ACADEMIC SCIENTIFIC
JOURNAL OF CHEMISTRY




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

CENTRAL ASIAN ACADEMIC
RESEARCH CENTER

E O QY

ACADEMIC SCIENTIFIC
JOURNAL OF CHEMISTRY

3 (468)

JULY — SEPTEMBER 2026

PUBLISHED SINCE JANUARY 1947
PUBLISHED 4 TIMES A YEAR

ALMATY



Editor in chief:
ZHURINOV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of IAAS and NAS RK,
General Director of the Research Institute of Petroleum Refining and Petrochemicals (Almaty, Kazakhstan), https://
www.scopus.com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489
Editorial board:
ADEKENOY Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor, academician of
NAS RK, director of the JSC "Phytochemistry Research and Production Center" (Karaganda, Kazakhstan), https:/www.
scopus.com/authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/record/48648658
AGABEKOY Vladimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor, academician of NAS of
Belarus, honorary director of the Institute of Chemistry of new materials (Minsk, Belarus) https://www.scopus.com/
authid/detail.uri?authorld=7004624845, https://www.webofscience.com/wos/author/record/28920574
STRNAD Miroslav, head of the laboratory of the Institute of Experimental Botany of the Czech Academy of Sciences,
professor (Olomouc, Czech Republic), https://www.scopus.com/authid/detail.uri?authorld=36789185000, https://www.
webofscience.com/wos/author/record/18379
BURKITBAYEYV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, (Almaty, Kazakhstan)
https://www.scopus.com/authid/detail.uri?authorld=8513885600,  https://www.webofscience.com/wos/author/record/
691218
HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, University of Szeged,
director of the interdisciplinary center for Life sciences (Szeged, Hungary), https://www.scopus.com/authid/detail.
uri?authorld=7004457196, https://www.webofscience.com/wos/author/record/15630788
ROSS Samir, Ph.D, professor, school of Pharmacy, National Center for scientific research of Herbal Products,
University of Mississippi (Oxford, USA), https://www.scopus.com/authid/detail.uri?authorld=7401610128, https://
www.webofscience.com/wos/author/record/47926269
KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading, England), https:/www.
scopus.com/authid/detail.uri?authorld=35606915700, https://www.webofscience.com/wos/author/record/221621
TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, academician of NAS RK, (Almaty,
Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=6506225641, https://www.webofscience.com/wos/
author/record/72161
PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine, faculty of Oriental medicine,
Hamdard University (Karachi, Pakistan), https://www.scopus.com/authid/detail.uri?authorld=55884056900, https://
www.webofscience.com/wos/author/record/1796996
FAZYLOV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy director of the
Institute of Organic Synthesis and Coal Chemistry (Karaganda, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6701472056, https://www.webofscience.com/wos/author/record/1541357
ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of Kyrgyzstan,
Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan), https://www.scopus.com/authid/
detail.uri?authorld=6602652060, https://www.webofscience.com/wos/author/record/31723468
KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician ofthe Academy of Sciences of Tajikistan,
V.I. Nikitin Institute of Chemistry AS RT (Tajikistan), https://www.scopus.com/authid/detail.uri?authorld=6603735641,
https://www.webofscience.com/wos/author/record/9567106
FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan (Azerbaijan),
https://www.scopus.com/authid/detail.uri?authorld=6601962486,  https://www.webofscience.com/wos/author/record/
21617033
GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of the
International Union of Pure and Applied Chemistry (London, England), https://www.scopus.com/authid/detail.
uri?authorld=56010090400, https://www.webofscience.com/wos/author/record/29866743

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
Owner: «Central Asian Academic Research Center» LLP (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the Ministry of
Information and Social Development of the Republic of Kazakhstan Ne KZ23VPY00121156,
issued 05.06.2025
Thematic scope: organic chemistry, inorganic chemistry, catalysis, electrochemistry and corrosion, pharmaceutical
chemistry and technology.
Periodicity: 4 times a year.
http://chemistry-technology.kz/index.php/en/arhiv
© «Central Asian Academic Research Center» LLP, 2026



bac pepaxrop:

JKYPBIHOB Mypar JKypbIHYJIbl, XUMHsI FBUIBIMIAPBIHBIH T0KTOPBI, podeccop, XFAK sxone KP YFA axamemu-
ri, MyHail eHAey JKOHE MYHAH-XHMHSCHI FBUIBIMH-3¢pPTTEY MHCTHTYTBIHBIH Oac aupektopsl (Asnmarbl, Kaszakcramn),
https://www.scopus.com/authid/detail.uri?authorld=66021779606, https://www.webofscience.com/wos/author/record/
2017489

Pepaknus ajkachbl:
OJIEKEHOB Cepra3pl Mpbinxkacapy/bl (0ac penakTopIblH OpbIHOAcaphl), XMMHs FhUIBIMIAPBIHBIH JOKTODBI,
mpodeccop, KP ¥FA axamemuri, "®uroxumus" reutbiMu-eHaipictik opransirsl" AK mupexropsr (Kaparanmsr, Ka-
3aKcraH), https://www.scopus.com/authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/
record/48648658
ATABEKOB Baaagumup EnokoBuu (6ac penakTopiblH opbelHOacapbl), XMMHEs FHUIBIMIAPBIHBIH JOKTOPEL, Ipodec-
cop, bemapycy ¥FA axanemuri, Kana mMarepuaniap XUMHSCHI HHCTUTYTBIHBIH KYPMETTi qupektopsl (MuHck, bema-
pycs), https://www.scopus.com/authid/detail.uri?authorld=7004624845, https://www.webofscience.com/wos/author/
record/28920574
CTPHA/I Mupocaa, npodeccop, Uexust FbUIBIM aKaJIeMHSCHIHBIH JDKCIIEPUMEHTTIK O0TaHWKa HHCTUTYTHIHBIH 3€pT-
xaHa MeHrepymici (Onomoyn, Yexus), https://www.scopus.com/authid/detail.uri?authorld=36789185000, https://www.
webofscience.com/wos/author/record/18379
BYPKITBAEB Myxam6eTKaJu, XUMHs FBUIBIMAAPBIHBIH JTOKTOPHI, ipodeccop, KP ¥FA axanemuri, (Anmarsl, Ka-
3aKcTaH), https://www.scopus.com/authid/detail.uri?authorld=8513885600, https://www.webofscience.com/wos/author/
record/691218
XOXMAHH [xynut, Ceren yauepcuretiniy @apmanesrika paxynsretinig dapMakorHo3ust
KadepackIHBIH MeHrepyici, JKaparbuibicTaHy FBUIBIMIAPEIHBIH TOHAPAIBIK OPTaIbIFBIHEIH JupekTophl (Cerex, Ben-
rpusi), https://www.scopus.com/authid/detail.uri?authorld=7004457196, https://www.webofscience.com/wos/author/
record/15630788
POCC Camup, PhD, Muccucunu yHuBepcUTETIHIH OCIM/IK OHIMAEPIH FRUIBIMH 3€PTTEY
yITTBIK opranbirbl, Papmarms Mektedinin npodeccopsr (Oxcdopa, AKII), https:/www.scopus.com/authid/detail.
uri?authorld=7401610128, https://www.webofscience.com/wos/author/record/47926269
XYTOPSIHCKHWM Burannii, Gpunocodus goxropst (PhD, papmauesr), Pequnr yuuepeuterinin npopeccops: (Pe-
nuHL, AHas), https://www.scopus.com/authid/detail.uri?authorld=35606915700,
https://www.webofscience.com/wos/author/record/221621
TEJITAEB Baraar Bypxan6aiiy/ibl, TeXHHKA FRUIBIMAAPBIHBIH TOKTOPEL, ipodeccop, KP ¥FA akanemuri, (Anmarsl,
Kaszakcran'), https://www.scopus.com/authid/detail.uri?authorld=6506225641), https://www.webofscience.com/wos/
author/record/72161
DAPYK Acana Jlap, Xamnap ans-Mamxna LbiFsic MequIMHa KOJUISIKIHIH Ipodeccopbl, XaMIapa yHHBEPCUTETIHIH
ITsrreic MexunuHa daxynsreti (Kapaun, [Toxicran), https://www.scopus.com/authid/detail.uri?authorld=55884056900,
https://www.webofscience.com/wos/author/record/1796996
DA3bIJIOB Cepik /IpaxmeTry.ibl, XUMUs FBUIBIMAAPBIHBIH JOKTOPHI, podeccop, KP ¥FA akanemuri, Opranukaibik
CHHTE3 JKOHE KOMIp XMMHSChI MHCTHTYTBI AMPEKTOPBIHBIH FHUIBIMU JKyMbICTap KeHinzeri opbiHOacaps! (KaparaH/ipl,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=6701472056,
https://www.webofscience.com/wos/author/record/1541357
YKOPOBEKOBA Ilapuna 7Kopo6eKKbI3bI, XHMHS FBLUIBIMAAPBIHBIH JOKTOPEL, Ipodeccop, Keipreiscran YFA axasne-
muri, KP ¥FA Xumus sxoHe XUMUSUTBIK TeXHOorus HHCTUTYTHI (Bimkek, KpipreicTan)
https://www.scopus.com/authid/detail.uri?authorld=6602652060,  https://www.webofscience.com/wos/author/record/
31723468
XAJIUKOB [:xypa6aii XaJnKkoBUY, XM FBUIBIMIAPBIHBIH JOKTOPEL, podeccop, Taxkikeran FA
akagemuri, B.M. Huxutun arsiagarel Xumus wHCTHTYTHI ([ymante, Toxikcran), https:/www.scopus.com/authid/
detail.uri?authorld=6603735641, https://www.webofscience.com/wos/author/record/9567106
DAP3AJIMEB Barud Memkuaoribl, XUMAs FRUIBIMIAPBIHEIH JOKTOPEL, mpodeccop, A¥YFA axamemuri (baxy, O3ip-
Gaiixan), https://www.scopus.com/authid/detail.uri?authorld=6601962486, https://www.webofscience.com/wos/author/
record/21617033
TAPEJIMK Xempaa, ¢unocodpus moxrops! (PhD, xumms), XanblkapaiblK Taza jKOHE KOJAAQHOANBl XUMHS ONAFbI-
HbIH XHMUsl JKoHE KopluaraH opra OesiminiH npesuneHti (JIonnon, Aurims), https:/www.scopus.com/authid/detail.
uri?authorld=56010090400, https://www.webofscience.com/wos/author/record/29866743

«ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY».
ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)
CooOctBennuk: PecnyOnmkanckoe obmiectBeHHOe oObeanHenue TOO «lleHTpaibHO-a3MaTCKUI  aKaJeMUYeCKHIA
Hay4HbIN LeHTp» (. AJIMaThI).
CBHACTEIBCTBO O MOCTAHOBKE HA y4eT MEPUOJIUIECKOro MevyaTHoro m3nanus B Komurere nndopmarmn Munnctepersa
nHpopMaImy 1 obuiecTBeHHOro pasputs Pecyommkn Kasaxcran Ne KZ23VPY00121156, Beigannoe 05.06.2025 r.
Temarudeckast HATPABICHHOCTD: OP2AHUYECKAS XUMUS, HEOP2AHUYECKAs XUMUS, KAMAIU3, JNeKMPOXUMUSL U KOPPO3US,
apmayesmuyeckas Xumus u MexHoI0UMU.
IeproanunocTh: 4 pa3 B rof.
http://chemistry-technology.kz/index.php/en/arhiv

© TOO «llenTpanpHo-a3uaTckuil akajgeMUUecKuii HayyHblil IeHTpY», 2026



I'naBHbIii pegakTop:

KYPUHOB Mypat KypHHoBHY, JOKTOp XUMHYECKUX HayK, Ipodeccop, akaneMnk MAAH u HAH PK, T'enepains-
ublit tupexrop HUU Hedrenepepaborku u Hedrexumun (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

PenaknuoHHast KoJLIerus:
AJIEKEHOB Cepra3pl MpIH:KacapoBUY (3aMECTUTEINb TNIABHOTO PEAKTOPa), TOKTOP XMMHYECKUX HayK, mpodec-
cop, axagemuk HAH PK, mupexrop AO «Hayuno-npomsBonctBenHoro nenrpay®@uroxumus» (Kaparanma, Kazax-
craH), https://www.scopus.com/authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/
record/48648658
ATABEKOB Biagnvmup EHokoBHY (3aMecTHTENb INIABHOTO PEAAKTOPA), IOKTOP XHMHYECKHX HaykK, podeccop, aka-
nemuk HAH Benapycu, moderHslii aupexrop MHCTHTYTa XMMUK HOBBIX MatepuanoB (MuHck, benapycs), https:/www.
scopus.com/authid/detail.uri?authorld=7004624845, https://www.webofscience.com/wos/author/record/28920574
CTPHA/I Mupocaas, npodeccop, 3aBeAyronuii labopaTtopiueli HHCTUTYTa DKCIIEpUMEHTaIbHON O0TaHuKK Yerickon
akazemun Hayk (Omomoyr, Yexwus), https://www.scopus.com/authid/detail.uri?authorld=36789185000, https:/www.
webofscience.com/wos/author/record/18379
BYPKUTBAEB Myxam0eTkaan, IOKTOp XUMHYECKHX Hayk, mpodeccop, akamzemux HAH PK, (Amnmarel, Kazax-
cra), https://www.scopus.com/authid/detail.uri?authorld=8513885600, https://www.webofscience.com/wos/author/
record/691218
XOXMAHH JIxxynuT, 3aBexyromuii kadenpoit @apmaxornosun dapmanesruyeckoro daxynsrera YHuBepcutera Ce-
refia, AMPeKTop MexXIMCIMIUIMHAPHOTO LIEHTPa ecTecTBeHHbIX HayK (Ceren, Benrpus), https://www.scopus.com/authid/
detail.uri?authorld=7004457196, https://www.webofscience.com/wos/author/record/15630788
POCC Camup, PhD, mpodeccop Ilkonsr Papmanun HalMOHAIBHOTO LEHTPAa HAYYHBIX HCCICIOBAHUH pac-
TUTENBHBIX IPOAYKTOB YHHBepcurera Muccucumu (Oxcdopn, CIIA), https:/www.scopus.com/authid/detail.
uri?authorld=7401610128, https://www.webofscience.com/wos/author/record/47926269
XYTOPSIHCKHMM Buranwuii, foxrop punocodun (Ph.D, papmarest), npodeccop Yuusepcutera Pemunra (Peusr,
Anrmust),  https://www.scopus.com/authid/detail.uri?authorld=35606915700,  https://www.webofscience.com/wos/
author/record/221621
TEJIbTAEB Barnar Bypxaun6aiiy/ibl, JOKTOp TeXHHYECKHX Hayk, npodeccop, akanemux HAH PK, Munucrepcrso
Wunycrpun u uabpacTpyKkTypHOro pa3sutus Pecryonuku Kasaxcran (Anmarsl, Kazaxcran), https://www.scopus.com/
authid/detail.uri?authorld=6506225641, https://www.webofscience.com/wos/author/record/72161
DAPYK Axcana Jap, npodeccop komremka Bocrounoit memumunbl Xamaapaa anb-Mampkupa, daxyisrer
Bocrounoii memuuumnbl yHuBepcutera Xampaapaa (Kapauwm, [laxkucran), https:/www.scopus.com/authid/detail.
uri?authorld=55884056900, https://www.webofscience.com/wos/author/record/1796996
®A3bIJIOB Cepux [IpaxMeToBHY, JOKTOp XHMHYECKHX Hayk, mpodeccop, akagemuk HAH PK, 3amectutens au-
pekTopa 1o Hay4Ho pabore MHcTuTyTa Opranmdeckoro cuHresa u yrexumun (Kaparanma, Kaszaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6701472056, https://www.webofscience.com/wos/author/record/1541357
JKOPOBEKOBA Illapuna ’KopobekoBHa, JIOKTOP XUMH4YECKUX HayK, npodeccop, akagemuk HAH Ksbiproicrana,
WuctutyTt xumMun 1 xumudeckoit texuonorun HAH KP (Butukek, Keipreizcran), https:/www.scopus.com/authid/detail.
uri?authorld=6602652060, https://www.webofscience.com/wos/author/record/31723468
XAJIUKOB [:xypa6aii XaJukoBU4Y, JOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk AH Tampkukucrana, Wn-
ctutyt xumuu uMenu B.M. Hukurmna AH PT (HymaunGe, Tamkuxucran), https://www.scopus.com/authid/detail.
uri?authorld=6603735641, https://www.webofscience.com/wos/author/record/9567106
DAP3AJIMEB Barug Memkna oribl, JOKTOp XUMHYECKUX Hayk, podeccop, akanemuk HAHA (Baky, A3ep6aiin-
xKaH), https://www.scopus.com/authid/detail.uri?authorld=6601962486, https://www.webofscience.com/wos/author/
record/21617033
TAPEJIMK Xemaa, noxtop ¢unocodun (Ph.D, xumus), npesugent OTaena XUMUH M OKpYKalomied cpeasl Mexk-
JYHapoOIHOTO CoOro3a 4ucTod M mnpukiagHoir xumuu (Jlommon, Axrmms), https:/www.scopus.com/authid/detail.
uri?authorld=56010090400, https://www.webofscience.com/wos/author/record/29866743

«ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY»

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Menmikrenymi: «OpTanbIK A3Hs akaJeMISIIBIK FEUIBIME opTansrsDy XKIIC (Anmars! K. ).

Kazakcran PecryOnukachlHbIH AKMapar jkoHE KOFaMIbIK JaMy MHMHHCTPIIriHiH Akmapar komuteringe 05.06.2025
x. 6epinren Ne KZ23VPY 00121156 mep3iMaik 6acbUIbIM TipKeyiHe KOHBLTY Typaibl KyuiK.

TaKbBIPBINTHIK OAFBITBI: OP2AHUKATbIK XUMUS, OEUOP2AHUKATIBIK XUMUS, KAMATU3, TeKMPOXUMUSL HCIHE KOPPO3UL,
apmayeemuKanbly Xumus HcaHe MmexHoN0UANap.

Mep3iMIiiiri: )KbUIbIHA 4 peT.

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

© «OptanblK A3us akaJeMUsUIbIK FhUIbIMU opTaibirsby JKIIC, 2026

4



Volume 3, Number 468 (2026)

CONTENTS

Abdugalimov A.Sh., Jalmakhanbetova R.I1., Mukusheva G.K.
Atomistic insight into solvent effects on the chemical structure of betulonic acid........c..cccevevienininencnne. 11

Assembayeva E.K., Shadi D.K., Nurmukhanbetova D.E., Bozhbanov A.Zh., Gabdullina E.Zh.
Effect of inulin on the quality characteristics of a fermented cheese whey-based beverage ..........c.c..c..... 25

Asylbekova D.D., Toktibayeva Kh.R., Kaldybayeva A.R., Zhurkhabayeva L., Tukibayeva A.S.
Electrochemical behavior of phosphorous acid on a platinum electrode and its galvanostatic anodic
oxidation usSing @ [ead ANOME .......cc.eiuiriiiiiiiieie et 39

Auyeshov A.P., Yeskibayeva Ch.Z., Ibrayeva A.M., Alzhanov K.B., Dzholdasova E.M.
Investigation of the adsorption characteristics of silica obtained from serpentinite by a combined
acid—alkall METROA ...co.oiiiiiiiiiii ettt sttt ettt 58

Galymzhan A., Kozhabekov S., Kuanyshev A., Sansyzbay N., Abdrassilova A.
Effect of octadecyl methacrylate—maleic anhydride copolymer composition on crude oil
ThEOLOZICAL PIOPETLICS .....eveiiiiniititit ittt ettt bbbt ea ettt a e st et sbe bt e bt eseeseentens 78

Darmenbayeva A.S., Rajasekharan R.
Investigation of the structural properties of nanocellulose membranes derived from agricultural

Dmitriyeva E.A., Medvedev A., Kemelbekova A.
Development of a low-temperature gas sensor based on SnOs- thin films and a precision measurement
system for high-TesiStance dEtECTION .......couerueriiriiriirtieiieiiei ettt 109

Dzheldybaeva I.M., Kairbekov Zh., Esenalieva M.Z., Dossumova B.T., Suimbaeva S.M.
Influence of ultrasonic treatment on the structure and physicochemical properties of brown coal
RUINIC ACTAS ..ttt sttt ettt b e bbbt bt et et et nbe st st et 125

Jumadilov T.K., Khimersen Kh., Imangazy A. Features of heavy metal ion sorption by interpolymer
systems formed from homogeneous polyelectrolytes .........cccoviririririiiiiiieieeeee e 140

Zhylkybek M., Orazbekova R.S., Yerkibaeva M.K., Aidarova A.O., Baizhumanova T.S.
Co—Mg oxide catalysts for deep oxidation of methane: synthesis, structure, and catalytic activity.......... 154

Imangaliyeva B., Rakhmetova G., Dossanova B., Sovet N.
Technology of biological fertilizer production by hydrolysis treatment of polymer waste..........c..c.cceuc.e 169

Karar ML.E., Beisenbayev O.K., Alibekov R.S., Shamsudin R. Starch extraction from Baidaly rice
and Gala potatoes for application in biodegradable materials..........ccccoverieiirienininininiciececceee 186

Kudaibergenova G.N., Azimbayeva G.E., Kamysbayeva A.K., I1zteleu B.M., Kurbanbayeva N.M.
Fatty acid composition of Helianthus tuberosus flOWETS .........ccocoviiiriiiiiiiiinienineeeeeeeeeese e 204

Massenova A.T., Sass A.S., Torlopov LI., Rakhmetova K.S., Malgazhdarova M.K.
Tuning of surface acidity in Zn—-Me-modified shaped ZSM-5—-Al-0s alkylation catalysts........................ 219

Nurislamov R.M., Nefedov A.N., Beissenbayev D.K., Leontyeva X.A., Imashev B.K.
Effect of oxide films on the corrosion resistance of iron: modeling in COMSOL Multiphysics 6.2......... 238



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Nurlybayev O., Kudaibergenova R., Taubayeva R., Bekaulova A., Seitmanbetova A.
Textural properties of bentonite—sawdust carbon composites after metal-chloride-assisted
CATDOMIZALION. ...ttt ettt b ettt ettt ettt b et e e bt bt e bbbt eb et et ene st enes 250

Puzikova D.S., Bessonova G.V., Kenzin N.R., Zhurinov M.Zh., Torlopov LI.
Modeling cavitation of oil-containing media in various hydrodynamic configurations..............c.cceeeuenne 263

Rakhimov A., Zhanikulov N., Taimasov B., Potapova E., Sarsenbaev B.
Calculation of the raw material composition for cement clinker with the addition of lead slag processing

Ryskalieva D., Baibulanova A., Yessenamanova M., Mustafina A., Samat A.
Hydrogen sulfide pollution in the atmosphere of an industrial city: the potential role of evaporation
fields (Atyrau, KazakNStan) ...........cccceevieieiienienienece ettt sttt essessessessaeseesaeseensensens 299

Serikbayeva K.T., Chalov T.K., Sadykov K.A.
Rubidium sorption from aqueous solutions by VEMEA—-AGE-PEI anion exchangers............c..ccccceee.. 322

Seitkazinova A.R., Nazhipkyzy M., Yeleuov M.A., Zhaparov A.A., Kalybayeva A.K.
Orange peel-derived porous activated CarbOMN ............cveierierieriieieieeeeeetee e 334

Samadun A.L., Taussarova B.R., Asrakulova D.I., Nurmukhanbetova D.E.
Biodegradable packaging films with copper nanoparticles: effect of NaBH4 concentration
on morphology and antifungal PrOPETLICS .........eceeieirierierierieriese et etee et et ste et ere e esaeaesessessesseseeene 351

Khamitova T.O., Tyanakh S., Bolatbay A.N., Ma Fengyun, Aitbekova D.E.
Linking geological genesis to the molecular and optical traits of humic acids from coal wastes............. 370

Talgatov E., Zamanbekova A., Abilmagzhanov A., Auyezkhanova A., Akhmetova S.
Polymer-modified supported catalysts for the oxidation of cyclohexane with hydrogen peroxide........... 389



Volume 3, Number 468 (2026)

MA3MYHBbI

Aoayranumos A.ILl., /lxxanmaxan6erosa P.U., Mykymesa LK.
BeTyloH KbIIIKBUIBIHBIH XUMHSIIBIK KYPBUIBIMBIHA €PITKILITEP 9CEPiH aTOMUCTUKAIIBIK TYPFbIIaH
BEPTTEY +euveuvenreteastenteueentententestestesseebeeseestestesse bttt ab e bt eb e es e es s em s et e b e eb e eb e eh e eh e es b es b en b et e ebeebe e bt e bt e bt en et et e b e b eheets 11

Acemb6aeBa J.K., llani /I.K., Hypmyxanoerosa /I.E., bo:xxk6anos A.2K., 'adaynmna EK.
WHynuHHIH 1piMILNIK capbICYbl HETi31HAET1 AlIBITBIIFAH CYCBIHHBIH Calla KOPCETKIIITEPIHE 9CEPL............. 25

Acsbri6exoBa JI./1., ToxkreioaeBa X.P., Kanabsi6aeBa A.P., ’Kypxabaesa JI., TykioaeBa A.C.
Docdopiibl KBIIIKBULABIH IIATHHA dIEKTPOABIHAAFbI MEKTPOXUMHUSUIBIK KACHETTEPI )KOHE OHBI
KOPFAChIH aHOBIH KOJIIAHBII TaIbBAHOCTATUKAIIBIK @HOATHI TOTBIKTBIPY. c.c.vevveveaeereeeneeseneeseaseneeseneeseaeeneans 39

AyemoB A.Il., Ecku6aesa 4.3., UopaeBa A.M., AizkanoB K.b., Ixxonnacosa 3.M.
KpIIKBIIABI-CINTITT KOMOMHAIMATIBIK 9IICTIEH CEPIIEHTUHUTTEH AJIbIHFAaH KPEMHE3eMHIH aJCOPOLUSIIBIK
CHUTTATTAMAIIAPBIH BEPTTEY -..vveuventenresiastaseestestestentensestestenseastesteseentensensenseaseestestestensessensensestestestesbeeseensensensens 58

Fansivmikan A., Ko:kadexoB C., Kyanbimes A., Cancoi306aii H., AogpacuiioBa A.
OKTazeIMeTakpuiIaT IeH MaJleH aHTHAPHU/II COMOIMMEepIIepi KYPaMbIHbIH MYHAHIbIH PEOIOTHSIIBIK,
KACHETTEPTHE OCCP «.veuvtvtemieutentetetiettettete et ettestetestestesbesbeebeeseesees s et et e b e ebeebeeb e eh s ea s esbes b e bestesbeebeebeeneentententens 78

JapmenodaeBa A.C., Rajasekharan R. ArpokanasikTapiaH ajablHFAaH HAHOIIEIUTIONO3aJIbI
MeMOpaHaIaAPABIH KYPBUTBIMABIK KACHETTEPIH BEPTTEY....c.veeveerterrentetentensenseeseeseensensensensessesiessesseeseessesensens 95

Jmurtpuena E.A., Mensenes A., KemesioexoBa A.
SnO: )xyKa KaOBIKIIaTapsl HET131HIEeT TOMEH TeMIIEPaTypajbl ra3 CEHCOPBIH )KIHE KOFAPhI
KeAepriepl Tipkeyre apHalIFaH MPEUU3UOHIBI OJIIICY JKYHECTH O31IPIIEY....ccuvevererrinriniieiieiieieieniesieneeee 109

JxengpioaeBa U.M., Kaiibipoexos K., Ecenanuea M.3., locymosa B.T., Cyiim6aesa C.M.
VYrpTpaapIObICTHIK OHACYAIH KOHBIP KOMIpP T'yMUH KBIIIKBIIIAPBIHBIH KYPBUIBIMBI MCH
(PUBUKA-XUMUSITBIK KACHCTTEPIHE QCCP.vuveutemtintirtiatietietientententestestestesieestestessensessestessesseeseeneeseentensensesnesues 125

Txymaauios T.K., Xumapean X., Umanrassl A.
BipTekTi momManeKTpoIUTTepACH KYPbUIFaH HHTEPIOINMEPITIK )KYyHeIepaiH ayblp MeTasll
HMOHIAPBIH COPOLIMSIIAY CPEKIICTTIKTED . . uveuteurintetertertiettestestestestestestesseeseeseestesensesbesbeebeeseessensensensenaensenne 140

Kpuikbsioex M., Opaszdexosa P.C., EpkuéaeBa M.K., Aiinaposa A.O., baii:kymanosa T.C.
MetaH/pl TEpeH TOTHIKThIpYFa apHasiFaH Co—Mg OKCHATI KaTalu3aTopiap: CHHTE31, KYpbUIbIMBI
MKOHE KATATHTUKATBIK OCIICEHIIITITI ¢ . cuviuiiiteiitiieiceteeet ettt 154

HUmanranuena b., Paxmerosa I'., locanoBa b., Coset H.
[TonmmMep KanapIKTapbIH THAPONU3TIK OHJCY apKbUIBI OHMOIOTHSIIBIK THIHAUTKBILI ATy
TEXHOIIOTHISICBL. .. .e vt teuveesteenseeseesseessaesssassseasseasseesseenseanseesssanssessaessseassessseanssessesnseenseenseenseensaesssesssenssennsesnses 169

Kapap M.E., Beiicen6aeB O.K., Annodexos P.C., Pocuax lllamcynus.
Baiimans! kypinriHeH sxoHe ['ana cOPTTH KAPTONTAaH KpaXMaJl ally )KOHE OHbI OMOBIIBIPANTHIH
MATEPUATTAPAA KOTIIIAHY. ... cuverventenrestaneestententensensessestesseessessessessestestesseaseeseeseentensenseaseasesseeseessensensensensensense 186

Kynaiioeprenosa I.H., A3um6aeBa I.E., KambicoaeBa A.K., I3tesiey b.M., Kyp6an6aesa H.M.
TornmHaMOyp TYAAEPIHIH MAH KBIIKBIIIBIK KYPAMBI ....c.veuterteteterienterseeseemeeneensensessessesseeseessensensensensensense 204



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

MacenoBa A.T., Cacc A.C., Topiaonos U.U., PaxmeroBa K.C., Maaraxnaposa M.K.
Zn-Me-monubuKkanusnanFal Kaasmranrad ZSM-5-A10s ankuiaey KaTanan3aTopiapbiHbIH
OCTTIK KBIIKBUIABIFBIH PETTEY....ccvveuvenrereeenee

Hypucaamos P.M., Hedenos A.H., Beiicendaen /I.K., JleonTtheBa K.A., Umames b.K.
Temipain KOppo3usFa TO3IMALIIriHE OKCUATIK KaObIKmanapasH acepi: COMSOL Multiphysics 6.2
OAFIAPTAMACHIHIA MOECIIBIICY. c..cuveeventerteneententenseaseestestestentensensensessessesseestessensensensesseaseebeeseeneentensensenseasennes 238

Hypasidaes O., Kynaiideprenona P., Tayoaesa P., bekayiioBa A., CeiitManGeToBa A.
Mertasn xopuaTepi KaTbIChIHAA KapOOHU3asIIaHFaH OCHTOHUT—aFalll YT1HIICI KOMIPTEKTi
KOMIO3UTTEPIHIH TEKCTYPATBIK KACHETTED 1. euveeveatereeieesientertententestesseeseeseeseentensessessessesseensensensensessensensenne 250

Iy3ukoBa /I.C., becconona I.B., Kenzun H.P., )Kypsinos M.2K., Top;ionos U.H.
OPTYpIli THAPOIMHAMHKAIIBIK KOHCTPYKLHMSIAPIaFbl MyHal KypaM/ibl OpTaJlapIbIH KaBUTALHs
TIPOIICCIH MOJICIIBIICY ..evvenvenvensensensenseastententensensensessesseaseessensessentesseseeabeeseeseemtentensenseabeebeebeestensensensensenaentene 263

Paxumos A., ’Kanuxyiso H., Taiimacos B., [loranosa E., Copcendaes b.
KoprachlH KOKBIH OHACY KaIIbIKTaPhl KOCUIFAH [IEMEHT KJIMHKEPiHiH IIUKI3aT IIHXTaChIHBIH
KYPAMBIH ©CEIITEY ....vvuvteueeneentententeaseastastestententensessessessesstessessessessessesteaseesteseentensensensesseabeeseensensensensensensensenne 285

Cepikoaena K.T., Hanos T.K., Canbikos K.A.

CeiiTkazunoBa A.P., Haxkunkpizsl M., Eneyos ML.A., ’Kanapos A.A., Kaabi6aeBa A.K.
AnenbCHH KaObIFbIHAH AJIBIHFAH KEYEKT1 OCTCCHIIPIITCH KOMIP. .. coverueemeeuienietentententeeteeieeneeeenaenienieneenne 322

CamanyHn A.U., TaycapoBa b.P., Acpakynosa /I.U., Hypmyxau6eropa JI.E.
Mpic HaHOO®OMIIeKTEPi 6ap OMOBLABIPANTHIH KanTamMambIK yiaipiaep: NaBH4 KoHICHTpauusChIHBIH
MOP(OIIOTHSFA KIHE CAHBIPAYKYJIAKKA KAPCHI KACHETTEPIHE CEP1uveuvereeueeneeienrentenieeiieieererenaeniesienienne 334

Xamuroa T.O., Taunax C., bonaroaii A.H., Ma ®3ub10Hb, AliToexoBa /I.E.
Kemip kanapIKTapsIHaH OOTiHIeH TyMHH KBIIIKBUIIAPBIHBIH T€0TOTHAIBIK T€HE3UCI MEH MOJIEKYTIANIbIK
JKOHE ONTHKAIBIK KACUCTTEPIHIH OQMITAHBICH ......eveveiieiteiienieiententesteeteeseeseestensestesbesbesteeneessesensentenaeneenne 351

Prickanuesa /I.K., baiioy1anoBa A.A., EcenamanoBa M.C., Mycrapuna A.2K., Camar A.C.
OHepKaCcinTiK Kana atMoc(hepachIHBIH KYKIPTCYTEKIIEH JIaCTaHybl: OylaHy aJaHIapbIHBIH
BIKTUMAIT POIL (ATBIPAY, KABAKCTAH) ..ecueiuieiiiiitiitieiieiteiteteteste ettt ettt 370

TaararoB J.T., 3amanbéexoBa A.T., Abuiabmar;kanoB A.3., Oye3xanoBa A.C., AxmeroBa C.H.
I{uksoreKcan/pl CyTeK MePOKCHAIMEH TOTHIKTBIPYFa apHAIIFaH MOJUMEPMEH MOAN(DHUKAIMUIAaHFaH
TACBIMAJIAFBIIIKA OCKITIITCH KATATTMBATOPIIAD «.veeveeverrerrententententersesseeseeseeseeneesensessessesseessensensensensensensense 389



Volume 3, Number 468 (2026)

COAEP)KAHHUE

Aoayranumos A.ILl., /lxxanmaxan6erosa P.U., Mykymesa LK.
ATOMHCTHYECKOE UCCIICIOBAHUE BIMSHUS PACTBOPHUTENICH Ha XUMUYECKYIO CTPYKTYPY
OCTYITOHOBOM KHICTIOTBL ... uveuveateertstautentententessestestesseestestessentesesseastebeeseeseestensentesenbesbesbeestentesbensentenbenbeabeaneas 11

Acemb6aeBa J.K., Hlanu J.K., Hypmyxan6eroBa /I.E., Bo:k6anos A.XK., I'aonyamna EOK.
BinsiHue HHY/IHMHA Ha TT0KA3aTeNu Ka4ecTBa ()epMEHTHPOBAHHOTO HAMUTKA HAa OCHOBE CHIPHOIL
CBIBOPOTEH «.uveuteatetteteestestentententeseaseestebeestestessentenseete et e eb e ebeeseestentent et e bt ebeebeebeeh s es b esbenbenbentenbeebeebeebeenteneentens 25

Acsbri6exoBa JI./1., Toktu6aesa X.P., Kaansi6aeBa A.P., ’Kypxadaesa Jl., Tykuoaena A.C.
DAeKTpoXuMHYecKoe moseaeHne pochopucToil KHCIOTH Ha TNITATHHOBOM 3JIEKTPOIE
1 e€ rabBaHOCTATHYCCKOEC aHOIHOE OKUCIICHHE C MCITOIb30BAHUEM CBHHIIOBOTO AHOMA.......ecvveveereervennens 39

AyemoB A.Il., Ecku6aesa 4.3., UopaeBa A.M., AizkanoB K.B., Ixxonnacosa 3.M.
HccnenoBanue aacopOIMOHHBIX XapaKTEPUCTUK KPeMHe3EMa, MOTyUYeHHOTO M3 CePIICHTHHUTA
KOMOMHUPOBAHHBIM KHCITOTHO-IIETTOTHBIM METOMOM ....eetiutesiateneasinseseaseneeseseseasenseseasensesenseseasensesensessasenens 58

Tlaasivmekan A., Koxkatekos C., KyanbimeB A., Cancbi30aii H., AapacuiioBa A.
BrusiHre cocTaBa COMOIMMEPOB OKTAASIIMIMETAKPUIIaTa U MAJICMHOBOTO aHTHIPHIA
HA PEOTIOTHYCCKHIE CBOMCTBA HEMTH ....euveeervieiienietentententeeteettestestentestenseebeeutebeessensessentensestesbesbeebeeseeneeneensens 78

JapmenobaeBa A.C., Rajasekharan R.
HccnenoBanue CTpyKTYPHBIX CBOWCTB HAHOLEIUTIONIO3HBIX MEMOpaH, MOJIYYEHHBIX U3 arpOOTXO/OB.......95

Jmurtpuena E.A., Mensenes A., KemesioexoBa A.
Pa3paboTka HU3KOTEMIIEPaTypPHOTO Ta30BOT0 CEHCOPA HAa OCHOBE TOHKMX IUIEHOK SnO: 1 NPEeLn3HOHHON
HM3MEPUTETBHON CUCTEMBI JJISl PETUCTPALUU BBICOKOOMHBIX COTPOTHBICHMM. ...vvevvenvirieiieiieiieieienienienee 109

xengpioaeBa U.M., Kaupoekos K., EcenanueBa M.3., locymoBa B.T., CyiimoaeBa C.M.
BrusiHue yapTpa3BykoBOi 00pabOTKH Ha CTPYKTYPY U (PU3UKO-XUMUYECKHE CBOWCTBA I'YMUHOBBIX
KHCITOT OYPOTO YITIT .evtuteutententententeattemtestentententenseatessesteestessessesentesaeabeebeeseemtententesenbeabeebeeseensensensensententenee 125

Jxymanuios T.K., Xumapean X., Umanrassl A.
Oco0EHHOCTH COPOLIMN HOHOB TSHKENBIX METAJUIOB HHTEPHIOIMMEPHBIMU CHCTEMAMH,
¢(hOpPMHUPOBAHHBIMHU M3 OXHOPOIHBIX MOTHAICKTPOIIHTOB. .....veuventerterterseeseemteneentensensessesseeseessesensensensensense 140

Kpuiksioex M., Opasoexosa P.C., EpkuéaeBa M.K., Aiinaposa A.O., baii:xxymanosa T.C.
Co—-Mg oKcHHbIE KaTaJIU3aTOPbI VIS ITyOOKOr0 OKMCIICHHSI METAHA: CHHTE3, CTPYKTypa
1 KaTATUTHUECKAST AKTUBHOCTD .....viuvuitenieuitenteteteuteteseetesesteseseeseesesesseseseesesesseasesesseseesensesesaeseeseseeneeeens 154

HUmanranuena b., Paxmerosa I'., locanoBa b., Coset H.
TexHoNOTHA NONTYyYSHUST ONOTOTUIECKOTO YAIOOPEHUS Iy TEM THIPOIU3HON 00pabOTKH
TTOTTIMEPHBIX OTXOOB. ..uteutententeateteaseestententensensessessesteessessessensensesaeabeebeeseemtententeseabeebeebeeneensensensensententenne 169

Kapap M.E., Beiicen6aeB O.K., Anudekxos P.C., Pocuax lllamcynun.
[Nonyuenue kpaxmana u3 puca «baiigansn u kaprodens copra «['ana» u ero npuMeHeHNe

B OHMOpa3IaraeMblx Marepuanax ... ..186

Kynaiioeprenosa I.H., Asumbaesa I.E., Kambic6aeBa A.K., U3tesney .M., Kyp6an6aesa H.M.
JKAPHOKUCIIOTHBIN COCTAB LBETKOB TOTTMHAMOYPA ....cuvvvvirentenieienientenseeseentestesensesbestesteeneeneensensensensenienee 204



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

MacenoBa A.T., Cacc A.C., Topiaonos U.U., PaxmeroBa K.C., Maaraxnaposa M.K.
PerynupoBanne moBepXHOCTHOH KHCIOTHOCTH Zn—Me-MonupHIupOBaHHBIX (POPMOBAHHBIX
ZSM-5-Al:0;3 KaTanu3aToOPOB ANKHITHPOBAHIST ........eoveueriteutrenreniteseeteseteeseseeseeseseeseseeseseesesaeseeseseeseeeens 219

Hypucaamos P.M., Hedenos A.H., Beiicendaen /I.K., JleonTtheBa K.A., Umames b.K.
Buinsinue okCcuAHBIX TIEHOK Ha KOPPO3UOHHYIO CTOMKOCTD JKele3a: MOJEIMPOBAaHUE
B COMSOL MUIIPRYSICS 0.2 ....cueiiiiiiiiiiiiiieiee ettt 238

Hypasidaes O., Kynaiideprenona P., Tayoaesa P., bekayiioBa A., CeiitManGeToBa A.
TexcTypHbIe CBOWCTBA OEHTOHUT—YIIEPOAHBIX KOMIIO3UTOB MOCIE KapOOHH3ALNH
B TMPUCYTCTBHH XJIOPHIIOB METATIIOB ....uvuteutenretenteeteettessessessentestestessesseeseentensesensessessesseeneensensensensensessenne 250

Iy3ukoBa /I.C., becconona I.B., Kenzun H.P., ’Kypunos M.2K., Top;ionos U.U.
MozenupoBaHue npouecca KaBUTalnl HeTeCoAepKaIMX CPel B Pa3IHYHbIX
THIPOIMHAMUUCCKUX KOHCTPYKIIHX . cevvuvententententeeteettensensessensestestessesseeseeneensensensessessesseensensensensensensensenne 263

Paxumos A., ’Kanuxyiso H., Taiimacos b., [loranosa E., Capcen6aeB b.
Pacuér cocraBa ChIpbeBOil MINXTHI AJISI IEMEHTHOTO KIIMHKepa ¢ J00aBICHUEM OTXO/I0B
TIEPEPAOOTKH CBHHIIOBOTO IIITAKA ...veevvenrenrentensentensensesstessensessesensessessesseeseensensensensensessesseessensensensensensensenne 285

Cepukoaena K.T., Yanos T.K., Caasixos K.A.
Copbuus pyouaust u3 BOOHBIX PacTBOPOB aHHOHUTAMH BOMDA—-ATI'D-TIOU....c..coeviiiiiiiiiece, 299

CeiiTkazunoBa A.P., Haxkunksizsl M., Eneyos ML.A., ’Kanapos A.A., KaabioaeBa A.K.
ITopucTelii akTUBUPOBAHHBIN yIJIEPO/, OJTYYEHHBIH U3 AlIETbCUHOBOM KOMKYPBL....cuvvenvrenreerieenreenienerennnes 322

CamanyHn A.U., TaycapoBa b.P., Acpakynosa /I.U., Hypmyxau6eropa JI.E.
buopasinaraemble YIIakoBOYHbIC IUIEHKU ¢ HAHOYACTUIIAMU ME/IN: BIUSHUE KOHLICHTPALIMK
NaBHa Ha MOP(OIOTHIO X AHTUTPHOKOBBIE CBOMCTBA .....veuveuveaieieeiiertenteneententensesseeseeseeseensensensensensensensenne 334

Xamuroa T.O., Taunax C., bonaroaii A.H., Ma ®3ub10Hb, AliToexoBa /I.E.
CBsI3b I€0JIOTHYECKOTO TeHE3UCa C MOJICKY/SIPHBIME U ONTHYECKUMH XapaKTePHCTHKAMU
TYMUAHOBBIX KHCJIOT M3 YTOIBHBIX OTXOMOB -...veutttuteutteneestsestasanseseaseseaseseseasenseseaseseasensesenseneasensesesseneesenes 351

Prickanuena /I.K., Baiioy1anoBa A.A., Ecenamanosa M.C., Mycraduna A.)K., Camat A.C.
3arpsizaeHre aTMocepsl MIPOMBIIIIEHHOTO FOPO/Ia CEPOBOAOPOIOM: OTEHIIHATIBHAS
poib nmoseld ncmapeHust (ATBIPAY, KABAXCTAH) ...c.eevetiriiiiiiiiiiiriieiieiieitetetet ettt 370

Taararos J.T., 3aman6exoBa A.T., AbuabmarxkanoB A.3., Aye3xanoa A.C., AxmeroBa C.H.

IMonmumep-MoanGUINPOBaHHbIC HAHECEHHbIE KaTAIM3aTOPbl OKUCIICHHS LIUKJIOTeKCaHa
TICPOKCUTOM BOZOPOIIA «.envenvententensiaseameestententesensessesseastessensensensestesaeaseeseeseentensensenseabeebeeseeneensensensensensensenne 389

10



Volume 3, Number 468 (2026)

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2224-5286

Volume 3.

Number 468 (2026), 125-139

https://doi.org/10.32014/2026.2518-1491.391

IRSTI 61.53.00
UDC 665.7.032.54: 631.811.98

© Dzheldybaeva [.M.*, Kairbekov Zh., Esenalieva M.Z., Dossumova B.T.,
Suimbaeva S.M., 2026.
Farabi University, Almaty, Kazakhstan.
E-mail: dzheldybaeva@gmail.com

INFLUENCE OF ULTRASONIC TREATMENT ON THE STRUCTURE
AND PHYSICOCHEMICAL PROPERTIES OF BROWN COAL HUMIC
ACIDS

Dzheldybaeva Indira — PhD, Associate Professor, Leading Researcher, NJSC Farabi University, Almaty,
Kazakhstan,

E-mail: dzheldybaeva@gmail.com, https://orcid.org/0000-0002-1524-4046;

Kairbekov Zhaksyntay — Doctor of chemical sciences, Professor, Chief Researcher, NJSC Farabi
University, Almaty, Kazakhstan,

E-mail: zh_kairbekov@mail.ru, https://orcid.org/0000-0002-0255-2330;

Esenalieva Manshuk — candidate of chemical sciences, Associate Professor, Leading Researcher, NJSC
Farabi University, Almaty, Kazakhstan,

E-mail: manshuk.esenalieva@mail.ru, https://orcid.org/0000-0002-0817-2048;

Dossumova Binara — candidate of chemical sciences, Associate Professor, Leading Researcher, NJSC
Farabi University, Almaty, Kazakhstan,

E-mail: dossumova63@mail.ru , https://orcid.org/0000-0003-4126-2907;

Suimbaeva Saltanat — PhD, Leading Researcher, NJSC Farabi University, Almaty, Kazakhstan,
E-mail: suimbayeva@gmail.com, https://orcid.org/ 0000-0003-3990-4974.

Abstract. The relevance of the topic is driven by the need to develop efficient and
environmentally safe technologies for processing brown coal to obtain modified humic
substances with tailored properties. This work investigates the effect of ultrasonic
treatment on the physicochemical properties and molecular structure of humic acids
derived from brown coal of the Oy-Karagay deposit (Republic of Kazakhstan). The
study aims to substantiate and optimize the time parameters of mechanoacoustic
treatment for the targeted production of physiologically active and bioavailable humic
substances. Ultrasonic treatment of brown coal was performed in a specialized sealed
container using a "UZV-1.3 Sapphire" ultrasonic bath (frequency: 35 kHz, power: 50
W) within a time interval of 15-90 minutes. Humic acids were isolated from the coal
via aqueous alkaline extraction with sodium hydroxide, followed by precipitation in
an acidic medium. The dynamics of technical composition changes were investigated
using a MOC63u (Shimadzu) automatic analyzer and according to GOST 11022-95.
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The transformation of functional groups and the molecular framework was evaluated
by Fourier-transform infrared spectroscopy (Bruker Tensor II), followed by the
calculation of fundamental spectral indices. It was found that cavitation effects on
the coal matrix proceed through a maximum and trigger coupled processes of ballast
aliphatic periphery destruction and deep oxidation of the coal organic matter. Acoustic
treatment for 45 minutes was shown to be optimal. This mode provides maximum
hydrophilization of the matrix (sorption moisture increase up to 11.52%) and peak
values of efficiency indices: aromaticity (Iar/al =3.15), hydrophilicity (Ihyd = 1.48), and
carboxylation (Icarb = 0.56). This indicates maximum structural saturation with active
groups (—COOH, —OH) that form chelating and biostimulating capacity. Extending the
treatment time beyond 60 minutes is impractical due to decarboxylation and secondary
particle reagglomeration. The results obtained can be applied in technological schemes
for the comprehensive processing of solid fossil fuels to produce highly effective
organomineral growth stimulants and environmentally safe fertilizers for agriculture.

Keywords: brown coal, humic acids, ultrasonic treatment, infrared spectroscopy,
spectral indices
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AHHOTAIUs. 3ePTTEY/IiH 63€KTUIIr OEpUIreH KacueTTepi 0ap MoAu(pUKaIUsIIaHFaH
TYMUHJIIK 3aTTap/Ibl a1y MaKCaThIH/a KOHBIP KOMIpPli OHICY/IIH THIM/I1 9P SKOJIOTUSITBIK
KayiIci3 TeXHOJIOTUsIapbIHA3IPIIY KAXKETTIIIrIMeH alKbpiHAaa b1, JKymbictaKazakcran
Pecnyomukaceinnarel Oii-Kaparaii keH OpHBIHBIH KOHBIP KOMIpiHEH allbIHFaH TYMHH
KBIIKBUIIAPBIHBIH (PU3UKA-XUMHSIIBIK KaCHETTEPi MEH MOJEKYJIANbIK KYPbUIBIMBIHA
YABTPAABIOBICTBIK OHACYIIH dcepi 3epTTeli/il. 3epTTey/liH MaKcaThl — (U3HOIOTUSIIBIK
OeJICeH NI MEH OMOXKETIMIUTIT JKOFaphl TYMUHJIIK 3aTTapAbl MakcaTThl TypJe aity
YIIiH MEXaHOAaKyCTHKAJIBIK OHJICY Y3aKThIFbIH FHUIBIMHU HET13/1eY )KOHE OHTaWIaH bIPY.
KoHpIp keMip/i ynbeTpaablObICTHIK OHJICY apHaibl TepMETUKAIBIK bifbicTa UZV-1.3
Sapphire yiabTpasbIOBICTHIK BaHHACKIH MMakaliaHa OTBIPhIN, 35 KI'Il XKHUUTIKTE kKoHE
50 Bt kyarta 15-90 MuHYT apaibiFbiHIA KYpri3iaai. [yMUH KbIIIKBUIAAPBl HATPHHA
THJIPOKCUIIMEH CYJBI-CUITLII AKCTpaKIUsUIay )KOHE KeHiH KBIIKBUI OpTaia TYHABIPY
apKbLIbI OOJIIHIN aNbIHABL YJTUIEPIiH TEXHUKAIBIK KypaMbIHbIH e3repyi MOC63u
(Shimadzu) aBromartel ananu3zaropsigaa xone [OCT 11022-95 Tanantapsina coiikec
aHbIKTaNIbl. DYyHKIMOHAIJBIK TONTAp MEH MOJICKYJalbIK KaHKAaHBIH e3repicTepi
Bruker Tensor II xypanbiaga ®@ypbe-TypieHaipiared HHOPaKbI3bUT CIEKTPOCKOHS
o/liciMeH OarajaHbIN, HETI3rl CHEeKTPIIK HMHAEKcTep ecenrtenni. HoTmxkenep kemip
MaTpPUIIAChIHA KABUTAIMSUIBIK 9CEpP AKCTPEMYM apKbLIbl OTETIHIH jKOHE 0ajlIacThIK
anuparThlK nepudepusiHbIH, OY3bUTYBl MEH KOMIpPAIH OpPTraHUKAIBIK MacCaChIHBIH
TEpEH TOTBHIFYbI KaTap >KYPETiHIH KopceTTi. 45 MUHYTTBIK YIBTPaJbIOBICTEIK OHACY
OHTAMJIBI PeXHUM peTiHAe aHbIKTanAbl. OChl Kardaiijja MaTpUIaHBIH €H >KOFaphbl
rUAPOPUIICHY1 OalKaibil, COPOUUSIBIK bUFAIAbUIBIK 11,52%-Fa neifin apTThl, ai
HET13T1 CIeKTPIIiK UHJIEKCTEP €H JKOFapbl MOHJIEPIe )KETTi: apoMarThulbIK lar/al = 3,15,
rugpopmipainik Thyd = 1,48 xone kapOokcuinneny Icarb = 0,56. by HoTmxkenep
KYPBUIBIMHBIH X€JIaTTayIllbl )KoHE OMOCTUMYISIIMSIIAYIIBI KACHETTEPAl KaMTaMachl3
ererin Oencennii —COOH »xone —OH tontapbiMer OapbIHIIA KAHBIKKAHBIH KOPCETEI].
Onziey y3akThirblH 60 MUHYTTaH achlpy JACKapOOKCHIIZICHY MXOHE OOJIICKTepIiH
KaiiTaiamMa pearjioMepanusiChl CajJlapblHaH THIMCI3 €KEHI aHBIKTAJJbl. AJIBIHFaH
HOTIDKENIEp aybll IapyamlblUIbIFbIHA apHAJFaH JKOFapbl THIMJI OpraHOMUHEPANIbIK
eCcy CTHUMYJSTOPIaphl MEH JKOJIOTHSUIBIK Kayilci3 THIHAUTKBIIITAP Ay YIIiH KaTThI
YKaHFBIII Ka30aapabl KeIeH i OHeY/IiH TEXHOJIOTHSIIBIK ChI30anapblH/Ia KOJIAaHbLTYbI
MYMKiH.

Tyiiin ce3mep: KOHBIp KOMip, TYMHH KBIIKBUIIAPHI, YIBTPAIBIOBICTHIK OHJEY,
HWHQPAKBI3BLI CIIEKTPOCKOIIUS, CIIEKTPIIK HHISKCTEP
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AHHOTAUUsI: AKTyallbHOCTh HCCIIEIOBaHUsI OOYCIIOBIEHAa HEOOXOAMMOCTHIO
pa3paboTku 3)HEKTUBHBIX U IKOJOTMUYECKH O€30MacHBIX TEXHOJOTHU IepepadoTKH
Oyporo yriist [Jisl IOJTydeHHs] MOJU(HUIIMPOBAHHBIX TYMHHOBBIX BEIIECTB C 33 JaHHBIMH
cBoiictBamu. B paboTe wucciaenoBaHO BIWSHUE YJIBTPa3ByKOBOH 00paOOTKH Ha
(UBNKO-XMMHUYECKHE CBOMCTBA W MOJIEKYISPHYIO CTPYKTYPY TYMHHOBBIX KHCIIOT,
BBIJICJICHHBIX 13 Oyporo ymisi Mecropoxienus Oii-Kaparait B PecmyOnmke
Kazaxcran. Llear wmccrmemoBaHusl 3akiiodajgach B OOOCHOBAHMHM W ONTHMHU3AIUU
MPOIOJDKUTEIILHOCTH  MEXaHOAKYCTHUECKOTO BO3ACUCTBHUS Ul  HAIPABICHHOTO
nony4YeHus: (U3NOJOTHUECKH AaKTHBHBIX M OWOJOCTYIMHBIX T'YMHHOBBIX BEIIECTB.
VYibTpa3BykoByl0 00pabOTKy Oyporo yris MPOBOAMIM B TepPMETHYHOH EMKOCTU C
HCTONB30BaHNEM YIbTpa3BykoBoil BanHbl UZV-1.3 Sapphire npu yacrore 35 k[ u
morrHocTH 50 BT B Teuenue 15-90 muH. ['yMUHOBBIE KHCIOTHI BBIICTSIIH METOIOM
BOJTHO-ILIEJIOYHON AKCTPAKIUU THIPOKCHIIOM HATPHUsS C MOCIEAYIONIMM OCaXJICHHEM
B KuCIO# cpene. V3MeHeHHsT TEXHHUYECKOTO COCTaBa HCCIEAOBAINA C ITOMOIIBIO
aBTomMarnueckoro ananuzaropa MOC63u (Shimadzu) u B coorBerctBUu ¢ ['OCT
11022-95. Tpancdopmanuio (YHKIMOHATIBHBIX TPYMII M MOJIEKYJSIPHOTO Kapkaca
ouenuBanu merorgoM MK-®ypwe-cnextpockonuu Ha npubope Bruker Tensor II ¢
MOCIIEAYIOMUM pacu€TOM OCHOBHBIX CIHEKTPaJIbHBIX HHJEKCOB. YCTAaHOBJICHO, YTO
KaBUTAIIMOHHOE BO3/ICHICTBUE HA YTONBHYIO MaTPHILY UMEET IKCTPEMaIbHBIN XapakTep
U MHHLIUUPYET CONMPSHKEHHBIE MPOIECChl pa3pylIeHus] 0ajlacTHON amudaruveckon
nepudepur U IyOOKOTO OKHCIICHHUS OPraHu4ecKoro Bemiecta yrisi. OnTHManbHOM
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OKa3ajach MPOJOJDKUTEIBLHOCTh YIBTPa3BykoBol o0paboTku 45 muH. [Ipu maHHOM
peXHUMe JOCTHrajach MaKCHMajibHas TUAPOGWIM3AIUS MaTPHUIIBL: COPOIIMOHHAS
BIQKHOCTh yBenuuuBaiach o 11,52%, a cnekTpalbHble WHIEKCHI JIOCTUTAIN
MaKCHUMaJbHBIX 3HaYeHHH — apomatuuyHocTu lar/al = 3,15, rugpodunsHoctu Thyd
= 1,48 u xapOokcwimpoBanus Icarb = 0,56. [lonydyeHHbIC TaHHBIC CBUACTEIBCTBYIOT
0 MaKCHMaJIbHOM HACBINIEHUU CTPYKTYpbl akTuBHbIME rpynmnamu —COOH u —OH,
OTPECISIONUMHI  XCJIATUPYIOIIHEe W OMOCTUMYIHPYIOIIAE CBOMCTBA TYMHUHOBBIX
BEIIECTB. YBEIWYCHHE IMPOAOKUTEIBHOCTH 00paboTKU CBhINIe 60 MHH OKa3alloCh
HEIEIeCO00pa3HbIM BCIEACTBHE IPOLECCOB JEKAPOOKCUIUPOBAHUS M BTOPUYHON
pearsioMepanuy 4acTull. Pe3ynbrarhl UCCIIEIOBaHHUS MOTYT OBITh HCIIOJIIB30BaHbI B
TEXHOJIOTMYECKUX CXeMaxX KOMIUICKCHOMN MepepaOdO0TKU TBEPIBIX TOPIOYUX UCKOMIAEMbIX
JUTSL TIOJYYCHHSI BEICOKO3(D(PEKTUBHBIX OPraHOMUHEPAIBHBIX CTUMYJISTOPOB POCTa U
9KOJIOTUYECKHU 0€30IACHBIX YIOOPEHUH ISl CEIbCKOTO XO3SIMCTBA.

KuaroueBbie cjoBa: Oypblii yroib, TYMHUHOBBIC KHCIOTBHI, YIIBTPa3BYKOBas
o0paboTka, nH(ppakpacHas CIIEKTPOCKOIHUS, CIICKTPAIbHbIC UHJICKCHI

Introduction. In the context of the modern transition to environmentally friendly
and resource-saving technologies, the deep and comprehensive processing of solid
fossil fuels is a highly relevant task (Saroha, et al., 2026). Solid fossil fuels encompass
organic-derived minerals ranging from peat and oil shale to anthracite (Skursky et al.,
2026). Among them, coal traditionally represents the greatest economic and scientific
interest, serving as a vital natural resource for the fuel and energy sector (Rybak, et
al., 2025). Due to their unique properties, coals must be considered an invaluable raw
material for the chemical industry (Wang et al., 2026).

Currently, a critical challenge in studying coal properties is the development of
new and the intensification of existing processing methods applicable to both fuel and
non-fuel utilization sectors (Jiayi et al., 2025). Brown coal is traditionally regarded as
a low-grade fuel. However, it possesses high potential as a raw material for obtaining
valuable non-fuel products (Shao, etal., 2021). Among these, humic acids (HAs) occupy
a special place (Zhang et al., 2020). HAs are complex, high-molecular-weight natural
compounds (Pal et al., 1985). They possess a unique complex of physicochemical
properties (Leo$ Doskocil, et al., 2018), which enables their effective application
as environmentally safe fertilizers, plant growth stimulants, and for other purposes
(Kunanbayeva, et al., 2020; Shah et al., 2018).

Literature review. The development of environmentally oriented agriculture
dictates the need for the widespread implementation of highly effective and safe plant
growth stimulants (Ismailov et al., 2023). Among these, humic fertilizers obtained
from natural organic raw materials, specifically brown coals, occupy a special place
(Akhmetova et al., 2020). Brown coals from the Oy-Karagai deposit (Republic of
Kazakhstan) represent a promising and economically accessible source of humic
substances due to their high content of physiologically active components (Kairbekov
et al., 2018). However, native humic acids (HAs) from mature coals often possess
a rigid, polycondensed structure and low solubility (Sarsenbek et al., 2021). This

129



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

significantly limits their bioavailability for agricultural ecosystems (Dzheldybaeva et
al., 2022). One of the most promising, environmentally safe, and high-tech methods
for intensifying physicochemical processes is ultrasonic (cavitation) treatment (UST)
(Moskalenko et al., 2010; Kairbekov et al., 2020).

The impact of high-intensity ultrasound on liquid media is accompanied by the
effect of acoustic cavitation (Vijyendra Kumar et al., 2025). The local ultra-high
pressures and temperatures, as well as powerful shear stresses arising from the collapse
of cavitation bubbles, are capable of inducing macromolecular destruction, cleavage
of intermolecular bonds, and the generation of free radicals (Patrakov et al., 2007).
The application of ultrasound to humic acid solutions and suspensions allows for
the disintegration of large molecular aggregates, a reduction in molecular weight, an
increase in the content of active oxygen-containing functional groups (carboxyl and
phenolic hydroxyls), and an enhancement of the system's hydrophilicity without using
aggressive chemical reagents (Redhwan Al-Akbari et al., 2026).

Despite the existence of individual studies (R. Al-Akbari et al., 2024) in the
field of sonochemical modification of natural polymers, systematic data regarding
the mechanisms of the influence of ultrasonic exposure parameters (frequency,
power, duration, and temperature regime) on the fine structure and the complex of
physicochemical properties of brown coal humic acids remain fragmented.

The aim of this work is to study the effect of ultrasonic cavitation treatment duration
on the physicochemical properties and molecular structure of humic acids isolated
from brown coal of the Oy-Karagai deposit to evaluate the potential for their further
practical application.

Materials: Oy-Karagay deposit coal, sodium hydroxide (analytical grade) GOST
4328-77, universal indicator paper (pH 0-12) TU 2642-054-23050963-2008, distilled
water, hydrochloric acid (chemically pure) GOST 3118-77 Amdt. 1, "Blue Ribbon"
filter paper TU 2642-001-68085491-2011.

Methods: The analytical moisture content (W*) of the initial and sonicated coal
samples, as well as their humic acids, was determined using a MOC63u automatic
moisture analyzer (Shimadzu, Japan). Measurements were performed in automatic
drying completion mode at 105°C until a constant sample weight was achieved.

The analytical ash content (4%) was determined in accordance with GOST 11022-95
"Solid mineral fuels. Determination of ash content."

Fourier-transform infrared (FTIR) spectra were recorded on a Bruker Tensor II
spectrometer (USA) in transmission mode using potassium bromide (KBr) pellets.

Calculation of FTIR Spectral Indices:

To quantitatively evaluate the transformation of the molecular structure and
functional composition of humic acids, fundamental spectral indices were calculated
based on the optical density (D) at specific baselines of characteristic absorption bands:

Aromaticity Index (/). Evaluates the ratio of aromatic structures to aliphatic
fragments.

= 'D'_E-DD; (1)

ar/al
'D!.'? o
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Where D15 corresponds to C = C stretching vibrations of aromatic rings, and
D3g2p corresponds to asymmetric C — H stretching of aliphatic —CH - groups.

Hydrophilicity Index (Z, ): Reflects the degree of enrichment of the molecular
structure with polar hydrophilic groups relative to the hydrophobic framework.

_ D3400
hd  mi1gon’

2)

Where D, corresponds to O—H stretching vibrations of hydrogen-bonded phenolic
and alcoholic hydroxyl groups.
Carboxylation Index (/,,): Indicates the density of carboxylic acid functional

groups.

_ D1710
carb m1g0D’

)

Where D, corresponds to C=0O stretching vibrations of un-ionized carboxylic
groups (— COOH).

Methodology for Ultrasonic Coal Treatment: A 10 g sample of dry native coal was
placed in a thin, uniform layer inside a specialized plastic tray. The tray was hermetically
sealed to prevent any ingress of external moisture and then immersed into the working
zone of a "UZV-1.3 Sapphire" ultrasonic bath (Russia). Distilled water was used as the
contact transmitting medium in the bath. The dry coal samples were treated at a fixed
frequency of 35 kHz and a power of 50 W within a time interval of 15-90 minutes.

Isolation Methodology of Humic Acids from Coal: Humic acids were isolated
from the coal via aqueous alkaline extraction with sodium hydroxide, followed by
precipitation in an acidic medium. A coal sample of 5.0 g (<1mm), weighed to the
nearest 0.0002 g, was placed into a 1000 mL conical flask, and 500 mL of a 1 %
sodium hydroxide solution was added. The flask contents were heated to 80°C and
stirred using a shaker for 2 hours. The resulting mixture was centrifuged using an RS-
6MTs laboratory centrifuge at 1500 rpm for 15 minutes. The insoluble coal residue
was washed with a small amount of alkali. The filter containing the coal residue was
dried and weighed. Subsequently, the volume of the obtained extract was measured,
and the humic acid content was determined by precipitation with 5% HCI until a pH
of 2-3 was reached. The mixture with the precipitate was kept on a water bath for 30
minutes. The formed humic acid precipitate was filtered through a pre-weighed ashless
filter paper (Blue Ribbon). The precipitate was then washed with distilled water. The
filter with the precipitate was removed from the Biichner funnel, folded several times,
and placed into pre-dried and pre-weighed weighing bottles. The weighing bottle with
the filter and precipitate was then placed in a drying oven and dried at a temperature
not exceeding 75°C until a constant weight was achieved. Control drying operations
were performed until the mass difference between two consecutive weighings did not
exceed 0.001 g. The mass of the precipitate was determined by accounting for the mass
of the weighing bottle and the filter paper.
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Results and discussion

Effect of Ultrasonic Treatment on Sample Moisture and Ash Content.

Mechanoacoustic treatment of the coal matrix structure exerts a pronounced
effect on the moisture sorption process and the redistribution of the mineral phase.
The physicochemical nature of the observed changes in the coal samples is driven by
mechanoacoustic dispersion and destruction of the organic matrix under the influence of
an intense ultrasonic field transmitted through the walls of the sealed tray. The increase
in analytical moisture content from 10.06% to a maximum of 11.52% at the 45th minute
is not associated with the absorption of an external liquid phase. This effect is explained
by a sharp increase in the specific surface area and porosity of the material resulting
from acoustic micro-chipping and fragmentation of the coal particles (Figure 1).
Furthermore, local alternating stresses lead to the cleavage of the weakest chemical
bonds in the organic matter of coal (OMC), accompanied by the formation of active
radicals.

2.0 7.8
—— e
& pd
115 L 7.6
C 74,
2 %
105 L7.2
10.01 L7.0
9.5 - T T T r T 6.8
0 15 30 45 60 90

UST, min

Figure 1 - Influence of ultrasonic treatment (UST) duration on the analytical moisture content (Wa)
and ash content (Aa) of coal.

The increase in the relative ash residue content from 7.0395% to 7.5749% in the
isolated system indicates the occurrence of destructive processes within the OMC.
Intense ultrasonic treatment initiates the mechanochemical destruction of the peripheral
fragments of coal macromolecules, which is accompanied by the evolution of volatile
gaseous products (CO, CO,, CH,, H,). The partial loss of the light organic fraction upon
opening the tray leads to a consistent concentration of the non-combustible mineral
residue, which is registered as an increase in the dry-basis ash content. The extreme
nature of these trends (reaching a maximum at the 45th minute followed by a decline
toward the 60th and 90th minutes) indicates that the system passes through a critical
activation point. Up to 45 minutes, the prevailing processes are the destruction of the
organic matrix and the development of a porous structure. With a further increase in
treatment time (60 and 90 min) within the ultrasonic field, processes of secondary
ultrasonic coagulation and reagglomeration of highly dispersed coal particles under
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the influence of acoustic pressure forces likely begin to dominate. This leads to partial
pore blockage, a decrease in the available specific surface area for moisture sorption,
and the stabilization of OMC destruction processes.

Comparative Analysis of FTIR Spectra of Native and Sonicated Coals and Their
Humic Acids.

To evaluate the changes in the molecular structure and the transformation of
functional groups within the organic matter of coal and humic acids (HAs) induced by
ultrasonic treatment (UST) of varying durations, a comparative analysis of the FTIR
spectra was performed (Figures 2-3).
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Figure 2 — FTIR spectra of the native and ultrasound-treated coal samples at different exposure times: a)
native; b) 15 min; ¢) 30 min; d) 45 min; ) 60 min; f) 90 min
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Figure 3 — FTIR spectra of HAs obtained from native and sonicated coals at different exposure times: a)
native; b) 15 min; ¢) 30 min; d) 45 min; ¢) 60 min; f) 90 min.

FTIR spectroscopy revealed the presence of key functional groups, including
hydroxyl, carboxyl, phenolic, and aromatic structures, which are crucial for their
sorption and reactive properties (Kadam et al., 2025).

For a comprehensive comparative analysis of the FTIR spectra of HAs, a combined

frequency assignment table has been prepared. It clearly illustrates the spectral
differences between the native coal matrix and the target component isolated from it -

humic acids (Table 1).
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Table 1 — Assignment of the main absorption bands in the FTIR spectra of native coal and humic
acids from the Oy-Karagay deposit

Spectral | Main coal Main HA Band assignment Functional groups and structural
range | wavenumber | wavenumber |and mode of fragments
(em™)  |[(v,em)) (v,em ) vibration
4000 — [3390 —3200 |3438, 3351, |Broad, strong; Hydroxyl (phenols, alcohols) and amino
3000 3215 stretching (v, v,,) | groups involved in hydrogen bonding. In
HA, the peaks are more differentiated.
3000 — |~2920 2946 Weak; asymmetric | Methylene and methyl groups within
2800 (shoulder) stretching (v,,,,, V;;) | aliphatic side chains (-CH2, ~CH3)
1750 - | 1700 - 1710 1707 Medium / shoulder; | Unconjugated carbonyl groups within
1650 stretching (v ) carboxylic groups (-COOH) and ketones.
1650 — | 1602 — 1595 | 1610 Strong; stretching Skeletal vibrations of the aromatic ring
1580 (Ve Vi c00) conjugated with carbonyls; asymmetric
vibrations of carboxylates.
1580 — | ~1540 1541 Medium; skeletal Aromatic core; amide fragments of
1500 (weak) ring and deformation | the periphery (Amide II band, more
() pronounced in HAs).
1450 — | 1454, 1377 |1454, 1418, |Medium / weak; In-plane vibrations of alkyl groups;
1350 1371, 1359 | deformation (J,,,, symmetric stretching vibrations of
8yp)> (Symmetric ionized —-COO™ groups.
stretching v_ ..,
1300 — | 1260 — 1220 [1261, 1240, |Medium; stretching | Ether bridges Ar—O-R; hydroxyls of
1150 1226 Ve o) deformation | phenolic and carboxylic fragments.
(B
1150— | 1092 -1035 [ 1131, 1107, | Strong, complex; Alcohol groups, carbohydrate residues;
1000 1082 stretching (v . ., silicate/clay mineral impurities of coal.
VSiAO/Al—O)
1000 - |916,800— |903 —722 Weak; out-of-plane | Methine groups of the aromatic ring with
700 720 (cepus nuxos) | deformation (y . ) | various substitution types (from 1 to 4
isolated H-atoms).
700 — 662 — 530 662, 649, 626 | Narrow, strong Mineral (ash) component of coal (quartz,
400 in coal; inorganic aluminosilicates) and sulfur-containing
deformation in HAs | compounds.

Upon transition from coal to HAs, the band at 1610 cm™ becomes narrower and
more intense, which proves the successful concentration of humic substances and
the isolation of the aromatic core from the bulk coal matrix. In the HAs spectrum,
the 3438-3215 cm™ region (hydroxyl groups) and the peaks around 1418-1359 cm™
(carboxylates) are much more pronounced than in coal. This confirms the high content
of active sites in humic substances, which are responsible for plant growth stimulation
and micronutrient binding (Zanin et al., 2019).

The transformation of functional groups within the organic matter of sonicated coals
and HAs extracted from them, along with the dynamics of changes in key absorption
bands, is presented in comparative Table 2.
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Table 2 — Comparative characteristics of HA structure transformation under UST

Sample (UST)

Key Changes in the FTIR Spectrum

Structural interpretation and significance
for fertilizers (Lamar et al., 2024)

Native HA

A classic profile. Intense bands of O-H
(~3400 cm™), conjugated C=C, and
carboxylates (1610 cm™). Distinct aliphatic
peaks (2946 cm™) and a carbohydrate tail
(1100-1000 cm™)

High molecular weight, a rigid skeleton,
and a moderate number of accessible
hydrophilic centers.

UST
15-30 min

An increase in intensity and broadening of
the 3438-3215 cm™ band. The formation
and elevation of a carbonyl shoulder at
1707 cm™. A slight decrease in the 2946
cm™' peak

Initial activation stage: hydrolytic cleavage
of macromolecules and oxidation of the
periphery occur. The concentration of
phenolic and carboxyl groups increases,
which improves the solubility and chelating
properties of the fertilizer.

UST
45 min

Maximum intensity of the O—H absorption
bands (3418 cm™) and carboxyl groups
(1710-1704 cm™). Minimum relative
intensity of aliphatic C—H bonds (2946—-
920 cm™). Clear resolution of the bands in
the 1610 and 1540 cm ™! region

Optimal activation regime: deep destruction
of ballast aliphatic chains is achieved
(consistent with the analytical moisture
maximum, W*= 11,52 %). The structure
becomes maximally saturated with active
centers (—COOH and —OH) responsible for
the transport of micronutrients into plants.

UST
60-90 min

A decrease in the intensity of the O—H band
(down to 3366 cm™). Partial smearing of
the carbonyl shoulder (1704 cm™). An
increase in the peaks within the inorganic
residue region (662—626 cm™).

Over-processing and destruction
stage: prolonged cavitation leads to
decarboxylation and secondary aggregation
(condensation) of the cores. The relative
proportion of mineral impurities in the

HAs increases, which is confirmed by ash
content data.

According to the data obtained in Table 2, it can be seen that the changes in the
molecular structure of brown coal HAs under the influence of ultrasonic cavitation
exhibit a stage-by-stage pattern, which is clearly recorded by the transformation of key
absorption bands in the FTIR spectra.

Native HA samples possess a classic spectral profile characteristic of poorly modified,
mature brown coal organic matter. Its structure is dominated by intense absorption
bands of O—H groups (~3400 cm™), which are incorporated into an extensive system
of inter- and intramolecular hydrogen bonds, as well as bands at 1610 cm™ caused by
the vibrations of conjugated C=C bonds of the aromatic skeleton and carboxylate ions.
The peripheral part of native HAs is represented by long hydrophobic alkyl chains, as
confirmed by distinct aliphatic peaks (2946 cm™), and a labile carbohydrate tail in the
1100-1000 cm™ region.

At the initial stage of sonochemical exposure (mild regime), destructive-oxidative
modification processes are initiated, affecting predominantly the terminal groups of
the periphery. In the FTIR spectrum, this is manifested by an increase in intensity
and broadening of the 3438-3215 cm™ band, indicating the accumulation of hydroxyl
(phenolic and alcoholic) fragments and the complication of the hydrogen bond network.
Concurrently, the formation and elevation of a shoulder of free carbonyl and carboxyl
groups at 1707 cm™ is recorded, serving as a direct marker of oxidation. At the same
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time, the rigid carbon skeleton and the bulk of the aliphatic chains still maintain their
integrity, as indicated by only a slight decrease in the intensity of the 2946 cm™ peak.

Upon reaching the optimal sonication parameters (maximum efficiency regime),
the restructuring of HA macromolecules reaches its peak. At this point, the maximum
intensity of the absorption bands of hydrophilic O—H groups (3418 cm™") and carboxyl
groups (1710-1704 cm™) is registered, which testifies to the ultimate degree of
sonochemical oxidation of the structure and a sharp increase in the cation exchange
capacity. Deep destruction of the hydrophobic periphery is confirmed by the decline
to a minimum of the relative intensity of aliphatic C—H bonds (2946-2920 cm™). An
important structural consequence of the "cleansing" of the aromatic core from side
chains is the clear resolution of the bands in the 1610 and 1540 cm™' region, reflecting
the differentiation of vibrations between the skeletal C=C bonds of the core and the
ionized carboxylate groups.

Thus, the dynamics of spectral changes demonstrate a sequential transition from
the high-molecular-weight hydrophobic structure of native HAs to an optimally
destructured, maximally oxidized, and hydrophilic form possessing the highest
agrochemical potential.

Based on the experimental data of the FTIR spectra of HAs during ultrasonic
treatment, three fundamental agrochemical indices were calculated (Table 3).

Table 3 — Dynamics of spectral efficiency indices of HAs from Oy-Karagai coal

UST time (min) | £, | £, | Lo Sample Characterization
0 (Native) 1.85]1.12| 0.31 |Rigid hydrophobic structure, low bioavailability.
15 2.10 | 1.18 | 0.35 | Onset of hydrolysis, partial loss of light aliphatic chains.
30 2.45(1.29| 0.42 | Destruction of ballast periphery, exposure of active centers.
45 3.15|1.48 | 0.56 | Peak efficiency: Maximum amount of OH- and COOH-rpym.
60 2.90 | 1.35| 0.48 | Onset of decarboxylation and oxidative destruction of groups.
90 2.62 | 1.21| 0.40 | Secondary condensation (densification), drop-in activity.

The calculation of spectral coefficients clearly confirms the extreme nature of HA
modification in an ultrasonic field (35 kHz, 50 W):

Activation period (0-45 min): The aromaticity index /, increases from 1.85 t0 3.15
(a 70% growth). This is due to the selective cavitation-induced destruction of thermally
unstable, loose aliphatic fragments (decrease in the 2946 cm™ peak). Concurrently, the
hydrophilicity index / o reaches its maximum (1.48), while the carboxylation index
I, reaches a value of 0.56. This indicates the deep oxidation of the coal organic matrix,
accompanied by the formation of additional functional groups. Thus, the HA sample
obtained from the coal sonicated for 45 minutes possesses the optimal combination of
solubility and chelating capacity.

During coal sonication exceeding 60 minutes (over-processing period, 60-90
min): A synchronous decline in all three indices is observed. The decrease in [,
to 0.40 testifies to thermal and radical decarboxylation (cleavage of CO: from HA
molecules), while the drop in /,  indicates partial destruction of the aromatic skeleton
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of the macromolecules themselves under the action of severe cavitation-induced shear
deformations.

Conclusion. FTIR spectroscopy and thermogravimetric analysis demonstrated
the high efficiency of ultrasonic cavitation treatment (35 kHz, 30 W) for the targeted
modification of the physicochemical properties and molecular structure of humic acids
derived from Oy-Karagai deposit coal. It was established that the cavitation exposure
initiates coupled processes of aliphatic periphery destruction and oxidation of the
organic matrix. This is confirmed by an increase in the analytical moisture of the raw
material from 10.06% to 11.52%, accompanied by a simultaneous redistribution of
the stretching vibration intensities of aliphatic C—H bonds (2946 cm™) and carboxyl
groups (1707 and 1610 cm™). The optimal coal sonication time for obtaining humic
acids intended for highly active biostimulants and fertilizers is 45 minutes. This regime
ensures maximum pore exposure, matrix hydrophilization, and the peak concentration
of physiologically active phenolic hydroxyls and carboxyl groups that form the cation-
exchange and chelating capacity of the final product. Extending the treatment to 60-
90 minutes is impractical, as it initiates processes of decarboxylation and secondary
condensation of macromolecules, which reduces the overall solubility and agrochemical
value of the resulting humic acids.
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