn dapManeBTHUECKOTO (haKynbTeTa
YauBepcureta Cerena, TUPEKTOp MEKAUCIMIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpus)
H=38

POCC Camup, noxrop PhD, mpodeccop Ilkomsr ®Papmanuy HaIMOHAILHOTO IIEHTPA HAyIHBIX
HCCIIeJOBAaHUH PACTUTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CLHIA) H =35

XYTOPSHCKHUM Burannii, noxrop dunocopun (Ph.D, papmauerr), npodeccop Yuupepcurera
Penunra (Pepuar, Aurms) H = 40

TEJIBTAEB Barnar Bypxanoaiiyibl, JOKTOp TEXHHYECKHX HAYK, MPpodeccop, WiIeH-KOPPECIIOHICHT
HAH PK, MunucrepcrBo Unnycrpun u nnppactpykrypHoro pazsutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounodt memummuel Xamaapna ans-Makuaa,
¢axynsrer Boctounoit Mmennumubl yausepeutera Xamuapna (Kapaun, [Takucran) H =21

DA3bIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHUTENb JUPEKTOpa Mo Hay4yHOH paboTe MHCTUTYTa opranuyeckoro cuuTesa u yrexumuu (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Illapuna Kopo0exoBHa, TOKTOp XMMHUIECKUX HayK, Ipodeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumudeckoit Texnonornd HAH KP (bumukek, Keipreizeran) H = 4

XAJIMKOB [Ixxypa6aii XaJaumkoBH4Y, JOKTOp XHMHYECKHX HayK, npodeccop, axkagemuk AH
Tamxukucrana, Uactutyt xumun umenu B.M. Hukntira AH PT (dyman6e, Tamkukucran) H = 6

DAP3A/IMEB Barug Memkua oribl, JOKTOp XMMHYECKHX Hayk, mpogeccop, akanemuk HAHA
(Baky, Azep6aiimxan) H=13

TI'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xummus), npesunent Otaena XUMUH U OKpYysKaromieit
cpenbl MexIyHapOIHOTO CO03a YnucTol 1 pukiaaHoi xumun (Jlonmon, Aurmmst) H =15

«H3Bectust HAH PK. Cepusi XMuMuu M TEXHOJIOTHii».

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Cob6ctBennuk: PecmyOnukanckoe oOmecTBeHHOe oObeanmHeHne «HammonampHas akagemuss Hayk —PecmyOmuxu
Kazaxcran» (r. Anmartsr).

CBHUIETETBCTBO O IOCTAHOBKE HA YUeT EPHOANIECKOro nedaTHoro m3ganus B Komurere nudopmarm Munnctepersa
uHdpopmanuu 1 ob1ecTBeHHOTo pasBuTus Pecyonuku Kazaxcran Ne KZ66VPY 00025419, Beinannoe 29.07.2020 r.
Temarudeckast HAIPABICHHOCTD: OP2AHUYECKAs XUMUS, HEOP2AHUYECKAS XUMUS, KATAIU3, DNeKMPOXUMU U KOPPO3USL,
Gapmayesmuueckan Xumus u mexHoI02UL.

[MeproananocTs: 4 pa3 B rof.

Tupax: 300 5K3eMILISPOB.

Anpec penaxuuu: 050010, r. Anmatsl, yi. [lleBuenko, 28, od. 219, ten.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© POO «HaumnonanbHas akagemus Hayk PecriyOnuku Kazaxcran», 2023

Anpec penakimu: 050100, r. Anmatel, yn. Kynaesa, 142, AO «VHCTHTYT TOIJIMBA, KaTajlu3a U DIEKTPOXUMHH
um. /1.B. Cokonbckoroy, ka6. 310, ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

5



Editor in chief:

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after
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Abstract. Introduction. Lithtum-ion batteries have been the dominant energy storage
technology over the past decades, and demand is expected to grow tenfold over the next
decade. To meet the future demand for such batteries, alternative technologies will be
required to provide extended cell life and increase the overall capacity of these batteries.
The development of electrolytic systems with the proper structure and composition
will increase the development of lithium-ion batteries. It is imperative to consider that
electrolytic systems include components, such as additives, solvents, salts, and there
are two types: liquid and solid. They have a very important role in creating electrolytic
systems capable of forming passivation layers. Currently, the most urgent problem
of lithium power sources is safety. The main way to solve the safety problem is to
replace the liquid organic electrolyte with a solid electrolyte, as well as doping liquid
electrolytes with various additives. The purpose of this review is to analyze publications
on electrolytes and their various additives used in lithium-ion batteries. Objects of
research: liquid and solid electrolytes for lithium power sources. Conclusion: research
in the field of electrolytic systems for lithium-ion batteries is promising and relevant.
Modern studies show that doping of both liquid and solid electrolytes with additives,
the use of new salts and solvents make it possible to improve the characteristics of LIB.
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Annoramus. Kipicne. JIUTHH-MOHIBI aKKyMyNATOpIap COHFBl OHXKBUIABIKTA
SHEPTHUsl CaKTayAblH 0achIM TEXHOJOTHSICHI OOJBIN TaObIIaabl KOHE ajlJaFbl yakKbITTa
OCBI KYPBUIFBUIAPFa CYpaHbIC OH ece oce/i Aet KyTinyae. JInTuii Tok ke3aepine donamak
CYPaHBICTBl KaHaFaTTaHIBIPY YLIIH YSAMIBIKTApAbIH KbI3MET €Ty Mep3iMiH y3apTaTbhiH
YKOHE OJIapJIbIH YKaJIbl CHIMBIMIBIIBIFBIH apPTTHIPATHIH OasiaMa TEeXHOJIOTHsIAp KaKeT
Oonanapl. JInTH-MOHABI OaTapesutapAblH TaObICThI AaMYBI JJIEKTPOIUTTIK KyHenepaiH
JaMyblHa TiKeJed OalmaHbICTBl OOJNBIN KeJIedi, ONapAblH KYpPbUIBIMBI MEH KYpaMbl
TaHJAIFaH JIEKTPOATHIK MaTepHalfapFa KaTbICThl OJAapAbIH  TYPaKTBUIBIFBIHA
OalmaHpICTBl aHTapNBIKTall  ©3repyl MYMKiH. JIMTHH-MOHABI aKKyMymnsTOpiapaa
ANEKTPOIINT 3apsI-pa3psa MpoLecTepi Ke3iH e AEKTPOATAP apachIHAa IUTHIH HOHIAPbIH
TachIMaliay YLIIH OpTa peTiHAe KbI3MeT eTedi. by ceGenmeH »IeKTPOIHUTTEP OCHI
KYpPBUIFBUTAPABIH KYMBICHl YIIIH ©T€ MaHBI3ABI OOJBIT TaObUIaAbl. DJIEKTPOIUTTIK
XKyHenepre Kocmajap, epiTKimTep, TY34ap CHAKTHI KOMIIOHEHTTEp KipETiHIH ecKepy
KaXET, JKOHE 63 KE3€TiHJAe JJICKTPOJIUTTEep €Ki TYpii OOJbIN Keledi: CYHWBIK >KoHE
KATTbl. DNEKTPONIMTTEPAiH €Ki TYPiHiH JI¢ apTHIKIBUIBIKTAPhl MEH KeMIILTIKTEpi Oap.
Omnap aTfOMUHHNA TOK KMHAFBIIITAPBIHAA TTACCUBTEYII KaOaTTapAbl KaJlblTacThIPyFa
KaOUIeTTi MEeKTPONUTTIK JKyHenepli Kypyaa eTe MaHbI3ABl pell aTKapaabl. by
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Kabar j»kaHaMa peakUWsUIapAblH Iaiaa OONybIHA JKOHE OChUIAMINA 3JICKTPOITHIH
JerpaganusicbiHa sxoi oepmeiini. Kasipri yakpiTTa IUTHIA KyaT Ke3[epiHe KaTbICThI €H
©3CKTI Macelie Kayirnci3aik 0omibin Tadbuiaapl. Kayinciaik MocelleciH menyIiH Heri3ri
YKOJTbI CYWBIK OPTaHUKAJIBIK AJIEKTPOIUTTEPAl KATTHI SJIEKTPOIUTKE aybICTHIPY, COHBIMEH
KaTap CYWBIK DJIEKTPOJIMTTEPAl SPTYPIi KOcCHalapMeH JIErHpiey OOJbI TaObUIadbL.
Byn makamaHbIH MakcaThl HETI3Ti CYHMBIK JKOHE KATThl DJIEKTPOJUTTEPIIH MaHBI3IbI
TypJepiHe, COHai-aK oJapAblH MOTU(pUKAIMSIIAPBIHA KaH-KAKTHI IOJTY JKacay OOJIbII
TaObLIa/Abl. 3epTTey OOBEKTLIepi: JUTHU-UOH/Bl AKKMYIISATOPJIAPFA apHAJFaH CYHBIK
KOHE KATThl DJIEKTPOIMTTIK KyHenep. KopweIThIHABL: OYTiHTI TaHIa JUTHHA-HOHIBI
aKKyMyJISITOpJIapFa apHajiFaH d3JeKTPOJNUTTIK JKyHeJep calachlHIAFbl 3epTTeyniep
MaHBI3/Ibl J)KOHE ©3€KTi OOJIBIN TaObUIaAbl. 3aMaHayHW 3epTTeyNiep CYMbIK KOHE KaTThI
ANEKTPOJUTTEPAH JKaHa TYPJepiH 3epTTey, OJapAblH MOoAM(UKAIMICH, COHIAW-aK,
JKaHa TY3/1ap MEH epITKIIITEpi Maijanany OChl KYPBUIFbLUIAPBIH 3ICKTPOXUMUSIIBIK
KepCTeKilTepiHe TikeNel acep eTeTiHiH KopceTei.

Tyiin ce3aep: MUTUI-UOHABI aKKyMYyJIATOpIIap, KarTel snekTponntrep, NASIKON
KATTbI JJIEKTPOJIUTTED, TPAHAT THIITI IMEKTPOIUTTEP, NepoBCKUT, LLZO

Kap:xpuianapIpy: OyJ1 3epTTey ChIPTKBI KapKbUIAHABIPY/IBI aJIFaH KOK.

Anevic: asmopnap Kaxcemmi 3epmmeynep AHCypeizeeni Yulin dHepusi JHCUHaKma-
evlumaposl npomomunmey 3epmxanacuvinvly (Pecetl, Mackey obnuicei, /[yona Kanacoet)
KblaMemKepiepine angblcmapvii 0indipeoi.
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AHHOTaIII/Iﬂ. JINTUii-uoHHEIC AKKYMYJISITOPBI SIBJISAOTCS }_IOMI/IHI/IpyIOIJ_Ieﬁ
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YTO CIIPOC HAa HUX BBIPACTCT B ACCATH pa3 B TCUCHUC CICAYIOLICTO ACCATUIICTUS. C
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LETbI0 YIOBJIETBOPEHUSI OyIylIero Crnpoca Ha JAHHBIA THIT HAKONUTEJIEeH JHEPruu
NOTPeOyIOTCsl aJIbTepPHATHBHBIC TEXHOJIOTHH, O0ECHECYMBAIONIME MPOIJICHHE CpOKa
CITY’KOBI 2JIEMEHTOB M yBEJIMYEHHE MX OOLICH eMKOCTH. YCIICIIHOE Pa3BUTUE JTUTHUIi-
MOHHBIX aKKyMYJISITOPOB 3aBHCHUT OT pa3pabOTKH AJICKTPOIUTUYECKUX CHUCTEM,
CTPYKTypa M COCTaB KOTOPBIX MOTYT CYILECTBEHHO Pa3IHyarhCs B 3aBUCUMOCTH OT UX
CTa0WIBHOCTH 10 OTHOLICHHIO K BBIOPAHHBIM JICKTPOAHBIM MaTepuanam. B mutuii-
MOHHBIX aKKyMYJSITOpax O3JICKTPOJIHUT ICHCTBYET KaK cpeda Uil MEepeHoca HOHOB
JUTHUSL MEXKTY 3JICKTPOJaMHU BO BpeMsl POLIECCOB 3apsiaa-paspsaa. [lo atoit nmpuunse
ATOT KOMIIOHEHT He0OXOquM Juisi paboThl ATUX ycTpoiicTB. Heobxomumo 00s3aTenbHO
YUYHUTBIBaTh, YTO DJICKTPOJMTUYSCKHE CHUCTEMbI BKIIIOUAIOT TaKHE KOMIIOHEHTBI, KaK
J00aBKH, PaCTBOPUTEIH, COJIH, A TaK JKe, IEKTPOIUTHI OBIBAIOT JABYX BHIIOB: YKHIKHE
u TBepable. O0a THIA HIEKTPOIMTOB UMEIOT CBOM NMPEUMYILECTBA U HepocTaTku. OHU
UTPAIOT OYCHb BAKHYIO POJb B CO3aHHU 3JICKTPOJIMTHYECKHX CHCTEM, CIIOCOOHBIX
00pa30BbIBaTh MACCUBUPYIOIINE CIOH HAa aJTFOMHHUEBBIX TOKOCHEMHHUKAX. JTOT CIIOW
NPENATCTBYeT BOSHUKHOBEHHUIO MOOOYHBIX PEaKIMil, ¥ TaKUM 00pa3oM, Jerpaaaluu
anekTpona. B Hacrosimiee BpeMsi HamOojee akTyalbHOH TNPOOIEMON JIUTHEBBIX
MCTOYHUKOB MUTAHUS SBIIsiECTCSl Oe30macHOCTh. OCHOBHBIM MyTEM PEIICHHs TIPOOIEMBbI
0e30MacHOCTH SIBJSIETCSI 3aMEHa JKUAKOTO OPraHHMYECKOrO OJIEKTPOJIUTA TBEPABIM
AIIEKTPOIIUTOM, & TAKXKE JICTHPOBAHUE JKUJIKUX AIECKTPOIUTOB PA3TUIHBIMH 100aBKAMH.
L]env NaHHOW CTaThH — 3TO MPEAOCTABUTH BCECTOPOHHHI 0030p HEKOTOPHIX OCHOBHBIX,
a TaKkKe HOBBIX JKUIKUX M TBEPIBIX DJICKTPOIUTOB U HUX Mopupukaimid. OOvexmuol
uccne006anus; SKUJKAE W TBEPHbIC DIICKTPOJIUTUYECKUE CHCTEMBI JUIS JIUTHEBBIX
MCTOYHUKOB MUTaHMsA. 3akiioueHue: Ha CETOIHAIIHUN JeHb UCCIICA0BaHMS B 00IacTu
ANEKTPOIUTUYCCKUX CUCTEM MJIsl JIMTHH-MOHHBIX aKKyMYJIATOPOB MEPCIEKTUBHBI U
akTyanbHbl. COBpEMEHHBIE UCCIICI0BAHMS IOKA3bIBAIOT, YTO JISTMPOBAHHUE KAK JKUJIKUX,
TaK M TBEP/IBIX AIEKTPOIUTOB 10OaBKaMH, UCIIOIb30BaHIE HOBBIX COJICH M pacTBOpUTEICH
MO3BOJISIFOT YAYYILINTh XapaKTEPUCTHKU JIUTUI-UOHHBIX aKKyMYJISITOPOB.

KiroueBble ci10Ba: NUTHI-MOHHBIE aKKYMYJISITOPBI, TBEPAOTEIBHBIC SIEKTPOIUTHI,
TBepaorenbHble anekTponauTsl NASIKON, neposckurt, JIJI30

duHAHCHpPOBAaHHE: JaHHOE WCCIIENOBaHUE HE TIOJyYalo BHEIIHEro (UHAH-
CHPOBAHHUSL.

Bnazooapnocmu: asmopwi  guipadicarom 6010  O1a200apHOCTL  COMPYOHUKAM
nabopamopuu  npomomunupoganuss naxkonumeneu suepeuu (Poccus, Mockosckas
obnacms, 2opoo [{ybHa) 3a nposederue HeoOX0OUMbIX AHATUZ08.

KongumkT nHTEpecoB: KOH(IMKTA HHTEPECOB HET.

Introduction

With the ever-increasing variety of devices from portable to powerful electric
vehicles, the demand for safe and long-lasting energy storage systems is increasing. The
most popular and frequently used storage systems are Lithium-ion batteries (LIB). They
are playing an progressively critical part in our daily lives. Batteries not only power
our portable devices (such as phones, laptops and cameras), but also power vehicles
(such as electric cars and hybrid EVs, and even serve as temporary storage systems
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for excess energy supplied by renewable energy sources such as solar, wind, nuclear
and hydroelectric power. However, as the use of Li-ion batteries increases each year,
the demands on their properties, and their power density, are increasing. Obviously,
improvements in these characteristics depend on technical advances in the main battery
components: positive/negative electrodes and electrolytes.

The electrolyte acts as an important "connecting bridge" in LIBs for the transport of
ions between two opposite electrodes during cycling processes. Electrolytes for lithium
chemical power sources should have the following features (Duan, 2020):

1. Favorable layered structure for rapid transfer of lithium ions.

2. High electrical conductivity (10~ to 107 S*cm™) and electrochemical stability.

3. Low melting point (from -50C) and high boiling point (up to +70C), to provide a
wide operating temperature.

4. The low pressure of emitted vapors is necessary to reduce the fire hazard.

With insufficient reversibility of electrodes and electrical conductivity of lithium
electrolytes (regardless of their nature), there are many factors limiting the elaboration
of chemical current sources with a lithium anode. The reason why this problem is
important is that the value of the current source's internal resistance directly affects its
main performance characteristics, such as power and charge current.

There are two main types of electrolytes, namely liquid-phase and solid state
electrolytes. Liquid electrolytes are used for a long time in commercial chemical energy
storages, as they have key properties, such as, ionic conductivity approximately 10
3-102 cm™! and good electrode interface. Nevertheless, traditional electrolytes have
drawbacks. They are the risk of electrolyte leakage, which leads to burning, another
problem is increase of dendrites, caused by the uneven charging current of porous
separators, especially chemical power sources with a metallic lithium electrode.

This problem also occurs with solid electrolytes. In 2023, was proposed a physical
model of lithium coating and dendritic formation in LIB (Sahu, 2023). A side effect of
fast charging is the formation of lithium metal, which leads to degradation. Model made
of metallic lithium sharpened in the pores of the interfacial phase of a solid electrolyte.
The model was validated by experimental studies and demonstrated the trends being
more prevalent at increased C-rate and/or decreased temperature. To improve the
performance of lithium ion batteries, electrolytes play a significant role in development
of lithium-ion batteries, as well as researches in this area are ongoing at the moment,
and this review is devoted to electrolytes used in modern lithium-ion batteries.

Electrolytes solutions for lithium-ion batteries

Due to recent achievements in solid-state batteries many safety problems with
LIBs were solved, most LIB applications require capabilities. Thus, it rather difficult
to eliminate LEs for commercial applications because they are still more effective at
transporting lithium-ion than their solid-state analogues. There are many factors to
consider when selecting the electrolyte composition. First, it is imperative to consider
the environmental impact reported in a study by Flamme et al. which studied the relative
environmental impact of conventional organic solvents (Flamme, 2017). Requirements
for the electrolyte are ionic conductivity and chemical inertness at the electrode/
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electrolyte interface. Another critical factor is the electrochemical stability window
in which the electrolyte must be stable to a wide range of battery operation (0-5 V)
(Flamme, 2017). Solution of lithium salt, such as LiPF , LiDFOB, LiClO, dissolved
in a mixture of solvents, such as vinylene, carbonate, ethylene carbonate, and e.t.c and
additives is the electrolyte used in the LIB. Layered graphite anodes are widely used
anodes in lithium batteries. In order to introduce/lead lithium ions between multiple
graphite layers, a passive layer called the interfacial solid electrolyte (SEI) is required.
In fact, if there is no SEI on the graphite surface, peeling processes occur, leading to
degradation of the material itself and then the battery. The SEI layer consists mainly of
electrolytes, which means that it has a significant impact on the charging characteristics
of the electrolyte. In addition, the secondary reactions resulting from rapid charging
can also decrease the stability of the electrolyte. Even worse, the generation of internal
heat or growth of lithium dendrites will degrade the conductivity of the electrolyte,
causing an exothermic reaction. In some cases, the high concentration of lithium ions
produced at high current densities can limit battery capacity. Therefore, the use of a safe
electrolyte is of high importance.

Solvents. Traditionally, liquid organic solvents are used in electrolytes for
LIBs. Solvents must satisfy following criteria: to have high chemical, thermal and
electrochemical stability towards to two electrodes in the working range of potentials;
the ability to dissolve electrolytic salts and non-electrolytes; high conductivity in a wide
temperature range. High dielectric permittivity provides lithium salt dissociation, while
low rates provide ionic pair formation. Solvents with a high dielectric constant dissolve
a large amount of electrolyte salts.

Low viscosity advances ion mobility. This negates the previous requirement since
high-dielectric permittivity solvents are too as a high-viscosity solvents. This contrarily
influences the transport of ions inside the electrolyte, specifically its ionic conductivity.
As arule, well-balanced mixtures with high dielectric constant and low viscosity solvent
are preferred for such applications.

Last, the solvent must provide suitable interfacial properties, i.e., promote the
formation of a stable, electron-insulating but highly ionic conductive SEI at both
electrodes, especially at the anode.

The mixture of cyclic carbonates and linear carbonates are usually used as electrolyte
solvents, such as ethylene carbonate (EC), propylene carbonate (PC), dimethyl
carbonate (DMC), ethyl methyl carbonate (EMC). Since all solvents have different
electrochemical and chemical properties, for optimal performance of LIB, their mixture
is used, they compensate each other. Solvents with low viscosity promote suitable
ionic conductivity by reducing the general viscosity of the mixture. Since EC and PC
solvents have a high viscosity, the electrolyte based on them (1:1) demonstrates low
conductivity at any temperature. The lower the temperature, the conductivity decreases
due to thickening of the binary solvent. Electrolyte with composition EC-DMC (1:1)
shows better conductivity.

Many LIBs use the fluorinated solvent N,N-dimethyltrifluoroacetamide (DTA)
(Moller, 2001). Due to its high boiling temperature, flash point and low viscosity, DTA
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is able to replace low viscosity solvents such as dimethyl carbonate, diethyl carbonate.
Due to its film-forming properties, it is possible to use DTA with PC in an amount of 10
%, as these solvents have a freezing point below -40°C, their mixture is used as a low
temperature electrolyte.

The massive demand for lithium-ion batteries is drawing particular attention to
their safety, the main reason is the flammable component - liquid electrolyte. In this
paper (Gebert, 2023) represented promising non-flammable liquid electrolytes - based
on phosphate derivatives and fluorinated hydrocarbons - are chosen from the literature
and tested in industrial high-voltage connections under conditions. The studies were
carried out on LiNij Mn_ ,Co,O,|graphite cells and on inert electrodes, as a result,
electrochemical determinations of electrolytes were obtained. Each electrolyte was
evaluated using long-term cycling and rate testing experiments, and cell resistance was
monitored during aging. It has been determined that electrolytes containing phosphate
and phosphonate based solvents generally perform very poorly compared to non-
phosphorus fluorinated solvents; the latter resulted in an average of doubling capacity
retention after 500 cycles of the former. A strong correlation was observed between
long-term cycling performance, speed properties and cell resistance.

Researchers proved that many non-flammable liquid electrolytes have improved
speed and cyclic stability compared to conventional flammable liquid electrolytes.

Table 1 - Some properties of electrolyte solvents for LIBs

Properties EC PC DMC DEC EMC
Structure o 3 N,
OJLO e ° <:' (D
(- >~ o= o= o=(
o <3
/ < /
Chemical formula (CH,0),CO | CH,C,H,0,CO | OC(OCH,), |(C,H,0),CO |CHO,
Dielectric constant high high low low low
Viscosity high high low low low
Contribution to SEI high low low low low
Anodic stability high high medium medium medium

According to table 1, it is shown that EC is suitable compound for LIB, as well as it
is able to form film.

Salts. Inorganic lithium salts, such as LiPF,, LiAsPF,, LiBF,, LiCIO,, LiNO,,
Li,SO, and LiOH are the most used lithium salts in electrolytes for LIB.

During the development of LIB, various salts were used until a compromise was
found in the form of LiPF,. There are many kinds of organic salts to choose from.
However, only a few have been tested for LIB applications. The most traditional among
them is LiPF, but the most successful one is LiTFSI. Viscosity and conductivity of salts
LiTFSI- and LiPF - in EC/DMC (1/1, v/v) were compared at different temperatures from
20°C to 80°C. The authors used Waldenrul's method. The authors showed that LiTFSI
1 M in EC/DMC is more ionic than LiPF, 1 M in the identical binary solvent. Based
on physicochemical and electrochemical measurements, data were obtained that the
specific capacity of activated carbon improved with increasing ionicity of the LiTFSI
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salt in binary EC/DMC. LiTFSI can also be used in aqueous solutions, which makes it
even more promising (Xiao, 2022).

Any salt used in the LIB should promote the formation of a passivating surface film
that is inert to the current collector and thermally stable.

Additives. Existing electrolyte systems for lithium-ion batteries have disadvantages,
such as non-reversible capacity, thermal limitations, safety concerns. One method of
minimizing these problems is to incorporate small quantities of other components into
the system to modify the certain properties of the electrolyte while maintaining its bulk
properties. Many of the problems associated with surface phenomena can be solved
by the applying of additives in electrolytes. This method is the most economical and
effective. Additives in lithium-ion systems improve not only the properties of the
interfacial layer on the electrode surface, but also safety and the ionic conductivity.
Additives ought to diminish irreversible capacitance and outgassing, make strides the
thermal stability of the lithium salts against organic electrolyte solvents, and protect the
positive electrode material from dissolution and overcharge. Thus, improving battery
performance by stabilizing the SEI is the main focus of research devoted to additives.
These additives include unsaturated organic compounds (double or triple bonds, cyclic
structures, phenyl, etc.), organic phosphorus/nitrides/fluoride/sulfide, new type lithium
salts, etc. (Figure 1).

Several types of electrolyte additives, nitrogen-containing, fluorine-containing,
phosphorus-containing additives are presented in this review.

Phosphorus-containing organic compounds are widely known and find practical
application as flammability-suppressing materials of liquid electrolytes. The first
additives investigated are trimethylphosphate and triethylphosphate with high
phosphorus content. Their instability to the low reducing potential on the anode surface
was solved by replacing the alkyl groups with aryl (phenyl) groups. This approach
improved the reductive and thermal instability. Fluorine-containing additives are also
attractive due to property to form strong and protective layers at the electrode boundary.

Nitrogen-containing additives mainly include nitriles which have a 7 V (Li" /Li)
electrochemical stability window. This type of additives can suppress the risk of fire due
to the strong interaction between the functional group of the nitrile (-CN) and transition
metal ions of the cathode material. Nitrogen-containing heterocyclic compounds can
also be applied as additives. They can prevent overcharge. Heterocyclic compounds
polymerize at high voltages and form an insulating polymer layer sufficient for
protection.

Fluoroethylene carbonate (FEC) has been used as an additive to the electrolyte in a
large number of studies. Like other additives, fluoride-containing additives are capable
of forming a negative electrode film and also inhibit side reactions.

When fluorine-containing additives are used in the electrolyte, FEC molecules can
bond another fluorine-containing chemical bond to the base of the EC molecules, and
quantum-chemical calculations have shown that FEC in the electrolyte is reduced so
much that a SEI layer with good characteristics can be formed on the negative electrode
surface. Not only FEC, but also other fluorine-containing 1,2-divofluoroethylene
carbonate (DiFEC) is involved in film formation at the negative electrode surface.
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Figure 1 — Chemical composition of some electrolyte additives

As an additive in the electrolyte Bis(di-tert-butyl)-4-dimethylaminophenylphosphine
(Bis-4TMPA) is used. In work (Zhuang, 2023) Bis-4TMPA was added to improve the
performance of cathode material LiNi ,Co, Mn  O,. The phosphine group in this
molecule can react with the oxygen species released from the cathode surface, which
protects electrolytes from oxidative decomposition.

For advanced lithium-ion bateries, pyrazole-based additives are used, namely
1-methyl-3,5-bis(trifluoromethyl)-1H-pyrazole (MBTFMP). It was first synthesized
and characterized in work (Aspern, 2020). To compare the characteristics, the functional
additive 3,5-bis(trifluoromethyl)-1H-pyrazole (BTFMP) was chosen and various studies
were carried out, such as constant current cycling, cyclic voltammetry, etc. As a result of
the research, the reductive and oxidative abilities of MBTFMP and BTFMP functional
molecules and reactivity with a surface cathode were revealed. Both the reduction and
oxidation of BTFMP molecules were accompanied by intermolecular H-transfer, which
narrowed the electrochemical stability window of the electrolyte containing BTFMP,
compared with the functional additive MBTFMP. Functional groups in molecule of
additives can significantly affect the important physicochemical properties of LIB.

Solid State Electrolytes

Key useful properties of SSEs utilized in solid state lithium batteries (SSLBs) ought
to incorporate:

* high overall bulk and grain boundary conductivities of Li" ions in a wide range of
temperature about (10* S-cm™),

* a wide electrochemical window for bonding with lithium metal anode and high
voltage cathode,

* chemically and mechanically consistent anode and cathode interfaces,

* chemically steady within the environment,

* low interfacial resistance to protection electrodes,

* Low cost.
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Inorganic solid electrolytes are more suitable for high temperatures or aggressive
environments, and a wide range of inorganic electrolytes have been developed, due to
their amorphous and crystalline structures.

Although solid state electrolytes have numerous appealing properties, particularly
from a safety point of view, a customized SSE with comprehensive functions has not
yet been developed. Various solid electrolytes face various problems that ruin their
practical application. First, most solid electrolytes, counting those based on oxides and
solid polymer electrolytes (SPEs), have moderately low ionic conductivity compared
to their liquid analog at room temperature. For example, a polyethylene oxide-based
solid polymer electrolyte (eg, a complex of polyethylene oxide with a lithium salt) has
an conductivity of about 107 - 10-° S/cm at 25°C. Solid electrolytes such as NASICON
(e.g. Li, Al Ti2 x(PO,), (LATP)) and Li, Al Ge, x(PO,), (LAGP)), lithium-filled garnet
material (LiLa,Zr20 , (LLZO)) and perovskite (Lista(m) xTiO,, (LLTO) (Kwon,
2017) have an ionic conductivity of about 10 -10° S/cm, electrodes also limits their
practical application.

The popular oxide-based SSEs for SSLIB are: NASICON, perovskite, and garnet-
type electrolytes, owing to their high ionic conductivity and stability. Classified
according to different structures, solid electrolytes based on oxides have various ionic
conductivity and chemical properties and occur with contacts when exposed to LIB.
Typical examples are shown below in this review.

NASICON - type electrolytes. The name of solid state electrolyte NASICON was
originally given to the sodium superionic conductor with formula NaM,(PO,), (where,
M might be Ge, Ti, Zr Crystalline NASICON framework (symmetry group R-3c, a =
8.804 A, ¢ =22.758 A), composed of BO, tetrahedra connected at vertices with AO,-
octahedra. The basis of the structure is three-dimensional macromolecular structure
of discrete AO, — octahedrons and single BO,-tetrahedra. In combining polyhedra
of different types into a single structural motif involved all oxygen atoms, i.e. each
octahedra is connected to six tetrahedra, and each tetrahedron has four octahedra. M*
ions occupy 2 positions: the M(1) ions are located in distorted MO, (M = Ge, Ti, Zr)
octahedra, and the M(2) ions are in framework voids formed by 10 oxygen atoms. Na*
ions, which in interstices are transported around the axis (Kumar, 2009). The NASICON
solid electrolyte becomes a conductor of Li* ions without changes in the NASICON
crystal structure when Na* ions are replaced by Li* ions.

To date, are Li, Al Ti, (PO,), (LATP) and Li, Al Ge, (PO,), (LAGP) are the
most popular NASICON solid electrolytes, they are formed by partial substitution of
Al with Ge in LiGe,(PO,), or for Ti in LiTi(PO,),. 10°~107 S/cm is considered the
highest ionic conductivity of NASICON solid electrolyte at room temperature (Kumar,
2009), which is not inferior to liquid electrolytes. However, the harsh nature of the
NASICON electrolyte makes it difficult to achieve good contact with the electrodes.
Another problem is that Ti-containing LATP can attack lithium metal and polysulfides,
which greatly limits its practical application.

The garnet-type electrolytes. The garnet-type solid state electrolyte has the general
chemical formula A,B(XO,),, (A = Ca, Mg, Y, La, etc. B = Al, Fe, Ga, Ge, Mn, Ni, or
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V; X = 8Si, Ge, Al). A, B, and X may have 8§, 6, 4 oxygen-coordinated cation sites in
the crystal face-central-cubic structure. Studies of this type of solid electrolyte include
studies of Li,-type Li,Ln,Te,O , (Where Ln mightbe Y,Nd, Sm-Lu), Li-type Li.La,M.O,,
(where M might be Nb, Ta), Li-type Li, ALa,M,O,, (A= Mg, Ca, Sr, Ba) and Li_-type
LiLa,X,0,, (X =Zr, Sn, Ta) (Kwon, 2017). The first three garnet-type electrolytes have
arelatively low ionic conductivity at room temperature (~10° S/cm), while Li,La,Zr,0,,
(LLZO) has a relatively high ionic conductivity (10“-10° S/cm), especially high
conductivity at the grain boundary. In the LLZO structure, ZrO, octahedra and LaO,
dodecahedra are combined into a structure, while Li" ions and Li vacancies are located
in the invasive position of tetrahedral and octahedral regions. The Li* ions are in the
tetrahedral position 24d, and the other is in the octahedral position 96d. For this reason,
modern studies are mainly devoted to LLZO and its derivatives with various elemental
additives (Rettenwander, 2016). Garnet-type SESs have a wide electrochemical window
and they are chemically resistant to lithium metal compared to NASICON oxide-based
SSEs such as LATP (Li, Al ,Ti .(PO,), and LAGP (Li, (Al .Ge, (PO,),). For example,
LAGP has an ionic conductivity comparable to LLZO SEs but exhibits mechanical/
thermal failures as a result of chemical reaction with lithium metal. As a result, garnet
LLZO SEs were found to be the most suitable SEs for SSLIBs, as a solid state cell with
LLZO can use Li metal as an anode. Thus, they have achieved high energy densities.

The LLZO exists as two polymorphic phases: a cubic phase (c-LL.ZO) and a tetragonal
phase (t-LLZO). At room temperature, the cubic phase has 100 times higher ionic
conductivity (~ 10* S/cm) than the tetrahedral phase (~ 10 S/cm), this is explained by
the uniform movement of Li* ions in the x, y and z, while t-LL.ZO has low conductivity,
since Li" ions move only in the x and y directions (Chen, 2018).

Also, problems such as poor wettability of lithium and poor ionic conductivity can
be caused by the formation of Li,CO, on the surface of LLZO, due to the exchange of
Li*/H" ions under the influence of moisture. Although LLZO has high ionic conductivity
and is resistant to lithium metal anodes, the problem of lithium dendrites (Porz, 2017)
and the problem of interfacial mismatch due to hard properties remain difficult for
garnet-pod solid state batteries.

The ionic conductivity of garnet-type SEs can be increased in several ways: by
doping and by increasing the density of the granules. The increase in ionic conductivity
in LLZO SEs is to increase the grain density through the use of sintering agents, they
reduce the sintering temperature and the number of grain boundaries. For example, Shin
et al. In order to increase the conductivity of LLZOs, LI,BO, (LBO) was considered as
a sintering agent at a lower temperature than the typical sintering temperature of LLZO
SEs, 1100-1250°C. When LLZO SEs are sintered below the sintering temperature, they
acquire a high porosity or tetrahedral phase, as well as low grain density, and low Li ionic
conductivity. However, when LLZO is sintered with LBO above the melting temperature
of LBO (~850°C) but below the sintering temperature of LLZO, liquid-phase sintering
occurs and therefore LLZO can achieve high grain density, resulting in high ionic
conductivity. Low temperature sintering of LLZO helps suppress Li evaporation and
reduce chemical reactivity between SEs and active materials in composite electrodes.
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Perovskite-type electrolytes. Solid electrolytes in the form of perovskite-type with
the structure ABO, (A = Ca, Sr, La; B = Al, Ti) were first described as a conductor of
oxygen ions (Shin, 2016).

Naguma et al. (Naguma, 1993) were the first to present perovskite-type solid
electrolytes Li, La,, TiO, (LLTO), which showed a bulk ionic conductivity of 1x10°
> S/cm and a total ionic conductivity above 2x10° S/cm at room temperature for
Li, PR g (])Ti02l94(2). Unfortunately, high grain boundary resistance, high interfacial
resistance, and poor compatibility of Ti*" with lithium metal anode limit their wide
application. In general, SSEs based on oxides have a relatively high ionic conductivity
and chemical stability in the environment. Oxide-based SSEs have the highest Young's
modulus among all types of SSEs. The Young's moduli for LATP, LLZO, garnet-type
and perovskite-type SSEs are 115 GPa, 150 GPa and 203 GPa, respectively. This harsh
property can be useful for suppressing lithium dendrites if designed correctly, but
leads to the problem of electrode mismatch. There is a mismatch problem between the
NASICON type electrolyte and the electrodes when there is a large gap at the interface.

An interfacial problem has been reported due to side reactions or diffusion of
elements at the interface between the oxide-based SSE and the cathode (Shell, 2017).
At the LiCoO,/LLZO interface, interdiffusion of Co with Zr and La occurs, forming an
interface with low ionic conductivity (i.e., high interfacial resistance). Another common
problem is the incompatibility of the lithium anode and the SSE based on titanium oxide.
Ti*" in LATP or LLTO can be easily reduced with a lithium metal anode, resulting in a
SSE phase change that reduces ionic conductivity but increases electronic conductivity.
This type of interphase with high electronic conductivity is especially prone to enhanced
growth of lithium dendrites (Song, 2019). Thus, interfacial mismatch and side reactions
between oxide based SSE and electrodes are key issues in the application of oxide based
SSE and more research is required. The interfacial issues include:

» solidifying lithium in a melting state on the SSE to ensure close contact,

* co-sintering active materials and SSE with a sintering agent,

» creating an SSE with a porous structure to increase the area of contact between the
electrode materials and the SSE,

* use of a cover layer to prevent side reactions.

It is believed that the development of a high ionic conductivity soft layer interface
between the SSE and the electrodes may be a good strategy to address the issues
associated with SSLB with oxide-based SSE.

Sulfide-based electrolytes. SSEs are classified as amorphous, crystalline, and glass-
ceramic sulfide SSCs. Typical solid electrolytes based on amorphous sulfides include
xLi,S:(1-x)P,S, and xLi,S:(1-x)SiS, systems. Both systems have an ionic conductivity
at room temperature above 10 S cm™. Crystalline sulfide based solid electrolyte Li,PS,
was first described by Tachez et al. Later, Kanno's group reported a thio-LISICON
type SSE obtained by replacing O* of the LISICON family [Li ,Zn(GeO,),] with S*
(Kanno,2000). The substitution results in higher ionic conductivity at RT because S*
has a larger ionic radius, higher polarizability, and lower electronegativity than O*.
The replacement of O* by S* reduces the binding of Li* in the crystal framework and
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expands the ion transport channel, thereby increasing the ionic conductivity. Most of
the known SSEs based on crystalline sulfides have an ionic conductivity more than 10
“ S/cm at RT. Glass-ceramic ESE are obtained by crystallization of glassy SSEs. Glass-
ceramic SSCs based on xLi,S-(1-x)P,S, have attracted great attention from researchers,
especially after the discovery of the Li, GeP,S, ) (LGPS) families and their derivatives,
suchas Li,,Si P .S Cl ., bothof which exhibit ionic conductivity greater than 10
S/cm at room temperature (Kato, 2016).

As solid electrolytes, amorphous systems based on glasses with increased lithium
conductivity are used. Among amorphous electrolytes, electrolytes based on lithium
metaphosphate, as well as glasses formed in systems Li,0-B,0,-P,O,, Li,0,-P,O,-

Ta,O,, Li,0-P,0,-Mo0O,. In the form of thin films, amorphous lithium conductors of
the composition LiPO,-Li,N (LIPON) and LiNbO, with ionic conductivityb above 10
S/cm at 25°C.

Moreover, the highest lithium conductivity at 25°C is exhibited by sulfide glasses
Li,S-SiS,, Li S-Lil-SiS, and Li,S-Lil-SiS,-P,S, obtained by quenching from the melt
or by mechanical activation of the initial components. Amorphous systems have a
number of advantages: the complete absence of grain boundaries, high density and
impermeability of the material for gas or liquid phases. The common disadvantages of
amorphous electrolytes include their thermodynamic instability, as well as the difficulty
of obtaining a reliable interfacial contact at the electrolyte verge with an electrode that
changes volume during charge-discharge processes.

Due to the high ionic conductivity and the relative physical and mechanical
characteristics of SSEs based on sulfides, they are used in solid states lithium ion batteries.
Such batteries can be fabricated by cold pressing without high temperature exchange
sintering manufactured. However, sulfide-based SSEs exhibit sensitivity to lithium
metal anode sensitivity and significant cathode material, which may be due to their
practical application in SSLB. The behavior of side reactions between electrodes and
SSE based on sulfides attracts a lot of attention. The electrochemical stability window of
various types of sulfide-based SSEs has been evaluated through theoretical calculations
and experimental characterizations, where they measure that sulfide-based SSEs have a
narrow electrochemical stability window. In work (Aki, 2019) was described obtaining
solid electrolyte based on LGPS, having a certain crystal structure containing Li, P and
S. The method for obtaining solid electrolyte based on LGPS is characterized by the
presence of a stage at which a mixture of Li,PS, crystals having a peak on the Raman
spectrum at 420£10 cm™ and Li,MS, crystals (M is selected from a group consisting
of Ge, Si and Sn) is subjected to heat treatment at 300-700°C; the presence of a stage
at which Li PS, crystals having a peak on the Raman spectrum at 420+10 cm”, Li,S
crystals and sulfide crystals represented by the MS, structure (M is selected from the
group consisting of Ge, Si and Sn) are mixed, while preserving crystals and synthesizing
a precursor; and a stage at which the precursor is subjected to heat treatment at 300-
700°C. Technical results are high performance, stable characteristics and reduction in
the formation of by-products.

The use of'solid electrolytes based on sulfides is not widespread due to electrochemical
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and chemical instability and the formation of a space charge layer (SCL) at the interface
between the solid electrolyte and the electrode. An instability problem was identified by
transmission electron microscopy at the interface of a solid electrolyte based on sulfides
and a positive electrode based on LiCoO,, this is the formation of by-products Li,S,
CoS, and Co(PO,),. As aresult of the difference in chemical potentials, a SCL is formed
at the electrolyte/electrode interface, which reduces performance of SSLIB. Usually,
SCR is formed at the interface between sulfide-based SSEs and electrode based LiCoO,
due to the difference in chemical potentials between them (Wang, 2018).

Conclusion

As aresult research, the development of electrolytic systems for lithium-ion batteries
has made a great progress. Liquid electrolytes with different compositions and additives
affect the stability and structure of the electrodes during the cycling process, as well
as affect the overall electrochemical performance of lithium-ion batteries. All liquid
and solid state electrolytes have various advantages and disadvantages. Solid polymer
electrolytes are famous for their flexibility and softness, due to their low interfacial
resistance towards to electrodes, especially oxide-based SSEs towards to lithium metal
anode, however their practical application is limited. This is explained by the low ionic
conductivity at room temperature and the relatively narrow window of electrochemical
stability, furthermore, contact with electrodes is very difficult due to their rigid structure.
Sensible combinations of liquid electrolytes with additives, solid electrolyte doping
are promising methodologies to maximize the benefits of each component, thereby
increasing the electrochemical performance of lithium-ion batteries.
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Abstract. Obtaining medicinal substances of high purity and stability by modifying
the molecules of natural organic compounds by electrochemical methods is one
of the most important areas in the field of modern medicine and pharmaceuticals.
Alkoxylation reactions related to anodic substitution reactions are one of the methods
for the electrochemical synthesis of organic substances. It is well known that alkoxy
groups reduce toxicity and increase the duration of drugs action when included in the
original molecules of pharmacologically active substances. Despite extensive studies
of the chemical reactions of the santonin transformation, the processes of obtaining
its derivatives by the electrochemical synthesis method are practically not studied.
In this work, the electrochemical oxidation of a-santonine was studied by cyclic
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voltammetry in ethanol and acetonitrile solutions on a platinum electrode in the
presence of H,SO,, NaOH, C,H,ONa, NH Br, and NaClIO, electrolytes. According to
the obtained voltammetric curves, it was established that the anodic oxidation of ethanol
on a platinum electrode in alkaline and acidic media is an irreversible process. The
potential values of the anode peaks are -0.75V and -0.25V in an alkaline environment
and 0.65V and 1.05V in an acidic environment in the anode potential scanner and 0.45V
in the cathode potential scanner, respectively. On the surface of a Pt electrode in an
ethanol solution, it was found that santonin reduces the filling of the electrode surface
with ethanol molecules due to competitive adsorption or reacts with the formed ethoxy
radicals, as a result the process of ethanol electrooxidation slows down. When santonin
is added to the supporting electrolyte acetonitrile + 0.1 M NaClO,, an anode current
peak appears at a potential of 2.1 V, which characterizes the oxidation of santonin, the
anode current increases with increasing santonin concentration.

Keywords: Alkoxylation, cyclic voltammetry curves, potential scan, anode current,
electrochemical modification
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AHHOTAIUSA. DIEKTPOXUMHUSUIBIK dAICTEpAl Maliaana OThIPBIN TAOUFH OpraHuKa-
JIBIK, KOCBUTBICTAP/IbIH MOJIEKYJIATapblH TYPIACHIIPY apKbLIbl dKOFAPhI Ta3alIbIKKa JKOHE
TYPaKTBUIBIKKA W€ JOPUIIK 3aTTap aiy Kasipri 3aMaHFbl JaMbIFaH MEIWIMHA KOHE
(apMalieBTHKA callaChIHAaFbl MAHBI3/bl OAFBITTAPBIH Oipi OOJIBIT TAOBLIA Bl AHOATHI
OpbIHOACY peaknMsUIapblHA JKaTaThlH AJKOKCWIIICY pEaKIUsulapbl OpraHHKabIK
3aTTapliblH JETPOXUMMUSIIBIK CHHTE3IHIH Oip TapMmarbl. AJIKOKCH TONTaphbl O/IETTE
(hapMaKkoNnorusIbIK OeJICeH Il 3aTTapiAblH OacTanKbl MOJIEKYalapblHbIH KYpaMbIHa
SHTI31ITeH/IE YBITTBUIBIKTHI a3aHTaThIHBI )KOHE AIPIITIK 3aTTap/IblH 9Cep €Ty Y3aKThIFbIH
apTTHIpaThIHbI OenTini. CaHTOHHH/IBI XUMUSUTBIK XKOJIMEH TYPICHIIIPY peaKisuIapbIHbIH
KeH ayKbIMJa 3epTTeyJepiHe KapaMacTaH, OHBIH TYBIHABUIAPBIH 3JIEKTPOXUMHUSIIBIK
CUHTE3 9JIICIMEH ayly MpolecTepl 1¢c XKy3iHAe TOJIBIK 3epTTeaMercH. bys skymbicTa
0-CAHTOHMHHIH 3JIEKTPOXUMHUSNIBIK  TOThIFY npouecci H,SO,, NaOH, CH,ONa,
NH,Br xone NaCIO4 AJICKTPOJIMTTEPIHIH KATBICYBIMEH IIJIATHHA SJICKTPOJbIHA,
9TAHON JKOHE AaleTOHUTPWI epITIHAIICpiHIe NUKIIIK BOJIBTAMIIEPOMETPHs dfici
ApKBUIBI 3€PTTENiHII. AJIBIHFAH BOJBTAMIIEPIIK KUCBIKTapAaH STAaHOJbIH IUIaTHHA
AJIEKTPOABIHAAFBI, CUITUI OHE KBIIIKBUIABI OPTaJarbl aHOJATHI TOTHIFYbl KaWThIMChI3
MPOLIECC ©KEHI AaHBIKTAJbIH/bI. AHOATHI IIBIHAAPIBIH MOTCHIMAT MOHJAEPl CLITLI
oprana -0,75B xone -0,25B xoHe KbIIIKbUIIBI OPTaia aHOATHI OTEHIIMAJ CKaHEPIH/IC
0,65B »xone 1,05B, katoarsl moteHiuan ckanepine tuicinmre 0,45B-te1 kepcereni. Pt
IEKTPOABIHBIH OeTiHze, dTaHOoN epiTiHiciHae CaHTOHMH Odcekesec ajacopOIUsHBIH
oCepiHeH 2MIeKTpox OETiHIH ATaHON MOJEKyJalIapbIMEH TOJTHIPBUIYBIH a3alTaThIHBI
HEMece TY3LITeH 3TOKCH paluKalapbIMeH OpeKeTTECETiHi, cajapblHaH STaHOJIbIH
BJIEKTPOTOTBIFY MPOLECi OasymalThiHbl aHbIKTaNbIHABL. AneTonntpui + 0,1M NaClO,
(OHIBI DIEKTPOIHUTIHE CAHTOHHHBI KOCKaH Ke3ie 2,1B moreHnmanga caHTOHMHHBIH
TOTBIFYbIH CHUIIATTAWTHIH AHOJTHIK TOK IIBIHBI Maija 0oiajibl KOHE CAHTOHWHHBIH
KOHIICHTPAILUSCHIHBIH apTybIMEH aHOJTHI TOK IIaMaChl apTaJibl.

Tyiiin ce3mep: ankokcuiaey, HUKIAIK BOJBTAMIICPIIK KHCHIKTap, MOTEHIIMA
CKaHepi, aHOATHIK TOK, EKTPOXUMHSIIBIK TYPIACHIIPY

Kaporcoinanowvipy: byn  owcymvic BR10965271  «Ocimoix  mamepuandapvinan
COVID-19 oicone ocvizan ykcac eupycmvlk uHpexyusiapea xapcvl Oencenoiniel
bap orcozapvl MuimMoi  0dpinik 3ammapovl a3ipneyy 6a20apraMaiblK-MaKCAmmol
KapoicblIanovlpybl  asacblHOa dicyzece  acvlpuliovl. Kazaxcman Pecnyonukacoinviy
Foravim komumemi KapicoliaHObIPRAH.
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AnHotraumus. IlomydyeHue JIeKapCTBEHHBIX BEIIECTB BBICOKOM YHUCTOTHI U
CTaOMIBHOCTH IyTeM MOIU(DUKAIIUH MOJICKYJI IPUPOTHBIX OPraHMUECKUX COSIUHEHUI
ANMEKTPOXUMHUECKUMU METOJAMH SIBIISICTCS OMHUM W3 BaXHEHIIMX HAmpaBlICHUN B
00JIaCTH COBPEMEHHOW MEIMIMHBI U (apMalleBTUKHU. Peakiuu aJKOKCHUIMPOBAHUS,
OTHOCAIIMECS K PEaKIUsIM aHOJHOTO 3aMEIICHHUS], SBISIOTCS OIHUM K3 METOIOB
JNEKTPOXUMHUYECKOTO CHHTE3a OpraHudeckux BemecTB. OOIIEN3BECTHO, YTO
ATKOKCUTPYIIIBI  CHUKAIOT TOKCHYHOCTh W YBEIWYUBAIOT TMPOMOJDKUTEIHHOCTD
JCHCTBHS JICKAPCTB TPU BKJIIOUYEHUU B MCXOIHBIC MOJICKYJIbI (PapMaKoJIOTHYeCKU
AKTUBHBIX BeliecTB. HecMOTpsi Ha OOLIMPHBIC MCCIICIOBAHUS PEAKIIUI XUMUYECKOTO
MPEBpAIICHUs] CAHTOHWHA, TWPOILECCHl TMOMYyYECHUS €ro TMPOM3BOAHBIX METOIOM
ANEKTPOXUMHUYECKOTO CHHTE3a MPAKTUYECKH HE M3ydeHbl. B manHOU paboTre m3yueH
MPOIIECC DIEKTPOXUMHUUECCKOTO OKHUCICHHSI O-CAHTOHHMHA METOIOM ITHKJIHYECKON
BOJIFTAMIICPOMETPUN B PACTBOpPAX »HJTAHONA U AaICTOHUTPWIA Ha IUIATHHOBOM
anekrpose B npucyrcreuu sekrponuto H,SO,, NaOH, C,H,ONa, NH Br u NaCIO,.
ITo momy4YeHHBIM BOJBTAMIIEPOMETPHUUYCCKUM KPUBBIM YCTAHOBJICHO, YTO AHOIHOE
OKHUCJICHHE dTaHOJIa Ha TNIATHHOBOM 3JICKTPOJIE B IIETIOYHOM U KUCIION Cpeax sBIISICTCS
HEOOpaTUMBIM MPOIIECCOM. 3HAUCHUS MOTCHIIMAAa aHOIHBIX MUKOB cocTariisitoT -0,75B
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u -0,25B B menounoit cpene u 0,65B u 1,05B B kucnoil cpene B ckaHepe aHOAHOTO
noreHimasia u 0,45 B B ckaHepe KaTOAHOTO MOTEHIMAla COOTBETCTBEHHO. Ha
MOBEPXHOCTHU Pt-311eKTpoa B pacTBOPE 3TAHOJA YCTAHOBJICHO, YTO CAHTOHMH CHUYKAET
3aIoJIHEHUE TIOBEPXHOCTH 3JICKTPOJa MOJICKYJIaMH 3TaHOJA 33 CYET KOHKYpPEHTHOMH
aJIcOpOIUY WK pearupyeT ¢ 00pa30BaBIIUMUCS ITOKCHPAIUKAIIAMU, B PE3YJIBTATE YETO
MIPOLIECC AJIEKTPOOKUCIICHUST dTaHONa 3amemisercs. [Ipu no0aBlieHUU CaHTOHWHA B
(onopii snekrponuT aneronuTpuna + 0,1 M NaClO, nossisercs IMK aHOJHOTO TOKa
npu noteHnuane 2,1B, xapakTepu3yroniuii OKHCICHHE CAHTOHHHA, BETUYMHA aHOTHOTO
TOKa YBEJIIMYMBACTCS C POCTOM KOHIICHTPAIIMKA CAHTOHUHA.

KuaroueBbie cjioBa: AJTKOKCHIIMPOBAaHUE, ITUKIMYECKUAE BOJIBT-aMIICPHBIC KPHUBBIC,
CKaHep MOTEHIINAJIA, aHOHBINA TOK, JICKTPOXUMHUYECKast MOTU(DUKAIUSL

Qunancuposanue: Paboma nposedena 6 pamMKax —NPOSPAMMHO-YENE8020
Gunancuposanus BR10965271 «Pazpabomka 6blcOKOI(pDEKmMuUHbIX 1eKAPCMBEEHHbIX
sewecme U3 pacmumenbHo20 Cbipbsl C NPOMUBOBUPYCHOU AKMUSHOCHBIO 8 OMHOULEHUU
COVID-19 u cxoonvix supycuvix ungexyuily. Qunancupyemces Hayunvim xomumemom
Pecnybnuxu Kazaxcman.

Kipicne

Kazipri 3amaHfbl FHUIBIMHBIH epeKUIeNiri (u3noIOrusaibIK OenceHaimiri oOap
OpPTaHUKaJBbIK KOCBUIBICTApPIBIH oCEp €Ty MEXaHU3MIH 3epTTeYIiH TEeOPHSIIBIK
HETi3/IepiHiH KapKbIHABI J1aMybl OOJBIN TaOBUIAJbI, OJApPABIH apachlHIa TaOUFU
OMONOTHSIIBIK O€JNCeHl 3aTTap MaHbI3Ibl OPBIHABI HeNeHedl. Anaiina, TaOuru TeKTi
OMONOTHSIIBIK O€JICeHl 3arTap Kasipri 3aMaHfbl MEAMLMHA TalanTapblHa TOJBIK
KaHaFaTTaHAbIpa aJMalTBIHABIKTAH ONApAbIH XUMHUSUIBIK HEMEece 3JIEKTPOXUMUSIIBIK,
YKOJIMEH TYPJCHIIPATeH TYBIHABUIAPHIH ATy KayKeTTLNIr TybIHIANIBL.

OpraHukanblK MOJeKyJlanapAasl TYPJICHAIPYIAiH NEepCHeKTUBTI TociaaepiHiH Oipi
pETiHAE SIEKTPOXUMHSUIBIK TNPOLECTepPre HEeTi3AeNreH oMicTepai alTyra Ooiaisbl.
DONEeKTPOXUMHSIIBIK peakUysuIapAbl KYPri3ydiH OipkaTap apTHIKIIBUIBIKTapel 0Oap,
aran ailTKaH/Aa: PeaKkUUsSHBI JKYPIi3y[diH OHal >Karnainapel, peakUusuIapblH JKOFapbl
KBUIJAM/BIKTA ©TYl, CHHTE3ACITeH OHIMACPIiH Ta3aJbliFbl MEH TYPaKTBUIBIFBl —
OyJ1 Jopiiik 3aTTap YIIH ©Te MaHbBI3bl OOJBIN Ta0bLIAJbl, COHIAN -aK, CUHTE3Il
TaHaMallbl TYPJE KYPri3y MyMKIHJIT1, )KOHE TOK THIFBI3ABIFbI )KOHE TOTEHIINAN CHSKTHI
napameTpliepAi naiaanany apKbUIbl IPOLECTi OaKkbuIayabIH bIHFAHIbUIBIFSI (Lund sxonHe
T.0., 2001).

ONEeKTPOXUMHUSIIBIK AIKOKCHIIZIEY MPOLEC OpraHuKaNIBbIK 3aTTapAbIH MOJIEKyJachliHa
QJIIKOKCUTONTAP/bI (MBICAJbl, 3TOKCUTONTHI) €HTi3yre HETi3[eNTeH >KOHE KypaMblHAa
THUICTI SMEKTPOIIUT — KaJIMi TUAPOKCHU 1, HATPHIA STOKCHII JKOHE aMMOHHMI OpomMui Oap
CYCBI3 CHHPTTI OPTaJa OpPraHuKaJIbIK KOCBUIBICTAP EPITIHIICIH ANEKTPOIU3IEY apKbLIbI
JKY3ere achIpblaibl. By peakiusFa apoMaTThl KOCBUIBICTAP (SIAPOJIBIK HeMece OyHipItik
Ti30€K apKbUIbl AJIKOKCUIIELY), ankeHuaep, N-ankuiaamuarep, N,N-IuankniaMuHaep
KOHE Kol a¢upep Tycyi Mmy™mkiH (Beiser sxoHe T.6., 1988).

Onekrpon OeTiHe KYPETiH OpraHUKaIIBIK KOCBUIBICTAP/IbIH, 9Cipece aJKUIapOMaTThI
KOCBUIBICTAPIbIH aHOATHI PEaKLUUSUIapBIHBIH MEXaHW3MiH TYCIHAIpY YIIiH Oipkarap
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3epTTeyiep JKypri3ijami. MpIcanbl, SAPONBIK >KOHE OYHipiiK Ti3OSKTEpIiH aHOTHI
apoMaTThl alIMacy MpOoLEeCcTepi TOMEHAETIAEH ToNTap/bl €HI13y peaKkUusuIapbl, COHBIH
inriege, metokeu (Inoue xone 1.0., 1964), anerokcu (Eberson skone 1.6., 1967) xoHe nan
tontapbiHblH (Parker xone T.6., 1968) anmacTbipysl Heri3iHAE 3epTTENiHIL. AHOIATHI
ANEKTPOATA apoOMaTThl CyOCTPATTBIH TOTHIFYBIMEH OalIaHBICTBl AQHOATBHI APOMATTHI
anMacy peaxkusIapblHbIH MEXaHU3MiH anram pet D0epcoH ycoinran (Eberson, 1963).

AJNKOKCUIIZIEY peakUusuiapbl aHOATHl OpbIHOACY peakUUsIapblHA JKaTaabl >KOHE
OJIapibl JKaJIbl TYpAE MbIHA TEHJICYMEH CHIIATTayFa Ooa bl

R-E+Nu -2e=R-Nu+E- ()

Hyxneodunbnep Nu peringe H,O, ROH, RO", RCOO" xone Oacka na Tomrap
peaxnusra Tyce anaasl. An H', kapOeH nonaapsl Hemece aJKOKCOHHH MOHAAPHI 9ACTTe
anexTpoduib E 0oyl MymkiH. byn peakuunsinapasig kemerimen C-H GaiiaHbICHIHIAFbI
opbeiHOacy peaxkuusiaapeiHblH  HoTHKeciHge C-N sxkoHe C-O OaiinaHbICTapbIHBIH
TiKeNed Ty3UTyi MyMKiH Oonaapl. Ol KyHre AeHiH FajbIMaap apachblHIa aJIKOKCH-
panuKangapAblH Ty3iTyiHe KaTbIcThl OipaybI3abl MIKIp KOK. AJKOKCUIbBII paguKanaap
CIHMPT MOJIEKYJANapbIHBIH aHOATAa TiKeJIeW TOTBIFYbl HOTIDKECIHIAE TY31ledl AereH
OoimkaMaap na oap:

C,H.OH — C,H,O +H" +e )

An keiibip aBropnap (Beiser xone T.0., 1988) 3TokcH paguKanaapbIHbIH TY3UTyiH
CIHMPT MOJIEKYJaJapbIHBIH PEaKLusl ayMaFblHIa SJIEKTPOIUT aHHOHAAPBIHBIH pa3-
psATaNyBl HOTHXKECIHIe Taliaa OonFaH 00c paguKangapbIMeH (HeMece aToMAapbIMeH )
opekeTTecyiMeH OaiIaHbICThIPAIbL:

—e +C2H50H
X~ - X—> C2H50 - +HX, (3)

X=Br, CI, CH, SO,*, ClO, xaHue T.0.

Taburu KOCBUTBICTAPABIH KATHICYBIMEH KYPETIH peakIusIapablH 0achIM KOTIIIUTIT]
CIHUPTTI OpTaja *Ky3ere achpbuiabl. PeakusiblK opTa peTiHe aaudarTsl COUPTTEPAl
TaHay OYJI aTajaFad TaOWFY KOCBUTBICTAPABIH KOIITITIHIH CyIa a3 epUTIHIITIMEH FaHa
eMec, COHTali-aK AMEKTPOXUMHUSITBIK ATKOKCHIIACY PEAKITUSIaphl HOTHKECIHIIC a3 YBITThI
YKOHE KOFaphl THIMII (PU3UOTIOTHSITBIK OCJICEH/II 3aTTapAbIH TY31TyiMeH e OalIaHbICThI
0o kenei. Onedu aepexrepre (MymmaxMeToB koHE T.0., 1986) Heriznencek arkoKCH
TOTITAPHI OACTTE (PapMaKOIOTHSITBIK OCIICEH TI 3aTTapABIH 0aCTAITKBI MOJICKYJTaJIapBIHBIH
KypaMbIHa €HT131TeHIe YBITTBUIBIKTHI a3alTaThIHBI XKOHE ISPIIIK 3aTTapIbIH 9cep €Ty
Y3aKTBIFBIH apTThIpaThIHB! OenTisi. COHBIMEH KaTap, ojlap MOJIEKyJlara Ce/IaTHBTI JKOHe
TUTIOTCH3HUSUTBIK OCJICCHIUTIK Oeperti.

CeckBuUTepIieHACP, aTal alTKaHAa CECKBUTEPICHAlI JAKTOHAAP KEH ayKbIMJIBI
OMOJIOTHSIIBIK KacHeTTepre Me TAOWFHU KOCBHUIBICTAPABIH MaHBI3ABl TOOBIH KYpPauIIb.
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CecKBHTEPIICHIIK JIAKTOHAAP/BIH OMOJIOTHSITBIK OEICEHAUTIrH MOJIeKyla KypaMblHAa
— METWICHMEH aJMacTBIPbUIFaH JIAKTOH LUKJIHIH XoHE (apMakodop TONTapbIHBIH
OonybIMeH OaiaHbICThIpyFa Oomansl (AnmekeHoB, 2008). CeckBuTepIieHII JIAKTOH-
JapAbIH 1IIiHIe eH KeH TaparaHbl )KOHE €H MaHBI3IbIChl — -CAHTOHUH, OJI MEAUIUHAIA
ilIeK mapa3uTTepiMEH KYpecy YIIiH KeHiHeH KolJaHbuiaabl. KoMMepuusuiblK Koj-
KETIMALIITIHE KOHE MOJIEKYIaChblHAA KONTereH apTypii (YHKIHOHAJIABI TONTAapAbIH
OonybiHa OailIaHBICTBI (.-CAHTOHWH KONTEreH TaOWFU TEPIIEHOUATHI KOCHUIBICTAP/BL,
ocipece sBeCMaH, rBasiaH >KoHe 3JIeMaH KaHKaIaphbl 0ap KOChIIBICTAP bl CHHTE3/IEY YIIiH
Oacramnkbel Marepuai petinae tTanganasl (Blay xone 1.0., 2000). Byn KocbuIbICTapabIH
KOTIIIUIrT OMONOTHsIIBIK MaHbI3Fa ue 0ok Tadbuias! (Seung Hyun Kim xone T.0.,
2006).

CaHTOHMHABI XMMHSUIBIK JKOJIMEH TYPJICHAIPY pPEaKUsIapblHbIH KeH ayKbIMaa
3eprTeyaepiHe KapamacTaH, OHBbIH TYBIHABUIAPHIH MEKTPOXUMHUSIIBIK CUHTE3 o/1iCiMEeH
ay TpouecTepi ic XKy3iHIe TOJNBIK 3epTreiaMereH. CaHTOHWHABI aJIFallKbl AJIEKTPO-
XUMUSUIBIK TOTBIKCBHI3AAHABIPY peakuusachl 1959 xputbl kelOip monsiporpadusuibik
MOJIIMETTEpl aly YIUiH xypriziares (Salmon xone T.0., 1997). An onebu nepekrepae
CaHTOHWHHJIBI JEKTPOXUMHSIIBIK TYpPJICHAIpYTre OarbITTanfaH 3epTTeysiep OTe CHUpEK
Ke3zecei.

Byn xymbicra o-cantoHunHiH COVID-19 kopoHaBUpYyChIHA J>KOHE OCBIFaH
yKcac Oackaia BHpyCTaprFa Kapchl OeJCEeHAUTIri Oap TyBIHIBIIAPBIH aly COHAAM-
aK OHBIH 3JEKTPOXMUMISUIBIK TYpJIeHYre KaOleTiH 3epTTey YLIIH THJ CHHUPTTI JKOHE
AIeTOHUTPWIIIL OpTaja OPTYPi SJIEKTPOIUTTEPIiH KaTbICybIMEH JKYPETiH BOJBTaM-
MEPITIK 3epTTeyiepi CUMaTTalFaH.

IjicTep MeH MaTepHaJIap

DNEeKTPOXUMHSIIBIK 3ePTTEYep YU AJIEKTPOATHI CYBIK Cy alfHAJIBIMBIH KAMTaMachl3
eTeTiH KanTaMachl Oap JKoHE SJEKTPOITapFa apHalFaH apHailbl caHbUIayJapbl MEH
TBHIFBI3JIAJIFAH KaKIaFbl 0ap 3IeKTPOXUMIUIBIK ysibikTa (Metrohm Vessel) sxyprizini.
JKyMbIcibl 3eKTpoa peTiHe KopineTiH OeTiHiH ayaansl 0,07cM? GonaThiH MTaTHHAHBIH
JIOHTEJICK AIICKTPOJIBI JKOHE )KYMBIC OeTi 7cM? KYpaWThIH IUIaTHHA CIIUPAJIbI KOMEKII
ANEKTPO] peTiHae maiaananeiiabl. CanbICTRIPMalbl 3JIEKTPOA PETiHAE MOTEHLUAIIBI
CTaHJAPTTHI CyTeri 3eKkTponsiHa KareicThl 0,198B Gonarein kymic xmopuai Ag/AgCl
ANEKTPOIBI KOJINAHBUIIBI.

Huknai Bontamnepnik Kucbiktap Autolab 302N morennuocrarra (Hunepnanner),
Noval.10 GarnapiaMackl KOMETIMEH TYCIPUIAl, TTOTSHIMA CKaHEPIHIH KbLIIaMIbIFbI
20 mB/c kypaiinpl. 3eprreynep xyprizy ywin Sigma Aldrich ¢upmacsiabiy sxoFapsl
XUMHSUTBIK Ta3a (HEri3ri 3aTThlH Kypambl 98% TeH >KOFapbl) peakTUBTEpi: DTaHOI,
Harpuii stokcuai C,H,ONa, aneToHutpui, KOHUEHTPIi KyKipT Kbimikeuisl (H,SO,),
narpuii ruapokeuni (NaOH), ammonmit Opomuni (NH,Br), narpuii mepxmopars
(NaClO,) naiinananbuibl.

HoTu:kenepai Tankbliay

CaHTOHUHHIH 1IEKTPOXUMHIBIK TOThIFY Tiporecci H,SO,, NaOH, C H,ONa xone
NH,Br 51€KTponuTTepitiH KaThbICybIMEH ILIATHHA 3JIEKTPO/IbIH/IA 3TaHO €PITIHICiHIe
LUKIIIK BOJIBTAMMETPUS 9IiC1 apKbUIBI 3ePTTEMIH/].
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JKorapeima aram eTKEHJCH, TaOWFU KOCBUIBICTApPJbIH KATBICYBIMEH JKYPETiH
peaxknusIapAbH 0aChIM KOIIILIIT CyCchI3 CIUPTTI OpTaaa Ky3ere acblpbiiaasl. CIupTTi
opTa TaOWUFH KOCBUIBICTAPJBIH JKAaKChl €pyiHE JXaFJail jkacan KaHa KOWMal OHBIH
YCTiHE, peaKIusiFa KaXeTTi paJuKaiiap/blH Ke3i peTiHae Ae pen arkapaabl. OcblFaH
0ailIaHBICTBl CAHTOHWHHIH ATUJ CHHUPTIHACTT AJEKTPOTOTHIFYBIH 3€pPTTEY YIIIH €H
QIJIBIMEH aHOATHIK MOTEHIIMAJIAp ayMarblHJA IJIATHHA 3ICKTPOJIBIH/AFEI 3TaHOJIBIH
©31HiH JIEKTPOXUMUSIIBIK 9PEKETIH 3epPTTEIIK.

I-cyperre mnarmHa onektpoabHblH 0,5M NaOH donnsik snexkrponuTinzgeri
—1,0-nen 0,6B-ka jeliHTi TOTCHIMAN ayMarblHAAFbl [UKIAL  BOJBTAMIEPIIK
KuchIKTapbl kepcerinred. [lorennmanger E=1,0B - TaH aHOATHIK OarbiTKa Kapai
OepreHjie, SJIEKTPOATA CyTeri HWOHIAPBIH CIHIPY PEaKIUsAChl KAPKbIHIBI KYPEIi.
Cinipy xbuinamabirel E=—0,9B ke3inne teMenzein Oacraiiasl xone E=0,8B kesinne
HOJITe KeTell, OChIAaH KeHiH cyteri nmecopOuwmsicel Oactamansl. E=0,9-man E=—
0,6V apanbiFbpiHIarel aliMakTa maiiia OOJFaH YII CUMMETPUSIIBIK IIBIH CyTETiHIH
JIeCopOIIHs peaKIHUIChIMEH O0alIaHbICThl. [{0TEHIIMANIBIH aHAFYPIILIM OH MOHJIEPIHIIE
E=0,2V mamaceiHia, MiatuHa OSIIEKTPOABIHBIH OeTiHne PtO-HBIH MOHOKaOATHI
Ty3ije OacTaijpl s)koHe colikecTi ToK mamackl 0,5B moreHnmanbiHa eiin e3repMei/i
(Prabhuram »xone 1.0., 1998). Ilorenuuan ckanepinin —0,1-nen —0,3B-ka aeiiinri kepi
OarpiThiHIA PtO KaOaThIHBIH TOTBIKCHI3AaHYbl OalKanajbl, al CyTeri aJiCOpOIMSICHI
peakuusichiHa OalIaHBICTBI yII KaronThlk mibigaap E = —0,6... —0,9B aiimarbiHna
naiiga 6onaapl. CyTeri MonekynanapbsiHbiH Oeitiny Torsl —0,90B TeMeH moreHiuania
Oaiikanansl. ABropnap (Burke sxone T.6., 1990) cynbl opTazna cyTeri koHe OTTeri Oeiny
MOTEHIUANIAPBIHBIH ayMarbIH/a TOTEHIHANI CKAHEPIHIH Typa JKoHE Kepi IUKIIEPiHIe
Pt snextponbibin Oetinae I'ekcaruapoken niuaruua Keiukbiibl [Pt(OH) J* Typingeri
IUITUHAHBIH TUAPOOKCHATEPI Ty3iNeni Aen OokamMaaraH.

0,4 -
0,3
0,2
0,14

<C -

£ 001 T .

014 |

-0,2 1

-0,3

-0,4 T — T T T T T T T T
-1,2 10 -08 -06 -04 -02 00 02 04 06 038
E,V

1- Cyper. 0,5M NaOH ¢onbt anekrponuTinae Pt-31eKTpOoIbIHBIH UK BOJTBTAMIICPITIK KACBIKTAPHL.

2-cyperte (2—4 xucwikrapna) 0,5 M NaOH ¢onibl epiTiHICIHE 3TaHOIIbI KOCKaH
Ke3JIeTi BOJBTaMIIEPIIK KHCHIKTapAarbl e3repic KepceTiireH. SIFHM BoJibTaMmepiiik
KHCBIKTapJaH OaiikanraHnaid moTeHIua abiH OH OarbiThiHma —(0,75B Ta xoHe kepi
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OarpiThiHna —0,25B Ta 3TaHONABIH  AJIEKTPOTOTHIFYBIHA COMKEC KeNeTiH alKbIH
KOPIHETIH aHOATHIK IIBIHAAP Naiaa 6onanpl. [loTeHIManbIH aHOATHIK CKaHEP1 Ke3iHae
cyteri OeniHy moTeHIMabl aymarbiHaa (mamamen —0,875...—0,75 B-ta) Tox memmepi
ANeKTpo] OETiHIH BIABIpay eHIMIepiMeH OiTenyine OaitnanbicThl azasnsl. —0,75 B-Tan
Oacrar afgcopOLMsIIaHFaH bIIBIPAY OHIMAEP] TOTBIFa OacTali bl 12, TOTHIFY peaKHsIapbl
yuwiH OeTTik aymakTapisl Oocaraibl. AHArypibIM JKorapbl moteHnuanaapaa (0 ...
0,6B) OeTTik TOTBIFy OpBIH aJbIl, PEareHTTIH aJCOPOLMUSCHIH TEXKEMN, cajjapblHaH
TOTBIFY TOKTAapbIHBIH KaWTalaH TeMeHJIeyiHe okeneni. [loTeHUManablH KaTOATHI
ayMakKa Kapai Kepi CKaHepiHJe eKiHII1 aHOATHIK IIBIHHBIH Maia 00TybIH 3TaHOJIBIH
ANIEKTPOTOTHIFYbIHAH KEHiH 2JIeKTpo/ OETiHE aAcopOUMsIIaHFaH KaJlIbIK OeJIIeKTepIiH
TOTBIFYBIMEH TyciHzipyre Oonanel (Bei Wang xone T1.0., 2019). Bompsrammepiik
KHCBIKTapaa OaiikanarelH TucTepe3uc (-0,25B-TaH Korapbl) ATaHONABIH  TOTBIFY
PEaKIMACHIHBIH KaHUTBIMCHI3IBIFbIMEH OalnanbpicThl. CinTii OopTaga MOTeHUIUAIIbI
AQHONTBHIK JKOHE KaTONTBHIK cKaHepney kesinge -0,5B-tan TemeH MoHIepiHzae
THCTEPE3UCTiH OonMaybl aacopOUMsiIaHfaH OeJIIEeKTepAiH TOTBHIFYBIHBIH MAaHbI3/IbI
pen arkapMmaiiTeiabiH kepceTeni(F. Colmati xone T.0., 2008). bys1 KyObUIBIC CLITUI
opTaja KyWTi afcopOuusiianFan OeIeKTepAiH TY3UIMEHTIHIH HeMece Ty3UIreH OeTTiK
OeJIeKTep/iH OCHl MOTEHIMANIAP ayMaFbIHAa TYPaKThl €KeHiH, Oys OeexTepaiH
TOTBIFYBI JKaJIbl TOKTHIH IIaMacblHa ocepi a3 ekeHiH Ounaipyi mymkin. 0,5 M NaOH
(OHIBIK epiTIHICIHIE 3TAaHON KOHIEHTPALMSICHIHBIH apTyblHa OalIaHBICTBl AaHOITHIK
LIBIHJAPBIH TOK MOJIIepi apTaabl (2-cypeT, 2-4 KHCBIK ChI3BIKTap).
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2- Cyper. 0,5M NaOH cysbI epiTiHAiCIHACT] TAHOIIBIH 3MEKTPOTOTHIFYBIHBIH UK BOJIETAMIICPITIK
kuceikTapsl  pon 0,5M NaOH; 2) gpoun+0,01M C,H,OH; 3) ¢pon+0,02M C,H,OH; 4) dpon+0,05M
C H.OH.
2775

KpIIKBUIABI OpTajga 3TAHOJIBIH SICKTPOXUMHSUIBIK TOTBIFYBIH 3€PTTEY YIIiH
matuHa dnekTpoasiaa 0—5B morennuman aymarsiaga 0,1M HZSO4 epITIHIICIH/Ie
LUKl BOJBTAMIIEPIIK  KUCBIKTApbl Tycipiaai. Bonbrammnepiik — KHCHIKTap/bIH
HOTHIKETIepi 3-CypeTTe KOpCeTireH.
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CypeTTeH, OTaHOJJABIH KBIIKBUIIBIK OPTAAaFbl 3JICKTPOTOTHIFYBl  aHOITHIK
MOTEHIAN CKaHepi ke3innae mamameHn 0,6B aymarbiHIa aHbIK OaliKalaTblH aHOATHIK
IIBIHAAPMEH CHUIIATTAJIaThIHBIH Kepyre 00yaasl. AHOATHIK TOK IIbIHAApH! 0,658 xoHe
1,05B morennumannapeiaaa naiaa 6onanbl. [loTeHIMaNIbIH KaTOATEI CKaHEPi Ke3iHge
tok 0,45B-ta apra Oacraitnei, 0,3B-Ta sxorapbl MoHTe xerefi, comaH keiin 0,1B
Ke3iHJe Henre AediH Temenaewai. pH MoHaepi opTypiii dIEKTPOIUTTEpAE AJbIHFaH
ATAHONJIBIH JIEKTPOTOTHIFYBIHBIH BOJTAMIEPIIK JCPEKTepiHEH 3NeKTponuTTiH pH
MOHIHIH 63repyi aHOATHIK MaKCUMyMJap MOTCHIIMAIAPbIHBIH JKBUDKYBIHA OKEJIETiHI
Oaiikananp(Changwei xone T.0., 2007). IloTeHIMAaNbIH aHONTHIK KOHE KATOITBHIK
CKaHepJieyl Ke3iHJe aHOATHIK IIBIHAAP/IBIH MMakaa 00ybl ATAHOJIBIH AIEKTPOTOTHIFYbI
niporecine Pt anekTpoabIHBIH )KOFaPhI KATaTUTHKAJIBIK OSJICEHIUTIK KOPCETEeTIHITIMEH
tycingipineni (Cremers xaHe T1.0., 2008).

25
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3- Cyper. 0,1M HZSO , CYJIBI CPITIHAICIHIET] 2TaHOJNIBIH AICKTPOTOTHIFYBIHBIH [IUKJII BOIBTAMIIEPIIIK
KUCBIKTaphL: |- dhor 0,IM H,SO,; (2) pon+0,01M C,H,OH.

Astopnap (Janaina xxaHe T.0., 2013) 63 >kyMbICTapbIH/1a 3TAHOJIBIH AIEKTPOTOTHIFYBI
Ke3iHAe maiaa OoJaThlH aACOpOLMSUIaHFaH apajblK OeJIIEKTEePiH 3JIEKTPOATHIK
MOTEHIUANIBl MOAYJSIIMsATIanFal mwarbuibicy-ciHipy MK cnextpockonmscein (EMIRS)
KOJIZIaHy apKbUIbl 3epTTEreH. AJIBIHFaH CIIEKTPIEPAiH HOTHKECIHAE MEKTpo OeTiHae
Oonarein Herisri 3ar petinge CO-man 6acka, srokcuronteir (CH,CH,0") conbiMen
Karap, ajcopOIMsIaHFaH SFHU JETHIPICHTEH STHIIATTHI OOIIeKTePIiH (CH3CO')
TY311yiH kepcereTin apTypai UK »xonakrapel 6ap eKeHairi aHbIKTaIbIHIBL.

Xorapbina alTeIIFaHIAl, CAHTOHMH Cy[a ©T€ Hallap €pUTIHIIKTEH OHbIH aHOATHI
TOTBIFY MPOIIECIH 3epTTey TIKipHOenepi Cychl3 ATaHOI epiTiHicinae, cotikecti 0,05M
C,H,ONa511eKTpoIuTiHIE IIIaTHHA SIEKTPOIBIHA )KYPTi3iii. 4-CypeTTe CAHTOHMHHBIH
0,05M C,H,ONa ANIEKTPOJIMTIHIH KaTBICYBIMEH dTaHOI epiTiHAiciHae Pt anexTponsiHaa
QJIBIHFaH BOJBTAMIIEPIIiK KUCBIKTaphl KOPCETIITEH.
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4- Cyper. C,H,OH + 0,05M C,H ,ONa (1) ¢pounzs anekrposutinae cantonu (M, moss/i) 0,005M
(2); 0,01M (3); 0,02M (4) xarbicbIHa, Pt-31eKTPOIBIHBIH LUK/ BOJIBTAMIIEPITIK KUCHIKTAPBI

®onne anexrponurtin C,HOH + 0,05M C,H,ONa BosibTaMnepitik KUChIKTapbIHAH
3TaHOIIBIH TOTHIFYHl —0,8B moTeHnmansinga OacTanaTeIHBIH Kepyre 0omanbl (4-cyper,
1-xucwiK). DoHABI epiTiHIiTe CaHTOHWHII KocKaHaa —0,2B moTeHmmaibiHaa aHBIK
OaifkanmaTblH aHOATHIK IIBIHIAP Maiga 6omanel (4-cypet, 2—3 KucwhikTap). CaHTOHUH
KOHIICHTPAMSICHIHBIH apTyBIMEH AHOATHIK IIBIHAAPABIH TOK IaMachl TOMEHICHI.
MyHBI JIeKTpo OCTIHAETI 3TAHOI MOJICKYTalaphbl MEH CAHTOHWH MOJICKYJTaJlapbIHBIH
Oocekenec amcopOnusIceIMeH TyciHmipyre 6omansl (MynmaxmMeToB koHe T.0., 1986).

CaHTOHMH KaThIChbIHAA 3TaHojaabiH 0,1M H280 . SMEKTPONHUTI 0ap KBIITKBUIIBI
epiTiHmicinme NH4Br AJIEKTPOJIUT AHUOHAAPBIHBIH AJIEKTPOXHUMHUSIIBIK TMpOIEeCTepre
ocepin 3eprrey ymmiH 0-men 1,5B-ka meiiiHri MOTEHITMAN ayMarbIHIAa BOJIETAMIICPITIK
KHCBIKTapHI TYCIpUIAI.
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5-Cyper. C,H.OH + 0,IM H,SO, (1) dor1el 57€KTpONUTIHAET] Pt-2MeKTPOIBIHBIH MUK
BOJIETAMIIEPITK KUCBIKTaphl pon+ 0,04M NH,Br (2) por+ 0,04M NH,Br + 0,06M Cantonuna (3).
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5-cypeTTe KepceTiireH, | KUCHIK MIaTHHA SIEKTPOABIHAAFEI TOTEHIINAT CKaHEPiHIH
typa E=0,62B xone E=0,81B-taxone kepi 6arbiTeinaa E=0,38B ke3inne naiina 6onaTsia
AQHOJTHIK IIBIHJIAPBIMEH CHIIATTANIATHIH STAaHOJIBIH IEKTPOTOTHIFYbIHA COMKEC KeJe/i.
®onnp! epitinaire NH,Br kockanna (5-cyper, 2-KMCBIK), OyJ1 MAaKCMMyM/Iap KopiHOen I
ne, 1,0B mamaceiHIa TOTEHIMAaNAa Tarbl Oip aHOATHIK MIBIH Maiifa Oonanpl. AWKBIH
KOPIHETIH MIBIHIAPABIH 0OJIMaybl PEakUHUsUIBIK OpTaaa OpoM MOHIAPBIHBIH Ja Oipiece
paspsaaTanybl KYpeTiHiH Ooipkayra MyMKiHAik Oepeni. byn (Mynnaxmeros, 1986)
aBTOPJIAPbIH JKYMBICTAPhIHIA KEJNTIPUIreH MoJIMETTepMEH Colikec Keneni, siFHU, Pt
ANEKTPOABIHBIH OCTIHIH ATaHOT MOJIEKYJIaTapbIMEH TONTHIPBUTYBIHBIH TOMEHCY1 OpoM
AHWOHIAPBIHBIH AJIEKTPOJI OeTiHE 0ACEKENECTIK aicopOIHsIChl ceOeOiHeH TYBIHIaNIbI.
Kypambinga 0,04M NH, Br Gap ¢onzbl epiTinire CaHTOHHHIBI KOCKaHIa aHOATHIK
LIBIHJIAPABIH TOTEHIMAIIBIH OH ayMaFbIHa BIFBICYBI OaiiKaiaabl )KoHE IIBIHAAPIBIH TOK
LIaMachl apTajbl.

CoHbIMEH, BOJBTAMIICPIIiK OJIICYIEPIiH HOTHKEJIEPiHe CYHeHE OTBIPBIIN, CIUPTTI
opTajarbl CAaHTOHUH MoJjeKyaachl Pt aHOIBIHBIH OETiHIE ATaHON MOJEKyJalapbIMEeH
Oacekenece ancopOumsuanansl (JKypuHos, 1984), aHOATHIK peakuMsIapAblH OTYiH
©3TePTil ANEKTPOXUMUSUIIBIK OSJICEHIUTIK KOpCeTe i IeN KOPhITHIHAbLIAaYFa O0MaIbl.

[InaTuHa 3MeKTpOABIHAA AETOHUTPUIII OpTaJa CAHTOHUHHBIH aHOATHI TOTHIFYbIH
3eprrey Kyprizinai (6-cyper). Onexrponut peringe 0,IM NaClO, nainananbuis..
@oHBI KHUCBIK CBHI3BIFBIHIAA (6-CypeT, |-KHUCBIK) MOTEHUHMAJABIH Typa XoHE Kepi
ckanepinge 0-2,5B moTeHUWan ayMarblHOA SJIEKTPONUTTIH Pa3psATany TOFBIHBIH
MaKCHUMYyMBIHAH OacKa TOK MIBIHAApbl OalKaIManbl.

1 1.5 # 2.5
E. WV

6- Cyper. Auetorutpui + 0,IM NaClO, (1) Gponzbl anexTpomuTiHaeri canToHUH KaTbichiHaarsl 0,01
M (2) sxone 0,02 M (3) Pt-351eKTpOABIHBIH [IUKJI BOJBTAMIICPIIK KHCHIKTAPhI

®onppl epitinaire 0,01M caHTOHMH]IBI KOCKaH ke3¢ 2,1 B moTeHnunanma aHoaThIK
TOK WIBIHBI Taiima Oomamsl (6-cypeT, 2 KHUCHIK). CaHTOHWH KOHIIEHTPAIUSCHIHBIH
JKOFapbLIaybIMEH aHOJTHIK IIBIHAAPIBIH TOK MeJiepi apraibl (6-Cyper, 3-KHCBIK).
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TypakTel moTeHIMaNga Pt 37eKTpoIbIHIA AlETOHUTPWIIAI OpTajla (-CAHTOHWHHIH
ANEKTpOdM3 Tporecci 3eprreminred (Salmon skoHe T.0., 1997). Dnekrponus
OapeIChIHIA 0,3- KaHBIKIIAFaH KETOHJAapra KOCBUIFaH aUIMIMETHI TONTapbIHBIH
TOTBIFY PEaKIHSIIAPbIHBIH HOTMKECIHE, 4 HETi3ri eHIM aiblHAbL: onap 14-ruapokcu-
0-CaHTOHUH, 4,5-3IIOKCU-0-CAHTOHHUH, 14-aleTaMHUA-0-CAHTOHUH J>KOHE O-CAHTOHHUH
KBIIKBLIIAPBl OOJIBINT TaObLIA(bl. AJIBIHFAH TOXKIPUOEIIK MOJIIMETTEp CaHTOHWHHBIH
ANCTOHUTPWIIII OpTaja, AHOATHIK IMOTCHIMANIAP/bIH OCNriIeHreH ayMaKTapbIHIa
ANEKTPOXUMUSIIIBIK OCIICEHIUTIKKE Ue eKeHIIT1H KOPCETeIl.

KopbIThIHABI

[Tnaruna snekTpoabiHbH OceTiHae CaHTOHMHHIH 3JCKTPOXUMUSIIBIK OCJICEHUTITT
ATAHOJ KOHE AllCTOHUTPWIII OpTaja, aHOATHIK MOTSHIIUAIAP ayMaFbIH/A 3ePTTEIiH/II.
[lnaruHa 37EKTPONBIHA 3TAHOJIBIH SJICKTPOTOTHIFYBIHBIH IHUKII BOJIBTAMIEPIIK
KHCBIKTApbIH/Ia €Ki aHOJTHIK IIBIHHBIH Iaia OOJYbIMEH CHIIATTANAThIH KaWThIMCHI3
MPOLIECC ©KEHI AHBIKTANBIHABI. AHOATHI WIBIHAAPIBIH TOTCHIIMAA MOHAEPi CLITUI
oprana -0,75B xone -0,25B xoHe KbIIIKBULABI OPTa/ia aHOATHI IOTEHIIMAJ CKaHEPIHIC
0,65B »xone 1,05B, karoarel noTeHnuan ckanepinae tTuicinme 0,45B-Tbl kepceTei.

Pt snektponeinbiH Oetinze, STaHon epitinaicinae CaHTOHMH Oacekernec ancopO-
LUSHBIH OCEPIHEH JJIEKTPOJ OCTIHIH ATaHOI MOJEKYIaJapbIMEH TOJTHIPBUTYBIH
a3zalTaTbIHBI HEMECE TY3UITeH STOKCH paJUKaIapbIMEH OPEKEeTTECETIHI, caiapblHaH
ATAHOJJIBIH AJIEKTPOTOTHIFY MPOIIECi OasTylaiThIHBI aHBIKTATIBIHIBL. AJIBIHFAH TOXKIpH-
Oeik MoJIMETTEp CAaHTOHMHHBIH 3JICKTPOXUMHMSUIBIK OCICEHJIUIITIH MKOHE STaHOJJIbI
opTaja AMEKTPOXUMUSIIBIK TYPICHAIpYTe KaOieTTi eKeHiH pacTaiabl.
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Abstract. Meat and meat products are valuable food products, considered perishable
products. Their qualitative characteristics change under the influence of microorganisms,
leading to product spoilage and human disease. Therefore, it is necessary to comply with
regulatory sanitary and hygienic measures to prevent contamination by microorganisms.
Development of new types of products in food production determines the relevance of
scientific research, namely in the field of ensuring the quality and safety of products.
Purpose of work is to analyze technological stages of production of boiled sausage
with addition of malt using HACCP system for production of high-quality and safe
products. The research methodology is a HACCP system based on risk management,
analyzing hazards and critical control points. The application of the HACCP system
provides for the production of safe and high-quality products at the international level.
The product quality and safety management model is based on ISO 9000, ISO 22000,
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TR CU 021/2011, TR CU 034/2013. The paper presents results of studies of critical
control points based on the HACCP system, which provide control at all stages of
life cycle in the production of boiled sausage with addition of malt. When identifying
hazardous factors, we took into account the following: composition of boiled sausage,
technological process of'its processing, etc. An analysis of the operations of technological
processes showed that the main hazard is microbiological. During the production of
boiled sausage with the addition of malt, possible chemical and physical hazards have
also been identified. Monitoring was carried out according to the planned sequence for
each control point. System of preventive and corrective actions is proposed in case of
occurrence of risks by stages of the technological process. The practical significance lies
in fact that implementation of HACCP plan will allow the best way to ensure release of
high-quality and safe products, recommendations are proposed to improve production
of boiled sausage with addition of malt.

Keywords: boiled sausage, food technology, safety, HACCP, microbiological
hazard, chemical hazard
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Annoranusi. ET jxoHe er eHiMzepi Te3 Oy3bUTaThiH Oarajbl a3bIK-TYJIIK ©HiMaEpi
Oonpil  TaObUTafBl. OmapAblH canalblK CHIATTaMalapbl MHUKPOOPTraHU3MIECPAiH
ocepiHeH esrepin, eHIMHIH Oy3bUTybIHA KoHE afaM aypybiHa okeneni. COHIBIKTaH
MHUKPOOPTraHU3MJEPMEH JlacTaHylbl OONAbIpMAy VIIIH HOPMATHBTIK CAHUTApJIbIK-
THTHCHANBIK [IapaiapAbl cakTay KakeT. Tamak eHAipiciHIe eHIMHIH jKaHa TYpJepiH
Urepy FBUIBIMHU 3€PTTEYJAEPAiH 03€KTUIITH aHbIKTAalbl, aTall aiTKaH/1a OHIMHIH Canachl
MeH KayilCi3AiriH KaMTamachl3 €Ty caiachblHIa. JKYMBICTBIH MakcaTbl — >KOFaphbl
camajbl jkoHe Kayirnci3 eHim amy ymiH HACCP xylieciH maiinanaHa OTBIPBII, YBIT
KOCBUIFaH KaWHATBUFaH IIVXKBIK OHJIPICIHIH TEXHOJOTHSUIBIK KE3CHICPIH Taljay.
3eprrey aaicTemMeci Toyekenaepai Oackapyra, KayinTep MeH ChIHM OaKbuIay HYKTEIEpiH
tannayra Herizgenren XACCII xyiieci 6onbin Tadbutansl. XACCII xyiiecin kongany
XaJbIKapaJblK JCHIeiie Kayirci3 jKoHe KOFapbl camalibl OHIM LIBIFapydbl KO3IeHIi.
OHim camackl MeH Kayincizirin 6ackapy monemi MCO 9000, UCO 22000, KO TP
021/2011, KO TP 034/2013 cranaaprrapsina Herizaenred. JKyMbICTa YBIT KOCBUIFaH
KaiHATBUIFAH IIY)KBIK OHAIPICIHAC OMIPITIK HUKIIIH OapiblK Ke3eHepiHe OaKbLUIay bl
kamtamace3 eretin XACCII xyiieci HeriziHueri cblHM OaKblUIay HYKTEIEpiH 3epTTey
HoTIXKenepi kenripinreH. KayinTi daktopinapabl aHbIKTay Ke3iHAe 013 MbIHaJIapbl
€CKepiK: KalHaTbUIFaH IIYXKBIKTHIH KypaMbl, OHbI ©HACY/IIH TEXHOJIOTHSIIBIK IpoLeci
xoHe T.0. TeXHONOTHSUIBIK MPOLECTEPIiH OINepalysiapblH Tajgay Heri3ri Kayim
MHUKPOOUOJIOTHSAJIBIK €KEHIH KOpCeTTi. YBIT KOCBUIFaH KaWHATBUIFAH IIYKBIKTHI
OHJIpY Ke3iHJe BIKTUMAaJl XHUMUSUIBIK JKOHE (HU3HMKAJBIK KayilTep A€ aHBIKTaJIBL.
MownwuTtopusr opoip Oakplay HYKTeCi OOMBIHINA YKOCHAapIaHFaH KEe3eKTLTiK OOMbIHIIA
Kyprizinai. TeXHONMOTHSUIBIK TPOLECTiH Ke3eHaepi OoibIHIIA ToyeKenaep TybIHAaFaH
JKaFaiaa ajiblH aly )KOHE TY3€TY 9pEKeTTEpiHiH kKyHeci yehiHblIaabl. [IpakTHKaIbIK
MaHbI3AbUTBIFBl XACCII sxocmapbIH Ky3ere acblpy camalibl KoHE Kayilci3 eHiMaepai
LIBIFApyAbl KaMTaMachl3 eTYOiH OHTaliIbl TOCLTiHE MYMKIHIIK OepeTiHairinzue,
YBIT KOCBUIFAaH KalHaTBUIFaH IIYKBIK OHAIPICIH jKakcapTy OOMBIHIIA YCHIHBICTAp
KacaJbIH/IBL.

Tyiiin ce3nep: KaliHaTBUIFaH HIY)KBIK, TaFaM TEXHOJOTHCHL, Kayinciznik, XACCII,
MUKPOOHOIOTHSIIBIK Kayill, XUMUSUTBIK Kayil
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AHHOTaNus. MsICO ¥ MSICHBIE IPOYKTHI SIBJISIFOTCS [IECHHBIMU IIPOAYKTaMHU TUTAHUS,
OTHOCSTCS. K CKOPOTIOPTSIIUMCS TMPOAYKTaM. KX KauecTBEHHBIE XapaKTEPUCTHKH
MEHSIFOTCS T10J] BO3JEHCTBUEM MUKPOOPTaHWU3MOB, NPUBOASIINE K TOpYE MPOAYKIHH
u 3aboneBaHuto 4yenoBeka. [losTomy HeoOXoAMMO COONIOAATH HOPMATHBHBIC
CaHMTAPHO-TMI'MEHUYECKUE MEpOIPHUATHS TI0 TPEJAOTBPAICHUIO KOHTAMHHAIMH
MHUKpoopranu3Mamu. Pa3paboTka HOBBIX BUIOB ITPOIYKTOB B MHIIEBOM POU3BOJICTBE
OTIpE/IeIISIeT aKTyallbHOCTh HAyYHBIX UCCIICJOBAHHI, 2 IMEHHO B 00JIaCTH OOecIieueHHs
KauecTBa U 0€30MacHOCTH NPOAYKIWH. L{enb paboThl — aHAIN3 TEXHOIOTHUECKUX ATAIIOB
MIPOM3BOJICTBA BApEHOW KOJIOAchl ¢ JOOABICHUEM COJIO/Ia C MPUMEHEHHUEM CHUCTEMBI
XACCII pans BbITycKa Ka4eCTBEHHOW W Oe30mMacHOM mnpoaykuuu. Metomonoruei
nccnenosanus spisgercs cucrema XACCII, ocHOBaHHas Ha YHpPaBIeHUHM PHUCKAMHU,
aHaNM3UPysl ONacHble (aKTOphl U KPUTUYECKHE KOHTPOIbHBbIE TOUKU. [IpumeHeHue
cucrembl XACCII mpemycmaTpuBaeT TPOU3BOJACTBO OE30MACHON W KaueCTBEHHOM
MPONYKIIMKM HAa MEXIYHApOJHOM YpoBHE. Mojens yhpaBlieHHsS KadyecTBOM H
0e30MacHOCTBIO BBINyCKa MponyKmuu Oasupyercss Ha cranmaprax MCO 9000,
HCO 22000, TP TC 021/2011, TP TC 034/2013. B paboTre npuBEICHBI PE3yIbTaThl
HCCIENOBAHNN KPUTUYECKUX KOHTPOJBHBIX TOUYeK Ha ocHoBe cuctembl XACCII,
o0ecrieunBaroIMe KOHTPOJIb Ha BCEX ATalax >KU3HEHHOTO ILUKJIA MPH TPOU3BOJCTBE
BapeHOH Konbackl ¢ obaBieHneM conofa. [lpu uaeHTnduKanum onacHex (akTopoB
Ham¥ OBbITH YUTEHBI CIICAYIOIIEe: COCTaB BAPEHOH KOJIOAChl, TEXHOJIOTMYECKHIA ITpoIiece
ero mepepabOTKH M T.J. AHajHM3 ONepalyil TeXHOJIOTMYECKHX IMPOIECCOB IOKa3all,
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YTO OCHOBHBIM OIIACHBIM (haKTOPOM SIBIIIETCS MHKpoOmosiornyeckuii. B mporecce
ITPOM3BOJICTBA BAPCHOM KOJIOACKI C TOOABJICHUEM COJIO/Ia TAKIKE OTIPEICTICHBI BO3MOXHbBIE
oracHbie (PaKTOPbl XUMHUYECKOTO M (pU3U4ecKoro xapakrepa. [IpoBeeH MOHUTOPHUHT
COIIaCHO 3aIVIAHUPOBAHHOM IOCIIEIOBATEILHOCTH 33 KaXKJIOW KOHTPOJIBHON TOYKOH.
[Ipemnokena cucteMa NPEAYNPESKIAONIUX W KOPPEKTUPYIOIIUX JCHCTBHU TIpU
BO3HUKHOBCHHH PHUCKOB IO CTaJUSM TEXHOJOTHYECKOro mporecca. [Ipakruueckas
3HaYUMOCTh COCTOUT B TOM, uTo peanunsanus XACCII-miana, Mo3BOMUT HAWITYUIINM
00pa3oM 00eCIeUnTh BBITYCK KAYeCTBEHHOW U 0€30MMacHOM MPOIYKIIHH, TPEII0KESHBI
PEKOMEH/IAIINY 110 YITYYIICHHUIO BBIITYCKa BAPEHOM KOJIOACKHI ¢ JOOABICHUEM COJIOJA.

KamoueBbie cioBa: BapeHas kosi0aca, NHINEBas TEXHOJOTHUsS, OE30MacHOCTS,
XACCII, MmukpoOHoIornyecKas OnacHOCTh, XMMUYECKasi ONAaCHOCTh

Dunancuposanue: /lannoe ucciedosanue blNOIHEHO NPU PUHAHCOBOT NOOOEPIICKe
HUP «Komumema no wnayke Munucmepcmeéa HayKu u evicuieco 00Opazo8anus
Pecnybruxu Kaszaxcmany ¢ pamxax Ilpoepammer Llenesoco @unancuposanus UPH
BRI18574252 «Komnnexcnas 6e3omxo0Has nepepadbomra ceibCKOXO35UCIEEHHO20
CHIPBSL HCUBOMHOSO U PACIUNETLHO20 NPOUCXONCOCHUSLY.

KoHaukT HHTEPECOB: aBTOPHI 3asBISIOT 00 OTCYTCTBUHM KOH(IUKTA HHTEPECOB.

Introduction

Sausage and sausage products are perishable foodstuffs that have a high risk of
microbiological contamination. Therefore, the legislation of the Republic of Kazakhstan
(GOSTs) and Technical Regulations of the Customs Union strictly controls release of
these products into circulation on the country's markets. We have developed a method
for the production of boiled sausage, including preparation of meat raw materials, salting
and ripening, grinding, formulating in a meat mixer, stuffing minced meat into a casing
and forming loaves, roasting and boiling, cooling the finished product, wheat malt is
added at the stage of minced meat preparation. The choice of additive is based on its
high biological value, due to composition of main components of raw material, content
of vitamins, minerals and other useful substances in it. At the same time, possibility
of improving organoleptic properties of boiled sausages was also taken into account.
Wheat malt is characterized by specific technological properties, including high water-
holding capacity, has characteristic flavor and aroma properties (Kasymovaetal., 2023).

In this regard, products must be developed in compliance with established
technological standards at all stages of production. To do this, it is necessary to introduce
the HACCP system in the production of sausages in order to ensure the release of safe
and high-quality products. The product quality and safety management model is based
on international standards and technical regulations of the customs union (ISO 9000-
2015, 22000-2018, TR CU 021/2011, TR CU 034/2013).

An analysis of hazardous factors in production of meat products showed that about
70% of hazardous factors related to unacceptable risk are microbiological factors, about
20% are physical factors and about 10% are chemical (Khvorova etal, 2012; Borodin
etal,2017).

Meat products are quickly exposed to microbial contamination. The most common
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microbiological contamination of meat are: Listeria monocytogenes, Clostridium
botulinum, Salmonella spp., Escherichia coli and Yersinia enterocolitica (Pal et al,
2018; Biljana Pecanaca etal.,2015).

Meat products may also contain chemical contaminants, such as allergens,
mycotoxins (such as aflatoxins), phytohaemagglutinin, pyrrolizidine alkaloids,
ciguatoxin, mushroom toxins, etc. (Morya et al, 2022; Rather et al, 2017), growth
hormones, pesticides, antibiotics, polychlorinated biphenyls (PCBs), toxic elements
(lead, cyanide, cadmium, zinc, arsenic, mercury), prohibited substances, food additives,
contaminants (sanitizers, pest control chemicals, lubricants, water or steam treatment
chemicals, refrigerants, coatings, cleaners, paints), from packaging materials (tin,
adhesives, lead, plasticizers, coding/printing inks, vinyl chloride), etc. (Rather etal.,2017;
Bushra etal., 2022; Absalimova, 2022). Chemical contaminants can come from sources
such as herbicides, veterinary drugs, pesticides, environmental sources (air, water and
soil pollution), cross-contamination, migration from packaging material, natural toxins,
adulterants, and unapproved food additives (FAO, 2022; Korish etal., 2020; Panghal et
al,2018; Orymbetova etal,,2016).

There are seven principles for functioning of HACCP system, one of which is ability
to determine critical control points (CCP) for further monitoring of compliance with
requirements, in which critical limits are established. Due to this, marriages at enterprise
are almost completely reduced, procedure for checking enterprise by controlling
authorities is simplified, while image of company is improved, and cost of production is
reduced (Mardar etal.,2023; Amanova etal.,2021).

This governance model is list of rules based on basic principles. They are built on
systematic identification and assessment of hazards that adversely affect quality of food,
also their continuous monitoring.

To implement the HACCP system, following preconditions must be met:

- create group of HACCP developers with experience and knowledge in the field of
chemistry, microbiology, veterinary medicine, sanitation, meat production, have skills
to work with equipment and control-measuring instruments, knowledge of regulatory
and technical documentation for meat products;

- describe product being developed, which contains information on regulatory
and technical documents in accordance with which product was manufactured, types
of processing (heat treatment, freezing, aging in brine, smoking, etc.), composition,
physical and chemical structure, types of packaging, storage conditions, etc.;

- describe application of developed product and give it characteristic that determines
intended use - for children, specialized, for pregnant women, etc.;

- develop technological scheme for the production of proposed products, which
includes all stages of production products being developed, while indicating controlled
parameters;

- confirm accuracy of sequence of technological stages of production process of
proposed products. This operation is performed by employees with knowledge of
specific technological scheme.

The use of software package significantly increases efficiency of HACCP system of
enterprise (Shaltout etal,,2020; Food Safety, 2020).
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In order to comply with food safety requirements, in addition to the HACCP system,
food operators must adopt, implement and document Good Hygiene Practice (GHP),
Good Manufacturing Practice (GMP), Standard Operating Procedures (SOP) and
Standard Sanitary Operating Procedures (SSOP).

Thus, use of the above systems in meat processing industry contributes to creation
and maintenance of order to ensure quality and safety.

Purpose of work is to analyze technological stages of production of boiled sausage
with addition of malt using HACCP system for production of high-quality and safe
products.

Materials and methods

The object of study was technological process for production of boiled sausage with
addition of malt.

To ensure and manage quality and safety of products, an analysis of all stages of
technological process was carried out using principles of HACCP, based on ISO 22000,
9000 standards.

The research methodology is HACCP system based on risk management, analyzing
hazards and critical control points. The essence of this method is to identify and
manage hazards (microbiological, chemical and physical) at each technological stage of
production, including from acceptance of raw materials to the table. As result, minimize
risks or completely eliminate them. Critical control points (CCPs) were determined
using the Decision Tree method. Risk analysis for each potentially dangerous factor was
carried out taking into account probability of factor and severity of its consequences
according to the risk analysis diagram. The use of risk analysis diagram when managing
quality of production of new type of boiled sausage makes it possible to identify
potentially dangerous factors in its production, which must be taken into account in
future when determining CCP (ISO 22000-2018; Orymbetova etal.,2016; Food Safety,
2020; Orymbetova etal.,2023).

Results and discussion

As result of research, it was found that following processes form basis for ensuring
quality and safety of boiled sausage with addition of malt: marketing, planning and
production management, acceptance of raw materials and materials, production
technology, equipment management, monitoring of the technological process and
products.

Developed block diagram of production process of boiled sausage with addition of
malt (fig.1).

To begin, initial information on production of boiled sausage with addition of malt
was collected and flowchart (diagram) of production process was drawn up.

Then, for research, probability of each hazard was assessed. Established and
described risks of microbiological, chemical and physical contamination in production
of boiled sausage with addition of malt, also identified procedures for their control.

CCPs of raw materials used and at all stages of technological process for production
of boiled sausage with addition of malt were determined. An assessment was made
of probability implementation of hazardous factor and, in addition, at this stage of
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research, subsequent risk analysis was carried out for each potentially hazardous factor.
The risk analysis was assessed taking into account probability of occurrence of factor
and severity of its consequences.

Thus, as result of analysis hazardous factors and risks for each potentially dangerous
factor, a list of potential hazards taken into account in production of boiled sausage with
addition of malt was compiled. The identified hazards in production of a new type of
boiled sausage with addition of malt will minimize or completely reduce occurrence
of production risks, which will drastically affect safety of object study. As result of the
research, CCPs were identified. Critical control points in production of new type of
boiled sausage with addition of malt are shown in table 1.

Preventive actions have been developed to bring hazards under control. Preventive
actions are also taken in cases where they are not critical control actions, but observance
of which together ensures possibility of producing quality product and eliminating risk
of defective sausage products. These include:

- compliance with parameters of regimes of technological scheme and sanitary and
hygienic state of enterprise;

- carrying out correct heat treatment;

- control over sanitary condition of equipment;

- strict adherence to hygiene of employees;

- carrying out preventive measures to eliminate microflora contamination;

- increasing professional literacy and qualifications of employees responsible for
effectiveness of the quality system.

As result of this analysis, it was found that in some cases a number of preventive
actions are necessary, such as lowering pH and temperature for products that have high
acidity, in other cases, in which hazardous factors (such as microbiological contamination
by pathogenic microorganisms) may occur eliminated with single preventive action,
such as heat treatment.

Among principles of the HACCP system, one of the important points is development
of corrective actions to be taken in case of violation of critical limits that can lead to
product defects.

In this case, the following steps apply:

- carry out additional verification of suppliers, measuring instruments;

- adjust equipment to match processing parameters;

- removal of defective products that do not meet requirements;

- processing and disposal of products not subject to sale.
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Acceptance and preparation of meat, malt, spices, materials
(wheat malt is crushed to 3 mm; frozen tail fat is cut into pieces of
5-6 mm; sugar is dissolved in water; sodium nitrite and spices are

mixed) CCP 1

v

Is result satisfactory?

Return to supplier in
case of non-compliance

Yes | No of raw materials with
> regulatory
Salting and ripening Temperature and time
(for 2-3 days at temperature adjustment
of 2-4°C) CP 1

v

Grinding meat raw materials in meat
grinder, then in cutter

|

Preparation of minced meat according to
recipe (t = 8-10 min) CCP 2

|

Is result satisfactory?

Yes

Mixing minced meat components Temperature and time
(adding wheat malt, spices) CP 2 adjustment

.
Stuffing minced meat into shell and shaping

loaves (duration for draft is 3 hours at
temperature of 0°C)

Process shutdown,
No isolation of
»| nonconforming

products
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Figure 1. Technological block diagram of production of boiled sausage with addition of malt

o

v

Roasting and boiling (= 1.5 h, t inside 40...45 °C. Cook at
t=75-85°C, until temperature inside loaves reaches 70°C).

CCP3

Is result satisfactory?

Process shutdown,

isolation of
> nonconforming

products

Finished product cooling CP 3

\4

Storage of finished products

Temperature and time
adjustment

7 RA——

Table 1. List of hazardous factors in technological process of production of boiled sausage with

addition of malt

Name of Name of Considered hazard Responsible
technological | control points for control and
operation execution
Acceptance of | CCP1 Microbiological hazard. Yeast, mold, Escherichia | Head of
raw materials coli, pathogens, including Salmonella. Chemical | laboratory

hazard. Antibiotics, toxic elements, pesticides,

aflatoxins. There is hazard that not destroying

contaminants with insufficient heat treatment.

Physical hazard. Hard materials: hair, bones, etc.
Salting and CP1 Microbiological hazard. Yeast, mold, Escherichia | Technologist
maturation coli, pathogens, including Salmonella. Destru-

ction of microflora during further heat treatment.

No chemical hazard.

No physical hazard.
Grinding of PPM Microbiological hazard. Possibility of microbial | Technologist
raw meat growth, but they are destroyed during heat treat-

ment. Physical hazard. Solid materials. Foreign
impurities are removed using magnetic traps.
No chemical hazard.
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4 | Compilation of | CCP 2 Microbiological hazard. Possibility of microbial | Technologist
minced meat growth. If temperature regime and duration
according to of exposure are not observed, also if salt
the recipe concentration is not observed, too much growth

of microorganisms may occur that cannot be
eliminated at stage of heat treatment, which can
lead to product spoilage.

No chemical hazard.

No physical hazard.

5 |Mixing CP2 Microbiological hazard. Growth of micro-|Technologist
minced meat organisms and cross-contamination. Compliance
components with technological modes and parameters
(adding wheat of mixing components. Good Hygiene and
malt) Manufacturing Practices

No chemical hazard.
Physical hazard. Entry of foreign matter

6 | Syringing PPM Microbiological hazard. Growth of Technologist
minced meat microorganisms due to equipment downtime
into shell and and detergent residues. Thorough cleaning of
shaping loaves equipment is required.

Chemical hazard. Remaining detergents.
No physical hazard.

7 |Roastingand |CCP3 Microbiological hazard. Growth of microorga- | Technologist

boiling nisms. Occurs with insufficient processing time,
non-compliance with temperature. Requires comp-
liance with technological regime, personnel briefing
No chemical hazard.
No physical hazard.

8 | Finished CP3 Microbiological hazard. Growth of Technologist
product microorganisms with improper observance of
cooling regimes. Carry out production control, conduct

additional microbiological analyses. Removal of
defective products.

No chemical hazard.

No physical hazard.

9 | Storage of PPM Microbiological hazard. Growth of Warehouse
packaging microorganisms. manager
material Chemical hazard. Presence of chemicals, cross-| Shop manager

contamination. Removal of inappropriate
packaging.
No physical hazard.

10 | Storage of PPM Microbiological hazard. Growth of Warehouse
finished microorganisms in case of improper storage manager
products conditions. Removal of defective products.

Warehouse control.

No chemical hazard.

No physical hazard.
Conclusion

Based on foregoing, following conclusion can be drawn that potential hazards
and risks associated with the production of boiled sausage with addition of malt are
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scientifically substantiated. An analysis of operations technological processes showed
that main hazard is microbiological. Six control points have been identified (including
three CCPs). In the production of boiled sausage with addition of malt CCP are raw
materials received, minced meat is prepared according to the recipe, roasting and boiling.
Monitoring was carried out according to planned sequence for each control point, which
allows to control quality of finished product in production. System of preventive and
corrective actions is proposed in case of occurrence of risks by stages of technological
process.

Thus, HACCP system allows company to manage safety and quality of its products.
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Abstract. The article presents the data of research of elemental composition and
good quality of plants of Atraphaxis genus (Atraphaxis virgata, Atraphaxis pyrifolia),
belonging to the family Polyganaceae, harvested in Almaty region (Aksai gorge,
Bakanas district, Kokpek village). According to the generally accepted standard methods
of the State Pharmacopoeia of the Republic of Kazakhstan carried out harvesting,
primary processing and determined pharmacopoeial parameters of plant raw materials.
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The established indicators of weight loss during drying of Atraphaxis virgata plants
harvested during the fruiting period in three different geo-locations of Almaty region,
the results of which vary (7,63-8,05 %), total ash (3,59—8,94 %) correspond to the
norms required for quality plant raw materials. Various polar and non-polar organic
extractants were used to detect the extractive content. The highest amount of substances
were extracted with 70 % (29.27; 19.22; 20.78 %) water-alcohol solvent compared to
water (26.59, 17.55, 14.25 %), 30 % water-alcohol solution (17.38, 15.96, 16.31 %)
and 50 % water-alcohol solution (27.26, 18.88, 17.59 %). The index of mass loss on
drying (moisture content) of Atraphaxis pyrifolia harvested during fruiting period in
Kokpek village and Bakanas district consists of the following values 5.23-5.90 %,
total ash (4.58, 7.52 %). The mineral composition, quantitative content of macro- and
-microelements in the above-ground part (leaves, stems, flowers) of medicinal plant
raw materials were studied by the atomic absorption method. Plants contain potassium,
sodium, calcium, magnesium in comparatively large quantities, the quantitative content
of other elements varies within insignificant limits. The content of toxic elements -
lead, cadmium and essential elements — copper, zinc, manganese was studied. The
benignity of the turmeric plant was determined for parameters such as: moisture content,
total ash, sulfate ash, ash insoluble in 10% hydrochloric acid. Due to its geographical
and climatic peculiarities, the flora of Kazakhstan is strongly affected by negative
environmental factors, including transboundary ones, especially due to the fragility of
arid and mountainous ecosystems and limited water resources. In view of this, the study
of chemical and mineral composition of plants of the flora of Kazakhstan is the most
important direction.

Keywords: macro-and-microelements, turmeric, Polyganaceae, Atraphaxis, atomic
absorption spectrometry, essential elements
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AHHoTamusa. Makanaga AJjmarbl OOJBICEI MaHbIHAH kuHaNFaH (Akcai
markaiel, bakanac aynanel, Kexnek ayouibl) Polyganaceae TYKbIMAAChIHA KaTaTbIH
Atraphaxis (Atraphaxis virgata, Atraphaxis pyrifolia) TYKpIMIac ©CIMIIKTEpPIIH
ANIEMEHTTIK KYpaMbl MEH IIBIHAWBUIBIFBIH 3epTTeY JAepekTepi kentipinren. Kazakcran
PecniyOnukacer MemitekeTTik dapmMakonesChIHbIH KaIlbl KaObUITaHFAH CTaHIApTThI
o/licTepiHe CoMKeC OCIMIIK IIMKI3aThlH JadbIHIAy, AJFallKbl OHJCYl KYpri3uiii
XKoHE (papMakomesuTblK TapaMeTpiepl aHBIKTANIbl. AJMaThl OONBICBIHBIH YII TYPIi
reoJIOKAIMSCHIHIA XKeMic Oepy Ke3eHIH[e KHUHAIFaH Atraphaxis virgata eciMIiKTepiH
KeMTIpy Ke3iHJe caliMaK >KOFaITYIbIH OCJITICHIeH KOPCETKIIITepl Keleciaen MoHIe
anbIkTabl (7,63-8,05 %), xanmbl kyniaik (3,59—8,94 %) moHaepi )KoFapbl canaibl
OCIMIIK IIHKi3aTbIHA Tajlall eTUIETIH CTaHgapTTapra CoWKec KeJeli. DKCTPaKTHUBTI
3arTap/blH KYPaMbIH aHBIKTAY YIIIH OPTYPJIi HOJISIPIIBI JKOHE MOJISIPChI3 OPraHUKAIIbIK
SKCTPAreHTTEp MNaianaHbUIbl. DKCTPAKTUBTI 3aTTapblH €H KOIl IIbIFbIMbI CyMEH
(26,59, 17,55, 14,25 %), 30 % cynbi-ctiupt epitingicimen (17,38, 15,96 %) xone 50
% cynbl-ciupt epitinaicimen (27,26, 18,88, 17,59 %) canbictoipranma 70 % (29,27,
19,22; 20,78 %) cynsl-cniupT epiTkimniHae kebipek Oemninai. bakanac aynanbl Kekmek
aybUIBIHIA JKeMic Oepy Ke3eHiHHe XUHaJFaH Atrafaxis pyrifolia xentipy ke3iHueri
CaJIMaK JKOFaJITy KepCeTKilli (bUIFaIbUIBIK) KeJieci MoHAepal Kypajsl 5,23-5,90 %,
KAl KyJIautik (4,58, 7,52 %). DKCTpaKTUBTI 3aTTap/IbIH €H KOIl Meiepi cymeH, 30
xoHe 50% cynbl-ciupT epitinaiciMeH canbicThiprana 70 % cysbl-CIUPT epiTKilIiHae
(28, 37,66 %) xebipek Oeini. opiiik eCIMAIK MUKI3aThIHBIH XKep YCTI OeiriHaeri
(>xambIpak, cabak, ryJjiepl) MUHEPAIIBIK KYPaMbl, MAKPO- dKOHE MUKPOIJICMEHTTEP/IIH
CaHJIBIK MOJILIEPIH aHBIKTAY YIIIH aTOM/IBIK a0COPOIMS 9/1iCi KOJIaHbLIAbI. 3epTTEIil
OTBIpFaH YJATLIEPIiH KOMIIOHEHTTHK KypaMblH aHbIKTAy OapbIChIHAA OCIMIIK
IIMKI3aThIHBIH JKeP YCTi OeJIiriHae oH Oip/ieH aca Makpo KOHE MHKPOXJIEMEHTTEp Oap
EKEHJIII aHBIKTAJIbl. OCIMIIKTEP/IE CAJBICTBHIPMAIIBI TYPJAC KON MOJIIIepAe KaJui,
HaTpUH, KaJIbIUN KOHE MarHuil 6ap, 0acka IMEMEHTTEPIIH CaH/IbIK MOJIIIEpP] IIaMaJibl
niekrepae e3repeni. JKabaiibl eCIMIIK IMIMKi3aThl KypaMblHAH YBITTBI 3JEMEHTTED
KaTapblHaH — KOPFaChIH, KaJIMUHN KOHE MaHBI3/IbI JJIEMEHTTEP — MBIC, MBIPBIII, MapTraHell
aHBIKTAIBL. Atraphaxis ©CIMIIK KYpaMbIHBIHH IIIBIHAMBUIBIFBI AHBIKTAJJIbI, COHBIH
IIHAE: BUTFAIIBUIBIK, KYJIUTIK, cyab(aTTsl Kymainik, 10 % XIopcyTeKTi KbIIIKbLIIa
epiMerTin  Kynuiaik. KaszakcranHbiH ¢uiopackl ©3iHIH TreorpadUsIbIK-KINMATThIK
epeKILeTKTepiHe OalIaHbICTBl TEPIC KOJOTHSIIBIK (DAKTOPIIAP/bIH, COHBIH IIIIHIC
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TpaHCIIEKAPAIIBIK (haKTOpIapbIH dCEpPiHe, acipece, KYPFaK )KOHE TayJIbl SKOKYHEIep IiH
KOPCETKIIITEPiHe, CY PECYPCTAPBIHBIH TAIIIBUIBIFBIHA 6TE ce3iMTal 0ok kesei. Ochl
Macenenepi eckepe oThIpbi, KazakcTan (hopachiHIAFbl ©CIMIIKTEPIIH XUMUSIIBIK
YKOHE MUHEPAJIBIK KyPaMbIH 3epTTEY €H MaHBI3/Ibl OaFbIT OOJIBIIT TAOBLIA B

Tyiiin ce3aep: Makpo xoHE MUKpO3IeMeHTTep, Polyganaceae, Atraphaxis, aToMHO-
a0COPOIMOHIBI CIICKTPOMETPHS, SCCEHIIMAIIBI 3JIEMEHTTED
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AHHoTammsa. B crarbe npuUBENEHBI CpPaBHUTENBHBIE JIAaHHBIE WCCIIEAOBAHUS
3NIEMEHTHOTO COCTaBa U 100POKaYeCTBEHHOCTH PacTeHUl pona Atraphaxis (Atraphaxis
virgata, Atraphaxis pyrifolia), npuHajexamero k ceMmelcTBy Polyganaceae,
3aroTOBICHHBIX B ANMaTuHCKoW oOnactu (Akcaiickoe ymienbe, bakaHackuii paiio,
ceno Koxknex). Ilo oOmenpuHSATBIM CTaHAapTHBIM MeToaukaMm locymapcTBeHHON
@apmakonien PecnyOnmukm  KasaxcraH —ocymiecTBieHa 3aroToBKa, IEpBUYHAsS
00paboTKa M OmNpeAeseHbl (apMakoleiiHble MapaMeTpbl PACTHTEIBLHOIO CBIPHAL.
YcraHOBIEHHBIE [TOKA3aTeNd MOTEPU MACCHI IIPH BBHICYIIMBAHUU PACTEHUH Atraphaxis
virgata 3arOTOBJIEHHBIX B MEPHOJ MJIOAOHOLIEHHS B TPEX Pa3HBIX FeOpaclooKEHHSIX
AnMaTUHCKON 00nacTu, pe3ynbTarbl KoTopoil Bapbupyrotrcs (7,63—8,05 %), obOmume
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3omel (3,59-8,94 %) COOTBETCTBYIOT HOpMaM NPEIbSIBISEMBIM Kaue€CTBEHHOMY
PACTHTEIBHOMY CHIpBIO. JlJIsi BBISBICHUS COJEPIKAHUS DKCTPAKTUBHBIX BEIIECTB
WCIIONb30BANIM Pa3IMYHbIC IOJISIPHBIE W HEMOJSPHBIE OPraHUYECKUE DKCTPATCHTHI.
Hawnbomnpiiee xoauduecTBO BemecTB u3Biaekanuch 70 %-upm (29,27; 19,22; 20,78 %)
BOJIHO-CITUPTOBBIM PACTBOPHUTEIIEM II0 CPABHEHHUIO ¢ BooH (26,59, 17,55, 14,25 %), 30
%-M BOTHO-cITUpTOBBIM pacTBopoM (17,38, 15,96, 16,31 %) u 50 %-M BOIHO-CITUPTOBBIM
pactBopoM (27,26, 18,88, 17,59 %). [loka3arens moTepu Macchl IpHU BHICYLUIUBAHUU
(BnasxxHOCTB) Atraphaxis pyrifolia 3arOTOBIEHHBIX B MEPUOA TUIOJOHOILICHUS B CEle
Koxknek u bakanacckoM palioHEe COCTOUT M3 CIICAYIOMUX 3HaueHuH 5,23-5,90 %, oOei
30ublI (4,58, 7,52 %). Hanbomnbliee KOTUYECTBO SKCTPAKTHUBHBIX BEIIECTB U3BJICKAINCH
70 %-HBIM BOIHO-CIIUPTOBEIM pacTBopHTeneM (28, 37,66 %) 1mo cpaBHEHHIO C BOJIOH, €
30 u 50 % BOJHO-CHMPTOBBIM PaCTBOPOM. ATOMHO-a0COPOIIMOHHBIM METOIOM U3yuYeH
MUHEPAJIbHBIA COCTaB, KOJIMYSCTBECHHOE COJIEPIKAHUE MAKpO- M -MHUKPOAJIEMEHTOB B
HaJ3€MHOW 4acTh (JUCThs, CTEONH, IIBETHI) JEKAPCTBEHHOTO PACTHTEIBHOTO CHIPHS.
OnpeienieHUe KOMIIOHEHTHOTO COCTaBa MCCIEIyEeMbIX 00pa3IoB IMO3BOJIUIO BEISIBUTH
MPUCYTCTBHE OOJiee OJMHHAAIATH MaKpO M -MHKpPO3JIeMEeHTOB. CpaBHUTEIBHO B
OOJIBIIIOM KOJIMYECTBE B PACTCHHSIX COACPIKUTCS Kajuii, HATPUM, KaJbIUi, MarHuu,
KOJIMYECTBEHHOE COJICPIKAHUE JPYTUX 3JIEMEHTOB BapbUPYETCs B HE3HAUMTEIIBHBIX
npenenax. M3ydeHo conep)kaHUE TOKCHYHBIX 3JIEMEHTOB - CBHHIA, KaaMUs W
ACCEHIMANILHBIX 3JIEMEHTOB - MEJY, IIMHKA, Mapranna. ®nopa Kazaxcrana nz-3a ceounx
reorpa)M4eCKuX M KIMMATHUYECKUX OCOOCHHOCTEW CHIIBHO TOJBEPKCHA BIUSHUIO
OTPUIIATEIIBHBIX 3KOJIOTHYECKUX (PAKTOPOB, B TOM YHUCIIC TPAHCTPAHUYHBIX, OCOOCHHO
B CBSI3M C XPYIKOCTBIO apUJIHBIX U TOPHBIX 3KOCUCTEM U OTPAHHMUYEHHOCTHIO BOJHBIX
pecypcoB. B BUIy 3TOro M3y4eHHE XUMUYECKOTO U MUHEPAIBLHOTO COCTaBa PAaCTCHUN
(iopbr Kazaxcrana siBIsICTCS] BAXKHEHIIIUM HAITPABICHUEM.

KuroueBbie ci10Ba: Makpo U-MHKPORJIEMEHTHI, Kyp4aBka, Polyganaceae, Atraphaxis,
aATOMHO-a0COpOIIMOHHASI CIIEKTPOMETPHSI, 3CCEHIIUAIBHBIC AIEMEHThI

Beenenue

JlekapcTBEHHbIE pACTEHUS SBISIOTCS JIYYIIMMH OPUPOTHBIMH HCTOYHUKAMH
MaKpo U -MHKPORJIEMEHTOB T.K. B PACTECHHSAX OHU OOpa3ylOT METaUIOOpPraHUYEeCKHe
COCAMHEHHS, YTO OmpeAeiseT MX (PyHKUIMOHAJIbHYIO aKTHBHOCTH U CHOCOOCTBYET
Jy4Iei ycBOSEMOCTH OpraHu3MOM YenioBeka. OHAKO MUHEPaIbHBIE 2IIEMEHTHI O0OBIYHO
COCTaBJISIIOT HEOOJBIYIO YaCTh OOIIEro cOCTaBa OONBUIMHCTBA PACTUTEIBHOTO CHIPhS
n obmeld Maccel Tena. OHU, TeM He MeHee, 00J1aAalT OONBIINM (DPU3HOTOTHYECKIM
3HauUeHHEM IIpu 0OMEHe BEIIEeCTB B Opranu3me. Mx nefcTBre CBA3aHO C KOHICHTpaLueH
U 3aperucTPUPOBAHHBIM JUAMa30HOM HAOMIOACHUH OT COCTOSHMA AeduIuTa A0 pojH
OMONIOTMYECKH Ba)KHBIX KOMIIOHEHTOB JucOanaHca, BO3HUKAIOLIETO, KOTAa M30BITOK
OZIHOTO M3 HHMX MemaeT (DYHKUMH APYroi mpH (apMakoIOTHYeCKOW NesITeTbHOCTU
(Ibragimov, 2022). MUKpOdSJIEMEHTBl HUIPalOT TaK)Ke BaXHYIO pOJIb B OHOreHese
ononoruuecku aktuBHBIX BemecTB (BAB) (Shilova, 2002). B 3nak npu3HaHus BaKHON
pOJM, KOTOPYIO OCHOBHBIE M MHUKPODJIEMEHTHI UTPAlOT B 370pOBbE M 3a0oNeBaHUI
YeJI0BEUYECKOr0 OpraHu3Ma, B SIBJICHHUSIX POCTa M BOCCTAHOBJICHUS, HAOMIONANIOCH, YTO

54



Volume 3, Number 456 (2023)

3a mocyeanue 20 et B 9TOH 00IacTy 34paBOOXPaHEHHS MPOU3OLIEN 3HAUYUTEIbHbIN
nporpecc Hayku. lccienoBaHMs BIEMEHTOB OIPEAETICHHO ObUIM YacTbiO 3TOTO
B3pBIBa Hay4yHBIX AocTkeHWH (Alyaa Majid, 2023). Brewamsironuie pa3paboTKu B
00JIacTH MUHEpAIILHBIX JEMEHTOB UMENH MECTO B XMMHUYECKUX, OMOXUMHUECKUX H
HMMMYHOJIOTHYECKHX 00JIacTsIX HCClIeIoBaHui. B mocineanme roapl yueHble 1 TUETOJIOTH
HayaJld BEpUTHb B TEPANIEBTUYECKYIO POJIb METAJUIOB B 310poBbe yenoBeka (Bahadur,
2011).

OOBEKTOM UCCIICOBAHUS SBJISCTCS HAA3EMHAasl YacTh pacTeHuil Atraphaxis
(Atraphaxis virgata, Atraphaxis pyrifolia), npouspactaomux B ATMaTHHCKON 00IacTH.

Pacrenus poma Kypuaska oTHOCATCS K cemelcTBy |peuntunbie (Polygonaceae)
JICKApCTBEHHBIC CBOMCTBA KOTOPBIX JieyaT ¢ NIyOOKOW ApeBHOCTH. Polygonaceae —
KOCMOTIOJTATHYECKOE CEMEUCTBO BYJOJIBHBIX MOKPBITOCEMEHHBIX PACTEHHM, TaKkKe
M3BECTHOE KaK CIIOPBILI CeMelHasi WM CEMECTBO rpeuninHbix. Ha3Banue cemeiicTBa
OCHOBAHO HAa «THUIIOBOM poae» Polygonum, u BriepBble ObUI UCIIOJIB30BaH AHTYaHOM
Jlopanom ge XKroccwe B 1789 romy B ero kuure Genera Plantarum. iMst mpoucxoaut ot
IPEYECKHUX CIIOB «IIOJIN» (03HAYAET «MHOTO») U «TOHW» (03HA4YaeT KOJICHO WU CYCTaB)
(Srivastava, 2014). IIpeacraBurenu Polygonaceae, nacunteiBatomue 30 pogos u 1000
BUOB, K HUM OTHOCSAT HEKOTOPbHIE XOPOIIO H3BECTHBIC PACTCHMS, BKIIOYAS I'PEUKY
(Fagopyrum spp) u peBeHb (Rheum rhabarbarum ), a Takke HEKOTOpPBIE U3 Hamboee
poOIEeMHBIX MHBA3UBHBIX COpHSIKOB CeBepHOI AMEpHKH, BKItouast BUIbl Persicaria
Rumex (manpumep, oBeuni masens) U Polygonum (Hanpumep, SITOHCKHMA CIIOPBILI)
(Martha Hoopes, 2010). Cpenu 113 BunoB Polygonum B Kutae (Lu, 2011).

Pon Atraphaxis BcTpedaeTcsl TIIaBHBIM 00pa3oM B T'PABUHHBIX CTEIISAX, ITECUAHBIX
XOIIMax ¥ KAMEHHUCTBIX CKIIOHAX WJIM B ITYCTBIHE, U JINIIb HECKOJIBLKO BUIOB BCTPEUAIOTCS
Ha JIyrax u B AoinHax pek. B Kutae Bcrpewarorcs ABe CEKUMU W OJMHHAALATH BHIOB
(B TOM umuclie TPU Pa3sHOBUAHOCTH), KOTOPbIE PACHPOCTPAHEHB! INIABHBIM 00pa3oM Ha
ceBepo-3amnaje, ¢ HeOONbLUIMMHU KOJIMYECTBAMHU Ha ceBepo-BocToke u cesepe. Cyns
M0 pacnpocTpaHeHuto, pon Atraphaxis npouspacraer U B Kazaxcrane, BCcTpedaeTcs
HE TOJBKO OOJBIIMHCTBO BHIOB, HO W HanOosiee IPUMHUTUBHBIE BHIBI, makue Kax A.
Muchketovii, no muenuto A.H. KpacHosa. lleHTpanbHas A3us cuWTaercs HEHTPOM
pacrpocTpaHeHUs U TPOUCXOKIEHUS pona Atraphaxis (Bao Bolljian,1993).

Pon BxmtouaeT oOKkoj0 25 BUAOB, PacCHpOCTPAHEHHBIX IMPEUMYIIECTBEHHO B
Cesepnoii Adpuke, 3anagHod u LlenrpansHoit Asum (Bao Bolljian u nmp., 1993.,
Zhang u ap., 2014). B 3acynuuBoM ceBepHOM Kurae Atraphaxis - onuH u3 Hanboee
MIPEACTABUTEILHBIX U Pa3HOOOPA3HBIX POAOB PACTCHHUH, HACUUTHIBAIOMNNA OKOJI0 11
BusoB (laetevirem, jrtyschensis, pungens, pyrifolia, decipiens) ((Bao Bolljian, 1993)
pacmpocTpaHeH B IMYCTHIHAX ceBepo-3amanHoro Kwuras, a Takxke NpoCTUpaeTcsl Ha
BOCTOK B MOJY3aCylUIMBBIA MyCCOHHBIN pernoH Bocrounoro Kuras. B Kazaxcrane poxn
Atraphaxis Bctpedaetcs B IIpubanxamne, Ha Antae u TapOararae, B JI)KyHTapcKoM,
Saunuiickom u Kynreir Anaray, B Uy-Ununiickux ropax, Kaparay, B 3amagnom TaHb-
[Hane (Akzhigitova, 1982).

Lesnbto nccnenoBanus SBISIETCS. CPABHUTENBHOE H3YyUCHHE TOOPOKAY€CTBEHHOCTH
MHUHEPAJIbHOTO COCTaBa HAaJ3€MHOI 4acTH pacTeHUi pona Atraphaxis, B 3aBUCUMOCTH
OT MeCTa PaclpoCTPaHCHHUS.
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MarepuaJibl 1 METOBI

g mpoBeneHns MCIIeoBaHU JOOPOKaueCTBEHHOCTH M MHUHEPAIBbHOTO COCTaBa
HAJ3EMHYI0 YacTh Atraphaxis virgata, Atraphaxis pyrifolia B a3y 1uBeTeHHs-HAYAIO
IUTOJIOHOMICHNsT AKcallCKoM yienuit, mnepesana Kokmek AnMaTtucHKoW o0nacTu.
PacTurenbHOE CHIpbE 10 BO3IYIIHO-CYXOTO COCTOSHHSI M HM3MEJBUaId JIO pa3Mepa
gacTul] 2—4 MMm.

J1oOpOKaueCcTBEHHOCTh PACTUTENBHBIX 0OBEKTOB OINPEENICHBI 10 OOIIEIPUHSITHIM
MeronukaMm 1-ro m3nmanus l[ocymapcrBenHoit ®apmaxomeun PK (1-tabmuma) (State
Pharmacopoeia of the Republic of Kazakhstan 2008, 2009).

HccnenoBanne MHUHEPATBHOTO COCTaBa JKCTPAKTa PACTEHUS BBIONHSIIM IOCIE
030jicHHs 00pa3iioB B MydenbHO# neun npu Temmeparype 450-500°C. IMoaroroka
00pasloB W ONpe/ielieHue Makpo- ¥ MHKPOIJIEMEHTOB TPOBEICHBI B COOTBETCTBUH C
I'OCT 30178-96 «Chipbe ¥ NPOAYKTHI MHIIEBbIC. ATOMHOAOCOPOIIMOHHBIA METOI
OTIpE/ICNICHNUs] TOKCHYHBIX 3JIEMEHTOB», a TaKKe 10 METOAWYECKHM YKa3aHUsIM IO
aTOMHO-20COPOIMOHHBIM METOZ[aM OTIPENEICHHSI TOKCHYHBIX AJIEMEHTOB B ITHIIEBBIX
MPOAyKTaX W MHIIEBOM Chipbe Ha Analyst 200. OnpexneneHue KajablMsi U MarHus
BoImoiHeHo 1o P 4.1.1672-2003 «KommiekcoHOMeTpHUeCKUd METOJ OIpeaesIeHus
KaJbIUs ¥ MAaTHUSD TUTPUMETPUIECKAM METOIOM.

Pe3yabTarsl U 00cyxkneHue

J1oOpOKaueCcTBEHHOCTh PACTUTENBHBIX 0OBEKTOB OINPEENICHBI 10 OOIIEIPUHSITHIM
MetoaukaMm 1-ro w3nanusi [ocymapcrBennoit ®apmakonen PK. B rtabmune 1 u 2
MIPUBE/ICHBI [TOKa3aTe/ M OOPOKaueCTBEHHOCTHU Atraphaxis virgata, Atraphaxis pyrifolia
COIIACHO MECTY PaclpOCTPaHEHUSI.

Ta6numa 1 —/{oOpokadyecTBEHHOCTb PAaCTCHUit Atraphaxis virgata

Toka3zarenu 100pOKauYeCTBEHHOCTH
Haspanue 5
DKCTPaKTHBHBIC BEIIECTBA, %o

PACTEHIA, MECTO | Braxocts, | - Obmas DTHIIOBBII DTHIIOBBII DTHIIOBBII

ACIIpOCTpaHe 9 9
PACHIPOCTPAHEHIA & so1a, % | Bona crupt 30 % | coupt 50 % | cmupt 70 %

A.virgata, Axcaii 8,02 8,94 26,59 17,38 27,26 29,27
A.virgata, baxanac 7,63 8,89 17,55 15,96 18,88 19,22
A.virgata, Koxnex 8,05 3,59 14,25 16,31 17,59 20,78

35

30

25

20

26,59

17,38

ConepxaHne SKCTPAKTUBHBIX BEIIECTB, %

29,27

27,26

17,55
15,96

A.virgata, Axcaii

HBona

= Dranon, 30%

A.virgata, Bakanac

Dranoi, 50%

18,8819,22

20,78

6,3117'59
14,25

A.virgata, Koknex

Dranoi, 70%

Pucynok 1 Cymma 3KCTpaKTUBHBIX BELIECTB A.virgata
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W3 pucynka 1 n nansbIx Tabnuis! 1 cneayert, yto npu BiaxxHocTH 8,02 % (4.virgata,
Akcait), 7,63 % (A4.virgata, bakanac), 8.05 % (A.virgata, Koxnex) KOIUYECTBCHHOE
COZIep’)KaHME OKCTPAKTHBHBIX BEHIECTB [UI pacTeHWil pona Atraphaxis virgata
ONTUMAJIBHBIM siBisieTcst 70 % sTaHon. Takum 00pa3zoM, It OCYIIECTBICHUS Mpoliecca
MOJTyYeHHs YCIOBHOTO (pUTONpenapara 1o BbIOpaHHONH HAMHU TEXHOJIOTHHU ObLT BHIOpaH
70 % STUIOBBIN CHHUPT B Ka4eCTBE HKCTPAreHTa, Tak Kak OH mu3BiekaeT Oosbire 20-30
% BAB ot Beca cyxoro ceipbs. i1t uccaeyeMbIX pacTeHUI onpeeneHa 30JIbHOCTb,
KoTopas koseonercs ot 3,59 % no 8,94 %.

Tabnuma 2 —J{oOpokadecTBEHHOCTb pacTeHuit Atraphaxis pyrifolia

IMokasarenn 100pOKadeCTBEHHOCTH

HasBanue pacrenus, o
OKCTpaKTHBHBIC BEIIECTBA, %o

MECTO pacnpocTpane- | Bmaxkuocts, | O61mas 301a, > > "

o o OTUNOBBIA | DTUIOBBIA | DTHUIIOBBII
HUSI % % Bona

ciupt 30 % | crupt 50 % | cimpt 70 %

A.pyrifolia., bakanac 5,90 7,52 21,02 | 17,84 21,06 37,66
A.pyrifolia, Koxnex 5,23 4,58 13,04 | 19,58 20,46 28,0

Couepmaﬂue OKCTPAKTUBHBIX Bemects,%
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w

A.pyrifolia., bakanac A. pyrifolia, Koknex

BOJIA sranoi, 30%" ®aranoi, 50% ®artanon, 70%

Pucynok 2 CymMma 9KCTpaKTUBHBIX BellecTB A.pyrifolia

W3 manHbIX TaOMUIB! 2 ¥ pUCYHKA 2 CIIEAYET, YTO Tpu BiaxxHocTh 5,90 % (A.pyrifolia,
baxanac), 5,23 % (A. pyrifolia, Koknex), comepxaHue SKCTPAKTUBHBIX BEIIECTB
Oonbiie B 70% BOIHO-ITHIOBOM JKCTPAKTE, HAXOAUTCS B rpenenax ot 28,0 no 37,66
%. Jyia uccnemyeMbIX pacTeHUN ompeielieHa 30JIbHOCTh, KOTopas koieoneTcs ot 4,58
% 1o 7,52 %. Takum oOpa3oM, AJIsl OCYIECTBICHHS MPOLecca MOIyYeHHs YCIOBHOTO
¢uronpenapara 1o BbIOpaHHONH HAMHU T€XHOJOTHHU ObLI BbIOpaH 70 % 3TUIIOBBIN ciupT
B Ka4eCTBE IKCTpPAreHTa.

[lomroroBka 00Opa3IoB W OMpeAeNeHHe Makpo- W MHKPOIIEMEHTOB IPOBEACHBI
B coorBerctBEH ¢ ['OCT 30178-96 «Cwippe W TPOAYKTHI THUIIECBBIC. ATOMHO-
a0copOLMOHHBIA METOIONPE/ICIICHUS TOKCHIHBIX QJIEMEHTOB)Y, A TAKYKE IO METOIMYE CKUM
yKa3aHUSIM 10 aTOMHO-a0COPOIIMOHHBIM METOIaM OIPE/IesIEHUS] TOKCUYHBIX YJIEMEHTOB
B NHIIEBBIX NPOJYKTaX M MUILEBOM cbipbe Ha Analyst 200. OmpeneneHue KalbIHs
u Mar#us BeimonHeHO 1o P 4.1.1672-2003 «KoMITJIEKCOHOMETPHUUECKUN METO
OTIPEICIICHUS KaJIbIIHs K MATHUS THTPUMETPUICCKIUM METOJI0M. MUHEpalIbHBIN COCTAB
U coliepKaHue TOKCHUHBIX 3JIEMEHTOB pacTeHUi pona Atraphaxis virgata, Atraphaxis
pyrifolia npuBenens! B Tabnune 3, 4.
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Tabnuua 3 — MuHepabHBIN cOCTaB U COepKaHUe TOKCHYHBIX d1eMeHTOB Atraphaxis virgata

HasBanue pacrenus, Conepxanue, mr/100r
MECTO pacnpocTpaneHns |K |Na |Ca |Mg |Fe Zn Mn [Cu |Ni Pb Cd
A.virgata, Akcaii 699 1396 |2897 |2224 |22,8 |2,5 |7,8 ]0,70]0,40 0,070 | 0,02
A.virgata, bakanac 985 [1198 | 1789 1992 |100,9 | 1,05 |0,20 | 0,24 |0,036 |0,087 |0,005
A.virgata Koxnek 594 1566 2925|1986 |39,2 |0,13 0,20 | 0,03 |0,035 |0,062 |0,002
Tabnuna 4 — MuHepasibHBIN COCTaB U COAEpKaHUE TOKCHYHBIX dJeMeHToB Atraphaxis pyrifolia
Ha3zBanue pacrenus, mecto Conepxanue, mr/100r
pacrpocTpaHeHust K |Na Ca |[Mg|Fe |Zn |Mn |Cu |Ni [Pb |Cd
A.pyrifolia.,bakanac 260 | 1611 |479 |21 |9,15 33,9 1,38 0,09 |0,22 |0,23 [0,09
A.pyrifolia.,Koxmek 579 [1235 |512 {39 [174 |83 |3,17]0,94 |0,33 0,20 0,05

Pesynbrarel McciaenoBaHus NPEACTABICHHBIE B BHAC TAOIMLBI, KOTOPBIE MOKa3bl-
BAaIOT, U3MEHYMBOCTb 1 BapbUPOBAHUE HJIEMEHTHOI'O COCTaBa CBOMCTBEHHO PACTEHUEM
U OIPEAEISIETCS COBOKYIMHOCTBIO (DAKTOPOB B KaKAOM KOHKPETHOM Cllydae, OTpaxast
creunpuKy TeOXMMHUYECKOH 00CTaHOBKM MecT mpouspactanus. Ho, He cmoTps Ha
pasnuuMs, CYyILECTBYIOT OOIIME 3aKOHOMEPHOCTH paclpeieiieHusl 3JIeMEHTOB. B
HcceyeMbIX 00pa3uax JEKapCTBEHHO PACTUTEIBHOTO ChIPBS COAEPKaHUE TOKCHYHBIX
TSDKEJIBIX METAJUIOB (KaJAMUH, CBUHEN) HE IPEBBILIAECT PEKOMEHI0BAHHBIX HOPMAaTHBOB.

[IproGpaboTke HaL3eMHON YaCTH PACTEHHUS BII0JIyYaeMOM SKCTPAKTE HAKAILIMBAIOTCS
KaJlu{, HATPUH, KaJbLUWA, MarHui, B MakCUMaJIbHON KOHUEHTpanuu. JKenes3o, LUHK,
Maprasel, Me/ib, HUKEJIb — MUKPO- U YIbTPAMHUKPO3JIEMEHTHI, KOTOPBIC IPEICTABIISIOT
Takke OOJBIIYI0 YacTh 30JILHOTO OCTaTKa (hapMaKOJIOIMYECKH aKTHBHOTO SKCTpaKTa
U, NPEANOJOKUTENIBbHO, XapakTepHbl Ui JaHHBIX BHUJIOB. OIEMEHTHI, KOTOpBIC
MIPEACTABICHBI B PALY J1ajlee U COIEPKATCS B SKCTPAKTE B MEHBIINX KOHLECHTPALHSIX,
BEPOSITHO, OTPAXKAIOT FTEOXUMHUYECKYIO CIEHUUKY (IPUPOIHYIO) CPEIbl IPOU3PACTAHUS
pacrenus (Shilova, 2019). Ha ypoBHe npenena oOHapy>KeHHsI YKa3aHHBIM METOJIOM B
3one BoIsiBIeHBI cBuHel (0,02, 0,005, 0,002 mr/100 r-A4.virgata; 0,09, 0,05 mr/100 r
- A.pyrifolia ), wagmuii (0.02, 0,005, 0,002 mr/100 t - A.virgata,; 0,09, 0,05 mr/100
r- A.pyrifolia). Makpo U -MHKpPO3JIEMEHTbI OKa3bIBAalOT CYIIECTBEHHOE BIMSIHUE Ha
0OMEHHBIE MIPOLECCHI, CEPACUHO-COCYUCTYIO CUCTEMY, & TAKXKE SIBJISIOTCSI COCTaBHON
qacTelo epMeHTOB. Tak Ha MOJIeKylly LepyJioruiasMuHa npuxogurcs 16 aromos Cu,
00yClIaBIMBAIOIIMX OKCH/Ia3HY10 aKTUBHOCTb 3TOTO O€JIKa, 3aLUIIAI0IIET0 KOMIIOHEHTHI
KPOBHU OT TOKCHUYECKOTO JeHCTBUS akTUBHBIX (opM kuciopoaa (Rasulova M.O, 2022).
MerannodepmenTsl  (OKCHIOpeayKTasza, TpaHcdepasbl, CYNEpOKCHATUCMYTA3bI,
TUJIPOKCHIIA3hl) colepkar Zn, HeWporponHslid Butamun B -Co. Mg-o0s3arenbHblii
YYaCTHUK CHHTE3a BCEX HEHPOIENTUAOB B TOJOBHOM MO3re, OH BXOIUT B cocTaB 13
MeTautonporenHos, 6oiee 300 hepmentos (Neiva, 2018).

MHorue MUKPO3JIEMEHTBI BXOIST B COCTaB MPOTEOIMTHYECKUX I'PyIl HEPMEHTOB, B
4aCTHOCTH, CyniepokcuaucmyTassl (Zn, Cu, Mn), karanassl (Fe), urparomux KioueBble
POJIM B aHTHOKCHIAHTHOM 3allUTE KJIETOK U TKaHel. B GyHKIMOHATBHON AeATEIbHOCTH
HEPBHOU cucTeMbl M3 NpUHAIEKUT TaKKe BaxkHOe 3HaueHue. Tax, conu Cu, Mn ,Co,
Zn, B3ATbIC B OMOTHYECKHX KOHIIEHTPALMIX, OKA3bIBAIOT CYLIECTBEHHOE BIIMSIHUE Ha

58



Volume 3, Number 456 (2023)

(YHKIMOHAIEHOE COCTOSIHUE LIEHTPAIBHBIX U TepU(eprIecKUX HEPBHBIX 00pa30BaHU
(Magalhaes, Fernanda do Costac, 2016; In Min Hwang, 2019). Li akTuBHO 1I0AaBIseT
MATOJIOTUYECKYIO AMOIMOHATFHYI0 aKTHBHOCTh M BO30YXKICHHE B ICHUXOJOTHYECKHX
3aboneBanusax. Li, Cu, Zn crnocoOCTBYIOT 3HAYUTEIbHOMY CHIDKEHHIO CTPECCOPHOM
peakumu B cTamuu TpeBord; Pb ycmnmBaer 3alIMTHONPUIIOCOOHUTENHHBIE PEAKIINU
OpraHv3Ma, NpPeIyNpekKIaeT pa3BUTHE WCTONICHWUS B CTaauM PE3UCTEHTHOCTH,
CIOCOOCTBYET BOCCTAHOBJICHMIO (DYHKUMH HEpBHOW, WMMYHHOH, 3HIOKPHHHOW, U
cepaedHo-cocynuctoit cuctem (Anibal de, 2016).

Cd, Co, Fe, Zn, Cu oka3bIBarOT BIHUSIHNE HAa TEYEHHNE OCHOBHBIX HEPBHBIX MTPOIECCOB
KOPKOBOTO BO30YKACHUSI U TOPMOXKEHHS B KOpe OONBIIMX TMONyIIapUil TOJIOBHOTO
Mo3ra. Mn IMTENbHOE BpeMS BOCIPOW3BOAWUT M TOMJIEPKUBACT BO30YAMMOCTH
HepBa. [lokazaHo ycuieHue TeHCTBUS MHOTHX HEHPOTPOITHBIX CPENICTB MO/ BIUSHAEM
MHUKPO3JIEMEHTOB.

Kpome Toro, MUKpO3JIEMEHTBI, BXOJISl B COCTaB (DEPMEHTOB, YYacTBYIOT B Ka4eCTBE
akTuBaropa B Onocunrese psiga bAB.

3akiarouenmne

B pesymprare CpaBHHTEIBHOTO WCCIEINOBAHUS MHHEPAIBHOTO COCTaBa U
IOOPOKaueCTBEHHOCTH JBYX BHJIIOB pacTeHWi pona Atraphaxis (Atraphaxis virgata,
Atraphaxis pyrifolia), npuHauiexkaiiero x cemeictBy Polyganaceae, 3aroTOBICHHBIX
B AnmarmHCKON obOmactu (AKkcaiickoe ymienbe, bakamackuii paiioH, ceino Kokmek),
MTO3BOJIMIIO BBISIBUTH TIPUCYTCTBHE OOJiee OAMHHAIIATH MAaKpO W -MHKPOIJIEMEHTOB.
CpaBHUTENBHO B OOJIBIIOM KOJIMYECTBE B PACTEHUSX CONCPKHUTCS Kajuid, HATPH,
KaJIbIMii, MarHnii, KOJIMYECTBEHHOE COJIEpP)KaHUE IPYTHUX JJIEMEHTOB BapbHPYETCS B
HE3HAYNUTENBHBIX Tpenenax. M3ydeHo comepskaHne TOKCHYHBIX 3JIEMEHTOB - CBHHIIA,
KaJMHUs U 3CCEHIUAIbHBIX 3JIEMEHTOB - MM, IMHKA, MapraHua. beuta onpenenena
JTO0OPOKAaueCTBEHHOCTh PAcTeHHsl KypyaBK{, HAa TaKWE€ ITOKa3aTeld KakK: BIIAKHOCTB,
obmas 3oia, cynbdarHas 305a, 301a HepacTBopuMas B 10%-HOH XJI0pOBOJOPOIHON
KHCJIOTE.

Paboma svinonnena no meme: « Paspabomka s¢hghexmusnvix mexnHono2uii noayyenus,
nepepabomxu u XpaneHusi NPOOYKYUY U3 pacmumenbHo20 Cblpbsl A2pPOnpPOMbIULLEHHO20
rxomniexca Kazaxcmana»
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Abstract. In this article, the compositions of fatty acids from wool fat and products
of'its alkaline hydrolysis are considered. The fatty acid composition of methyl alcohols
obtained from wool fat and from sodium salts of hydrolysis products practically coincided.
The composition of fatty acid methyl esters was determined by chromatography on a
“Gas chromatograph GC 2010 Plus, Shimadzu” (Japan). The composition of wool fat
contains 18 fatty acids, seven of which have a limiting fatty acid radical, the rest have
unsaturated bonds from 1 to 5. The maximum amount is noted for eicosapentaenoic
acid, the sum of isomers of which is 32.6 %, followed by linolenic acid at 14.9 % and
selacholeic acid at 13.9 %. All certain unsaturated fatty acids in the composition of wool
fat play an important role in human and animal life. The above acids belong to the group
of essential acids, from which lipids necessary for the functioning of a living organism
are synthesized. Wool fat can serve as a raw material for the production of essential fatty
acids used as medicines and biologically active additives.
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Annorauusi. Byn Makanaga kyH MaiblHaH ajbIHFAH Mal KbIIIKbUIAAPBIHBIH
JKOHE OHBIH CUITUII TMIAPONN3 OHIMACPIHIH KypaMbl KapacTblpbUiraH. JKyH MaiibiHaH
KOHE THAPONN3 OHIMACPIHIH HAaTpUH Ty3AapblHaH alblHFaH METHI CIUPTTEPiHIH
Mail KpIIIKBUIABIK KYPaMbl ic jKy3iHIe coiikec Keiai. Mal KbIIKbUIAAPBIHBIH METHIT
a¢upnepinin Kypambl “Gas chromatograph GC 2010 Plus, Shimadzu” (PKanonwus)
KypajiblHIa XpoMaTrorpadusuIbIK SaiciieH aHbIKTanabl. JKyH MalbIHBIH KypaMbiHaa 18
Mail KBIIKBUIBI 0ap, OHBIH KeTeyl Mail KBIIIKbUIbI paJuKalbMeH, KaJraHaapbl 1-neH
5-Ke eiiiH KaHbIKaFaH OaiansicTapra ue. [ uaponans eHiMi KypaMbIHIa SiiKo3arneHTaeH
KBIILIKBLTBI YIIIH MAKCUMAaJIbl MOJIILIEpPi OeNrineHe i, OHbIH H30MEPIIEPiHiH KOCHIHIBICHI
32,6 %, omaH KeiiH JUHONEH KBIIKBLIBI 14,9 % skoHe cemaxon KbIIKBUIEL 13,9 %
Kypaiabl. )KyH MailbIHBIH KYpaMbIHAAFbl OapiiblK Oenriii Oip Mail KbIIIKbIIIAPhl aJam
MeH >KaHyapJapIblH TIpIILTri YIOIIH MaHbBI3ABl pei aTkapaabl. JKorapbina aranraH
KBILIKBIUIAAP Tipi aF3aHbIHH JKYMBIC icTEyl YIIIH KaKeTTi JHMIUATED CHHTE3ICNICTIH
MaHBI3/Ibl KBILKbUIAAp TOOBbIHA *aTaabl. JKYH Maibl IOpiTiK 3aTTap MEH JAHUETAIBIK
Kocranap peTiHAe KOJAaHbLIaThIH MaHbI3/Ibl Mail KBIIIKBUIIAPBIH ajly YIIiH IIUKi3aT
peTiHAe KONAaHbIIa bl

Tyiiin ce3mep: Koil >KyHiIHIH Maiibl, JIAaHONMH, Mai KBIIIKBUIZAPHI, CTEPOUI,
XOJIECTEPHH, CITUPT, XPOMOTOrpapHsITBIK Tangay
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Anevic 0inoipy. Asmopnap mail KblUKbIIOAPIHLIY KYPAMbIH AHLIKMAY2a eneyii
KOMeK Kopcemken «Antigeny KOMNAHUSCHIHbIY Kbl3MemKepiiepine anevic Oindipeoi.
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AnHOTaumMs. B HacTosmieil crarbe paccMOTPEHBI COCTABbl JKUPHBIX KUCIOT M3
IIEPCTHOTO KHpa W MPOAYKTOB €ro IIEJIOYHOTo TUApoiu3a. JKUpOHOKHCIOTHBIN
COCTaB METHJIOBBIX CIIUPTOB, ITOMyUYEHHBIX U3 MIEPCTHOTO JKHPA U U3 HATPUEBBIX COJNEH
MIPOAYKTOB TUAPOIN3a, MPAKTUIECKU coBMaiu. COCTaB METUIIOBBIX 3(DUPOB KUPHBIX
KHCJIOT OIIpeessuin XpoMaTrorpaduaeckuM MeTogoM Ha npudope «Gas chromotograph
GC 2010 Plus, Shimadzu» (Snonwms). B cocraBe mepcrtHoro >xupa comepkutrcs 18
JKUPHBIX KHUCJIOT, U3 KOTOPBIX CEMb C MPEACTbHBIM JKHPHOOKUCIOTHBIM PaJIHKaJIOM,
OCTaJIbHbIe MMEIOT HempejesbHble CBsi3u oT 1 10 5. MakcuMalibHOE KOJIMYeCTBO
OTMEYaeTCsl JJIs1 SUKO3aIIEeHTAaeHOBOM KUCIIOTHI, CyMMa H30MEPOB KOTOPBIX COCTABIISIET
32,6 %, nanee cnemyeT nuHOJeHOBas kucinoTta 14,9 % u cemaxonesas kuciora 13,9
%. Bce ompeneneHHble HEMpEACIbHBIE >KUPHBIE KUCIOTHI B COCTaBE IIEPCTHOTO
JKUpa WrPAOT BaXXHOE 3HAYCHUE B JKUHEACATEIHPHOCTH YEIOBEKA U >KUBOTHBIX.
BrimenpuBeneHHbIE KUCTIOTEI OTHOCSTCS K TPYIIIIE HE3aMEHUMBIX KUCIIOT, U3 KOTOPBIX
CUHTE3UPYIOTCS JIUMHIBI, HEOOXOAUMBIE U (DYHKIIMOHUPOBAHUS KUBOTO OPTaHNU3MA.
[llepcTHBIN KUP MOXKET CIIY’)KUTh CHIPbEM JUIsl TIOTYYeHHS HE3aMEHHMBIX JKHPHBIX
KHCJIOT, UCTOJB3YEMbIX KaK JICKAPCTBCHHBIC CPEICTBA U OHMOIIOTUYECKU aAKTHBHBIC
JI00aBKH.

KuoueBble €J10Ba: IIEPCTHBIA KU, JAHOJIWH, JKUPHBIC KHUCJIOTBI, CTEPOUIBI,
XOJIECTEPUH, CIIUPT, XpOMaTorpaduuecKuii aHaau3
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brazooapuocmu. Asmopul bnazooapsim compyOHUKos Qupmvl « AHmueerny, komopwie
OKA3AIU CYUWECTNBEHHYIO NOMOWb 8 ONPEOeleHUU COCTNABA HCUPHBIX KUCTOM.

Introduction

Wool fat is the raw material for the production of lanolin, which is an ideal ointment
base. The usefulness of wool fat for human life has been known since ancient times
and its composition should include polyunsaturated fatty acids, which play a crucial
role in human life, in ordinary life they are called omega-3, omega-6, and omega-9.
The numbers indicate the location of the double bond in the hydrocarbon chain of the
fatty acid radical (Guidelines, 2016). These compounds enter the human body with
food, they are especially abundant in meat and fish, so they must be contained in wool
fat. It is known that wool fat is a complex mixture of esters of various fatty acids with
three groups of alcohols: aliphatic, terpene, and sterol. In the work (Konuspayev et al.,
2018) alkaline hydrolysis of wool was carried out and a mixture of the above alcohols
and sodium salts of fatty acids was obtained by us. Among these alcohols, the most
valuable are sterols, from which steroid drugs are produced; the simplest representative
of these alcohols, cholesterol, is known to the general public. Previously, in our works
(Konuspayev et al., 2015, 2016, 2019; Duzelbayeva et al., 2022), we carried out
comprehensive studies on the extraction of wool fat from the wool wash water and
the preparation of pharmacopoeial lanolin from it. There is no information about the
composition of fatty acids that constitute wool fat in the literature.

This work is a continuation of investigations (Konuspayev et al., 2015, 2016, 2019;
Duzelbayeva et al., 2022) and is devoted to establishing the composition of fatty acids
that are part of wool fat.

Research Material and methods

The fatty acid composition of wool fat was analyzed according to GOST 32916-2014
“Determination of the fatty acid composition of the fatty phase by gas chromatography”.
The technique is based on the production and gas chromatographic analysis of fatty acid
methyl esters from wool fat by transesterification with a methanolic solution of sodium
methoxide.

The preparation of methyl esters of fatty acids was carried out according to GOST
31665-2012 “Obtaining methyl esters of fatty acids”. A weighed portion of wool fat
weighing 0.1 g was placed into a 50 mL centrifuge tube and 2 mL of hexane and 0.1 mL
of a solution of sodium methoxide in methanol with a concentration of 2 mol/dm* were
added. The tube was tightly stoppered and vigorously stirred for 2 min. After stirring,
the reaction mixture was allowed to stand for 5 minutes and the upper layer containing
methyl esters was filtered through a filter paper. The obtained solution was used for
testing.

Chromatographic analysis of the composition of fatty acids of wool fat was
carried out on the device “Gas chromatograph GC 2010 Plus, Shimadzu” (Japan)
in the following modes: capillary column polymethylsiloxane HP-88 100 m long
(100mme0.25mme<0.2mm serial number 112-88A7 Agilent); column thermostat mode:
100°C=5 min; 4 °C/min—240°-8 min; total analysis time — 48 minutes; evaporator
260°C; flame ionization detector (240°C); carrier gas is nitrogen (purity 0.9995); flow
rate of nitrogen gases is 30, of hydrogen is 30 and of air is 400 mL/min.
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Hydrolysis of wool fat was carried out in a solution of 20 % sodium hydroxide in
40 % ethanol. In the hydrolysis products of wool fat, fatty acids formed sodium salts,
which are highly soluble in water. The conversion of wool fat was determined by the
value of the ester value. To increase the conversion of wool fat, hexane or benzene was
added to the reactor in amounts not exceeding 2 % of the total mass of reactants in the
reactor.

Results and their discussion

The composition of fatty acids was determined from two samples: in the first case,
directly from wool fat (Table 1), in the second case, from the products of hydrolysis of
wool fat (Table 2) obtained according to the method [2], in both cases almost the same
results were obtained. The type of chromatograms in both cases is the same, a typical
chromatogram is shown in Figure 1.
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Figure 1. Chromatogram of methyl esters of fatty acids isolated from sheep's wool fat

It can be seen from the chromatogram that the fatty acid composition of wool fat
is complex and contains almost all known fatty acids from C, to C,,, and besides in
the composition, both saturated and unsaturated. Table 1 shows the composition of
methyl esters of fatty acid obtained directly from wool fat according to the indicated

experimental procedure.

Table 1. The composition of fatty acids that are in wool fat of sheep's wool

No. Names of acids Output time, min %, content
1 Butyric (C, ) 9.904 0.7
2 Caproic (C, ) 10.059 2.9
3 Caprylic (C, ) 11.815 2.2
4 Lauric (C ,,) 16.140 2.3
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5 |Palmitic (C,,,) 21.134 1.8
6 Margaric (C,,) 26.379 0.7
7 |Oleic(C,,,,) 27.778 0.8
8 Linoleic (C g, ) 28.887 22
9 Linolenic (C,g, ) 28.961 0.6
y- Linolenic (C g, ) 30.375 3.9
a- Linolenic (C g, ) 31.149 35 > 149
a- Linolenic (C g, ) 31.253 6.3
a- Linolenic (C g, ) 31.445 0.6
10 | Eicosenoic (C, ) 30.937 5.0
11 | Behenic (C,,) 31.999 1.4
12 | Eicosadienoic (C, ). 32.994 6.5
13 | Erucic (C,,,,,) 34.616 2.9
14 | Eicosatrienoic (C,), | ) 34.956 5.7
15 | Arachidonic (C,,, , ) 35.809 1.1
16 | Docosadienoic (C,, ) 36.722 2.4
17 | Eicosapentaenoic(C, ) 37.731 5.6
Eicosapentaenoic(C,,; ;) 37.861 9.8
Eicosapentaenoic(C,,; ;) 38.519 3.6
Eicosapentaenoic(C,,; ;) 38.743 8.8 > 326
Eicosapentaenoic(C,,; ;) 38.911 2.4
Eicosapentaenoic(C,,; ;) 39.262 1.8
Eicosapentaenoic(C,, n_3) 39.756 0.6
18 | Selaholeic (C,, ). 42.396 13.9
Total 100.0

Table 2 shows the composition of methyl esters of fatty acid obtained from hydrolysis
products obtained by us in the work (Konuspayev et al., 2018), although fatty acids are
found in the hydrolysis products of wool fat in the form of sodium salts.

The fatty acid composition in both cases is practically the same, which indicates the
reliability of the obtained results, so a discussion of the composition of fatty acids in

wool fat will be according to Table 1.

Table 2. The composition of fatty acids that are in the products of hydrolysis of wool fat

No. Names of acids Output time %, content
1 Butyric (C, ) 9.904 0.7
2 Caproic (C, ) 10.059 2.9
3 Caprylic (C, ) 11.815 2.2
4 Lauric (C , ) 16.140 2.3
5 Palmitic (C ;) 21.134 1.8
6 Margaric (C . ) 26.379 0.7
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7 Oleic (C,g, ) 27.778 0.8
8 Linoleic (C, ) 28.887 3.5
9 Linolenic (C,g, . ) 28.961 2.8
10 y-Linolenic (C ¢, ) 30.375 39
11 a-Linolenic (C ¢, ) 31.445 6,9
12 Eicosenoic (C,; ) 30.937 5.0
13 Eicosadienoic (C, ) 32.994 6.5
14 Eicosatrienoic (C,, , ) 34.956 5.7
15 Arachidonic (C,, ) 35.809 1.1
16 Behenic (C, ) 31.999 1.4
17 Eicosapentaenoic (C,); ) 39.756 32.6
18 Erucic (C,,,, ) 34.616 2.9
19 Docosadienoic (C,,,,) 36.722 2.4
20 Selacholeic (C,, ) 42.396 13.9
Total 100.0

In wool fat, eicosapentaenoic acid is found most of all, the total content of which is
32.6 % (Table 1). On the chromatogram, it corresponds to 7 peaks. These are isomers
and stereoisomers of eicosapentaenoic acid. Figure 2 shows the structural formula of
this acid. The general formula is C, H, O,, an unsaturated acid contains five unsaturated
bonds in the hydrocarbon radical and belongs to omega-3 fatty acids.

O ®
HO 5 8 11 14 17 20

Figure 2. Structural formula of (cis-5,8,11,14,17) eicosapentaenoic acid

Eicosapentaenoic acid (EPA) or thymnodonic acid (Goodnight et al., 1982; Von
Schacky et al.,, 1999) is an omega-3 polyunsaturated fatty acid (PUFA) that is a
component of lipids in most animal tissues and belongs to essential fatty acids. It is
one of the main components of complex lipids. A large amount of EPA is found in fish
oils, marine molluscs, diatoms, and brown algae. EPA enters the human diet with fatty
fish (herring, mackerel, salmon, sardines, or cod liver), edible seaweed, and is found in
breast milk.

The second largest content in wool fat is linolenic acid (Table 1), on the chromatogram,
it appears as five peaks corresponding to its five stereoisomers, y-linolenic acid two
peaks, a-linolenic acid 3 peaks (Fig. 1).

Alpha-linolenic acid (cis,cis,cis-9,12,15-octadecatrienoic) with three isolated double
bonds, rational formula C,,H,,COOH, there are two o- and y-isomers, which exhibit
different physiological effects on a living organism. Figure 3 shows the structural
formula of a-linolenic acid.
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An isomer of a-linolenic acid y-linolenic acid (cis,cis,cis-6,9,12-octadecatrienoic
acid) differs from it in the different positions of double bonds in the hydrocarbon radical,
therefore it is sometimes called gamolenic acid.

Alpha-linolenic acid belongs to the so-called essential fatty acids and belongs to the
class of omega-3-unsaturated fatty acids, so it must be ingested with food.

9]
9 5 3 1
HO" g 12 15 18

Figure 3. Structural formula of a-linolenic acid (cis- 9,12, 15)

Gamma-linolenic acid (cis, cis, cis-6,9,12 octadecatrienoic), abbreviated as GLA, is
one of the two main types of essential fatty acids (Severina 2003; Seitov 2000). GLA is an
omega-6 fatty acid. The human body uses essential fatty acids to produce prostaglandins
and leukotrienes. These substances affect the process of inflammation and pain; some
of them increase these symptoms and some reduce them. Taking GLA can change the
balance towards a more favorable effect of prostaglandins and leukotrienes, making it
useful for treating diseases that are associated with inflammation. There is evidence
that GLA may be useful in the treatment of diabetic neuropathy. The supplement is
widely used in the UK and other European countries for the treatment of eczema and
cyclic mastalgia (a condition characterized by chest pain associated with the menstrual
cycle). However, there is data that shows that gamma-linolenic acid does not have a
beneficial effect in this case. There are many other alleged uses of GLA based on rather
weak evidence. Linolenic isomers mixed with linoleic and arachidonic acids are called
vitamin F, without which human life is impossible.

The third largest content in wool fat is selacholeic or nervonic acid, the content of
which is 13.9 % (Table 1). The general formula is C,,H,O,, rational is CH,-(CH,).-

247746 722

CH=CH-(CH,) ,-COOH, structural is shown in Figure 3.

~

Figure 3. Structural formula of (cis-17) selacholeic (nervonic) acid

The cis-15 position contains a double bond. Omega-9-unsaturated fatty acid, part of
the sphingolipids of the white matter of the human brain, is involved in the biosynthesis
of myelin. It is contained in small amounts in the fats of marine animals and fish
(salmon), and even less is found in the seeds of industrial crops.

In addition to the above acids, the following were found in the composition of wool
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fat: eicosenoic acid in an amount of 5.0 %; eicosadienoic is 6.5 %; eicosatrienoic i1s 5.7
% (Table 1). 18 fatty acids were found in total in the composition of wool fat, 9 of which
do not have unsaturated bonds in the hydrocarbon radical. The remaining fatty acids
have from one to five unsaturated bonds in the hydrocarbon radical, and all of them are
important in the life of humans and animals (Severina 2003; Seitov 2000).

In wool fat, these acids form esters with aliphatic, terpene, and sterol alcohols.
Previously, it was shown (Konuspayev et al., 2018) that up to about 25 % of these
acids form esters with cholesterol and its homologs; in addition, it contains other
physiologically active compounds. Wool fat and lanolin obtained from it belong to wax
(Severina 2003; Seitov 2000; Tarkovska 2019).

In wool fat, among unsaturated fatty acids, the maximum amount is noted for
eicosapentaenoic acid 32.6 % (hereinafter EPA) (Table 1), which can serve as a
raw material for obtaining this acid. Eicosapentaenoic acid is currently produced
by microorganisms that specifically synthesize EPA lipids. The process is very long
and expensive because the microorganisms need an appropriate environment and the
concentration in the final solution does not exceed 550 mg/L. Isolation from such a
dilute solution presents technological difficulties. In our case, the raw material is wool
fat, which at present in Kazakhstan simply flows into the sewer along with the wool
wash water. Pure EPA is a very valuable drug and biologically active additive.

Such valuable preparations are pure linolenic and selacholeic acids, the content of
which is 14.9 and 13.9 % (Table 1). They are essential acids and must be ingested with
food.

If we in the work (Konuspayev et al., 2018) focused on the production of sterols,
then the composition of unsaturated fatty acids in wool fat is no less valuable than the
alcohol part of the hydrolysis products.

Conclusions

For the first time, the composition of fatty acids in wool fat has been established, 18
fatty acids have been found and quantified, 7 of which are acids that have a saturated
hydrocarbon radical, and the rest have from one to five unsaturated bonds in the
hydrocarbon radical.

1.  The maximum content of 32.6 % for isomers of eicosapentaenoic acid, which
is involved in the formation of lipids, without which a living organism cannot function.

2. The content of linolenic acid is 14.9 % and selacholeic acid 1s 13.9 %, essential
acids for the body. All other acids found in wool fat are needed for the functioning of a
living organism called omega-3, omega-6, and omega-9.
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Abstract. Road transport is the main source of air pollution worldwide. Every year,
vehicle exhaust gases emit millions of tons of toxic substances. Currently, 70-80% of
the pollution of the air basin of large cities is accounted for by motor transport. In
Almaty (Kazakhstan), annual toxic substances from transport amount to more than 150
thousand tons of carbon monoxide, about 30 thousand tons of hydrocarbons and 12
thousand tons of carbon dioxide. An important factor in atmospheric pollution is the
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quality of fuel, which determines the composition and amount of toxic gases released.
The toxicity of types of motor gasoline and their combustion products is mainly
determined by the hydrocarbon composition, in particular the composition of benzenes,
aromatic hydrocarbons and olefins. The present research work consists in the synthesis
of high-temperature heat-resistant and inactive, non-toxic catalysts for the purification
of exhaust gases of motor transport by improving the hydrocarbon composition of motor
fuel and neutralizing toxic components of exhaust gases. During the research work,
catalysts of 10%Co/Al0O,, 15%Mg/Al O, and bimetallic Co:Mg=2:1 were prepared.
The properties of the prepared catalysts were studied by the methods of SEM, RFT
and BET. X-ray results show the formation of Co(AlO,), spinels, which form inactive
oxygen for the complete oxidation of methane and hydrocarbons. Modifications of the
Co and Mg catalyst prevent the formation of spinel, thereby increasing the activity of
the catalysts.

Key words: gasoline, benzene, olefin, thermostable catalyst, spinel
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E-mail: erkibaevameruert@mail.ru. ORCID: 0000-0002-6586-2125;
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MEH HaHOTEXHOJIOTHsI HHCTUTYThI, AduHsl, [perms

E-mail: xanthopoulougalina@gmail.com. ORCID: 0000-0002-1788-141X.

AHHOTaUs. ABTOMOOWIb KeOJIiri OYKiJl oJeMJeri ayaHblH JIACTaHYBIHBIH HETi3ri
Ko3i 0okl TabbiIa bl JKbUT CaliblH KOJIiK KypalJapblHbIH NaiJalaHbUIFaH ra3aapsl
MWUTHOHJIAFaH TOHHA YIbI 3aTTapAbl mbiFapanasl. Kazipri yakeiTTa ipi KajalapablH
aya OacceiiHiHiH JiacTaHybIHBIH 70-80% aBTOKeJIIKKEe THecUI. AJIMAThl KaJlaChIHJa
KOJIKTeH JKbUI CaWbIHFBI yibl 3arTap 150 MbIH TOHHaJaH acTaM KOMIpPTEri OKCHIII,
30 MBIH TOHHara >KybIK KOMIPCYTEK JXoHE 12 MBIH TOHHA KOMIPKBIIIKBII Ta3bIH
Kypaiabl. AtMocdepaHbIH JIaCTaHYBIHBIH MaHbBI3AbI (PAKTOPBl OTHIHHBIH Calachl
Ooublll  TAOBUIA/ABI, OFAH INBIFAPBUIATHIH YIIBI Ta3lapblH Kypambl MEH MeJInepi
Toyesi Oonaabl. ABTOMOOMIL OCH3WHI TYpIEpiHiH jKOHE OJapJIblH JKaHy OHIMICPiHIH
YBITTBUIBIFBI HETI31HEH KOMIPCYTeK KypaMbIMEH, arall alTKaHaa OCH30JIIap/IbIH, XOII
WIiCTI KOMIPCYTEKTEPIIiH >KoHE oJe(HH/CPAIH KYpaMbIMEH aHbIKTanaabl. byn 3eprrey
YKYMBICBI MOTOP OTBIHJIAPBIHBIH KOMIPCYTEK KYPaMbIH )KaKcapTy jKOHE MaijalaHbUIFaH
ra3apAblH yJiIbl KOMIIOHEHTTEpiH OefTapanTanIplpy apKblibl aBTOMOOHIIb KOIriHIH
naiianaHbUIFaH ra3iapblH Ta3apTyFa apHaIIFaH )KOFapbl TeMIeparypajia TepMOTYPaKThI
Opi aKTUBTUIITTH KOFAITIIAWTHIH, KOKCTSIMEHTIH KaTaJIM3aTOpJIap bl CHHTE3/IEY. 3ePTTEy
KYMBICBIH opbiHaay Oapeiceinaa 10 % Co/AlO,, 15%Mg/Al O, xone Gumeranbl
Co:Mg=2:1 karamuzatopiapbl IaWbIHAANARL. JalbIHAAIFAH KaTaJIu3aTopIapIbIH
kacuertepi COM, POT xone BOT onicrepimen 3eprrenyi. PeHTreH HoTHKENEpl METaH
MEH KOMIPCYTEKTEP/Ii TOJIBIK TOTBIKTBIPY YIIIiH Oencenti emec orreri TyseTin Co(AlO,),
HITIHHEbACPIHIH Ty311yiH kepceTTi. Co xoHe Mg KaTaiu3aTopbIHBIH MOTUPUKAIHSICHI
LIMAHENBAIH Taiga OonyblHa JkoJ OepMelai, ochUIaia Karaau3aTropiapiblH
OeJICeHAUTITIH apTThIPaIbL.

Tyiiin ce3nep: OcH3uH, OeH301, OsieDUH, TEPMOTYPAKTHI KaTajau3aropiiap, NIIMUHEb

Kaporcoinanowipy: JKymvicmor Kazaxcman Pecnyonuxacel Folnvim dicone dcozapul
oinim Munucmpniei Kapoicviianovipaowvt (AP14869966).

Mynaenep KakTbIFbICHI: ABTOpIIAp OChI MaKalaia My/Jeiep KaKThIFbICHI KOK JIeT
MaJIIMIAEMEN T,
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AHHOTanusa. ABTOMOOWIBHBI TPAHCIOPT SIBIISIETCS OCHOBHBIM HCTOYHHKOM
3arpsi3HEHUsI BO3yXa BO BCeM Mupe. EXXeromHo BBIXJIOMHBIE Ta3bl TPAHCIOPTHBIX
CPEIICTB BBIICSIOT MIUJITMOHBI TOHH TOKCUYHBIX BellecTB. B Hacrosee Bpems 70-80%
3arpsi3HEHHsI BO3IYIIIHOTO 0acceliHa KPYITHBIX TOPOJIOB IMIPUXOIUTCS Ha aBTOTPAHCIIOPT.
B roposie AiMathl €:Kero{HbIe TOKCHYHBIC BEIIECTBA U3 TPAHCIIOPTA COCTABIISIFOT OoJiee
150 TBIC. TOHH OKHCH yriepona, okoso 30 ThIC. TOHH YIJIEBOJOPOIOB U 12 THIC. TOHH
YIJIEKHCIIOTO ra3a. BaxHbiM (pakTopoM 3arpsisHEHUs aTMOC]EphI SIBISIETCS Ka4eCTBO
TOIIMBA, OT KOTOPOTO 3aBUCHUT COCTaB U KOJIUYECTBO BBIJCISIEMBIX TOKCUYHBIX Ta30B.
TokcHYHOCTH BUIOB aBTOMOOMIJIBHOTO OSH3WHA M MTPOAYKTOB UX CTOPAHUS B OCHOBHOM
onpeneiseTcss YIIEBOJOPOAHBIM COCTaBOM, B YaCTHOCTH COCTaBOM OCH30JIOB,
apoOMaTUYeCKUX YIICBOAOPOIOB M ojeduHOB. Hacrosmas nccienoparenbckas padora
3aKJII0YAeTCI B CHHTE3€ BBICOKOTEMIIEPATYPHBIX TEPMOCTOMKUX U HEAKTHUBHBIX,
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HEKOKCH(PUIIUPYEMBIX KaTaIN3aTOPOB [Tl OYMCTKHU BBIXJIOMHBIX Ta30B aBTOMOOHUIIBLHOTO
TpPaHCIOPTa IMyTEM YIyUYlICHUs] YIIEBOJOPOAHOIO COCTaBa MOTOPHOTO TOIUIMBA M
HEHTpanu3anuyu TOKCHYHBIX KOMIIOHEHTOB BBIXJIOIIHBIX ra3oB. B xone BbINONHEHHS
UCCIENOBaTeNbeKOH  pabotbl  Obutn  mpurotosnensl  10%Co/ALO,, 15%Mg/Al O,
n Oummeraimmmyeckne Co:Mg=2:1 kartanuzaropsl. CBoicTBa NPUTOTOBICHHBIX
KaranuzaropoB uzydanuch MetonaMu COM, POT u BOT. Pentrenosckue pesyasraTsl
nokasbiBalT oOpasopanue mmubeneidr Co(AlO,),, koTopble 00pa3yroT HeaKTHBHBIH
KHCJIOpOJ Uil TOJHOTO OKHCJCHUS MeTaHa M YIIeBOJOpOxoB. Moaudukanuu
katanuzaropa Co 1 Mg npeaoTBpaaoT 00pa3oBaHue IITHHEIH, TEM CaMbIM TOBBILIAS
AKTHBHOCTb KaTaJH3aTOPOB.

KamoueBbie cioBa: OeH3uH, OEH30J, OJC(PUH, TEPMOCTONKHE KaTallU3aTOPBHI,
LIMUHETb

@Dunancuposanue: Paboma gunancupyemcs Munucmepcmeom HayKu u ebicuieco
obpasosanus Pecnyonuxu Kazaxcman (AP14869966).

KonduukT nHTepecoB: aBTOpHI 3asBIAIOT 00 OTCYTCTBHH KOH(PIUKTa HHTEPECOB.

Kipicne

ABTOMOOMIB KeJiri OyKil oneMzeri ayaHblH JAaCTaHYBIHBIH HEri3ri Kesi
Oonpin TaObaabl. Kbl1  caliblH KeJIK KypajapbIHBIH MaiAajaHbUIFaH Tazaapbl
MWUIMOHJAFaH TOHHA YIbI 3aTTapAbl mbiFapansl. Kasipri yakeiTTa ipi KajajgapablH
aya OacceiiHiHiH yactaHybiHbIH 70-80 % aBrokeiikke THecisi. AIMaThl KaJlachIHJa
KOJIIKTEH JKbLJI CalbIHFBI ynbl 3arTap 150 MBIH TOHHaIaH acTaM KeMIpTeri OKCHIi,
30 MBIH TOHHara >XKYBIK KOMIPCYTEK *oHE 12 MBIH TOHHA KOMIPKBIIIKBUI Ta3bIH
Kypaiabl. AtMocdepaHblH JaCTaHyBIHBIH MaHBI3ABl (PAKTOPBl OTBHIHHBIH Camachl
Oonblll TaObLIAABl, OFaH IUBIFAPBUIATHIH YAl Ta3lapAblH KypaMbl MEH MeJjIepi
Toyenai 6omaapl. ABTOMOOMIIb OCH3MHI TYPJIEPiHiH KOHE ONapAbIH JKaHy eHIMIEpiHiH
yibl OOJTyBl HETi3iHEH KOMIPCYTeK KypambIMEH, aral alTKaHga OeH30J1apiblH, XOLI
WICTI KOMIPCYTEKTEpIiH XoHE osiepUHIEPAIH KypaMbIMEH aHbIKTanaabl. benszon
ocipece KayinTi, ©MTKEHI OJ KO3FAJITKBIIITA €H YIIINA JKOHE Oasy »KaHbIl KETel,
COHBIMEH Karap TaOWFH >KarJaia XMMUSUIBIK TYPFBIIaH TYpakThl. beHzon skaHraH
Ke3zie Kymri kanueporen—Oensnupen (C, H ) Tysineni, mainananbuiran raznapiarsl
1 n OGensuH >xanraHna 81 MKr-ra JeiiH OGH3MUPEH Ty3iiedi. beH3uHzaeri xomn uicTi
KOMIPCYTEKTEp/IiH MeJIepi HeFypIbIM JKOFapbl 0o0Jica, OHBIH JKaHy TEMIIepaTypachl
COFYPJIBIM JKOFaphl O0Mazpl )KoHe MaliJaaHbUIFaH ra3gapAarsl a30T OKCUAIHIH MeJepi
COFYPJIBIM JKOFaphl Oonaabl. Ayanarbl OeH301bIH 75 %-1aH acTaMbl aBTOMOOUIIbAEPAIH
naianansUlFal TrazgapeiHan Typaiasl. COHBIMEH Karap, OeH30J1 KO3FalTKBIILTaFbl
KOMIpTeTi TOTBIFBIH KYIIEHTe1 )KoHe MaliaaHblIFaH Ta3aapiarbl KYHeHi apTThIpabl,
Oyl KO3FalTKBILTBHIH KbI3MET €Ty MEp3iMiHIH TeMeHAaeyiHe okenedi. beH30i11bIH
YKOFapbl KaHIICPOTSH/IUIITT OHBIH OCH3MHJIETT KOHIIEHTPALUSCHIH IIEKTEY KaKETTUTIriH
Tynbipansl. Eypo-5,6 cranpaprrapeiaga 1,0 %-gan a3 6enzon xone 24 %-aaH a3 xoumn
nicTi xkemipcytektep Oap (A0mynmunes, 2013; AxmerssHos, 2017; Wpanos, 1990;
Konppames, 2006; Maty3os, 2007).

Bensunperi OeH30/bIH €H YIKEH K31 - MyHall eHJey 3aybIThIHAAFbl PUGOPMUHT
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nponecinin  eHimi. KaranuTukanblk pUQOPMUHT ©HIMI MEH IIUKi3aThIHIAFbI
OEH3071 MEH XOII MICTi KOCBUIBICTAPIBIH XUMMSIIBIK KYPBUIBIMBIH ©3TepTy JKOJIAaphl
KaTaJIMTUKAJIBIK TIporiecTep Oobit TaObuiaaAbl. EH OHTAMIIBI )KOHE THIMII 9JTIC - OTBIH
(pakuusIapbIHIaFbl OEH301 MEH XOII HiCTI KOMIPCYTEKTEPl KaTaTUTUKANIBIK THIPICY,
OyJ1 TYPaKTBUIBIKTHI apTTHIPYFa JKOHE MOTOP OTBHIHAAPBIHBIH OHIMIUTITIH JKaKcapTyFa
MYMKIHIIK Oepeni. Maiinap MeH Ma3yTTapAblH OThIH (pakUUsUIapbIHAAFEl XOII HiCTi
KOCBUIBICTApIBIH (THAPOACapOMAaTH3aLMs) KYPAMBIH TOMEHACTYIIH KaTaluTHKAIBIK,
TEXHOJIOTUSICBIH 93ipJiey OTaHABIK OCH3WH TYPJIEPiHiH Naianany KacHeTTepiH, COHIali-
aKk KazakcTaHgarel SKONOTHSUIBIK JKargaiapl (aya OaccedHIH Ta3apTy) >KakcapTyra
MYMKIHIIK Oepeni. AlTa KeTy Kepek, MyHail camachlHBIH HalapjiayblHa (aybIp
KOHE KOFapbl KYKIPTTi) )KOHE SKOJIOTHSUIBIK TajlanTapblH KaTalOblHAa OaiIaHbICTHI
KaTaJUTUKAJIBIK THAPOTa3apTy MPOLECTEPiHIH MyHail eHAey NpouecTepiHaeri pemi
OapraH caliblH MaHbI3/IbI 00JIa TYCYIIE.

AKIII, bareic Eypomna, Xamonusi, Peceil »oHe KpITall FampIMIapbl KaiiTa eHaey
OHIMEPIH THAPOACaPOMATH3ALUSIIAY MOCEIIECIH ey YIIiH KYMbIC icTeyae. MyHai
eHJIey eHepkaciOinae ruaporenusamus mnpouecrepi Co, Mo, Ni, Cu, W xoHe Oacka
oTIeNi MeTalnjap KOJNJAHBUIATBIH METaJl OKCHIIHIH KaTalnu3aTopiapblHIa KaTaH
Karaainapaa (OKOFapbl TeMIieparypa MEH CYTeri KbICBIMBI) JKY3€re€ acChIpbUIafbl.
[InatuHa TOOBIHAAFBEI MeTalAapra HETi3JeNTeH KaTaluTHKaJlbIK >Kyhenep, acipece
Pt, Pd, Rh xone Ru, runpoaeruapiey peakiusuiapblHbIH €H THIMIII KOHE CEJICKTHUBTI
KaTanu3aropiapsl 0ojibin Tadbutanpl. OHepkacinTe VIII Tonrarsl MeTann HeriziHaeri
KaTanu3arop Ja, CyIb(puaTep /¢ KeHIHeH KOJAaHbUIabl; IereHMEH, OCH30JI MEH XOMI
HiCT1 KOMIpCYTEKTEpIi THIPOTeHU3aLUsIIay Ka3ipri yaKbITTa KaTaH Karaaiiap/a xysere
aceIpbuiansl. XKakpinaa Pt-Pd karanusaropnapsl MyHai eHIMIEpiH THAPOTA3apTy YLIiH,
ocipece OeH3MHIETI OEH30JIbI KOHE IHM3EIbACTT XOI HiCTi KOCBUIBICTApAbl KaJIlbIHA
KeNTipy YLIH KapKbIHIbl KOJJAHBUIABI, COHIBIKTAH 3EpPTTEYIIiIEep ONapIbl MYKHST
Gakputan oteipapl. Pt/ALO,—ke Pd Kocy Gensonpl ruspiey Kesinae OesCeHIiniK neH
TYPaKTBUIBIKTBIH JKOFapbUIayblHA oKeyedi. TchiMangaymsl MeH MOAM(UKATOPABIH
TaOWUFaTBIH ©3repTy apKbUIbI KaTalu3aTopiiap MeTajllapAblH OipKeNKi TapaiyblHa KOJ
KETKi3el, OyJ1 KypaMbIHIa KYKIpT 0ap KOCBIIBICTapFa KATHICTHI OHTAMIIBI KBILITKBLIIBIK,
IIEH TYPaKTBUIBIKTHI cakTaijbl (O0y bakap, 2009; Apyn, 2009; Kapon, 2003; Poccw,
2009; Ysxoy, 2009).

Kemnik KypanmapbIHBIH 1IITEH XaHy KO3FaJITKBIIITAPbIHAA OCH3WH/I Kary Ke3iHgie
HETI3T1 yJIbl KOMIIOHEHTTEP KOMIpPTETi TOTHIFbI, ’KaHOaFaH KEHIJT KOMipCcyTeKTep, Kyle,
KYKIpPT JKoHE a30T OKcuATepi Oonbim Tadbuiaabl. Kazakcran yiuiH, OapiiblK emnep
CHSIKTBI, ayaHbIH JlacTaHy MpoOnemanapbl e3eKTi 0oNabl jkoHe OoibIn Kana Oepei.
Kazakcranna KyH cailblH 2 MWIJIMOHFA KYBIK KOJIK Kypajabl 4 MWUIMOH TOHHAJaH
acTaM 3USHABI IIBIFApPBIHABLIAD IIbIFapaabl. Ka3akcTaHHBIH KONTETeH OHEPKACIIITIK
KaJaJapblHbIH ayaHbIH JIaCTaHy JCHreli KOJJAHBICTarbl HOPMAaTHBTIK LIEKTEPIACH
6-10 ece aptbik. CO-nbin CO -re, komipcyTtekrepain CO, sxone H, O-ra sxoHe KyKipT
JUOKCHIIHIH TPUOKCHJIKE TOJBIK KATAIWTHKAJIBIK TOTHIFYbl aBTOMOOWIIb KONIriHIH
3USHABI MIBIFAPBIHABUIAPEIH OeHTapanTaHAbIPYAbIH €H THIMII daicTepiHiy Oipi OombIm
tabbu1anel (Ipuropenko, 2017; Konbanosckuii, 2002; Kpeuios, 2007).
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KaranutukanpIK TypiaeHAiprilTep i Y Heri3ri Tonka 6emyre Oonaipl: KypaMbIHIa
acbul MeTangap 0ap; eTeN MeTajll OKCHATEPIHEH TYpabl; )koHe d-dJIeMEHT OKCUATEPI
MEH IUIaTHHA TOOBIHIAFBI METaJAapAbsl KAMTUTHIH apajac Karaimusaropriap. Aaina,
achlT MEeTAJIIAP/Ibl KOJIaHATBIH KaTaIn3aropiap eH Kol TapajaFaH 00BN Kaira oepemi
KOHE IUIATMHA METaJAapbIHbIH KbIMOATTBIFBIHA KapaMacTaH, KaJJIblK TIas3aapisl
OHEPKICINTIK Ta3apTy YIIiH KeHIHeH KoJjaHbuiaabl. KartammzatopiapisiH OerceHi
KOMIIOHEHTTEpiHIH TaOWFaThl MEH e3apa JpEeKeTTeCcyi, COHJal-aK KaTaluTHKaJbIK
peaxnys MexaHu3Mi Typajibl Mocelie KeHiHeH TalKbulaHabl. KemnTereH 3eprreynepaiy
HOTIDKENIepl KOOambT HETI3IHIEerl KaTaluTUKaNbIK Jkyienep Oipereit CO TOTBIFY
OCIICeHIUTITIHIH apKachblHIa TOMEH TeMITeparypajia KaTaInTUKAIBIK OCJICEHIUTIKKE e
exeHid kepcetTi (Koym, 2010; Parran, 2014).

Amomunuii okcuainin Co,0,/y-Al O, karanu3aropbiHa 9pTYpIIi CUHTE3 diCTEPiHE
9CEpiH 3epTTey CIHAIPY 9/1iCTEPIMEH aJIbIHFaH KaTaJIN3aTOP/IbIH JKOFapbl OSICSHILTIT Oap
ekeHin kopcetrTi. Pentrenorpadus anicimen CoAlO,, Co,0,, Co xaone Al,O, daszanapsr
Co/Al O, karanmusaropiapeinaa Co Ma3MyHbIHA OaiTaHBICTBI OONATHIHBI KOPCETIITEH.
Co-TBI achll MeTalnjapMeH, aram aiWTkanma Pt skome Co okcuarepiMeH OipiKTipy
HOTHXKECIHJIE aJIbIHFaH KaTajau3aropiap 3epTreiai. Ackul Metamul npomortopiapsl Co/
A1203 KaTaJIM3aTOPJIAPBIHBIH KATAIUTUKAIBIK OEICeHIUNIT MEH TOTHIKCHI3aHYbIH
xakcapransl. [lnatmHaHBIH OONyBl KalIblHA KENTIPY MPOLECIH JKEACHIETIN KaHa
KOWMai, COHBIMEH Karap CIHJIIprill KaTaJau3aTropjbl JaibIHAay Ke3iH/Ae /e, KaJIbIHA
KEeJTIpy MpoIleciHye e naiina 0onarelH KYpleli IIMUHETb KYPhUTBIMAAPBIH KaJllbIHA
KENTIPYIiH KeKe Ke3eHIEPIHIH PeTTIIITiH 63repTeTiHI aHBIKTaJIIbL.

AnbIC 1IET enjep apachlHIa KOpLIaraH OPTaHbl KOPFAy KaTaJlu3aTOpJIapbIHbIH
xerekmi enxipyurinepi UOP, Engelgard (AKIH), Imperial Chemical Industry (ICI,
Awnrnus), Haldor Topse (danus), Girdler (ILBenust) sxone Rhone Poulene (®panmust)
Oombinn  TaObUTagBl. bByn ¢dupmanap mnaliganaHpuUFaH Ta3gapAbl  TazapTy  YIIiH
KaTaJqu3aTopiapabl YHEMI >KeTUIIIPIN OTBIpa/bl, 6MTKeHI KOpIIaFaH OpTaHbl KOpFay
TajanTapbl KaTailbim kenei. CumaTTaisFral SKOJIOTHSIIBIK MOCEIICHI MENTyIiH Oip JKOIIbI
0ap — KeJiK Kypaljapbl JKOJOTHSIBIK Ta3a Ooiybl Kepek. bipiHmiizeH, OeH3WHHIH
carachlH KaKcapTy KepeK, eKiHIIiACH, YIJIbl IIbIFapbIHABLIAPAAH MIBIFATBIH ra3aapasl
OeliTapanTaHABIPYABIH THIMAI XYyHecin Komgany kaxer (Ban, 2012; Bocyru, 2017;
Os3kapa, 2005; Ma, 2012; Auccon 2002).

Byt 3eprTey KYMBICHI MOTOP OTBHIHBIHBIH KOMIPCYTEK KYpaMbIH >KaKCapTy >KOHE
naianaHbUIFaH ra3fapiblH  YJIbl KOMIIOHEHTTEpiH OedTapanTaHIblpy >KOJIBIMEH
aBTOMOOWJIb ~ KOJITiHIH YBITTHl MalJajaHbUIFaH Ta3fapblH  Ta3apTy apKbUIbl
KazakcranublH aya OacceliHiH Ta3apTynblH SKOJOTHSUIBIK HPOOJIEMACHIH IIELIyre
OarbITTanFan. 3epTTey KYMBICTAPBIH KYprizy 6apbicbinaa 10%Co/Al O, xone 15%Mg/
AlLO, xone Oumeranapr Co:Mg=2:1 karamusaropnapel cunTe3neni. byn seprrey
KyMbIchinaa Katamusatopnap Co(NO,),"6H,O colikec MeTamn KOCBUIBICTapbl 6ap
Cynbl TY3 epitiainepi 6omapl, Kypambraaa Co 10%. KobGansT okcuarepine 6acekemnec
peTinae Maruui okcui Kocrnanapel 6ap yarinep Co(NO,),-6H,0 sxone Mg(NO,),-6H,0
TY31apbIHbIH JKannbl epiTingicinen Al O, Oipkenki CiHipy omiciMeH Oip Mesrijae
apanacTbipa OTHIpBIN AalbiHAanansl, Kypambiaaa 10%Co xone 15%Mg Oap cinaipy
oflicIieH AalbIHAATa b
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3epTTey HBICAHBI MEH dicTepi

Karanuzarop bUIFain ChIABIMIBLIBIFGI OOMBIHIIA ayaHbl CIHIPYIIH ASCTYPI 9IiCIMEH
JaibIHAI B, AJIBIMEH amroMuHuN okcu i 550°C TeMmieparypaia 3 caraTka KenTipiii.
CopaH KeliH TachIMaNIaFbIIITHIH BUIFAJIBUTBIFBI aHBIKTAABL. Mg skoHe Co THTpIICHIeH
epitinainepi 0,12 r/mn xone 0,16 r/mn Mg(NO,)*6H,0 xone Co(NO,)*6H,O nutpar
TY3/1apbIHBIH KOHIICHTpAIMSIChIMEeH naibiHaan/pl. Coman Kelin Oenrii Oip MeJiepe
JUCTUIZICHTEH Cy KOCBUIaZpbl, OYKIT KOCIAChI JKaKChUJIAIll apalacThIpbUIabl JKOHE
KeMTIPUITeH TachIMaJIay bl ePITIHAINe CaabIHAIBI, TOJIBIKTAN CIHIIPIN apaaacThIpabl,
O0ip kyHre OeJMe TeMIIepaTypachlHIa KaJIbIPbIIaabl. AJIBIHFAH KaTaau3aTop.ibl
apayacTBHIPBUIBIIT YHTAK KYHTe KeNTeHIIe apajacThIpbUIabl, COMaH KeliH | cararTaH
300, 400, 550, 650, 750, 800, 900, 950, 1100°C Temneparypanapia KbI3IbIPbLIA B
Hotmxkecinne keneci karanusaropiap madbganis: 10% Co/AlO,, 15% Mg/Al,O
skoHe ommetanael Co:Mg=2:1.

Anbraras qudpakuusuibik gepexrep [.B. Cokonbekuii aTbIHAAFbI JKaHAPMAH, KaTau3
JKOHE DJIEKTPOXUMHSI HMHCTHTYTBIHAA IUPPAKTOMETPIEri PEeHTreHAIK Audpaxius
onicimen JIPOH-4-0.7 (Peceii) KypbUIFBICHIH/IA aJIbIH/IBI. PeHTIeHO(Da3aIbIK TaIAay b
(U3MKaIBIK 3epTTey dJiCTepi 3epTXaHACKIHBIH FBUTBIMU Kbi3MeTkepi B.I1. ['puropnesa
xyprizai. Penrrenodasansik Tangay (POT) maprrapsr: CoKo coyneneny, 20=5-100°
OYpBIIITAPBIHBIH apalbIFbIHAA, YHTAK oaiciMeH xkyprizuimi. XXoue BOT OolibiHina
tangayna Hotwkenepai JI.B. Cokxonbckuil aThIHIAFBI JKaHapMai, Karaiu3 >KoHe
ANIEKTPOXUMHUSI HHCTUTYTHIHBIH 3€PTXaHACBIH/A XKYPTri3iili.

3epTTey HOTHIKeIePi KIHE 0J1apP/AbI TAIKbLIAY

550, 800 sxome 1100°C temneparypana kyiinipiaren 10%Co/Al O, karanmsarop
yirinepinig audpaxrorpaMmmanapsl kepcetinres (cyper 1-3). 550°C temmeparypana
Co,0, xobaneT mWnuHenbAepine TOH (azanap Oalikananbl. AWTa KeTy KEpeK, KOOaIbT
amomunarel, CoAlO, kakpiH (asanap >KUBIHTBIFbIHA Me. Byl KOCBUIBICTap TEK
dasanbik Kypambiven epekmeneneni 6yn ek Co,0, ke Ton: 4.67, 2.87, 2.46, 2.02, 1.57
xoHe 1,43 A, ALO, dazanape! Gaiikanmaiael. Yirini ayaga 800°C Temneparypana
KeI3BIpY 4,67 A Temmeparypana hazanapasiH TOMEHeyiHe JKIHE Co,0, xane CoALO,
(asanapbIHbIH KUBIHTHIFBIHBIH cakTanybiHa okenendi. y-AlL O, dasacel aitapibikrai
JKOFaphl JMCTIEpCHsFa OailaHbICThl alKbiH KopinOeni xone a-Al O, xok. 1100°C
temneparypazna Co,O,-ten 4,7 A-re neitinri (aza mry neHreifinge 6omaas KoHe Oy
¢asa xox. Pentrenorpammana CoAl O, pazanapel, connaii-ak a-Al O, dasanapsr 6ap:
3.50,2.58,2.36,2.07, 1.75, 1.60, 1.56, 1.40, 1.37 sxone 1,24 A.

Yarinin Temneparypackl 550°C, comaH KeiiiH MaKCHUMYMHBIH KapKbIH/bLIBIFBI
850°C Temmepatypana adrapibikrait Temennaeini, 1100°C temneparypana Oapibik
JIEPIIK KOOAJIbT OKCHJII KOOAIBTOATFOMUHUN IITMTUHETIHE aifHAIa bl
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Cyp. 1. (a) 550°C kesinge kyiaipinren 10%Co/AlO, KaTanu3aTopIbIH PEHTTEHIK (ha3abIK TaIIay bl
(Fig. 1. X-ray diffaraction analysis of the 10% Co/Al,O; catalyst calcined at (a) 550°C)
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Cyp. 2. (b) 800°C kesinne xyinipinren 10%Co/Al,O, KaTanu3aTop/IbIH PeHTIEHIK (a3albIK Talfaysl
(Fig. 2. X-ray diffaraction analysis of the 10%Co/Al O, catalyst calcined at (b) 800°C)
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Cyp. 3. (c) 1100°C xesinne xyinipinren 10%Co/Al,O, KaTanmu3atop/IbIH PEHTICHIIK (a3albIK Tataybl
(Fig. 3. X-ray diffaraction analysis of the 10% Co/Al O, catalyst calcined at (c) 1100°C)

Kecre 1 . ©p Typni Temneparypana naiibinanran 10%Co/Al,O, KaTamu3aTopbIHBIH OETTIK ay/laHbI

Ne Karanuzarop S, M1
1 Tacemvangarsim 550°C, 2104
2 10%Co/AlO,, 6acTanksl 146,6
3 10%Co/AlL0O,, 1 carar, 300°C, 182,1
4 10%Co/AlL0,, 1 carar, 400°C, 184,4
5 10%Co/Al0,, 1 carar, 550°C, 173,0
6 10%Co/AlLQ,, 1 carar, 650°C, 162,6
7 10%Co/Al,0,, 1 carar, 750°C, 143,6
8 10%Co/AlO,, 1 carar, 800°C, 135,5/138,1
9 10%Co/AlO,, 1 carar, 900°C, 118,1
10 10%Co/AlLQ,, 1 carar, 950°C, 93,3
11 10%Co/AlLO,, 1 carar, 1100°C, 21,5

Bar OoiipiHia ajncopOuus oJiciMeH op Typil TemIieparypaja ajlroMOKOOaIbT
yiriiepinig 0ettepi anbikTanabl (kecte 1). TachiMangayIibIHBI KOOAJIBT HUTPATHIMEH
CIHJIpreHHEH KeWiH TachIMaaaymbiHeiH Oeri 210,4-ten  146,6 wm2/r-ra  neifin
temeneiai, 300—400°C Temneparypa apajiblFbiHIa YIrUiepaiy oeti 146,6-nan 182,1-
184,4 M%r-ra neifiH aprajpl, IIaMachl, KOOAJIbT HHUTPATBIHBIH bIIBIPAYBI YILIIH, all
KBI3JIBIPY TEMIIEPaTypachl OJIaH 9pi )KOFapbUIaraH Ke3/ie 0achIHia O1pTiHae TOMEHICHTI
kKoHe KypT TeMeHnei i 950°C-naH sxoFaphbl KbI3IbIpFAHHAH KCHiH.
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Cyp. 4. 1100°C remneparypana kyinipinren Co:Mg=2:1/Al,0, KaTanu3aropbIHbIH PEHTTEH]IIK
(hazaipIK Tanmaysl
(Fig. 4. X-ray diffaraction analysis of the Co:Mg=2:1/Al,0, catalyst calcined at 1100°C)

Co(NO,),*6H,0 xone Mg(NO,),*6H,0 epringicinge Oipre CiHAipiireH, comnam
keitin 1100°C Temmnepatypana 1 carar Ooibl KpI3ablpy kesinge MgO da3zanapbiHbIH
eKi KUBIHTHIFEI %koHe CoO/MgO KarTel epiTiHfici Oalikamans! - 2.41, 2.13, 1.48, 1.27
xone 1.21 A xone Co,0, - 4,66, 2,86, 2,45, 2,03, 1,58 xone 1,43 A (cyper 4). Kakpa
(asanap ubHTBIFbIHIA ITTHHENBAED 1€ 6ap: MgCo,0, sxone CoAlLO,. Anaiina, Co,O,
OCBHl €Ki IIMHUHACTBACH albIPMAlIbUIBIFBl, KAPKBIHABUIBIFEI [IaMamMeH 19% OonarsiH
4,67 A da3acel, OV KHUBIHTHIKTHI Co,0, (hazachIHBIH OOJybIHA MYMKIHAIK Oepei.
Herenmen, mmunenbaepain acipece MgO, MgALO, xone CoAlLO, GomybiH *kOKKa
bIFapa anMaimbl3. AfTa KETy Kepek, peHTreHorpammana y ¢opmanapsinan AlO,
dasanaper xok xone MgAlL O, dasanapsr xok, Oyn MgO xoune AL O, (kpiceiv 280 K
xoHe Temneparypa 1100°C) katTbl xaraaiaa 00Iybl MyMKiH.

KopbIThIHABI

3eprrey KymbicTapbiH Kyprizy Oapeickinna 10%Co/AlO, xone 15%Mg/AlLO,
xoHe Oummetanapl Co:Mg=2:1 kartanuzaropnapsl cuHTe3nenai. Karamuzaropnap
Co(NO,),"6H,0O coiikec MeTamn KOCBUIBICTapbl 6ap Cysbl Ty3 epiTiHainepi G0,
kypambigaa Co 10 %. KobGansr oxcuarepine Oacekenec peTiHAE MarHud OKCHAI
kocmanapel 6ap yarinep Co(NO,), 6H,0 xone Mg(NO,), 6H,0 Ty3napbiHbIH jKaIibl
epitinpicinen Al O, OGipkenki CiHipy omiciMen Oip Me3riIIe apanacTbipa OTBIPHII
naiipiaaanaasl, kypamsiaaa 10%Co xone 15%Mg Oap ciHaipy saiciieH JaibiHIanaabl.
Ocpuiaiiia, JalbIHAAIFaH KaTaln3aTopIIap/blH KACUETTEPl pEHTTeHIIK (a3aliblK Tanaay
omiciMeH 3epTTenai. PEHTreHIiK HOTIDKENep METaH MEH KOMIPCYTEKTEpHIiH TOJBIK
TOTBIFYBI YIIIIH Oesicen i emec oTrerin KypaiTein Co(AlO,), mmnuHenbaAepinin Ty3uTyin
kepceteni. Co xoHe Mg KaTanu3aTOpbIHBIH MOAW(UKAIMSIAPH! IIHHENBIIH Haiaa
OouybIHa K011 OepMelifii, OChUIalIIa KaTaln3aTopiIapablH OSICEHIUTITIH apTThIPaIbl.
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Abstract. Datura Stramonium from the Solanaceae family, known for its poisonous
and medicinal properties. It has antibacterial, anti-inflammatory, antispasmodic,
anticholinergic, antitumor, fungicidal, acaricidal, pesticidal action. Actions are due to
the content of various biologically active substances (BAS) such as alkaloids, organic
acids, flavonoids, essential oils. The plant is widely used in folk and modern medicine.
The growing species of the Datura Stramonium plant in Kazakhstan is poorly studied.
Considering the wide reserves in the country, the proven biological activity in foreign
countries and the widespread use in medicine, agriculture, as a fuel, there is interest
in the study of this herbal raw material and replenishing the base of medicinal herbal
preparations from domestic raw materials. This article presents the results of a study of
the chemical composition of the non-polar fraction of the extract from the aerial part
of Datura Stramonium L studied by chromatography-mass spectrometry and the study
of the bactericidal activity of BAS complexes isolated from some organs of the plant
Datura Stramonium L..

Keywords: chemical composition, alkaloids, bactericidal activity, Datura
Stramonium, Datura
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AHHoTamus. Solanaceae TYKbIMIAChIHA JKaTaThlH Datura Stramonium eCiIMIIK,
©31HIH YJIbl KOHE eMJIIK KacueTTepiMeH TaHbiMai. O OakTepusira Kapchbl, KaObIHYFa
Kapchl, CIA3MOJHUTHKAIBIK, aHTHXOIUHEPTUSUIBIK, 1CIKKE Kapchl, (QYHTHUIHITIK,
AKapULUATIK, TECTUIMIATIK ocepre ue. OPEeKeTTep KypamblHAa alkaJouaTap,
OpTaHMKalbIK KBIIKbUIIAD, (GuiaBoHOMATAp, 3(PUP Maljmapsl CHUSKTBl JPTYpIi
Oouonorusiiblk Oencen i 3arrapiasiH (BAS) OonybiHa OaiylaHbICTI. 3aybIT XaJBIKTHIK
JKOHE 3aMaHayHd MEIUIIMHAIa KeHIHEH KoJaHblIaael. Datura Stramonium eciMairiHig
Kazakcranma eceriH Typi Hamiap 3epTTelreH. Emimisneri Moji KOpbIH, HIET ejuepie
JIQJICTIICHT€H OMOJIOTHSIIBIK OCJICEHILTITIH KOHE MEIUIIMHA/IA, Ay bUT [IIAPYaIIbUIBIFbIH 1A
OTBIH PETiH/IE KCHIHEH KOJIaHbUTYbIH €CKEPE OTHIPBII, OCHI IIOI IHUKI3aThIH 3ePTTEYTe
JKOHE OTAaH[BIK INUKI3aTTaH JOPLTIK LIeMN MpenapaTTapbiHbiH 0a3achblH TONBIKTHIPYFa
KBI3BIFYIIBUIBIK ~ 0ap. Marepuaimap. byin  wmakamaga Xpomartorpagusiibik-Macc-
CHEKTpOMETpUsIMEH 3epTreired Datura Stramonium L ChIFbIHIBICHIHBIH MOJISPIIBI EMEC
(paKIUSCHIHBIH XUMUSUIBIK KYPaMbIH 3€PTTEY KOHE KeHOip MyluenepiaeH OesiHreH
BAS kemieHepiHiH OaKTepUIMITIK OEJICEHIUTINIH 3epTTEy HATHXKEIepi OepiiireH.
oecimaik Datura Stramonium L

Tyiiin ce3aep: XMMHUSIIBIK KYpaMbl, ajJKaJIOUATAPbI, OAKTEPUIIMITIK OSJICEHIIIr,
Datura Stramonium, Datura

Myaaesiep KaKThIFBICHI: ABTOPJIAp OChI MaKaajia My IJIeliep KaKThIFBIChI )KOK JICTT
MaJIIMIAEMEN .
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AHHoTanms. pacrenue Datura Stramonium n3 cemeiictsa llacieHoBbIe, H3BECTHOE
SITIOBUTBIMU U JIe4eOHBIMH cBoiicTBamMu. OHO 00NaaeT aHTHOAKTepHaTbHBIM, TIPOTHBO-
BOCTAJINTENIbHBIM, CIIA3MOJUTHYECKUM, aHTUXOJIMHEPTUYECKUM, TIPOTHBOOITYXOJIEBBIM,
(YHTUIUIHBIM, aKapUIUWAHBIM W TECTHLUAHBIM JCUCTBUSIMU. JleHcTBus 00yciioB-
JICHBI COJIEp)KaHMEeM pa3IM4YHbIX Ouojormdeckn akTuBHbIX BemiecTB (BAB) kax
QJKaJOU/Ibl, OpPraHWYeCKHEe KHUCIIOThL, (IaBoOHOWIBI, d(HpHBIE Macna. PacreHue
IIMPOKO IPUMEHSETCS B HAPOJHOM M coBpeMeHHOW MemuuuHe. [Ipoumspacraromuit
Buj pactenust Datura Stramonium B KazaxcraHe Majou3yudeH. YUHTHIBasl HIMPOKHE
3amacel B CTpaHe, JIOKa3aHHYH OMOJIOTHYECKYI0 aKTHBHOCTh B 3apyO€KHBIX CTpaHax
Y IIMPOKOE NMPUMEHEHHE B MEAWIMHE, CEIbCKOM XO3sMCTBE, B KaueCTBE TOIUIMBA
€CTh MHTEPEC B MCCIEIOBAHUU JAHHOTO PACTUTEIBHOTO CHIPbSl M TOTOJNHEHHs 0a3bl
JIEKAPCTBEHHBIX PACTUTEIBHBIX IPENapaToB M3 OTEUYECTBEHHOTO ChIphsi. B nanHOM
CTaTb€ MPUBOIATCSA PE3yJAbTaThl MCCIIEAOBAHUS XHMHYECKOTO COCTaBa HEMOJSPHOM
(dpakuuu dKCTpaKTa U3 HaJ3eMHON Yactu Datura Stramonium L n3ydeHHOW METOIOM
XpOMaTO-Macc-CIEKTPOMETPUH U U3yUeHHE OaKTePUINIHON aKTUBHOCTH KOMILIEKCOB
BAB BbIfienieHHBIX U3 HEKOTOPBIX OpraHoB pactenust Datura Stramonium L..

KutoueBble cj10Ba: XUMHUYECKHI COCTaB, aJIKaIOU/Ibl, OaKTepUIIIHAS AaKTUBHOCTB,
Datura Stramonium, Datura

KoHdauKT nHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(IIUKTa HHTEPECOB

Introduction

Datura Stramonium (common Datura) is an annual herbaceous plant of the
Solanaceae (nightshade) family. The plant has a wide geographic distribution, is
easy to cultivate and grows well in open, sunny areas. Reaches up to 0.5-1.5 m in
height. All parts of the plant are rich in tropane alkaloids (hyoscyamine, scopolamine
in large quantities), which serve as a defense mechanism against herbivores. Tropane
alkaloids exhibit hallucinogenic, toxic and pharmaceutical effects. Since ancient times,
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the therapeutic effects obtained after taking parts of the Datura plant known. To date,
anticholinergic actions, control over the nervous system of alkaloids hyoscyamine and
scopolamine used in the modern pharmacopoeia (Benitez, 2018; Bye, 2013; Rui Wang,
2010; Ruan, 2013). The plant is rich in a complex of biologically active substances
(alkaloids, polysaccharides, flavonoids, coumarins, organic acids, essential oils), due
to which they are used in medicine. In folk medicine, the plant used to treat patients
with hysteria, epilepsy, depression, migraine headaches, spastic speech and swallowing
disorders. In medical practice, Datura preparations used mainly as antispasmodics: for
bronchial asthma, spastic bronchitis, convulsive cough. It used as an insecticidal agent
against pests (hawthorn caterpillars, cabbage moths, mites and herbivorous bugs) (Rai,
2013; Xu, 2017; Kuete, 2014). In addition, Datura oil can serve as a raw material for the
production of biodiesel fuel. The researchers report that the plant's oil has good kinetic
viscosity. Biodiesel fuel from plant seed oil has the same calorific value and cetane
number as diesel fuel (Ibrahim, 2018; El Bazaoui, 2011; Sharma, 2009; Banso, 20006).

Kazakhstan has wide stocks of the plant Datura Stramonium, but it is practically not
studied. In this connection, there is relevance in its research and replenishment of drugs
made from domestic raw materials.

Methods and materials

The object of the study is the aerial part, the Datura Stramonium plant, collected in
the Almaty region in the vegetative phase of development.

Identification of the chemical composition of the hexane extract obtained from the
seeds of Datura Stramonium L. carried out by GC/MS on a Thermo Fisher device. The
temperature of the thermostat of the column programmed: initial temperature — 50°C.
Retention — 3.0 min, then rise in temperature at a rate of 4°C/min to 220°C, hold for 4.5
min, then rise in temperature at a rate of 10°C/min to 250°C, hold for 1.0 min, at the end
rise in temperature at a rate of 10°C/min to 290°C, hold — 2.0 min, total time — 60 min.

Obtaining and analysis of the bactericidal activity of a conditional phytopreparation
obtained from the bolls of the plant Datura Stramonium L.

Obtaining a conditional phytopreparation (K-1) from boxes of Datura Stramonium
L. 5 g of crushed raw materials to a particle size passing through a sieve with a diameter
of 4—7 mm, pour 40 ml of 70 % ethyl alcohol in a ratio (1:4) into a pre-weighed round-
bottom flask. Then it heated to 40°C under reflux for 3 hours, cooled, the loss in mass
replenished with a solvent, after which is closed with a ground stopper and kept at
room temperature for 24 hours to determine the amount of extractives. The extract
then filtered. The extraction process is repeated 2 more times in the manner described
above. The combined filtrates are concentrated in vacuo. After drying, a conditional
phytopreparation K-1 obtained.

Conditional phytopreparation K-1 transferred for the study of bactericidal activity
to the laboratory of the Kazakh Research Institute of Plant Protection and Quarantine
named after Zh. Zhiembaev.

In laboratory conditions, the effectiveness of conditional phytopreparation K-1
evaluated in concentrations: 10 %, 20 %. The bactericidal properties of the presented
biological preparations carried out in laboratory conditions by the method of wells on
potato agar (KA), according to the guidelines.
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As test objects, a pure culture of the bacterium Erwinia amylovora, the causative
agent of bacterial burn, used, which identified by PCR analysis. In Petri dishes with
a nutrient medium, a daily culture of the test-object inoculated, the concentration was
109. In the center of the Petri dish of the inoculated test-object, 12 mm wells made,
where ready-made solutions of biological preparations added. Petri dishes were placed
in a thermostat at t 25-26°C, which is optimal for bacterial growth. After 3 days, the
presence of a zone of inhibition of bacterial growth noted.

Results and discussion

The GC/MS method used to identify the chemical composition of some groups of
biologically active substances in a hexane extract obtained from the seeds of a mature
Datura plant.

In the hexane extract, 5 substances were identified by chemical nature, classified as
coumarins, alkaloids and phenylpropanoids.

Substance 1 — white, white-yellow crystals, mp. 146—-149°C, bp. 452.1+45.0°C,
density 1.3584+0.06 g/cm3, related to coumarins.

RT 0008006

#1173 AT 4168 AV 1 NL 199ET

| o L a4 M08 A0S 100 T4 M100 38501 40004 41400 48100 47351 50820 54814 STT51 SG4ED

100 150 200 a0 00 350 400 50 500 550

Figure 1 - GC/MS isofraxidin (extract)

From the mass spectrum of the substance presented in Figure 1, we see a protonated
molecular ion at 222 m / z. Fragments at positions 207 and 179 indicate the loss of
CH, and CO groups at carbon atoms C6 and C8, fragments at 194, 166, 151 and 123
m/z are associated with the breakage of CO groups. Therefore, taking into account the
characteristic ion products, the loss of the CO fragment (which is the main fragmentation
pathway for coumarins), it was concluded that this substance was assigned to coumarins.

Based on the comparison of the obtained GC/MS spectrum with the library, substance
1 identified as isofraxidin, the structural formula of which is shown in Figure 2.

88



Volume 3, Number 456 (2023)

H,CO 94\3
6
2
HO™ 7 10(? 0
OCHs

Figure 2 - Structural formula of isofraksidina

Substance 2 — crystallizes from ether in white needles, m.p. 62°C, is optically
inactive, easily soluble in alcohol, chloroform and ether, somewhat more difficult in
benzene, hardly soluble in water.
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Figure 3 - GC/MS apoatropine (extract)

Figure 3 shows the characteristic signals of ions m/z 124, 93 and 91, which appeared
in the spectrum of the protonated molecular ion at m/z 271. This result indicates that this
is a dehydrated metabolite of atropine classified as an alkaloid.

Based on the comparison of the obtained GC/MS spectrum with the library, substance
2 identified as apoatropine, the structural formula of which shown in Figure 4.
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N
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Figure 4 - Structural formula of apoatropine
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Substance 3 — white crystalline or odorless granular powder with so pl. 1
118°C, freely soluble in water and alcohol.
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Figure 5 - GC/MS atropine (extract)

Full scan mass spectral analysis of substance 3 shown in Figure 5 revealed a
protonated molecular ion m/z 289. Fragmentation of the protonated molecular ion
atropine in the ion trap resulted in the formation of product ions at m/z 124.93. The most
abundant product ion at m /z 124 was result of the loss of tropic acid (C;H, O,). It was
concluded that the ion at m/z 93 is result of the loss of NH2CH3 from the ion m/z 124.

Based on the comparison of the obtained GC/MS spectrum with the library, substance
3 identified as atropine, the structural formula of which shown in the figure.
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Figure 6 - Structural formula of atropine

Substance 4 — colorless transparent crystals or white crystalline powder with the
like. 59°C, slightly soluble in water, good in alcohol.
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Figure 7 - GC/MS scopolamine (extract)

Mass spectral analysis of scopolamine in Figure 7 showed a protonated molecular
ion m/z of 303. Fragmentation of the protonated molecular ion scopolamine in the ion
trap resulted in five major product ions m/z: 286, 274, 156, 138, and 110. Product ions
at m /z 286 and 274 resulted from the loss of H20 and HCHO from the molecular ion at
m/z 303, respectively. The most abundant product ion at m/z 138 resulted from the loss
of tropic acid (C9H1003). The ion at m/z 156 result of the loss of COH8O2. Fragment
ions at m/z 156, 138, and 110 coexisted in the spectra at m/z 286 and 274. Itconcluded
that the ions at m/z 156 and 138 represent a pair of characteristic scopolamine product
ions.

Thus, based on the comparison of the obtained GC/MS spectrum with the library,
substance 4identified as scopolamine, the structural formula of which shown in
Figure 8.

HiC
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Figure 8 - Structural formula of scopolamine
Substance 5 - colorless crystalline compound with so pl. 74°C, bp 163-165°C.
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Figure 9 - GC/MS coniferol (extract)

Mass spectral analysis of coniferol in Figure 9 showed a protonated molecular ion
m/z 180. We see a characteristic peak at m/z 137 result of the loss of COH8O2.

Thus, based on the comparison of the obtained GC/MS spectrum with the library,
substance 5 identified as coniferol, the structural formula of which shown in Figure 10.

/O
\ OH

HO

Figure 10 - Structural formula of coniferol

Thus, the study of the hexane extract of the seeds of the dope plant showed the
presence in the extract of significant amounts of alkaloids atropine, apoatropine,
scopolamine, as well as phenylpropanoid coniferol and coumarin isofraxidine.

Obtaining and analysis of the bactericidal activity of a conditional phytopreparation
obtained from the bolls of the plant Datura Stramonium L.

From the boxes of Datura Stramonium L., a conditional phytopreparation obtained,
which is a dry 70 % water-ethyl concentrate, since this solvent is the optimal extractant
for extracting the main groups of biologically active substances.

The conditional phytopreparation K-1 is a dark green powder, highly soluble in 30
% ethyl alcohol, ethyl alcohol, 50 % aqueous acetone, slightly soluble in 10 % alcohol
and practically insoluble in water.

The conditional phytopreparation includes phenols, flavonoids and their glycosides,
phenolic and amino acids, tannins and alkaloids.

Conditional phytopreparation transferred for biological screening of bacterial activity
to the laboratory of the Kazakh Research Institute of Plant Protection and Quarantine
named after Zh. Zhiembaeyv.
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Astest objects, a pure culture of the bacterium Erwinia amylovora, the causative agent
of bacterial burn, used, which identified by PCR analysis. The efficiency of conditional
phytopreparation K-1, obtained from the bolls of the studied plant at concentrations of
10 %, 20 %, was evaluated by the method of wells on potato agar (KA).

The results presented in table 11 and in figures 11-14.

Table 1 - The results of the study of the bactericidal activity of the preparation K-1 on the culture of
Erwinia amilovora

Control options | Concentration Erwinia amilovora coverage area

1 repeat 2 repeat 3 repeat
Control sterile water, 100% | - - -
Fitolavin 5% 0.4 0.5 0.4
K-1 10% - - -
K-1 20% 0.6 0.6 0.7

AOR LA O/ b

Figure 11 - Study of the bactericidal activity of the preparation K-1 on the culture of Erwinia
amilovora by the well method (control - sterile water).

Figure 12 - Study of the bactericidal activity of the preparation K-1 on the culture of Erwinia
amilovora by the method of wells (standard - phytolavin).

Figure 13 - Study of the bactericidal activity of the preparation K-1 on the culture of Erwinia
amilovora by the well method (K1 — 10 %).
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Figure 14 - Study of the bactericidal activity of the preparation K-1 on the culture of Erwinia
amilovora by the well method (K1 —20 %).

The results show that the conventional phytopreparation K-1 is effective against
the pathogenic Erwinia amilovora culture at a concentration of 20 % compared to the
control in the form of sterile water and the positive control in the form of'a 5 % solution
of phytolavin.

Conclusion

Thus, Datura is a plant worthy of attention due to its various biological activities
and applications. Our analysis of the aerial part of the plant showed a number of
biologically active substances, mainly belonging to the class of alkaloids due to the
presence of a whole complex of biologically active substances, the therapeutic effect
of Datura observed. For the first time, 5 substances (isofraxidine, apoatropine, atropine,
scopolamine, coniferol) were identified by GC/MS in a hexane extract obtained from
the seeds of the plant Datura Stramonium L.

For the first time, the bactericidal activity of a conditional phytopreparation obtained
from the bolls of the Datura Stramonium L. plant was determined. The efficiency of
the obtained conditional phytopreparation established in comparison with the control
sample.
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Abstract. In this paper, the effect of regenerate on the properties of rubber compounds
and their vulcanizates is studied. The use of regenerate in rubber mixtures allows you
to speed up the mixing process. Since the regenerate contains dispersed ingredients,
the energy consumption is reduced. The use of regenerate improves the technological
properties of mixtures (syringing, calendering), increases the rate of vulcanization,
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reduces the tendency to sub-vulcanization, reduces the consumption of chemicals.
Vulcanizates containing regenerate are characterized by higher resistance to oxidation
and thermal aging, however, elasticity, tensile and tear strength, abrasion resistance and
fatigue strength decrease. The decrease in strength limits the use of regenerate. When
the regenerate is introduced into rubber mixtures, the speed of their mixing increases.
When introducing regenerate into rubber mixtures, increased rates of syringing and
calendering can be used with good preservation of the profile of the molded workpiece.

The conducted studies have shown that from a technological and economic point of
view, the manufacture of a composite material based on a regenerate with a soapstock
is justified. Physical and mechanical parameters are improved: conditional tensile
strength, elongation at break and hardness. Compositions that do not contain regenerate
have satisfactory properties. When 50 mass parts of regenerate per 100 mass parts of
rubber are introduced into the composition, compositions with a good combination of
conditional strength and elongation indicators are obtained, but such a composition has
an unsatisfactory hardness index. The use of secondary raw materials in the composition
of compositions (regenerate with soapstock) allows us to recommend them for the
manufacture of various rubber products. The use of waste also makes it possible to
increase the efficiency of the use of secondary raw materials and solve environmental
problems.

Keywords: vegetable oil production waste, regenerate, regenerate with soapstock,
hardness, viscosity, elongation, natural rubber.
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PEI'EHEPATTBIH PE3UHA KOCITAJIAPBI MEH OJIAPAbIH
BYJIKAHU3ATTAPBIHBIH KACUETTEPIHE 9CEPI

AnHoTtanusi. By >KymbpIcTa pereHeparThlH pe3nHa Kochajapbl MEH OJapAblH
BYJIKQaHU3aTTapbIHBIH ~KacHeTTepiHe ocepi 3eprrenreH. PeswHa KocmamapbelHaa
pereHepaTThl KOJAaHy, apajacThIpy IPOIECiH KbUIAaMAaTyFa MYMKIHZIK Oepei.
Perenepar kypamblH/Ia JUCIIEPCTI MHTPEIUSHTTEP OOJIFAHIBIKTAH, SHEPTHUS HIBIFBIHBI
azasibl. PereneparThl KonmaHy Kocnanap bl TEXHOIOTUSUIBIK KACUETTEPiH KaKcapTa bl
(CBIFBIMIANFBIITHIFGL,  KalAHAPIICY), BYIKaHIAy O KbUIIAMIBIFBIH  apTTHIPAJB,
ByJIKaHIayFa OSHIMIITIKTI TOMEHAETE i, XUMIUTBIK 3aTTapAbl TYTHIHYIBI a3aiTabl.
Kypambiaia perenepar Oap ByJKaHHM3aTTap TOTHIFYFa JKOHE TEPMHSUIBIK KapTarora
TO3IMIUTIKTIH JKOFapbUIaybIMEH CHUNATTalaAbl, OipaK CepmiMIiNiK, CO3bUIY >KOHE
KBIPTBUTY OEPIKTITi, KyJIMallayFa KapChUIBIFBI )KOHE KaXKyFa TO3IMIILIITT TOMEHICHII.
BepikrikTiH ToMeHAEyl pereHeparThl KOIIaHYIAbl MIeKTeli. Perenepartsl pe3nHa
KOCTaJapblHa €HTI3reH Ke3[e OJapIblH apajacThIpy >KbUIIAMIBIFBI apTaiasl. Pezuna
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KOCIajJapblHA PEreHEepaTThl CHII3TeH Ke3J/ie, KaJbllTalfaH JalbIHIaMaHbIH TPOQIIiH
JKAKChl CaKTail OTBIPBII, IIMPUITEY MEH KaJlaHJpJayJblH KOFapbl JKbLIJIAM/IBIFbIH
KOJITaHyFa 0OJIajIbl.

3eprTeynep KOPCETKeHIEH, TEXHOJOTHSIIBIK MOHE DSKOHOMHKAJIBIK TYPFBIIAH
COATCTOKIIEH pereHepar HeTi3iHJAe KOMIO3WIMSIBIK Marepual jkacay Heri3IelNreH.
dusnka - MEXaHUKAJIBIK KOPCETKIIITEep: INApTThl CO3bLIY OEpIKTiri, y3ilry Ke3iHmeri
CaJIBICTBIPMAaJIbl CO3BLTY JKOHE KATTBUIBIK Kakcapajsl. KypamblHIa pereHepaThl jKOK
KOMITO3UITUSUIAp KaHaraTTaHAPJIBIK KachueTrTepre ue 0osbin Tadbuiaabl. Kayuykrin 100
MacCalblK YICCIHIACTT KOMIIO3HMITNS KypaMblHA pereHepaTThlH S50 MaccaiblK YIIeCiH
EHTI3TeH Ke3/Ie IMAPTTHI OEPIKTIK MEeH CAITBICTRIPMAITBI Y3apTy KOPCETKIIITEPiHIH KAKChI
yieciMi 6ap KOMIO3WIMSATIApP aNbIHAIBI, Oipak MYHIAH KOMITO3HIINS KATTHUIBIKTHIH
KaHaraTTaHapPJIBIKChI3 KOpCceTKinriHe ue. KoMno3uiuys KypaMbIH/Ia eKiHIIUTIK ITHKi3aTThI
(coamncTokmieH pereHepar) naijanany oiapabl SpTYpili pe3nHa OyHbIMIAphIH kKacayFa
YChIHYFa MYMKIHJIIK Oepeni. KanmbikTap/pl maiijjaiaHy COHbIMEH Karap eKIHIIIIK
IUKI3aTTHl TaiJanany THIMAUITIH apTThIpyFa JKoHE KOpIIaraH OpTaHbl KOpFay
MOCeJIeJIepiH MEeNTyTe MyMKIHIIK Oepeni.

Ty#inai ce3nep: ociMIIik Maiibl OHAIPICIHIH KaJIIBIKTaphl, pETEHEPaT, COANICTOKIICH
pereHepar, KaTThUIbIK, TYTKBIPIIBIK, CATBICTBIPMAIIbI Y3apTy, TAOUFU KayqyK.
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BJIMSIHUE PETEHEPATA HA CBOVICTBA PE3MHOBBIX
CMECEH 1 X BYJIKAHU3ATOB

AHHOTanus. B nanHOi paboTe M3y4YeHO BJIMSHUE pEreHepaTa Ha CBOWCTBa
PE3MHOBBIX CMeced M MX ByJKaHU3aTOB. [IpumMeHeHHMe pereHepara B pPE3HMHOBBIX
CMecsX I103BOJSIET YCKOPUTh Ipolecc cMmeuleHus. I1ockoilbKy pereHepar COnepakKHUT
JUCTIEPTUPOBAHHBIE WHTPEANEHTHI, 3aTpaTa dHEPTUU yMeHbInaercs. Vcnonp3oBanne
pereHepara yiaydllaeT TEXHOJOIMYECKHE CBOHCTBa cMecedl (IIIpPUIyeMOCTb,
KaJaHAPYEMOCTh), IOBBIIAET CKOPOCTh BYJIKAaHM3AaLlWH, YMEHBIIAET CKJIOHHOCTb
K TOJBYJIKAHM3ALMU, COKpAIlaeT pacxXoji XHMHKATOB. BynkaHu3arsl, conepxaluue
perenepar, XxapakTepu3yloTcsi 00jiee BEICOKOH CTOMKOCTBIO K OKHUCIICHHUIO M TETNIOBOMY
CTapeHUIO, OJIHAKO CHIKAIOTCS 2JIACTUYHOCTH, MPEesl MPOYHOCTH TPU PaCTSKEHUH
W pa3aupe, CONPOTHBICHHE HWCTHPAHUIO M YCTANOCTHas NpPodHOCTh. CHMKEHHe
IIPOYHOCTH OIPaHWYMBACT NpPHMEHEHHEe pereHepara. llpum BBemeHMm pereHepara B
PE3MHOBBIEC CMECH YBEIMUUBAETCSI CKOPOCTh UX cMeleHHs. [Ipy BBeileHUH B Pe3MHOBbIE
CMECH pereHepara MO)KHO IPHMEHSATh IOBBILIEHHBIE CKOPOCTH IINPULEBaHUS H
KaJaHJPOBaHU [IPHU XOPOLIEM coOXpaHeHHH poduist GopMyeMoil 3aroTOBKH.

[IpoBenenHble nccae10BaHMs MOKa3aJId, YTO C TEXHOJIOTHYECKON U SKOHOMUYECKOM
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TOUEK 3PEHHS OMPaBIAaHO M3TOTOBJICHUE KOMIIO3UIMOHHOTO MaTepHalia Ha OCHOBE
pereHepara ¢ COarcTOKOM. YIIyqIaroTcs (PU3UKO - MEXaHHUYECKUE TIOKA3aTeIIN: YCIOBHAS
MIPOYHOCTH TPH PACTSHKCHUH, OTHOCUTEIHHOE YIJIUHCHUE TIPH Pa3phIBE U TBEPIOCTb.
Kommo3umu, He coiepiKaipe pereHepar, o0071aJaroT  yIOBIECTBOPHUTEIHLHBIMH
cBoiicTBamu. Ilpu BBeneHUH B cocTaB KOMNO3UIMU 50 MacCOBBIX YacTel pereHepara
Ha 100 MaccoBbIX yacTeil KayuyKa MOJIy4YarOTCsl KOMIO3UIUHU C XOPOILUM COYETAHHUEM
MoKa3areseil yCI0BHON MPOYHOCTH M OTHOCUTEIBHOTO YUTMHEHHUS, HO TaKasi KOMITO3HUIIHSI
o0JiajaeT HeYI0BJICTBOPUTENIBHBIM TIOKa3aTeJIeM TBePIOCTH. VICIoIb30BaHNE B COCTABE
KOMIIO3HITHI BTOPHUYHOTO CHIPBS (PEreHepaT C COAICTOKOM) IMTO3BOJISICT PEKOMEH/I0BATh
HUX JUIST U3TOTOBIIEHUSI PA3IMYHBIX PE3UMHOTEXHUUYECKUX u3nenui. Hcmnonab3oBaHue
OTXOJIOB TaK)Ke€ ITO3BOJIIET TIOBBICHTH I(PPEKTHBHOCTH HCIIOIB30BAHUS BTOPUYHOTO
CBIPBS M PEIIaTh MIPOOJIEMBbI OXPaHBI OKPYKAIOIIEH CPEIBL.

KuioueBble ciioBa: OTXOABl MPOU3BOACTBA PACTUTEIBLHOTO Macjia, pereHepar,
pereHepar ¢ CoarcToOKOM, TBEPIOCTh, BI3KOCTh, OTHOCUTENBHOE YIJIMHEHNE, HATYyPallb-
HBII KaydyK.

Introduction

There is a continuous accumulation of worn tires in the world. They represent the
largest-tonnage production of polymer-containing waste, practically are not exposed to
natural decomposition. So, the recycling and reuse of decommissioned tires is of great
economic and environmental importance. Tires are a valuable polymer raw material:
1 ton of tires contains 700 kg of rubber, which can be reused for the production of
rubber products (RP) and construction materials. At the same time, if you burn 1 ton of
worn tires, 270 kg of soot and 450 kg of toxic gases are released into the atmosphere
[Kuznetsova, 2016].

Recycling of worn-out tyres is carried out on the tyre grinding line with a view to
receive comminuted rubber and for its further conversion on a reclamation machine with
next reclaim manufacture. The reclaim is a ductile material capable of being exposed
to treatment, vulcanized with the administration of activating and curing agents into it.
It is applied to partially or completely substitute raw rubbers of the same name in the
manufacture of different general mechanical rubber goods [Sadan, 2001].

The reclaim application in rubber compounds affords to quicken the mixing process.
As it comprises dispersed ingredients, energy discharge is decreased. The reclaim
application enhances the technological properties of compounds (calenderability,
extrudability), raises the rate of vulcanization, decreases the tendency to premature
vulcanization, decreases the consumption of chemicals. Vulcanizates comprising the
reclaim are marked by a higher resistance to oxidation and heat ageing, however,
elasticity, tensile and tear strength, abrasion resistance and fatigue strength are
decreased. The decrease in strength limits the reclaim application [Rivin, 1994]. With
the reclaim introduction into rubber compounds, the rate of their mixing raises. With
the reclaim introduction into the rubber compounds, it is possible to apply raised rates
of extruding and calendering with good preservation of the molded workpiece profile.
Only irresponsible products are mainly prepared from one reclaim: carpets, carpet
runners, semi-solid pipes for insulation, garden sleeves [https://perfiliev.moy.su/publ/1-
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1-0-8] and for the manufacture of rubber plates, mats, linings, also bituminous products
widely applied in road and construction infrastructure [Kuznetsova, 2016, Minigaliev,
2009, Shashok, 2013].

The research objective is to investigate the effect of reclaim additives with soap
stock on the properties of rubber compounds based on natural rubber.

Research materials and methods. The main research subject is elastomeric
compositions comprising in their composition reclaim and soap stock — waste from the
oil and fat industry — LLP Aray, Shymkent [Sagitova, 2022, Kalmataeva, 2022]. Such
material affords to reduce material costs for the purchase of expensive raw materials
(raw rubber).

The research was carried out applying the following methods:

- Mooney viscosity test was carried out by rotational viscometry in accordance with
GOST R54552-2011 [GOST R54552-2011, 2013],

- The elastic-strength characteristics of the samples were determined on a tensile
testing machine in accordance with GOST 270-75 [GOST270-75, 1975],

- The resistance of the samples to heat ageing in air was evaluated by the change
in relative elongation at break and conditional tensile strength after holding them in a
thermostat at a temperature of 90°C for 72 hours, the test was carried out in accordance
with GOST 9.024-74 [GOST 9.024-74, 1974],

- Shore hardness [GOST 263-75].

The tyre reclaim was obtained in a double-screw mixer with simultaneous cooling by
heat transfer to the design elements of the double-screw mixer. The rubber compound was
obtained on rollers [GOST 14333-79E. Rubber processing rollers]. The vulcanization of
the rubber compound was carried out on an RDE 800x800 electric vulcanization press.

Results and their discussion. The research is aimed at studying the possibility of
applying secondary raw materials (reclaim with soap stock) in the formulation for the
manufacture of general mechanical rubber goods. We developed formulations and studied
the physical and mechanical properties of compositions intended for the production of
general mechanical rubber goods. The following elastomeric compositions were made:
based on raw rubber, raw rubber and reclaim with soap stock, reclaim with soap stock
with different ratios, while also changing the quantitative ratios of vulcanizing agents and
other ingredients of the compositions. The formulations of the developed compositions
and their physical and mechanical properties are shown in Tables 1-4. The reclaim RS
(reclaim with soap stock) [Sagitova, 2022] can be added over the existing compound with
a change in curing group (Table 1). It can also be applied as a partial substitute for natural
rubber, with a change in the content of the rubber substance (Table 2).

Table 1. Recipe for a rubber mixture with the addition of regenerate

Name of ingredients Mass parts per 100 wt. h. of rubber
The standard 1 2 3 4 5 6
Natural raw rubber 100 100 100 100 100 100 100
Tech carbon 50 50 50 50 50 50 50
Aromatic oil 5 5 5 5 5 5 5
Zinc oxide 5 5 5 5 5 5 5
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Stearic acid 2 2 2 2 2 2 2
Diaphene 1 1 1 1 1 1 1
Neozon D 2 2 2 2 2 2 2
Paraffin 2,5 2,5 2,5 2,5 2,5 2,5 2,5
The reclaim RS - 5 10 20 30 40 50
Sulfenamide M 1,5 1,54 1,58 1,66 1,74 1,82 1,9
Sulfur 1,5 1,54 1,58 1,66 1,74 1,82 1,9

Table 2 shows the recipe of a rubber compound with the replacement of regenerate.

Table 2. The recipe of the rubber mixture with the replacement of the regenerate

Name of ingredients Mass parts per 100 wt. h. of rubber

The standard 1 2 3 4 5 6
Natural raw rubber 100 97,5 95 90 85 80 75
Tech carbon 50 50 50 50 50 50 50
Aromatic oil 5 5 5 5 5 5 5
Zinc oxide 5 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2 2
Diaphene 1 1 1 1 1 1 1
Neozon D 2 2 2 2 2 2 2
Paraffin 2,5 2,5 2,5 2,5 2,5 2,5 2,5
The reclaim RS - 5 10 20 30 40 50
Sulfenamide M 1,5 1,5 1,5 1,5 1,5 1,5 1,5
Sulfur 1,5 1,5 1,5 1,5 1,5 1,5 1,5

The following are the results of studies for elastomeric compositions. Technological
(Figure 1) and physico-mechanical properties of the studied compositions are given in
Table 3.,4.

The conducted research showed that, from a technological and economic point of
view, the production of a composite material based on reclaim with soap stock is justified.
The physical and mechanical properties are improved: conditional tensile strength,
relative elongation at break and hardness. Compositions that do not comprise reclaim
have satisfactory properties. With the introduction of 50 mass parts of the reclaim per
100 mass parts of raw rubber into the composition, compositions are obtained with a
good combination of relative strength and relative elongation, but such a composition
has an unsatisfactory hardness index. This is probably due to the fact that the elastomeric
composite material, which comprises, along with raw rubber, secondary raw materials,
including the reclaim, has a fairly dense spatial network, which has a positive effect
on the physical and mechanical properties. In terms of structure, composition and
properties, the reclaim is similar to the rubber compounds applied for the manufacture
of new products. During regeneration, thermal destruction occurs, sulfur bridges are
destroyed, the energy of intermolecular bonds of raw rubber-sulfur decreases in the
reclaim. Many of the newly formed bonds in the reclaim are carbon-carbon. Rubber
regeneration accelerators reduce the duration or temperature of the process, reduce
softener consumption, improve the technical qualities of the reclaim and rubber with
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its additives. Consequently, the properties of rubber compounds comprising the reclaim

are improved.

601

50

40

30+

20+

Mooney viscosity, cond.un.

0+=
The standard 1

2

3

O Recipe for a rubber mixture with the addition of regenerate

B The recipe of the rubber mixture with the replacement of the regenerate

Figure 1. Diagram of the dependence of viscosity on the content of regenerate RS

Table 3. Physical-mechanical parameters of the composition of the composite material with the
addition of regenerate

Name of indicators Standard Sample Number
Thestandard|1 |2 |3 |4 |5 |6
Physical-mechanical parameters of the composition
Conditional strength, MPa neve;tlaeless 8.28 71 (77 [7.09]8.1 |83 |8.45
: s

Relative elongation, % nevezrts}:)eless 288 250 1255 | 260 |265 |270 | 297
Shore hardness, cond.un. 58 -73 64 69 |73 |71 |75 |69 |64
Elongation at break after thermal

aging in air at 90 °C for 72 hours, % 227 22812281229 1231 12321233

As can be seen, based on the results obtained, it can be concluded that the composition
of experiment Ne 6 has the optimal physical and mechanical properties (Table 3).
From the data obtained, it can be seen that all the studied RS compositions impart
approximately the same strength to vulcanizates (Tables 3 and 4) and afford to partially

substitute raw rubber with RS.

Table 4. Physical-mechanical parameters of the composition of the composite material with the

replacement of the reclaim

Name of indicators

Standard

Sample Number

The
standard

2

3

4

Physical-mechanical parameters of the composition
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Conditional strength, MPa neve;tl(l)eless 8.26 70 | 72 [7.03] 7.6 |835| 84
1 1 0,

Relative elongation, % neve;tsl})eless 287 240 | 201 | 241|242 | 249 | 296

Shore hardness, cond.un. 58-73 63 68 72 | 70 | 74 | 68 63

Elongation at break after thermal

aging in air at 90 °C for 72 hours, % 227 227,51227,81 228 | 230 | 231 | 232

Conclusion. Thus, the application of secondary raw materials (reclaim with soap
stock) in the compositions affords to recommend them for the manufacture of different
general mechanical rubber goods. The application of waste also affords to raise the
efficiency of the application of secondary raw materials and solve environmental
problems.

It should be noted that the application of reclaim with soap stock affords saving raw
rubber, fillers and plasticizers when applied in rubber compounds, which significantly
reduces the cost of finished products. The application of reclaim with soap stock in
rubber compounds raises the resistance to atmospheric ageing, oxidation, and elevated
temperature; raise resistance to crack propagation. During calendering, extrusion
and vulcanization, the devulcanizate reduces the shrinkage of compounds and the
consumption of the accelerator. With the introduction of RS, bubble formation and
undermolding decrease, the mixing and vulcanization rate raises, which results in a
decrease in energy discharge. Thus, it is widely applied in rubber compounds and in the
production of new tyres as a substitute for raw rubber. At that, devulcanizate from tyre
crumb is 4 times cheaper than raw rubber. Therefore, there is a reliable and permanent
economic factor for the application of devulcanizate in the domestic rubber and tyre
industry.

As part of this task, at the present time at the chair “Technology of inorganic and
petrochemical industries” in accordance with the state-financed research B-21-03-01 on
the topic “Development of technology for the production of polyfunctional gel-forming
polyelectrolytes, surfactants, composite polymer materials, high-tech rubber compounds
and ingredients for rubber industry” research is being conducted on the application of
fat and oil production waste as ingredients of elastomer compositions. The main task in
developing a rubber formulation is to find the optimal balance between the physical and
mechanical properties of rubber that meet the set requirements, technological properties
that meet the conditions of the current production process, and economic efficiency. At
that, we should strive for maximum unification of the properties of rubbers.
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Abstract. It is relevant to carry out work related to the study of enrichment with
vitamins and minerals. This article discusses the technology of ham products using brine
and additives. Raw materials of domestic plant origin - jida is a source of functional
food ingredients containing dietary fiber, vitamin C, flavonoids and organic acids.

Jida processing technology consists of the following steps: passing through a sorting
fan to remove dust and impurities; removal of defective fruits (rotten, damaged, burnt);
weighing 100-150 g and grinding in the IV-1 grinder. The optimal duration of grinding
the jide is 7= 52-65 seconds, the rotational speed of the working body is 12000 rpm.

Considering that the chemical composition of the selected jida samples was
determined after their mechanical processing, the mineral composition of the berries is
rich, the amount of vitamins C, A, E and B-carotene is in a significant amount.

If the amount of sodium in the product increases by 1.15 and 1.28 times, respectively,
in a sample with 1.0 and 1.5% jida powder compared to the control sample, then the
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amount of calcium increased by 1.20 and 1.28 times, phosphorus by 1.12 and 1.39
times, magnesium by -1.13 and 1.37 times, respectively.

In the technology of ham production, the formation of special structural-mechanical
and consumer properties between functional ingredients and meat raw materials is
associated with the establishment of a diffuse optimal balance between these two,
mechanical processing of meat raw materials. In the mechanical processing of meat
raw materials, the massager filling ratio does not exceed 70%, using cyclical massager
rotation rate of 6000-8000 per minute, the ham product is enriched with berry powder.

Keywords: ham, jida, mineral composition, technology, mechanical processing
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AnHoTauus. Butamubzep oHe MHMHEpanIbl 3aTTapMeH OaWBITYIbl 3€pTTEyre
0aliIaHBICTBI JKYMBICTAp JKYPri3iny e3eKkTi Oonbin Tadbansl. byt Makanamga Ty3AbIKTHL
JKOHE KOCHAaHbI MalJanaHblll BETYMHA €Ti OHIMIHIH TEXHOJIOTHICHI KapacThIPbUIFaH.
OTaHbIK 6CIMJIIK TEKT1 IIUKI3aT — KUAE KYpPaMbIHIa TaFaMIbIK TAIIIBIK, C JopyMeHi,
(raBoHOMATAP >KOHE OPTaHUKAJBIK KBILIKbUAAD Oap (QYHKIMOHAIABIK TaFaMIbIK
WHTPEIUEHT KO3i.
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JKuneni eHjeymiH TEXHOJIOTHSCHI KeJeCi caThulaplaH TYpajbl: IIaHHAH JKOHE
KOCIajap/iaH Ta3apTy YIIIH CYPBINTAY KEJJCTKIIIHCH OTKI3y; akaybl Oap >kemicTtep
(mipireH, 3akbIMJaHFaH, KYHreH) anblHbI TacTtanbsiHy; 100-150 r emmern, B -1
yCaKTaFbpITa YHTaKTay. JKWIeHI YHTaKTayIblH OHTAIIBI Y3aKTHIFEI T= 52-65 cek,
YKYMBIC OpTaHbIHBIH aifHay ®beuaaMasFs! 12000 aita/MuH. Kypahast

IpikTen anplHFaH KHIE YATUIEPIHIH XUMUSIIBIK KYpPambl OJapjbl MEXaHHKAIbIK
OHJICY/ICH KeliH aHBIKTAJIFAHBIH €CKEPCEK, JKUICHIH MHHEPAIIBIK Kypamsbl Oal, C, A,
E nopymennep xoHe [ — KapOTUH MOJIIIEpi KETKITIKTI.

Omnimzeri Harpuil memmiepi Oakpuiay yiriciMen cansicTeipranaa 1,0 xone 1,5%
JKUJe YHTarbel KocburraH yarime 1,15 sxone 1,28 peTke colkeciHIne apTca, KalabITHi
memmepi 1,20 xone 1,28 petke, dhochop memmepi 1,12 xone 1,39 perke, marHuit
Mmeduepi -1,13 xone 1,37 perke colikeciHIe apTKaH.

Berunna eHJipy TeXHOJOTHSCHIHAA (DYHKIIMOHAIBIIK HHTPEIUCHTTED MEH €T
IIMKI3aThl apachlHAa EepeKIIe KYPbUIBIMABIK-MEXaHUKANBIK  KOHE TYTHIHYIIBLUIBIK
KAacHeT KaJIbINTAaCybl OChI €KEyiHIH apachlHa JU(POY3UIIBIK OHTANIbI TEle-TeHIIK
OpHaybIMEH, €T IIMKI3aThIH MEXaHWKAIBIK OHJEYMEH OaimaHpICThl. ET MmmMKi3aTbiH
MEXaHUKaJIbIK OHJey OOWBIHINA Maccaxepiai TOATBIpY Kodpdumuentin 70%-man
aceIpMai, NMUKIIUTIKTI KOJIJaHy MacCaxepIiH aifHaibiM caHbl MuHYTBIHa 6000—8000
OoJFaH/1a BETYMHA OHIMI )KHJIC YHTAFBIMECH OailbIThUIFaH.

Tyiiin co3nep: BeTurHa, )KUJIE, MUHEPAJIIb KypaM, TEXHOJIOT U, MEXaHUKAIIBIK OHJICY

Kap:xsuianabipy: byn 3eprrey IRN BR18574252 «Man xoHE OCIMIIK TEKTEC
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KapKbUTaHIBIPY Oarmapiamachkl asceiHaa Kazakcran PecryOmmkackl FeuteiM sxoHe
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AHHOTanus. AKTyalTbHO TIPOBE/IeHNE padoT, CBA3aHHBIX C H3yYeHHUEM 00OTaleHIs
BUTaMHHAaMH W MHHepajaMH. B 1aHHOW cTaThe paccMaTpUBaeTCsl TEXHOJOTHUS
BETUYWHHOTO HM3JIENIUS C UCTIONBb30BaHUEM paccona U J100aBKu. ChIpbe 0TEYeCTBEHHOTO
PacTUTENBLHOTO TPOUCXOKIACHUS - JDKHIA SIBISCTCS UCTOYHMKOM (DYHKLIMOHAIBHBIX
MUTIEBBIX MHTPETUEHTOB, COJEPKAIINX MHUIIEBbIe BOJOKHA, BUTaMUH C, (1aBOHOWIBI
Y OPTaHUYECKUE KUCIIOTHI..

TexHomnorust mepepabOTKU DKUAA COCTOUT M3 CIEAYIOMIMX JTaloB: MPOIYCKaHHE
yepe3 COPTHPOBOYHBIM BEHTHJIATOP Ul yAAJNEHHWs NBUIM U TpUMeEceH; yaaleHue
nedeKTHBIX TUI00B (THHJIBIX, MOBPEKIACHHBIX, MOATOPEBINNX); B3BemmBaHue 100-
150 T u m3menpuenue B m3MmensanTene VB-1. OnrtumanbHas mpomOIDKATETHHOCTD
M3MEJIBYCHUS JDKUJIA COCTABIISIET T= 52-65 CeKyHI, YacToTa BpallleHus padouero opraHa
12000 06/muH.

Y4uuTeiBas, 4YTO XUMHYECKHI COCTaB OTOOpaHHBIX OOpa3IOB JDKHIA ONpenesieH
Mociie X MEXaHW4ecKol 00pabOTKH, MHUHEPAIbHBIM COCTAB Arojl OOTaT, KOJIMYEeCTBO
ButamuHoB C, A, E 1 B-xapoTnHa B 3HaYUTEITBHOM KOJIMYECTBE.

Ecnmn xonmnuectBo Harpus B mpoaykre yBenuuuBaercs B 1,15 um 1,28 pasa
cooTBeTcTBeHHO B oOpasme ¢ 1,0 m 1,5% mnopomkoM KuAa MO CpPaBHEHHIO C
KOHTPOJBHBIM 00pPa3IoM, TO KOJUYECTBO Kanbltus yBemuumiock B 1,20 u 1,28 pa3sa,
¢docdopa B 1,12 u 1,39 paza, maraust B -1,13 u 1,37 paza cCOOTBETCTBEHHO.

B TexHomoruu npou3BOACTBA BETYMHBI (OPMHUPOBAHHE OCOOBIX CTPYKTYpHO-
MEXaHUYEeCKUX UTIOTPEONTEITHECKUX CBOMCTB MEXK Ty PYHKITMOHATIHLHBIMU HHTPEINEHTAMI
1 MSICHBIM CBIPBEM CBSI3aHO € yCTaHOBJIEHUEM onTUMaiibHOTO Auddy3rnoHHOTO Oananca
MEX[y STUMH ABYMs, MEXaHHUECKOH 00paboTKOI MsICHOTO ChIpbs. [Ipy MexaHn4YeCcKoi
00paboTKe MACHOTO CHIPbsI KOAQ(PULMEHT 3ar0IHEeHUs Maccaxepa He npesbimaet 70%,
a TIPY MCTOJIH30BAHWU ITUKIMYHOCTH, KOTJ]a YHUCIO 00OPOTOB Macca)kepa COCTaBISET
6000-8000 o6opoTa B MHHYTY, BETIMHA 00OTAIACTCS TIOPOIITKOM JIKH/IA.

KuaroueBble ciioBa: BeT4YMHA, KW, MUHEPAIbHBIH COCTaB, TEXHOJIOTHS,
MexaHu4eckas o0paboTka.

dunancupoBaHue: JlaHHOe wWccIemOBaHWE BBITOJIHEHO TIpH  (PHHAHCOBOM
noanepxxke HUP «Komurera mo Hayke MUHHCTEPCTBA HAyKX U BBICIIETO 00pa30BaHUs
Pecnyonuku Kaszaxcran» B pamkax I[Iporpammer LleneBoro ®dunancuposanus MPH
BR18574252 «KommnekcHasi Oe30TxomHasi mnepepaboTKa CeIbCKOXO3SHCTBEHHOTO
CBIPbS JKUBOTHOI'O U PACTUTEIBHOTO MPOUCXOXKICHUSD.

KoH(IUKT HHTepecoB: aBTOPHI 3a4BISAIOT 00 OTCYTCTBHH KOH(INKTa HHTEPECOB.

KIPICIIE
TyTeIHY HapBIFBIHAA TIYKBIK OHIMJIEPiHIH €H TaHbIMaJ TYpJepiHiH Oipi - BeTUMHA
OHIMEpI MCH eT erKaTecTepi. BeTunmHamaH jkacarra MIYKBIKTApP, BETIMHA, OYJIIIBIK
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€T OHIMEPIH TYTBIHYLIBI JOCTYPMi TYPAE €T aJIMacTBIPFBILUTAPABIH €H a3 MeJjmepi
0ap Kecek IIWKi3aTTaH jKacajFaH OHIMJEp PeTiHJe KaObuimaiiabl. byn eHiMuep, eH
aJIJBIMEH, OPraHOJCNTHKAJIBIK KOPCETKIITepi OOMbIHIIA, COHBIMEH KaTap Kayilci3auiri,
MaiaNnbUTBIFBI, TAFAMIBIK XKOHE OMONOTHSIIBIK KYHABUIBIFBI OOMBIHILA TalibIH OHIMHIH
carachlHa )KOFaphl TajanTtap KOSTHIH TYTHIHYIIbUIAP apacklHa TYPaKThl CYpaHbICKA HeE.
Herenmen, cayna Oarachl, €T IIMKI3aThIHBIH KYPaMbl, MiIiHi, TYpi )koHe AoMi OOHbIHIIA
€H aJlyaH TYpJIi IoMJli eHIMIepAi KaxeT etedi. KocimopeiHaap ocel Tanantapra yHeMi
XKayarn Oepyre, OHIMHIH )KaHa TYPJIEPiH 93ipieyre ®oHe OeKiTyre, OHTalIbl HOTHKeNepre
KOJI JKETKi3€ OTBIPBII, TEXHOJOTHSUIBIK MPOLECTEPAl JKETUIAIpYre KYMBIC icTeyre
MOXOYp. By perte onapra KOMOMHHUpJIEGHTEH KypAelsi Kocrajap KOMEKTeceli >KoHe
HETI3r pen aTrkapaibl, ojap sMylbsratopiap, ¢ocdarrap, KOHCEpBaHTTap, apOMATTHI
CBIFBIHJIBLIAP, DKCTPYAATTAp KoHe T.0. Kocnanap 6onbin Tadbuiagsl. XKone ne myHaai
Kocranap eHiMIepAiH KYPbUIBIMBIH KaKcapTabl, CLITEMe peTiHe )KYMBIC iCTe 1, JoM
KOCa/Ibl KOHE OHIMJII Ke3re TapThIMABI eTe/li. DIeKTPOMEXaHUKAIIBIK dCepiepi KoHe
OpTYpIi OENOKTHI-Malibl koHe (DEpPMEHTTI MpenaparTapibl KOJJaHy KalHaThLIFaH-
BICTAJIFaH €T OHIMJIEPiHiH TEXHOJOTHACHIH Kacayla yJIKeH MyMKiHIikTep amaabl. ET
OHEPKACIOIHIE aKyBI3Ibl JKoHE (DEPMEHTTI MpernaparTapibl KOJNJaHy HICKTEYJi >KoHe
IyphIC JaMbIMaraH, JETeHMEH €TTI MEXaHHKaJbIK OHACY OMAici €H MNepCIeKTHUBAJIBI
Oonbinn TaObUTaAbl. KONMKOMIOHEHTTI TY3IBIK €piTIHAIHIH Oeliri peTiHne akybI3abl-
MaIIbl SMYIbCUSUIAPBI KONJaHy OHIMIAEPAiH OMOTOTUSIIBIK KYHABUTBIFBIH apTTHIPAIbL.
Kazakcran PecnyOnukachlHAarbl €T OHAIPICIHIH JKaJbl KOJEMiHAE €TTiH, COHBIH
iiHAe KOW eTiHiH aWTapibIKTall yJIeciH ecKepe OTBIPBIN, KOH eTiH MeXaHHMKaJbIK
OHJICY/IIH 9CEPiH, COHBIMEH KaTap IICIpUIreH BICTAIIFaH OHIMACPAIH (BeTYHHA, OCIIIK)
cara KepceTKilTepi O0ibIHIIA OEIOKTHI-MaIIbl SMYIbCHSIIBIK KOCTaTapAbl KOJIIaHYIbl
3eprTeyre OaillaHBICTBI JKYMBICTAP JKYPIi3ily ©3eKTi OOJIBIN TaObLIa bl

Enimizae ka3ipri yakpITTa €T OHIMAEPiHIH HApBIFBI aTapibIKTail nambirad. Eximiz
OTaHJBIK €T OHIMACPIH OHAIPYIIIICPAiH 63 MIHMKi3aThIMBI3IbI MaliAaTaHyTayeICi3airiH
KypyFa OarbITTanFaH. OHOIpicTi JaMBITyAblH OipkKarap opTypii IIemiMaepiH
KapacThIpaThIH CajJaHbl JAMBITY CTpaTerusichl a3ipseHred. Ocpuaiiia, Ka3ipri yakpTTa
KeJeci MaKcarTapra Kojl JKeTKi3iyze:

-3aMaHayH OHJIpPIC OpbIHIAPHI CAJBIHBIIN, OIPIHIIUIIK KOHE KalTa eHJCYIiH KaHa
TEXHOJIOTHsIIaPhI CHI131Iy;

- €T OHIMJIEpPiHiH aCCOPTUMEHTI KEHEIOTY.

ET enimMIepiHiH HapbIFbI TayapiblK €T, OHJEITEeH OHIMAED JKOHE dPTYPIIi JKapThlIai
(abpukaTTap CHSKTBI OpTYPJi CerMeHTTepAl KaMTHIbl. OnapiblH apachlHAa LIYXKBIK
OHIMJIEP1 YJIKSH OPBIH aJIaJIbl.

LIyxblK  eHIMIAEpPIHIH HApBIFBl PpEeCceiNlik JKoHE MIeTeNJIK OHIIpYLIiIepaiH
OHIMIEpIMEH TONTHIPBUIFaH, aJ OTaHBIK OHAIpYyIIiIep OyKin HapbIKTHIH 90% -Ha neiiin
anazapl. TyTHIHYIIBIHBIH OYTiHTI TaHJa TaHJIAybl KOI: TYKEH copeiepiHae IIYKbIKTHIH
6000-Fa )KyBIK TYP1 YCHIHBUIFaH.

ET enimaepi Wi TYTHIHBUIATBIH ©HIMAEp OONBIT TaObUIAABl JKOHE ajaM
TaMaKTaHybIH/1a MaHbI3Abl. MyH/all @HiMIepre CypaHbIc a3aliMaii, TeK ocil Keleml, Oy
€H aJJIbIMEH OHBIH KOFapbl TaFaMIbIK KYHIBUIBIFBIMEH KOHE I9MIMEH TYCIHIIpineni.
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ET eniMzepi apackiHia CYpaHBICKA Ue KOMIOACITHI KAWHATBUIFAH IIY)KBIKTAp OOJIBITT
TaObLIa 11, OYJI iNTiHApa IIYKBIKTHIH OacKa TYPJIepiMEH CabICTIPFaHa CallbICTHIPMAITBI
ap3aH/IbIFbIHA OANIaHBICTHI.

Tamax eHIIpiCiHIH 3aMaHayHW CTPATETHUSCHIHBIH FHUIBIMHA HET131 OHIMHIH TaFaMIIbIK
JKOoHEe OWONIOTHSUTBIK KYHIBUIBIFBIH apTTBIPAThIH, CaKTay Mep3iMiH y3apTaThlH
AJIMaCTBIPBIMANTHIH TaMaK KOMITIOHEHTTEPIHIH JKaHa PecypcTapblH i31ey, JoCTypdi
eMec IIUKI3aTThl Maliianany, )aHa 03bIK TEXHOJIOTHSIIAPIbI )Kacay OOJIBIN TaObLIa b,

Juetanblk  TaNIIBIKTapMEH OaWBITBUIFAH TOMEH KaJOpUsUIBI €T  OHIMIepi,
BUTaMUHAEPMEH OaWbITbUIFAH €T OHIMJEepi, MHUHEPaJAbl 3aTTapMeH OailbIThIIFaH
eT eHIMIEepi, MOJUKAHBIKIIAFAH Mal KBIIKBUIIAPBIMEH OaWBITBUIFAH €T OHIMIEPI,
MpeONOTUKTEPMEH KOHE MHKPOOPTaHU3MAEPAiH TMPOOHUOTHKANBIK JaKbUIAAphIMEH
OaifBITBUTFAH €T OHIMJIepi illIHEH OHTYCTIK OHIPIH/E THIMJIiCi BUTAMUHIEPMEH JKOHE
MUHEepaabl 3aTTapMeH OaibIThUIFal eT eHiMaepi (Uvarova, 2007).

Beruuna eHimjepi koHE JEMKATECTEp Kasipri Keslle HApBIKTHI JKayJial ajiFaH,
TYTHIHYIIBUIAP TapanblHAH CYPAHBICKA M€ TAaHBIMAJl €T OHIMI KaTapblHa JKaTaJbl.

BeTtunna eHiMepi )koHE ASTUKATECTEPII BUTAMHHIIED KOHE MIUHEPAJIIBI 3aTTapMEH
OafBITYIBI 3epTTEYTE OAIAHBICTHI KYMBICTAP JKYPTi3idy ©3eKTi OOIBIT TaObLIA b

JKyMBICTBIH MaKcaThl —TY3/IBIKTHI Al IalaHa OTHIPHII )KOHE KOCIIaMeH OalbIThUIFaH
BETYHMHA €T OHIMIH OH/IIPY TEXHOJOTHSICHIHBIH EPEKILEIITiH 3ePTTEY.

3epTTey HbBICAHBI PETiHJAC KHUJC YHTAFbIHA KOHE OChI KOCMa KOCHUIFaH BETYMHAFa
MUHEPAIBIK ’KOHE XUMUSIIBIK KypaMbl OOMBIHINIA 3€pTTEY JKYPTi3iimi.

3epTTey MaTepuaJaapbl MeH JTicTepi

M.Oye3oB areiHgarbl OHTYCTiK Kaszakcran yHuBepcuTeTiHIH «KOHCTPYKIHSITBIK
JKOHE OHMOXMMUSUIBIK ~MaTepuajapy WHKEHEepIiK OeiiHIi alMaKThIK ChIHAK
3epTXaHaChIH/Ia aTallFaH NIMKi3aTTapAbIH MUHEPAJIbI KypaMbl 3ePTTEIIHII.

Berunna eHiMiHEH MHHEpaJbl 3aTTapjblH MOJIIICPIH aHBIKTAy PACTPIIbIK
NeKTpOoHABl MHUKpockorl (REM) jxoHe WHIyKTHBTI- OallaHBICKaH IUIa3Majbl Macc-
criektpomerpus (ICP-MS) omici kemMeriMeH Ky3ere achIpbUIIEL.

WnnyktuBTi OaiimanpickaH miazmanbl macc-ciekrpomerpust (ICP-MS) omici 10
109 xoHIEeHTpalsiFa AeHIHrT MHepasasl 3arTapasl, srau 102 Gip Gesmiekti 7- 250
WHTEPBaJbIHAAFbl ATOMJIBIK MacCachIMEH aHbIKTal anazapl, Oyn Li-mam U-fa npeliin
aHbIKTay MYMKIHAUTITIH Outaipeni. On am/n-gen 10-100 mr/n-re pedinri Mesmepi
aHbIKTayfa KaOiJaeTTi.

OJlic HOHIAPIBIH K631 peTiHae WHAYKTUBTI OaiIaHbICKAH TUIa3MaHbI JKOHE OJapIbl
aproH ra3 opTacbiHia Oeiry »KoHe aHBIKTAy YIIiH Macc-CIIEKTPOMETP/ MaianaHyFa
HerizgenreH. ISP-MS KypbUIFbICHIHBIH Oip yakpITTa OapJiblK SJIEMEHTTEPAl aHbBIKTAy
MYMKIHIIIT eJey npouecid aiTapiasikrai skenengereni (Mopuc,1985).

Ckanepiieyini aekTpoHabl Mukpockon (SEM) — (0,4 HM neliin 00ObeKkT OeTiHIH
KECKIiHIH, COHJIall-aK KypaMbl, KYpbUIBIMBI Typajbl aKnaparThl ajlyFa apHAJIFaH JKOHE
ANEKTPOHIBIK COYJICHIH 3epPTTENETIH 0OBEKTIMEH dpEKETTeCy MPUHITUITIHE HETI13AeNITeH
(Tomncon, 1988). MUKpOCKONTHIH YCaK OOIIEKTEPiH aXbIpaTy MYMKIH/IIT1 KOPIHETIH
JKapbIK  (POTOHIAPBIHBIH TOJKBIH Y3BIHABIFBIMEH MIeKTelNei. TOTKbIH  Y3bIHIBIFBI
QNJIeKaiia a3 AeKTPOHAAP KoIaHbuIaabl. by 3epTTey 00beKTICIHIH YeaK OeeKTepin
aXbIpaTyFa MYMKIHJIK Oepei.
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3epTTey HOTHIKEJIEP] JKIHE 0JIApPAbI TAJAAY

TyThIHY HapBIFbIHIA NIY)KBIK OHIMJIEPIHIH €H TaHbIMall TYpJIepiHiH Oipi - BeTUnHa
OHIM/JIEpl MEH €T JIeJIuKarecTepl. BeTunHaaaH sxacaiFaH NIYKbIKTap, BETUMHA, OYIIIIBIK
€T OHIMJIePIH TYTBIHYIIBI JICTYPJI TYPAE €T aJMaCTBIPFBIIITAP/ABIH €H a3 MeJIepi
0ap Kecek IIWKI3aTTaH jKacajFaH OHIMJEp PeTiHle KaObuimaiabl. Byi eHiMmuep, eH
QJIJIBIMEH, OPTaHOJICNITHKAJIBIK KOPCETKIITepi OOMBIHIIA, COHBIMEH KaTap Kayinci3iri,
Al AaIbLUIBIFBI, TAFAM/IBIK JKOHE OMOJIOTUSJIBIK KYH/IBLIBIFBI OOWBIHINA JaibIH OHIMHIH
carachlHa KOFaphl TajanTap KOSThIH TYTHIHYIIBIIAP apachiHa TYPAKThl CYPAHBICKA HE
(Bumuskos, 2015, ABpopos, 2015) .

Jlerenmen, cayma Oarachl, €T IIMKI3aThIHBIH Kypambl, IMillliHI, TYpl *oHE IoMi
OOMBIHIIA TOMJII OHIMIEP/II KaxeT eTe/i. KocimopbiHaap ockl Tajantapra YHeMI jxayarl
Oepyre, OHIMHIH JKaHa TYPJIEPiH d3ipieyre ®oHe OSKITYre, OHTAMIbI HOTHKEIEPTe KOl
JKETKI3€ OTBIPBII, TEXHOJIOTHSIIBIK MPOLECTEPIl KETULAIPYre HKYMBIC iCTeyTre MaKOyp.
Byn perte omapra ()yHKIIMOHAJIIBIK-TEXHOJOTHSIIBIK JKYHeJIep — 3MysbraropJap,
(docdarrap, KOHCEpBaHTTAP, XOIII UIiCTi CHIFBIHABLIAP, IKCTPYAATTAP JKIHE T.0. Kocnanap
OoJIBIN TAOBUIATHIH apajac KypJeli Kocrajaap KoMeKTece i KoHe, MyMKiH, HeTi3ri pe
arkapassl (3umuskoB, 2015, Kypoukun, 2015). ET enney xocinmopslHAapbiHAa MYHIAH
Kocranap OHAIpICTIH Kypamjac OemiriHe aifHanraH. Onap eHIMAEPHiH KYPHUILIMBIH
JKaKcapTasbl, OAIaHBICTBIPYIIBI PETIH/C KYMBIC 1CTEHI1, oM KOCAJIbl JKOHE OHIM/II
TapThIMJIBI eTeli. by KocmanapasiH OapiibiK TYpiiepl apThIKIIBUIBIKTApFa ue. MyHnai
Koclajapaa jeKe HHIPEIUCHTTEP/IH J103achl ONAPJAbIH KAKETTI KOHE KETKIIIKTI
Meutepin eckepe otbiphin ecentenieni (beiicenbaer,2014). CoHABIKTaH perenTTe
KYpJIeni KOCIaHbl MaijajlaHFaH Ke3/le CIITCHeHI KaiTa eCenTey/iH, COHai-aK OHbIH
JI03aChIH KaiiTa Kapay/IblH Ka)eTi KOK, OUTKEHI OHAIPYIIi OHbIH opOip MHIPEAUCHTIHIH
KOHIICHTPALUSACH MEH KACHETTEPIH €CKepPEe OTBIPHIN, KOCIAHbI TOCEY MKbLIIaMIbIFbIH
ycoiHa bl Ochutaiiina, Kypaen pyHKIIMOHAIbI KOCIIaHbI Malilaany JoMICYIIITep MEH
Kocranapabl 0eJiek KocylaH dnjeKaiaa piHFainbl gen ecenrteiinren (KoOxkacaposa,
2021).

OTaHabIK ©CIMIIK TEKTI INMHUKI3aTTap/blH IIIIHEH KYpPaMbIHIA TaFaM/IbIK TaJIIIbIK,
C nopymeHi, (IaBOHOUATAP JKOHE OPraHUKAJIBIK KBIIKbULIAP Oap (DYyHKIIMOHAJIBIK
TaraMJIbIK HHIPEIUCHT KO31 — XKHJIE.

YHTaKkTay HOTIIKECIHAC OCIMJIIK IIMKI3aThIHBIH KYpPaMbIHJIAFbl BUTaAMHHJICPIIH
Oacramnkbl KypaMbIHbIH opTa ecenrneH 25-teH 60%-ra neitin ToMeH/ eyl OaiiKaaaThIHbI
oenrim (Cxypuxus,1987).

JKugeni 1maHHaH KOHE KOoCHajapJaH Ta3apTy YIIIH CYPBINTAy KEJIIACTKIIIIHESH
OTKi3eli, comaH KeWiH akaybl Oap skemicrep (IIipireH, 3aKbIMIAHFaH, KYHTeH)
aneiHbIn TactanmbiHanbl, 100-150 r emmen, MB -1 ycakrarbimta YHTaKTaIabl.
JKuzeHi yHTaKTay[(bIH OHTAMIIbI Y3aKThIFbI T= 52-05 CEK, )KYMBIC OpraHbIHBIH aliHATY
KbUIaMIbiFsl 12000 aliH/MUH. Kypan bl

IpikTren anpIHFaH XHUIE YITUIEPIHIH XUMHSIBIK KYpambl OJlapAbl MEXaHHKAaIbIK
OH/ICY/ICH KeHiH aHBIKTAJIFaHbIH €CKEPCEK, JKUICHIH MHUHEPAJIBIK Kypambl Oal, C, A,
E nopymennep xoHe [ — KapOTUH MeJIepi KeTKUTKTi (kecte 1).
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Kecre 1. XKuze yHTarbIHBIH XUMUSUIIBIK KYPaMbl

Ne KepcertkimTep mr/100r
1 MaxkpoaneMeHTTep
Kanmii 370+5
Kanpinmit 65,0+1
Harpwmii 32,0+1
Maruuii 69,0+1
Tewmip 1,5+1
2 Jopymennep
B-xaporun 8,0+0,1
C mopymeHi 10,0+0,1
A napymeni 5,0+0,1
E nopymeni 3,5+0,1

XKune yararsiaa purran mentepi 9,5+0,02% xypaibl.

OCIMIIK TEeKTI LIMKI3aTThl 3€pTTEyAC ajJbIHFAH HOTIIKENEp XKaHA, JKaKCapThUIFaH
(YHKIMOHAIABIK —CHUIIATTaMalapbl 0ap BeTYMHA ajy YIIIH onapAsl  OipikTipy
MYMKIHJITiHE Heri3 0oia anaapl Jen TYXKbIpbIMIayFa 0omabl.

Cuplp eTiHEH BETYMHA OHAIPY TEXHOJOTHSICHI €T INHMKIi3aThblH AalbIHAAY, TY3IbI
epiTiHAIHI JalbIHAAY, TY3/bI EPITIHIIre cany *KoHe TePMHSIIBIK OHJCYl KapacTbIpaibl.
Byt axic y3ak Mep3iMauTiriMeH cumarTanaabl, IUKI3aTThl KECy, CYHEKTEpiH aKbIpaTy,
ac TY3bIH, KaHTTBl, HATPUH HHUTPHUTIH, MYCKaT >KaHFarblH, JKUAE YHTAFrblH, OYpbIII
naiiianany apkpuibl koHE 2-3 KyH OO#BI mpectey NpoleciH KamTaMachl3 eTeai
(KaceimoBa, 2018).

Berunna ymiiH Herisri €T HIMKi3aTBIHMEH KaTap KOCAJKbl MHIPEAMEHTTEPIl e
TaHJayFa epeKmie Hazap aynapbuianel (AnraeBa, 2023). Berumna cyliekci3 eTTiH
YJIKEH KeceKTepiHiH OOMybIH OUAipei - OCBIHBIH apKachlHIa €PeKIle KYPbUTbIMIBIK-
MEXaHHMKaJIBIK KOHE, SpUHE, TYTHIHYIBUTBIK KAaCHETTEp KajbnTacanbl. OyHKIMOHAIIBI
WHTPEIUEHTTEP MEH onapAblH Au(Qy3usSCchIHBIH OHTAMIBI Tene-TeHIIriHeH Oacka,
BETYMHA TEXHOJOTUSACHIHBIH Oipleil MaHBI3ABI 3JIEMEHTI MaccaXk Ke3iHIe IIUKi eT
OOJIKTepiH MEXaHUKAIBIK OHJeY. MaHBI3IbICH - MEXaHWKAJIbIK OHJICYIIH ICHIeHiH
aypeic ecentey. ET mMMKI3aThIH MEXaHUKAJBIK OHJACY OOWBIHIIA KaJIIbl: Macca)Kepi
TONTHIPY Kodpduunenti 70%-aan acelpmay; UUKIIUTIKTI KOJIJany — OeJcen i ¢pa3aHblg
TBIHBIIITBHIKIICH aJIMacybl; MacCaXepZiH OapabaHbIMEH Ty3[ayAblH OapIiblK Ke3eHIHAC
KacaJiFaH alHaJIeIMIap canbl cubIp eTi ymin 6000—-8000 (M3maitnosa, 2015; Zheleuova,
2020; OpsimbeToBa, 2019).

BeTrunHaHbIH SKCIEPUMEHTTIK OHJICY YATIICpiHIe bUFAIABUIBIK JKUAE YHTAFbIHBIH
memmepine opait W =70%, W,=68,7% xone W, =67,4% xypabL.

Keneci 2-kecreie s)xoHe 1 cypeTTe BETYMHAHBIH AKCIIEPUMEHTTIK OHJICY YITUIEpiH/Ie
MUHEpaIABIK KypaMmbl KeITipiJireH.

2-KeCTeJICH JKoHE 1-cypeTTeH KepeTiHiMizel, OaKkpulay yATiCIMEH CallbICTBIpFaHa
KypamblHAa kufe yHTarbl Oap ynrize Na, K, Mg, P, Ca memmepi apransl. Sfnu,
HaTpuii Meuiepi Oakpuiay yariciMen camisicTbipranaa 1,0 sxone 1,5% xuage yHTarsl
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KocbUFaH yarige 1,15 sxone 1,28 perke coiikeciHmie aprca, Kanpuuii memmepi 1,20
xoHe 1,28 perke, pochop memnmepi 1,12 xone 1,39 perke, Marauii mesepi -1,13 sxoHe
1,37 petke coiikecinme aptkaH. OCblJlaH, YHTAK aiyla XHUJACHI MEXaHUKAJbBIK OHICY
Ke31H/Ie XOHE BETUYMHA TEXHOJIOTHACHIH]IA MACCAXK/Ay Ke3iHIe MEXaHHUKAIIBIK dCep €Ty,
COHBIMEH Karap TePMOOH/ICY/ICH KEeiiH KUJICHIH MUHEPAJIbIK KypaMbIHBIH Oenrii Oip
JICHIei/Ie CaKTaJ FaHIbIFbIH PACTaM IbI.

Kecre 2. BeTunHaHBIH SKCIIEPUMEHTTIK OHIECY YITIIEPIHAEe MUHEPAIIBIK KypaMbl

Ne Onementrep | Nel Oakpuiay Ne2 (1% xune yurarer) | Ne3 (1,5% rxupne yHTarsD)
1 C 28.05 19.15 11.17

2 O 27.10 28.48 32.25

3 Na 14.60 16.79 18.74

4 Mg 0.82 0.93 1.12

5 P 6.72 7.53 9.39

6 Cl 15.03 18.11 17.85

7 K 7.13 8.56 8.87

8 Ca 0.46 0.55 0.59

9 Kynminik, r 0,48 1,63 2,88

CrekTp 1

1 2 3 4 5 6 7 B 9 10 3 :
Monras wkana 4758 wan. Kypcop: 0.000 kBl —  wm INOKTPONNGE HIQBRARHAD |

Cnextp 1

InexTpoHHoe weobpackenns 1

MNonxas wkana 4788 uwan. Kypoop: 0.000 38
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Cnextp 1

1 2 3 4 5 6 7 3 9 10
Monkaa wkana 4785 umn. Kypcogp: 0.000 &L=

mm IneKTpaHHDE ManBpaEHMe |

Cypert 1. Makpo- ’oHe MUKPORJIEMEHTTEP KYpaMbIHbIH MHIYKTHBTI OaillaHbICKaH I1a3MaJIbIK Macc-
cnexrpomerpuscel (ICP-MS): (a) ICP-MS
Nol xocbuibic, Kocnachi3 BeTunHaHblH Oakpu1ay ICP-MS; (b) 1% kocma 6ap Ne2 BerunHanbiH ICP-
MS; (c) 1,5% xocmacsr 6ap Ne3 BerunHansiH ICP-MS
(Figure 1. Inductively coupled plasma mass spectrometry (ICP-MS) of macro- and micronutrient
composition: (a) ICP-MS compound No. 1, control ICP-MS of unadulterated ham; (b) ICP-MS of ham #2
with 1% impurity; (c) ICP-MS of ham #3 with 1.5% admixture)

KopbIThIHABI

CoHBIMEH, BETYMHAHBI TAOBICTHI OHIIIPY VIIIH €T IHUKI3aThIH TaH/aay, OHBIH COPTHIH
KaTaH KaJarayarl, MaiablH maMajaH ThIC OOJyBIHA KON Oepmey skoHe pH meHreiin
KaraH Oakpulay MIiHAETTI. BeTumHa eHmipiciHIE YCTaHyFa THICTI HETI3Ti TPHHITAI
- TY3OBI CPITIHIIHIH (YHKITHOHANIBIFEIH ONAaH opi JKy3ere achIpyabl KaMTamachl3
€Ty YIIIH eT IMWKi3aTBIHBIH TEXHOJOTHUIBIK MYMKIHIIKTEpiH OapbIHIIA TaiigaiaHy,
MBICAJTBI MEXaHUKAJIBIK OHCY. BeTunHa eT eHIMIepiH oHaipyaeri HeTi3Ti MpoIecTepain
0ipi WHBEKINS >KOHE Maccax, SFHH OacKkamia aWTKaHma IIUKi3aT — eT OeiKTepiHe
MeXaHUKaJIBIK acep eTy. COHIBIKTaH MEeXaHUKAJIBIK SCEeP/iH JICHIeHiH qYPHIC ecenTey
MaHbI3IIBL. BeTunHa eHIIpy TEXHOIOTHACHIHAA (PYHKIIMOHAIBAIK HHTPEINCHTTED MEH
eT IIMKI3aThl apachlHJa €PEKIle KYPBUIBIMIBIK-MEXaHUKAIBIK KOHE TYTBIHYIIBUTBIK
KacHeT KaJbIITacybl OChI eKeyiHiH apachiHma IU(QY3UsUIBIK OHTAUIBI TETE-TCHIIIK
OpHaybIMEH, €T IWKi3aTbIH MEXaHWKaJBIK OHJIEYMEH OaillaHbICTHI. IpikTen ambiHFaH
KUAC YATUICPIHIH XUMUSIBIK KYpPaMbl OJapAbl MEXaHHKAIBIK OHJACYICH KEeHiH
AHBIKTAJIFAHBIH €CKEePCEK, KUICHIH MUHEpAIABIK Kypamel Oaii, C, A, E mopymenmep
JKOHE 3 — KapOTHH MOJIIePi KETKITIKTI.

ET mmkizaTeiH MeXaHUKAIBIK OHACY OOHBIHINIA MacCakep i TONTHIPY KO GHUITHEHTIH
70%-maH acelpMai, MHUKIIUTIKTI KOJNJAHY MacCakep/iH aiHajabIM CaHbl MHHYTHIHA
6000—-8000 GonraH a BEeTUHHA OHIMI JKH/IE YHTAaFEIMEH OalbITHIIFAH.
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Abstract. This paper provides an overview of hydrometallurgical copper extraction
studies, in which liquid extraction technology has been used at four copper deposits
of different compositions. The sulfuric acid consumption rate and copper extraction
efficiency, which are dependent on the initial content and forms of calcium compounds
and other impurities in ore samples, were calculated, and the results are presented
herein. It was established that during the leaching process, silicate compounds of
alkaline earth metals, in addition to calcium and magnesium carbonate compounds,
will affect the levels of sulfuric acid consumption, thereby actively lowering the acidity
of the environment. Moreover, these compounds can partially sorb copper ions from
sulfuric acid leaching solutions. Thus, the analysis of waste ore samples showed that
residual copper is mainly contained in the form of complex silicate complexes. The
presence of divalent iron compounds in the composition from one of the deposits also
allowed us to perform a biochemical leaching experiment with preliminary oxidation by
an Acidithiobacillus ferrooxidans bacterial culture adapted to the ore composition. The
use of this biochemical method in the copper leaching process resulted in a significant
reduction in sulfuric acid consumption, by 40%, and a copper recovery rate of 87.2%.
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AnHoOTanus. Makanaga opTypil KypamIarbl TOPT MBIC KEH OpPHBIHAA CYHBIK-
IKCTPAKIMSIIBIK TEXHOJIOTHSIHBI KOJIJaHa OTBIPBIN, MBICTBI THAPOMETAILTYPrHSUIBIK
any OoHbIHIIA 3epTTeynepre oy OepiiireH. MUHEepanorusuIbIK Tanaay JepeKTepiHe
coliKec, 3epTTeJeTiH KeH OpPBIHAAPBI MBICHIHBIH HEri3ri Oeniri Heri3iHeH Cynb(uATI
(parMeHTTepIiH Kol eMec MoJIIIepiMeH a3 TOTBIKKAH TypiHae 00aabl. KyKipT KbIIIKBLUTBI
aFbIHBIHBIH JICHTeH1 MEH MBIC ally THIMILUIITiHIH ecenTeyiaepi Kaabluil KOChUIBICTaphl
MeH Oacka KochaylapblH KeH YJATiaepiHzaeri 0actamkbl Kypambl MeH (opmManapbiHa
0aitaHpICTHI YChIHBLTFaH. CUITLICY TPOIIECiH 1€ KBIIKBULIBIKTHI OSJICEH 1l TOMEH/ICTETIH
OpTaJiaH, KaJlbI[Mi MEH MarHUW/iH KapOOHATThI KOCHUIBICTAPBIHAH 0acKa, CUITLI JKep
MeTalAapbIHbIH CHIIMKAT KOCBUIBICTAPhl KYKIPT KBIILKBUIBIH TYTBIHY JEHreiiHe acep
eTeTiHi aHbIKTaNIbl. CoHnaii-aK, 0yJ1 KOChUIBICTAP MBIC HOHJAPBIH KYKIiPT KbILIKBUTBIMEH
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cinrTiney epiTiHuijaepiHeH imriHapa ciHyre KaOiunerti. COHBIMEH, MaiijalaHbUIFaH KeH
YJITUIepiH Tayjay KOpPCEeTKEeHICH, KAJIJIBIK MbIC HETI31HEH KYPJeli CHIIUKAT KelleHaepl
Typinze Oornaspl. EKi BaleHTTI TeMip KOCHUTBICTAPBIHBIH, KEH OPBIHJIAPBIHBIH OipiHiH
KYpaMbIHIa OOTYHI OCHI KeHHIH KypaMbiHa Oeiimaenrex Acidithiobacillus ferrooxidans
OaKTepUsUIBIK  OCIPIHIICIHIH aJAbIH anxa TOTBHIFYBIMEH OWOXMMISIIBIK —IHaiiMarnay
OOlbIHIIA HKCIIEPUMEHT JKYPri3yre MYMKIHIIK Oepai. MBICTBI iaiimanay Ke3iHae
OMOXMMUSUIBIK 9MICTI KOJIJJaHy HOTHIKECIHAE MBICTBI amy JeHreii 87,2%-fa jkeTKeH
Ke3/Ie KYKIPT KBIIIKBUIBIHBIH IIBIFBIHBIH 40%-Fa alTapibIKTali TOMEHJIETYTEe BIKIIA
erri. JKypriziireH OacTankbl SKOHOMHUKAIBIK €CENTeyjep KYKIPT KbIIKBUIBIHBIH
Oaracbl JKoFapbl OOJIFaH Ke3de ImaiMasiaylblH OWOXUMUSIIBIK OMICIHIH ©3€KTLTITiH
kepcerTi. KanmpIuii MeH MarHuiiIiH KBIITKBUIIBI KOIT KQKET €TeTiH KOCHUIBICTaphl 0ap
KEH/IEpiH SKOHOMHKAJIBIK THIMALTIriH Oaranay MyHAal KeH OpbIHAAPBIH ap3aH KYKipT
KBIILIKBUTBIHBIH TYpPaKThl K31 OONIFaH >KaF[aiia FaHa eHJEYIiH OpBIHABUIBIFBIH Ja
KOPCETTI.

Tyiiin ce3aep: MBICTHI MaiiMaay; KYKIpT KbIIIKbLUIBIH TYTBIHY; KbIIIKBIIIbI KAKET
eTeTiH MUHepanaap; OHOOKCHIAHT
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AnHoTraums. B cratee mpuBeneH 0030p MCCIEAOBAHUN MO THAPOMETAIIYpPridec-
KOMY TIOJTYyYEHHI0O MEAW C TMPUMEHEHHEM >KHIKOCTHO-IKCTPAKIIMOHHON TEXHOJIOTHHU
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Ha YeTBIpeX MEIHBIX MECTOPOXKACHUSIX pa3Horo cocrasa. CoracHo aHHBIM
MHUHEPAIOTHYECKOT0 aHajiu3a, OCHOBHASI YacTh MEIH HMCCIEAYEMbIX MECTOPOKACHHUM
MPEUMYLIECTBEHHO HAXOAMUTCS B OKHCIEHHOH (opme, ¢ HEOONbIINM KOJIMYECTBOM
cynbhunHbx pparmentoB. [IpeacraBieHsl pacueTbl ypOBHS pacxoia CepHON KUCIOTHI
1 3Q(PEeKTUBHOCTH M3BICYCHHS MEIU B 3aBUCHMOCTH OT MCXOJHOTO COACp)KaHUS H
¢dbopM HaxokaeHHss B 00paslax pyabl COCAMHEHHH KalbLUsl W JPYTUX MPUMECEH.
VYcraHOBIEHO, YTO B MPOLIECCE BBIMICTAYNBAHMS [TOMUMO AKTHBHO TOHIKArOIIEHCS
KHCJIOTHOCTU CpEeAbl, KapOOHATHBIX COCAMHEHHMH KaJbLUS M MarHus, Ha YPOBEHb
MOTPEONICHNUsI CEPHOI KUCIOTHI OyIyT OKa3bIBaTh BIMSHHUE CHJIMKATHBIC COCAMHEHHS
LIETIOYHO3EMENIBbHBIX METaIoB. Takxke, JaHHBIE COCTUHEHUS! CIIOCOOHBI YaCTHYHO
copOMpoBaTh MOHBI MEIW W3 PAacTBOPOB CEPHOKHUCIOTHOTO BBbIIIETaYMBaHMA. Tak,
aHanM3 oTpabOTaHHBIX 00Pa3OB PyIbl MOKa3al, YTO OCTATOYHAsI MEIb COACPIKUTCS B
OCHOBHOM B BHUJ€ CJIOKHBIX CHJIMKATHBIX KOMIUIEKCOB. Hamnuuume B cocraBe OQHOTO
13 MECTOPOXKICHUH, COeIMHEHNH ABYXBAJICHTHOTO JKelle3a MO3BOIMIO TAaKKe MPOBECTH
9KCTIEPUMEHT 110 OMOXMMHUYECKOMY BBIILIEIauMBAHHUIO, C IPEBAPUTEIHHBIM OKHCIICHUEM
OakrepuanbHoii KynbTypsl Acidithiobacillus Ferrooxidans, anantupoBanHoii kK cocTaBy
naHHoW pynsl. [IpuMeHeHne OMOXMMHUYECKOTO METONA MPHU BBHIILEIAYUBAHUN MEIU B
UTOTe CIOCOOCTBOBAJIO CYLIECTBEHHOMY CHIKEHHUIO pacxona CepHOM KUCIOThl Ha 40
%, TIpH JAOCTHKCHUU YypOBHS u3BieueHus: meau 87,2 %. IlpoBeneHHbIe MEpBUYHBIC
SKOHOMHYECKHE PAacdyeThl IOKa3ajd, aKTyaJlbHOCTh OHOXMMHYECKOTO METona
BBIILEIAYMBAHUS [TPY BEICOKOM YPOBHE LIEH Ha CEPHYI0 KHCIOTY. O1ieHKa YKOHOMHYECKOH
3G PEKTUBHOCTH PYI C BEICOKUM COAEP)KaHUEM KHUCIOTOEMKHUX COCTUHEHUH KalbLus 1
MarHusi, TaKKe Mmokasasna LeJecoo0pasHoCTh NepepadoTKH MOAOOHBIX MECTOPOKACHUH
TOJIBKO MPU HAJIMYUH MTOCTOSHHOTO UCTOYHHKA ACUICBOM CEPHOM KUCIIOTHI.

KiroueBbie c10Ba: BbIICTIAYMBAHNUC MCIU; paCXo/ cepﬂoﬁ KHCJIOTBI; KUCIIOTOCMKHE
MHHCPAJIBI; OMOOKHUCIICHHE

Kipicne

ByriHri KyHi THIpOMETaITyprsUIBIK ©HJAEYre TapThUIFAaH MBIC KEH OpBIHIApHI
KocnanapAblH KypaMblH YIFalTyFa KOHE KYKIPT KBIIIKBUIBIH LIaiiMasiay MpOLECiH
KubIHAaTyFa oeriim. 70-90 xbuiaapsl Cynb(GUATI MBIC KEHAEPiH KBIIIKBLI €PITiHAIIEpMEH
mraiiManay mpolecTepiH KYHMICHTY YILUiH epiTy MpOLECiH KeAENAETETiH KoHE KYKIpT
KBIILIKBUIBIHBIH IIBIFBIHBIH  a3aMTaThIH OPTYPJl KOCHalapAbl €HIri3y YCBIHBLIIBL:
temip (III) ’koHe aMMOHMUAIH KYKIPT OHE a30T KBIIIKBLI TY3Aapbl, (TOp MOHAAPHI,
OeTTik OenceHni 3aTTap, OTTEri, 030H, HATPUH XJOPHIi, CINTLN >KOHE CINTIM Kep
MeTalAapbIHBIH HUTpaTTapsl MeH xyopuarepi [Canterford J.H. sxoHe Oack., (2022), Flett
D.S. (1983)]. Kasipri3eprrey )xymbictapbiaa [ Godirilwe, L.L. xone 6ack., (2021)] mbic
MUHEpaAbl MINKi3aThIH, KYPIEIi KYpaMblH, )KOFapbl KBICHIM, TEMIIEpaTypa KoHe KYKipT
KBIILIKBUTBIHBIH KOHLEHTPALMACH KEe3iHJEe CUITiIey oMicTepiH 3epTTeldi, Oy MBICTHIH
90%-naH acTaMbIH alnyFa MYMKIHAIK Oepeai. MbIC almy KepCeTKIITepiH apTThIpyMeH
Katap, MHHOBALMSUIBIK 9IICTEPIiH CYHBIK-OKCTPAKIMSIBIK OHIIPIC TEXHOJIOTHSIChIHA
MPAKTUKAJIBIK KOJIJAHBUTYbI KOHE OJapblH 3KOHOMHUKAIBIK OPBIHIBUIBIFEI MaHbI3/IbI

120



Volume 3, Number 456 (2023)

¢axTopnap Oonbin TabbuTanbl. COHBIMEH, OHIMAI MBIC €pITIHAIIEpiHAE HUTPAT MEH
XJIOPUJ] MOHJAPBIHBIH OONYBI, MIaiiMaliay MPOIECiH KEACNJCTeTIH Kocaaap peTiHe
THICTI TY3Jap/bl KOJJAHFAaHHAH KeWiH DKCTPaKIUsi MEH KalTa JKCTpaKIMsUIay/IbIH
KeJleci Ke3eHIepine Tepic ocep eTeni. KelKpIIapl KakeT eTeTiH MIUHEepaIaapIbIH KOTl
Meutepi Oap KeHAep VIIH MBICTHI IIaiiManay VIIiH Oanama epiTiHIuIepai KOoIIaHy
KU1 KapacThIPbLIAJbI, OJIAD CYHBIK SKCTPAKIMS TEXHOJOTHUSACHI VIIH KOJAWChI3
HEMece SKOHOMUKANBIK TYPFbIIaH THiMCi3. EH Kem TapanfraH, KbILIKbUIABI CIHIpETIH
MUHEpaJAap - KaJblMi KOCBUIBICTAPBI, dcipece KalbIUTTep MeH JoaoMuTTep. Keitbip
Karainapaa KalbUTTep Keoip KeMipTeK KOChIIBICTApPBIMEH Oipre KYKIpT KBIIIKBLIBI
epITIHAICIHIEe MBIC MOHIAPBIHBIH CIHIPTINII PETIHAC OpeKeT eTyi MYMKiH. by kacuet
3eprrey kymbicbiHna ambuinbl [David T. Hopkins »xone 0ack., (2022)], mocHSKAT
munepansl (Cu “[(OH), SO ,]-H ,0) typinze conrsl Tynasipymen Cu,, KOIOFa jKayanTbl
a7icopOLMsl MEXaHU3MI CUIIaTTaliFaH.

OchiHIail KypamJiarbl KEeHJIEpre apHajifaH (WIOTAMSIIBIK OaibITy oicTepi MBIC
HeriziHeH Cynb(ua TypiHae OOiFaH Ke3le KOJJIaHbLIaIbl, COHBIMEH KaTap KaJIbLWHi
JKoFapeIMapraHernkeraepininmMeicanbaaa[Meadows N.E(1987) | mupomeTauTy prusiiabik
OaNKBITY ONICTEpiH HEMece CHPEK Ke3/IeCEeTiH MeTaljap KEeHJASPiHIH MbICalbIHIA
BaKyyM/Ibl 0eJy oficTepiH KoijaHyFa 0omajbl. MBICTBIH TOTBIKKAH TYpJepi OachiM
OanaHCTaH THIC KEHAEP MEH YHIHALIep YIIiH OHACYAIH HEeTi3ri 9/1ici KYKipT KbIIIKbUIBIH
nraiManayablH CYHBIK-OKCTPAKIMSIIBIK TEXHOIOTUACH 00JbIT Kaja 6epeni. COHABIKTaH
MBIC YHIHI KeHAepl KypaMbIHBIH MBIC ally KOPCETKIIIiHe )KOHE KYKIPT KbIIIKBUIBIHBIH
COHFHI IIBIFEIHBIHA OCEPiH 3ePTTEY, COHMal-aK OaTaHCTaH THIC KSHIEP MEH YHIHAUTep i
OHJICY/IIH THIMJIUTITIH apTTBIPy JKONJIAPBIH 131ey MaHbBI3Abl FHUIBIMH-OHIIPICTIK
MiHzaerTep Ooinbin Tadbu1aasl [Kenzhaliyev B.K. sxone 6ack., (2021), Magwaneng, R.S.
xoHe Oack. (2018)].

MpIcThl mIaiimanay Ke3iHae KYKIPT KBIIIKbUIBIH TYTBIHY JCHI€HiHIH >KOFapbliay
3aHJBUIBIKTAPBIH aHBIKTAY YKOHE CHIIATTAy MaKcaThblHIa «MeTauryprus koHe OaubITy
HHCTUTYTED AK-ma *Kypri3ijireH THICTI SKCTIEPUMEHTTEPAIH ICPEKTEPiHE IOy KOHE
tanmay kyprizingi. byn momy Opransik KasakcTaHHBIH opTypii KeH OpBIHAaphIHAH
TOPT MBIC YHIHIUIEPIHIH TOJBIK THIPOMETAIUTYPTHSUIBIK [TUKIIIHIE MBICTHI IIaiimMaliay
OOMBIHIIIA DKCTIEPUMEHTTEPAIH HOTIKENEPiH KaMTHIIBL. 3epTTey *Ko0aJapblH OpBIHAAY
0apbIChIH/Ia KEH MaTepHaJIbIHBIH OacTamlKbl KYpaMbl jKOHE Kejleci KeH OPBIHIAPhIH
KYKIPT KBIIIKBUTBIMEH ITaiiMaiay HoTHKenepi OolbiaIIa nepexrep ansiaabpt: 2014-2016
oK. — baiickoe keH opabl, 2015 x. — baittemup ken opabl, 2016-2018 oK. — Cask keH
opHbL, 2021-2023 k. — CarmaeB KanachlHBIH MBIC YHIHZIIEpi, COHBIH imiHIe OHO-
maiimanay OOWBIHIIA SKCIIEpUMEHTTEP. bapIbIk ataiFaH »xodaapibl OpbIH/AY Ke31H e
KEH MaTepUajbIHbIH XUMUSIIBIK kKOHE (ha3ajblK KypaMbl TajJaHibl, [IaiMaliayIbiH
OHTAWJIBl JKaFJIaiyiapbl TaHIAIIbI, MBIC ayAbIH THIMAUITT OaFamaHibl, KYKIpT
KBIIIKBLIBIHBIH IIBIFBIHBI OIp TOHHA KEHI'Ee YKOHE EPITIHJIre albIHFaH MBIC MOJIICPIHE
ecenrrenai [Aomeutnaes H.H., skone 6ack. (2016) Koizhanova A.K. sxone 6ack., (2022)].

3eprTey o0beKTiNepi
Op KeH OpHBIHBIH ChIHAMAJAPbIH aly YHIHALIEpAiH OpTYpJl YydacKelepiHEH
KYPri3inmi, cogaH KeWiH KeH MaTepualibl OpTallalaHAbIpbUIAbL. YHIHAI KeHIEpAiH

121



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

3eprTeneTin yariepinae baiickoe xone CaTnaeB KeH OpbIHAAPBIHBIH ChIHAMAalapbIHIa
KYMTac JKbIHBICTapbIHBIH, coHaah-ak Cask >xoHe balitemup chiHamManapbeiHIa
ca3nbl ¢parMeHTTepAiH OackiM OONybl TYpiHIAE KepceTireH Oenriii Oip CHIPTKBI
aiipIpMaInbUIBIKTap Oaiikanasl (1-cyper).

a) — Baiickoe; o) — Baiitemup; 6) — Casx; B) - CaTnaeB KaJlachIHBIH YHIHTIICI.
1-cyper - MbIC KeH OpBIHIapHI YIATLIEPiHIH CHIPTKEI TYPI.

MBpIc KeHIepiHiH YATUIEPiHIH KypamMbl (UIyOpeCeHTT] )KoHEe XUMHSIIBIK 9iCTEpIiH
KOMETIMeH TajiaH/bl. 1-KecTene Heri3ri KyHIbl KypaMaac — MbIC Kypambl, COH/Iai-aK,

CUITiJICY TPOIIECIHE 9Cep ETETIH METaIAp/IbIH €H alKbIH KYpaMbl KOPCETUITCH.

1-kecTe - MBIC KSHJICPIHIH YITUIEPiHACTI MBIC J)KOHE 0acKa METaJIapIbIH KYpaMbl, %o

Mertain Baiickoe baiiremup Casx CarnaeB
Cu 0,377 0,64 0,24 0,264
Ca 4,5 5,7 9,4 2,7

Mg 0,5 1,78 0,76 1,1

Fe 2,3 6,9 7,33 2,58

Al 7,13 5,1 5,1 5,8

1-kecreze KopceTinreH MeTalnaapaan 0acka, QITyopecIeHTTi Taay apKbLUTbI 0apiIbIK,
ChlHaMajapa KBapll IICH CHIMKAT KOCbUIBICTAPbIHA TOH KPEMHHUI MEH OTTET1HIH eayip
Meduepi Tipkenai. Ocblnaiima, Kelinri peHTreHo(a3albIK Tanaay OapiblK cbiHaManapaa
KBapII KOHE CHITUKAT KOCBUIBICTAPBIHBIH XKOHE 0acKa KbIHBIC TY3€TiH (parMeHTTEpIiH
0ackIM 0OITYBIH aHBIKTa 6. MbIC MUHEpaIapbIHbIH (azanapsl Tek Carnaes yiHiHICIHIH
KEH YITiCiHIe alKBIH TIpKEeNdi, KaJFaH YITiIepae MBIC KOCBIIBICTAPHIHBIH (Da3amaphl
00C Tay JKBIHBICTAPBIHBIH MHHEpAJIapbIHBIH asChIHAa epekmencnoeni. bapisik Tept
YJITiHIH erKel-TerKeiii peHTreHaik (aszablk Tanaaysl 2-KeCTee KeITipijireH.

2-xecte - 3epTTeNeTiH KeH OPBIHAPBIHEIH PEHTTCHAIK (ha3aiblK TajlaylapbIHBIH HOTHKENEpi

Baiickoe
Compound Name Formula S-Q
Albite Na(AlSi,0,) 24,1
Quartz SiO, 21,2
Orthoclase K(ALFe)Si,0, 18,4
Clinochlore Al Mg Si,0, (OH), 8,6
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Gypsum CaSO,2H,0 6,9
Tremolite (Ca,Na,Fe) Mg Si,0,,(OH), 6,6
Muscovite-1M KALSi AlO, (OH), 5,6
Kaolinite H,ALSi,0, 4,0
Laumontite Ca(ALSi,0,,)-4H,0 3,1
Calcite CaCo, 1,5
baiiremup

Compound Name Formula S-Q
Quartz SiO, 64,2
Montmorillonite, calcian (Ca, Na), ,AL(Si,Al),0, (OH), xH,0 11,8
Bassanite, syn Ca(SO)(H,0), ., 10,6
Muscovite 0’932A1 (Alowsz 32068 10)((OH)1 744 0256) 7,0
Clinochlore Mg,,...Fe, zzAll,Sglslz,o6 o(OH), 3,1
Albite Na(AlSi,0,) 1,8
Orthoclase (Ko.stao.1ca 00082 012)(A11 005 © 2, 99508) 1,3
Calcite CaCoO, 0,2

Casik

Compound Name Formula S-Q
Quartz Sio, 20,0
Andradite, aluminian Ca,Al4Fe | Si,0, 13,5
Wollastonite CaSiO, 11,6
Cronstedite-6 Fe FeSiO,(OH), 9,6
Cordierite,ferroan,sodian Na, (Mg, [Fe (Al Be )Si,0 (H,0), 9,6
Donbassite-2Mla Al, .(Si,AD)O, (OH), 8,5
Albite,calcian,ordered (Na,Ca)Al(Si,Al),O, 6,6
Calcite CaCoO, 5,6
Dolomite CaMg(CO,), 33
Microcline (K, sNa, JAISi,O, 2,8
Magnetite syn Fe,O, 2,6
Muscovite-2M1 0. szAl (Alo 032503 065 10)((OH)1 7asF02s6) 2.4
Iron Oxide Fe,,.,0, 2,1
Clinochlore Mg, Fe Al Si, Al O, (OH), 1,7

CarnaeB

Compound Name Formula S-Q
Kgapu SiO2 54,50
Albite Na(AlSi,0,) 18,40
Clinochlore -1MIIb, (ferroan) (Mg,Fe),(Si,Al),0, (OH), 9,20
Kanmii kykiprinin cynsur rugparer | K (5,(S0,),)(H,0), 6,40
Kaunii ruzpocysbgarst K H(SO,), 2,90
Kanmii kykiprinig cynmsdur runparer | K, (S5,(SO,),)(H,0), 2,80
MycKOBHT H,KALSi,O,, 2,40
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I'emarut (syn) Fe,O, 1,15
Calcite CaCoO, 1,00
[Mupur FeS, 0,80
Masnaxur Cu,(CO,)(OH), 0,30
XanpKOUpUT CuFeS, 0,15

MUHepaNnorusiblK Tanjgay apKbUIbl 3€pTTEIreH KEeH ChlHAMajlapblHAaFbl MBbIC
HEri3iHeH MaJlaXUTTIiH TOTBIKKAH TYPIiH/E, COH/Iaii-aK XaJIbKOIIMPUTTIH JaKTaphl TYPIH/IE
0O0JIaThIH/IBIFBI AHBIKTAJIIBI (2-CYpeT).

a) - MaJaXUTTIH IPU3MANBIK KPUCTAIAAPBIHBIH Oipiryi; 0) - KeHI1 eMec MacCaHbIH JKOJIAKTaPbIH/IaFbl
XaJIbKOITUPUT
2-CypeT - HeTi3r1 MBIC MUHEPAIAAPBIHBIH MUHEPATIOTUSIIBIK TalaybIHbIH CYyPETTEpi.

Marepuajagap MeH dicTep

MBICTHI KYKipT KBIIIKBUTBIH Ty OOHBIHIIIA TOXKi prOeIIep ipieHIipireH-3epTXaHaTbIK
MacmITadTa OpbIHIAJIBI KOHE YHMeTi [aiiManay MmpoleciH IMHATAIUsIIayFa MyMKIHIIK
OepeTiH apHaiibl KaOABIKTaIFaH TEPKOJATOpP OaraHAapbIHAA JKYPri3iimi, KeHiHHEeH
THIPOMETAIITYPTUSIIBIK, OHAIPICTIH 0apiIblK Ke3eHIepi: SKCTPAKIIHS, KalTa IKCTPAKIIUS
JKOHE AIIEKTPOJIH3 ydyackemnepi eHrizingi (3 — cyper).

a)

a) - HepKOJIATOpIap Kyiieci; 6) - IKCTpaKIKs )KoHe KaiiTa IKCTPAKIUHUS yUacKeci; B) - JNEKTPOIN3
ydackeci.
3-CypeT - MBIC aJIy/IbIH THAPOMETAILTYPIUSIIBIK TEXHOIOTHSCHIH ipiIeH/IipireH-3epTXaHaIBIK ChIHAY

JKAOILIFEL.
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Tepr keH OpHBIHAH aJIBIHFAH MBIC ChIHAMAJIAPBIHBIH JCPEKTEPiH THIPOMETA-
nyprustisik 3eprrey 2014 sxpuinan 2023 xputra gedin 9 ®bl1 OOHBI KYPri3ijiji, OHbIH
OapeIChIH/IA TTaiMaTayIbIH OHTAWITBI apTTaphl TaHAAIAB. OpPraHuKaIbIK SKCTPAKITHS
¢azacer peringe Lix984 pearenti Escaid epitkimingeri 10% epitinai pertinge
naianaHbUIIbL.

CraHmapTThl KYKIPT KBIIKBUIBIH IIaiiManaygan Oacka, 2022 sxbuisl Carnaes
KQJIACBIHBIH MBIC YHIHIICIHIH ChIHAMACHIHIA OCHI KEHHIH KypaMblHa OcHimaenreH
Acidithiobacillus  Ferrooxidans OakTepusuibIK  ©CIpIiHIICIH KOJJaHa  OTBIPHII,
OMOXMMUSUTBIK TOTBIFY TEXHOJNOTHsACH Ja chiHamael [Meadows N.E, (1987)].
A.Ferrooxidans OakTepusuIbIK OCIPIHIICIHIH OeHiMIenyl jKoHE ecyl 9JeTTe epiTiHIl
mapameTpiepinaeri Oenrim Oip e3repicrepmen Oipre skypemi [Koizhanova A.K.
xkoHe Oack., (2022) Rept Invest (1991) Lv, X. xone Oack., (2021), XamnezoB b./I.
(2021)], aran aiitkanma, Fe*" KOHIEHTpAIMSACHIHBIH OelceHal ToMeHaeyi xoHe Fe’'
HMOHJIAPbIHBIH JKOFapbuIaybl Oaiikanajpl. KeOiHece MBIC KOCBUIBICTAPBI CTaHIApTThI
A.Ferrooxidans mramMmbl yiIiH yibl OONBITT TaObUTambI, OV OeHiMmenreH ecipiHmiHi
eCipyMeH KOCHIMIIIa MHUKPOOHOIIOTHSIIBIK TaHAay/Ibl KaXKeT eTefi. MbIC MNKi3aThIHBIH
xarjaiipiHa Oeliimaenren A. Ferrooxidans mrammapsl MbIC cyiabuarepine Oaca
Hasap ayjapa OThIpbIIN, Cylb(puaTepAiH OHO CiITUIeHYiHe MYMKIHJIK Oepeni . Korean
Center for Culture Collection-ga ecipinren Acidithiobacillus ferrooxidans-1333
IITAMMBIHBIH YITICi ONTLT, 0N OChl MHUHEPANABIH epeKIIeNirine OaKkTepHsuIapIbIH
YKOFAPhl UMMOOMTH3AIIMACH eceOiHeH XabKOTMPHUT KypaMbiHaa Fe?’ sorapbl TOTHIFY
HOTHXKeNepiH kepceTkeH . [Godirilwe, L.L. sxone 0ack., (2021) , Maromenos /I.P sxone
back., (2016), Sariev, O. xone 6ack., (2020)]

IKCNepUMEeHTTIK 06J1imM

MpicThl maiiManay OOWBIHIIA IpUICHAIPUITEH 3€pTXaHAIBIK ChIHAKTAp KeH
YATUIEpiHIH OSKITUITeH 1IMEKTEPIiH MePKOJIATOPIIaApFa THETCHHEH KOHE DKCTPAKIIASITBIK
ydacKkeHi MOHTaTaraHHaH KeliH xyprizingi. [1laiiManay KoHIIEHTpaIUsHBIH OipTiHASTT
TOMEH/eyiMeH OacTalKbl Ke3eHJe KYKIPT KbIUKbUIBIHBIH 2,0-2,5% epiTiHginepiMeH
xyprizunai. lafimanayaeiH OMOXUMHSIIBIK HYCKAachl CaTrnaeB YHIHIICIHIH ChIHAMacChl
v anramkel 20 KyH imMHEIE KYKIPT KBIIKBUIGIHBIH a3 KOHIIEHTPAITMSACHIHIA
OaKTepUsUIBIK epITIHAIMEH aNJbIH ajla OHJEY XKYPTi3iili, ComaH KeWiH IaiMarnay
KOHUEHTPALUSHBIH KEHIHI1 TOMEHACYyIMEH KYKIPT KbIIIKBUIBIHBIH 2,5% epiTiHaiciMeH
XKYPri3iii. ANBIHFaH OHIMJII epITiHIIEp KYH callblH MBIC TIEH KBIIIKBUIIBIH KypamMbIHa
TaIgaHabl, COMaH KeHiH KaKETTI KOHIICHTPAIIUSAFA KETY VIIH KYKIPT KBIITKBUITBIHBIH
KOKETTI MOJIIepiH KOCHII, epiTiHai IaiManayga KadTa KONJaHBUIIBL. OHIMII
epITIHAI SKCTPAKUMAIBIK KOHIBIPFBIFa Oepiii, ConaH KeiiH maimanay MBICCHI3IaHy
paduHATBIMEH JKYPri3iiai. DKCTPaKIUsIHBI €CENnTey Ke3iHJe OHIM/II EpITiHIiACH
aJBIHFAH MBIC MacCaJapbIHBIH KOPCETKIITepi >KOHE aFbIMIarbl epIiTIHAIAETI MBIC
MeJlepi, OHbIH imiHAe paduHAT, COHIA-aK OpraHUKANIbIK (hazagarbl KaJIJIBIK MBIC
Meutepiepi coMananbl. JKaimbl SKCTPaKIMSIHBI ecenTeyli Keneci (opmynaMeH
KepceTyre 0onabl:
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Op (azaHbIH MBIC MacCaChl CTAaHAAPTTHI (popMysa OOMBIHINA €CEnTeN/Ii:
m(Cu) = C(Cu) - V;

myHaarel C(Cu) — MBIC KOHIIGHTPAIWACHI, V' — epiTiHAiHIH KejeMmi. bactamker
MBICTBIH MacCaChl IEPKOJISITOPFA TUEIITEH KEHHIH MaibI3IbIK MOJIIIIEPi MEH MacCachlHAH
eCeNTel/Ii.

KI)IIHKI)I.H IIBIFBIHBI 6apnbn< KBIIIKBIT KOCIIaJIapbIHbIH, KOCBIHABICHIH IIEPKOJIATOPTa
THENITeH KeHHIH MaccachlHa 0Oy apKbUIbl €CeNTeNIi JKOHE OChl COTTe TOHHACHIHA
KHJIOTPaMM ece0iHeH KaiTa ecenTemni.

KBIIIKBUT NIBIFBIHBIHBIH aJIbIHFAH MBIC MOJIIEPiHE KAThIHACHI OapIIbIK KOCIaIap bl
OCBI COTTE KCHHEH aJIbIHFaH MBIC MaccachiHa 06Ty apKbLIbl €CENTEN/II.

KeHHiH TOHHACBHIHA KYKIPT KBINIKBUIBIH TYTBIHYABI C€CEMTEY/i, ANbIHFAH MBbIC
IIbIFBIHBIHBIH apaKaTbIHACBIH JKOHEC KCHHCH MBICTBI KOPLITBIHALI alyAbl KaMTHUTLIH
MIEPKOJIALIMSIIBIK [IaliMaiay MPOIECiHIH HOTHXKeNEpi 3-KeCTeAe KEeITIpIIreH.

3-kecte - 60 TOyIiK imiHAe MraiimManay Ke3iHIe MBIC ATy MEH KYKIPT KBIIIKBUIBIH TYTBIHYIBIH HET13Ti

KepceTKimTepi
Baiickoe Carnaes K. yitingici | Carmaes K. yitinzici (6uo) | Baiitemup Casik
6ip H,SO, 6ip H,SO, . H,SO, ) H,SO, . H.SO
An- romia r/ Cu | An- |Ton- |1/ Cu 6ip r/Cur 6ip r/ Cu 6ip N /2 Cu4
KyH | pi- enre | T (epi- | BIH- | Ha r (epi- | AnbiH- | ToHHa | (epi- | AnbIH- | TOHHA | T (epi- | ANBIH- | TOHHA (epi
FaH, KH HEC | ip- FaH, | KeH- | TiH- FaH, KEHre | TiH- FaH, KeHre | TiH- FaH, KEHre 'l;‘iH pir-e
Cu 2 Jire Cu |reH, |nxire Cu% |H,SO, | xire Cu% |H,SO, | nire Cu% |H,SO .
SO 2 2T 27 2774 | anblH-
% 4 anbH- | % SO, | ambm- KI aJIbIH- Kr aJlbIH- KT
KT FaH)
FaH) KI' FaH) FaH) FaH)
5 11,83 | 12,44 [279 [6,5 |[6,1 357 (04 1,5 140,0 | 10,1 9,23 14,2 15,67 |35,61 |94,68

10 [2784]1868 [17.8 [140 85 [252 |21 40 |61,6 |146 |926 [9.85 [2081 [39,72 [79,52
15 [341 1993 [155 [230 102 [243 [113 |60 [202 |181 [933 [715 |[26,07 [43.97 |7028
20 (38,5 (2032 [140 [340 (113 [196 [180 |65 [202 [223 [949 [633 |[3241 [4536 [s5832
25 [435 [20091 [12.75 [455 |13, [94 [250 8.1 13,0 [262 [957 [544 [356 4627 |54,15
30 [462 [21,08 [121 [581 (140 |90 [337 [88 |99 [303 |[1022 524 |382 [4697 |5123
35 [s01 [2105 [112 [685 [143 [86 [424 [o2 [83 349 1146 |51 455 |[51.61 [47.26
40 [56,89 (21,66 [10,1 [754 [148 [77 [s54 |92 |63 385 1388 |56 |605 |6441 |4436
45 596 [2224 |99 810|151 [72 |648 |94 |54 |445 [1481 |517 [745 [6598 [369
50 [6432]2231 (92 [829 (155 [70 [713 |94 |s.1 483 [1554 |50 [779 |6628 |3545
55 [660 |22,64 |91 [841 155 [69 793 |94 |47 |s18 |1567 |47 |784 |6636 [3527
60 |66,13]22,60 |91 [86,7 (155 |68 [872 |94 |41 543 [1583 |4,53 |78.6 [6640 [352

[MepkomsinusuTBIK MaiiManay asKrajfaHHaH KeliH KeH MaTepHasIapbIHbIH Yiriiepi
MBICTBIH KIIBIK KYpaMbIHa )KoHE OHBIH OpHaIacy opMachIHa TalgaHIbI (4-KecTe).

4-kecre - nraiimManay/iaH KeHiHri KeH yJariiepinaeri Kaniabik Mbic, %

Satbayev Satbayev (bioleaching) Bayskoe Baytemir Sayak
0.036 0.033 0.13 0.31 0.055

MuHepanorusiabplK Tanjaay OapliblK YITUIEpAeri KaJlFaH MbBIC HETI3iHeH Kypaedni
K,CuMg.Si O, okcuiaiMen xoHe 0acka Ja CHIMKATTapiAbIH KYPIEN JTaKTapbIMeH
YCBIHBUTFaHbIH aHBIKTaIbI (4-CyperT).
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a) - K,Cu, Mg Si O, xemeHi OKCui; b) - MBICTBIH CHIMKATTBI JAKTaPHL.
4-cypert - maiimMasaynaH KeHiHT1 KalIJbIK MBIC KOCBUIBICTAPBIHBIH MHHEPAIOT MSUTBIK TAJIIAyBIHBIH

cyperrepi.

Mpbic  KaJJbIKTaphIHBIH ~ KaJIJIBIKTapblH  erkeh-terxkeini  3eprrey  JEOL
¢upmaceiHbiH JXA-8230 37eKTpOHABI 30HATHI MHKPOAHAIM3aTOPBIHAA >KYPIi3iiai,
0J1 OCBhl OeIeKTepae ATIOMUHUN CHUIIMKATTapblHA TOH OTTETi, KPEMHUH, aJIOMUHHUN
creKTpiepiH kepcerTi (5-cyper). TaOblIFaH Kypeli OKCUA CUSIKTHI, OyJ1 pparMeHTTep
Oacrankpl yirinepae kesaecnereH. byn ¢akr OypelH aliTeuirangaii [9], kansnurrepre
YKcac eKeHiH KepceTell, KeHOip CHIMKAT KOCBUIBICTAphl €pireH MBIC MOHAAPBIHBIH
copOeHTI peTiHae OpeKeT eTyi MYMKiH. byl perte, 3epTTeyiepMeH aHbIKTalFaHaan
[24], OipkaTap yKcac MHUHEpaI (bl (pparMeHTTEepACT1 TOTBIFY TIPOIECTEPi KEH OPHBIHBIH
Tay >KbIHBICTAPbIHIAFbl OaliKalFaH TCOJOTHSUIBIK ©3TepiCTepMEH JKalfacybl MYMKiH,
Oyt Oipa3 yakbITTaH KeHiH MBICTBI HEFYPIIbIM TOJBIK allyFa MYMKIHZIK Oepei.

S : e o

Date : 2014109130
Pixel 11280 % 960

Acquisition Condition
Instrument : 8230
Volt 125.00kV

Current 16.00nA

RealTime 50,26 sec.
DeadTime  : 16.00%
= CountRate  : 11327.00 CPS

Countsx1.£43]

i
& P8Ry
& KK

A9 e c
Wik, Fo I
0~ T

000 100 200 300 400 500 GO0 700 £00 900
tov

o)
20 hal

5
2

Elements ms%  mol%  Sigma  Net K ratio
4871 7288 060 2046078 02404831
Al 647 571 042 961749 0.0201654
9.37 7.94 0.40 1632105 0.0365881
2,00 122 038 451077 0.0163339
Fe* 180 077 068 242247 0.0146976
Cu 3119 1169 137 2499617 0.2261438
Ag* 041 Lele) 080 £9150  0.0024603

EZFRRRRXRC

Au nd nd
Total 100.00  100.00

5-cypeT - KaJ'I,Z[LIK MBICTBIH KUbIJIBICKaH 69J'IIJ.ICKTepiH DJICKTPOHABI-MUKPOCKOITUAJIBIK TAJI1aY.
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HoTtu:kesepai Tankbliay

[lepromauusanplk —ImaiiManay SKCIIEpHUMEHTTEepiHiH HoTmwkenepi Casgk koHe
Baiickoe keHAepiHiH YITiIepiHIe alFamKsl OH KYHIE MBIC alyIblH €H JKbUIIaM OCYiH
kepcetTi. CoHpIMeH Kartap, pH KepceTKilTepiH KoHe KYKIPT KbIIIKbUIBIHBIH KaXKeTTi
KOHIICHTPAIUSCHIH TYPAKTAHABIPyFa KOJ JKETKI3y YIIH KYKIPT KBIIIKBUIBIHBIH €JI0Yip
Meutepi Kaxer Oounjpl. baiitemup xone CaTrmaeB K€H OPBIHAAPBIHBIH ChIHAMAJIAPHI
YIIIH KBIIIKBUI OPTaHbl TYPAKTAHJABIPY YIIIH KYKIPT KBIIKbUIBI KOCHAJapbIHBIH a3
Meutepl KaxkeT OoJibl, anm 0acka ChlHaMajap CHSKTHI ©HIMJI epiTiHaLIepAeri MbIC
KOHIICHTPANUSACHIHBIH KYPT ©Cyi OaliKaiMaIbl.

CarnaeB ChIHaMachlH OMOXMMESUIBIK IIaiiManay HYCKAchlHAAa OacTamKbl Ke3eHIE
pH 2,0-2,5 xepcerkimrTepinge MUHEpalibl MIMKI3aTTBIH 1iecne OHO-TOTHIFYbIMEH
OaKTepUsUIBIK  OCIPIHIICIHIH OeliMAeNyl KYPri3iiami, aj KYKIPT KbIIIKBUIBIHBIH
koHuentpanusicel 0,5%-man acmagpl. COHIBIKTaH aJFaIIKhl JKUbIPMa KYH IHIHJE
epITIH/IIre MBIC aTy 6Te TOMCH JCHTeiIe Kaabl, TiNTi Oip TOHHA pymara a3 MeJIIepac
KBIIIKBIT JKyMcalica Ja, alblHFaH METallFa MacCalblK KAaThIHAC ©T€ YKOFaphl OOJIIBI.
BroxumustbIK maimanayaplH OHIMIII epiTiHaIepi 0acTankbl Ke3eHIe IKCTPAKITUSITBIK
OHJICY/ICH OTIICTCH.

60 KyH imiHAe KYKipT KbIIIKBUIBIHBIH KaXXETTI KOHIEHTPAMACHIH YCTall TYpY YLIIH
KQKETTI KOCIajap CaHbl YHEMI TOMEH/IE1, OV COHBIMEH KaTap KBIIIKbLI aFbIHBIHBIH
aJIbIHFaH MBICKA MacCajblK KaThIHACKIH a3aiTThl. CaTriaeB K€H OPHBIHBIH CTAHIaPTThI
JKoHe OMOXWMMSIIBIK —IIaiiMasiay ChlHaManapblHAa mporectiH 45-50 KyHiHeH
KeliH padWHATTBIH alHANBIMAAFBl MIaliMajay epiTiHIICiHE KBIIIKBUT KOCHalaphl
OKCTPAKIHSAJIAH KEWiH TOJIBIFBIMEH TOKTaThUIbI, OWTKEHI OPTaHBIH KBIIIKBULIBIK
KOPCETKIIITEePi KaKeTTi mapamerpiuepre coikec kenai (H,SO, - 2,0-2,5 %, pH - 1,5-2,0).

EpitiHgire MbIC aily[blH KOPBITBIHABI HOTHKENEpl koHe 60 KYHIIK Inaimarnay
KE3IHJIe aJBIHFaH KYKIPT KBIIIKBUIBIHBIH TYTHIHY JIEHTEHl KeHIETi OacTamKel KypaMra
0aifaHBICTBl Op KEH OpPHBI YIIIH 9pTYpPJi KepceTkimTepre ue Ooimbl. 9-cyperTTiH
rpadukTepiane 4 KeH OpPHBIHBIH KYKIPT KBHIIIKBUIBIMEH INaiiMaiiay HOTHXKeJepiH
OMOXMMUSUTBIK ~IlIaiMaNay/lblH KOCBIMIIA HYCKACBIMEH CaJBICTBIPY KEJNTIipiITreH.
ConbiMeH, baliTemMup pyIachlHbIH ChIHAMACHIHJIA aJIbIHFAH MBICTBIH 0acTarKbl
meutepi 0,64% Oonran 54,3% eH a3 HOTHKEre KapamacTaH, ajblHFaH MbBICTBIH
Maccacsl 545 r kypaasl. bactanker mpic memepi 0,24% 6omarein Casgk KeH OpHBIHBIH
KeH ChlHamMachIHaH 78,6% ajblHFaH Keszle epiTiagire Tex 377 T meramt aiasiHabl. Ken
OpBIHIAPBIHBIH ChIHAMAJIAPBIH ITaiiMaray Ke3iH/e epiTiHAUIepeTi MBICTBIH IIaMaMeH
Oipaeit menmepi: batickoe — 514 1, CatmaeB — 515 1 xoHe 518 1 (010 HYCKAChI) abIH/IBI,
Oipak OyJl ChIHaMajapJarbl MBICTBIH OacTamKbl KYpPaMbIHIAFbl albIPMAIIbLIBIKTI
€CKEepEe OTBIPHIIN, IKCTPAKIIUS ACHICHI JIe alTapiIbIKTal ©3repi.

JKymcanraH KbIIIKBUIABIH OajaHChl alIbIHFAH MBICTBIH OKaJlIbl  MOJIIePiHE
KaiiTa ecenrereHae, ¢H >Korapbl THIMAUTIK CaTmaeB YHIHAICI KEHIHIH alIblH aja
OMO-TOTBIFYBIMEH JKYPri3iireH dKcrepumenTTe Oadikanael - H,.SO, : Cu = 1 : 4,1,
al CTaHAapTTHl IIaiimanay Ke3inge Oyl kepcerkim — 1 : 6,8 kypaabl. baiitemup
PYJAchIHbIH ChIHAMAChIH ciTiney 54,3% nenreiiine kapamactan, H,SO, : Cu=1:4,53
KOPBITBIH/IbI KaTbIHACHIH KopceTTi. balickoe KeH OpHBIHBIH KeH ChIHAMAChIH 1A KbIITKbLI
MEH OH/IIPIJITeH METaJll IIbIFbIHBIHBIH Oantanchl — 1 : 9,1 kypaubl. KbIIIKBUIIBIH €H KoIl
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WbIFBIHEL Casik chlHaMachlHAa OalKaiIpl, MyH/Ia METaJIFa KaJllbl MaCCaJbIK KaTbIHAC -
H,SO, : Cu=1: 35,2 0anaHCchIH KOPCETTI.

Bip ToHHA KeHTe KYKIpT KbIIIKBUIBIH TYTHIHY JICHTel1 KoOiHece MBICTBIH 0acTarKel
KYpaMbIHA OHE OHBI €pITIHIIre aay THIMIUTITiHe OaimaHbeIcThl. KeHHIH TOHHAChIHA
KaifTa ecernTereH e, KbIIIKbUI IIBIFBIHBIH ecenTey CarnaeB KeH OPHBIHBIH ChIHAMaJIapbIH
maimManay Ke3iHA€ €H a3 IUBIFBIHAApAbl KepCeTTi — KEHHIH TOHHackiHA 15,5 K,
OaKTepUsIIBIK TOTBIFY Ke3iH/1e KeHHIH TOHHachIHa 9,4 KT. baliTeMup KeHiIMeH )Kypri3iiren
ToKipubenepe 6ip TOHHA KeHI'e KBIIIKBUT IBIFBIHEL 15,83 kT, Baiickoe keninae - 22,69
KI' Kypajabl. Bys apakarelHacTarbl €H KOl TYThIHY dKcrepuMeHTTe Cask ChIHaMaChIH
maitMaay Ke3iH/e aHBIKTaJIIbI )KOHE KeHHIH TOHHACHhIHA 60,4 KT KBIITKBUTIBI KYPAIThI.

OcsI mapaMeTprep/ii ecenTey MbIC YHIHAICIH THAPOMETAITYPTUSIIBIK OHACY YIIiH
KaXeT KYKIPT KbILIKBUIBIHBIH OOJKaMIbl MOJIILIEPiH OoJDKayFa, AeMeK, Oenrii 0ip KeH
OPHBIHBIH HEMECE OHBIH YYaCKECiHIH KaTOAThl MBIC OHAIPICIHIH THIMIUIITH Oaranayra
MYMKIHJIK Oepei.

545

514 515 518

22.69

20 15.5
9.1
6.8
" . e
0

15.83

— .

Baytemir

9.4

Satbayev
(bioleaching)

Bayskoe Satbayey Sayak

Bayskoe Satbayev Satbayev

mass ratio - acid/copper in solution mmmm kg of acid per ton of ore =li==copper extraction, % (bioleaching)

a) b)
9-CypeT — KbIIIKbUI IIBIFBIHBIHBIH (KSHHIH TOHHACBIHA )KOHE ePITIH/Ii1er] MBICTBIH MACcCaNbIK
apakaThIHACHIHA) OHE KEHHEH MbIC aJTy/iblH (a - %-0€eH, B - paMMEH) KOPBITBIH/IbI KOPCETKIIITEPiH

Baytemir Sayak

CaIBICTBIPY AMArpaMMachl.

KYKipT KbIIIKBUIBIH TYTHIHY KOPCETKIIITEPIHIH HOTHKEIEPi MBIC KEH OPBIHIaPbIHBIH
3epPTTENCTIH YATIePIHACTI KaIbIUi MEH MarHui KOChUTBICTAPBIHBIH KYPaMbl OOWbIHIIIA
0acTarKbl IepeKTEPMEH CATbICTHIPHLLIBI. COHBIMEH, S-KeCTEe/Ie KaIbIHii MEH MATHUNTIH
CUITLII JKep METaIapbIHBIH JKaJIbl KYpPaMbl, KaJbIUTTEP, JOJIOMHUTTEDP, CHIUKATTAP
MeH cynbdarrap (THrc, 0a3aHWUT) TYPIHIETI OJApABIH KOCBHUIBICTAPBIHBIH MOJIIIepi,
COHJaii-ak opOip KeH YITicCi YIIiH KBIIKBUT TYTHIHY JCHIeii KeNTipiireH.

5-KecTe - MBIC KeHAEPIHiH YITIepiHAeri CUITLI )Kep MeTalIapbIHBIH JKOHE OJTapIblH
KOCBUIBICTAPBIHBIH KYpaMbl, %; KYKipT KbIIIKBUIBIH TYTHIHY ICHT e

Calcium and magnesium compounds Total
silicates of | gypsum | number of | mass ratio - | kg of acid
Ca?" xomHe | calcites and | calcium and | and Ca and Mg | acid/copper | per ton of
Yari Mg?* | dolomites |magnesium |basanite | compounds |in solution ore
Satbayev 6.8 15.5
3.8 1.0 9.2 <0.05 10.2
Satbayev 4.1 9.4
(bioleaching)
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Bayskoe 5.0 1.5 9.7 6.9 18.1 9.1 22.69
Baytemir 7.48 <0.2 14.9 10.6 25.7 4.53 15.83
Sayak 10.16 8.9 26.8 <0.05 35.7 352 66.4

CinTiney npomuecine 4 TypIi MBIC KE€H OPBIHIaPBIHBIH KBIIITKBUT ITBIFBIHBI OOHBIHIIIA
HOTHIKETIEP/Ii CABICTHIPY KAIBIUTTEP MEH JOJOMHUTTEPCH 0AaCKa KBIIIKHUT NIBIFBIHBI
JICHIeUIHIH KOFaphlUlayblHA KATBIUH MEH MarHUUJIH CHIIMKAT KOCBUIBICTAPHI J1a dcep
eteTiHAiriH kepcerti. COHBIMEH Katap, baiickoe skoHe baliTtemMup KeH OpBIHIAPBIHBIH
ChIHAMaJNapblHAa TAOBUIFAaH THUIIC XOHE Oa3aHWT THITIHJETI KalnbIHUW CYIb(aTTHI
KOCBUIBICTApBl CIUNTiNIEYy Ke3iHIe KBIMKBUIIB TYTBIHYFAa dcep eTHeli. S5-KeCTeHIH
nepekrepi Herizinme 10 sxoHe 11-cyperrepniH rpadukTepiHae KambIMii MEH MarHui
KOCBUIBICTAPBIHBIH OPTYPJIi KYPaMBIHIAFbl MbIC KEH OPBIHIAPHIHBIH ChIHAMAJIAPBIH
maiMarnay Ke3iH1e KbIIIKbUIIBI TYTHIHY AeHTeHIIepiH (COHBIH iTTiH/Ie OO0 maiiManayIsiH
0ip HYCKACBHIH) CAJBICTBIPY KOPCETUITEH.

70 66.4
60
50

40

30 ’7

Satbayev Satbayev Bayskoe Baytemir Sayak
(bioleaching)

Emgypsum and basanite E=calcites and dolomites

=3silicates of calcium and magnesium ~#-mass ratio - acid/copper in solution

~@=kg of acid per ton of ore

10-cyper - KaJbIKil MEH MarHHii KOCBUIBICTAPbI KYPAMBIHBIH IIaliMasiay Ke3iH/Ie KYKipT KbIIIKbUTBIH
TYTBIHY JICHIeiiHe acepi.

35
30 4
25
20

15 1

%]

10 4

Satbayev Satbayev Bayskoe Baytemir Sayak
(bioleaching)
[ calcites and dolomites

Csilicates of calcium and magnesium

EEEE gypsum and basanite mass ratio - acid/copper in solution

11-cyper - KanbIid MEH MarHiil KOCBIIBICTAPBIHBIH TYPIEPi, OJapIbIH )KYMCAIFaH KYKipT
KBIITKBUTBIHBIH aJIBIHFAH MBICKA MACCaJIbIK KaTbIHACKIHA dCEpi.
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Casik KeH OpHBIHBIH ChIHAMACHIH IIaiiManay Ke3iHJe KYKIPT KbIIIKbIIBIHBIH €H KOl
LIBIFBIHBL KYpaMbIHZIA KaJlbl MaccalblK yieci 35,7% KypalTbiH MuHepanmap Oap
KaJblIMHA MEH MarHuid KeHiHiH >KOFapbl KYPaMbIHBIH caiaapbl Oomibl. KpIIIKbLIIIbL
OernceH 1l CIHIpETIH MUHEpaIap KaJbIUT )KOHE JIOJIOMUT CUSKTHI 8,9% KypaJibl, KajiFaH
26,8% KaJbIuii MEH MarHuii CUJIMKaTTapblHaH OOJIIbI.

Balitemup pynacblHbIH ChIHAMAChIHAA KaJbLWMH MEH MarHUi MHHEpaJAapbIHbIH
JKaJIIbl MOJIILIEP] JKEeTKUTIKTI )KOFaphl OOJFaHbIHA KapamacTaH - 25,7%, cinTiney ke3inae
KYKIpPT KBIIIKBUIBIH TYTHIHY OCHIeHi CalbICThIpMaibl Typae a3 Oonabl. byn daktop
KaJbLUUT TIEH JOJIOMHT KEHIHIH ChIHAMAChIHIAFrbl 6T¢ TOMEH MeJIlepre OaiIaHbICThI
- 0,2%-nman acmaiapl, KYKIPT KBIIIKBUIBIH a3 CIHIPETIH CITiNI Kep MeTalJapbIHBIH
cunukarTapsl - 14,9 %, kanran 10,6% KyKipT KbIIIKBUIBIHA HHEPTTI THIIC TEH 0a3aHUTKE
THECLIII.

Baiickoe keH OpHBIHBIH ChIHAMachIHa Oacka Oip kepiHic Oarikanael. Kanbiuii MmeH
MarHuil MHUHEpaIapblHbIH Kbl KYpaMbIMeH OHBIH 6,9%-bl THUIC >KoHE 0a3aHUT
Typinzeri cynbdarrapra THecimi, 18,1%-bI KeHHIH Oip TOHHACBHIHA KBIIIKBUIIBIH
XKanmsl Meuiepi 22,69 kr kypaasl. by karnaiina aiTapibIKTail TYTBIHY CUITLIL JKep
MUHEpaIIapbIHbIH KapOoHatThl (1,5 %) xoHe cunmmukarthl (9,7 %) KOCBUIBICTAPBIHBIH
KOCBIH/IBICBIHAH TYBIHIA/bI.

Cinrini xep MeTanaapbl MUHEpaIJapbIHbIH >Kanmbl Kypamsl 10,2% 6onran Carnaes
KEH OPHBIHBIH CHIHAMACHIHJIA CTAHIAPTTHI CIATiJICY KOPBITHIHABICH OOMBIHIIA KYKIipT
KBIILIKBUTBIHBIH IIBIFBIHBL TOHHACBIHA 15,5 Kr Kypaabl, Oyn balitemup chlHaMachbIHBIH
HOTHXEJIEPIMEH CaJIbICThIPbIIaabl. Anaiia, OCbl KeH OpBIHIAPbIHAAFbl 0acTalKbl MBIC
KYpaMBbIHAAFbl albIPMAIIBIIBIKTB €CKEPEe OTBHIPBII, JKYMCaJIFaH KbIIIKBUIIBIH aJIbIHFaH
MBICKA MaccasblK KaThIHACBIHBIH TENE-TEHJIr CTaHaapTThl makimanay kesinge H, SO,
: Cu = 6,8 : 1 kypansl, Oyn baiiTeMup keHiH maiimanay HOTHKENEpiHEH Y3-HE achIll
Tycei.

CarraeB  KEH OpHBIHBIH ChIHAMACHIH OMOXMMUSUIBIK —IHaiiManay OOWBIHIIA
9KCIIEPUMEHT €pEKIIIe Ha3ap aylapyFa JaiblK, OHbIH OapbICHIH/IAa KEHHIH Oip TOHHACHIHA
KYKIpPT KBILIKBUIBIHBIH KOPBITBIHBI MIBIFBIHEL 9,4 KI, al alblHFaH MbIC OanaHChIHA
kaira ecenrerenge H,SO, : Cu = 4,1 : 1 Kypaubl. KyKipT KbIIIKBUIBIHBIH HIBIFBIHBIH
azaiiTyabiH OyJ1 ocepi keHeri cynbGuATI GpparMeHTTepaiH TOTBIFY IPOLECiHAE KYKipT
KBIIIKBUIBIHBIH ilTIHApA KaiTa KaJIbIHA KeJTyiHe OailIaHbICThI OOJIJIBI.

Tomuiey peakyuanapvlHblH, MeXaHU3Mi

Kongany ToxipuOeci TOTBIKTBIPFBILI peareHTTEp aNThIHHBIH THAPOMETAILTypIusi-
JBIK OHJIpici cajachlHOa KeH TapajiraH. [luput, apceHonmupur >koHe T.0. [25-27]
TUNOTI aITBIHABI CBIABIPATHIH CYIbQUITEPAl BIABIPATY MaKCaThIMEH MEPOKCUATEPI,
XJIOPAKTHUBTI KOCBUIBICTAP/bI, OCTTIK OCNICeH i 3aTTapbl, OaKTEPHSIBIK OCipiHAlIepai
KoNJaHy omictepi Oenrimi. Amnaiiza, MbIC KEH OpBIHIAPHIH IIaiManay Ke3iHae
TOTBIKTHIPFBILI (paKTOPIApABIH 9Cep €Ty NPUHIIMII KYpaMbIHa alThIH 0ap MUHEpaI bl
LIMKI3aTThIH TOTBIFYBIHAH e3reme pen arkapanbl. CoHbIMeH Karap, Oipkarap
TOTBIKTBIPFBIIITAP/BL, dcipece KypaMblHAa OeliCeHi XJIop Oapiapabl MbIC OHAIPYIiH
CYHBIK-IKCTPAKIHSIIBIK TEXHOJIOTHACH YIIiH KOJIZJaHy MYMKIH €Mec KoHe THIMCI3.
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MBpICTBI OMOTEXHONOTHSUIIBIK InaiiMaiay Ke3iHJe KypaMbIHIa MeTalll cynb(uarepi
0ap KeH MarepuallblH HeMece TEXHOTCHJIIK KaJJBIKTapbl KYKIPT KbIIIKBUIBIHBIH
epiTiHALIepIMEH, TeMip TY3dapbIMEH Cyapy JKYprizijeni, cCOHIal-aK eMiplLIeH THOH,
TEMIp TOTBIKTBIPFBIII OakTepusiiap eHrizinemi. Mpic YHIHIUIEpIHIE KU1 Ke3leceTiH
cyap(uATI MUHEpaIIapAbIH ICTTETi TOTHIFYBIH IIUPUT TTEH XaJIbKOIUPUT MBICAIIBIH/IA
KeJeci peakuussIapMeH CUMaTTayra 0osaapl:

2FeS, + 70, + 2H,0 — 2FeSO, + 2H,S0, (1)

CuFeS | +40 | — CuSO , + FeSO | )

Anmnaiina, Temip (II) epitingiciane koHe MbICKa KaparaHaa OeJICeHITIr ToMeH Oacka
MeTangapIslH OONybl, erep oJap OChl PEaKIMSHBIH MBICATBIHIA MAaKCHMAIIIAbl TOTHIFY
Jopekecinze 0oamaca, OHBIH TYHABIPHUTYBIHA BIKIA €Tyl MYMKIH:

Cu?* + 2Fe?* — Cu’| + 2Fe™ 3)

Aya OTTEriHIH KaThICYbIMEH KYKIpT KBIIIKBUIBI OPTaChIHJAFbl TOTHIFY MPOIECTepi
TeMip KOCBUIBICTApPBIH OCHI peakiusi OOWbIHIIA +2-eH +3-Ke IeHiH TOThIFY KyWiHEeH
aybICTBIpyFa MYMKIHJIK Oepeni:

4FeSO, + 0, + 2H,SO, — 2H,0 + 2Fe (SO), 4)

KyKipT KbIIIKBUTBI OPTAChIH/1a KaTaIH3aTop (PaKTOPBIHBIH CLITITICHY1 OCBI peakusiiap
MbICAJIBIH/IA TEMIP/IIH TOTBIKKAH Typre +3 oTyiH KeleIeTyre KOMeKTeCeIi:

2FeS, + 14H,50, — 14H,0 + Fe(SO,), + 1580, (5)
2CuFeS, + 18H,S0, — 18H,0 + Fe,(SO,), + 1750, + 2CuSO0, (6)

Anprarad temip (I1I) KocbutbIcTaphl TOTBIKTHIPFBILI POIIiH aTKapa anajabl. OHiMal
epiTiHJITre aifHaIaThIH TEMip HOHJAPbI, MAKCUMAIIABI TOTBIFY JIopexkeci 3+, SKCTpaKIus
CaThIChIHAH KeHiH OHIMIII epiTiHIi alHaIBIMBl Ke3iH/e KBIIIKBUIABI CIHIPETIH JKoHE
TAaOWUFH MBIC YCTaHTHIH MUHEPAJAAP/IbIH OJIaH 9pi TOTHIFybIHA KOMeKTece i (paduHaTIeH
maiimarnay).

Ic xy3inae temip (III) cynbgarblH TOTHIKTBIPFBILI KaTaiu3aTop PETiHIE KOIAaHy
Oenrim. bysn KOCBUTBIC TmMaiiManay MPOIECiHAC OCHI peaKIusuiap OOWBIHIIA MBIC
Cynb(hUATI MUHEpANJapAbIH epyiHe )KIpAeMIeCyi MYMKIH:

CuFeS, + 2Fe(S0,), + 2H,0 + 30, — CuSO,+ 2H,8O + 5FeSO, )
2CuS + 2Fe(S0,), + 2H,0 + O, — 2CuS0, + 2H,S0, + 4FeSO, ()

Temip cymb(arTblH TOTBIKTBIPFBINI PETiHIE KOJMAaHY TokKipuOeci Oipkarap MbIC
KCH OpBIHIAphIHAA JKOHE ypaHAbl XKep acThl IaiiManay Ke3iHJe KEH TapaliFaH.
ConHbIMeH Karap, TeMipi KOFapsl MBIC KE€H OpPBIHIAPBIH HUTEPYIl JKY3ere achIpaTbiH
TUIPOMETAITYPTUSIIBIK, OHTIPICTEP/IiH KUl Ke3AeCEeTiH MpodiIeMachl OHIMIII epiTiH/iIe
TEMIp HMOHAAPBIHBIH aPTHIK KOHIICHTPAIMSCHIHBIH KHUHAKTAIYbl OOJBII TaObLIAIbI.
Y11 BaJeHTTi TeMip MOHJAPBIHBIH KOHIIEHTPANUACHIHBIH 10 I/1-1eH acybl IKCTPaKIIUs
MPOIIECiHE Tepic ocep eTeill, OUTKEHI OJ1 OpPraHUKAJIBIK 3KCTPAreHTTIH MbIC OOWBIHIIA
CEJICKTUBTUTITIH TOMEHICTEMI, OVJI SJEKTPOIUT KOHE AICKTPONIN3 KE3iHAC albIHFaH
KaTOATHl MBIC CallachIHBIH HalllapiiayblHa oKelledi. MyHmal jkarmaiinapaa Temip
(III) cynbhaTbiHBIH KOCHAChIH TOTBHIKTBIPFBIII PEAreHT PETiHIE KapacThIpFaH >KOH
emec. TeMip TOTBIKTBIPFBIIII MUKPOOPTaHM3MIEPi ecipy, Oyi skarmaiima, temip 3+
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WOHJAPBIHBIH OHTAMIbl KOHLEHTPALMSICHIH OHBIH KeH MaTepHajbIHIAFbl OacTarKel
KypaMbIHaH ajyFa MyMKIHIIK 6eperti.

DKoHOMUKANBIK MuiMOinikmi 6azanay

KpIIKBUT MIBIFBIHBI OOMBIHIIA 3€PTTEY HOTHIXKENEPl MBIC OAaFachbIHBIH AMHAMHKACHI
MEH KYKipT KbIIIKBUIBIHBIH KYHBIH €CKEPE OTHIPBII, OeNriii O1p MbIC KeH OPHBIH OHJICY/IIH
TUIMALUTITIH OaranmayFa MYMKiHIIK Oepermi. Herisri peareHT — KYKipT KbBIIIKBUTBIHBIH
KYHBI Ke0iHece OH/Iipic aiiMarbIHa, )KaKbIH OpHaJIaCKaH KYKiPT KBIIIKBUIBI 32y bITHIHBIH
OpHaJIaCyblHa, JIOTUCTUKAHBl YHBIMAACTBIPYFa JKOHE KEH OpHbIHA TachIMajliayra
OaiinmanpicTel. MacesieH, Oip TOHHa KYKIPT KBIIIKBUIBIHBIH €H TOMEHTi Oarachl Oip
toHHara 40 gosutapapl Kypaybl MYMKIiH, ajl Keibip enmepae TOHHaHbIH Oarachl 127 MBIH
teHrere (280 nosutap) skereni. Jlonmon merangap oupskaceinbie (LME) manimerTepi
OolibIHIIA O1p TOHHA MBICTBIH KYHBI COHFBI YII Jkbl1aa (2020-2023) ToHHAckIHA 2,5-TeH
4,5 mmH. teHrere neitin (5500 mommapman 10000 mommapra feifiH) aybITKBIT OTBIPIBL.
Bara ¢dakropnapbelHbIH JAepeKTepi HeTi3iHAE XOHE OpTa ecemmeH mamameH 25%
KYPaHTBIH KOCBIMINIA OHIIPICTIK MIBIFRIHIAPABI €CKepe OTBIPHII, OHTIPUITEH MBICTHIH
Oip TOHHACHIHAH aJIbIHFAH MaliJaHbl €CENTey OPBIHIAN/bI, OHBIH HOTHXKENIEPl O-KecTene
KOPCETUITEH.

6-xecre - SHI[ipiIII‘CH MBICTBIH 6lp TOHHACBIHAH Ta3a Maii1aHbl €CeHTeCy, MbIH TCHI€MCH

Kanmait Bip TonHa Barachl | TOHHA KYKIPT KbIIIKBLIBI
apakarbiHac
Ken opusI _ epiinizeri MBICTBIH Garachl, Ex a3bl oprarma eH K06i 127
KbIIKBU/Cu MBIH TT/T 18,0 MbIH Tr/T | 72,0 MBIH TI/T |  MBIH TI/T
e ko001 4 500,0 2 885,40 2 518,20
oprama 3 407,0 2 408,85 2 041,65 1 674,45
CarnaeB 6.8 eH assl 2 500,0 1733,85 1 366,65 999,45
eH ko061 4 500,0 3 079,80 2 858,40
Carnacs opramra 3 407,0 2 457,45 2 236,05 2 014,65
(Buo-maiimanay) 4.1 eH asbl 2 500,0 1782,45 1561,05 1 339,65
e ko001 4 500,0 2 719,80 2 228,40
oprama 3 407,0 2 367,45 1 876,05 1 384,65
baiickoe 9.1 eH assl 2 500,0 1 692,45 1201,05 709,65
eH ko061 4 500,0 3 048,75 2 803,95
opramra 3 407,0 2 449,80 2 205,00 1 960,20
Baiitemup 4.53 eH asbl 2 500,0 1774,35 1530,00 1 285,20
el ko001 4 500,0 2 741,40 840,60 -1060,20
oprama 3 407,0 1 897,65 -3,15 -1903,95
Casix 35.2 eH assl 2 500,0 1222,65 -678,15 -2 578,95
_ TemeH maiiga I biFpinaap

Kecremeri momiMeTTepieH MBIC KEH OPBIHAAPBIHBIH KOI 06Jiri SKOHOMHKAIBIK
TYpPFBIIAaH THIMJI €KEeHIIT1 JKOHE OJIapllbl KaiWTa OHJEY KapacThIPbUIFaH ayKbIMJIaFrbl
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Oaranap/bIH €H KeIl aybITKybIMEH Jie maiija okeneriHi kepineni. Connaii-ak, Carnaes
KCH OpHBIHBIH KEHJCPIiH OHOXMMUSUIBIK IIaiiManayJpl MaijalaHy Ke3iHie Ta3a
NaiaHbIH 6Cyi OalKall bl

Casik KeH OpHBIH 3KOHOMHUKAJBIK Oaranay Ke3iHIe Tarbl Oip kepiHic Oaiikamambl.
Ocplnaifia, anplHFaH MBIC YIIIIH KYKIPT KbIIIKBUIBIHBIH KOFapbl TYTHIHBLTYBIH €CKEpe
OTBIPBIII, OChl KEH OPHBIHBIH KEHICPIH TUAPOMETAILTY PrHSIIBIK OHIACYI1H SKOHOMHKAIBIK
OPBIHJIBIIBIFBl ap3aH KYKIPT KBIIIKBUIBIHBIH KO3 OOJiFaH jKariaija faHa MYMKIH
Oomakbl.

KopbIThIHABI

Ocpuraiiima, 2014 xeutgan 2023 sxputFa AeiiH 4 TYpili MBIC KeH OpBIHIapbIHAA
KYPri3iIreH KYKIpT KbBIIKBUIBIH IIaiiManay OSKCIEpUMEHTTEPIHIH HOTHIKEIEpiH
CaJIBICTBIPY HOTHMIKECIHAE KYKIPT KBIIKBUIBIH TYTHIHY I€HT € 1HIH CUITLN )Kep MeTalgapbl
MUHEpalAapbIHBIH Menuiepi MeH (opMmanapbelHa Tyenainiri aHbKTangbl. CinTiiik
XKep MeTalJapblHbIH KapOOHATTHI KOCBUIBICTAP MUHEPANJapbIHBIH KBIIIKBUT OPTAHBI
OeliTapantanablpy KabineTi Typaiisl Oenrini GaxTigen 6acka, KypaMblHAa KalblUid MEH
MarHuit 6ap xeiOip cuIMKaTTapAblH CUITiIEY MPOUECIHE KYKIPT KBIILIKBUIBIH TYTHIHY
JeHI'eWiH JKOFapblIaTy KacheTi Je aHbIKTaiabl. KyKipT KbIIIKBUIBIH TYTHIHYIOBIH €H
a3 geHreiti CarnaeB xoHe baliTeMup KeH OpBIHIAPBIHBIH ChIHAMAJAPBIH IIaiiManay
Ke3inge Oaiikanapl, an eH kem TyThiHYy Cask KeHIMEH KYpri3uireH ToxipuOenepae
Tipkenni (H,SO, : Cu=352:1).

ToxipubenepneH KeliiH nalijanaHbUIFaH KeH MaTepHalIbiH Tanaay OapibIK yiriiepae
MBIC HETi3iHeH OacTamKpl yJTUIepAe Ke3AeclereH KypAedl CHIIMKAT KelleHIepiHAe
OonaThIHBIH KepceTTi. byl o3 Kke3eriHae cinTiii jep MeTaanapbl CUITMKaTTapbIHBIH MBIC
WOHJApbIH XKUHAKTAy epiTiHAigeri cynb(aT KOCBUIBICTAPBIMEH JPEKETTECY apKbUIBI
KenOip ciHiprinr kabinerine OalIaHBICTHI.

CrannmapTThl InaiiMajmaymeH Karap >KyprisiireH CarmaeB KeH ChIHAMACHIHBIH
OaKTepUsIIBIK TOTHIFYBl OOHBIHIIA IKCIIEPUMEHT MBIC ay[bIH MKETKITIKTI JKOFapbl
87,2 % neHreiliHe >KETKEHAE KYKIPT KBILIKBUIBIHBIH IUBIFBIHBIH €19yip TOMEHJACTY
MYMKIHJITiH KepceTTi. by acepre KypaMbIHIa KYKipT IeH TeMip 6ap MUHepangapAbIH
iecrie pIABIpay NPOLECiHAE KYPETiH TOTBIFY MEXaHU3MJIEPi apKbUIbI KOJ JKETKi3iIesi.
CarnaeB KeHiHIH ChIHaMacblHAa Oap, a3 MeJIuepie cym)(bm[Ti MHHEpasiiap (muput
KOHE XaJIbKOIHUPHT), 6aKTepI/I$IJ'II)IK TOTBIFY OH/ICYICH KeHiH KYKlpT KBIIIKBLIBIHBIH
1m1Hapa KaliTa KalmblHa KeNTyiH KaMTamachl3 €TTi, HOTM)KECIHAE OJ JKajIbl arblH
JeHIrelline acep eTTi.

KYKIpT KBINIKBUIBIHBIH IIBIFRIHBIH TOMEHACTY/IIH KOJ JKETKI3UITeH acepi acipece
OCBl PEAareHTTIH >KOFapbl KYHBIMEH ©3eKTi. MaceseH, 3KOHOMHKAJBIK THIMALIIK
ecenTeyliepiHe ColKec KYKIPT KBIIIKBUIBIHBIH OaFachlHBIH €H JKOFapbl HYCKACHIMEH
CarnaeB KeH OpHBIH HIaiiMasayAblH OMOXMMUSUIBIK 9fici CTaHAApTTHl LIaiiMaiayMeH
CaNIbICTBIPFaH/Ia, OHMAIPUIreH MBICTBIH opOip ToHHackiHAa Kockimima 7008 amyra
MYMKiHIiK Oepeni. baiickoe sxoHe BaiiteMup MBIC KeH OpBIHAApHl Aa SKOHOMHKAIBIK,
QJIeyeTKe Me KoHE KYKIPT KbIIIKBIIbI HApbIFbl MEH METaJI OMP>KaCchIHBIH KoJlalchl3 Oara
JKaFainapeIn/a fga naiaa tadyra kaoinerTi. Cask KeHIlliHIH albIH-aJ1a SKOHOMHKAITBIK
ecebi MyHJail KeH OPHBIH OHJIEY ap3aH KYKIPT KbIIIKBUIBIH JKETKI3reH Ke3le Hemece
OCBI peareHTTiH >KeKe OHAIPICIH YHBIMIACTBIPFaH Ke3/1e FaHa OPBIHABI OOJIaThIHABIFbIH
KOPCETTI.
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Abstract. Kazakhstan's natural bentonites, according to geological, mineralogical
and physico-chemical characteristics, meet the requirements for materials intended
for the production of highly effective sorbents, as well as composite materials for
multifunctional purposes. Of all the special methods of water purification, adsorption
methods are the simplest, less expensive, affordable and effective. In this connection, the
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organization of domestic production of natural adsorbents for wastewater treatment of
industrial enterprises is a very relevant direction for solving a number of environmental
problems. In this work, the authors, using modern research methods: inductively
coupled plasma mass spectrometry, polarographic and X-ray fluorescence spectrometer,
as well as a scanning electron microscope with an energy dispersion analysis prefix,
studied the physico-chemical characteristics, composition and structure of a natural
sorbent, using the example of bentonite clay 14 horizon of the Tagansky deposit of the
East Kazakhstan region, in its various forms: natural (initial), acidic and thermo-acid
activation. The experimental base was wastewater from a large industrial mining and
metallurgical company Kazzinc LLP (Ust-Kamenogorsk). It is shown that a comparative
assessment of industrial wastewater treatment from heavy metal ions with bentonite in
various forms presented: natural (initial), acidic and thermo-acid activation showed that
the best adsorbent in relation to the studied ions is thermo-acid-activated bentonite.
It was found that thermo-acid-activated bentonite clay allows removing Cu2+, Pb2+,
Cd2+, Zn 2+ ions from wastewater by 99.6, 94.7, 98.9 and 99.5%, respectively, which
ensures the achievement of MPCr.-x standards for waters used for economic purposes
under selected optimal conditions, which were recorded on the basis of conducted
experiments.

Keywords: Dbentonite clay, natural adsorbents, flocculants, wastewater,
montmorillonite, mineral structure, thermo-acid activation

Acknowledgment. This scientific research was carried out within the framework
of grant funding of the project AP19674742 (IRN) “Technology for obtaining a new
organomineral composite material based on natural bentonite of Eastern Kazakhstan.”
The source of funding is the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan. The authors express deep gratitude for the
allocated grant funding.

© O.B. Poxkosa'?, III.A. My3abioaeBa *, K.B. Mycaoekos*, JI.M-K. UGpaumoBa®,
B.U. Poxkkos', M.T. Epmexos?, 2023
! "Kazak arporexnukaibik 3eprrey yauepcuteTi" KEAK Coken Ceitdym,
Acrana, Ka3akcran;
2"Science and Technology Solutions" AK, Anmarsr, Kazakcran;
3 "Antait reonorusbIK-3konorusnbiK HHCTUTY T JKIIC, Ockemen, Kasakcran;
*On-Dapadu atbiHIarel Kazak yITTBIK yHUBEpCHTETI, AnMarsl, KasakcTaH.
E-mail: rozhkova.o@stsolutions.kz

TABUTU HAHOKYPBIJIBIM/IbIK BEJICEHAI MUHEPAJIIAP-
BEHTOHUTTI 3EPTTEY AFbIHAbI CYJIAPADBI TASAPTY YIIIH

PoxkkoBa Osbra BaagumupoBHa — XuMus FRUTBIMIAPBIHBIH JOKTOPHI, «C.Celidymumn ateiaaarel Kazak
arpoTrexHHKaIBIK 3eprrey ynHusepcureTi» KEAK mpodeccopsr, Acrana k., Kazakcran, 010000, JKenic
IaHFBUIBL, 62, ActaHa K., Kasakcran, «Science and Technology Solutions» AK, Acrana k., Ka3zakcras,
010000, Pecrrybnmuka nanfbuisl, 24

E-mail: rozhkova.o@stsolutions.kz; https://orcid.org/0000-0001-8163-7035;

139



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

MysnbidaeBa Illapdany AKKa3bIKbI3bl -XUMHS FHUIBIMAAPBIHBIH KaHAWAATHI, "AJTail TeONOTHSIIBIK-
sxonorusuiblk HHCTUTYTH" JKIIC nupextopsr, 070000, Kapn JInbkuext kemeci, 21, Ockemen, Kasakcran
E-mail: sharbanu1958@mail.ru , https://orcid.org/0000-0002-4882-3845;

MycabexoB Kyanbimdek BuTYyyabl — XUMHS FBUIBIMIAPBIHBIH JOKTODBI, mpodeccop, Kaszaxcran
PecnyOnukacel ¥JNTTBIK JKapaTbUIbICTAHY FbUIBIMAAPBI AKAJAEMUSCHIHBIH aKaAeMuri, arbiHAarsl Kaszak
YITTHIK YHUBEpcuTeTi. a1-Papadu, 050000, on-DPapadu naursuisl, 71, Anmarsl, Kazakcran

E-mail: musabekov40@mail.ru; https://orcid.org/0000-0003-1114-1901;

Hopaumosa Jana MbIKTbI-KepeeBHa — XMMUS FBUIBIMIAPbIHBIH KaHANIATBI, aFa OKBITYILBI, aThIH/AFbI
Kazak ynT1eIK yHuBepcuteTi. an-®apadu, 050000, on-dapadbu ganrsuisl, 71, Anmarel, Kazakctan

E-mail: dana kereevna@kaznu.kz;https://orcid.org/0000-0002-1761-9745;

PoxxkoB Burtamuii HropeBmy — t1r.k., «Coken Ceiidymnnn arbiHgarsl Kazak arpoTexHHKabIK
yauBepcuteTi» ¥b, Acrama, Kaszakcran; «AndTail TreoNOTHsIIBIK-OKOIOTUSIBIK HHCTUTYTHD JKUIC,
OckemeH, Kazakcran

E-mail: Vitalrzal983@gmail.com; https://orcid.org/0000-0002-3232-5972;

EpmexoB Mapar Terinbaiiynsl — «Science and Technology Solutions» AK JKoba xone axtuBTepai
Oackapy nenaprameHTiHiH aupektopsl, 050000, Anmarsl, Kazakctan

E-mail: yermekov.m@stsolutions.kz; https://orcid.org/0000-0002-5226-2710.

Annoranus. Kazakctanaplk TaOuFu OSHTOHUTTEP TE€OIOTHSITBIK-MUHEPATOT HSUTBIK
JKoHE (PH3UKA-XUMHUSIIBIK CUTIaTTaMalIaphbl OOMBIHIIIA THIMIIIIIT] )KOFaphl COPOSHTTEP/I,
COHJaii-aK Kemn(yHKIIMOHAI B MaKcaTTarbl KOMIIO3UIIMSITBIK MaTepHaapabl OHAIpyTe
apHaJFaH MaTepHayapra KOWBUIATBIH Tajanrtapra coiikec keiemi. Cympl Ta3apTyablH
OapiBIK apHAWbl 9MiCTEPIiHIH IMTiHAE amcopOIMSIIBIK OMicTep ©H KaparalbiM, ap3aH,
KOJI JKETIMIi JKOHE THiMIi OonbIn TaOblIambl. OcChIFaH OailIaHBICTBI OHEPKICIIITIK
KOCIIMOPBIHAAPIBIH CAapKBIHIABI CYNTapbhlH Ta3apTy YVIIH TaOWUFW aAcopOeHTTEpIIiH
OTaHBIK OHAIPICIH YUBIMAACTHIPY OipKaTap SKOJIOTHSIBIK MiHACTTEP/l IIETy YIIIiH OTe
©3€KTi OarpIT OOJBIN TaOBLIANBI. byl *KyMbICTa aBTOpIIAap 3aMaHayH 3epTTey SIiCTepiH
KOJJIaHa OTBIPHIN: MHIYKTHBTI OaillaHBICKaH TUTa3Machl 0ap Macc-CIIEKTPOMETPHS,
moNApOrpadusuIbIK ~ JKOHE  PEHTTEH(IYOPECHEHTTIK  CHEKTPOMETp,  COHmai-ak
SHEPTOUCIIEPCUSIIBIK Tanfay npedurci 0ap pacTpibIK AIEKTPOHIB MHKPOCKOII,
I erreic KazakcTan 00mbIckl Taran KeH OpHBIHBIH 14 TOPU30HTHIHBIH OCHTOHUT Ca3bIHBIH
MBICAJIBIHIA TAOWFH COPOSHTTIH (HM3MKA-XUMHUSIIBIK CHIIATTaMaliapbl, KYpaMbl MEH
KYPBUIBIMBI 3€PTTENIi. OHBIH OPTYPITi Gopmarapsl: Taburu (6acTarKel), KBIITKBUIIBIK
YKOHE TePMO-KBIIITKBIIBIK aKTUBTEHYICH 0TKeH. Taxipuoenik 6a3a "Kaszmbipsrmr" JKILIC
(OckeMeH K.) ipi OHEPKACINTIK Tay-KeH METAJLTyPIUSIIBIK KOMITAHUSCHIHBIH CapKBIH/IbI
CyIapbl 00J1/161. OHEPKICINITIK aFBIHBI CYJIap bl aybIPp METAIUT HOHIapbIHAH OCHTOHUTIIEH
op Typaui dopmama Tazapry OOHMBIHIIA CANBICTHIPMANBI Oarajay KOpCeTiNreH: TaOuru
(6acTamkpr), KBIIIKBIT JKOHE TEPMOKBIIIKBUIIB aKTUBTEHIIPYACH OTKEH, 3epTTeNeTiH
HOHAAapFa KaTBICTHI €H JKaKChI aJICOPOCHT TEPMOKBIIIKBIIABI OCIICEHIIPiTeH OCHTOHUT
eKeHIH KopceTTi. TepMo-KhIIIKBUIMEH OeJICeHipifTreH OSHTOHHT Ca3bl aF bIH IBI CyTIapIaH
Cu*, Pb*, Cd*, Zn > nonapsit Triciniie 99.6, 94.7, 98.9 sxone 99.5% anbin Tacrayra
MYMKIiHAIK OepeTini anbikTanael, 0y HIPK HopMamapeiHa KO KEeTKi3yai KaMTaMachi3
eTeMi.- X. JKYPTri3UIreH SKCIIEPUMEHTTEp HETi3iHIae OCKITUITeH OHTAMIIBI JKarmaiiap
TaHJAJFaH Ke3/le MapyanbuIblK MaKcaTTap/a naialaHblIaThlH CyIap YIIiH.

Tyiiin ce3mep: OSHTOHWUT ca3bl, TAOWFU aNCOPOCHTTEp, (DIOKYISTHTTAP, AFBIHIBI
Cylap, MOHTMOPWJIOHHUT, MUHEPAIJIbI KYPBUTBIM, TEPMO KBIIIKBUIIABI OCICeH i pY

—
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KOO((PEKTUBHBIX COPOCHTOB, a TaKXe KOMITO3UIIMOHHBIX MAaTepHalOB MHOTO-
(YHKIIMOHALHOTO Ha3HaueHus. M3 BceX CIEIUaTbHBIX METOIOB OUYHUCTKH BOJ
aJICOpPOIMOHHBIC METO/BI SIBJISFOTCS HauOoJiee MPOCTHIMU, MEHEE JOPOTOCTOSIINMH,
JOCTYMHBIME W 3(PQPEKTUBHBIMU. B CBA3M ¢ HYeM, OpraHu3aIdsi OTEYECTBEHHOTO
MPOU3BOICTBA MPHUPOAHBIX aJCOPOCHTOB JJIST OUUCTKH CTOYHBIX BOJ| MPOMBIIIICHHBIX
MPEANPUIATHN SIBIACTCS BECbMa AaKTyadbHBIM HAMpPABICHHEM I PEIICHUS psaa
9KOJIOTHYECKUX 3a7a4. B mgaHHOW paboTe, aBTOpaMH, C MOMOIIBIO COBPEMEHHBIX
METOMIOB HCCJICIOBAHMS: MACC-CIIEKTPOMETPUH € WHAYKTHBHO CBSI3aHHOW TIa3MOM,
MOJISIPOrpa IeCKOTO ¥ PEHTTeH(ITYOPECIIEHTHOTO CIIEKTPOMETPA, a TAKKE PACTPOBOTO
AIEKTPOHHOTO MUKPOCKOIA C MPUCTABKOW YHEPTOIUCIICPCUOHHOTO aHAIM3a U3y4YCHBI
(U3UKO-XUMHUYECKIE XapaKTEPUCTHKH, COCTAB M CTPYKTypa MPUPOAHOTO COPOCHTA, Ha
npuMepe OCHTOHUTOBOW TITHHBI 14 ropusonTa TaraHCKOro MecTopokacHus BocTouHo-
KazaxcraHnckoii oOmactu, B pas3inuuHbIX ee¢ (opMax: ecTecTBEHHOU (MCXOIHOW),
MPOIIEAIIeH KUCIOTHYIO U TEPMO-KHCIOTHYIO aKTHBAIUIO. DKCIIEPUMEHTATBHOM 02301
SIBIISUTUCH CTOYHBIE BOBI KPYTHOU POMBIIIIEHHO N TOPHO-METAJLTy priude CKOM KOMITaHU U
TOO «Kaszuuuk» (r.Yers-Kamenoropck). TlokazaHo, 4TO CpaBHUTEIbHAS OIEHKA IO
OYKCTKE MPOMBIIIICHHBIX CTOYHBIX BOJ OT HOHOB TSDKENBIX METAIJIOB OCHTOHHUTOM
B DPAa3IHYHBIX MPEACTABICHHBIX (OpPMax: ECTECTBEHHOHW (MCXOIHOI), MPOIIeeH
KHUCJIOTHYIO U TEPMO-KHUCIIOTHYIO aKTHBAIUIO MTOKA3aJ1a, YTO HAMIYUIIHM aJCOPOESHTOM
MO0 OTHOIIEHHUIO K HUCCIIEAYEMbIM MOHAM SIBJSIETCS TEPMO-KHUCIOTHOAKTHBUPOBAHHBIH
OCHTOHWT. YCTAHOBIIEHO, YTO TEPMO-KHCIOTHOAKTHBUPOBAHHAS OCHTOHUTOBAS
[JIMHA TO3BOJISICT yAATUTh W3 CTOUYHOW Boabl moHbl Cu?’, Pb*, Cd*', Zn *' Ha
99.6, 94.7, 98.9 u 99.5 %, COOTBETCTBEHHO, YTO OOECIEUHBAET AOCTHIKEHHE
HOPM HI[KP'_X' JUTSL BOJI, UCITOJIB3YEMBIX B XO3SHCTBEHHBIX HEJSX MPHU BBIOPAHHBIX
OTNITHUMATbHBIX YCIOBUSIX, KOTOPBIC OBLIN 3aQ)HKCHPOBAHBI HA OCHOBE MPOBOIUMBIX
AKCIIEPUMECHTOB.

KioueBble ciioBa: OCHTOHUTOBAS TVIMHA, MPUPOIHBIC aJCOPOCHTHI, (DIOKYIISTHTHI,
CTOYHBIE BOJIbI, MOHTMOPHIIIOHHT, CTPYKTYPa MHHEPATIOB, TEPMO-KHUCIIOTHAS AKTHBAIINS

Bnazooapuocme. /lannoe nHayuHoe uccied08aHue 8biNOIHEHO 8 PAMKAX PAHNOB020
Qunancuposanus npoexma AP19674742 (MPH) "Texuwonocus nonyuenus HOB020
OP2AHOMUHEPANbHO20 — KOMNO3UYUOHHO20 ~MAMEPUald Ha OCHOG8e HPUPOOHO2O0
benmonuma Bocmounoeo Kazaxcmana". Hcmounuxkom (QUHAHCUPOBAHUSL AGTAEHIC
Komumem nayxu Munucmepcmea Hayku u @vlcuieco obpasosanus Pecnyonuxu
Kaszaxcman. Aemopwl  evipadicarom  21y00KyI0  HPUSHAMETbHOCMb 30 GbLOECNIEHHOE
2PaHmogoe (huHancuposanue.

BBenenue

ComnacHo orieHKaM UHBeCTHIIMOHHOTO Kirmata OOH 10o0b14a u nepepadboTKa ChIpbst
SIBJIICTCS TIOCTOSTHHO JICUCTBYOMUM (hakTopoM Ha (uiopy U dayHy 3emin. OqHUM U3
(hakTOPOB HETAaTUBHOTO BIUSHUS HA SKOJOTHUECKYI CUTYAIMIO SIBIISFOTCS CTOYHBIC
Bonbl (CB) mMpOMBINUICHHBIX MPENNPUITHNA METALTYPTUYSCKOTO IMPOU3BOJICTBA
(BomooOopoTHast BoJa, XO3sIHCTBEHHBIX 00BEKTOB, a Takxke CB, koTopsie 00pasyroTcs
MpY dKCIUTyaTallud MECTOPOKIAEHUN FOPHOPYIHOW MPOMBIIUIEHHOCTH, 3arps3HEHHBIE
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YacTUIIAMHU TIOPOJIbI, MHHEPAJIbHBIMU COJISIMU, KaTHOHAMH TSDKENBIX MeTaiuio (TM),
BO MHOTO pa3 MPEBBIIAINNX MPeaesbHO-I0MYCTUMYI0 KOHIIEHTPALHIO pPBIOO-
XO0351ICTBEHHOTO HAa3HAYEHUsI (HI[Kp.-X,)'

M3BecTHO, 4YTO HCHONB3YEMBI, B HACTOSIEE BpEMsl IPAKTUYECKU BO BCEX
NPEANPUATUAX, TPAAUIMOHHBIN MeTon ouncTku CB, ocHOBaHHBIN Ha ocaxaeHun TM
THIPOOKCHIOM KeJie3a, 00pa3yrolerocss Ha MOMEHT HelTpanu3anuy (M3BECTKOBAHUS )
WK XJIOPHOH M3BECTHIO (aKTUBHBIM XJIOPOM), HE SIBISETCS YHHUBEPCAIBHBIM H HE BO
BCEX CIy4asx 00eCleurnBaeT JOCTHKEHUE H,Z[KpfX 10 COEPKAHUIO BPEJHBIX IIPUMECEH
(Rozhkova et al., 2023).

Crenyer OTMETHTb, 4YTO TNPUMEHEHHE pPEareHTHOro crnocoda Ui OYUCTKH
CB 3auacTyr0o NpHUBOAWUT KO BTOPHYHOMY HX 3arps3HEHHMIO (XMMHUYECKH YHUCTHII
peareHT He Bceraa AOCTYIeH) U TpeOyeT NONONMHUTEIbHBIX MaTepuasbHBIX 3arpar. B
HacToALIee BpeMsl BHUMAaHUE YUCHBIX M IPAKTHKOB BCE OOJIBIIE PUBICKAIOT COPOCHTHI
€CTECTBEHHOI0 IpoucxoxkaeHus. B mocrneguue 2-3  pecsaTuneTus MNpPOBOASATCS
MHTEHCHUBHBIE HCCIIEIOBAHUS 110 MCIIOIBb30BAaHHUIO TIPUPOIHOTO MUHEPAIBHOTO CHIPhS B
KauecTBe COPOEHTOB IS U3BJICUEHHsI HOHOB TM U3 3arpsiI3HEHHBIX BO.

Kazaxcranckue  TpupoAHbIle  HEMETaNIMuecKue  MaTepuaibl  (OCHTOHUTEHI,
LEONNUTBI) TIO0 TEOJOrO-MUHEPATIOTHUECKUM, CTPYKTYPHO-MEXaHUYECKUM, (HU3UKO-
XMUMUYECKHM XapaKTEepPUCTUKAM COOTBETCTBYIOT TPEOOBAaHHSM, NPEIbSIBISEMbIM K
CBIPBIO JUISl IPOU3BOICTBA BEICOKOAI((PEKTUBHBIX MAaTEpPHAIOB — aACOPOCHTOB, a TAaKXKe
KOMIO3UIIMOHHBIX MaTepUalioB [l MHOTO()YHKIIMOHAIBHOTO Ha3HAUCHHS.

B mnacrosmee Bpems B TapOararaiickom paiione (c. Axxap) Boctouno-
Kazaxcranckoii obnactu (BKO) paboTaer mpon3BoacTBo mo A00bue U nepepadoTKe
OCHTOHMTOBOI IVIMHBI YHUKANbHOTO TaraHcKOro MeCTOPOXKIEHHS, MPOMBILIUICHHbIE
3amachl KOTOPBIX COCTABIISIFOT OoJiee 9 MITH. TOHH M MOTYT YCIEITHO HUCIIONB30BaThCs B
KAa4eCTBE OYUCTUTEIICH OT BPEAHBIX IIPUMECEH.

Heo0xoammMo oTMETUTBh, YTO OEHTOHHUT, UCMOJB3YEeMbIH ISl OYMCTKH CTOYHBIX
BOJ OT MOHOB TM, OJHOBPEMEHHO YBEIMYMBAET MYTHOCTH OUYMILAEMOIl BOJBI,
YTO HEXKEeJaTeNbHO IJs BomoeMoB. OOHMM W3 MyTel pemeHusl 3TOH MpoOiIeMsbl
SIBIISIETCSI [TOTYYEHUE KOMITO3UIIMI TPUPOIHBIX HAHOCTPYKTYPUPOBAaHHBIX COPOSHTOB, B
YaCTHOCTH MUHEPaJIOB OEHTOHUTOBBIX INIMH, EOJINTA C TIOJIMMEPHBIMI U MOHOMEPHBIMH
areHTamMu. Mexay TeM, MOAH(UIUPOBAHKE TTOBEPXHOCTH MHUHEPAJIOB OEHTOHHTOBBIX
[JIMH BBICOKOMOJIEKYJISIDHBIMH COEIMHEHUSMH C Pa3lMYHBIMU (YHKIHOHAIHHBIMH
rpyInaMu MOXKET MOBBICUTH €ro aJCOpOLMOHHYIO CIIOCOOHOCTh M CENEKTUBHOCTH K
HMOHAM METAJJIOB, UTO ABJISAETCS OYEHb IPUBIICKATENBHBIM B IJIaHE pealu3aliy JaHHOTO
HCCIIEN0BAHUS.

Kpowme Toro, 3Hanmne mexanusma QpruoKyJsLHH T03BOJISET BEIOPATh ONTUMATbHBIN
PEXHUM OCaXJIEHMsS B3BEIICHHBIX YACTHUI, COYETAIOIIMN MHUHUMAJbHBIH pacxoj
(GIOKYISIHTOB ¢ MaKCHMaJIbHOW HHTEHCHBHOCTBIO BOMOOYMCTKH. OIHAKO, psl
MPaKTHYECKH Ba)KHBIX BOMPOCOB, B YAaCTHOCTH, 3aKOHOMEPHOCTH (IOKYJISLHH
TUAPOAMCIEPCHH B  NPHUCYTCTBUM  KOMIO3ULMK  (QIOKYISIHTOB, HW3Y4YEHBI
HEJI0CTAaTOYHO, XOTsS MEpCNEeKTHUBHOCTb MPUMEHEHMS TAKUX KOMMO3MLMH s
OUYHCTKH BOJIBI HE BBI3BIBAET COMHEHHUS.
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OTKpPBITBIMH ~ OCTAOTCS BOMIPOCHI, KAacalolmUecs B3aMMOCBI3U  MEKIY
rnapamMeTpaMH MaKpO-HOHOB B PAacTBOPE M Ha MOBEPXHOCTU JUCIEPCHOU (a3kl,
CTPYKTYpO# afCOPOIIMOHHBIX CJIOCB MOJMAJICKTPOJIUTOB U WX KOMIUIEKCOB, a
Takke (OPMUPYIOUMIUXCS MOJTUMEPCOACPKAIINX arperatoB, BONPOCH KHHETHUKHU
(dhopmupoBaHus TMOAOOHBIX arperatoB W (IOKYJISIIUU YaCTHI] THAPOIUCICPCHHU
HOHOB METAJLJIOB.

BBuny pa3HooOpasvsi NPOMBIIIICHHBIX BOJ MO MPOUCXOXKICHUID, XUMHUECKOMY
COCTaBy, XapakTepy NIpuUMeced, PEeKOMEHOBaTh IOCTOSHHYIO OIPEICICHHYIO 03y
ajicopOeHTa JIIsl BCeX BO3MOXKHBIX CTOKOB NMPAKTHUECKH HEBO3MOXKHO. [loaTomy mist
JICHCTBYIOIIUX MIPEITPUIATAN HEOOXOIUMO IPOBOUTH UCCIICAOBAHUS JIJIsl yCTAHOBJICHUS
YCIIOBUIM OYMCTKH, T.K. HEIMOCPEJICTBCHHAs IPOBEpPKa IPUMEHIEMOIr0 Marepuaia B
pPeaNbHBIX CTOKaX JAeT OKOHYATENIbHBIM KOJMUECTBEHHBIH M KaYeCTBEHHBIH OTBET O
PaIOHATBHOCTH MCITIOIL30BaHMS JAHHOTO 00pasiia aJicopOeHTa.

MarepuaJibl 1 METOIbI HCCIETOBAHUS

OObexToM wuccnenoBanus siBisuiack croyHas Boma TOO «Kasmusak» (T.YeTh-
KameHoropck), KOTMYECTBEHHBI M KaY€CTBEHHBIM COCTaB KOTOPOTO IPEICTAaBIICH B
Tabaune 1.

Tabmuma 1 — KonnaecTBeHHBIC 1 KaueCTBEHHBIE XapaKTepuCcTHKH cTouHOI Boasl TOO «Ka3uuHk».

CoyieprxaHue KOMIOHEHTOB, MI/IM>
OOBEKT MCCIICIOBAHMS Cu* Pb?* Cd* Zn* BsBeniennble BelecTpa
Crounas Boga TOO Kasuunk | 0,070+0,002 | 0,55+0,04 |0,35+0,03 | 0,55+0,04 | 50,00

B kadgecTBe mpupogHOro MarepHana Oblla WCIBITaHA OCHTOHWUTOBAs TiMHA 14
ropu3onTa Taranckoro mectopoxiaeHuss BKO, kadecTBEHHbIE U KOJIMUYCCTBECHHbBIC
XapaKTEPUCTUKU- PE3YIBTaThl 3JIEMEHTHOTO aHalli3a MOJYYSHHOI0 METOJOM Macc-
CHEKTPOMETPUH C WHIYKTHUBHO CBS3aHHOH IUIa3MOM TpezacTaBieHsl B Tadmume 2. U3
MIPUBEACHHBIX B TaONMuIle 2 MAaHHBIX IO COCTaBy OCHTOHUTOBOW TIJIHMHBI, (Ha30BOTO
aHayim3a (Tabnuua 3) ¥ Ha OCHOBE COIOCTaBUTEIBHOIO aHalM3a 10 COJCPIKAHHIO
n3ydaeMbiXx MOHOB TM, Ui MCIIBITaHUS HaMU ObUT BHIOpaH OCHTOHUT 14 ropu3oHTa
(3amagHbIH).

s mpoBenmeHusT (PU3UKO-XUMHUYCCKUX HWCCICNOBAaHUN, B HACTOSIICH pabote
MNPUMCHAJIUCL TAaKUC MCETO/bI, KaK MAaCC-CIICKTPOMCTpUA C HHAYKTHBHO CBSI3aHHOM
IJ1a3MOH, ONSAPOTpaPUIECKHid, PpEHTTEHOMITYOPECIICHTHBINH CIIEKTPOMETP, PACTPOBBIN
AIIEKTPOHHBI MUKPOCKOTI C TIPUCTABKOW YHEPTOIMCIIEPCHOHHOTO aHAIH3A.

Tabnuua 2 - KauecTBeHHBIN U KOJIMYECTBEHHBIM COCTaB OEHTOHUTOBOM TIIHHBI
Taranckoro mecropoxaenuss BKO

ConepkaHue AIEMEHTOB, MKT/T

HaszBanue ropusonra Li Be B Na Mg Al P K Ca Sc
12 ceBepHbIit 46,95 | 1,15 | 85,44 | 8731 | 33770 | 77140 | 565,0 | 1838 | 13129 | 7,69
13 BocTOUHBII 42,39 | 1,24 [ 157,80 | 8683 | 32110 | 90190 | 562,6 | 1644 | 14730 | 9,29

14 3anaHbli 21,21 1,62 | 54,40 | 10126 | 25110 | 70030 | 216,1 | 1063 | 8107 | 10,37
Ha3zBanue ropuszonra Ti \ Cr Mn Fe Co Ni Cu Zn Ge
12 ceBepHblii 1921 {39,83| 41,51 | 880 |26320 | 20,17 |26,87|28,36| 126,8 | 1,851
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13 BOCTOUHBIH 3009 | 54,12 45,76 | 921 | 37880 | 12,23 [19,63 40,76 | 118,3 | 1,506
14 3anaHbli 2997 | 58,67 | 45,89 | 404,7 | 35400 | 11,19 |14,45| 34,4 | 41,9 | 1,02
HasBanwue ropusonra | Rb Sr Y Zr Nb Mo Ru Rh Pd Ag
12 ceBepHBIit 1,571 1109,1 | 24,79 | 40,89 | 2,196 | 3,104 | 0,587 |0,015] 0,718 | 2,577
13 BOCTOUHBIH 1,098 |131,3| 821 | 56,71 | 1,389 | 3,291 | 0,618 0,027 | 0,587 | 2,190
14 3amagHbIit 2,65 | 117,0] 9,42 | 69,39 | 1,61 3,76 | 0,01 | 0,02 | 0,31 | 0,63
HasBanwe ropuzonra | Cd In Sn Sb Cs Ba La Ce Pr Nd
12 ceBepHbIit 0,160 0,072 | 4,242 | 1,241 | 0,967 | 42,55 | 16,48 | 42,59 | 3,866 | 15,01
13 BoCcTOUHBIH 0,156 10,676 | 8,530 | 2,350 | 0,778 |294,60| 2,99 | 6,62 | 0,663 | 2,38
14 3anaHbIi 0,16 | 0,10 | 6,65 | 1,16 | 0,86 | 245,1 | 8,48 | 16,20 | 1,65 | 6,50
Ha3zBanue ropuzonra | Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
12 ceBepHbIii 3,183 10,415 2,851 | 0,264 | 0,841 | 0,301 | 0,604 0,116 | 0,685 | 0,107
13 BOCTOUHBIN 0,484 10,133 0,493 | 0,047 | 0,183 | 0,083 | 0,233 ] 0,051 | 0,316 | 0,063
14 3amagHbIit 1,30 | 0,22 | 0,99 | 0,16 | 0,86 | 0,39 | 0,64 | 0,18 | 1,38 | 0,12
Haspanwme ropmsonra | Hf Ta W Hg Tl Pb Bi Th U
12 ceBepHBIit 1,350 10,523 | 0,733 | 0,243 {0,0067 | 9,13 |0,296 | 3,011 | 4,507
13 BOCTOUHBII 1,91910,825| 1,044 | 0,373 [ 0,0031| 22,68 | 0,526 | 3,978 | 0,899
14 3anaHbIi 9,35 | 1,12 | 2,35 | 0,01 | 0,069 | 13,1 | 0,41 | 873 | 1,98

B Tabnuue 3 mpencraBieHsl pe3ynbTaThl (a30BOrO aHajdn3a OCHTOHUTOBOH IVIMHBI
HCIOIB3YEMOTO JJIs1 UCCIIETOBaHMS.

Tabnuna 3 - @a30Bblil aHAIN3 OEHTOHUTOBON INIMHBI

dasoBslii cocTas, %
SiO, [ NiO, | A1,0,| Fe,0, | CaO | MgO |Na,0| K,O (SO, | H,O | mm.

2 2 3 2
12 - cesepubtiit | 56,06] 0,63 [ 16,11 | 3,88 | 1,96 | 2,63 [ 0,56 [ 0,45 [038] 9,33 | 7.9
13- Boctounsit | 55,48 0,30 [ 1838 | 4,20 | 1,98 [ 2,18 [ 0,54 [ 0,41 [0,32] 892 [ 7,5
14 -samammerit 58,28 - [2395] 068 [ 085 | - [1,12fo11] - [ 467825

HazBanue TrOpu30HTa

PesyabTathl u 00cyKaeHHe

Uzyuenne 0COOCHHOCTH CTPYKTYPHO-XMMHUYECKHX XapaKTEPUCTHK OCHTOHUTA
MO3BOJISIET PACKPHIBATH HOBBIE BO3MOXKHOCTH TNPHUMEHEHHS €ro Ui H3TOTOBIICHHS
a/IcOpOEHTOB ISl YTIITyONIeHHOM nepepadoTKH He(hTH, Ma3yTOB U IPYTUX YIIIECBOAOPOI-
HBIX OCTAaTKOB, a TaKkXXEe B KauecTBE COPOLMOHHBIX MAaTEepHUaloOB JJsl OYUCTKH
MIPOMBIIUICHHBIX U XO3HCTBEHHBIX CTOKOB.

W3BecTHO, 4TO OCHOBHBIM TOPOI000PA3yIOIIMM MHHEPAIoM OCHTOHUTA SIBIISIETCS
MOHTMOPHWJUIOHUT. [IpuHUMaeTcsi CTpyKTypa MOHTMOPHJUIOHHTOBBIX MHHEPAJOB,
0a3upyIOTCs Ha TIEPBOHAYAILHBIX OCHOBHBIX MOJIOKEHHSIX, IPeATIoKeHHBIX [ohmaHOM,
OuzpennoM U BunbMmoMm, BUAOM3MEHEHHBIX TNo3aHee MapmanoM, Maraedpay u
Topmanom, a Taxke Xenapukcom (Merabishvili, 1962).

CornacHO 9STOH KOHLEMIMH, CTPYKTypa MOHTMOPHIUIOHHTA Claraetcs IByMs
JUCTaMHU KPEMHEKUCIOPOAHBIX TETPadIpOB, Pa3AeICHHBIMH B IEHTPE OKTAAPHUECKUM
AIIFOMOKHCIIOPOTHBIM JICTOM. Bee oHM 00pa3yroT ofifH CIIOH, MEXKITy CIIOSIMU HAXOJUTCS
MEXCIJIOeBast BOJA, IJIe HAXOAATCS 0OMEHOCIIOCOOHbIe KaTHOHBI Takue kak (Na', Ca®,
Mg, K*).
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Teopetnueckuii cocTaB 0e3 MEKCIOEBOTO MaTepralia COCTABISIET: OKCUIA KPEMHHS
— 66,7 %, oxcrnaa amroMuHusa — 28,3 %, Boasl — 5 %.

BeHTOHNUTHI B €CTECTBEHHOM BHJE HE MPOSIBIAIOT 3aMETHOM KaTaJIUTHYECKOW M
a7IcCOPOLIMOHHON AaKTUBHOCTH, MO3TOMY TpeOyeTcss WX NpenBapuTeNbHas aKTUBALWs
niu Momudukanus. BaxkHas 0coOEHHOCTh PUPOTHBIX COPOSHTOB — BO3MOKHOCTD UX
Mo (UKAIIMH ¥ AKTHBALIUH C TOMOIIBIO Pa3IMYHBIX METOOB 00pabOTKH (TepMUUIecKasi,
KHCIJIOTHAS, COJIeBast U p.).

HanpasnennocTs 3TOr0 npouecca mpy KUCIOTHOM, IETOYHOM 1 colleBoi 00padoTKe
COCTOUT, C OJHOW CTOPOHBI, B «pAacIIaTBIBAHUW» MHKPOCTPYKTYpHl COpOEHTa,
YBEJIMYEHHUH €r0 MOPUCTOCTHU U YEIBbHOM MOBEPXHOCTH.

C apyroil cTOpoHbI, XUMHUYEcKass 00padOTKa MPUBOJUT K MU3MEHEHUIO KPUCTAILIO-
CTPYKTYPHBIX OCOOCHHOCTEH, MOBBIIICHHIO HOHOOOMEHHBIX CBOMCTB 3a CHYET
HW3MEHEHUS COCTaBa OOMEHHBIX KATHOHOB M CO3aHUIO HOBBIX AKTUBHBIX LIEHTPOB, YTO
JieNlaeT MePCHeKTUBHBIM X MCIOJIb30BaHHE B KaueCTBE COPOCHTOB M KaTalU3aTOpPOB
(Kukovsky, 1966).

UzBectHo (Komarov et al., 1961), uyTo MHKpOYAaCTHLBI IJIMHBI COAEPKAT
MHOTOCIIOHHYIO BOJHYIO 000JI0UKY, B KOTOPOU MOJIEKYJIbI BOJIBI 00JIa1at0T 3HAYNTEIBHOM
MOABMKHOCTHIO. OOBIYHO HA MOBEPXHOCTHOM CJI0€ MUHEpaJia CYIIECTBYIOT MOJICKYJIBI
Bozbl H O Tpex BUIOB:

1) Boma, okpyskatommas AeeKTsl CTPYKTYpbI (OISIPU30BaHHAS 33 CYET UX 3apsI0B),
T.€. Je()EKTHO-CTPYKTYPHAs;

2) BOpa, 3amOJHSIOWAsl TPELIMHBI, MOPBI MEXKAY YacTHUIAMH, T. €. (CKUAKAsD»
azicopObupoBaHHas;

3) Boza mieHKH, oOpa3ylouielicss U3 MUHEpajia B IPOLECce ero TeXHOTCHHOTO MM
MIPUPOIHOTO MPEOOPa30BaAHHUS.

Kak npaBuito, B MEHEpaJIbHBIX 00BEKTaX MpeodnagaeT «KuIaKas» Boaa.

Ha pucynkax 1-2 npencraBieHbl pe3yabTaTbl CTPYKTYPHOTO aHaIu3a OEHTOHUTOBOM
[JIMHBI €CTECTBEHHON M TEPMOAKTHBUPOBAHHOW ()OPMBI MOJTYUYEHHBIC HAa PACTPOBOM
JIEKTPOHHOM MHUKpOCKoIe ¢ cucteMoil Mukpoananusa INCA Energy.

iCnexp 4

...
e

o

CrexTp 5

Tomkm BneKTpoHHoe W3oBpaXeHUe 1 lonhad Wkans 4010 uan. Kypcop: 0.000

Pucynoxk 1 - VasTpagucnepcHble MUHepaibHbIE (ha3sl OCHTOHNTOBOM TIMHEL 14 Topu3oHTa 6e3

KOHTaKTa €CTECTBEHHOH (hOPMBI
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[MTapamerpsl o6paboTky: BeinonneH ananns Bcex anementoB (Hopmansosan)

CriexTp B crar. |O Mg Al Si Ca Ti Fe Hror
Cnexkrp 1 Jla 57.46 [2.28 [9.92 26.80 |0.71 2.83 100.00
Cnekrtp 2 Jla 57.55 [2.15 |9.86 26.87 0.67 291 100.00
Cnexktp 3 Ja 61.55 [1.58 [6.77 17.35 [0.51 [10.14 |2.11 100.00
Cnexkrp 4 Ja 65.13 [1.23 |5.46 3241 ]0.60 2.17 100.00
Makc. 61.55 (228 [9.92 3241 10.71 |10.14 |9.91

MuH. 57.46 [1.23 |546 17.35 |0.51 |10.14 |2.11

Bce pe3ynbrarel B BeCOBBIX %0

IMapamerpsl 06paboTku: BeinonteH anann3 Beex anementoB (Hopmanusosan)

Crexrp Bcrar. |O Mg Al Si Ca Ti Fe Wror
Crnextp | Ja 61.65 072 |3.48 |[11.13 |0.37 |21.01 |[l.64 100.00
Cnekrtp 2 Ja 64.17 |0.65 |3.39 [30.08 |0.30 |0.24 1.18 100.00
Coexrp 3 Ja 62.68 |0.41 [2.61 |33.07 (0.24 1.00 100.00
Crextp 4 Ja 63.46 039 [1.99 |33.28 0.88 100.00
Crextp 5 Ja 57.10 |1.60 [9.04 [27.52 |0.87 [0.27 3.60 100.00
Makc. 64.17 |1.60 |9.04 [33.28 |0.87 |21.01 |[3.60

MusH. 57.10 10.39 |1.99 [11.13 |0.24 [0.24 0.88

Bce pesynbraTer B BeCOBBIX %

Cretrp |

(L ILN o
[Crexrp 15 %

e .4
aneK‘[;.’_’f‘ A

s

{Cnexrp 2:

0 2
la7a4 wkans 4010 uwn. Kypcor: 0.000 Tomkm BNeKTPoHHoE MsoGpaXeHMe 1

Pucynok 2 - VasTpagucnepcHble MEHepaibHbIe (ha3sl OCHTOHNTOBOW TIMHEI 14 Topu3oHTa 6e3
KOHTaKTa TE€PMOAKTUBHPOBAHHOH (OPMBI

KonmudecTBO M COCTOSHHE OTACIBHBIX (OPM MOJCKYISIPHO CBSI3aHHOH BOJIBI B
MHHEpajdaX OKa3bIBAIOT BIMSHHE HA PEOJOTHUYECKHUE M TEXHOJIOTHYECKHUE CBOMCTBA
[JIMHUCTOTO ChIpbs. [ToaToMy Tepmuyeckass 00padoTka OCHTOHUTOBBIX TNIMH SIBIISIETCS
OJTHUM W3 3a7a4 JAHHOTO uccienoBaHus. Kak BUAHO U3 pUCYHKOB | U 2, U3MEHUICS
KOJIMYECTBEHHBIN COCTaB COCTABJISIIONIMX JJIEMEHTOB, HW3MEHHUJIACh MOPUCTOCTh
CTPYKTYpBI, BO3PACTACT CTEIECHb NUCIIEPCHOCTH, YTO B AAJIbHEUIIIEM MOKET, TPUBOIUT
K TOBBIIICHHID €MKOCTH OOMEHa HMOHOB B cucTeMe. B 3ToM ciyuae, HE0OXOAMMO
y4ecTh JMCIICPCHOCTh MCIOJIb3YEeMOM TIIMHBI, TaK KaK CYIIECTBEHHONW OCOOCHHOCTHIO
OCHTOHUTA SIBISICTCSI JUCIEPCHOCTh, C YEM CBS3aHBI COPOIIMOHHBIE €r0 CBOWCTBA
(cI0COOHOCTH MOTIIOIIATH TE WX UHBIC KAaTHOHBI ). [Ipr 3TOM YyMEHBIIIA0TCS KOJTHYECTBO
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CBSI3aHHOM BOABI M TeryioTa cMauuBanus (Shevchuk, et al., 2003). CornacHo npuHUIUITY
Jle-llarenbe, mpu BBICOKUX TEMIIEpaTypax MOTYT BO3HHKAThb U OBITh YCTOWYHBBIMH
TOJIBKO TaKHe KPUCTAITHYECKHE (a3bl, SHEPTUS CBA3H YACTHUL KOTOPBIX, IPOTHBOCTOUT
paspyLamemMy AeHCTBHIO TEIIOBOTO IBMKEHHA. TakuMu ¢azaMu MOTYT OBITb JIHIIb
KPUCTAJNIMYECKUE COCAMHEHHs C MHHHMAJIbHOW BHYTpeHHEH sHeprueil. B Takxom
9K30TEPMHUYECKOM TIPOLIECCEe POJIb OOMEHHBIX KaTHOHOB 3aKIIIOYACTCS B BBITECHEHUH
karnoHa Al*" u3 okrasapuyeckoil KOHPUTypaluy 1 KOMICHCHPOBAHUH OTPHLIATEIIEHOTO
3aps/a, BOSHUKAMOLIEM ITPU W30MOP(HOM 3aMelleHHy B TeTpadapax uoHa Si*" Ha noH
A" (Singh. et al., 1984).

W3BecTHO, 4TO HAMITyUYIIUM CIOCOOOM aKTHBALUK OCHTOHUTA SIBISIETCS] KUCIOTHAS
aKTHBalMsl Tpu moBbleHHON Temmeparype (Eirish et al., 1970). Kucnornas
aKTHBALMsI OCHTOHUTA 3aMETHO YMEHBIIIAET COJepKaHue B 00pa3lax OKCHI0B MarHus,
JKeJie3a, HIETIOYHBIX M IIEJIOYHO3EMENbHBIX METAJIOB, TaK KaK MPOIecC aKTHBALUH
COIPOBOXKJAETCS] BHIMBIBAHHEM M3 IIMH OKCHIOB METAJLIOB.

[Ipu kucnOTHOW akTHBaLUMK OCHTOHWUTOB, KPOME 3aMelleHHs OOMEHOCHOCOOHBIX
karnoHoB Na*, K*, Ca?", Mg”" Ha MOHBI BOZIOPO/1a aKTHBUPYIOIICH KUCIIOTBI, pa3pyIiaeTcs
KpHUCTaJNTNYECcKasi CTPYKTypa MOHTMOPHJIOHUTA. B 0OMEHHOM MOJI0KEHUH MOSIBISIOTCS
nonsl H" u AI*". Ilpuuem OOMEHHBIX MOHOB alIOMUHMS 3HAUYUTENBHO OOJbIIE, YeM
HOHOB BOJIOPOJIA.

Ha pucynke 3 mpencraBieHbl pe3ylabTaTbl CTPYKTYPHOTO aHajiu3a OCHTOHUTA
MPOIIEANIEr0  TEPMOKHCIOTHOM  akTHBaUWH. IIpM  KHCIOTHOM  aKTHBALUH
OCHTOHHMTOBBIX TJIMH pa3pylIaeTcsi He TOJBKO OKTadpUYECKUi (LEeHTpabHBIN) CIOH,
HO M TETPadIpUUECKHe CIOU PEHIETKH MOHTMOpHIUIOHUTAa. OO0 3TOM CBHIETEIHCTBYET
yYMEHBILIEHHE KOJIMYeCTBAa H30MOP(HBIX 3aMEIIEHHMH B TETPAdIPUUYECKOM H
okTayapuueckoM ciosix (Bourliva et al., 2015).

OcranbHas 4acTb HOHOB aJIFOMHHUS, U3BJIC€UEHHASI U3 CTPYKTYPbl MOHTMOPHJJIOHUTA,
BBITECHSIET C OOMEHHBIX MTO3ULIUI MOHBI MarHHs, JKeJe3a, CBI3bIBAETCS C PELISTKON IS
KOMIICHCAIIH €€ OTPHLATEIbHBIX 3apsiIoB M BMecTe ¢ moHaMu H' cozmaeT oOMeHHYyI0
kucnotaocts (H + A,

JonHaa Wkana 1747 uan. Kypeop: 0.000

Pucynok 3 — YnerpaaucnepcHble MUHEpaibHbIe (a3bl 0EHTOHUTOBOMIIIMHBI 14 ropu3oHTa
TEPMOKHCIIOTHOAKTHBUPOBAHHO (hOPMBI
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CrexT 1

i

BCrexrp 2

Cnexrp 1

iCnextp 5

P 3
fCrexrp 4
-

SCrexp 3

lontiaa wkana 4010 wnn. Kypoop: 0,000 [ SomKm BneKTpoHHoe n3oBpaKeHMe 1

Pucynok 4 — YnerpaaucrepcHble MUHEpanbHbIe (a3bl OEHTOHUTOBONIIIMHEL 14 ropu3oHTa

(3amatHOT0) TEPMO-KHCIOTHOAKTHBHPOBAHHON (POPMEI ITIOCIIC KOHTAKTa CO CTOYHOM BOJIOM

[Ipu mpourx paBHBIX YCIOBUSAX HEUTpalU3alus OTPULATEILHOTO 3apsiia PeIeTKH
MOHTMOpHUTOHHTa Al** IpOMCXOUT OBICTPEE IO CPABHEHHUIO C OJHO- H JABYX3aPSTHBIMU
karuoHnamu (Burakov et al., 2018).

Kak BuaHo u3 pucyHka 4 mpeacTaBlCHHBIH CTPYKTYPHBIH aHalu3 OCHTOHHTBOM
[JIMHBl TIpOLIEAIIEH TEpMO-KUCIOTHONH aKTHUBALIMKM HMEET CTPYKTYpy OTINYHOM
OT TPEACTABICHHBIX Ha pHCyHKax 2-3, rge OCHTOHUT B €CTECTBEHHOW U
TEPMOAKTUBUPOBAHHOH (POPMBL. MHUKPOCKOIIMYECKOE HCCIEOBAaHUE IIOKA3bIBaCT,
YTO  TEPMO-KUCIOTHOAKTUBHPOBAHHBIM OCHTOHUT HMMeEeT Oojee IOPUCTOCTH
CTPYKTYPBI, YBEIIMUMBAJICS ylIEJIbHAs MIOBEPXHOCTb, YTO CIOCOOCTBYET MOBBILICHHYIO
KaTHOHHOOOMEHHYIO CIIOCOOHOCTbD.

Pesynbrar, mpencraBieHHBIH Ha pUCYHKE 4, TOKa3blBaeT HAJIMYHE HJIEMEHTa
LUHKAa. OTH JaHHbIC CBUAETEIBCTBYIOT O TOM, UYTO IOCJIE KOHTaKTa OCHTOHHUTA
TEPMOAKTUBUPOBAHHON (POPMBI CO CTOUHON BOJOH MPOU30IILIA COPOLIUSI HOHOB IIMHKA.
Kak moxa3sbIBatoT pe3ynbTarhl UCClienoBaHuil (pUcyHOK 4) Ha cnekrpe | oOHapykeH
K 0.50 % (BecoBbIX cooTHomIeHHsX). CONOCTaBUTENBHBIN aHAIH3 PE3yJIBTaTOB
Macc-CIEKTPOMETPHH M PACTPOBOM 3JIEKTPOHHONH MUKPOCKOIHMH ITOKAa3bIBACT, YTO OHH
BaJIMJHBI U HE IPOTUBOPEYAT IOJIyUYCHHBIM YKCIIEPUMEHTAJIbHBIM JaHHBIM.

[MTapamerps o6paboTku: Brimonaen ananns Beex anemenToB (Hopmanimsosamn)

Crnexktp |B (0] Mg Al Si S Ca |Ti Fe Co |Zn |[Ba |HUroro
CTar.
Coektp 1 |[la | 44.06 4.45 |10.57 |8.42]0.38 2.06 |0.00 [0.50 {29.56 | 100.00
Crmextp 2 |la [59.77 |0.46 [4.14 |10.02 0.53122.77 | 2.31 100.00
Crextp 3 |la [44.16 |0.79 [4.82 |14.62 0.43 35.18 100.00
Cnextp 4 |la [55.96 |1.45 9.90 [26.99 0.87 10.52 |4.31 100.00
Cnexrp 5 |da |55.65 |1.49 10.49 |26.88 0.80 4.69 100.00
Makc. 59.77 | 1.49 10.49 126.99 |8.4210.87 |22.77 | 35.18 | 0.00 | 0.50 | 29.56
Mun. 44.06 (046 |4.14 |10.02 {8.42|0.3810.52 [2.06 |[0.00 |0.50 [29.56

Bce pesynbTarhl B BECOBBIX %
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[Tapamerpsr o6padoTky: Brinonnen ananns Bcex anementoB (Hopmansosan)

Cnektp |Bcrar. |O Na |[Mg |[Al |[Si S Cl |Ca |Ti Fe |Ba Hroro
Cnektp 1 | la 51.92 0.74 16,29 |15.30 |4.91 2.44 18.4 |100.00
Cnektp 2 | la 63.09 0.67 [5.25 |13.42 0.19 [ 15.02 2,35 100.00
Cnexrp 3 | [a 61.4210.41 [1.13 [9.19 |23.02 0.17 10.24 |10.38 |4.05 100.00
Cnektp 4 | la 65.87 1037 [0.71 |5.69 |24.71 0.17 {0.28 [2.20 100.00
Crextp 5 | [la 64.91 10.47 [0.84 |7.56 |23.16 0.16 [0.22 2.69 100.00
Makc. 65.8710.47 [1.13 [9.19 |24.71 |4.91 |0.17 |0.24 | 15.02 |4.05 | 18.4

MuH. 51.9210.37 [0.67 |5.25 |13.42 {491 |0.16 |0.17 |0.28 |2.20 |18.4

Bce pe3ynbrarer B BeCOBBIX %o

Kak BuaHO W3 puCyHKa 4 TOCIE KOHTaKTa TEPMO-KHUCIOTHOAKTUBHPOBAHHOMN
OCHTOHUTOBOM TIJIMHBI €O CTOYHOM BOJOW 0Opasyercs IUIOTHBIA —Marepual
TOHKOKPUCTAJUIMYECKON CTPYKTYPOM, COAEPKALIMI HE TOJBKO KATHOHBI MIEJIOYHBIX U
IIEJIOYHO3EMENTBHBIX METAJIIOB, HO U IPUMECH UMEIOLIUXCS B OYMILAEMOM BOJIE.

CpaBuutenpHas orenka mo ouuctke CB or monos TM (Cu*', Pb*, Cd*, Zn*)
OEHTOHUTA B Pa3IMYHBIX (POPMaX: €CTECTBEHHOU (MCXOIHOM), POIIEIIIENH KUCIOTHOM
U TEPMO-KUCJIOTHYKO AKTHUBALMIO IIOKA3bIBAET, YTO HAWIYYHIAM COPOEHTOM [0
OTHOIIEHHIO K WCCIEAYEMBIM HMOHAM SBISIETCS TEPMO-KHCIOTHOAKTHBUPOBAHHbIN
OEHTOHHUT. Pe3ysbrarsl MpecTaBieHbl B TabauIe 4.

Tabmuia 4 — M3BneueHrie HOHOB TSKEIIBIX METAJUIOB U3 IIAXTHON BOIBI €CTECTBEHHBIM
Y TEPMO-KHCIIOTHO aKTHBUPOBAHHBIM OCHTOHHTOM

Usneuenue, %
Homer benronur:
TAXKEIIBIX
METAITOR I KHCJIOTHO TepMO TEPMO-KHCIIOTHO
A AKTHBHUPOBAHHBIN AKTHBUPOBAHHDI AKTHBHUPOBAHHBIN
Cu? 333 59,8 65,6 99,6
Pb* 18,2 68,3 74,9 94,7
Cd* 17,6 44,4 48,7 98,9
Zn** 29,2 61,2 67,1 99,5

MakcumanbHas CTeneHb u3BleueHns wnonoB Cu®, Pb*, Cd*, Zn* Tepmo-
KHUCJIOTHOAKTHBUPOBAHHBEIM OcHTOHUTOM cocTaBisser 99,0; 94,7; 98,9; 99,5 %,
COOTBETCTBEHHO (BEPOSTHO,dTO CBSI3aHO C YBEITMICHHEM OOITICH 0OMEHHOMW KHCIIOTHOCTH,
obycrmosnennoit monamu H™ u Al*"), Torma kak MCHONb30BaHKME B KayecTBE COpOEHTa
CCTECTBCHHOr0 OCHTOHHWTA 3Ta BEJIMYMHA JJIS BBIIIC YKAa3aHHBIX HOHOB COCTaBISCT
33,3; 18,2; 17,6; 29,2 %, nyig KUCIOTHO aKTHBUPOBAHHOHW (hOPMBI OCHTOHHUTA CTETICHD
M3BIICUCHUS cocTaBisieT 59,8; 68,3; 44.,4; 61,2 %, a 111 TepMOAKTUBUPOBAHHON (hOPMBI
OCHTOHHUTA CTEIICHb M3BIICUCHUS COCTABIACT 65,6; 74,9; 48,7; 67,1 % COOTBETCTBEHHO.

Kak BHIHO M3 MOJYYEHHBIX PE3YJIbTaTOB MPUMEHEHHE OCHTOHWUTOBOHM INIHHBI,
MPOINIE/IICH KUCIOTHYIO aKTHBALIMIO 0€3 MPEIBAPUTEIBHON TePMOOOPAOOTKH, CTECIICHb
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n3BiedeHus: nonoB TM HWke 4eM, e€CIM HMCIOJIb30BaTh TEPMOAKTUBHUPOBAHHYIO MIIH
TEPMO-KUCIIOTHOAKTUBHPOBAHHYIO (JOPMBI.

B aTom citydae ancopOnroHHast CIOCOOHOCTh OCHTOHUTA 3aHIIKEHA, BEPOSTHO ITO
CBSI3aHO ¢ HaOyXaHHEM HCIIONb3yeMOTo 00pasiia, a TaKkKe C TeM, YTO B MEKITAKETHOE
MIPOCTPAHCTBO MOTYT NMPOHUKATh HE TOJBKO OOMEHHBIE KATHOHBI, HO TaK)Ke MOJICKYJIIBI
MIOJISIPHBIX OPTaHWYECKUX M HEOPraHWYeCKHX COCIMHEHWH, YTO MOXKET COCTaBUTh
KOHKYPEHIIUIO TT0 OTHOIIEHHUIO K HoHaM TM.

VYcraHOBIEHO, YTO MpPH KHCIOTHOH aKTHBAallMM MOHTMOPWIJIOHHTOBBIX IIIHH
CTPYKTYpa MOHTMOPHJUIOHUTA COXpaHseTcs Mpu u3BiedeHnH moutu A0 80 % HOHOB
MarHusl, JKeJie3a, aTFOMUHUS ¥ Pa3pyIIaeTcsi TOJILKO ITPH ITOYTH TIOJIHOM WX U3BJICUCHUH
(Battalova, et al., 1998).

Astopel (Muksunova et al., 2013), uccnenyst BIusSHHE KHCIOTHI Ha OOMEHHYIO
CIOCOOHOCTH MOHTMOPHJUIOHHTA, MTOKA3aJl, YTO C YBEIMYCHUEM BPEMEHH BO3/1EHCTBUS
kucnorel (30 % H,SO,), oOmeHHas CMOCOOHOCTH IIOCTENEHHO —YBEIMYMBAECTCS.
Apropamu (Muksunova et al., 2013) takxe ObUI BBICKa3aHO MHEHHE O TOM, YTO
3aMelIeHHe B3aUMOCBsI3b OOMEHHOW CIIOCOOHOCTH MOHTMOPHJUIOHUTA CBsi3aHa C
n30MOp(HBIM pasMenieHneM Al** U3 OKTadIPUUECKOTO CJI0si B OOMCHHBIE MTO3HITHH.

Benencreue paspyimaromniero 1eHCTBUS KHCIOTHI YMEHBIIAIOTCS pa3Mephbl PEeIeTKH
(Musabekov, et al., 2023). B »ToM ciy4ae yBeIWYECHHE KHCIOTHOCTH 0Opasma
0OBSICHSICTCS yBEITMUCHUEM aKTHBHBIX IICHTPOB Ha SJIMHUIY Macchl NTUHBL. Kpome Toro,
B pe3yJbTaTe KHCIOTHOW aKTHUBALMU YBEJIWYHMBAIOTCS IJIOMIAJh IMOBEPXHOCTH TIIWH,
00BEM KPYIHBIX TIOP, PE3KO MEHSETCS] CTPYKTYpa MOp U XapakTep MOBEPXHOCTH. DTOT
(axT MPUBOJUT K 3HAYUTEITHHOMY MOBBIIICHHIO COPOIIMOHHBIX CBOMCTB OCHTOHUTA.

Kak BumHO W3 pesyiabrata ucclienoBaHuil (Tabn.4) NpuUMEHEHHE OCHTOHWUTA,
MPOILEANIET0 KHCIOTHYIO aKTHBAalMIO 0e3 NpeABapuTeIbHOH TepMooOpaboTKH,
MPUBOJUT K HaOyXaHMIO 00pa3la, 4To HEXKEeNaTeIbHO TIPH IPUMEHEHHH €ro B OUYHCTKE
CTOYHBIX BOJl. B 3TOM ciydae copOLHMOHHAs CIIOCOOHOCTh OSHTOHHTA MOXKET OBIThH
TaK)Ke 3aHM)KEHA, T.K. B MEXKIIAKETHOE TPOCTPAHCTBO MOTYT TMPOHHKATH HE TOJIBHKO
0OMEHHBIE KaTHOHBI, HO TAKKE MOJICKYJIBI ITOJIIPHBIX OPTaHUIECKIX 1 HEOPTaHMIECKAX
COCTMHEHHUI UMEIOIINXCS B NCCIIEAYEMOM OOBEKTE.

CocTtaB OOMEHHBIX KaTHOHOB M CTPYKTYPHBIE XapaKTEPHCTUKH €CTECTBEHHOTO
KHCIIOTOAKTHBHPOBAHHOTO 00Pa3I0B OEHTOHNTA TPEICTABJICH B TAOIHIIE 5.

[Ipu 3TOM COpOIMOHHAST E€MKOCTh HEAKTHBHPOBAHHOTO OCHTOHHTA COCTABISCT
0,75 Mr-skB/T, TePMOAKTUBUPOBAHHOTO - 0,92 MI-3KB/T, KMCIOTHO aKTUBHUPOBAHHOIO
OenTonuTa - 0,84 Mr-sKB/T, TEPMO-KHCIOTHO aKTUBUPOBAHHOTO - 1,57 MTr- 3KB/T.

Tabnuma 5 - CocTaB 0OMEHHBIX KATHOHOB M CTPYKTYPHBIE XapaKTePUCTUKH €CTECTBEHHOTO 1
KHCJIOTOAKTHBUPOBAHHOTO 00pa3IioB OEHTOHHUTA

Conepkanrie 0OMEHHBIX KaTHOHOB, Mr-3kB/100 T

Benronur 0 Sy | OOvem
Na' | Ca* | Mg 0oOMeHHast KUCJIOTHOCTD | o0tmas e/t | mop, ew/r
H* A cymma
EcrtecTBeHHBIM 259 42,9 | 27,8 - - 96,6 90 0,09

Axrusuposannsiit H,SO, 10,50 | 2,18 | 7,21 0,67 53,82 64,38 | 200 0,36
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MupabumBuian ¢ corpynHukamu (Merabishvili, 1962), usywas Bo3neiicTBue
KHCJIOTHI Ha OEHTOHWTOBBIC INIMHBI, YCTAHOBHJIM aHAJOTMYHBIH MPOLECC 3aMeIleHHs
KaTHOHOB IIEJOYHBIX M IIEJ0YHO3eMeIbHbIX MeTawioB Ha Al** u H'. CrnocoGHOCTB
OCHTOHHUTOB K KaTHOHHOMY OOMEHY 00ycJIOBJIeHa, B OCHOBHOM, ITPUCYTCTBHEM B HUX
MHUHEpasla MOHTMOPHIUIOHHTA.

PasHocTtopoHHee n3ydyeHHE SIBICHHS MOIVIOMICHHUS MMOYBOM Ppa3IMYHBIX BEILECTB
JaeT CTPOiHYI0 0000IIAIONIYI0 TEOPHIO 3TOro mpouecca. Ta yacTh MOYBBI, KOTOpas
criocoOHa OOMEHHMBATh MOMOUICHHBIE KATHOHBI, HOCHUT HAa3BaHHE IOTIOLIAIONIETO
kommuiekca (IIK), KoTOpbIili COCTOMT M3 BBICOKOAMCIEPCHON MacChl OPraHHMYECKOTO
U MHUHEPAIBHOTO TPOUCXOXKICHMS. KaTWOHBI 3TOr0 MOJIMKOMIUIEKCA, CIIOCOOHBI
OOMEHHMBATHCSl Ha KaTMOHBI MOYBEHHOI'O pacTBOpa HOCST HAa3BaHHWE MOMIOILEHHBIX
Wi OOMEHHBIX KaTHOHOB. KaTHOHBI MeETalIOB Ha3bIBalOTCS OOMEHHBIMH WM
MOMIOMIEHHBIMU OCHOBaHUSMH. OOIIYI0 CyMMY TOIVIOIIEHHBIX KATHOHOB, CIIOCOOHBIX
K oOMeHy, l'epoiil] Ha3Bal €MKOCTHIO MOIJIOLICHMsS IOYB M yKa3aj, 4TO EMKOCTb
MOTVIOMICHUS MTPEACTaBIIeT cOO0H y Ka) 101 MOYBbI MOCTOSHHYIO BEJIMUMHY.

Agtop (Muzdybaeva, 2020), Ha 0OCHOBE OOJIBIIOTO YKCIIEPUMEHTAIILHOTO MaTeprala
YCT@HOBWJI, YTO DHEPrUs IMOIIOLICHUSI KaTMOHA IOYBOW NPSMO MPOMOpLHOHATBHA
CTETIeHH OKHCJICHUSI ¥ aTOMHOW Macce KaTHOHa, TO €CTh B PAAY:

Fe’*> A" > Co*" > Cd*" > Ba®" > Mg’ >Rb">K">NHs" >Na">Li" (1)

i€, CJI€Ba HAaPaBO YMEHbBILAETCS SHEPTHUsl MOMIOIIEHNs KaTHOHA ITOYBOA.

B yxazaHHOM JIMOTPOIIHOM psiy HCKIIOYEHHE cOocTaBisAioT nonbl NH," u H'. Ilo
BEJIMYMHE aTOMHOHM Maccel katnon NH," nomken pacnomararbes mexay Li* u Na';
BeJIMYMHA SHEpruu BhiTecHenus NH," oyenp Onmska k TakoBod K m mostomy NH,*
B BBIILIETIPUBEICHHOM psiy 3aHnMaeT MecTo Mexay K™ u Na'. Katnon H' obnanaer
HanOOJbIIEH SHEPruei MOIVIOIIEHHUs MOYBOM, BCIIEACTBHE ATOTO OH CHJIbHEE BCEX
KaTHOHOB JIOJKEH YAEP>KUBAThCSl MOYBON M BBITECHSATH M3 MOUYBBI MOIVIOLICHHBIE €10
JpyTHe KaTHOHBIL. YCTaHOBIEHO, YTO B KHCJIOW cpele KaTHOHHBIA OOMEH MPOTEKaeT B
HE3HAYUTENBbHOW CTETeHH, BCICICTBHE CHUIIBHOW aJcopOIMK CaMHX MOHOB BOAOPOIA
rmuaamu (Muzdybaeva, 2020).

KaTtnonHslii 0OMeH Ha [IMHAX B [IEJI0YHON cpe/ie UAET aKTUBHEE, YeM B HEHTpabHOH,
a B HEUTpaJIbHOM CHIIbHEE, 4eM B KHcIoi cperie. [Ipu paBHBIX KOHIIEHTpaIHsIX KaTHOHOB
B pacTBOpe U pH pacTBOpa aacopOLys KATHOHOB Ha ITTMHAX NPSMO IPOMOPIUOHAIEHA HX
CTETICHH OKHMCIICHUS. YCTaHOBIICHO, YTO Ha 3(P(EKT KUCTOTHOTO BO3ACHCTBHS OKa3bIBAET
CYILIECTBEHHOE BIUSHIE MUHEPAJIbHBIN COCTaB NIMHBI. B MOHTMOPHIUIOHUTAX EMKOCTb
KaTHOHHOTO OOMEHa SBJSIETCS IIaBHBIM O00pa3oM pe3ylbTaToM 3aMeleHUH BHYTPH
peleTky, a Takke B He3HauuTenbHOM creneHu (+ 20%) pe3yabraToM HapylIeHUs
CBSA3EH.

CopbunoHHas cnocoOHOCTh COPOEHTA BO MHOTOM 3aBUCHT OT BEJTMYMHBI OOMEHHOM
emroctu. OmnpezencHre OOMEHHOW €MKOCTH (KaTHOHHOTO OOMEHA) SIBIISICTCS OYCHb
TPYAHOH 3a7a4el, 1 31ech Hellb3sl TpeOOBATh BHICOKOH CTETIEHU TOYHOCTH.

CyIllecTBYIONME METO/BI ONpeAeiCHHST OOMEHHOH CIOCOOHOCTH JUIMTENBHBI,
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TPYOOEMKHM M HENOCTaTOYHO TOYHBI, TaK KaK HE YUYUTBIBAIOT OCOOCHHOCTEH
MOHTMOPHJUIOHUTOBBIX TJIMH, OOYCIIOBJICHHBIX HMX CTPYKTYpOH. OTO 3aTpynHseT
nojy4yeHue OOBEKTUBHBIX MJAaHHBIX MO EMKOCTH OOMEHa M COCTaBy OOMEHHOTO
KOMIIJIEKCA, OCJIOXKHSS OLEHKY CBA3YIOIIMX CBONCTB IIIMHUCTOTO CBHIPbS M BbLAAUY
peKoMeHIalui 10 ero MPUMEHEHHUI0

B pa6ote (Shevchuk, 2003) 6bu1 IpeyIoKeH HOBBIM METO ONpEAeIIeHIsI 00
E€MKOCTH OOMEHa.

B kadectBe mecopOeHTa MPUMEHEH KaTMOH TPEXBAJCHTHOTO JKeje3a, WMEIOLIUH
CIIEYIOIIUE TOCTOMHCTBA:

1) BbICOKas cOpOLMOHHAS CIIOCOOHOCTH €ro 00EeCIeUrnBaeT MOTHOTY 3aMEICHHS
OOMEHHBIX KaTHOHOB IJIMH MIPU HU3KOM KOHIEHTPALUH COJIH XKeJle3a;

2) Fe*" He BXomuT B cocTaB 0OMEHHOTO KOMIUIEKCA IIMH M CONEPIKAIINXCS B HUX
BOJIOPACTBOPUMBIX COJIEH;

3) OBICTPO U C BHICOKOH TOYHOCTBIO ONpPEeIseTCsl aHATUTHYECKH;

4) BbICOKas CTeNeHb arperauny Fe-3ameneHHo mnHbl 00yClIaBIuBaeT ModyYeHue
B cJ1a00M PacTBOPE AIEKTPOIUTA XOPOIIO (DUIBTPYIOLIEHCS CYCIIEH3UH.

WsmepeHust mpou3BOIAT, IMIABHBIM 00pa3oM, IMyTeM HACBIIICHUS! TIIMHBI MOHAMH
NH," wm Ba’ npu pH 7. Ecau B Bofe OTCYTCTBYIOT PAcTBOPUMBIE MM CIa00
pacTBOpPHUMBIE COJIH, TaKO€ ONpeAeSeHHe A INIMHUCTOr0 MUHEpalla, KOTOPBIA caM IO
cebe yMEpEeHHO PacTBOPUM, MPOU3BECTH JieTko. [IpucyrcTBue AIP* B KHCIBIX IIHMHAX
win Fe'" B Kene3ucThIX 4acTHYHO 3acopsieT OOMEHHBIC MO3HMLHUH, YTO 3aTPyAHSET
onpenenenue (Shevchuk, 2003). IIpennokeHHbI METOJ] OCHOBaH Ha 3aMEICHUU
OOMEHHOTO KOMIUIEKCa KaTHOHamMHu Fe’' myTeM OmHOKpaTHOH 00paOOTKH IIMHBI
pPacTBOPOM XJIOPHOTO JKene3a.

Bennunna eMkocTH OOMEHA SKBMBAJICHTHA KOJIMYECTBY BCTYNUBIIMX B OOMEH
noHOB Fe’’, KoTopble onpeessoT 1o pa3HOCTH WX COJCPIKAaHUHU B PACTBOPE 10 U MOCTIe
0o0MeHa (OTOKOJIOPUMETPHUYECKUM CYNIb(OCATUIUIOBEIM METOIAOM.

Omnpenenenre OOMEHHOH EMKOCTH BO3MOXKHO B INHMHAX ¢ JIOOBIM COCTaBOM
BOJOPACTBOPUMBIX COJIEH, UTO SIBISIETCSl BaXKHBIM JOCTOMHCTBOM Metona (Shevchuk,
2003).

B Tabnmune 6 mpenacraBieHbl pe3yibTaThl MO W3BJIedeHHI0 noHOB TM m3 CB c
OCHTOHMTOBOI TIMHON pa3nUYHON (QOPMBI: €CTECTBEHHOH, TEPMOAKTUBHOU, TEPMO-
KHCJIOTHOAKTHBUPOBAHHOM, a TakkKe WX CpPAaBHUTENbHBbIE JaHHBIE KaK COOTHOIIEHHE
KOHIIEHTPALIMK UCXOAHOTO0, ouMIeHHbIX CB K HﬂKp'_X.

Kax mnoxa3piBatoT pe3ynabTrarhl, NPUMEHEHHE TEPMO-KHUCIOTHOAKTUBUPOBAHHOIO
OeHTOHWTA (TepMUYECKH akTHBUpOBaHHOro mpu Temneparype 200 °C — 4 yaca ¢
nocnenyromei obpadorkoii 10 % H, SO, B Teuenne 4-4aca) B OUMCTKE IIaXTHOH BOJIBI
obecrieunBaeT MPAaKTHUECKU MOJHOE H3BiIeueHue monoB TM Cu*', Pb*, Cd*, Zn*
(99,6; 94,7; 98.9; 99,5 %, COOTBETCTBEHHO).
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Tabnuna 6 — M3BreucHne HOHOB TSHKEINIBIX METAJIOB OCHTOHHUTOBO ITIMHOW B CPABHEHHU C
MPECIBbHO-A0IYCTUMBIMHI KOHIICHTPAIMSIMU 3TUX HOHOB B BOJIC JUTSl XO3SHCTBEHHOH JESITEIBHOCTH

KOHIIEeHTpAIHS HOHOB TSKEIBIX METAJIOB, MI/IM?
% = Coornowenue konuentpauuu TM nocse ounctku k ITIK
)
: = ; : : :
2| § o = s - =
S EE o | o = = =
2 5 o - = = = =
o) & o [} M — . ~
=} [} == g :( = = = =
= = m @ = @) O Q @)
Cu? 0,21 0,001 210 140 70 1,0
Pb** 0,11 0,10 1,1 0.9 0,3 0,1
Cd* 0,17 0,005 34 38,0 4.5 1,2
Zn** 12,3 0,01 1230 870 40,3 1,0

Ipumeyanne: C, C C_— konuenrpauuu nonos TM B CB nocsie O4MCTKA: HATUBHOM, TEPMUYECKOM U
TEPMOKHCIIOTHOAKTHBHPOBAHHOW OCHTOHUTOH IJIMHOM.

CremyeT OTMETUTh, YTO JAHHBIC PE3YJbTaThl MONYYCHbI HPU ONTUMAIBHBIX
YCJIOBHSX, KOTOPbIE OBUIN YCTAHOBIICHBI B XO/I€ IPOBEICHUS aKTUBHOTO SKCIIEPUMEHTA.

CpaBHuTENbHAs OLIEHKA INPUBEJICHHBIX COOTHOLIEHUHU C"/HD;KP._X“ CT/HI[KP'_X' C./
HJK | 1o ornomenun k uoxnam TM (Cu?**, Pb?*, Cd**, Zn*") npu HCMOIB30BAHUM
OCHTOHUTOBOW IVIMHBI B Pa3IMYHBIX (pOpMax: HATUBHOU (€CTECTBEHHOM), TEPMHYECKOI,
NPOIIEIICH TePMO-KHCIOTHYI0 aKTHBALIMIO TTOKA3bIBACT, YTO HAWIYYIIUM COPOCHTOM
M0 OTHOLICHHIO K HCCICAYyEMbIM HMOHAM SIBIISICTCS TEPMO-KHCIOTHOAKTHBUPOBAHHBIN
OCHTOHUT, YTO HE MPOTUBOPEUUTD ITOTyYCHHBIM JIAHHBIM IIPE/ICTABICHHBIX B TA0NUIIE 4.

Takum 00pa3oM, UCIOIB30BAHUE TEPMO-KUCIOTHOAKTHBUPOBAHHOI OEHTOHUTOBOM
[JIMHBI B Ka4eCTBE COPOCHTOB o0ecreunBaeT TpedyeMblil ypoBeHb ouncTKH CB oT HOHOB
TM. B tabnuue 7 npeacTaBieHbl METPOJIOTHYECKHE XapaKTEPUCTUKH PE3yJIbTaTOB
rccllel0BaHu M.

Ta6n1/111a 7 - MeTpOJ’IOI‘I/I‘{eCKaH OILICHKa (CpeI[HeKBaI[paTI/I‘{HOG OTKJIOHCHHUEC CXOOUMOCTH,
BOCIIPOU3BOAMMOCTHU U TO‘IHOCTI/I) PE3YyNBLTATOB HCCIICOBAHUM.

VOHBI TSKENBIX METAIIOB S, ‘10 S ocan. -10* S s -10*
Cu** 1,79 2,93 1,23
Cd* 1,94 2,97 2,50
Pb2* 2,71 5,32 1,82
Zn* 15,8 25,4 23,4

Kax BuHO 13 TAOIUIBI 7, METPOTIOTHYECKUE XaPAKTEPUCTUKH, PACCYUTAHHBIC HA
OCHOBE MOJYUYCHHBIX PE3yIbTATOB UCCIICAOBAHM (3HAYCHUE CPETHEKBAAPATUYHBIX
OTKJIOHCHHH CXOJAMMOCTH, BOCIPOU3BOJUMOCTH, KOHTPOJb MPaBUILHOCTH/TOY-
HOCTH PEe3yJbTaTOB) MOKA3BIBAIOT, YTO CHCTEMATHUYECKUE MOTPEIIHOCTH MO BCEM
uccneayeMbiM nonam metamnos (Cu?t, Cd**, Pb?', Zn?") cratucTHUeCKH HE3HAYUMBI.

BriBoabI

ITo pe3ynbraraM MPOBEACHHBIX IKCIIEPUMEHTATBHBIX UCCIICIOBAHHN:

- MOJYYEHBI JIAHHBIC MO aJCOPOIUH HOHOB TSDKEIBIX METAJUIOB U3 CTOYHBIX BOJI
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KPYITHOTO MPOMBILIICHHOTO TOpPHO-MeTauTyprudeckoro npeanpusatis TOO «KasuuHk»
(Kazaxcran, 1.Ycrh-Kamenoropck) 6eHToHMTOBOM TMHOM 14 ropu3oHTa TaraHckoro
MecTopokaeHuss Bocrouno-KazaxcraHCkoit 001aCTH B TpEX pa3InYHbIX MOTH(DUKALINSIX:
€CTECTBEHHOM, KHCIOTOAKTHBUPOBAHHOM U TEPMO-KHUCIOTHOAKTUBHPOBAHHOIA;

- M3yYCHbI COOTHOIICHUSI KOHLEHTPALMH MCXOIHBIX CTOYHBIX BOJ K OYHMIICHHBIM
CTOYHBIM BOJAM B cpaBHeHUH ¢ AauHbvu 110 [TIJIK. _ , TaKoke ipoBeieHa CpaBHUTENIbHas
ouenka 1o ounctke CB ot nonos TM (Cu?', Pb*", Cd*', Zn?") 6enToHMTa B Tpex hopmax:
€CTECTBEHHOM (MCXOIHOIT), MPOIIE e KUCIOTHYIO ¥ TEPMO-KUCIOTHYIO aKTHBAIIUIO.

Jloka3aHo, YTO HAWJIYYIIMM COPOSHTOM IO OTHOIICHUIO K HCCIEAYeMBbIM HOHAM
SIBJISICTCS TEPMO-KUCIOTHOAKTHBUPOBaHHAs (popMa OCHTOHUTOBOMW TITHHBI.

- Ha OCHOBE PsiJIa MPOBE/ICHHBIX YKCIICPUMEHTOB YCTAHOBJICHO, YTO B ONITUMAJIbHBIX
YCIOBHSAX  TEPMO-KHCIOTHOAKTHBUPOBAaHHAs OCHTOHUTOBas TIJIMHA  IO3BOJISET
yAAIUTh U3 CTOUHOW Boabl moubl Cu?', Pb*", Cd*', Zn*' na 99.6, 94.7, 98.9 u 99.5
%, COOTBETCTBEHHO, obecneunBaromiee nocTwkeHune Hopm I[IJIKp.-x. s Bog,
UCIIOJIb3YEMBIX B XO35HICTBEHHO-OBITOBBIX IIEIISX.
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Abstract. The aim of this work is to evaluate the influence of photocatalytic
properties of titanium dioxide (TiO,) and magnetic iron oxide (MIO) on the activity
and selectivity of Pd/TiO, and Pd/MIO catalysts in the hydrogenation process. Titanium
dioxide (TiO, SA) was synthesized by precipitation of TiCl, with ammonium hydroxide
followed by calcination of the resulting precipitate at 350°C. Magnetic iron oxide (MIO)
was synthesized by chemical co-precipitation of iron salts in the ratio Fe**:Fe*=2:1.
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The synthesized TiO, SA, MIO and commercial anatase (TiO, CA) were characterized
by physicochemical methods and tested in the organic dye photodegradation reaction.
The XRD, Mssbauer spectroscopy and elemental analysis methods indicated that MIO
was a mixture of Fe,O, and y-Fe O,, while TiO, SA was anatase. Characterization of
TiO, SA, TiO,CA and MIO by SEM, XRD and BET showed that the materials are
associations of microaggregates, which in turn consist of smaller particles (TiO, SA -
8.2 nm, TiO, CA - 15.6 nm, MIO - 14.1 nm). The maximum photodecomposition rate
of methyl orange was 4.6x10"!, 2.9x10", and 0.6x10"" mol/s for TiO, CA, TiO, SA,
and MIO, respectively. Paladium catalysts were prepared by precipitation of [PdCI,]*
ions on to supports using NaOH solution as precipitant. The 0.9% Pd/TiO, SA, 1% Pd/
TiO, CA and 1%Pd/MIO catalysts obtained were examined in the hydrogenation of
phenylacetylene. In terms of activity, the catalysts were arranged in a series: Pd/TiO, CA
(Wmax = 17.8x10°° mol/s) > Pd/TiO, SA (Wmax = 7.3x10° mol/s) > Pd/MIO (Wmax
= 1.2x10° mol/s), which correlates with the test results of the corresponding supports in
the photodegradation of methyl orange. Thus, the obtained results indicated that using
of materials with photocatalytic activity as supports is promising for the construction of
palladium hydrogenation catalysts with improved properties.

Keywords: TiO,; magnetic iron oxide; photocatalytic process; methyl orange;
palladium catalyst; liquid-phase hydrogenation; phenylacetylene
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AnHoTauus. JKYMBICTBIH MaKCaThl THTAH THOKCHTIHIH (TiOz) YKOHE MarHUTTIK TEMip
okcuiHiH (MTO) hoTokaranmuTHKAIBIK KACHETTEPiHIH THAPIIEY peaknuschiHaars! Pd/
TiO, »xone PA/MTO karanmusaropiapblHbIH OSJICEHIUTINT MEH CEJEKTUBTUIIHE 9CEPIH
Oaranay Oonbin Tabbutanel. Turan guokcuai (TiO, CA) TiCl, aMmmoHMI THAPOKCHTIMEH
TYHJIBIPY SIICIMEH CHHTE3ZeNl, co/laH Keiin anmsiarad TyHOa 350°C temmneparypana
KBI3ABIPEUIAEL. Maruuttik Temip okcumi (MTO) temip ty3mapeiabie Fe¥:Fe?'= 2:1
KaTbIHACBIHIA XUMMAIIBIK KOC TYHIBIPY apKbuibl cuutesnenii. Cunrespenren TiO,
CA, MTO men kommepuusnbk anaras (TiO, KA) ¢usukanbik-XUMUAIBIK 91iCTEPMEH
CUTIATTAJIJIBI )KOHE OPTAHUKAIBIK OOSFBIITHIH (POTOBLIBIPAY PEaKINSCHIH/A CHIHAIIBI.
P®A, meccOaysp CIEKTPOCKOIMACH KIHE dIEMEHTTIK ananu3 apkeuibl MTO e3i Fe, O,
xone y-Fe,O, kocmacer exenin, an TiO, CA anara3 60sbin TaObLIATHIHBIH KOPCETTI.
Marepuangapasr COM, PDA xone BOT omiciMeH 3epTrey marepwanmgapablH o3i
MHKpOarperarTapAaplH acCOMMUANMICH €KEHIH KOpCeTTi, ojap ©3 Ke3eTiHAe KiImpek
cemuekrepaen typansl (TiO, CA - 8,2 um, TiO, KA - 15,6 am, MTO - 14,1 nm).
Metun capbIHBIH (HOTOBILABIPAYBIHBIH MaKCHMAJIbI JKBUIIaMIBIFbI TiO2 KA, TiO2 CA
xone MTO vy 4,6x101", 2,9x10" sxone 0,6<10"" Mosap/c GOIAbI, COWKECIHIIE.
[Mamnamnii kaTanu3aTopiapsl TYHIBIPFRIN peTiHae NaOH epiTiHmiciH maiimamaHbIn
TachiManaymbira [PACL, > nonmapsin TYHABIPY apKbLIbl anbiHabl. Anbiaran 0,9% Pd/
TiO,CA, 1% Pd/TiO, xane 1% Pd/MTO karanuszaropiapsl peHUIaNETUIEH I THAPICYIE
3eprreni. bencenainik OoMbIHIIA KaTaanu3aTopiap Karapra opHanacTeipbuiasl: Pd/TiO,
KA (Wmax = 17,8x10° mons/c) > Pd/TiO, CA (Wmax =7,3x10°* mons/c) > Pd/MTO
(Wmax =1,2x10° mMoms/c), Oy peakIusaaarbl THICTI MEIHAHBI CHIHAK, HOTHKEIEPiMEH
0aitmaHpICTHI (DOTOBIIBIPAYHI. METHJI CAPFBITIITHIH (POTOBIIBIPAY PEAKIIMSICHIHIAFBI THICTI
TachIMaJIIayIBUTAP/IBIH ChIHAK HOTIIKENepiMeH coiikec kenemi. Ochuiaiiina, anplHFaH
HOTIDKENEp JKaKCapThUIFaH KacHeTTepi 0ap THApJIEYIiH Mautagiuil KaTaau3aTopiapbiH
JMaipIHAAy VIIH TachIMaNIayIibl peTiHAe (HOTOKATaTUTHKAIBIK OelceHautiri 6ap
MaTepHualappl Naiiasany MepcreKTHBACHIH KOPCEeTe .

Tyiiinai cesaep: TiO,; MarHuTTIK TeMip OKCHI; (OTOKATATUTUKAIBIK IPOLECC;
METHJI CapFBIIIBL; AJIAINN KaTallu3aTopbl; CYHBIK (a3aibl ruapiey; (heHuIaneTHIeH.

Kap:xpuianapipy: Ocbl xyMbeic Kazakcran PecryOnmukachl FRIIIBIM dKOHE JKOFapbI
6imiM MuHHCTPIIITI FBUTBIM KOMUTETIHIH Kap>KBUTBIK KOJIaybIMEH OPBIHAAIIB! (TPaHTT
No AP13068154).
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AnHotramus. llenpto  Hactosimeld  paOOThI  SIBJISETCS  OLICHKA  BIIUSTHUS
(orokaranuTUIECKUX CBOKWCTB auokcuaa TuTana (TiO,) 1 MarHUTHOro OKCU/IA JKenesa
(MOIX) na akruBHOCTb ¥ cenekTuBHOCTh Pd/TiO, u PA/MOJK karanu3aropos B peakuuu
rugpuposanus. Jlnokcun turana (TiO, CA) ObL1 CHHTE3MPOBAH METOIOM OCAXKIEHUS
TiCl, ruipokcu1I0M aMMOHHSL C TIOCIIEAYIONIEM TIPOKATMBAHUEM MOJTYYEHHOTO OCaKa
ripu 350°C. MaruuTtssli okenp xeneza (MOXK) cunTe3upoBaiyu METOIOM XUMHYECKOTO
CO-OCakK/IEHHs cojlei xkene3a B cooTHomenuu Fe’*:Fe*" = 2:1. Cuntesupopannsie TiO,
CA, MOX u xommepueckuii anara3 (TiO, KA) Obun oxapakTepu3oBaHbl (PH3HKO-
XMUMUYECKHMMH METOAMH U WCHBITAHBI B pEakUH (OTOPA3IOKEHHS OPraHHYECKOTO
kpacureinsi. Metogamu POA, MeccOayspoBCKol CIEKTPOCKOIIHHU M DJIEMEHTHOTO aHaJIH3a
Obu10 ToKazano, uro MOX mpencrasnser coboii cmech Fe,O, u y-Fe,0,, a TiO, CA
asnsgercs anarasom. Mcenenosanue TiO, CA, TiO, KA u MOX meronamu COM, POA
u BOT nokasano, 4To MaTepHualibl MPEICTABISIIOT COO0M acCOIMAIMU MUKPOArperaTos,
KOTOPBIE, B CBOIO O4Yepelb, cocToaT u3 OGonee menkux wactu (TiO, CA - 8.2 um,
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TiO, KA - 15,6 nm, MOX - 14,1 um). MakcumanbHas cKopocTh (hOTOpasIokKeHus
METHJIOBOTO oOpamkeBoro cocraBmmna 4,6x101, 2.9x10" u 0,6x10" moms/c mis
TiO, KA, TiO, CA u MOX, cooreTrcTBeHHO. Ilananuesbie KaTaan3aTopsl IOTyYany
meTofoM ocaxaenus noHos [PACI, > na HocuTenu ¢ ucnonb3osanueM pactsopa NaOH
B kauecTBe ocaaurens. [lomyuennsie 0,9% Pd/TiO, CA, 1% Pd/TiO, KA u 1%Pd/MOX
KaTaau3aTopsl ObLIM UCCIE0BAaHbI B THAPUPOBaHUH (eHunaneTuieHa. [1o akTuBHOCTH
KaTaju3aTopsl pacrnonaraiuck B psaa: Pd/TiO, KA (W =17,8x107° mons/c) > Pd/TiO,
CA (W, =7,3x10"° monb/c) > PA/MOX (W __ =1,2x107° Monb/c), 4TO KOPPENUPYET C
pe3ysibTaTaMy UCTIBITAHUSI COOTBETCTBYIOIINX HOCHUTENIEH B peakuu (HoTOpa3noKEeHUs
METHJIOBOTO OpaHkeBoro. Takum 00pa3oM, OIyUeHHbIE Pe3yNbTaThl CBUACTEILCTBYIOT
0 MEPCIEKTUBHOCTH UCTIOJIb30BAHNUS MaTEPUAIOB C POTOKATATUTHYECKOH aKTHBHOCTBIO
B KayecTBe HOCHUTEJEeW M KOHCTPYMPOBAaHHMA TNaJUIaAMEBBIX KaTaJlM3aTOPOB
THIPUPOBAHUS C YIyULICHHBIMU CBOMCTBAMH.

Kirouesnie ciaopa: TiO,; MarHuTHbIA OKCHA JKene3a; (POTOKATAIMTUYECKMH
Mpolecc; METHJIOBBI OpaHKeBblif; MNalIaJueBblil Karaau3atop; >KuakodaszHoe
THIPUPOBaHKE; (CHUITALECTHIICH.

dunancupoBanue: Hacrosmas pabora BeINOIHEHA NPU (QUHAHCOBOU MOIAEPIKKE
Komurera Haykm MmwuHHCTEepcTBa HayKd M BBICIIEro oOpaszoBaHus PecrmyOnuku
Kazaxcran (rpant Ne AP13068154).

Beenenne

Hanecennble MeTayuinyeckue KaTanau3aTopbl MMEIOT pellarolllee 3HaueHHue st
COBPEMEHHOT'0 001IeCcTBa, TOCKOIBKY OHU UTPAIOT KIIOYEBYIO POJIb B IPOMBILIIEHHBIX
mpoleccax, TakKux Kak HedrenepepadoTKa, MPOU3BOJACTBO PEAKTUBOB U OXpaHa
okpyxkaromeit cpenst (Bergwerff u ap., 2006; Hu u ap. 2021). [Tostomy
HCCIIEIOBAaHUS, MOCBALICHHBIE Pa3padOTKe YCOBEPUICHCTBOBAHHBIX KaTaIN3aTOPOB C
MOBBIILICHHON aKTUBHOCTBIO, CENIEKTUBHOCTBIO M CTAOMIIBHOCTBIO, BCEI/Ia MPUBJICKAIH
OoJbII0Oe BHUMaHUE KaK HAy4YHOT'O COOOIIECTBA, TAK U MPOMBILIJICHHOCTH.

Bribop HocuTenss MMeeT BaKHOE 3HAYCHHE JAJIsl KOHCTPYMPOBAHUSI HAaHECEHHBIX
KaTaJu3aTopoB C YIY4YLIEHHBIMH CcBoOiicTBaMH. B kauecTBe HocuTened Takux
KaTaJu3aTopoB MCIIONB3YIOT ME30MOPHUCTHIE MaTepuajbl C MOBBIIIEHHON YIEIbHOM
MOBEPXHOCTBIO, KOTOpbIE 00ECIeunBalOT 00pa3oBaHHWE HA HUX BBICOKOAMCIEPCHBIX
($opM MeTaJUIMYECKUX KaTalu3aTopoB. YIyUIIEHHWE AWCIEPCHH METaNIMYeCKOro
KaTalu3aTopa Ha MaTepuane HOCHTEeNs OOBIYHO yBenuuuBaeT akTuBHOCTH (Pal m
ap., 2015; Parapat u np., 2014). B3auMonuelcTBUE C MaTepUaioM HOCHUTEIS TaKKe
MOXKET CYILIECTBEHHO BJIMATh Ha aKTUBHOCTb M CEJEKTUBHOCTh HAHOYACTHUI
OIaropoJHBIX METAIIOB B pa3nuuHbIx peakuusx (Ding u ap., 2019; Kovtunov u ap.,
2015; Gao u ap., 2011).

Paznuunble Me30mopuCTble MaTepuaibl, TaKHE€ KaK yIIEpOA, OKCHI ATIOMHUHHSA,
JUOKCHUJ KPEMHHMs, AUOKCHJ THTaHa, OKCUIBI JKejle3a U T.J. HallUIM NPUMEHEHHUE B
KadyecTBe HocuTener karainmzaropoB (Gao um ap., 2011). Cpean HuUX B mocienHee
BpeMsl OCOOBI HMHTEpeC MpPEACTABISIOT MAarHUTHBIE HAHOYACTHLBI OKCHJAA JKese3a
(MHY). HanecenHble KaTanu3aTopbl HA OCHOBE MAarHUTHBIX HAHOYACTHUI] 00JaJaioT
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PSIOM YHUKAJIBHBIX CBOWCTB TaKUX, KaK JIETKOCTh OTIENICHHUS M3 PEaKLIMOHHOW CMECH
¢ nomotiso MarautHoro (Govan u np., 2014; Shifrina u ap., 2018; Abu-Dief u np.,
2018)  BO3MOXXHOCTH  TMOBTOPHOIO  HWCIIOJNIB30BaHMS  Karaiu3aropoB  0e3
CYIIECTBEHHOM MOTEPH KAaTaJUTUUECKOW aKTHBHOCTH M CEJIEKTUBHOCTH, 00Opa3oBaHKe
MEJIKOIUCTIEPCHBIX HAHOYACTHIl Ha TOBepXHOCTH HocuTens u nap. (Shokouhimehr,
2015; Rossi u ap., 2014; Noval u ap., 2019). He MeHbmmii MHTEpEC B KauecTBE
HOCHTENS MpeAcTapiseT auokcuaa Tutana (TiO,) — [OCTyNHBIA, XHMHUYECKH
CTaOMIBHBIE W MeHee ToKcH4HbIM Marepuan (Razip m ap., 2019), cnocoOHbII
yIy4llaTh KaTaJUTHYECKHE CBOHCTBa HAHECEHHBIX Ha HEro METaUIMYeCcKuX
Hanovactunl (Razip u ap., 2019; Bagheri u np., 2014; Riyapan u np., 2014; Wei u ap.,
2019; Khashan u gp., 2017). Byun M.Y u ap. uccrnenoBainu BIMSHUE Pa3THYHBIX
okcuanbix Hocurener (ALO,, SiO,, TiO,, CeO, m ZrO,) Ha KaTaIUTUYECKYIO
s dexTuBHOCTh Pd-KaTanuzaTopoB B ruapupoBannu Qypdypona. beuto ycranosneno,
4yT0 KOHBepcHusa Qpypdypona yBenumuuBanachk npu Oonblield gucnepcHoctd Pd, koTopas
3aBHCeNIa OT CBOWCTB HOocuTeNs. Ha CelleKTUBHOCTD B OTHOILEHHUH IMKIJIONEHTaHOHA U
TeTparuaApohypdypHIOBOro CIUpTa TAKKE OKA3bIBaIH BIMSAHUE (PU3MKO-XUMHUYECKHE
cBorictBa Pd-karammzatopoB. Bricokas aucmepcHocTh Pd u BBICOKas KHUCIOTHOCTH
KatanmzaTopa crocobctBoBanu ruapupoBaHuio C=C cBsi3H, U OOJbILIEMY BBIXOIY
TeTparuapodypdypunosoro cnupra. Karammsatop Pd/TiO, nokasan camblii BHICOKHH
BBIXOJ ULMKJIONEHTaHOHa, 4eM Jpyrue katanuszartopel (Byun wu gap., 2020). B
padore (Raad wm ap., 2021) Obuio mMoOKa3aHO, YTO NAJUTAJMEBBIM KaTanau3aTop,
HAaHECEHHBI Ha HAHOCTPYKTYpupoBHHbIA TiO,, mposeiser 0Oosee  BBICOKYIO
aKTHUBHOCTb B TIPOLIECCE€ THAPOOYUCTKH CMOJHCTBIX COCJUHEHUH MO CPaBHEHHIO C
aHAJIOTMYHBIMH KaTanu3atopamu Ha ocHose V-Al O,, MgO, u SiO,, nmeromumu Gosee
BBICOKYIO YIENIbHYIO IOBEPXHOCTE. B nienom ormeuaercs, uro TiO, sBisgeTcs Xopoimum
HOCHUTENEM [T METaJUIMYECKUX KaTalnn3aTopoB OJaroiaps CHIIbHOMY B3aUMO/ICHCTBUIO
METaJI-HOCUTENb, XUMHUYECKOH CTAOMIBHOCTH M MOIXOMASIIMM KHUCIOTHO-OCHOBHBIM
cotictBam (Kovtunov u ap., 2015; Bagheri u ap., 2014).

Kpome Toro, TiO, Ttakke npupiekaeT Oo0JNbIIOE BHUMAaHUE B KadeCTBE
MEPCIEKTUBHOTO (POTOKATANM3ATOPA 110 CPABHEHHIO C IPYTUMH TOTYyIPOBOJHUKOBBIMH
MarepuanaMu Onarofgapsi CBOMM IIOJIE3HBIM CBOMCTBaM, TaKUM KaK OTJIMYHBIC
OINITHYECKUE M AJIEKTPOHHBIC CBOICTBA, BHICOKAs XMMHUYECKas CTAOMILHOCTb, HU3Kas
CTOMMOCTb, HETOKCHUYHOCTh W 3KonormyHocth (Liu w gp., 2017; Dharma u np.,
2022). MarauTHble HAaHOYACTHIBI OKCHJIA >Kelle3a TakKe HallIM NPUMEHEHUE B
KayecTBE KaTalu3aTopoB (OTOpa3siokeHus opraHmdeckux BemiectB (Sanad u ap.,
2021). OnHako WCCIEIOBAaHUM, CBSI3aHHBIX C BBIABICHHEM B3aUMOCBSI3U MEKIY
(hoTOKaTaNMUTUIECKMMHU CBOMCTBAMH TaKUX HOCHTEJEH U MOBEJCHUEM METAITTMYECKUX
KaTaJu3aTopoB Ha HMX OCHOBE B peakUMsAX OPraHMYecKOro CHHTE3a paHee He
MIPOBOANIOCE.

B cBm3u ¢ 3TUM 1enbI0 HacTosIEH pPadOTHI SIBISAETCS OLIEHKA BIIMSHHA
(orokaranuTUIECKUX CBOWCTB nuokcuaa TuTana (TiO,) 1 MarHUTHOro OKCU/IA JKenesa
(MOJX) na akruHOCTB M cenekTuBHOCTh Pd/TiO, 1 PA/MOJK karanu3aropos B peakuuu
ruapupoBanus.  Jlng storo cunresuposannbie TiO,, MarHUTHBIA OKCHI JKenesa,
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KOMMEpUEeCKUil aHara3 ObUIM MCIBITAHBl B PEaKIUU (POTOPA3IOKEHHST OPraHMYECKOTO
KpacHTells, a HOIy4YeHHbIE Ha HX COCHOBE HaHECEHHbBIE NaJlIaJHeBbIC KaTaIN3aTOPhl — B
peaxkmuy THAPUPOBaHUs (heHUIAleTHIICHA.

MarepuaJjibl U METOAbI

Peaxmuevl u mamepuarnbi.

Xnopun turana (I11) TiCl, (10-15% pacteop, SIGMA-ALDRICH), pacteop ammunaka
(25 mac.% NH, B H,0, UJIA), metunopamxkessiii (C.I. 13025, AppliChem), sTanon
(96,3%, X4), PdCl, (59-60% Pd, Sigma Aldrich), KCI (X4), NaOH (X4), FeCl,-4H20
(98%, Sigma Aldrich), FeCl,-6H20 (97%, Sigma Aldrich), TiO, (anara3, 99,7%, Sigma
Aldrich) ucrions3oBanu 6e3 nononHUTENbHON ouncTKU. denmnanermieH (98%, Sigma
Aldrich) ounmany myTeM neperoHky, YUCTOTY MPOBEPSITH XPOMATOTrpahuIecKH.

Cunmes ouoxcuoa mumana (1i0, CA)

OO6pa3ipl JUOKCHIa TUTaHa (aHaTa3) MOMyYald METOIOM XUMHUECKOTO OCaKACHHUSI.
100 mn 10-15% pacteopa TiCl, cmemmBanu ¢ 400 M1 STUIOBOTO CHIMPTA UCTIONb3Ys
MarHuTHyI0 Memaiky B TedeHue 30 MuHyT. K momydeHHOMY 3TaHOIBHOMY pacTBOpY
TiCl, ipu mepeMeIMBaHUU HAa MATHUTHOW MEIIANIKE 0 Karism 100asisiu 56 mi 25%
pacteopa NH,OH (pH mocturan 8-9). Tlocne oxonyanus nomayu pactsopa NH,OH
CMEChH BBIICPKHBAIH MPH MEPEMEIINBAHUN B TeUCHUE 4 4acoB /10 M3MEHEHUS IBETa
ocajiKka ¢ TEMHO CMHEro Ha Oenblid. [lomydeHHbIi Oenblii 0caJoK OTAENSIN OT PacTBOpa,
MIPOMBIBAJIM BOJOW W CHHMPTOM, CYIIMJIM BhIMapuBaHueM npu Temmeparype 90°C, a
3areM npokanuBanu npu 350°C B TeueHune 2 4acos.

Cunmes maenumuozo oxcuoa siceneza (MOIK)

MarHuTHBIH OKCHJ JKeJie3a CHHTE3MPOBAIM METOJOM CO-OCAKICHHS XJIOPHIIOB
xenes3a (cootHomenune Fe*":Fe*' = 2:1) TUAPOKCHIOM HATPHS CIACTYIONIHM 00pa3oMm.
Hagecku coreii xenesa (FeCl,-6H,0-23,34 r u FeCl,-4H,0- 8,58 r) pactBopsnu B
300 mu mpeaBapUTENbHO MPOKUISIYEHHON TUCTUILIMPOBAHHON BOABI MPH KOMHATHON
TeMIeparype M IepeHeciu B TepMmocTatupoBaHHylo (50°C) Tpex-ropioByro
KpYIIOJOHHYI0 KosOy oobemom 500 mut. K monydyeHHOMY pacTBopy couieil xesesa o
karsiM nobasis 100 mi 3,45 M pacTBopa TUAPOKCH/IA HATPUS TIPU HETPEPHIBHOM
MepeMeIMBaHNN yTeM O0apOOTHpOBaHUs Ta3000pa3HOrO a30Ta W BbIICPKHUBAJIH
MOJTY4YEeHHYIO CMECh B TeUEHHUE 4 4aCOB, a 3aTeM OXJIaXKAaJIH 10 KOMHATHON TeMIIepaTyphl.
O6pazoBaBIIKiics 0CaT0K YEPHOTO LBETA OTACISIIN OT HAJJ0CaA0UYHON KHUIKOCTH IyTEM
MarHUTHOM Cemapalud U HEeCKOJBbKO pa3 MPOMBIBAIM JEHMOHM3UPOBAHHOM BOJOH 110
He#TpansHOH peaknuu (pH 6,0), a 3arem cymmian Ha BO3ayXe.

Xapaxmepucmuxa nonyueHHbix Mamepuanos

Penrrenodazoseiii ananu3 (PDA) oOpa3noB OCyIIECTBISUIM HAa PEHTTCHOBCKOM
mudpaxromerpe JIPOH-4-0.7 (bypeBectHuk, Poccust) ¢ mcrnonb3oBaHHEM KOOAIBT-
MoHOXpoMaru3upoBaHHoro Ko-uznyuenust (A = 0,179 HM). M3mepenue ynenbHOU
MOBEPXHOCTU U pACHpelesieHuss Mop 10 pa3MepaM OCYLIECTBISUIM METOJ0M
HU3KOTEMIIEpaTypHOM ancopOuuu-aecopbuun N, na mpubope Accusorb (Micromeritics,
CIIA). Mopdonoruto u 3MeMEHTHBIH cocTaB 00pa3loB MCCIENOBAIM C TTOMOLIBIO
CKaHHUpYIOIero siaekTpoHHoro mukpockorna JEOL JSM-6610 LV, cosmemnieHHOro
c EDX nerekropom (Smnonusi). MeccOayspoBckuii cnektp 57Fe peructpupoBaiu
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Ha cnekrpomerpe SM-2201 npu 293 K. Ucnonbs3yemsrit ucrounuk 57Co (~50 mKwu)
HaXOJWJICS B XpOMOBOW MaTpHIIE.

Oyenka ¢homokamanumuyeckux coicme

DOTOKATAIMTHYECKYIO aKTHBHOCTh CMHTE3UpoBaHHbIX 00pasuos (TiO, CA, MOX)
1 kommepaeckoro anarasa (TiO, KA) ouenuBany B peakiuuu pasioKeHUs METUIOBOIO
OpPaH)KEBOTO MPH OOJMYYEHUH YIBTPAQHOICTOBBIM HW3JIy4yeHHEM. VICTOUHMKOM
yABTPa(UOIETOBOTO M3MYUYCHHUS CITy’KWJIa KBaplieBas jJaMIia ¢ JJITMHON BOJHBI 254 HM,
motnHocThi0 30 BT. [Iponenypy npooauiu cienyroimum oopazom. 0,2 T katanuzaropa
MEPEeHOCHIIN B cTakaH oobeMoM 250 mur, nobasinsui 50 M1 IUCTHITUPOBAHHON BOJIBI
u mepeMemnBain B TeyeHne 30 MHHYT 10 00pa3oBaHMs OXHOPOAHOW CYCIICH3WH.
3arem k cycnensun poOasisuin 100 mi pacTBopa MeTHIIOBOTO opaxkeBoro (30 mr/m)
U MepeMeIBali B TEMHOTE B TeueHue 30 MUHYT JUIsl YCTaHOBICHHS aJCOPOIMOHHO-
JIeCOPOIMOHHOr0 paBHOBecHs. [locie BKIIOYATW JaMIy W MPOBOAWIM PEAKIHIO
¢dortopaznoxenus: kpacutens. Uepes 3amaHHbIC WHTEPBaJbl OONTyYEHHs] OTOMPAIKChH
QIMKBOTHI Kpacutenst (4 Mi1), KOTOpbIE 3aTeM MOABEPralyd LEHTPUPYTUPOBAHUIO IS
otzaenenus: (Qorokaranuzatopa oT pactBopa. ComepikaHHe KpacuTelsl B PacTBOpE
omnpenensuii Ha cnekrpodoromerpe CD-2000 mo kaaMOPOBOYHBIM KPUBBIM IIPH AJTUHE
BOJIHBI A= 465,7 HM.

IIpucomosnenue nannadueulx KAMalU3amopos

Karanuszarops! noiydanu nmyTeM ocakJeHHUs HOHOB MaJUIaHs HA CHHTE3UPOBaHHbIE
oopasupl TiO, CA, MOX u xommepueckuii anaras (TiO, KA). IIpouenypy npoBoauin
cienyronmmM obpazom. K 1 T Hocurens mo6apnsum 20 MJI TUCTHIMPOBAHHON BOABI U
nepeMernBaii 10 00pa3oBaHusi OAHOPOAHOM cycnen3nn. K momyueHHo# cycreH3nu
10 kamisam aobasnsan 5 ma 0,019 M pacteopa K ,PdCl, n nepemernnBany B Teuenue 2
yacoB. [lony4ueHHyto cMech BbIAEPKUBAIIH JI0 [TOJTHOTO OTAETIEHHSI 0CaJKa OT MaTOYHOTIO
pactBopa. HagocanouHslil pacTBOp aHaNM3UpPOBAJIN Ha COAEpXKaHUE MOHOB Masliaaus
IUIsL OLICHKH COPOIIMOHHBIX CBOMCTB HOCHUTENS M BO3Bpallaiu B cuctemy. [locie uero
K cMecu no KarusiM Jo6asisun 2 ma 0,25 M pactBopa NaOH u mepememmBanu B
TeueHue 1 yaca. [lomyueHHBIN KaTaau3aTop OTAEISIIM OT MaTOYHOTO pacTBopa. Ocanok
MIPOMBIBATIN JUCTUJUIMPOBAHHOW BOJOW /10 HEWUTpaJbHOW pPEAaKIMM U CYIIWIM Ha
Bo3nyxe. K ¢unbrpary ans meitrpanuzanuu cpeasl nodasuinu pactsop 0,25 M HCI B
KOJIMYECTBE DKBUBaJICHTHOM ja00aBneHHoMy NaOH u ananu3upoBanu Ha coiepikaHue
noHoB namtagus. CopaepikaHue Majulafus B MAaTOYHBIX pacTBopax, M0 M Iocie
ocaxnenus K PdCl, onpenensnm na cnexkrpoporomerpe CP-2000 no kaauOpoBoIHbIM
KPHUBBIM MPH JJIUHE BOTHBI A= 430 HM.

Tuopuposarnue penunrayemunena

I'mapupoBanne npoBOAMIM B HEMPOTOYHOM TEPMOCTATHPOBAHHOM CTEKISTHHOM
peaxTope B cpene dTHIOBOro cnupra (25 M) npu arMmocdepHOM AaBIeHUH BOAOPOIA
n temneparype 40°C B peakTope THNAa «yTKa» MpPU MHTEHCUBHOM MEpeMEIIMBAHUN
(600-700 xauanuii B MuHyTY). HaBecka karanuzaropa cocrasisiia 0,05 r. Karanuzartop
peaBapuTeNbHO moaBepranu 30-MuHYTHOH 00paboTKe BOIOPOAOM HEMOCPEICTBEHHO
B peakTope NMpH MHTEHCHUBHOM IepeMelINBaHuy, a 3areM BBogwin 2.23 mmons (0.09
MoJb/1) cyOctpara. KommyectBo cyOcTpara Opajock B pacyeTe Ha MOIVIOIICHHE
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100 M Bomopoma. CKOpPOCTh peakUUH PacCUUTBHIBAIMA MO HW3MEHEHHUIO MOITIOILEHHS
BOJOPOZa B eAWHUIY BpeMeHH. CelIeKTUBHOCTh KaTajau3aTropa OLCHUBAIM KaK IOJII0
LIEJIEBOTO MPOAYKTa B MPOAYKTaX PEakUWH NpU 3aJaHHOH CTENeHH NpeBpaIlCHUs.
AHanu3 MpoIyKTOB peaklHMM BBIIOJIHSUIM Ha Xpomarorpade «Xpomoc I'X-1000» ¢
[UIAMEHHO-UOHU3AMOHHBIM JETEKTOPOM B H30TEPMHUYECKOM DPEKHUME, HCIONb3Ys
kanmwusipayto konoHky BP21 (FFAP) ¢ monsapnoit ¢azoit (I191, MmoanpunmupoBaHHbIH
HuTpoTepedTanarom) HOU 50 M ¥ BHyTpeHHUM auameTpoM 0,32 MM.

PesyabTathl u 00cyKaeHHe

Xapaxmepucmuka cuHme3upo8anHvlX HOCUmMenel u Kamaiu3amopos.

CuHTE3UpOBaHHbIE JAWOKCHA THTAaHAa M MAarHTUHBIA OKCHUA Keyie3a ObLIH
0XapaKTEepU30BaHbl METOAaMHU PEHTTeHOBCKOW nudpakuun (PDA), meccbayspoBckoit
CIEKTPOCKOITUH, 3JIEMEHTHOTO aHAIN3a, CKAHUPYIOLIEH SIEKTPOHHON MUKPOCKOIHEH 1
HU3KOTEMIIEpaTypHOU aicopOuu-aecopOunu a3oTa.

Ha pucynke 1a npencrasieHna peHTTeHOBCKasi TU(PpaKTOrpaMMa CHHTE3UPOBaHHOTO
nnokcuza turana (TiO, CA). Xapakrepubie peduekchl npu 29,4°, 44,5°, 56,0°, 64,3°,
74,3°, 82,7° u 90,0° coorBercrytor (101), (112), (200), (105), (204), (220), u (215)
KpHCTa/IOrpaMuIeckuM II0CcKocTaM anarasa TiO, B TeTparoHaabHOH CHHIOHUM
(JCPDS xapra Ne 21-1272) (Srinivasu, P. u ap., 2011). Taxke Ha nudpakrorpamme
obpasua B obmactu 20-30° nHaOmiomaercsi MWHMpPOKHK peduiekc amMopHOil (a3l
[Ipu »TOM, crneayeT OTMETHTBH, YTO AM(paKTorpaMma CHHTE3UPOBAHHOTO 0Opasia
MPAaKTUYECKU IOJHOCTBHIO COBMAAAeT C AU(PAKTOrpaMMON KOMMEPUECKOTO aHaTasa
(TiO, KA) (pucynok 16). Ha qudpakrorpaMmme CMHTE3MPOBAHHOTO MATHUTHOTO OKCHIA
xene3a (MOX) nabGmromaroTcsi 1IecTh XapakTepHbIX pediexkcoB mpu 35,1°, 41,4°,
50,5° 63,1°, 67,3° u 74,3° coorBercTBytomux (220), (311), (400), (422), (511) u (440)
KpucTaMIeckum miockoctsm marueruta Fe,O, (JCPDS Card No. 88-0315) nmn
marremuta y-Fe O, (JCPDS Card No. 39-1346) co cTpykTypoii mmuHenu (pucyHox 18)
(Kazeminezhad I. u np., 2014).
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Pucynox 1. ludpakrorpammer TiO, CA (a), TiO, KA (6) u MOX (8)
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UzoctpykrypHocts Fe,O, u y-Fe,O, u OGnuskue 3HaYEeHUs MapaMeTpOB KpUCTAll-
JMYECKOM pEHIeTKH 3aTPyAHSIOT OJHO3HAYHYI0 HACHTH(GUKAIUIO Audpaxrorpamm,
COOTBETCTBYIOIIMX YacTUllaM MarHuTHoro mnopoika (Kydralieva K.A. u np., 2016).
Hns Gonee TouHoi mueHTH(UKanMU (Pa3oBOro cocraBa CTPYKTYpPY OKCHIA Kejles3a
aHAJIM3UPOBATIH METOJJOM MeccOay pOBCKOI criekTpockonuu mpu 293 K.

HaGnromaemble B CHEKTpe MarHUTHBIE CBEPXTOHKHE CEKCTETHl YKas3bIBalOT Ha
MarHUTO-yIOPSIIOYEHHOE COCTOSIHUE HOHOB *kene3a (pucyHok 2) (Gervits N.E. u ap.,
2019).

M, Wran

200 400 600 a00 1000 kaHans!
T T T T

T
1.000 | yglha V

530000
R pasres A ; COR T 520000

0960 ------- il - H H s ST T 10000

| ensensill oneeeeen ] . IRCREE SELR +~{ 500000

20 -4.0 0.0 40 a0 W, A

Pucynok 2. Meccbayaposckuii ciekrp MOXX

PesynbraTel ananm3a MeccOaydpOBCKHX CIIEKTPOB TIpEACTaBICHBI B TaOmuie 1.
Crektp MOX acuMMeTpUYeH U TIPENCTaBIIeT COOOH CYNEepITO3UINI0 YEeTHIPEX
cekcTeToB. [lepBrrii cekcret, nmetoruii 3Hadenns 6= 0,30 mm/c, Hn=482 kD u1=41%,
MOKHO OTHecTH K Fe*™ B A-nosuiusx (TeTpasipuyeckas MoapereTka) Kak MarHeTUTa
(Fe,0,), Tak n marremura (y-Fe,O,) (Winsett J. u 1p., 2019; Zakharova I. N. u ip., 2012).
Bropoii cexcret (6 = 0,68 Mm/c 1 Hn =465 k3,) ¢ unTencuBHOCTHIO 13% COOTBETCTBYET
aromam xere3a Fe?*", pacronoxkeHHbIM Ha B-1mo3unusix (OKTasapuyeckas moapenieTka)
CTpyKTyphl mmuHean marnetura (Fe,0,) [29]. Tpetnii cexcTeT MMeeT 3HaYEHHs O =
0,43 mm/c 1 Hn = 438 kD, KOTOpBIE SBISIOTCS XapaKTEPHBIMH 3HaUYCHUSIMHA 1151 Fe*™ B
B-nosuumsx (oxrasnpuyeckas noppenierka) Marremura (y-Fe,0,) (Zakharoval. N. n ip.,
2012). DTOT KOMHOHEHT MMeeT MHTeHCUBHOCTH 30%. KBaapynonbHoe paciieruieHue
(¢) mepBBIX Tpex cekcTeToB paBHOe -0,01 MM/c yka3bIBaeT Ha KyOMYECKYIO CHMMETPHIO.
UetBepTshlii cexcrer co 3HaueHusMu O = 0,44 mm/c, € = - 0,04 mm/c Hn = 383 kD un
I = 16% BeposATHO OTHOCHUTCS K MOHAM JKelle3a, PACIIONIOKEHHBIM B TTOBEPXHOCTHBIX
00JIacTIX HAHOYACTHUIL y-Fe,O,, «O0OeTHEHHBIX» OOMEHHBIMU cBs3sMu (Zakharova .
N. u mp., 2012). 3acen€HHOCTh MOAPEIIETOK B MarHETUTE JIOIDKHA COOTHOCHUTCS Kak
1:2. YuutbeiBas 310T akr, Bkiaa Fe*" MarHeTnta B MHHTEHCUBHOCTD MIEPBOTO CEKCTETA
JoJKHA cocTaBiATh 7% u3 41%. OTcrona MOXXHO CAENaTh BBIBOJ, YTO MCCIEAYEMBIi
obpaszer; coctouT u3 AByX (a3z: 20 % marHeTurta mo cyMMe MHTEHCHUBHOCTEH A- n
B-no3ummit 1 80 % marremwura.
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Tabnuua 1. VizomepHslit casur (8), KBagpyHosibHOE paciierieHue (g), 3pGeKTHBHOE MarHUTHOE T0JIe
(Hn) u otHOCHUTenbHAST MHTEHCHBHOCTS (I) cexcreToB B MEccOayapoBckoMm criekTpe siaep S7Fe B MOX

Howmep nuka 3, Mm/c €, MM/C Hn, xD I, %
1 cekcreT 0,30 -0,01 482 41
2 CeKcTeT 0,68 -0,01 465 13
3 cekcTeT 0,43 -0,01 438 30
4 cexcrer 0,44 - 0,04 383 16

Pesynbrarel 3MeMEHTHOrO aHaln3a yKa3blBaeT Ha TO, YTO CHHTE3MPOBAHHBIN
MarHUTHBIA OKCHJIXKelle3a He cofiepkuT npumeceit. Coneprxanwne xene3aB MOXK (71,5%)
Onm3ko K pacueTHbIM JanHbM st Fe O, (69,9%) u Fe O, (72,4%), uto cormacyercs
c nanHeiMH PDA u  meccOay’poBCKON CHEKTPOCKOIIMH, CBUACTEIBCTBYIOIIUX 00
obpazoBanuu cmecu okeuos Fe, O, ny-Fe O,. Coneprkanue TuTaHa B CHHTE3UPOBAHHOM
JIMOKCHJIE TUTAHA TAKKE HMEIIO OM3KHME 3HAYEHHS K PACUETHBIM NaHHbIM Juis TiO, npu
3TOM COZAEpKaHHue NpuMecel He peBbiiano 2% (tadmuna 2).

Ta6m/1ua 2 — DIIeMEHTHEIN COCTaB TMOJYYCHHBIX TUOKCHIa TUTAHA U MAarHuTHOI'O OKCH/JIa KEJIe3a U

KaTrajim3aTopoB Ha UX OCHOBE

Oopasen Copneprxanue 2eMeHTa, % Macc.
Fe Ti 0 Cl Pd Jpyrue sneMeHTbI
TiO, CA - 58,55 | 39,56 1,61 - 0,28
MOX 71,52 - 28,48 - - -
1% Pd/TiO, KA 0,91 55,79 | 41,13 0,1 1,03 1,04
1% Pd/TiO, CA - 58,43 | 39,36 1,05 0,91 0,25
1% Pd/Fe, O, MOX 70,5 - 27,64 | 0,65 1,21 -

HUccnenoanne mopgonorun cunresuposannblx TiO, CA u MOX metomom
CKaHMPYIOILLIEH IEKTPOHHOM MUKPOCKOIHH MOKa3aJo, 4To 00a 00pasla npeacTapisioT
co0OH accolmalMi MHKpPOArperaroB, KOTOpbIE, B CBOIO OYepelb, COCTOAT U3 Oojee
MeJIKUX YacThll. [1pu 3ToM rpanuma Mex 1y 4acTHLaMHU MIPOCIEKUBACTCS TII0X0, U OHA
YacTHUIa HOCTEIIEHHO EPEXOIUT B APYTYIO (PUCYHOK 3)

e

2 dsy

e R - of
SEl  20kV WD8mm §820 x10,000 1pm — SElI  20kVv WD11mm  SS20 x10,000 1pm —
Sample 16691 06 Dec 2022 Sample 17390 03 May 2023
a) 0)
Pucynok 3. COM cuumku TiO, CA (a) 1 MOX (6)
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Jis  TmOoATBEpKICHHS BIMSHUS arjioMepanud Ha MOPQOJOTHIO HOCHUTENCH
OIICHUBAIMCH pa3Mep YacTUI[ MArHUTHOTO OKCHJA JKeJie3a M JIMOKCHJA TUTaHa C
HCIoJb30oBaHueM JaHHBIX PDA u BOT.

CpenHuii pa3mep 4acTHIl HOCUTENEH o JaHHbIM PDA paccuuThiBaIM ¢ MOMOIIBIO
dhopmysl Lleppepa (1), mo nonymmpruHe HanboOIEe MHTCHCUBHOTO peduiekca:

KA
BcosO (1

T7e, A - JUIWHA BOJHBI peHTreHoBckoro usnmydenus (0,179 mm), B - momymupuaa
pedmekca, 0 - coorBercTByromuit yron bparra, n K - mapamerp ¢gopmsl, paBasrii 0,94
s MOJK, u 0,9 q1s jruokcua TUTaHa.

B cnyuae pacuera cpemnero pasmepa uactui rno naHHeiM bOT wncmombs3oBanachk
dhopmyna (2) nmpencrasiernas B padbore (Mascolo M.C. u ap., 2013):

6000
d= —
50 @),
e, S - ynenbHas IJIomaib HOBEPXHOCTH o0pasia M?/T, a p — TUIOTHOCTh, PaBHAS
3,9 r/eM? mina muoxcuna turana u 4,9 r/em® mis MOXK.
®opmyna (2) OblIa TakKe HCIIONB30BaHA JUIS pacyera yACIbHOW MOBEPXHOCTH
00pa31oB 1o gaHHbIM PDA. PesynsraTsl pacdeToB Mpe/ICTaBICHB B TAOIUIIE 3.

Ta6muma 3. Pesynbrars! uccinenoBanus Hocuteneit meronqamu POA u BOT

O06pa3iibt S, M V. psmax> MIUT Pasmep wactun, kM | (S,,,-S.,)/2,
BOT PDA PDA BOT |mYr

TiO, KA 65,9 98,6 |0,0521 15,6 23,3 |16/4

TiO, CA 107,6 187,6 |0,1178 8,2 14,3 40,0

MOX 61,1 86,8 10,0618 14,1 20,0 |12,9

[Ipumeuanue:

ITo nanapiM PDA OBUTO YCTaHOBJIEHO, YTO YACTHUIBI CHHTE3UPOBAHHOTO JUOKCHIA
tutana (TiO, CA) umeroT mMenbumii pasmep (8,2 HM) MO CPaBHEHUIO C YaCTHIIAMH
KoMMepdeckoro anaraza (15,6 HM) W CHHTE3UPOBAHHOTO MArHUTHOTO OKCHIA
xkene3a (14,1 um). Pa3mepsl dacTuil HOCUTENEH, paccUyUTaHHBIC MO JaHHBIM bOT,
HECKOJIbKO OTJIMYAJIUCh OT Pa3MepoB, ompeneieHHbx merogoM PDA. Tak, pasmep
YaCTHI], PACCUUTAHHBIN MO mMaHHBIM bOT, mius cHHTE3UpPOBaHHBIX TiO2 CA u MOX
cocrapnsn 14,3 u 20,0 M, coorseTcTBeHHO. s kommepueckoro anarasa (TiO, KA)
9TO 3Ha4yeHue cocraBisuio 23,3 M (Tabmuna 3). Takas pa3HuIla B pa3Mepax B BCeX
cllydasix MOXKeT ObITh OOBSCHEHa arioMepalell HaHOpa3MEepHBIX yYacTull. Bo Bcex
cirydasx HaOmoznanack Menblias (nanasie BOT) ot paccunranHoro 3Ha4YeHus (JaHHbIC
PDA) ynenbHas MOBEpXHOCTh, H, CIIENOBATENBHO, OONBIIMN KKYIIUHCI pasMep
4acTHUIl, paccuuTaHHbli mo maHHbIM bBOT. IlomoxkuTenpHbIe 3HAYCHHS ILIOMIATU
pasnena Mexay dactuuamu (S, -S.. )/2 yKa3blBaeT Ha OJOKMPOBKY MOBEPXHOCTH B
pesynbTare arrperanuy 4acTuil. JTo 3Havyenue 0pu1o HanbonbmmmM st TiO, CA, uto
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CBHUJIETENILCTBYET 0 Oo0Jiee BBICOKOW CTETEHHU arrperamyy Y4acTHUL CHHTE3MPOBAHHOTO
JUOKCHJa TUTaHa [0 CPaBHEHMIO C MarHUTHBIM OKCHJIOM JK€Jle3a U KOMMEpUYECKUM
aHaTa3oM.

Pa3Buras ynenpHas MOBEpXHOCTh MONYYEHHBIX MAaTEPUAJIOB JAETIaeT UX XOPOLIUMH
KaHJUJaTaMKu JiJIsl TIOJYYCHHsS] HAHECEHHBIX METAJUTMYeCKUX Karanu3aropoB. Kax
MPaBUIO, TaKUe KaTalu3aropbl IOMy4YaroT WyTeM aJCOpOLMH WIH OCaXICHHS
0J71aropoIHBIX METAJIIOB HA HOcUTeN . [1jis BeIOOpa cTpareruyu noxy4eHus HaHeCEHHbIX
KaTaJn3aTopoB Ha OCHOBE AMOKCUAA TUTaHA U MAarHUTHOTO OKCH/IA JKele3a OLEHUBAJIach
BO3MOJKHOCTh HaHeceHus HoHoB namiagus Ha TiO, KA, TiO, CA u MOX nyrem
a/IcOpOLIMH U OCaXKICHHS.

B Tabmune 4 mpeacraBieHbl pe3ynbTaThl OLEHKH COPOLMOHHBIX CBOWCTB
kommepueckoro anarasa (TiO, KA) u MarnuTHOro OKcua xejes3a 1o OTHOIICHHIO K
noHam namnanus. Pesymeratsl QoTosnekrpokonopumerpuueckoro anammza (OOK)
MaTo4HBIX PACTBOPOB JI0 U IIOCIIe COPOLMHM MOKA3aIH, 4To cTeneHb aacopouuu [PACI, >
na TiO, KA u MOX coctasnser 5,3% u 52,6%, COOTBETCTBEHHO. DTO TOBOPHT O TOM,
YTO MCIOJIb30BaHKE aIcCOPOLMOHHOTO METO/1a TTOTyUYeHHSI HAHECEHHBIX KaTalu3aTopoB
JUI TAHHBIX MAarepuasoB SIBISIETCS HE IenecooOpa3HbIM, TaK KaK HE TO3BOJSET
[10JTy4aTh CUCTEMBI C 3aJIaHHBIM COAEpP KAHNEM TaJlIausl.

Ta6nuna 4. CopOIMOHHBIC CBOMCTBA HOCUTEIICH MO OTHOIICHHIO K MOHAM TTaJUIaINs

Hocurens KoHIeHTpaIusi HOHOB MaJlIa usi B MATOUHOM pactBope, M | Ctenenp ajcopOiun, %o
Jo ancopOumun Tlocne agcopbunm
TiO, KA 0,0038 0,0036 5,3
MOX 0,0038 0,0018 52,6

CopOuonnble cBoiicTBa cunTe3uposanHoro anarasa (TiO, CA) oueHuTsb He ynanoch
13-32 MEJIKOJUCIIEPCHOCTHU IaHHOTO MaTepuaa, 3aTpy/JHSIOIIEr0 OTAEIEeHHE 0CcalKa OT
MaTO4HOTO pacTBopa. OHAKO B HIETOYHOMN Cpejie MPOUCXOAUT arrioMeparus 4acTull,
MPUBOASIIAS K BBIMAJCHUIO OCaaka. B CBS3M ¢ 3TUM, JUId MONTy4eHHs HAHECEHHBIX
NaJ1aueBbIX KaTaJIN3aTOPOB UCIIOIB30BAIM METO/] OCaXkI€HHU, a B KAUECTBE 0CATUTENS
WCTIOJIb30BAJIM PacTBOP THAPOKCH A HATpus (Tabmune 5).

Ta6m/111a 5. Pe3yJ'II)TaTI>I OLICHKH! CTCIICHU OCAXKACHHS MOHOB MajlJlainus Ha HOCUTEIIN

Karanmmszarop | ConeprkaHre MOHOB ayutaaus B MaTo4HOM | CTereHb Conepxanue Pd,
pactBope, *10-° mob OCaKJICHHS, | PACCUYMTAHHOE O JaHHBIM
Jlo ocaxnenus [Mocne ocaxnenust % 3K, %
Pd/TiO, KA 9,5 0,132 98,6 0,99
Pd/TiO, CA 9,5 0,701 92,6 0,93
Pd/MOX 9,5 0,082 99,1 0,99

[lo mamabiM @®OK ObUIO ycTaHOBIEHO, 4TO AoOaBiieHHe pactBopa NaOH k
cycnenususaym, cogepxkamum [PACL]* u TiO, KA (umu MOX), cnocoberyer
IpaKkTHYeCKu nosHomy (98-99%) ocaxnenunro namwiaaus Ha Hocutenu. B cinysae TiO,
CA crenenp ocaxeHus MOHOB nasaaus npesbimana 90%. CoaepkaHue najiaius
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B Karajlu3aropax, PAaCCUMUTAHHOEC HA OCHOBAHHM JAHHBIX O CTEMECHH OCAKICHUS,
coctapuio 0,9% nna Pd/TiO, CA u 1,0% 115 oCTalbHBIX CHCTEM, YTO COIIACYETCA €
pe3yibTaTaMu JIEMEHTHOTO aHau3a (Tadbmura 2).

Domoxamanumuveckue colUcmea Hocumerel

®orokaramutuueckue csoiicta TiO, KA, TiO, CA u MOX Obuin ucnbITaHbl B
PeaKIUu pas3IoKESHUN METHIIOBOTO OPAHKEBOTO (PUCYHOK 4).
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Pucynok 4. Kpussie paznoxkenus metunosoro opamkesoro (MO) B npucyrcereuu TiO, KA, TiO, CA
n MOX: a) m3MeHeHNEe OTHOCHUTEIBHON KOHIIEHTPAINH KPACHTENS B PaCTBOPE MPH ero (POTOPA3IOKEHHUH;
0) U3MEHEeHHE CKOPOCTH (POTOPA3TOKEHHS

Pesynbrarel ucCHBITAHME TOKa3alnd, 4TO MO (OTOKATATUTUYECKOW aKTHBHOCTH
Hocutenu pacnonararorcs B pan: TiO, KA > TiO, CA > MOX. Konunuectso
Pa3NOKUBILETOCS KpacuTessl B TeueHHH 6 4acoB oOmydeHus coctaBuio 62,5 u 44,1%
JUIsT KOMMEpUYECKOrO0 UM CHHTE3MpPOBAHHOIO aHaTa3a, COOTBETCTBEHHO. B ciyuae
MarHUTHOTO OKCHJA Kejie3a KOHLEHTpAIMs KpacuTelss B YCIoBUsX Y@ oOmyueHus
MPaKTUYECKU He M3MeHsuiach (pucyHok 4, a). Ha ocHOBaHMM AaHHBIX 00 M3MEHEHUH
KOHIECHTPALlMU KPAcHTENsi OT BPEMEHH PACCUMTBHIBATIH CKOPOCTH (OTOPA3IOKEHHS.
Bo Bcex cimyuasix B nepBble 60 MUHYT CKOPOCTh pEaKkIMU JOCTHraja MaKCUMaJbHOTO
3HAUEHMA, a 3aTeM Majaaja. MakcuMaibHash CKOPOCTh (HOTOPA3NOKEHUSI METHIIOBOTO
opamkeBoro cocrasuia 4,610, 2,9x10™"" u 0,6x10"" mons/c 1ua TiO, KA, TiO, CA n
MO, coOTBETCTBEHHO (PUCYHOK 4, 0)

Tuopuposarnue penurayemunena

I'mppuposanue ¢ennnaneTunena nposoaunu B npucyrcrsuu Pd/TiO, KA, Pd/
TiO2 CA u Pd/MOX. AKTUBHOCTH KaTaJIn3aTOPOB OICHUBAJIN IO TOTIOMICHHIO H, Bo
BpeMeHH. KaranmzaTopel Ha OCHOBE JMOKCHAA TUTaHA OKa3aluch 0ojee aKTUBHBIMH
[0 CPaBHEHUIO C MarHUTHOW cuctemoil. Touka momyrunpupoBanus (50 mun) ans Pd/
TiO, KA, Pd/TiO, CA, nu Pd/MOX 6pbuia nocrurayra nocie 4, 12 u 38 MHUHYTHI,
COOTBETCTBEHHO (PHCYHOK 5, a).
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ComntacHo xpomatorpauuecKkoMy aHallu3y, B HaYaJIbHBIM Meproj peakiuu Ha Pd/
TiO, KA Pd/TiO, CA n PA/MOX nabGmronaercst HAKOILIEHHE CTUPOJIA, KOTOPBIA 3aTeM
BOCCTaHaBIIUBACTCSI J0 3TWIIOCH30M1a (PUCYHOK 5, 0-T). MaKkcUMabHBII BBIXOJ CTHPOJIA
na Pd/TiO, KA Pd/TiO, CA n PA/MOX karanusaropax nabmroznaiucs nocie 4-i (78,3%),
12-ii (88,0%) u 45-ii (69,2%) MUHYTaX, COOTBETCBEHHO.
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VYenoBus onbita: HaBecka karanusaropa — 0,05 1, penmnanerien — 0,25 Mir, pacTBOPHUTEINb — ITAHOI
(25 M), remneparypa — 40°C, nasienue -0,1 MITa.

Pucynok 5. Pesynbrars! rugpupoBanus (heHMIANETHICHA: KHHETHKA OTIOMIEHUS Bofopoza (a);
M3MEHEHHE COCTaBa PEAKIIMOHHOM cMecu B pucyTctrn Pd/TiO, KA (6), Pd/TiO, CA (8) u PA/MOX (r)

CKOpOCTh THAPUPOBAHMSI W CEJIIEKTUBHOCTH I10 CTUPOJIy PACCUUTHIBAIH 10
MOIVIOMICHUIO BOJIOPO/A M JaHHBIM XpOMaTOTpa(puyIecKoro aHaimu3a, COOTBETCTBEHHO.
Cpasrenue karanutuyeckux cpoiicts Pd/TiO, KA, Pd/TiO, CA u Pd/MOX

MpeACTaBIeHO B Ta0IuIe 6.

Tabnuma 6. Pe3ynsrars! ruapupoBanys (EHMIAETIIICHA B IPUCYTBHHU ITOTYUSHHBIX KaTalIH3aTOPOB

Karanuzarop Wx10°, mons/c CenexTuBHOCTD, | KonBepcusi,
C=C C=C % %
Pd/MOX 1,2 1,2 82,9 80,7
Pd/TiO, CA 4,3 7,7 94,5 93,1
Pd/TiO, KA 7,3 17,8 96,3 81,3
IIpumeuanue: HaBecka karanuzaropa — 0,05 1, penmnanermnex — 0,25 M1, pacTBOPUTEb — STAHOI
(25 mn), temnieparypa —40°C, nasnenue -0,1 Mlla
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Haxonnenne crupona na Pd/TiO, CA nporekano cenexrusno (94,5 %) co
ckopocThio 4,3x107° MoJIb/c, @ 3aTeM CKOpOCTh yBenuuHuBanach a0 7,7x107° momb/c,
4TO COOTBETCTBYET ruapupoBanuio nBoiHoH C-C ceasu. B npucyrsuu Pd/TiO, KA
Habmofanach aHajJoOrW4Has 3aBHCHMOCTh M IPUMEPHO TaKasi K€ CEJEKTUBHOCTH IO
ctupoiny (96,3%), Ho IpH STOM KaTaIu3aTop Ha OCHOBE KOMMEPUYECKOTO aHaTa3a MmoKas3a
Oosee BbICOKYIO akTHBHOCTH (W _.= 7,3x10°° momb/c, W= 17,8x10° mons/c). B
cinyqae Pd/MOX mpouecc ruapupoBanusi mpotekan 3ameTHo MemieHnee (1,2x107°°
MOJIb/C) ¥ ¢ MEHBIIEH CENEKTUBHOCTBIO MO cTupoiy (83%), a CKOpOCTh THAPUPOBAHHUS
TporiHoii u aBoviHoM C-C csi3eil Obuta ofuHakoBol (Tabmuia 6). Takum oOpaszom,
AKTHMBHOCTH NaJUTaJMEBbIX KaTalM3aTOPOB CHMXKAETCS B CieAylolieM mopsake: Pd/
TiO, KA > Pd/TiO, CA > Pd/MOX, 4T0 KOppenupyeT C pe3y/IbTaTaMd MCIbITaHHsA
COOTBETCBYIOIIMX HOCUTENEH B peakuuu (HOTOPa3IoKeHHsI METHIOBOTO OPAHKEBOTO.
Tak, mayaJueBblid KaTaau3aTop HAHECEHHBIH HA Hauboliee (POTOAKTHBHBINA HOCHTEb
(TiO, KA) oxazancs cambiM 5()(QEKTMBHBIM B THAPUPOBAHMH (DEHMJIALCTHIIEHA,
B TO BpeMs Kak IpU HAHECCHWHW TMaJUIaJ s HA MArHUTHBIM HOCHUTENIb C HHU3KOU
(hotopaznaratoieit cnocoOHOCThI0 00pasyercs katanusarop (Pd/MOX), yerymaronuit
10 aKTMBHOCTHU aHAJIOTMYHBIM CHCTEMaM Ha OCHOBE JHOKcHaa TUTaHa. ClenyeT Takke
OTMETHUTb TOT (PAKT, YTO MaJUIAAUEBBIC KaTaIM3aTOPhl HAHECCHHBIC HA KOMMEPUECKHI U
CHHTE3WPOBAHHBIN aHATa3 MPOAEMOHCTPUPOBAIHN JOCTATOUHO BBICOKYIO CENIEKTUBHOCTD
o crupoiy (95-96%).

3akarouenne

B Hacrosimeit paboTe CHHTE3UpOBaHBI JUOKCH] THTAaHA B MOTU(HUKALMU aHaTa3
(TiO, CA) u marnuTHbid okeupn sxenesa (MOX), npencrasnsiommii co0oi cmech
Fe,O, u y-Fe,0,. llonyyennpie mMatepuansl U JUis CpaBHEHUsS KOMMEPYECKUN aHaTa3
(TiO, KA) ObLmi mpoTeCTUpOBaHbl B (POTOKATATMTHYECKOM Pa3/I0KEHHH METUIOBOIO
opamkeBoro. Takke OLleHHBaIaCh BO3MOXKHOCTb MOTY4YEHHsI HAHECEHHBIX MaJlIaJieBbIX
KaTaJu3aTopoB METOJAMHU aICOPOLIMH U OCaXICHHS.

Hccnenosanue TiO, KA, TiO, CA u MOX metomom COM, P®A u BOT nokaszanu,
YTO MaTepHajbl IPEACTABISIOT cOOO0H acCOMalUi MUKPOArperaroB, KOTOPhIE, B CBOIO
ouepeib, COCTOAT U3 Gonee Menkux yactuil. [Ipu stom MOX u TiO, KA umenu 6nuskue
pasMep KpUCTAUIMYECKUX YaCTHI M YAEIbHYIO MOBEPXHOCTh. CHHTE3MpOBAaHHBIN
aHaTa3 XapaKTepU30BaJICsl MEHBIIMM Pa3MEpPOM 4acTUI U OoJjiee pa3BUTOHN yIelbHON
MoBepXHOCThI0. OHAKO, HECMOTPS Ha 3TO, KOMMEPUECKUH aHaTa3 MPOAEMOHCTHPOBA
Oosiee BBICOKYIO AKTHBHOCTh B (DOTOPA3NOKEHUH OPraHUYECKOTO KpacHuTelss, 4eM
CHUHTE3UPOBAHHBIA. B ciydae MarHMTHOTO OKCHJA JKejle3a KOHICHTPALUs KpacuTels
B ycioBusiXx Y® oOmydeHus MpakTHyecku He u3MeHsaach. OueHka cOpOLMOHHBIX
coiicts TiO, KA, Pd/TiO, CA, u MOX no ornomenuto k nonam [PdCl, > nokasaina, uto
HCTIOJIb30BaHUE a/ICOPOIIMOHHOTO METO/IA AJIS TIOJTyYeHHS MajIaIueBbIX KaTaln3aTopoB
SBISIETCS. HE LenecooOpasHbIM. B cBoro ouepenb, OCakACHHWE HMOHOB Maijiagus
C TIOMOUIBIO ILEJOYM TIO3BOJISIET IMONy4yarh KaTanu3aropsl ¢ ~ 1% comepikaHueM
OnaropomHoro Metaimia. MccnemoBaHue MOMYyYEHHBIX MajlIaMEBBIX KaTalnu3aToOpOB
B THIUPUPOBAHWU (CHHUJIAICTUICHA II0KA3aJI0, YTO I10 AKTUBHOCTH KOMITO3UTHI
pacnonaratorcs B pax: Pd/TiO, KA > Pd/TiO, CA > Pd/MOX, uTo Koppemupyer ¢
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pe3ysbTaTaMy MCIIBITaHHUsI COOTBETCBYIOIIMX HOCUTENEH B peakiuu (HoTOpa3noKEeHUs
METHJIOBOTO OpaHkeBoro. CreayeT Takke OTMETHTD, UTO MajllaJueBble KaTaln3aTophl
HaHeceHHble Ha poroakTusHbie HocuTeu (TiO, KA u TiO, CA) nponeMoHcTpupoBanu
JIOCTaTOYHO BBICOKYIO CEIEKTHBHOCTH 10 CTUPOIY (95-96%).

Takum 00pazoM, NMONTyYEHHBIE PE3yNbTaThl CBUACTENBCTBYIOT O MEPCIEKTHBHOCTH
WCTIOJIb30BAHUSI MaTepHajoB C (DOTOKATAIUTHYECKOH aKTUBHOCTHIO B KauecTBE
HOCHUTENIEH Ui KOHCTPYMPOBaHMs Na/UTaJHeBbIX KaTalMW3aTOPOB THIAPUPOBAHUS C
YIAyYLICHHBIMU CBoOWCTBaMHU. OnHAKO ANl MOATBEPXKACHUS HaTU4YUsl 3aBUCHUMOCTH
MeXIy (POTOKATaTUTUYECKHMHU CBOMCTBAMH HOCHUTENIEH M aKTMBHOCTHIO HAHECEHHBIX
KaTaJu3aTopoB TPeOyIOTCs NalbHEHIINe HCCIeI0BaHUs.
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Abstract. The production of phosphorus is the basis of the chemical production in
Kazakhstan. Furnace gas of phosphorus production contains mainly carbon monoxide
(85-95 vol.%), and as concomitant impurities phosphine PH,, phosphorus pentoxide PO
and acid gases H,S, HF (0.1-2.0 vol.%). The most harmful components of furnace gas are
phosphine and phosphoric anhydride. The aim of the research is the investigation of the
influence of copper (1) ions on the electrochemical behavior of phosphine and elaboration
of processing methods of phosphine by electrochemical methods. Electrochemical
studies were carried out in thermostatic electrolyzers under galvanostatic conditions.
The influence of the current density, electrolyte concentration, and the thickness of the
layer of a lump graphite electrode on the degree of phosphine oxidation and the current
efficiency of oxidation has been studied. The optimal conditions for the anodic oxidation
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of phosphine on a lump graphite electrode in a sulfuric acid solution are determined. The
effect of divalent copper ions on the anodic oxidation of phosphine has also been studied.
The optimal conditions for the electrochemical oxidation of phosphine on graphite lump
electrodes in the presence of divalent copper ions are determined and current efficiency
and the degree of oxidation of phosphine increases by 1.5 times. It was established that
the catalytical action of copper (II) ions to phosphine anode oxidation. Analysis of the
composition of phosphide, established by a scanning electron microscope with systems
of energy dispersive microanalysis INSAEnergu and structural analysis HKL - Basicc
with a useful magnification of 300,000, makes it possible to establish the content of the
main components and impurities in the composition of products.

Keywords: phosphine, electrolysis, lumpy electrodes, current efficiency, oxidation
degree, phosphate-ions, SEM analysis
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Annoramusa. Docdop enmipici Kazakcrangarel XuMusi @HAIPICiHIH HeTi31 OOMNBIT
Tabbu1aapl. Docop eHAIpiCiHIH Mel Ta3bIHbIH KYpaMbIHJIa HETi31HEH KOMIPTEeK OKCHI
(85-95 xemem %), an inecne kocmanap petinge pocpun PH,, dpochop mentoxcumi
PZO5 JKOHE KBIIIKbUI ra3aapbl HZS, HF (0,1-2,0 xenem) Gonanbl. Ilemn ra3wiHBIH €H
3UAHABI KOMIIOHEHTTEP1 - pocun xone Gocdop anrumpuni. 3epTreyniy MakcaTbl —
Meic (II) nonmapsiabH GochUHHIH TEKTPOXUMUSIIBIK, KACUETIHE 9CEPIH 3epPTTey JKOHE
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dbochuHAl SIEKTPOXUMHUSIIBIK SJICIIEH OHJEY SAICTEpiH jKacay. DIEKTPOXHUMUSIIBIK
3epITeyaep TEePMOCTATHKAJIBIK AJIEKTPOIU3epiepae TalbBaHOCTAaTUKAIBIK SKarnaina
Kyprizingi. PochuH TOTHIFYBIHBIH TOTHIFY AJPEkKECI MEH TOK OOMBIHIIA IIBIFHIMBIHA
TYHIPILIKTI TpaQUT AMEKTPOIBI TOK THIFBI3ABIFBIHBIH, YIEKTPOJIUT KOHLIEHTPALUSICHIHBIH
KOHE TYHIpLIKTI KabaT KaJbIHIBIFBIHBIH dcepi 3eprrengi. KykipT KbIIIKBLIBI
epiTiHaiciHaeri TYHipuikTi rpaduT dMeKTpoasiHaa GochUHHIH aHOATHI TOTHIFYbIHBIH
OHTAMIBI MAapTTapbl aHbIKTaNAbl. POCPHUHHIH aHOATHI TOTHIFYbIHA €Ki BAJIEHTTI MBIC
HMOHJApBIHBIH 9cepi 3epTTenii. Exi BaJeHTTI MbIC HOHAAPBIHBIH KAaTHICYbIMEH IpaduT
KECeK AIEKTPOATApbIHAA (POCPHUH/I MEKTPOXUMHSIIBIK TOTBIFYIBIH OHTAMIIBI IAPTTapPhI
anbIKTasbl, TOKTEIH [1OK xoHe (ocuuHiH TOTHIFY gopexeci 1,5 ece apraabl. MbIc
(II) monnmapbiHbIH (QOCHUHHIH AHOATHI TOTHIFYbIHA KATAJIWTTIK OCepi aHBIKTaJJIBI.
INSAEnergu sHepreTukajiblK IOUCIEPCHsUIBIK MHKpoaHanu3 xoHe HKL - Basice
KYPBUTBIMABIK TaJ1ay Kyhenepi 6ap ckaHepieylli SJIeKTPOH/Ibl MUKPOCKOIITA aJbIHFaH
¢dochun xypambiH Tangay naiganst 300 000 yiaraiity apkbuiel GocduTI Kypamaarsl
HET13r1 KOMIIOHEHTTEP MEH KOCTalapAblH Ma3MYHBIH aHBIKTayFa MYMKIHAIK Oepeti.

Tyiiin ce3mep: docduH, 3mMeKTpoNU3, TYIPLIKTI SIEKTPOATAP, TOK OOWBIHIIA
LIBIFBIM, TOTBHIFY Adpeskeci, pocdar-nonaaper, POM Tangay
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Annorauus. I[TpousBoactBo docdopa siBrsieTcss OCHOBOH XMMHUYECKOTO MPOU3-
BoacTea Kazaxcrana. Ileunoii raz ¢ocopHoro npou3BoacTBa COACPKUT B OCHOBHOM
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okcujl yrnepoaa(85-95 06. %), a B kaueCTBe COMyTCTByOMMUX npumeceit pocun PH,,
naTHoKuCh Gocdopa P O, v kucneie razet H,S, HF (0,1-2,0 06. %). Hanbonee Bpennbivu
KOMIIOHEHTaMH TEYHOro rasa sBisitoTcst Gochun u docdopubiii anruapua. Llens
HCCIIeIOBAaHUS - U3yueHHE BIUsHUS HOHOB Menu (II) Ha alekTpoxumMuuecKoe oBeieHe
¢dochuna u pazpaborka crnocoboB nepepaboTku QochrHa BIEKTPOXUMHUECCKHM
METOJIOM. OJIEKTPOXMMUYECKHE HCCICIOBAaHMS MPOBOAMINCH B TEPMOCTATHUECKUX
ANEKTPOJIM3epax B raibBAHOCTATHUCCKUX yCIOBUSIX. M3yueHO BIUSIHUE IUIOTHOCTHU TOKA,
KOHLEHTPALIUHU SJIEKTPOJIUTA U TONIIUHBI CJI0S KYCKOBOTO TPa(uTOBOrO MEKTpoa Ha
CTETICHb OKUCIICHHS U BBIXO IO TOKY OKHcIeHUs pocduna. OnpeaeneHbl ONTUMaIbHbIe
yCIIOBUSI @HOAHOTO OKHCJeHUs (pochuHa Ha KyCKOBOM Tpa)UTOBOM BIEKTPOAC B
pacTBope cepHOH KUCIOTHL. VM3yueHo BIMsSHIE HOHOB JBYXBaJICHTHON M1 Ha aHOAHOE
okucienue QochuHa. OnpenercHbl ONTUMAIbHBIE YCIOBHS 3JIEKTPOXUMHUYECKOTO
okucieHus: GocpuHa Ha rpadUTOBBIX KYCKOBBIX 3JEKTPOAAX B MPHUCYTCTBUH HMOHOB
JIBYXBAJICHTHOH MeIu, TPH 3TOM BBIXOA MO TOKY M CTENEHb OKUCIEHHs (ocduHa
yBenmMuuBaroTcs B 1,5 paza. YCTaHOBIEHO KAaTAIUTHYECKOE JCHCTBHE MOHOB MEIH
(II) na anomHoe okucienue QochuHa. AHanu3 cocraBa (Gochuaa, yCTaHOBICHHBIH
Ha CKaHUPYIOLIEM 3JIEKTPOHHOM MHKPOCKOIIE C CHCTEMaMH JHEPTrOAMCIICPCHOHHOIO
mukpoananuza INSAEnergu u ctpykrypHoro ananmza HKL - Basicc ¢ mose3nsiM
yBesmyernneM 300 000, mo3BossieT yCTaHOBUTH COJEPKaHNE OCHOBHBIX KOMIIOHEHTOB U
npumeceii B cocrase pocduna. [IpomyKrsr.

KiroueBsble cioBa: ¢ocduH, 371€KTpoIn3, KyCKOBBIE 3JIEKTPOJBI, BBIXOX MO TOKY,
CTereHb OKucieHus, pocdar-uons, POM ananms

Introduction

The production of phosphorus is the basis of the chemical production in Kazakhstan.
It is known that over the years, about 450,000 tons of solid residue of boiler milk have
accumulated in boiler milk tanks in the territory of Kazphosphate LLP. Kazphosphate LLP
is represented by the following enterprises: Karatau Mining and Processing Complex,
Chulaktau Mining and Processing Complex, NDFZ LLP, ZMU, Railway Transport
Complex, Stepnogorsk Chemical Plant, Shymkent Detergent Plant (Novodzhambul
phosphorus plant..., 2021). These institutions are engaged in the neutralization of these
wastes, and according to the calculations of specialists, it is assumed that the processing
and neutralization of the entire amount of phosphorus sludge accumulated in the form
of waste will take an average of 30-40 years (Arystanova, 2021).

Nowadays, NDFZ LLP is the only supplier in the CIS and the EU of phosphorus
to the Czech Republic, Poland, Switzerland, England, America, Italy - practically to
all European companies that consume phosphorus. Tripolyphosphate is mainly sold to
Russian companies, thermal phosphoric acid - to the CIS countries,
hexametaphosphate is bought by Russia and the USA (Handboo, 2021).

The maximum concentration of phosphine is observed in the production of
phosphorus-potassium fertilizer. To date, in the production of phosphorus-potassium
fertilizer for the purification of industrial emissions, dust-cleaning equipment is used,
which does not provide gas purification. To reduce the concentration of phosphine in
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the exhaust gas, it is necessary to modernize the gas cleaning equipment. Hydrogen
sulphide is formed when an acid is treated with a solution of sodium sulphide.

The existing chemical methods for cleaning waste gases from phosphine are based
on systems containing various oxygen chlorine compounds (HCIO, NaClO, NaClO,),
manganese peroxide, phosphoric acid with dissolved ozone, etc. For practical use,
these solutions are not used, since they are not regenerated and must be replaced after
working out (Proceedings of IOKE, 1980; Dorfman et al., 1991; Polimbetova et al.,
2016; Ibraimova et al., 2021).

Complex utilization of solid, liquid and gaseous wastes from the electrothermal
production of phosphorus proceeds at temperatures of 1300-1600°C. To remove
impurities from gases, they are usually either adsorbed or converted by oxidation into
other products. Phosphine, in contrast to the accompanying acidic impurities of furnace
gas, which are removed by liquid or acid-base sorbents, phosphorus and phosphine are
oxidized by oxygen only in the presence of metal-complex catalysts. Also, phosphine is
characterized by inertness in acid-base reactions; it is not absorbed by alkali solutions, but
is neutralized only by oxidation (Polimbetova et al., 2007). Currently, there are a number
of works devoted to the purification of furnace gas and solid waste from phosphorus
production, as well as the study of the reactivity of phosphorus and its compounds.
These works are based on chemical methods, the use of expensive catalysts, oxidizing
agents, etc., for example, the adsorption characteristics of phosphorus and hydrogen
sulfide on catalysts were studied in a fixed bed system at various temperatures from
20 to 140 [ at atmospheric pressure (Ning Ping et.al, 2005), the reaction mechanism
of simultaneous removal H,S and PH, with modified manganese slag were studied in
(Jiacheng Bao et al., 2020).

In the work (Kabulov, 2015) developed technologies for the production of carbon-
containing composite materials for the purification of gas-air mixtures from toxic
compounds. As a result of the conducted research, optimal compositions of composite
materials for the purification of gas-air mixtures from cyclohexane, ammonia, hydrogen
sulfide and phosphine were established: composite material based on shungite
concentrate (KM 1) with mass content of nickel chloride — 3%, copper sulphate - 10%;
composite material based on saxaul wood (KM2) with mass content of nickel chloride —
3%, copper sulphate — 7 %; composite material based on apricot seed shell (CM3) with
mass content of nickel chloride is 3%, copper sulphate is 5%.

There are also a lot of works on the purification of phosphine by the adsorption
method from literary sources. T. Rakitskaya and her colleagues prepared metal-complex
catalysts based on silicon oxide for purification from phosphine, where Cu?', Fe*,
Pd*, Hg*" were used as the active metal (Rakitskaya et al., 2021, Gagieva, 2014). The
disadvantage of metal-complex catalysts based on silicon oxide is that the specific
surface area of the carrier is relatively low compared to porous carbon materials, and
expensive palladium is also used.

The result and quality of phosphating depend on a large number of influencing
factors — primary material, surface pre-cleaning, rinsing process, temperature and
composition of the solution, duration of the process. In work (Starikova et al., 2020),
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an overview of the types of phosphating is given. The authors conducted experimental
studies of various phosphating processes. The results of corrosion tests of phosphate
coatings obtained by us in solutions of different composition under different conditions
are presented.

The authors [Sandu, Andrei Victor et al., 2013) researched the production and
characterization of new anticorrosion phosphate layers deposited on steel substrate. The
layers are obtained by co-precipitation in acid aqueous medium with addition of metallic
cations, which influence the formation of crystallites and the uniformity of the layers.

Authors [Koshkarbaeva et al., 2012) developed the technology of applying the
conductive films of copper phosphide on the dielectric materials in order to obtain a
basis for further metallization. This technology is based on use of phosphine as reducing
agent, which can restore the connections of copper to phosphide. Obtained copper
phosphide belongs to the metal-phosphide, and a good conduct the electricity.

Basedonaliterature review, itis our goal to substitute lengthy chemical and purification
processes with time and cost-efficient ones. This fits the term of "Click Chemistry" and
ideas attached to it quite well [Kolb et al., 2001]. Electrochemical research methods,
in particular, require minimal reagents, produce high results, and have few, if any, by-
products. The second point that we would like to clarify in our study is the concept
of "Green Chemistry". Reducing the use of expensive catalysts, halogenated oxidizers
and replacing with various reagents seems to be acceptable for a project primarily and
generally dealing with environmental pollutants. It is our understanding that the easier,
cheaper and cleaner the process is, the more likely that substances obtained from it will
find their way to the practical application, be it scientific or industrial. We believe that
this approach gives us a complete picture of the behavior of phosphorus and some of its
compounds.

The aim of the research is the investigation of the influence of copper (II) ions on
the electrochemical behavior of phosphine and elaboration of processing methods of
phosphin by electrochemical methods.

The novelty of results obtained is the phosphine was oxidized by electrochemical
way in acidic solutions and the resulting product is phosphate-ions.

Methods and materials

Electrochemical studies were carried out in thermostatic electrolyzers under
galvanostatic conditions. The phosphine used for the study was obtained in the
laboratory, as a result of the oxidation of 30% sulfuric acid with zinc phosphide:

Zn3P2 + 3H2504 g 3Zn504 + 2PH3 i) (1)

As a result of a chemical reaction, the released gas enters a burette filled with
distilled water, and with pressure the gas is pushed into a storage burette controlled
by a three-way valve. After the desired concentration of phosphine is collected in the
measuring burette, close the tap. Phosphine is supplied into the electrolysis cell using a
bubbler unit, which is located in the lower part of the cell. The bubbler ensures uniform
distribution of gas in the volume of the electrolyzer. In order to trap the unreacted
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phosphine, absorption mixtures are used that contain oxidizing mixtures (the mixture
is prepared from equal volumes of 0.5 potassium permanganate and sulfuric acid), it
is connected to the top of the electrolyzer using a conductive tube. The gas velocity
is controlled by a three-way valve, and is fed into the electrolyzer at a certain speed.
The electrolyzer is equipped with electrodes made of different materials. The current
was supplied to the electrodes under study using a current rectifier brand B-24. In the
studies, lump electrodes were used instead of anodes and they are folded to the bottom
of the electrolyzer. The advantage of these electrodes is that they ensure the passage of
the process throughout the entire volume of the electrolyzer.

Graphite lumpy electrodes with a diameter of 1.5 mm and a length of 3 mm were
used as anodes. They are folded onto the surface of the down conductor. The thickness
of the lump electrode was measured in the range from 1 to 7 cm. The electrode-cathode
is located on the top of the cell. The distance between the front surface of the anode
and the cathode is 50 mm, electrolysis is carried out within the anode current density of
200-1000 A/m?.

Since it is very difficult to calculate the surface of the electrodes, the known volumes
of the cylindrical cell are used, and the areas of the lumpy electrodes are calculated as
the cylindrical surface of the electrode.

For carrying out under normal conditions, the volume of gas to be passed was
calculated using the Boyle-Mariotte and Gay-Lusacque equation:

VoPo _ V1Pp | _ ToPiVy |

o 1 % TP’ (2)

After electrolysis, the resulting phosphate ions were determined by the known
photocolorimetric method. The analysis was carried out according to the linear
dependence of the concentrations of phosphate ions on the optical density of the solution
(D=£(C)).

Analysis of the composition of the resulting copper phosphide was carried out on
an electron microscope with INSAEnergu energy-dispersive microanalysis and HKL-
Basic structural analysis systems with a useful magnification of 300,000, which made
it possible to see the picture of the appearance of the phosphide in the photographs, as
well as the content of the main component and impurities in the coating in %.

The influence of the current density, electrolyte concentration, and the thickness of
the layer of a lumpy graphite electrode on the degree of phosphine oxidation and the
current efficiency of oxidation has been studied.

Results and discussion

The volume of gas supplied to the electrolyzer is 500 ml. The gas velocity was
controlled by a three-way valve, electrolysis was carried out in all cases for 1 hour.

The oxidation degree and current efficiency of phosphine are significantly affected
by the current density at the electrode. With an increase in current density to 200-
1000 A/m?, the phosphine degree of oxidation steadily increases to 600 A/m?, and at
higher current densities, it decreases due to an increase in the proportion of the oxygen
evolution process along with the oxidation of phosphine at the anode (Fig. 1):
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2H,0 —4e~ - 0, + 4H* E°=+1.23B 3)

The current efficiency of phosphine oxidation naturally decreases due to an increase
in the proportion of side reactions.
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Fig. 1. The influence of current density on the oxidation degree (n) and current efficiency (CE) of
phosphine anodic oxidation

When studying the influence of the height of the graphite electrode layer up to 4 cm,
the oxidation degree of phosphine is 73%, and the current efficiency is 30%. A further
increase in the layer height leads to a decrease in the oxidation degree. Apparently, in the
volume of lumpy electrodes of great height, clumps of particles can form, acquiring the
functions of a biopolar electrode. As is known from the literature, zones of maximum
polarization and electrically inactive zones can appear (Ugorets et al., 1989; Tomilov at
el., 1988). Thus, our assumptions are confirmed by experimental data. When electrolysis
was carried out only on a current collector without a lump electrode, the degree of
phosphine oxidation did not exceed 15%, and the current efficiency did not exceed 8%.

Table 1. The influence of the height of graphite electrode layer on the current efficiency (CE) and
oxidation degree (n) of phosphine oxidation

, cm 0 2 4 6 8
Oxidation degree (n) of phosphine, % 15 40 73 68 55
Current efficiency, % 8 17 30 26 21

The result of experiments that were conducted to study the dependence of the change
in the concentration of a sulfuric acid solution showed that at first the current efficiency
and the degree of oxidation of phosphine increase in the concentration range of 0.25-
0.75 mol/L (Figure 2). With an increase in the concentration of sulfuric acid in the
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solution, the concentration (content) of sulfate ions increases, and the anode space is
saturated with sulfate ions and the solubility of phosphine in the solution decreases, as a
result, the oxidation degree and current efficiency of phosphine oxidation. This makes it
possible once again to judge that phosphine is oxidized in solution due to solubility. As
is known from the literature data, with an increase in the concentration of sulfuric acid,
the solubility of gases decreases ().

As arule, in concentrated solutions of oxyacids at high current densities, acid anions
also begin to take a direct part in oxygen evolution reactions. Such a mechanism was
proved by Gerovich and his collaborators (Antropov, 1984). In our case, with an increase
in the concentration of sulfate ions, the rate of oxygen evolution also increases, which
leads to a decrease in the rate of the main process:

2502~ = 2505 + 0, +4e~ 4)
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Fig.2. The influence of electrolyte concentration on the oxidation degree (n) and current efficiency
(CE) of phosphine anodic oxidation

In our studies, we researched the effect of the concentration of divalent copper ions
on the oxidation process of phosphine. When passing phosphine through a sulfuric
acid solution containing 10 g/L of copper (II) ions, it was found that only 22% of the
phosphine precipitated according to the 5-reaction. In this regard, we considered the
oxidation of phosphine in the presence of copper (II) ions by passing it through anodic
polarized lumpy graphite electrodes.

In the presence of copper (II) ions, the rate of phosphine oxidation sharply increases.
The results of the study are shown in Figure 4.
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Fig.3. The influence of copper (Il) ions concentration on the oxidation degree (n) and current
efficiency (CE) of phosphine anodic oxidation

As aresult of electrolysis, a layer of copper 3.5-4.5 microns thick was obtained on the
surface of the granular electrode and in the electrolyte. A scanning electron microscope
was used to analyze the elemental composition, percentage and weight indicators of the
resulting packages. The results of the SEM analysis are presented in Figure 4.

Smement  |Camaeweras %% Arvcusux %
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® 1.82 1.51

u] 4381 2.25
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and elemental composition of the resulting copper phosphide

Fig.4. Spectr

The effect of copper (II) ions on the process of anodic phosphine oxidation can
be explained as follows: during the anodic polarization of a graphite electrode in a
solution of sulfuric acid, oxygen is released (6 - reaction). At the anode, the released
active oxygen reacts with copper phosphide, formed as a result of the 5 - reaction, and
phosphoric acid and copper (II) ions are formed (7-reaction). Copper (II) ions formed by
the latter reaction react with phosphine, which passes through the solution according to
the 5-reaction, forming metal phosphides and phosphoric acid. Copper phosphide reacts
with active oxygen and again copper (II) ions are formed according to the 7-reaction.
So, it can be assumed that during the electrochemical oxidation of phosphine, copper
(IT) ions play the role of a catalyst:
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2H3P + 8Cu?* + 4H,0 - CuTP + H3PO, + 11 H' + 5Cu™ 5)
2H,0 —4e~ - 0, + 4H* (6)
_ 1
CuzP + 2.75 32 +6HY - 3Cu?* + H3PO, + 1.5H,0 (7)
|

cuzt
HyP + 2.750, + 3H* —— H4P0, + 1.5 H,0

It should be noted that the electrode space is not divided, therefore, the redu-
ction of copper (II) ions proceeds on the cathode according to reactions (8-10):

Cu? +2¢ — Cu° E°=+0.34B (8)
Cu? +e — Cu' E°=+0.15B )
Cu' +& — Cu’ E°=+0.50 B (10)

consequently, the concentration of cuproions decreases and leads to a decrease
in the oxidation state of phosphine. In this regard, subsequent experiments were
carried out with the separation of the electrode spaces by an anion exchange
membrane MA-40. Thus, the results of the studies performed showed that the
oxidation state of phosphine is significantly affected by divalent copper ions.

Conclusions

In this work, the electrochemical oxidation of phosphine on graphite lump electrodes
in a sulfuric acid solution was studied. The influence of electrochemical parameters:
current density, electrolyte concentration, layer height of a graphite lump electrode on
the degree of oxidation and current efficiency of phosphine oxidation was studied. The
optimal conditions for the anodic oxidation of phosphine on a lump graphite electrode
in a sulfuric acid solution are determined. The effect of divalent copper ions on the
anodic oxidation of phosphine has also been studied. The optimal conditions for the
electrochemical oxidation of phosphine on graphite lump electrodes in the presence
of divalent copper ions are determined and the degree of oxidation is 83%, the current
efficiency is 49%.

This research has been funded by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (Grant No. AP19679002)
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Abstract. This study presents the experimental results on dynamic contact angles
of pure surfactants on the sulfur surface. Dynamic contact angles were measured for
the aqueous solution of three different surfactants: cetyltrimethylammonium bromide
(CTAB), sodium dodecylbenzenesulfonate (SDBS), and Triton X-100 (TX-100) using
the sessile drop method. The interfacial tension and critical concentration of CTAB,
SDBS TX-100 at the water/air interface measured by the method of Vilgemi, using
surface tensiometer (DCAT-21, Date physics, Germany) at room temperature 25 °C

Based on the data, the adhesion work on the sulfur surface was calculated and its
adsorption mechanism was discussed. The results show that the surface tension and
contact angle are smaller for SDBS and TX-100, whereas their calculated adhesion
work values are higher compared to CTAB. This shows that the wetting ability of SDBS
and TX-100 solutions at the sulfur surface is better than that of CTAB. The adsorption
mechanism of the same three surfactants on the sulfur surface was also studied.

Keywords: sulfur surface, contact angle, wetting, surfactants, adsorption
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Aunnoramusi: by 3eprreyne kykipt OeTiHieri Ta3a OETTIK akTHBTI 3aTTapiblH
JTMHAMHUKAIIBIK JKaHaCy OypbIIITaphl OOMBIHINA TIKIPUOETIK HOTIKENEP KOPCETUITEH.
Yur Ttypai OTTIK aKTHBTI 3aTTapiblH CyJdaFbl EPITIHIICI YIIIH JHHAMHKAJIBIK
KaHacy OyphIIITapbl OJIIeH[: eTuiTpuMeTriaaMMonnii Opomuai (CTAB), narpwuii
noxaerunoenzoncyabponarsl (SDBS) xane Triton X-100 (TX-100) TaMIibl OTBIPFBIZY
onmicimen. CTAB, SDBS, TX-100 cy/aya unTtepdeiicinaeri dazaapanblk KepHEy MEH
KPUTHKAJIBIK KOHIIEHTpaIusuiapbl Busiremu aicimen, 6ettik Tensunomerpai (DCAT-21,
Date physics, ['epmanust) 25°C Genime TeMIiepaTypachii ia aiiagana OThIPhII OJIIICH/I.
AJIBIHFaH MAJIIMETTEp HEri3iHAe KYKIpT OCTIHAETI aare3us )KYMBIChI €CEITeII, OHbIH
a7ICOPOIUSUIBIK MeXaHn3Mi TalKbuTan 6. Hotmxkesnep SDBS xone TX-100 yurin 6eTTik
Keplly oHEe jkaHacy OYpBINIbI KIIIPEK, ajl OJapJblH €CENTENreH aare3usl yKYMBbIC
moHzepi CTAB-MeH canbicThipFania sxorapsl ekeHin kepceteni. byn SDBS xone TX-
100 epitinainepinin Kykipt Oetingeri cynany kabineri CTAB-re kaparanja »akchIpak
exeHiH kepceteni. Conmaii-ak KyKipT OeriHzeri yur Oipeii 0eTTiK aKTHBTI 3aTTapIblH
a/ICOPOLIMSUTBIK MEXaHU3MI 3€PTTEIIN.

Tyiiin ce3nep: Kyxipt Oeri, »aHacy OYpbIlIbl, CyiaHy, OCTTIK aKTHBTI 3arTap,
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AHHoTanus. B nanHON paboTe MpencTaBiIeHbl SKCIEPUMEHTAIBHBIE PEe3ybTaThl
0 JUHAMHYECKAM KpaeBbIM YIJIaM CMadMBaHUS YHCTHIX TMOBEPXHOCTHO-aKTHBHBIX
BEIIECTB HA MOBEPXHOCTH cephl. JIMHaMUYeCcKue KpaeBble YIIIbl ObUTA U3MEPEHBI IS
BOJIHOTO pacTBOpa TPeX pa3MYHBIX TOBEPXHOCTHO-aKTHBHBIX BEIIECTB: OpoMuia
nermntpumermwiammonus (LITAB), momemwmn6enszoncynsponara nHatpus (JbC) u
tpuroHa X-100 (TX-100) meromom cuasueit karum. MexdasHoe HaTsDKEHHE |
kputnueckyto konuentpauuio LITAB, IBC TX-100 na rpanuiie Boga/Bo3ayX U3MEpSIIH
no merony Bunremu c momomnpio moBepxHocTHoro TeHzuomerpa (DCAT-21, Date
Physics, I'epmanust) npu komMmHaTHOH Temneparype 25 °C. Ha ocHOBaHHMHU MOJTYy4YEeHHBIX
JAHHBIX paccynTaHa padoTa aJre3uy Ha MOBEPXHOCTH CEPhl U 00CYKICH MEXaHU3M €e
ajicopOumu. Pe3ynbraThl MOKa3bIBalOT, YTO TIOBEPXHOCTHOE HATSDKEHHE M KOHTAKTHBIN
yron menbie 1y JAbC u TX-100, Torna kak nx pacueTHble 3HaYE€HHUs paOOTHI aATe3un
Beimie 1o cpaBHeHnio ¢ LITAB. DTo mokaspiBaeT, 4To cMadnBaroas CrOCOOHOCTh
pactBopoB JIbC un TX-100 na moBepxHoCTH cepsl mydtre, yeMm v LITAB. Mccnenosan
TaK)ke MEXaHM3M aJicopOnmn Tex ke Tpex [IAB Ha TOBEpXHOCTH CEpHI.

KuroueBble c10Ba: MOBEPXHOCTH CepPhl, KOHTAKTHBIN Yo, CMa4YlBaHuE,
MTOBEPXHOCTHO-aKTUBHBIC BEMIECTBA, aJICOPOIIHS

Introduction
Solutions of various surfactants are frequently used in the synthesis of sulfur
nanoparticles. Thus, it is important to study the properties of surfactants such as wetting,
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contact angle, and adsorption on the sulfur surface (Prabhu et al, 2009; Zhao et al.,
2010). The reason for this lies in the fact that a surfactant can significantly reduce the
surface tension of a solution and effectively wet the sulfur surface. This leads to the
formation of the sulfur nanoparticles and hydrophilization of the sulfur surface. As such,
the use of different surfactants plays a key role in improving the way sulfur nanoparticles
are obtained (Turganbay et al. 2013). Besides, surfactants play an important role in
many industrial processes including the synthesis of nanocomposites for lithium
batteries (Yanjun et al, 2016; Huang et al, 2015; Qu et al., 2015), fungicides in
agriculture (Vineeta Parihar et al., 2019), biomedical and food packaging fields (Duncan
et al., 2011), synthesis and modification of carbon nanostructures(Barkauskas et al.,
2007), synthesis of sulfur nanowires with carbon to form hybrid materials with useful
properties for gas sensor and catalytic applications (Santiago et al., 2006; Cooper et al.,
2004).

Although various sulfur nanoparticle products had been developed in the past and
even showed some promising results in biomedicine and agriculture, the mechanism of
a surfactant wetting on the sulfur surface remains poorly studied.

In recent years, the main research results have been as follows: (Chaudhuri et al.,
2006) studied dynamic advancing (6,) and receding (6,) contact angles as well as made
some measurements for the aqueous solution of three different surfactants (TX-100,
SDBS, and CTAB) using the Wilhelmy plate technique. He also showed that in the
presence of both ionic surfactants and nonionic surfactants a linear relationship with
different slope and intercept forms between the adhesion and surface tensions at an
air-water interface. Diez S et al., 2017) studied the surface chemical structure, surface
electrical properties, and surface wetting ability of sulfur via electrophoresis, infrared
spectroscopy, and further penetration experiments. Results revealed that the wetting
ability of a surfactant solution on the sulfur surface not only depended on the gas-liquid
surface tension of the solution but also on the solid-liquid interfacial tension between
the solution and sulfur surface. The interfacial tension between the solution and sulfur
surface was closely related to the hydrophobicity, electricity of the dust, and structural
properties of the surfactant. Beraetal., (2018) studied counteracting interfacial energetics
for the wetting of hydrophobic surfaces in the presence of surfactants and proposed an
improved Zisman method for quantifying the wetting behavior of surfactants at the solid
surface. This method allowed us to show that many highly common surfactants do not
alter the wetting ability of a solid. In other words, they produce the same contact angle
as a simple liquid with the same liquid-vapor surface tension. A surfactant increases the
interaction between water and surface of sulfur, reduces the surface tension of water and
interfacial tension between the surface of sulfur and water, and reduces the free energy
of the system, thereby improving the ability of sulfur crystals to transform into sulfur
nanoparticles. (Jean Berthier et al.,2013; Xu et al., 2007) found that there is a linear
relationship between y, . cos@ (adhesion tension) and surface tension of the aqueous
solution, y, ., for hydrophobic solids (Zhu et al., 2019; Zdziennicka et al., 2018; Wang,
et al., 2019). They also found that the slope of the straight line equals -1, which
implies a similar adsorption density at both solid-liquid and air-liquid interfaces
(Shaoxian et al., 2019).
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Three types of surfactants: CTAB, SDBS, and TX-100 were used in this work.
Parameters such as surface tension and the contact angle on the flat hydrophobic sulfur
surface were established for each compound. Their wetting ability along with adhesion
for a sulfur surface and mechanism of adsorption for wetting sulfur surface are discussed
further in the study.

Materials and basic methods. The surfactants CTAB and TX-100 were acquired
from Loba Chemie Pvt. Ltd., India, with 98 % and 99.5 % purity, respectively. SDBS was
taken from Sigma Aldrich, Germany (Technical grade, Cat no. 28995-7). All surfactants
were used as received without any further purification. Ultrapure water with a resistivity
of 18.2 MQ.cm (at 25°C) and pH 6.4—6.5 was used in the experiments (Sartorius,
Germany). The DCAT-11EC surface tensiometer (Data Physics, Germany) was used
for measuring the surface tension and dynamic contact angle at room temperature (28
+0.5 0C).

Basic theory. Wetting is the ability of liquids to form interfaces with solid surfaces.
A wetting process is actually a process in which a liquid and gas compete for the surface
of particles. It can be regarded as the disappearance of the solid—vapor interface and
formation of a solid—liquid interface (Yuan et al.,2013). A wetting process is related
to the surface tension of the system. When a drop of liquid falls on a horizontal solid
surface and reaches equilibrium (Figure 1), the relationship between the contact angle
and surface tension conforms to the following equation (Young’s equation) (Yuan et
al.,2013):

Ys6=VsL + V6 * cosb, (1)

where c is the solid—gas surface tension (mN/m), is the solid-liquid interfacial
tension (mN/m), is the liquid—vapor surface tension (mN/m), and 0 is the contact angle
at the solution interface (°).

(zas

Fig.1. The relationship between the contact angle and solid— liquid,
solid—gas, and liquid—gas surface tension.

Contact angle measurements. Contact angle measurements for aqueous solutions
of CTAB, SDBS, and Triton X-100 on sulfur plates were carried out via the sessile
drop method using the telescope-goniometer system at 25x in a thermostated measuring
chamber at 28 °C (Marmur et al.,2017). After settling a drop of the aqueous solution of
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the surfactant at a given concentration on a sulfur plate, the contact angle on both sides
of the drop was read immediately. The measurements were repeated several times by
settling other drops on the same plate. A new plate was further placed in the chamber and
the above procedure was repeated. For each solution, at least 30 independent drops were
used to determine the average values of the contact angles which were obtained with
good reproducibility. The standard deviation for each set of values was less than +1.1.

RESULTS AND DISCUSSION

Surface tension and molecular density at the air-water interface

The surface tension of all the surfactants with varying concentrations was measured
to determine the critical micelle concentration (CMC) and molecular density at the
air-water interface (Fig. 2.) The values of CMC and surface tension at the air-water
interface along with the literature values are given in Table 1. The minimum surface
tension values, yCMC, for CTAB, SDBS, and Triton X 100 are: 32.75, 33.75, and 31.5
mN m-1, respectively, and corresponding CMC values are: 0.93, 1.20 and 0.15 mM,
respectively.
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EE | 1
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Fig.2. Surface tension of surfactants at different concentrations

Surface excess is a useful measure of adsorption effectiveness at the interface.
The adsorption effectiveness is an important factor in determining the properties of
surfactants such as wetting, contact angle, etc. Surface excess (I”/ mol m?) and surface
area (4_. / nm?) for each surfactant can be calculated using the following equations:

1 dy
=- x @)
nx2303RT dlogc
1
Amin S 3
Nax I max ( )
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where T is an absolute temperature, R is the gas constant (8.314 J K' mol), and N,
is Avogadro number (6.022x10* mol"). A4 . is a minimum surface area of a molecule
occupied at the surface in nm? The value of n is 1 for nonionic surfactants and 2 for
1:1 ionic surfactants. Normally, /" is considered as I if there is a linear dependence
between surface tension and log ¢, from which 4 . for surfactant molecule can be
obtained. The value d/dlog ¢ can be obtained from the slope of the plot of surface
tension () against log ¢ at a constant temperature of 28 °C The experimental values of
the surface excess and molecular area of the three surfactants can be found in Table 1
along with the literature values. The table demonstrates that final experimental values
correspond to those found in the literature.

Table 1. The comparison between experimental and literature values of CMC, surface tension at
CMC, surface excess, and molecular area for three different surfactant solutions

Surfactant CMC Exp./ Exp.I, /mol Exp.4 . Lit / Lit. I, Lit. 4, /
/mM mN m! m? 10° /nm?> mN m’ / mol m?210° nm?
CTAB 0.93 32.75 1.074 0.96 1.00¢ 1.80 0912
SDBS 1.20 33.75 2.305 0.69 1.15¢ 2.41° 0.69°
TX-100 0.15 31.50 2.423 0.68 0.12¢ 2.60° 0.61?

aRef. 23; P Ref. 2; °Ref. »

Effect of surfactant concentration on contact angle

The change in contact angle with varying surfactant concentrations on the sulfur
surface is shown in Fig. 3, a, b, ¢ for CTAB, SDBS, and TX-100, respectively. The
experimental contact angle of 115.7° was measured on the sulfur surface in the presence
of pure water, corresponding to the range of 108-116°reported in the literature. In the
presence of CTAB and SDBS, the contact angle was gradually decreasing until it finally
reached a value of 48.31° and 34.42°, respectively, at 1.0 mM surfactant concentration.
The line corresponding to TX-100 shows that the contact angle value was rapidly
dropping until 0.05 mM surfactant concentration was used. The contact angle value was
reduced from 33.25°at 0.1 mM to 11.23° at 1.0 mM. For all three surfactant solutions,
there was no significant change in contact angle at a concentration above 1.0 mM.

Contact angle (&)

T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 11

Surfactant concentration (mMA)

Fig. 3. Contact angles of CTAB, SDBS, and TX-100 solutions on the sulfur surface.
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The wetting of water and surfactants (CTAB, SDBS, and TX-100) on the sulfur
surface at the CMC concentration (a, b, ¢, d stand for water, CTAB, SDBS, and,
respectively) is demonstrated in Fig. 4. It also shows that among all four solutions at 0.1
mM concentration, the best wetting is observed in the presence of TX-100 as it has the
smallest contact angle. Thus, the wetting ability was improving in the following order:
Water<CTAB<SDBS<TX-100.

All surfactants have distinct head and tail groups. This implies that adsorption
densities on the solid surface as well as the resulting contact angle of surfactants on the
sulfur surface would be different for each surfactant. In addition, the contact angle is
affected by the surface tension at the air-water interface (low surface tension leads to a
small contact angle).

Fig. 4. Wetting effect of drops of surfactant solutions on the sulfur surface at CMC

Effect of surfactant concentration on the work of adhesion

At an instant when surfactant touches sulfur, the surfactant—air interface and sulfur-
air interface become a sulfur-surfactant interface in a process known as adhesion. The
adhesion work is used to characterize the binding ability of a surfactant to sulfur and the
interaction force between the molecules of the two phases. The work of adhesion (W)
for the contact angle was calculated and plotted against the surfactant concentration in
Figure 4 using the following equation:

Wa = ysc — yst + y.6 = y6 x (1 + cos 0) 4)

where, y.. 7, _7,,cos0. For all examined surfactants, the sharp increasing of the
adhesion work with increasing of surfactant concentration in the surfactants low-
concentration range (Fig.5) is obtained. Here, as the contact angle decreases in the
presence of surfactants, the work of adhesion is increased reaching its maximal value.
After that, Wa suddenly decreases with increasing of surfactant concentration and
becomes almost constant at higher surfactant concentration. Nonetheless, the initial
contact angle on the sulfur surface in water and slightly concentrated surfactants exceeds
90°, meaning cos @ values are negative, so (1+cos ) term increases gradually, whereas
surface tension value steadily declines with decreasing contact angle. As a result, Wa
values become smaller at higher surfactants concentrations. Figure 4 shows that the
adhesion of CTAB and SDBS on sulfur is better than that of TX-100.
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Fig. 5. Adhesion work of surfactant solutions on the sulfur surface at different concentrations

The sulfur surface has a hydrophobic character (Walker et al.,1986).
Electrophoresis experiments revealed that the sulfur surface is negatively
charged (Turganbay et al.,2013). Sulfur collides with the surfactants due to Van
der Waals forces (Moldoveanu et al.,2022) so that the hydrophobic groups of the
surfactants are adsorbed onto the surface of the sulfur.

Adsorption of Surfactant Molecules on  Sulfur Surface
Schematic presentation of adsorption of the examined surfactants (CTAB,
SDBS and TX-100) on the sulfur surface is shown in Figure 6. Fig. 6 (a)
demonstrates that in the process of adsorption of cationic surfactant CTAB and
sulfur, a negative charge on the hydrophobic surface of sulfur attracts the
cationic hydrophilic groups of the surfactants. An outer hydrophilic
adsorption layer, therefore, forms on the surface of sulfur, and the surface
property changes from hydrophobic to hydrophilic. When the concentration of
the surfactant solution increases, the adsorption continues, until the sulfur
surface charge becomes positive. Now, the polar heads of the adsorbed
surface-active ions point towards the aqueous solution, which leads to higher
hydrophilicity of the sulfur surface and smaller contact angle (Turganbay et al.,
2012). Cationic surfactants’ ability to frequently form such adsorbed layers on
the surface of the sulfur makes them suitable wetting agents for it (Ansari et
al., 2013).
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Cationic surfactant CTAB adsorption Anionie surfactant SDBS adsorption Nonionic surfactant TX-100 adsorption

2099900000 £900000008 000000000
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Fig. 6. Adsorp:on of different surfactants: CTAB I(Ja), SDBS (b) and TX-100 (c) on fhe sulfur surface.

As shown in Fig. 5 (b), during the adsorption process of anionic surfactant SDBS and
sulfur, the hydrophobic surface of sulfur interacts strongly with the hydrophobic groups
of the surfactant. They, therefore, absorb the sulfur surface as the tail hydrophobic group
becomes directed towards the sulfur surface and the head anionic hydrophilic group -
towards the solution. As the hydrophilic group of the surfactant extends towards the
solution after adsorption, the hydrophilicity of sulfur is enhanced and the wetting ability
of the solution for sulfur is significantly improved.

Asshown in Fig.5 (c), the adsorption of nonionic surfactant TX 100 and sulfur neither
depends on the ion exchange nor the ion pair but rather on the hydrogen bonds and
intermolecular force. The hydrophilic group of nonionic surfactant is oriented towards
the water solution. This increases the hydrophilicity of the sulfur surface, simplifying its
wetting with water and dispersion in the aqueous phase.

Overall, it is clear that different adsorption modes are responsible for anionic and
nonionic surfactants being more effective at wetting sulfur as opposed to cationic
surfactants.

Conclusions.

The surface tension of CTAB, SDBS, and TX-100 was found to decrease with
increasing concentration. When the concentration is higher than CMC, the surface
tension tends to stabilize and the changing trend in the plot of contact angle against
concentration is similar to that for surface tension. The surface tension and contact
angle of TX-100 and SDBS were found to be smaller than those of CTAB. Their
work of adhesion, on the other hand, was actually higher than that of CTAB. This
indicates that TX-100 and SDBS solutions are better at wetting the sulfur surface
compared to CTAB. The wetting ability of the TX-100 and SDBS aqueous solutions
on the sulfur surface is stronger than that of CTAB because of the different adsorption
forms of the surfactant molecules on the surface of sulfur. The tail hydrophobic group
of the TX-100 and SDBS surfactant molecules tends to point towards the surface of
sulfur, whereas the head hydrophilic group is usually directed towards the solution.
Anionic and nonionic surfactant solutions can significantly improve the wetting
ability of the sulfur surface.
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Abstract. Nanomaterials based on polymers, lipids, porous inorganic nanomaterials,
and clay-based nanomaterials are currently being studied for the inclusion of plant
protection products in nanocontainers and nanocapsules. However, given the growing
environmental impact, the development of systems for the delivery of plant protection
products with the least environmental impact is of particular interest. As a result, there
is an urgent need to develop and apply a new, environmentally safe, and long-term
method of encapsulating plant protection products. A new approach in this regard is
the development of biocompatible encapsulation technology, also known as "green
technologies". The use of completely natural encapsulation technology in combination
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with biopesticides as plant protection products will result in a completely environmentally
friendly product.

To date, it has been of great interest to develop new biopolymer nanoparticles with
specific properties that are aimed at applications such as encapsulation, drug delivery,
and agricultural products in various industries. For this purpose, various procedures
are being developed, and many biomaterials are used to prepare nanoparticles of
biopolymers. The colloidal-chemical properties of zein-rosin composite nanoparticles
were studied. The effect of pH on the colloidal-chemical properties of biopolymer
nanoparticles of zein with rosin was investigated. Optimal conditions for the production
of composite nanoparticles and the optimal composition of components have been
selected: composites of 2% zein/rosin nanoparticles with a zein/rosin mass ratio of
0.8/0.2 and 0.5/0.5 are the most stable at pH 3 and pH 8.

Keywords: colloid-chemical properties, composite nanoparticles, zein, resin,
shellac
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AHHOTAU M. TTonmumepnepre, JIMIUATEPrE, KEYEKTI OeilopraHuKaIbIK
HaHOMAaTepHUaJIapFa JKOHE ca3Fa HETI3JeIreH HaHOMaTepuasiap Kasipri yakpITTa
HAaHOKOHTEHHepJIep MEH HaHOKaICyJalapFa eCIMIIKTEpi Kopray KypalJapblH KOCY
YIIiH 3epTrenyne. JlereHMeH, KopiiaraH opTara 9CEpiHIH apTyblH €CKEPe OTBIPBIIL,
KOpILIaFaH oOpTara €H a3 ocep eTeTIH OCIMJIKTepAl KOpFay KypalJapblH KETKI3y
KYHenepiH a3ipyiey epekiie KbI3bIFYIIbUIBIK TyAbIpanbl. HoTkeciHge eciMaikTepii
KOpFay KypayJlapblH HHKAICYJSIIUSIAYIbIH JKaHA, SKOJOTHMUIBIK Ta3a MOHE Y3aK
Mep3iMIl SICIH 93ipiiey MEH KOJJIaHYAbIH IIYFbUI KOKETTUIIr TybIHAaN bl OChIFaH
0alIaHBICTBl JKaHA TOCUT — «KACBUI TEXHOJOTHsIAp» JIeN aTajaThblH OuoyineciMii
MHKAIICYJISAIUS  TEXHOJIOTMSACHIH 93ipJiey KKETTUIr TybIHAAHABL. OCiMIiKTepIi
KOpFay Kypalibl PeTiHJie¢ OMOTECTUIUATEPMEH OIPIKTIpIAreH TaOWUFM WHKAICYJISIUS
TEXHOJIOTUSCHIH TMaijiajlaHy TOJBIFBIMEH JKOJIOTHSUIBIK Ta3a OHIMIe / eCIMIIKTEep/Ii
KOpFay KypasblHa dKeieli. ByriHri Tanga MHKAINCYJSIIUs, A9Pi-TopMEKTep/l KEeTKi3y
JKOHE aybUIIApyalllblIbIK ©OHIMIEPI CHSAKTBI  OPTYpJ  cajajapia KoJJaHyra
OarbITTaJIFaH epeKILe KacueTTepi Oap OHonoIUMEpIIePIiH KaHa
HAaHOOOJIIEKTePIH  Kacay YJIKeH  KbI3BIFYIIBUIBIK TyAbIpaasl. OCbhl MakcaTTa
OpTYpJl Tpolenypanap JKacajayla KoHE OHOIOJIMMEpJEPIiH HaHOOOJIIEeKTEePiH
JablHaay YIIiH KemTereH Owomarepuanjap KoyidaHbuianel. JKymbicta 3ewH/
KaHU(DOJBIIH  KOMIIO3UIUSUIBIK ~ HAHOOOJIIEKTEPIHIH  KOJUIOUTHIK-XHUMHUSLIIBIK
KacuerTepi 3eprreni. Kanudonabmen Oipre OuoosMMepsii 36MH HaHOOOJIICKTePIHIH
KOJUIOMJITBIK-XUMHSUIBIK ~ Kacuerrtepine pH  ocepi  3eprrenmi. KomMno3unusiibik
HaHOOOJIICKTePAl ayJIblH OHTAWJbl INAPTTAPbl JKOHE KOMIIOHEHTTEPJIH OHTAMJIbI
Kypambl TaHgaiabel: 2% 3euH/KaHU(OJIb HAHOOOJIIEKTEPIHIH KOMIIO3UTTEPl 3eHH/
kanudosb MaccachiHbIH KaTbiHackl 0,8/0,2 sxone 0,5/0,5 pH 3 xone pH 8 kesinue eq
TYPAKThI OOJIBIN TAOBUIATHIHBI AHBIKTAJIIBI.

Tyiiin cesnep: KOJUIOUJTHI-XUMUSUIBIK ~ KacHUETTep, KOMIIO3HUIIHSIIBIK
HaHOO®JIIIeKTEepi, 3¢iH, KaHU(OJIb, MICIIaK

Kapxbutanapipy: JKymbeic Kazakcran PecnyOsukackl bBigiM  koHE  FhUIBIM
MuHuCTpiiri FeuibiMm komutetinig AP14869304 «[lnenka Ty3eriH kacuerrepi Oap
Ki0eK prOPOMHBI HETi31H/Ier] )KaHa OMoMaTepHaIap IblH TU3aiHbD».

Myaaesiep KaKThIFBICHI: ABTOPJIAp OChl MaKasaja My JIeep KaKThIFbIChI JKOK JICTT
MOJIIMIEHIL.
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AHHOTauusl. HaHomarepuaibl Ha OCHOBE IOJMMEPOB, JIMIHIOB, MOPUCTHIX
HEOpraHWYeCKNX HaHOMAaTepHajIoB U HAHOMAaTEPHaJIOB Ha OCHOBE IJIMHBI B HACTOSIIEE
BpeMsI M3y4aloTCs JJIsi BKJIIOUEHHS CPEACTB 3aIlUThl PACTEeHUH B HAaHOKOHTEHHEPHI
U HaHOKamcyibl. OIHAKO, YYWUTHIBAsS pACTyIIee BO3ACUCTBHE HA OKPYXKAIOUIYIO
cpeny, 0coObIi MHTEpeC MPeCTaBIsIeT pa3padoTKa CHCTEM JOCTABKH CPEJICTB 3alUThI
pacTeHuil ¢ HAaMMEHbIIUM BO3JACHCTBUEM Ha OKpYXarollyw cpeldy. B pesyibrare
CYIIIECTBYET HACTOSTeNIbHAs HEOOXOIMMOCTh B pa3pabOoTKe M MPUMEHEHHH HOBOTO,
JKOJIOTHYECKH O€30MacHOr0 ¥ JIOJITOBPEMEHHOTO METOZa HHKAaICyJINPOBaHUS
CPEICTB 3alluThl pacTeHHid. HOBBIM MOAXOAOM B O3TOM OTHOIICHHU SBISETCS
pa3paboTka TEXHOJOTUH OMOCOBMECTUMON WHKAICYJISINH, TaKKe HW3BECTHOU Kak
"3eneHple TexHoJoruu'". Vcmonb3oBaHWE TIOTHOCTHIO HATYpPajJbHOH TEXHOJOTHH
VMHKAICYJISIUM B COYETAaHUM C OHMONECTHLMAAMHM B KaueCTBE CPEJACTB 3al[UTHI
pacTeHHil MpHUBEJCT K IMOJYYSHHIO TOJHOCTHIO SKOJOTHYECKH YUCTOTO MPOIyKTa /
CpeICTBa 3allUThl pacTeHuil. Ha CeropHsmiHui JeHb NPEJCTABISCT OOJBIIOM
uHTEpec pPa3pabOTKM HOBBIX HAHOYACTHUI] OWOIMOIUMEPOB CO  CHEHU(PHIHBIMH
CBOMCTBaMH, KOTOpbIE HallEJICHbl Ha NPUMEHEHHs, TaKue KaK MHKAaICyJsLus,
JIOCTaBKa JIEKApCTB M arponpoayKIHs B
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Pa3NUYHBIX OTpacisX NpoMbIIIeHHOCTH. C 3TOH LeNbio pa3padaThiBalOTCs pa3IHyHbIe
MOpOLEAYphl, W sl TMPHUTOTOBICHHS HAHOYACTHUI] OHOIIOJIMMEPOB HCIIOJIB3YETCs
MHOXXECTBO OmomarepuaysioB. B pabore ObUM H3YYEHBI KOJIOUTHO-XUMUUCCKHE
CBOMCTBa KOMIIO3UTHBIX HAHOYACTHI 3€MH/KaHU(Osb. B0 MccienoBaHo BiusHHUE
pH Ha KOUIOMTHO-XMMHMYECKHE CBOMCTBA OMOIOJIMMEPHBIX HAHOYACTHUI] 3EUHA
¢ kanugonbio. I[logoOpaHbl ONTHMAaNbHBIE YCIOBHUS MONYYEHHsS KOMIIO3MTHBIX
HAHOYACTHI[ U ONTHMAJIbHBIA COCTaB KOMIIOHEHTOB: KOMIO3WUTBHI HaHOYACTHI 2 %
3erHa /KaHU(OJIb C OTHONICHHEM Macchl 3enHa/kanudois 0,8/0,2 u 0,5/0,5 sBistroTcst
Hanbomnee ctabmisHbME Tipu pH 3 u pH 8.

KiroueBble cj0Ba: KOJUIOMJHO-XMMHUYECKHE CBOWCTBA, KOMIIO3UIMOHHbIE
HAHOYACTHILIBL, 3¢MH, KaHU(]OJIb, 1IeIIaK

®unancupoBanue: Pabora BeimonHena B pamkax npoexkta KH MHuBO PK no
npoekTy: AP14869304 «Jlu3aiiH HOBBIX OMOMaTepraioB Ha OCHOBE (PUOPOMHA ILIENIKa C
IJICHKOOOPAa3yOIIMMU CBOMCTBAMUY.

KoH(uKT MHTEpecoB: aBTOPHI 3asIBIISIOT 00 OTCYTCTBHU KOH(MIMKTAa MHTEPECOB.

BBenenue

3erH SABISAETCS OCHOBHBIM OEIIKOM, MPHUCYTCTBYIOIIMM B KYKYypy3e, Ha €ro JOJH0
npuxogutcs okono 50 % oOmiero comepxanusi O6enka. OH NPUHAIISKUT K Kiaccy
npojiaMMHOB MW COCTOUT U3 HI/IHO(bI/IHI)HI)IX AMHWHOKHCJIIOTHBIX OCTaTKOB. (DopMa
a-3enHa cocrapisger Ooiee 70 % oOmero Oenka 3eMHA ¥ SIBISIETCS KOMMEPYECKH
moctyrabM THIOM (Filippidi 2014, Tabelian 2018, Raliya 2018, Joye u ap., 2014,
Paliwal u np., 2014).

3erH MOXeT ObITh MCIOJIB30BAH JIJIS JIETKOTO TIOTYYSHHUS HAaHOPAa3MEPHBIX YaCTHII,
MOAXOSAIINX JUIsl HCIIOJIB30BAaHHSI B KAYECTBE CHCTEM-HOCUTEIEH.

B JIATEparype OnrMCaHo MHOTO MCTOJAUK MOJYUYCHHA HAHOYACTUI] 3€UHA, HUCIIOJIb-
3YEMBIX IJIA 3arpy3Ku pa3IMYHBIX aKTHBHBIX COCI[HHCHHﬁ, BKJIIO4asis HAHOOCAXIACHHEC
AHTHPACTBOPHUTEIEM,  JKHIKOCTb-)KHJIKOCTHOE  JIMCIEPTHPOBAHWE,  pasfelieHhe
(a3 m smexTpopacmbuieHHe. MeTon, OCHOBaHHBIH Ha TpoOIecce OCAKICHHS aHTH-
PacTBOPHTENIEM SIBJIAETCS KTy IbHBIM METOIOM Juts uHKancysuu (Park u gp., 2015).

OHUM U3 paCIIPOCTPAHESHHBIX MOAXOJI0B K MOYYCHUIO HAHOYACTHI] 3CHHA SIBIISIETCS
METOJl OCaXKACHUS AaHTUPACTBOPUTENEM IIyTeM MPOCTOr0 JO0aBICHUSI PacTBOpA
9TaHola, COJepIKalIero pacTBOpeHHbIi 3erH, B Boay (Hu K. u gp., 2015, Patel A. u
1p.2010). Ilpu mpuUTOTOBIEHNH HAHOYACTHUIL 3€MHA CTAOMIIM3AaTOP, TAKOH KaK MOJIMMEp
Y TOBEPXHOCTHO-aKTUBHOE BEIECTBO, YacTO PACTBOPSIOT B BOMHOW (paze, 4TOOBI
MIPEIOTBPATUTh OOIIMPHYIO arperaiuio, YIy4dliuTh CTAOMILHOCTh U KOHTPOJIHPOBATH
pasmep uactul Hanoyactull 3enHa. CormacHo uccnenosanusiM Patel et al. u McClements
et al. (Hu K., u ap., 2014), dusuueckas cTaOUIBHOCTh HAHOYACTHIl 3€MHA OOBIYHO
paccMarpuBaeTcsl B pe3yiabrare 00pa3OBaHHUsI CIIOSl TIOJIMMepa WM MOBEPXHOCTHO-
AKTUBHOTO BEIIECTBA BOKPYT sJjpa HAHOYACTHII 3€MHA, YTO MPHUBOIUT K YMEHBIICHHUIO
rupoOOHOTO TMPUTHKEHHUST W YBEIUYCHHIO AIIEKTPOCTATHYECKOW/CTEpHYECKON
crabunuzanui. OaHako Takod 3(h(QeKT ycTOWYMBOCTH OCHOBAaH Ha MPEATNOIOKECHUH,
YTO arperanusda MOJICKYJI 3€MHa B HAHOYACTHUIbI MPOUCXOAUT A0 CBA3LIBAHUSA MOJICKYII
cTabmim3aropa. To MPEANOIOKEHUE BOZMOXKHO pa3yMHO I 00pa30BaHUsI HAHOYACTHI]
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3eMHa, CTaOMJIM3UPOBAHHBIX [OBEPXHOCTHO-aKTUBHBIM BELIECTBOM MONHMEpPA H
OCJIKOBOTO THIA, KOTOPBIE WMEIOT OIPAaHMYCHHYIO PAaCTBOPHMOCTb M MEIJICHHYIO
muddysuro B Boge (Hu K., u ap., 2015). OnHako, Korja B KauecTBe CTa0HIM3aTopa
HCTIOB3YETCSl TOBEPXHOCTHO-AKTUBHOE BEIIECTBO C MaJION MOJIEKYJISAPHOM Maccoil ¢
BBICOKOM paCTBOPHMOCTBIO B BOZIe M ObICTpoii uddy3ueid, MOJIEKYIbl TOBEPXHOCTHO-
AKTHBHBIX BEILECTB MOTYT NpEIBapUTEIbHO CBS3BIBATHCS C MOJIEKYJIaMU 3€HHa C
oOpazoBanueMm KomruiekcoB 3euH / I1AB, oOycrnoBineHHOE CHIIaMH BOAOPOIHBIX
CBSI3€H, DNEKTPOCTaTHYECKUMH W TUAPOGOOHBIMU B3auMoOjeHcTBUS. DakTHYECKH,
BO BpeMs HCCICAOBAaHMIA comoOnmm3anuu 3enHa, Somasundaran et al. (Ruso u ap.,
2004) u Mehta et al. (Mehta u ap., 2009) o6Hapy»*wuiu, 4TO MOBEPXHOCTHO-AKTHBHOE
BEIIECTBO MAJIOH MOJIEKYIIIPHON MacCOH MOXKET CBS3BIBATHCS C 36MHOM C 00pa30BaHUEM
komiuiekcoB 3enH/[IAB B Boge. Mexxay Tem, 00pa3oBaHue KOMITJIEKCA MEXKY OCIKOM H
[TAB MoXxeT mpeaoTBpaTuTh arperanuio oenka, kak cooduraercst McGuire et al. (Lee H.
u 1p., 2011) [Tomumo mMoxyssiumu arperaiuu Oeinka, cBsizbiBanue [1AB ¢ Genkom Takxke
MOXET BbI3bIBATh N3MEHEHUS (PUBNKO-XUMHUYECKIX CBOWCTB, TAKUX KaK MOBEPXHOCTHAS
aKTUBHOCTH M CIIEKTPOMETPHUYECKHE XapakrepucTuku Oenka (Singharoy D. u mp.,
2016). Dtu mccienoBaHUsS MOTYT OBITH HCITONB30BaHBI JUTSI TIIYOOKOTO TTOHMMAaHUS
MexaHu3Ma 00pa30BaHUsl HAHOUYACTUI] 3eMHa, cTabmim3upoBanHoro [IAB ¢ Beicokoii
PaCTBOPUMOCTHIO B BOJIE M OBICTpOl nuddy3ueii.

Ho HnecmoTpss Ha 5((EKTHBHOCTb METOIOB, HCIIOIB3YEMBIX [UIS MOJXY4CHHS
HAHOYACTHI[ 3€HMHA, OCTAIOTCSl 3HAYMTENbHBIC MPOOIEMBI, Kacaloluecs BPEMEHHOM
XUMHYECKONW CTaOMIIBHOCTH 3THX CHCTEM IIPH Pa3nuyHbIX ycnoBusx xpanenus (Li K.
u nap., 2013). Chen u Zhong (Chen H. u ap., 2013) m3y4nnu qucriepcui HAaHOYACTHUIT
3eMHa ¥ IPHUIUIHA K BBIBOLY, YTO OHH 00Jalal0T IIOXOW KOJUIOMJHOHM CTaOMIIBHOCTBIO,
JIETKO 00pa3yloT arperatbl M OCaJKH B COCTaBaxX, CJIEJOBATEIbHO, TEPSIOT CBOIO
(YHKIIMOHAILHOCTB.

IIpu Oonee BbIcokoM pH OBUIO OOHApPYXEHO, YTO COCTaBBl HAHOYACTHUI[ 3E€MHA
nposBisrOT arperanuto u ocaxknenue (Cheng C. u mo., 2017, Hu K. u ap., 2015),
ITOCKOJIBKY B pacTBopax ¢ pH Brimie 5 3eMH OIM30K K CBOCH M303IIEKTPHUECKON TOUKE
(pH 6,2) (Dai L. u ap., 2016).

HanouacTuiel CKJIOHHBI K arperaiuy Ipy HU3KOH KOHIIEHTPAIMH XJIOpHUIa HATPHS
(NaCl) u necrabunpHbI ipu pH BhImIe 5.

VY4uuThIBas, YTO TEXHOJOTHS KAIllCYJHpPOBaHUs C WCIOIH30BAaHUEM YAaCTHUI] 3eHHA
MMeeT BBICOKMH TOTEHIMAl JUIi pa3pabOTKM COCTaBOB, CIIOCOOHBIX YIYYIINUTh
CBOICTBA KaIICYTMPOBAHHBIX COSTMHEHHIA, BAYKHO pa3pad0TaTh MOAXO TSl YTy IIICHUS
XMUMUYECKOW CTaOMIIBHOCTH M IPOIUICHUS] CPOKa TOJHOCTH ITHX CHUCTEM. ACIEKTBHI,
KOTOpBIE CIIeyeT YUUThIBaTh, BKIIOYAIOT pa3Mep YacTUL, HHACKC MOIUIUCIIEPCHOCTH,
3¢ (EeKTUBHOCTh MHKAICYJSIUU M BBICBOOOXJICHUE AaKTHUBHOTO arcHTa B TEYCHUE
JUTUTEITLHOTO TIEPUO/IA.

WccnenoBannsi HAHOYACTHIT 3€MHA TOKA3aJIM, YTO WX CTAOMIBHOCTH BapbHUPYETCS
B 3aBHCHUMOCTH OT crioco0a XpaHeHHs mpernapara. YuenbiMu (Lai L. m mp., 2010)
BBISICHEHO, YTO COCTaB HAHOYACTHIl 3€MHA C KypPKyMHHOM OCTaBaJICsl CTAOWJIBHBIM B
TeUeHHE 3 MECSLEB MPU XpaHEeHUU B TeMHOTE. CTaOMIBHOCTD HE OLIEHUBAJIH B TEUCHHE
JUTMTETILHOTO TEepHOJa WM B MPUCYTCTBUU CBETA, YTO OBLIO OBl OYCHb Ba)KHO HM3-3a
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(hOTOUYBCTBUTENBFHOCTH aKTUBHOTO coequHeHus. Lai and Guo momyynin HaHOYaCTULBI
3erHa, COfICpIKalllie aKTHBHBIC BEIIECTBA, TAKHE KaK S-ropanni, TUMOJ U KapBaKkpod,
1 00HaAPYKMJIH, YTO COCTaBbl, Xpansauecs npu 20 °C, 1aroT 0caXXAeHNE U arperauio
gepe3 2 u 6 mecstes xpanenus (Sun C. u ap., 2016). OmHako HAHOYACTHUIIEI, XPAHSIIIAECST
pu 6 °C, ocTaBaJIUCh CTAOMIIBHBIMU B TEUCHHE TEX KE NEPHUOI0B BPEMEHHU.

3erH MOABEpPrald TEPMHUUECKOH 00pabdOTKe B TEPMOCTATHUECKOM BOISHON OaHe
nepes CAHTE30M HaHOYACTHIL, UCTIONB3Ys pa3IMYHbIE YCIOBUS BPEMEHH U TEMIIEPATyPhI,
YTOOBl H3MEHUTh XapaKTepUCTHUKHM MaTepuajlla M TIOBBICUTH €ro TeMIepaTypy
nenarypaiuu (Selling G. u ap., 2007). Hactuiibl 3euHa, MOJIydYeHHbIC TIPU 00pabOTKE
mpu 75 °C B TedeHue 15 MUHYT, UMEIH MEHBITUN CPEIHHUN qUaMETp U Ooiiee HU3KHI
HHJIEKC MONUANCIepcHOCTH. OTHAKO ITPH UCTIONB30BAHUH 001 ATTUTEIbHBIX IEPUOOB
BpEMEHH 1 OoJiee BEICOKMX TEMIIEPATyp CPEAHUM JHaMeTp U HHAEKC ITOJIMANCIEPCHOCTH
HaHouacTul yBenanuuBaiuck. (Cabra V. u np., 2006) nccrnenoBaiy BIUSTHUE TEMIIEPATYP
B unTepBaie 25—70 °C Ha BTOPUYHYIO U TPETHUHYIO CTPYKTYPHI 3€HHA.

KoMmro3umnmonHueie HAHOYACTHIIBI OOBIYHO TIONYYAlOT IyTeM J00aBIEHHUS BOTHO-
3TaHOJIBLHOI'O PACTBOPA 3€MHA B BOIHBIN pacTBOp Ouononumepa. B Takux KoMIo3UTHBIX
YacTULAX SAPO 3€MHA OOBIYHO OKPY)KEHO CJI0eM OMoIoimMepa WIN IMOJMMEPHOTO
[IOBEPXHOCTHO-aKTUBHOIO BEIIECTBA, TZI¢ BO BPEMsl OCAXKICHHS aHTHPACTBOPUTEIEM
3eMH CHayaja oOcCakgaercsi ¢ 00pa3oBaHMEM HAHOYACTHI, a 3aTeM OHOIOIMMED
MPUKpPEIUIsieTcss K IMOBEPXHOCTH YACTHIl TMOCPEACTBOM IIEKTPOCTATHUECKHUX HIIU
ruipooOHbIX cuil. C APYroil cTOPOHBI, BO BpeMs OBICTPOM MU Qy3UH HCTIOTB3YIOTCS
HEOOJBITTE MOJIEKY/IBI MTOBEPXHOCTHO-aKTHBHOTO BemiecTBa (Hampumep, Tween 20),
B3auMmozelcTeue 3euH-IIAB u kommekcooOpazoBaHue HPOUCXOAAT 10 OCAXKICHHS
3erHa, 1 KOMIUIEKChI 3enH-1T1A B arperupytor c oOpazoBaHiEeM KOMIIO3UTHBIX HAHOYACTHIL
(Farag Y. u ap., 2011). Dta cTparerus noay4eHus: KOMIO3UTHBIX HAHOUACTHL] HA OCHOBE
3erHa paboTaeT TOJIBKO JUIs BOIOPACTBOPUMBIX OMOIIOIMMEPOB MM TOBEPXHOCTHO-
AKTHBHBIX BEIICCTB.

OnHako CyIIECTBYeT TaKXe€ MHTEPEC K IOJIYYEHHIO KOMIIO3UTHBIX HAaHOYACTHIL
3eMHa C HEPacCTBOPUMBIMH B BOJE COCAMHEHUSMH, TAKUMH KaK IPUPOAHBIC CMOJIBI
mresuiak ¥ kauugois (To ects konodonus). Llemnak SBiseTcst OYMIICHHBIM POAYKTOM
W3 HaTypaJbHOTO Marepuana JlaK, KOTOPBIHA BBIIENSETCS MapasuTHIeCKUM HACEKOMBIM
Kerria Lacca. DTo ciokHasi cMech CIOXKHBIX 3(QUPOB M CIOXKHBIX HOIAIPHUPOB
MHOTOaTOMHBIX KucioT. OH umeer craryc GRASS w wucmomb3yercs B MHIIEBOM
IIPOMBIIUIEHHOCTH B KQUE€CTBE ITOKPBITHUS AJISI IUTPYCOBBIX WIIM KOHAUTEPCKUX U3EITUH
(McKeon L. u ap., 2014). Karuons moiay4aroT U3 o1eope3nHbl COCHbI. OH COCTOWT B
OCHOBHOM M3 CMOJISIHBIX KHCIIOT (90 %), KOTOpbIE NPEACTaBISIOT COOOH JUTEPIICHOBLIC
MOHOKapOOHOBBIE KHUCJIOTBL. OH IIMPOKO HCHONB3YyeTCS B MPOMBIIUICHHOCTH B
KauecTBe KOMITOHEHTA JIaKOB, aJIF€3MBOB HWIIM JIeKapCcTBEHHBIX NOKpbITHI (Chen H.
u np., 2014). U memnak, 1 kKaHUQOJIb HEPACTBOPUMEI B BOJIC U XOPOILIO PACTBOPHMBI
B KOHLEHTPHUPOBAHHOM BOAHOM O3TaHoje. Hackombko HaM H3BECTHO, IOIyuY€HHE
KOMIIO3UTHBIX HAHOYACTHL 3€MH/IIEJIIAK M 3€MH/KaHU(OJIb O HACTOSALIETO BPEMEHH
HE HUCCIICI0BAIIOCE.

Kpome Toro, noGaBneHue Broporo Ouomonmmepa W 00Opa3oBaHHE KOMIO3MTHBIX
HAHOYACTHI[ MOXKET YyIy4lmHuTh 3()(EKTHBHOCTh HWHKANCYISIUA W JTUHAMHUKY
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BBICBOOOXKIEHNSI AKTMBHOIO COE€NMHEHHMS u3 HaHodacTul. CTaOWJIBHOCTH W/WIN
PaCTBOPUMOCTh KOMITO3UTHBIX HAHOYACTHI[ MOXHO PEryJIHpOBaTh MyTEM BbIOOpa
TTOXO/ISIIIeH KOMOWHAIIMY U COOTHOIIIEHUST OMOTIOIMMEPOB.

B cBs131 ¢ BBITIIEH3I0KEHABIM, B pa00TE MPEACTABISUT HHTEPEC U3yUCHNE KOJITONTHO-
XUMHYECKUX CBONCTB KOMITO3UTHBIX HAHOYACTHII 3€WH/KaHU(DOITb.

IKCIEePUMEHTANbHAS YaCTh.

Jlucriepcun COCTaBHBIX 4YacTUI[ 3€MHA /KaHU(OIU TPU Pa3IMYHOM MACCOBOM
cooTHoIIeHnu Z/R u nipu pa3ubix 3HaYeHusx pH nokasanbel Ha pucyHke 1.

Pucynok 1. Jlucriepcin HaHOYACTHI] KOMITO3UTHOTO 3eMHA/KaHU(OIN Pa3INYHOIO OTHOLICHUS Macce
(1/0, 0,8/0,2, 0,5/0,5, 0/1) npu pasnom pH (2-12)

ITomo6HO AucTepcHsaM 3eHWH/IICIUTAK, TUCTICPCHH 3eHHA/KaHU(OIN MYyTHBIC, €CIIH
YaCTHIIBI HE OCAXKIAIOTCS WIIN HE PACTBOPSIOTCSA. MOXKHO YBUIETb, UTO TIPY YBETHICHUN
JIOJTA KaHU( O YaCTHUITHI 3eMHA/KaHU(POIN PaCTBOPSIOTCS TIpH Oojiee HU3KoM pH, Tme
gacTuIel B cootromenuu 1/0, 0,8/0,2 u 0,4/0,6 pacTBopsroTCs, BU3yainsHO, Tipu pH
11, 10 1 8 cOOTBETCTBEHHO. AHAJIOTHYHBIM 00pa30M, TOYKa HYJICBOTO 3apsiaa YacTHI]
3erHa/KaHNn (O YMEHBIIAETCS MTPH YBEITMICHNHN TOAHU(OIH, O UeM CBHJIETENHCTBYIOT
W3MEpeHHs /3€Ta-TMIOTEHIHANa, TOATBEPKIACHHbIE BHU3YyaJbHBIMUA HAOIIOACHUIMA
(pucyHok 1 m pucyHok 2). [loarotoBicHHBIC TUCIIEPCUU 3eWHA/KaHU(OIH COAEepKaT
HaHOpa3MepHbIE YAaCTHUIIBI, B KOTOPHIX KOMITO3UTHBIE HAHOUACTHIIHI 3eMHAa/KaHU(OIN
OKa3aJINCh HAMHOTO MEHBIIIC HAHOUACTHUI] YHCTOH KaHU(pOIN (pPUCYHOK 20).
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Pucynok 2. Bmusane pH Ha n3era-noteHnnan (A) u pasmep gactui (B) KOMITO3UTHBIX HAHOYACTHIL
3enn/kannonb (Z / R) ¢ pasnmuaabiM MaccoBbiM cooTHomerneM Z / R (1/0, 0,8 /0,2, 0,4 /0,6 u 0/ 1)

JnsiynaneHusaTaHoIan3 Cy ClIeH3 MM HAHOKACITYJ HCIIOIb30BANIN YIBTPa(QUIBTPALHIO.
Ha pucynke 3 mokazaHo BiusiHue pH Ha n3eTa-moTeHIMaN HAHOYACTHIL 3€MHA JI0 H
nocye ynsrpaguiasTpauui. MoXKHO HaOMIOAaTh, YTO J3€Ta-MOTEHINAT HAHOYACTHIL 10
u nocye ynsrpaduisTpanun onuHaxkos pu pH 5, 7 u 8. AGCOMOTHBIN A3eTa-MO0TeHINAT
OTGWIBTPOBAHHBIX HaHo4yacTull mpu pH 9 HeMHOro BhIIE MO CPAaBHEHUIO C J3€Ta-
MOTEHIUAIOM J10 puabTpaun. [Ipyu BEICOKOM KUCIOTHOM (3 1 4) U BBICOKOM LIEIOYHOM
pH (10) abcontoTHOE 3HaYEHHUE J3€Ta-MOTEHINANA OTQHIBTPOBAHHBIX HAHOYACTHIL HA
10-20 MB BbImIe, yem 3HaYeHHWH HAHOYACTHIL mepel, GUIIbTpanueil. ITH pe3yIbTaThl
MOKa3aJk, YTO MPOLECC YAbTPa(QUIBTpallii HE BIUSET HA M302JIEKTPUUYECKYIO TOUKY
HAHOUYACTHUI] 3€MHA, B TO BPEMsI KaK JIEKTPOCTATHUECKAs CTAOMIM3aLUs YIIyUIlIaeTcs
MIPU BBICOKOKHCIIOTHOM WJIM BBICOKOOCHOBHOM pH.
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Pucynok 3. Bansuue pH Ha J3eTa-noTeHINan HAHOYACTHI 3€MHa 10 U T10CIe YIbTpaduiIbTpanin
Ha pucynke 4 mokazano pacnpeaeneHne HHTCHCUBHOCTH 110 pa3Mepy HAHOYACTHIL
3enH/kanndonp mpu MaccoBoM cootHomennn 0,8/0,2. bumonanpHOe pacripenenenne

o pa3mepam Haomonaetcst ipu pH 3, 4 u 7 (pucyHoK 4 cieBa) © MOHOMOAQIBHOE TIPH
pH 8, 9 u 10 (pucynok 4 cripasa).
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Pucynok 4. Pacnpenenenue HHTEHCHBHOCTH I10 pa3Mepy HAHOYACTHIL 3¢HH/KaHU(OIb IPH MaCCOBOM
coornomenun 0,8/0,2 mpu pa3HbIX 3Ha9eHMsIX pH

Pacrnipenenenue HaHOUACTHIL ITO OOBEMY KOMITO3UITHH 3¢HH/KaHU (OB TPH MACCOBOM
cootrorrenuun 0,8/0,2 mokazaHo Ha pucyHke 6. OObeMHOE paclpeleiCHue SBISETCS
OMMOoIaIbHBIM IpH BeeX 3HaueHusX pH, kpome pH 9 u 10. bBumonanpHOE pactipesieneHue
YKa3bIBaeT Ha MOBBIMICHHYIO (UIOKYIISIIIMIO HaHOYaCTHUIl, Korna pH npubnmxkaercs k pl.
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Pucynok 5. O6bemMHOe pacnpe/iesieHie HaHOJaCcTHI] HAHOYACTHI] 3eHH/KaHU(OIb IPH MaCCOBOM
cooraomenun 0,8/0,2 0,8 /0,2 mpu pa3HbIX 3HAUeHUsIX pH

Ha pucyHke 6 moka3aHbl MHTCHCHBHOCTBH (ClieBa) U OOBEMHOE pacHpelesicHUe
HaHouactul, 3eun/kanudons 0,5/0,5. Pacnpenenenne mo pasmepam  SIBISiETCS

6I/IMOI[3J'H)HI>IM IpU BCEX 3HAUYCHUAX pH
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Pucynok 6. MHTeHCHBHOCTS (cjieBa) U 00beM (CITpaBa) rPaHyIOMETPUICCKOTO COCTaBa HAHOYACTHIL
3enn/kannosb npu cootHommenuu 0,5/0,5

Ha pucynke 7 moxazaHO pacmpezefieHHe WHTEHCHBHOCTH (cieBa) M oObeMa 110
pasMepy HaHOYaCTHIl 3euH/KaHu(poib mpu cootHomenun 0,4/0,6. PacnpenencHue
[0 pa3Mepam SIBIIeTCS OMMOAAIBHBIM MpHU Beex 3HadeHusx pH. IIuk mpu MeHbpImx
pa3Mepax 4acTul JOMUHUPYET B pacIpeie/ICHUsIX IpU BcexX 3HaueHusx pH.
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Pucynok 7. VHTeHCHBHOCTS (ci1eBa) M 00BbEM (CIpaBa) TPaHyIOMETPUIECKOTO COCTaBa HAHOUACTHUI]
0,4 / 0,6 npu pasnuunbix pH

Bnusinue pH cycnensum Ha q3eTa-moTEHUMAN HAHOYACTHIL 3€MH/IIEIUIAK U 3€UH/
KaHU(OJIb TOKa3aH Ha pHCYyHKEe §. Bce KOMIO3UTHbIE HAHOYACTHLBI 3apsKCHBI
nonoxkutenbHo (30-45 MB) ipu pH 3 u pH 4. Ilpu pH 4 n3eTa-noTeHnnan HaHOYACTHIT
3eMH/IIENJIaK  BBILIE, YEM J3€Ta-MOTEHIMAl HAHOYACTHULl 3€MH/KaHU(OIb MPU TOM
K€ MaccOBOM COOTHOILICHHM 3euH/cMoiia. YeM BBIIIE J0JII CMOJIBI B KOMIO3MTHBIX
HAHOUYACTHLAX, TEM HUXKE JA3€Ta-IIOTEHIHAI I 00EHX CMOJ.
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Pucynok 8. JI3eTa-moTeHnnai KOMIIO3UTHBIX HAHOYACTHII 3CHH-TIIEIUIaK ZS 1 3euH-kaHudoab ZR

J3eTa-noTeHnMan HAaHOYACTHUI[ 3C€WH/IIENIaK W 3¢HH/KaHU(OJb YMEHBIIACTCS
npu ysenuuenuu pH cycnensuu. [Ipu pH Bbie 6 Bce KOMMO3UTHBIE HAHOYACTHIIHI
3apsKeHbI OTpHIaTeNIbHO (pUcyHOK 8). B nuamazone pH 7-10 HaHouacTHIbl 3eWH/
HIeJUIaK 3apspKEHBI OOJIbINe, YeM HAHOYACTUIIbI 3€HH/KaHU(OIb.

MzosnexTpudeckyro Touky (pl) HaHOYACTHI] ompenemsiin mo KpuBoi pH, rme mx
Ji3eTa-TMOTeHIINaJ paBeH Hylio. pl cmemaeTcs B cTOpoHy oHMkeHus pH ¢ yBenuuennem
JIOJIA KaKAOH CMOJIBI B KOMIIO3UTHBIX HaHOYacTHIAX. pl HaHOYACTHIl 3€MH/KaHU(OIIb
HUWKE, yeM pl HaHOUaCTHI[ 3eHMH/IIEIUIAK, JJIsl TOTO K€ MacCOBOTO COOTHOIICHUS 3€UH/
cMoJa.

3ak/rouenme

Ha ocHoBaHnuM mnpoBeNEHHBIX HcCclenoBaHUM BiaugHus pH Ha KoJIOMAHO-
XMMUYECKHE CBOMCTBA KOMITO3HTHBIX HAHOUYACTHI] 3€HH/KaHH(OIb MOXKHO CleNaTh
CJIETYIOIIHE BBIBOJIBI:

B crarpe ObuTO MccnenoBaHo BiusiHME pH Ha KOJUTOMIHO-XMMHUYECKUE CBOWCTBA
OMOTIOIMMEPHBIX HAHOYACTHIL 3eMHA ¢ KaHU(onblo. BwisiBieno, yro npu pH 4 n3era-
MOTEHIIMAJ HAHOYACTHUI] 3€HH/IIeJUIaK BBIIIE, YeM JI3eTa-IOTEHIIMAal HAHOYACTHI 3€HH/
KaHU(OJIb IIPH TOM e MaCCOBOM COOTHOIICHUH 3eMH/cMoa. UeM BhbIIIe 10JIs1 CMOJIBI B
KOMIIO3UTHBIX HAHOYACTHUIIAX, TEM HUKE J13€Ta-TIOTEHIHAN Il 00CHX CMOI.

BrsiBrieHo, 4TO Iporiece ynbTpaguiIbTpaui He BIUSIET Ha H30IEKTPHUYECKYI0 TOUKY
HAHOUYACTHUI] 3€MHA, B TO BPEMsI KaK AJIEKTPOCTATHUECKAs CTAOMIM3ALUS YIyUIlaeTcs
IIPH BHICOKOKUCIIOTHOM MJIM BHICOKOOCHOBHOM pH.

[MomoOpanbl ONTHMaNbHBIE YCIOBHS MOJTYYEHUS KOMIIO3UTHBIX HAHOYACTHI] M
ONTHUMAJIBHBIH COCTAB KOMIIOHEHTOB: KOMIIO3UThI HaHO4YacTHIl 2 % 3erHa /KaHU(OIIb
C OTHOIIeHHEeM Macchl 3euHa/kanudonas 0,8/0,2 u 0,5/0,5 spnsrorcs Hambosee
crabunpabiME ipu pH 3 1 pH 8. KoMrio3unnonHbie HaHOYACTUIIBI 3eMHA /KaHU(OIb C
Mmaccoit <0,4/0,6 He MOTYT OBITh ITOJyYSHBI W3-32 YPE3MEPHOTO OCAKICHUS BO BpeMs
00pa30BaHusl HAHOYACTHII.
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