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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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THE KINETICS OF SELECTIVE HYDRAZINOLYSIS
OF MALEIC ACID ON THE ACID CATALYST

Abstract. For the first time, kinetics and the mechanism of the reaction of hydrazinolysis of maleic acid in the
presence of cation exchanger resin KU-2-8 in H-form have been studied. The experiments were carried out in a static
system in a thermostat glass reactor. It was found that cation exchanger shows high catalytic activity in the studied
process - maleic acid conversion was 93%, and maleic hydrazide yield was 90%. The conversion selectivity of
maleic acid to maleic hydrazide was 97,8%. The reaction rate was determined from the accumulation of maleic
hydrazide. The apparent reaction rate constant (k) was calculated from the second-order reaction rate equation. The
effect of initial concentrations of maleic acid and hydrazine hydrate, the temperature on the reaction rate was studied.
The first order of maleic acid and hydrazine hydrate is determined. Activation energy of the process found from the
Arrhenius dependence is 32,1 kJ/mol. On the basis of kinetic and IR spectroscopic methods, a probable reaction
mechanism involving polymer-bound hydrogen ions is proposed.

Keywords: maleic acid, hydrazinolysis, hydrazide, catalyst.

Introduction. Among biologically active derivatives of unsaturated 1,4-dicarboxylic acids,
substituted hydrazides of maleic, citraconic and fumaric acids having antimicrobial, fungicidal, herbicidal
activity occupy a special place [1-3]. For example, maleic acid hydrazide is used as a plant growth
regulator and an effective herbicide [4]. Maleic acid hydrazide is obtained by reacting maleic anhydride
with a hydrazine sulfate solution. A significant disadvantage of this method is the need to use a large
molar excess of maleic anhydride and concentrated sulfuric acid, the difficulty of separating the desired
product from solutions.

Recently, ion exchanger catalysts based on styrene and divinylbenzene copolymers [5-9] have been
successfully used in the synthesis of hydrazides of carboxylic acids. However, the kinetics and reaction
mechanism of the hydrazinolysis of unsaturated dicarboxylic acids in the presence of ion exchanger resin
is not clear.

The present paper studies the kinetics and mechanism of the reaction of maleic acid with aqueous
hydrazine on cation exchanger KU-2-8 using kinetic and IR spectroscopic methods.

Experimental part. The commercial synthetic cation exchange resin KU-2-8 was used as catalyst. The
cation exchange resin was conditioned and converted into H-form by a standard method [10,11].
Experiments are carried out in static conditions. In a three-neck round-bottom flask with a capacity of 250 ml,
equipped with a mechanical stirrer, a thermometer and a reflux condenser, 1 g (0,0086 mol) of maleic acid,
1,44 g (0,0288 mol) of hydrazine hydrate, 2 g of cation exchanger KU-2-8 in H -form, 16 g (0,889 mol) of
water are introduced. The reaction mixture is heated on a water bath, stirring for 2 hours at a temperature
of 343-368 K. The mixture was periodically sampled and analyzed. The analysis of maleic acid hydrazide
is carried out by the photocolorimetric method [12]. The melting point of hydrazide is 571-573 K. Its
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composition was determined by elemental analysis. For C4H4N,O, calculated, %: C 42,84; H 3,57;
N 24,99. Found , %: C 42,83; H 3,59; N 24,98.

The IR spectra of the starting materials and reaction products were recorded using an Impact- 410
spectrometer (USA) at 400-4000 cm™. The reaction rate was determined from the accumulation of maleic
hydrazide. The apparent reaction rate constant (k) was calculated from the second-order reaction rate
equation.

Results and discussions. We found that maleic acid readily reacted with hydrazine hydrate in the
presence of the H-form of the cation exchanger , to yield maleic hydrazide.
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It was found that cation exchanger shows high catalytic activity in the studied process — the
conversion of maleic acid was 93%, and the maleic hydrazide yield was 90%. The conversion selectivity
of maleic acid to maleic hydrazide was 97.8%. The optimal conditions for the synthesis are the following:
the mass ratio of maleic acid: hydrazine hydrate: cation exchanger: H;O = 1: 1.44: 2:16, temperature 368 K and
reaction duration 2 h. Table shows the effect of initial concentrations of maleic acid and hydrazine
hydrate, the temperature on the reaction rate.

The influence of various factors on the kinetics of maleic acid hydrazinolysis

¢y, mol/L ¢y , mol/L TK k107,
L/ (mol'min)

0,28 2,70 363

0,36 2,70 363 6,6
0,44 2,70 363

0,44 2,54 363

0,44 2,92 363 6,2
0,44 2,70 343 2,7
0,44 2,70 353 2,9
0,44 2,70 368 3,1

The change in the initial concentration of the maleic acid (cy) within the studied range does not affect
the reaction rate constant, which indicates the first order of reaction for this component (table). When the
initial concentration of hydrazine hydrate (¢, ) changes, it is shown that the values of the reaction rate
constant also remain constant. The reaction is of the first order according to the second component -
hydrazine hydrate.

The dependence of the maleic hydrazide concentration on time at different temperatures was studied.
As the temperature rises, the value of the reaction rate constant increases. In the temperature range
343-368 K, the activation energy denermined from the Arrhenius equation equaled 32,1 kJ/mol.

In view of the obtained kinetic parameters (low value activation energy, first reaction rate orders with
respect to both maleic acid and hydrazine hydrate) it could be suggested that the reaction occurred via the
formation of surface transition complexes.

The discussed kinetic data were in line with the results of the IR spectroscopy study. The literature
[13, 14] suggests that the catalytic active sites of the KU-2-8 cation exchange resin in the hydrazinolysis
of maleic acid are polymer-bound sulfonium ions and hydrogen ions:
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The transporters across the phase interface in cation exchange resin are protons. Therefore,the
adsorption on the cation exchange resin is carried out as a result of proton transfer. It can be assumed that
the hydrazinolysis of maleic acid in the presence of cation exchanger KU-2-8 in the H-form is carried out
in several stages: first, maleic acid reacts with the hydrazine molecule by the mechanism of nucleophilic
addition, with the to formation of the corresponding monohydrazide (I). In the next step, monohydrazide
under the action of the acid catalyst (H") enters into a cyclodehydration reaction. The resulting product is
isomerized to form maleic acid hydrazide and regenerating the catalyst.
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In the IR spectrum of maleic acid hydrazide, absorption bands in the region at 2910-2842 cm™ that is
due to the stretching vibrations of the C-H group. Bands with absorption frequencies in the region at 1396-
1299 e¢m™ and 1600 cm™ assigned to the deformation vibrations of the C-H and C = C groups. The
absorption bands at 1689, 3414 and 1122 cm™ assigned to the stretching vibrations of the C=0 , N-H and
C-N groups, respectively (figure).
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IR spectrum of maleic acid hydrazide

Against the background of the own bands of the cation exchanger, intense absorbtion bands at 1406,
1451, 1500 cm™ and a number of bands in the region at 3100-3200 cm™ appear, which can be assigned to
symmetric and antisymmetric vibrations of the adsorption complex > NH, * of the hydrazide ion with the
sulfo group of the cation exchanger [15-20].
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Conclusion. In summary, we investigated for the first time, the kinetics regularity of hydrazinolysis
of maleic acid in the presence of the H-form of the cation exchanger KU-2-8. The second overall reaction
rate order was found. Activation energy of the process were determined over the 343-368 K temperature
range. On the basis of kinetic and IR spectroscopic studies, a probable reaction mechanism involving
polymer-bound hydrogen ions is proposed.
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KbIIIKbIJI KATAJIN3ATOPBIHJIAT'BI MAJIEUMH KbIIIKbBIJIBIHBIH
CEJIEKTUBTI T'MAPA3SHMHOJIN3IHIH KHHETUKACBI

AHHOTAUMSA. AJIFalIKpl PET MAJCUH KBIIIKBUIBIHBIH THAPA3UHOIN3 PEaKIMSACHIHBIH KAHCTHKACHI KOHE Mexa-
Hu3Mi H-popmamarer KY-2-8 kaTHOHUT KaTBICHIHAA 3epTTENai. ToxipuOenep CTaTUKANBIK XaFdaiaa IbIHBI peak-
Topza xyprizinai. Kapacteipeiiran peakunsiga H-dopmanarsl KaTHOHUT >KOFapbl KaTaTUTTIK aKTHBTLIIK KepceTe-
TIHZITT aHBIKTAJIABI, MAJCHUH KBIIIKBUIBIHBIH KOHBepcuschl 93 %, anm manewHruapasuy mbeFbIMbl 90 % OOMIBL
MartenH KBIIIKBUIBIHBIH MaJICHHTHAPA3UIKEe KOHBEPCHSCHIHBIH CeNeKTUBTLIIr 97,8 % Oonmpl. PeaknusiHBIH KbUI-
JAMIIBIFBIH MaJICWH KBIIIKBUIBIHBIH THAPA3UIIHIH TY3UTyiHe Kapai Oakputaiinel. baiikamaTeiH *KbUIIAMABIK KOHCTaH-
Tacs! (k) exiHmI peTTi peaKIHusIHBIH KHHETHKAJBIK TeHICY! apKbUIbI ecenTenmi. ManenH KpIIIKbIIBIHBIH KOHE THApa-
3HHTHAPATTHIH 0acTankpl KOHIEHTPAIMSIAPBIHBIH, TEMIEpaTypaHbIH PEaKIUs JKbUIAaMIBIFBIHA OCepi 3epTTENi.
Peakiuss mMasleMH KBIIIKBUIBI JKOHE THAPA3UHTHApAT OoMbIHIIA OipiHINI PEeTTi eKEHIIr! aHBIKTAJIIbl. ApPpEeHHyC
TOYEJIIUIIriHeH aHbIKTaJIFaH MPOLECcC aKTUBTEHIPY SHEPrHsChIHbIH maMachl 32,1 k/{x / Monb 60mabl. KuneTHkasbik
xoHe MK-criekTpocKonusuibiK 3epTTeyliep Heri3iHje MmojuMepMeH OailylaHbICKaH CyTeri HOHAAPBIHBIH KaThICybIMEH
KYPETIH peaKiysi MeXaHU3MIi YChIHBUI/IBI.

TyiiiH ce3mep: MaJeWH KbIIIKbUIBI, THAPA3HHONIN3, TUAPA3UI, KaTAIU3aTOP.
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KMHETHUKA CEJEKTUBHOI'O T'HJIPA3UHOJIN3A MAJIEMHOBOM KUCJIOTBI
HA KNCJIOTHOM KATAJIN3ATOPE

AHHOTanMsl. BriepBble M3y4eHbl KMHETHKA M MEXaHW3M DPEaKIMH T'HIPAa3HHOJIN3a MaJEHHOBOW KHCIOTHI B
npucytcTBun katnonnta KY-2-8 B H-popme. OmBITH IPOBOIMIN B CTATHYECKON CHCTEME B TEPMOCTATHPOBAHHOM
CTEKISIHHOM pEaKTOpe. YCTAaHOBJIEHO, YTO KAaTHOHUT MPOSIBISCT BBICOKYI KaTAINTHYECKYIO AaKTUBHOCTb B
M3y9aeMOM TIpOLlecCe — KOHBEPCHS MaJeWHOBOH KHCIOTHI coctaBui 93 %, a Beixox manemruapasuza 90 %.
CeneKTHBHOCTh KOHBEPCHH MAaJICHHOBOW KHCIIOTHI B MaJleMHTHApa3ua coctaBmil 97,8 %. 3a CKOpOCTBIO peakuuu
CJIC/IMIIY TI0 HAaKOILJIGHUIO THpa3uia MajlenHoBOW KHCa0Thl. Habmonaemple KOHCTaHThI CKOPOCTH (K) BBIYMCIISUIN 110
KMHETUYECKOMY YPAaBHEHUIO BTOPOrO NOpsaKa. M3ydeHo BiIMsSHUE HaYalbHbIX KOHLCHTPALU MaJIEHHOBOM KUCJIOTBI
W TUApa3HHTHUApaTa, TEMIIEPAaTYphl Ha CKOPOCTH Ipouecca. OnpeesneH nepBblid HOPSI0K MO MaJICHHOBOM KHCIIOTE U
THIPa3UHTUAPaTy. ODHEprusl akTHBAlMM IIpollecca, HalJeHHas W3 appeHHYCOBCKOM 3aBUCHMOCTH, COCTaBHIIA
32,1 x/x/monb. Ha ocHoBe kuuermueckoro m HMK-CrieKTpoCcKONMMYEeCKOro METOAOB IPEIJIONKEH BEPOSTHBINA
MEXaHH3M PEaKIny C y4aCTHEM MOJIMMEPHOCBI3aHHBIX HOHOB BOJIOPOJIA.

Ki1roueBble ¢j10Ba: MaJeMHOBAs KUCIIOTA, THAPA3UHONIN3, THAPA3U/, KaTAIN3aTop.

Information about authors:

Dzhumadullaeva Sveta Absadykovna, candidate of chemical Sciences, Professor of the Khoja Akhmet Yassawi Kazakh-
Turkish International University, Turkistan, E-mail: sveta.jumadullayeva@ayu.edu.kz, https://orcid.org/0000-0003-2673-2915;

Bayeshov Abduali Bayeshovich, doctor of chemical Sciences, academician of the National Academy of Sciences of the
Republic of Kazakhstan, D.V.Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, E-mail: bayeshov@mail.ru,
https://orcid.org/0000-0003-0745-039X;

Kolesnikov Artem Vladimirovich, candidate of technical sciences, senior scientific researcher of JSC D.I. Mendeleyev
University of Chemical Technology of Russia, Moscow. artkoles@list.ru, https://orcid.org/0000-0002-4586-6612




ISSN 2224-5286 Series chemistry and technology. 2. 2021

REFERENCES

[1] Rubinstein H., Parnarouskis M. (1971) Reactions of 3-carboxyacriloylhydrazines.Acid-Induced rearrangement of
Isomaleimides. J. Org. Chem., Vol.38 (12). PP. 2166-2169. (in Eng.).

[2] Unal D., Saripmnar E., Ak¢amur Y. A (2006) New Method for the Preparation of Pyridazine Systems. Turk. J. Chem.,
Vol.30, PP. 691-701 (in Eng.).

[3] Sedun F.S., Wilson C.D. (2002) Herbicidal fatty acid and maleic hydrazide salt compositions Patent Ne 006383985 B1
USA (in Eng.).

[4] Melnikov N.N., Baskakov Yu.A. (1962) Chemistry of herbicides and plant growth regulators. [Khimiya gerbitsidov i
regulyatorov rosta rasteniy]. M.: Goskhimizdat, 724 p. (in Russ.).

[5] Dzhumadullaeva S.A., Altynbekova M.O. (2013) A Mechanism for the Hydrazinolysis of Benzoic Acid in the Presence
of Ion-exchange Catalyst. Russian Journal of Physical Chemistry A. Vol. 787, (11), PP. 1943-1945 (in Eng.).
https://doi.org/10.1134/S0036024413110083 ISSN 0036-0244 (Print).

[6] Dzhumadullayeva S.A., Bayeshov A.B., Altynbekova M.O., Abzhalov B.S. (2018) Supramolecular complexes of ionites
with organic substrates. News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and
technology. Volume 2, Number 428 (2018), PP. 26-30. https://doi.org/10.32014/2018.2518-1491 ISSN 2518-1491 (Online), ISSN
2224-5286 (Print).

[7] Dzhumadullaeva S.A., Baeshov A.B. (2019) Study of kinetics and mechanism of heterogenous catalytic hydrazinolysis
of oleic acid. Russ. J. Gen. Chem. Vol. 89, P. 190-193. doi: 10.1134/S1070363219020038 (in Eng.).

[8] Dzhumadullaeva S.A., Baeshov A.B.,Kolesnikov A.V. (2020) Study of the catalytic hydrazinolysis of higher fatty acids.
Reports of the National Academy of Sciences of the Republic of Kazakhstan. Series Chemistry and Technology. Volume 2.
Number 440. PP.56-61. https: /doi.org/ 10.32014/2020.2518-1491.23 ISSN 2518-1491(Online), ISSN 2224-5286 (Print).

[9] Dzhumadullaecva S.A., Baeshov A.B. (2017) Ion-Exchange Resin Catalysts in the Liquid-Phase Hydrazinolysis of
Cinnamic Acid. Kinetics and Catalysis. Vol. 58 (1). PP. 26-29 (in Eng ). https://doi.org/10.1134/S0023158417010025 ISSN 0023-
1584 (Print).

[10] Polyansky N.G. (1973) Catalysis by ion exchangers. [Kataliz ionitami]. M.: Himiya. 213 p. (in Russ.).

[11] GOST 10896-7 (1998) Ionites. Preparation for the test. [lonity. Podgotovka k ispytaniyu]. M.: Izdatelstvo standartov,
7 p. (in Russ.).

[12] GOST 32176-2013 (2014) Determination of the content of residual amounts of maleic acid hydrazide[ Opredeleniye
soderzhaniya ostatochnykh kolichestv gidrazida maleinovoy kisloty]. M.: Standartinform. 10 p. (in Russ.).

[13] Dzhumadullayeva S.A., Baeshov A.B. (2017) Reaction of hydrazinolysis of oxalic acid at presence of sulfonic acid
cation exchanger. Reports of the National Academy of Sciences of the Republic of Kazakhstan. Volume. 6, Number 426,
PP. 87-91. https://doi.org/10.32014/2018.2518-1483 ISSN 2518-1483 (Online), ISSN 2224-5227 (Print).

[14] Tsundel G. (1969) Hydration and intermolecular interaction. Investigation of polyelectrolytes by infrared spectroscopy
[Gidra-tatsiya i mezhmolekulyarnoye vzoimodeystviye. Issledovaniye polielektrolitov metodom infrakrasnoy spektroskopii].
M.: Mir, 310 p. (in Russ.).

[15] Dzhumadullayeva S.A., Bayeshov A.B. (2019) Study of the catalytic reaction of hydrazinolysis of aliphatic carboxylic
acids. News of National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology. Volume 2,
Number 434, P. 61-65. https://doi.org/10.32014/2019.2518-1491.20 ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

[16] Kiselev A.V., Lygin V.I. (1972) Infrared spectra of surface compounds and adsorbed substances [Infrakrasnyye spektry
poverkhnostnykh soyedineniy i adsorbirovannykh veshchestv]. M.: Nauka, 459 p. (in Russ.).

[17] Bellamy L. (1957) Infrared spectra of molecules [Infrakrasnyye spektry molekul]. M.: IL, 444 p. (in Russ.).

[18] Librovich N.B., Sakun V.P.; Sokolov N.D. (1978)Vibrational spectrum of a hydrated proton [Kolebatel'nyy spektr
gidratirovannogo protona]. Teoret. and exper. Chemistry. Vol. 14 (4). P. 435-446. (in Russ.).

[19] UglyanskayaV.A., Chikin G.A., Selemenev V.F., Zavyalova T.A. (1989) Infrared spectroscopy of ion-exchange
materials [Infrakrasnaya spektroskopiya ionoobmennykh materialov]. Voronezh: Ed. VSU, 205 p. (in Russ.).

[20] Semushin A.M., Yakovlev V.A., Ivanova E.V. (1980) Infrared absorption spectra of ion-exchange materials
[Infrakrasnyye spektry pogloshcheniya ionoobmennykh materialov]. L.: Himiya, Leningradskoe otdelenie, 96 p. (in Russ.).




News of the Academy of sciences of the Republic of Kazakhstan

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.

[TpaBuna opopmMiieHUs CTaThU TSl Ty OJIUKAIIH
B )KypHaJIe CMOTPETh Ha CaiTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penakropsr: M. C. Axmemosa, /l. C. Anenos, P.OK. Mpsabaesa
Bepctka Ha kommbroTepe . A. A6opaxumosoii

IToamucano B reuats 12.04. 2021.
®opmar 60x881/8. bymara odcernas. [Ieuars — puzorpad.
10,2 1. Tupax 300. 3aka3s 2.

Hayuonanvnas axaoemus nayx PK
050010, Armamu, ya. [llesuenxo, 28, m. 272-13-18, 272-13-19



