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KAWMBIFBIMABIABIK, KOFPBI
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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»
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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.
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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)

REFERENCES

Novodzhambul phosphorus plant, 2021 - Novodzhambul phosphorus plant, http://www.kpp.kz/stru_
podr/ndfz/. Access date 07/21/2021 (in Russ.)

Arystanova S., 2018 - Arystanova S. Development of a technology for the extraction of sorbents from
natural mineral raw materials for the purification of phosphorus-containing sediments [Fosforquramdas
slamdard1 tazalaw iisin tabigi mineraldi sikizattardan sorbentterdi alw texnologiyasin jasaqtaw]. Diss.
6D072000 Chemical technology of inorganic substances, 152. (in Kaz.)

Handbook of Best Available Techniques for the Production of Inorganic Chemicals, 2021 - Handbook
of Best Available Techniques for the Production of Inorganic Chemicals, Nur-Sultan, 625 (in Russ.)

Complex compounds in catalysis. Proceedings of IOKE, 1980 - Complex compounds in catalysis.
Proceedings of IOKE, Almaty, Science of the Kazakh SSR, 144 (in Russ.)

185



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Dorfman Ya.A., Yukht .M., Levina L.V., Polimbegova G.S., Petrova T.V., Emelyanova V.S., 1991 -
Dorfman Ya.A., Yukht .M., Levina L.V., Polimbegova G.S., Petrova T.V., Emelyanova V.S. Oxidation of
phosphine and arsine by metal complexes, free and bound oxygen, Usp. chem. 60, 6: 190-1228 (in Russ.)

Polimbetova G.S., Borangazieva A.K., Abdreimova R.R., Akbaeva D.N., Ibraimova Zh.U., Bugubaeva
G.0., 2016 - Polimbetova G.S., Borangazieva A.K., Abdreimova R.R., Akbaeva D.N., Ibraimova Zh.U.,
Bugubaeva G.O. The kinetics and mechanism of phosphine oxidation by oxygen in solutions of copper (I,
1I) complexes, Proceedings of the National Academy of Sciences of the Republic of Kazakhstan. Chemistry
and Technology Series, 4(418): 42-47(in Russ.) https://journals.nauka-nanrk.kz/chemistry-technology/
issue/view/297

Ibraimova Z.U., Polimbetova G.S., Borangazieva A.K., Itkulova S.S., Boleubaev E.A., 2021 - Ibraimova
Z.U., Polimbetova G.S., Borangazieva A.K., Itkulova S.S., Boleubaev E.A. Catalytic purification and ways
for utilization of furnace gas of phosphorus production, Reports of the NAS of the Republic of Kazakhstan,
5,339: 136 — 143. https://doi.org/10.32014/2021.2518-1483.92

Polimbetova G.S., Abdreimova R.R., Borangazieva A K., 2007 - Polimbetova G.S., Abdreimova R.R.,
Borangazieva A.K. Catalytic processing of phosphorus and wastes of the phosphorus industry, Proceedings
of the National Academy of Sciences of the Republic of Kazakhstan. chemical series, 2(362): 6-9 (in Russ.)

Ning Ping, Hans-Jorg Bart, Wang Xueqian, MaLiping, Chen Liang, 2005 - Ning Ping, Hans-Jorg Bart,
Wang Xueqian, MaLiping, Chen Liang. Removal of P,, PH, and H,S from Yellow Phosphoric Tail Gas by a
Catalytic Oxidation Process, Strategic Study of Chinese Academy of Engineering, 7, 6: 27-35.

Jiacheng Bao, Xialing Wang, Kai Li, Fei Wang, Chi Wang, Xin Song, Xin Sun and Ping Ning, 2020
- Jiacheng Bao, Xialing Wang, Kai Li, Fei Wang, Chi Wang, Xin Song, Xin Sun and Ping Ning. Reaction
Mechanism of Simultaneous Removal of H,S and PH, Using Modified Manganese Slag Slurry, Catalysts,
10(1384), doi:10.3390/catal 10121384

Kabulov A.T., 2015 - Kabulov A.T. Technology for producing composite carbon-containing materials
based on carbon raw materials from Kazakhstan [Tekhnologiya polucheniya kompozitsionnykh
uglerodsoderzhashchikh materialov na osnove uglerodnogo syr'ya Kazakhstana], PhD thesis, Almaty, 114
(in Russ.)

Rakitskaya T.L., Ennan A.A., 2012 - Rakitskaya T.L., Ennan A.A. Phosphine. Physicochemical
properties and practical aspects of capture, Odessa, Astroprint, 208 (in Russ.)

Gagieva F.A., 2014 - Gagieva F.A. Intensification of sorption extraction of rhenium, molybdenum and
tungsten ions from aqueous solutions of complex composition: PhD thesis, Vladikavkaz, 177 (in Russ.)

Starikova E.Yu., Feiler L.A., 2020 - Starikova E.Yu., Feiler L.A. Protective phosphate coatings of
metals, Bulletin of the Kuzbass State Technical University, 6: 46-50 https://dx.doi.org/10.26730/1999-
4125-2020-6-46-50

Sandu, Andrei Victor & Bejinariu, Costica & Nemtoi, Gh & Vizureanu, Petrica & lonita, Iulian &
Constantin, Baciu, 2013 - Sandu, Andrei Victor & Bejinariu, Costica & Nemtoi, Gh & Vizureanu, Petrica
& lonita, Iulian & Constantin, Baciu. New Anticorrosion Layers Obtained by Chemical Phosphatation.
Revista de Chimie -Bucharest- Original Edition, 64: 825-827 http://www.revistadechimie.ro

Koshkarbaeva T. Sh., Nauryzova S.Z., Sataev M.S. and Tleuova A.B., 2012 - Koshkarbaeva T. SH.,
Nauryzova S.Z., Sataev M.S. and Tleuova A.B. Low-temperature Gas-phase Metallization of Dielectrics,
Oriental journal of chemistry, 28, 3: 1281-1283

Kolb H. C., Finn M. G. and Sharpless K. B., Angew, 2001 - Kolb H. C., Finn M. G. and Sharpless K.
B., Angew. Chem. Int.1 Edit., 40 (11): 2004-2021.

Ugorets M.Z., Shalayeva T.S., Pivovarova P.S., 1989 - Ugorets M.Z., Shalayeva T.S., Pivovarova P.S.
Electrolysis of powdered inorganic materials in an aqueous environment, Alma-Ata, 213 (in Russ.)

Tomilov A.P., 1989 - Tomilov A.P. Intensification of electrochemical processes, Collection of scientific
works, Science, 213 (in Russ.)

Chemist's Handbook, 1964 - Chemist's Handbook. Leningrad department, 3, 1008 (in Russ.)

Antropov L.1., 1984 - Antropov L.I. Theoretical electrochemistry, Higher School, 519 (in Russ.)

186



Volume 3, Number 456 (2023)

MA3MYHBbI

A.B. AdapaxmanoBa, A.H. CaduroBa, H.M. OmapoBa

JINTUN-UOH]IbI AKKYMVJISITOPJIAPFA APHAJIFAH DJIEKTPOJIMTTIK XXYMEJIEPTE

TITOJTY .ttt bbbttt et a ettt ettt 7
C. AT, K.K. Tinendepren, ¥. Cynrandex, M. )Kypsinos, A.®. Mudraxosa

a—CAHTOHMHHBIH, Pt SJIEKTPOABIHIAA 5TAHOJI )KOHE AIETOHUTPUJIJII OPTAJTIA
SJIEKTPOXUMMAJIBIK TOTBIFYBIH 3EPTTEV......coiiiiiiiiiiceeccee e 22
P.C. Anubexos, I.J. OpsimoeToBa, M.K. KacsimoBa, 3.M. OpbimbeToB, K. A. Agui

VBIT KOCBUIFAH KAMHATBUIFAH ILIIYXKBIKTBI OHIIPY KE3IHE KAVYIIITI

DAKTOPITAPIBI TATIITAY......oiiiiiieieeeeeeeeee ettt st 37
M.J. JayaeroBa, A.K. YmGeroBa, I.1Ll. Bypamesa, M.HU. Yaynxapu, H.I'. 'emex:kueBa
ATRAPHAXIS VIRGATA, ATRAPHAXIS PYRIFOLIA TEKTEC ©CIMAIK TYPJIEPIHIH
MUHEPAJIJIBIK KYPAMBI MEH ILIBIHAWBLIBIFBIH CAJIBICTBIPMAJIBI 3EPTTEV..................... 50
C.[. Ay3enbaeBa, b.A. Kacenona, 3.C. AxaroBa, C.P. Konycnaes

JKYH MAVIBIHBIH KYPAMBIHA KIPETIH MAM KbIILIKbLIJIAPBIH TAJIJIAY XXOHE

M. Kbuikbioexk, T.C. BaiiszkymanoBa, C.A. Tynraraposa, M.K. Epkuéaesa, I.I. Kcanony.io
METAHHBIH, TEPEH, TOTBIF YBIHIAFbBI OKCUATI KATAJIM3ATOPJIAPBIHBIH BEJICEH/II
KOMITOHEHTIHIH, ®A3ACBIH T¥PAKTAHABIPY 3AHABIJIBIKTAPDBL.......cc.covievieiieiieiieiieiecieie, 71
E. Uxcanos, 1O. llleBeneBa, 10. JIMTBUHEHKO

DATURASTRA MONIUM-HBIH KEMBIP KOCBIJIBICTAPBIH JXOHE BAKTEPUITATIK
BEKEHIIJTITTH BEPTTEY.....oiiiitiitietietieieteieie ettt ettt ettt ve et ettt ess s asessesaaeaaesseseessensessensens 84
IH. Kanimaraesa, I.®. CarutoBa, B.U. Tpycos, C.A. Cakudaesa, /I./l. Acbli10eKk0Ba,

M.M. A6audaeBa

PETEHEPATTBIH PE3MHA KOCITAJIAPBI MEH OJIAP/IbIH, BYJIKAHN3ATTAPBIHBIH

KACHETTEPIHE OCEPL.......ooiiitiitictieieieteeeet ettt ettt ettt ettt estess s abesaesasesaesseseessessensensens 96
M.K. KacbimoBa, P.C. AnmnéexoB, A.JK. Uman6aes, .. OpsiméeroBa, M. AnTaeBa
BETUMHA TEXHOJIOTUACBIHIA XKXUIEHI KOJIJTAHY......ooiiiiiiiieiieieeeeeteeeeee e 105

A.K. Koii:kanoBa, A.H. bakpaeBa, M.b. EpnenoBa, /I.P. Maromenos
KA3AKCTAHHBIH, BAJTJAHCTAH ThIC MbIC KEH OPBIHAAPBIH T'MAPOMETAJITY PI'MAJIBIK

OHAEYAIH TUIMIITITTH BEPTTEY.....iiiiiiieietee ettt ae e snae e es 117
O.B. Po:xkoBa, My3abioaeBa L.A., K.b. Myca6ekos, /[.M-K. U6paumosa, B.U. Poxxkos,

M.T. Epmexos

TABUTUN HAHOKYPbIUJIbIMIBIK BEJICEH/II MUHEPAJIJAP-BEHTOHUTTI 3EPTTEY

AFBIHBI CYJIAPIABI TABAPTY YILIH.....coioiioiieeiieeeeetiee ettt 138

93.T. Taararos, @.Y. Byxap6aeBa, A.M. Ken:keeBa, I.F. O0airanoaposa, T.A. Ay6akupos
OEHUJTAUETWIEHAI TUAPJIEYAELT TUTAH JMOKCUAI MEH MATHUTTIK TEMIP
OKCHJITHE OTBIPFBI3BUIFAH IMTAJUIA UM KATAJIM3ATOPTIAPBI: TACBIMAJITAYIIBIHBIH
OOTOKATAIIUTUKAJIBIK KACUETTEPIHIH OCEPL.......cciitiiieiieiieieieeceeeeeeeeee e 157
A.C. TykubaeBa, A. baemos, P.AG:xa/i0B, /I. Acbl10exoBa, A. EcentaeBa

KBIIKBIIT OPTAJIA ®OCOUHHIH, AHOATHI TOTBIFY ITPOLIECIHE MBIC (II)

HOHJIAPBIHDBIH, POJIL........couiiiiiiiiiieiieieieieeteete ettt ettt ettt et s seebeeaeessessessessesessesaeeseens 175
C. Typranbaii, C.b. Aiinaposa, K.b. MycadekoB, A.b. UcaeBa, /I.A. AprumbaeB

HNOH/IBIK XXOHE MOHCBI3 BETTIK AKTUBTI 3ATTAPBIH KYKIPT BETIHE

TKEEY OCEPL....oiieiieieeeeee ettt ettt et ettt et et e e teebeeseese e st ess e s e beeseeaeessassensessessessesaeeseens 187
A.A. lllapunosa, A.b. Ucaesa, 51. Katona, A.A. ba6aes, .M. MaabioexoBa, P. CapcemOexoBa
3EMH/KAHU®OJIBATH, KOMITO3UIUSJIBIK HAHOBOJIIEKTEPIHIH,

213



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

COIAEP)KAHHUE

A.B. AdapaxmanoBa, A.H. Cadurosa, H.M. OmapoBa

OB30P HA DJIEKTPOJIMTHBIE CUCTEMBI L4 JINTUHA-MOHHBIX AKKYMYJISITOPOB............. 7
C. AiiT, K. K. Tuaendepren, ¥. Cyarandex, M. )Kypunos, A.®. Mudpraxosa

NCCJIIEJOBAHUE DJIEKTPOXNUMUYECKOI'O OKUCJIEHUA a-CAHTOHUHA

HA Pt-DJIEKTPO/JIE B CPEJIE DTAHOJIA U ALUETOHUTPUITA......cooiieiieieieeeeeeeeeeee e 22
P.C. Anubexos, I.J. OpsimoeToBa, M.K. KacsimoBa, 3.M. OpbimbeToB, K. A. Agui

AHAJIN3 OITACHBIX ®AKTOPOB ITPU IIPOM3BOJICTBE BAPEHO! KOJIBACHI

C JOBABJIEHUEM COJIOA ... .oooiieieeieeie ettt ettt et te e st ssaessaessaesseeseessaenseenseensaesaenssennns 37
M.A. JayaeroBa, A.K. Ym0etoBa, I.111. Bypamesa, M.l Yaynxapu, H.I'. l'emexxueBa
CPABHUTEJIBHOE M3YUEHUE MUHEPAJIBHOI'O COCTABA 1 JIOBPOKAYECTBEHHOCTU
PACTEHUI POIA ATRAPHAXIS VIRGATA, ATRAPHAXIS PYRIFOLIA. .........ooveeeeeeeeeeeeeeeeeeeeeeen 50
C.[. Ay3enbaeBa, b.A. KacenoBa, 3.C. AxaroBa, C.P. Konycnaes

AHAJIN3 )KUPHBIX KUCJIOT, BXOAAIINX B COCTAB LIEPCTHOI'O JKXUPA

M UX OBCYIKIEHUE.........oiiiieeee ettt ettt et et e e e e eeaaeesaesstesseessaenseesseeseensaens 61
M. Ksbuikbioex, T.C. BaiiszkymanoBa, C.A. Tynraraposa, M.K. Epkuéaesa, I.I. Kcanony.io
3AKOHOMEPHOCTU CTABUJIN3ALINN ®A3bl AKTUBHOI'O KOMITOHEHTA OKCH/IHbBIX
KATAJIN3ATOPOB B IJTYBOKOM OKUCJIEHUM METAHAL........cciiiieiieieeieeeeeeee e 71
E. Uxcanos, 0. llleBeneBa, 10. JIUTBUHEHKO

N3VUYEHUE HEKOTOPBIX COEJVMHEHUIN 1 BAKTEPULIMTHOM AKTUBHOCTH

DATURASTRA MONIUM.........ccooeoeeeeeieeeeee et sttt este et ete e aesstaesaessaesssessaesseenseesaenseensaansesssesnsenseas 84
IH. Kanmaraesa, I.®. CarutoBa, B.U. Tpycos, C.A. Cakudaesa, /I./l. AcbL10eKk0Ba,

M.M. A6audaeBa

BJIMSIHUE PETEHEPATA HA CBOMICTBA PE3MHOBBIX CMECEN 1 UX BYJIKAHU3ATOB......96
M.K. KacbimoBa, P.C. AnmnéexoB, A.JK. Uman6aes, [.9. OpsiméeroBa, M. AnTaeBa
HCTIOJIB3OBAHME JIXKUJJA B TEXHOJIOTU BETUMHDBIL..........cociiiiieiieieeeeeeeeeeeee e 105
A.K. Koii:kanoBa, A.H. bakpaesa, M.b. Epnenona , /I.P. Maromenos

UCCJIEJOBAHHUE YO®EKTUBHOCTU I'MIPOMETAJIYPTUYECKOM ITEPEPABOTKU

3ABAJTAHCOBBIX MEJHBIX MECTOPOXIEHNI KABAXCTAHA .......ooooeeoeeeeeeeeeeeeereeeeeeeeee 117
O.B. Po:xkoBa, L1I.A. My3abi6aeBa, K.b. Mycadexos, /I.M-K. Uopaumosa, B.U. Po:xkos,

M.T. Epmexos

NCCIEJOBAHUE AKTUBUPOBAHHBIX I[TPUPOJJHbIX HAHOCTPYKTYPHbBIX MUHEPAJIOB-
BEHTOHUTA UCIIOJIB3YEMBIX JJJIAA OUUMCTKU CTOYHBIX BO/......ccveiieieieieeeeeeeee. 138

93.T. Taararos, @.Y. Byxap6aeBa, A.M. Ken:keeBa, I.F. O0airanoaposa, T.A. Ay6akupos
AJUIAJIMEBBIE KATAJIU3ATOPBI, HAHECEHHBIE HA JIMOKCUJ] TUHTAHA Y MATHUTHBIA
OKCHU XKEJIE3A, B TUIPMPOBAHUN ®EHUJIALIETUIIEHA: BJIMSIHUE
OOTOKATAJIUTUYECKUX CBOMCTB HOCHUTEIS.........ovooeveoveeveeeveeveseee e 157
A. Tykubaena, A. baewos, P. Ag:xkaios, /I. Acbli10exoBa, A. EcenTaeBa

POJIb MIOHOB MEJIH (II) B IIPOLIECCE AHOJIHOI'O OKUCJIEHM S ®OCOUHA B KUCJIOU

C. Typranoaii, C.b. AiinapoBa, K.b. Myca6ekoB, A.b. HUcaeBa, /[.A. Aprumbaen

BJIMSHUE NOHHBIX U HEMOHHBIX [TAB HA CMAUYNMBAHUE ITOBEPXHOCTH CEPBI.......... 187
A.A. lllapunoBa, A.b. HcaeBa, SI. Katona, A.A. bBadaes, .M. Majabi6exoBa, P. Capcem0exoBa
NCCJIEJOBAHME BIMSIHNA PH HA KOJUIOUIHO-XMMUYECKUE CBOMCTBA
KOMITO3UTHBIX HAHOUYACTHULL 3EMH/KAHUDOJID........c.ccieviivieiieiiiiieeieeieeteeieee et 199

214



Volume 3, Number 456 (2023)

CONTENTS

A.B. Abdrakhmanova, A.N. Sabitova, N.M. Omarova

A REVIEW ON ELECTROLYTIC SYSTEMS FOR LITHIUM-ION BATTERIES..........ccccovevveunnen. 7
S. Ait, Zh.Zh. Tilepbergen, U. Sultanbek, M. Zhurinov, A.F. Miftakhova

STUDY OF THE ELECTROCHEMICAL OXIDATION OF a-SANTONINE ON A

Pt-ELECTRODE IN ETHANOL AND ACETONITRILE MEDIUM.......c.cccooeniiniiieiiereereeeeeeienns 22
R.S. Alibekov, G.E. Orymbetova, M.K. Kassymova, E.M. Orymbetov, Zh.A. Abish

ANALYSIS OF HAZARDOUS FACTORS IN THE PRODUCTION OF BOILED

SAUSAGE WITH ADDED MALT.......oootiiiiitiitietieteete ettt ettt ettt se s sseeaesasessessessessesse s 37
M.D. Dauletova, A.K. Umbetova, G.Sh. Burasheva, M.I. Chaudhari, N.Zh. Gemedieva
COMPARATIVE STUDY OF MINERAL COMPOSITION AND GOOD QUALITY

OF PLANTS OF THE GENUS ATRAPHAXIS VIRGATA, ATRAPHAXIS PYRIFOLIA..........c...ccccocu...... 50
S. Duzelbayeva, B. Kassenova, Z. Akhatova, S. Konuspayev
ANALYSIS OF FATTY ACIDS INCLUDED IN WOOL FAT AND THEIR DISCUSSION................ 61

M. Zhylkybek, T.S. Baizhumanova, S.A. Tungatarova, M.K. Erkibaeva, G.G.Xanthopoulou
REGULARITIES OF STABILIZATION OF THE ACTIVE COMPONENT OF OXIDE

CATALYSTS IN DEEP OXIDATION OF METHANE........ccooiiiiitiitieieieieeiee ettt 71
Y. Ikhsanov, A.S. Shevchenko, Yu. Litvinenko

STUDY OF SOME COMPOUNDS AND BACTERICIDAL ACTIVITY OF DATURASTRA

MONIUDM........oooooooeeeeee ettt e e e e e e e e ettt s e e e e e e e e e e e e e e e e e e e e e e eeeeaesasssasatasnsnnnnns 84
G.N. Kalmatayeva, G.F. Sagitova, V.I. Trusov, S.A. Sakibayeva, D.D. Asylbekova,

M.M. Abdibayeva

THE EFFECT OF REGENERATE ON THE PROPERTIES OF RUBBER COMPOUNDS

AND THEIR VULCANIZATES. ..ottt ettt ettt ettt 96
M.K. Kassymova, R.S. Alibekov, A.Zh. Imanbayev, G. Orymbetova, M. Altayeva
USE OF JIDA IN HAM TECHNOLOGY......c.cctntmiiueiiinieieiienieieenieeeieitetse ettt ettt seenene e e 105

A. Koizhanova, A. Bakrayeva, M. Yerdenova, D. Magomedov

INVESTIGATION OF THE EFFICIENCY OF HYDROMETALLURGICAL PROCESSING

OF OFF-BALANCE COPPER DEPOSITS IN KAZAKHSTAN......cocoitiiterieteeieee e 117
0O.V. Rozhkova, Sh.A. Muzdybayeva, K.B. Musabekov, D.M-K. Ibraimova, V.I. Rozhkov, M.T.
Yermekov

RESEARCH OF ACTIVATE NATURAL NANOSTRUCTURAL MINERALS-BENTONITE

USED FOR WASTEWATER TREATMENT ...ttt ettt 138
E.T. Talgatov, F.U. Bukharbayeva, A.M. Kenzheyeva, G.G. Abdigapbarova,

T.A. Aubakirov

PALLADIUM CATALYSTS DEPOSITED ON TITANIUM DIOXIDE AND MAGNETIC IRON OXIDE
IN THE HYDROGENATION OF PHENYLACETYLENE: INFLUENCE

OF PHOTOCATALYTIC PROPERTIES OF THE SUPPORT........ccceeiiiiieiiieeieeeeeeee e 157
A. Tukibayeva, A. Bayeshov, R. Abzhalov, D.D. Asylbekova, A. Yessentayeva

THE ROLE OF COPPER (II) IONS IN THE PROCESS OF ANODIC OXIDATION

OF PHOSPHINE IN AN ACIDIC MEDIUM......ccooiiiiiiiiieieecieeie ettt eae e enees 175
S. Turganbay, S.B. Aidarova, K.B. Musabekov, A.B. Issayeva, D. Argimbayev

EFFECT OF IONIC AND NONIONIC SURFACTANTS ON WETTING

OF SULFUR SURFACE ...t oottt sttt et e aeesteeteesaeesaessaesssessaessseaseesseenseesseenseesseensesseas 187
A.A. Sharipova, A.B. Issayeva, J. Katona, A.A. Babayev, G.M. Madybekova, R. Sarsembekova
INVESTIGATION OF THE PH EFFECT ON THE COLLOIDAL-CHEMICAL PROPERTIES

OF COMPOSITE ZEIN/ROSIN NANOPARTICLES.......cotieoteiieeeeeeeeee et 199

215



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic
of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

IIpaBuna oopmiteHns cTaThy JUIS ITyOIHKAIIMK B )KypHAJIC CMOTPETh Ha CalTax:

www:nauka-nanrk.kz
http://chemistry-technology.kz/index.php/en/arhiv
ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

IToxmucano B reuats 30.09.2023.
®opmar 60x88'/,. bymara odcernas. [Neuars — pusorpad.
11,0 m.y1. Tupax 300. 3akas 3.

POO «Hayuonanvnas akademus nayx PKy
050010, Anmameot, yn. Lllesuenxo, 28, m. 272-13-19





