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



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2224-5286

Volume 3.

Number 468 (2026), 334-350

https://doi.org/10.32014/2026.2518-1491.404

IRSTI 31.15.33
UDC 544.6; 661.183.2

© Seitkazinova A.R."?, Nazhipkyzy M."*, Yeleuov M.?, Zhaparov A.A.!,
Kalybayeva A.K.%, 2026.
'Al-Farabi Kazakh National University, Almaty, Kazakhstan;
Hnstitute of Combustion Problems, Almaty, Kazakhstan;
‘Institute of Engineering and Technology, Korkyt Ata Kyzylorda University,
Kyzylorda, Kazakhstan.
E-mail: meruert82@mail.ru

ORANGE PEEL-DERIVED POROUS ACTIVATED CARBON

Seitkazinova Aigerim — PhD student, Faculty of Chemistry and Chemical Technology, Al-Farabi Kazakh
National University, Almaty, Kazakhstan,

E-mail: aiko3126@mail.ru, https://orcid.org/0000-0002-1151-490X;

Nazhipkyzy Meruyert — candidate of chemical sciences, professor, Faculty of Chemistry and Chemical
Technology, Al-Farabi Kazakh National University, Almaty, Kazakhstan,

E-mail: meruert82@mail.ru, https://orcid.org/0000-0002-3716-0476;

Yeleuov Mukhtar — PhD, Institute of Combustion Problems, Almaty, Kazakhstan,

E-mail: mukhtar.yu@gmail.com, https://orcid.org/0000-0001-7488-7431;

Zhaparov Altynbek — Al-Farabi Kazakh National University, Almaty, Kazakhstan,

E-mail: altynbek.zhaparov@gmail.com, https://orcid.org/0009-0008-1620-4151;

Kalybayeva Akmaral — candidate of technical sciences, acting associate professor, Korkyt Ata Kyzylorda
University, Kyzylorda, Kazakhstan,

E-mail: Kunanbaykyzy80@mail.ru, https://orcid.org/0000-0003-4032-4934.

Abstract. The conversion of renewable biomass waste into porous carbon materials
is a promising approach for both efficient waste valorization and the development of
environmentally sustainable electrode materials for modern electrochemical energy-
storage systems. Food waste, particularly orange peel, is of considerable interest as
an abundant, renewable, and carbon-rich precursor. This study aimed to synthesize
porous carbon materials from orange peel waste and to determine the effects of
carbonization and chemical activation temperatures on their structural, elemental, and
electrochemical properties. Porous carbon materials were prepared using a two-step
process consisting of pre-carbonization followed by chemical activation. Carbonization
was performed at 500, 600, and 700 °C, while activation was conducted at 700, 800,
and 900 °C. The morphology and elemental composition of the resulting materials
were characterized using scanning electron microscopy (SEM) and energy-dispersive
X-ray spectroscopy (EDX), respectively, while their carbon structure was investigated
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by Raman spectroscopy. The electrochemical characteristics and specific capacitance
of the prepared electrode materials were also evaluated. SEM analysis revealed that
increasing the activation temperature promoted the development of a heterogeneous and
well-developed porous structure. EDX analysis confirmed carbon as the predominant
element (83-90 wt%), with an oxygen content of 10—14 wt% and a small amount of
residual potassium. Raman spectroscopy demonstrated that the carbon structure varied
depending on the synthesis conditions. Among the investigated materials, OPA500/700
exhibited the best electrochemical performance, delivering a specific capacitance of
367.5F g'at0.1 Ag'and 259.6 F g'at 2 A g, corresponding to retention of more than
70% of the initial value. The results demonstrate that orange peel waste is a promising,
readily available, and renewable precursor for producing high-capacitance porous
carbon electrodes for supercapacitor applications.

Keywords: food waste, activated carbon, supercapacitor, orange peel, electrode
material.
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Annoramus. JKaHapTbulaTblH OuMoOMacca KaJJBIKTApbIHAH KEYeKTI  KeMIp
MaTepuaiJapblH  aly KaJABIKTapAbl THIMII KOJere jkapaTy »JKoHE 3aMaHayH
ANIEKTPOXUMUSUIBIK DHEPIUsl caKTay J>KYHeslepiHe apHajfaH DKOJOTHSUIBIK TYPaKThI
IEKTPOATHIK MaTepHaIIapbl d3ipJiey TYPFHICBIHAH ©3€KTI OAFbIT OOJIBII TAOBLIAIBI.
Taram KaJJIbIKTapbl, COHBIH IIIHJIE aleIbCHH KaObIFbI, KOMIPTeKKe Oal, KOKETIM/I
JKOHE KAHAPTBUIATBHIH IIHUKI3aT K31 PETiHAE epeKIle KbI3bIFYIIbUIBIK TYIbIPaIbL.
3epTTeyaiH MakcaThl — afejbChH KAOBIFbI HETI3iHJEe KEeYeKTi KOMip MaTepHalapblH
aiy JkoHe KapOOHM3alUsl MEH XUMUSUIBIK OCJICeHAIpY TeMIIepaTypaiapblHbIH OJapIbIH
KYPBUTBIMJIBIK, DJIEMEHTTIK JKOHE JIICKTPOXMMUSUIBIK KacHeTTepiHe ocepiH Oaraiay.
Keyexkri kemip MaTepuaiapbl €Ki caThlIbl 9JIICIICH aJIbIHBI: aJIJIbIH ajla KapOOHU3aIUs
JKOHE KeHWIHr XUMHsIIBIK Oencenaipy. KapOonmsanus 500, 600 »xone 700 °C
Temneparypaiapia, aioencenzipy 700, 800 xxone 900 °C Temrieparypasapia )Kypriziiii.
AJNBIHFaH YITUIEPAIH MOPQOIOTHICH MEH 3JIeMeHTTIK Kypambl SEM skone EDX
o/licTepiMeH, all KOMIPTEKTI KYPBUIBIMHBIH €peKIIeTiKTepi PaMaH CIIeKTpOCKOMHSCHI
apKbuIbl 3epTTeni. COHBIMEH KaTap 3JeKTPOATHIK MaTepHaIapAbIH JTEKTPOXUMHSLIBIK
cHUIaTTaMaiapbl MEH MEHILIKTi CBIABIMABLIBIFBI aHBIKTAN B SEM nepexrepi 6encenaipy
TEMIIepaTypachl KOFapblUIaFaH CaiiblH KEyeKTi KYPhUIBIMHBIH allKbIH 9pi OipTeKTi emec
cunartka ue 6onranbiH kepceTti. EDX Tanmaysl GoiibiHIIa Kemiprek Momepi 8§3—90
macc.%, an orrek memmepi 10-14 macc.% apanbsirbiHAa Gonabl; KeiiOip yirinepae
a3 MeJIuepAe KaJIIbIK Kajdui aHbBIKTalJIbl. PaMaH CHEKTPOCKOMHUSCH KOMIPTEKTi
KYPBUTBIMHBIH PETTeNy Jdpexeci KapOOHHM3alMs >KoHE OeJICeHIIpy JKaraaliapbiHa
ToyesIi ekeHiH kepcerti. 3eprrenreH ynritepaid iminge OPAS5S00/700 eH sxorapbl
EKTPOXMMHUSIIBIK KOPCETKIIITEpre ue OOJIJbl: OHBIH MEHIIMIKTI ChIMbIMABLIBIFEI 0,1
A/ TOK TEIFBBOBIFEIHAA 367,5 O/1, am 2 A/r xe3inge 259,6 ®/r 6ongpl. Ocklnaiimia,
TOK TBHIFBI3IBIFE ApTKaH Ke3le OacTamnkbl ChIABIMABUIBIKTBIH 70%-1aH  acTaMsbl
cakranael. OPA500/700 yaricinin MeHIIiKTi OeT ayaanbl 1968 M?/T Kypabl. AJbIHFaH
HOTHIKEJIEp arejbCUH KaObIFbl KaJJIBIKTApBIH CyIEpKOHIEHCATOpapFa apHaJFaH
JKOFAPbI ChIMBIMIBUIBIKTBI KEYEKTI KOMIP AJIEKTPOATAPBIH OHAIPYTre KOKETIMII JKOHE
JKaHAPTHUIATBIH IIMKI3aT PETiH/IE MaliaIaHy/IbIH IePCIICKTUBAJIbI EKEHIH KOPCETTI.

Tyiiin ce3nep: Taram KaJJIBIKTapbl, OCJICEHIIPUIreH KOMip, CyNepKOHIEHCATop,
aneIbCrH KaOBIFbI, DIIEKTPO]] MaTepHAaIIbI

336



Volume 3, Number 468 (2026)

© Ceiitkazunona A.P.'2, Haxunkeizel M. 17, EneyoB M.A.2, JKanapos A.A.l,
Kaabi6aesa A.K.3, 2026.
'Kazaxckuii HAMOHANBHBIA YHUBEPCUTET NMeHH anb-Dapabu, Anmarsl, Kazaxcran;
MuctutyT npodiem ropenusi, Anmarsl, Kazaxcras;
SN H)KeHePHO-TEXHOJIOTMYECKUI HHCTUTYT, KbI3bUTOPANHCKUIT YHUBEPCUTET HMEHU
KopxksiT ATa, Kbzpumopaa, Kazaxcran.
E-mail: meruert82@mail.ru

MOPUCTHIA AKTUBUPOBAHHBIN YIVIEPO/, IOJTYUYEHHBIN U3
ANTEJIBCUHOBOM KOXKYPbI

CeiiTkaznnoBa Ailirepim — PhD-nokTopanT dakynsrera XMUMUM 1 XUMHUYECKON TexHomorny, Kasaxckuii
HAIIMOHAJIbHBIA YHUBEPCUTET UMCHU anb-Dapabu, Anmarsl, Kazaxcran,

E-mail: aiko3126@mail.ru, https://orcid.org/0000-0002-1151-490X;

Haxunnkbi3pl MepyepT — KaHIHIAT XUMAYCCKUX HAyK, Mpodeccop (akyapTeTa XMMAU U XUMUYECKON
TexHosoruu, Kazaxckuii HallMOHaJIbHBIA YHUBEPCUTET UMEHH anb-DPapadu, Anmatel, Kazaxcran,

E-mail: meruert82@mail.ru, https://orcid.org/0000-0002-3716-0476;

EaeyoB Myxrap — PhD, Uncturyt npobnem ropennsi, Anmarsl, Kazaxcraw,

E-mail: mukhtar.yu@gmail.com, https://orcid.org/0000-0001-7488-7431;

KamapoB AnreinGek — Kazaxckuil HanMoOHaJbHBIN yHHMBepcHTET MMeHH anb-Dapabu, AnmMarsl,
Kazaxcran,

E-mail: altynbek.zhaparov@gmail.com, https://orcid.org/0009-0008-1620-4151;

KanpioaeBa Axkmapan — KaHauJaT TEXHUYECKUX HayK, H.0. acCOLMUPOBAHHOIO Ipodeccopa,

Ko3puiopaunckuii yuusepeurer umenu Kopkeit Ata, Kei3sutopna, Kazaxcras,
E-mail: Kunanbaykyzy80@mail.ru, https://orcid.org/0000-0003-4032-4934.

Annotanus. [TogydeHue MOPUCTHIX YIIIEPOTHBIX MAaTEPHUAIIOB U3 BO30OHOBIISIEMBIX
OTXOJ0B 6HOMaCCI)I SABIACTCA AKTyaJIbHBIM  HAIIPpaBJICHHUEM C TOYKH 3pCHUSA
3GPEeKTUBHON yTUIM3AlUK OTXOIOB H pa3padOTKH YCTOMYUBBIX JIEKTPOTHBIX
MarepuajgoB Ijid COBPEMECHHBLIX CHUCTEM OJJICKTPOXMMHUUYCCKOI'O HAKOIIJICHUSA SHCPIHU.
ITuiieBbie OTXO/bI, B YACTHOCTH allelIbCMHOBAsi KOXYpa, MPEACTaBIAIT UHTEPEC KaK
JOCTYITHBIH, BO30OHOBIISIEMBIH M OOTaThIil YTIIEPOJOM HCTOYHHK ChIPbs. L{enbio paboTsl
ABJIAJIMCH TTOJTYYCHUC MMOPUCTHIX YITICPOAHBIX MAarcpualioB U3 aneJibCUHOBOM KOXYPhbI
M OIIeHKa BIIMSHUS TeMIepaTyp KapOOHM3allMd M XMMHUYECKOW aKTHUBAIlMM Ha HX
CTPYKTYPHBIE, JIEMEHTHBIC W AIIEKTPOXHUMUYECKHE CBOMCTBA. MarepHaibl NOoITydain
JIBYXCTAJMHHBIM METOJIOM, BKJIFOUAIOIIMM TPEABAPUTEIBHYIO KapOOHHM3AIMI0 U
MOCJICAYIOIYI0 XUMHUYECKYI0 akTuBaluio. Kapoonusanuio nposoawu mpu 500, 600 u
700 °C, a aktuBanmto - mpu 700, 800 u 900 °C. Mopdooruto u 3JIeMeHTHBII COCTaB
obpasnos uccnenosainn merogaMmu SEM um EDX, a cTpykTypHBIE XapaKTEpUCTHKH
YIJIEPOJAHBIX MaTepHajoB - METOIOM paMaHOBCKOH CHEKTPOCKONMWHU. Takxke
OIpEACIAIN JICKTPOXUMHUYCCKUC XapaKTCPUCTUKN U YACIbHYIO €MKOCTb TMOJTY4YCHHBIX
NEeKTPOAHBIX MaTepuanoB. [lo nmanaeiM SEM, moBbllIeHHe TeMmepaTrypbl aKTHUBALUU
CONIPOBOXKIANIOCH Pa3BUTHEM Oojiee BBIPQKEHHOH W HEOIHOPOJHOW IMOPUCTOM
cTpykTyphl. Pesynsrarsl EDX nokasanu, 4to conepskanue yriepona cocrasisiio §3—90
Macc.%, a kuciopona - 10—14 macc.%; B OTIENbHBIX 00pa3iiax BbISIBICHO HEOOJBIIOE
KOJIMYECTBO OCTAaTOYHOTO Kainus. PaMaHOBCKask CIIEKTPOCKOIUS ITOKa3aja 3aBUCUMOCTh
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CTENEHU CTPYKTYPHOH YHOPSTOUYCHHOCTH YIICPOAHBIX MAaTEpUaOB OT YCJIOBHM
KapOOHM3aIMK W akThBauuu. HamOosee BBICOKHE ANIEKTPOXMMHUYECKUE MMOKA3aTEIN
nonyueHsl s oopasia OPAS00/700: ynenpHast €mkocTh coctaBwia 367,5 ®/r npu
mwiotHocTH ToKa 0,1 A/r u 259,6 ®/r ipu 2 A/T, 4TO COOTBETCTBYET COXPAHEHUIO OoJiee
70% wucxomHOW EMKOCTH. YIeNbHas MOBEPXHOCTh JaHHOTO oOpa3ia cocraBuia 1968
M*/T. [lony4eHHbIe pe3yabTaThl CBUACTEILCTBYIOT O MEPCIICKTHBHOCTH UCIIOIB30BaHUS
OTXOJIOB areJIbCHHOBOW KOXKYpPhI B KaueCTBE JOCTYITHOTO M BO30OHOBIISIEMOTO ChIPHS
JUIS TIPOM3BOJACTBA BBICOKOEMKOCTHBIX TOPHUCTBIX YIJICPOAHBIX SJICKTPOAOB ISt
CYNEpPKOHIEHCATOPOB.

KuoueBble ¢J10Ba: MUIIEBbIC OTXO/IbI, aKTUBUPOBAHHBIN YTOJIb, CYyIIEPKOHACHCATOD,
KOXKypa aneiabCUHOB, MaTEPUAall AIIEKTPOIa

Introduction. The rapid growth of the global population and the increasing demand
for energy have led to a serious energy crisis. The generation of energy from non-
renewable resources over the past centuries has caused significant environmental
damage. To address issues related to excessive fossil fuel consumption, severe
environmental pollution, and global warming, the development of renewable and eco-
friendly energy resources has become an urgent priority. Considerable efforts have been
devoted to the production and storage of energy from renewable materials with minimal
CO: emissions. Among various energy types, electrochemical energy is considered one
of the cleanest and most sustainable solutions. As a safe and environmentally friendly
energy form, electrochemical energy can effectively contribute to solving environmental
pollution problems. Significant research has focused on enhancing both the generation
and storage of electrochemical energy from renewable sources.

Literary review. Electrochemical energy storage devices are typically classified into
three types: batteries, supercapacitors, and hybrid systems (Ehsani et al., 2020). Modern
electronic devices often require rapid energy delivery that conventional batteries cannot
provide due to their limited charge—discharge rates. In such cases, supercapacitors are
preferred. Although supercapacitors operate on principles similar to conventional capacitors,
their fabrication methods and performance characteristics are significantly different. They
combine the energy storage capacity of batteries with the high-power density and fast charge—
discharge properties of capacitors, offering advantages such as long cycle life, compactness,
cost-effectiveness, and rapid energy transfer (Ajay et al., 2021).

Based on the energy storage mechanism, supercapacitors can be classified into
two main types: electric double-layer capacitors (EDLCs), which utilize carbon-based
materials, and pseudocapacitors, which employ metallic compounds and conductive
polymers. Pseudocapacitors store and deliver energy through reversible redox reactions
at the electrode—electrolyte interface, whereas EDLCs store energy via electrostatic
attraction of opposite charges at the interface. EDLCs exhibit exceptional cyclic
stability, high performance, low cost, and straightforward preparation methods (Kumar
et al., 2022; Singh et al., 2025; Patel et al., 2024).

The performance of EDLCs strongly depends on the electrode materials, particularly
their porosity, which determines the effective surface area available for charge storage
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(Lobato-Peralta et al., 2024). Carbon-based materials, including activated carbon have
been extensively studied as electrode materials for EDLCs. Among these, activated
carbon has attracted significant attention due to its abundant raw material sources,
excellent electrochemical properties, and scalability for industrial applications has
attracted significant attention due to the wide availability of its precursor materials and
its suitable electrochemical properties for EDLC applications.

Activated carbon electrodes can be synthesized from biowaste, making them
economically viable and environmentally sustainable. offering a practical way to make
use of biomass residues. Chemical activation is the most widely used method to produce
activated carbon, with common activating agents including ZnCl. (Mardina, et al.,
2025), KOH (Li et al., 2016; Nazhipkyzy et al., 2024; Arkhipova et al., 2022), and
HsPO4 (Fan et al., 2025; Quesada-Plata et al., 2016). Various biomass precursors have
been employed, such as rice husk (Anusonthiwong et al., 2025; Gao et al., 2015), corn
cobs (Dong et al., 2024; Andem et al., 2024), nut shells (Zou et al., 2024), and fruit
peels (Yang et al., 2023; Ahmad et al., 2024; Nazhipkyzy et al., 2024). Carbon materials
derived from biowaste often demonstrate excellent electrochemical properties, with
high specific surface area and well-developed porosity being key factors for enhanced
supercapacitor performance.

Therefore, the utilization of biowaste-derived activated carbon represents a
sustainable, promising approach for electrode materials in supercapacitor applications.

Orange peel is one of the fruit-based biomass residues that can be used to produce
activated carbon electrodes. As a readily available food waste, it can be converted
into porous carbon through chemical activation. KOH-activated carbon prepared from
orange peel has previously been investigated as an electrode material for supercapacitors
(Ajay et al., 2021). The characteristics of biomass-derived activated carbon are closely
related to the activation conditions, particularly the temperature, which can influence the
morphology, pore structure, and electrochemical behavior of the resulting material. For
this reason, examining the effect of activation temperature is useful for understanding
how the properties of orange-peel-derived carbon change during its preparation.

In this work, activated carbon was prepared from orange peel using KOH activation at
700, 800, and 900 °C. The resulting materials were examined using morphological, elemental,
structural, and electrochemical analyses to determine how the preparation conditions affected
their properties and their performance as supercapacitor electrode materials.

Materials and methods. The preparation of porous carbon materials was carried
out in two stages: preliminary carbonization and chemical activation. To determine the
optimal conditions for carbonization, parameters such as temperature and duration were
systematically investigated.

Pyrolysis is an important method for the decomposition of organic matter—typically
cellulose, hemicellulose, and lignin—from biowaste and its conversion into unique
carbon materials. Carbon materials from various biowaste sources can be obtained
either via a single-step high-temperature carbonization or a two-step process involving
preliminary carbonization followed by activation. The activation process generates
a high volume of pores—micro-, meso-, and macropores—which are differently
associated with electrochemical properties.
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For preliminary carbonization, orange peels collected as household food waste after
consumption of oranges in Kazakhstan were used as the raw material. The raw materials
were washed several times with distilled water to remove impurities. The washed
material was dried at 80 °C for 16 hours in a drying oven. The dried material was then
mechanically ground to homogeneity using a porcelain mortar and pestle.

Experimental studies showed that the optimal temperatures for preliminary
carbonization under an inert argon atmosphere were 500, 600, and 700 °C, with an
average argon flow rate of approximately 0.005 L/min. Heating was performed at a
controlled rate of 7.5 °C/min in all experiments. To determine the optimal duration,
preliminary carbonization was carried out for 60—120 minutes, and it was found that 2
hours was optimal for producing porous carbon materials. The carbonization time was
fixed at 2 h based on conditions reported for biomass-derived carbon materials and was
kept constant for all samples.

Thus, the optimal conditions for synthesizing porous carbon material (carbonizate)
from orange waste were established as follows: carbonization temperature — 500, 600,
700 °C; duration — 2 hours; heating rate — 7.5 °C/min; argon flow rate — ~0.005 L/min.

Chemical activation of the pre-carbonized orange peel samples was performed under
the following conditions: activation temperature ranged from 700 to 900 °C, KOH was
used as the chemical activating agent with a carbonizate-to-KOH ratio of 1:2, argon gas
served as the inert atmosphere, and the activation duration was 2 hours. Activation was
carried out in the same setup used for carbonization. The resulting activated carbon (AC)
was cooled to room temperature and ground. To remove residual KOH, the product was
washed with 1 M HCI, followed by multiple washes with distilled water until neutral
pH was achieved. Finally, the product was dried at 60 °C for 16 hours in a drying oven.

The carbonization yield was calculated using the following equation:

¥,(%) = —=x 100 0

where (m ) is the mass of the carbonized material (g) and (m ) is the initial mass of
orange peel (g). The carbonization yields were 27.3%, 24.7%, and 32.2% at 500, 600,
and 700 °C, respectively.

The activation yield was calculated using the following equation:

¥, (%) = —= X 100
. (2)

where (m) is the mass of the activated carbon (g) and (m, ) is the mass of carbonized
material used for activation (g). For the samples carbonized at 500 °C, the activation
yields at 700, 800, and 900 °C were 51.8%, 48.3%, and 45.2%, respectively. For the
samples carbonized at 600 °C, the corresponding yields were 59.8%, 60.5%, and 53.3%,
respectively. For the samples carbonized at 700 °C, the activation yields were 42.9%,
42.5%, and 42.0% at 700, 800, and 900 °C, respectively.
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The obtained activated carbon materials were characterized by scanning electron
microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), Raman spectroscopy,
and nitrogen adsorption—desorption analysis. SEM images were obtained using a JSM-
6490LA scanning electron microscope (JEOL Ltd., Tokyo, Japan), while EDX analysis
was performed using an EDX system (JEOL Ltd., Tokyo, Japan). Raman spectra were
recorded using a SENTERRA II Raman spectrometer (Bruker Optik GmbH, Ettlingen,
Germany) with 532 nm excitation. The specific surface area of the selected sample was
determined from N adsorption—desorption isotherms using a TriStar I 3020 analyzer
(Micromeritics Instrument Corp., Norcross, GA, USA).

The electrodes were prepared as follows: activated carbon (75 wt%) was mixed with
polyvinylidene fluoride (PVDF) as a binder (15 wt%), acetylene black (10 wt%), and
2-3 mL of N-methyl-2-pyrrolidone. The resulting mixture was thoroughly ground in
an agate mortar until a homogeneous mass was obtained. The suspension was then
rolled into thin sheets, cut into pieces on titanium foil with an area of 2 cm?, and dried
at 130 °C for 12 hours.

An R-40X potentiostat was used to determine the capacitive characteristics of the
samples. A 6 M KOH solution was selected as the electrolyte for the two-electrode
cell. Two identical electrodes, separated by a separator (Whatman™ filter paper, Cat.
No. 1001-110), were placed in a symmetric electrochemical cell. Cyclic voltammetry
(CV) tests were conducted at scan rates ranging from 5 to 160 mV s within a potential
window of 0.0-1.0 V. Galvanostatic charge-discharge tests were performed at current
densities of 0.1, 0.25, 0.5, 1.0, and 2.0 A g"! within a potential window of 0.0—-1.0 V.

Specific capacitance (Cs) was calculated from the cyclic voltammetry curves of the
two-electrode cell using the following equation:

A
s mxkx (V- (3)

where 4 is the integral of the CV curve (C);

m is the mass of the active material of a single electrode (g);

k is the scan rate (mV s);

V, =V, is the potential window (V).

Specific capacitance was also calculated from the galvanostatic charge-discharge
curves of the two-electrode cell using the equation:

2=t

s mxiV-V) 4)

where I is the current density (A g');

t is the discharge time (s);

m is the mass of the active material of a single electrode (g);
V, =V, is the potential window (V).

Results
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To investigate the structural and morphological characteristics of the obtained
activated carbon materials, studies were conducted using scanning electron microscopy
(SEM), energy-dispersive X-ray spectroscopy (EDX), and Raman spectroscopy.

The effect of carbonization and subsequent activation temperatures on the morphology
and microstructure of activated carbons derived from orange peel was investigated using
scanning electron microscopy (SEM). The orange peel was carbonized at 500, 600, and
700 °C, and the resulting carbon materials were subsequently activated at 700, 800, and
900 °C (Figure 1, a-i).

For the samples carbonized at 500 °C and activated in the range of 700-900 °C, the
SEM images revealed a higher number of pores with increasing activation temperature
and a more heterogeneous pore distribution. In addition, the proportion of smaller
pores increased, and the material surface exhibited noticeable morphological changes,
forming a more wrinkled and rough structure.

SEM images of the samples carbonized at 600 °C (OPA600/700 and OPA600/800)
showed a large number of pores of various sizes ranging from approximately 4 to 13
um. In contrast, the OPA600/900 sample demonstrated a more heterogeneous structure
with a predominance of amorphous carbon and the presence of smaller pores with sizes
ranging from 880 nm to 1.5 pm in the synthesized material.

Figure 1 — SEM images of activated carbon samples derived from orange peel: a) OPA500/700; b)
OPA500/800;c)OPA500/900; d) OPA600/700; ¢) OPA600/800; f) OPA600/900; g) OPA700/700; h)
OPA700/800; i) OPA700/900
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All images of samples OPA700/700, OPA700/800, and OPA700/900 revealed
irregular and non-uniform porous structures.
Table 1 showsthe elemental compositionofactivated carbonsderived from orange peel.

Table 1 — Elemental composition of activated carbons derived from orange peel (EDX analysis)

Sample Carbon C (wt%) Oxygen O (Wt%) Potassium K (wt%)
OPAS500/700 88.12 11.88 —
OPAS500/800 89.91 10.09 -
OPAS500/900 87.05 11.12 1.83
OPA600/700 87.89 11.34 0.77
OPA600/800 86.89 11.72 1.39
OPA600/900 84.04 14.38 1.58
OPA700/700 88.18 11.11 0.71
OPA700/800 85.02 11.84 3.14
OPA700/900 83.65 13.54 2.81

The elemental composition of the activated carbon samples derived from orange
peel was investigated using energy-dispersive X-ray spectroscopy (EDX).

The results indicate that the carbon content in the activated carbons varies between
83 and 90 wt%. Oxygen content ranges from 10 to 14 wt%, confirming that carbon and
oxygen are the main elements present in all synthesized samples.

For the samples carbonized at 500 °C, the carbon content remained relatively high
(87-90 wt%), while oxygen was detected at approximately 10—-12 wt%. A small amount
of potassium appeared in the sample activated at 900 °C, likely originating from the
activating agent used during the chemical activation process.

In the samples carbonized at 600 °C, a gradual decrease in carbon content was
observed with increasing activation temperature, accompanied by a slight increase in
oxygen and potassium concentrations. The carbon content decreased from 87.9 wt% to
84.0 wt%, while oxygen increased up to 14.38 wt%.

A similar trend was observed for the samples carbonized at 700 °C. The carbon
content decreased from 88.18 wt% to 83.65 wt% as the activation temperature increased
from 700 °C to 900 °C, whereas oxygen content increased to approximately 13.5 wt%.
Potassium was detected in all samples with concentrations up to 3 wt%.

Figure 2 presents the Raman spectra of activated carbon samples prepared at
different carbonization (500-700 °C) and activation (700-900 °C) temperatures. All
samples show two characteristic peaks: the D band at around 1350 cm™ and the G
band at approximately 1580—-1600 cm™. And all samples except OPA 600/700 and OPA
700/700 show a 2D peak at approximately 2700 cm™. As can be seen in the figure, there
are virtually no defects in the OPA 500/700°C sample. Of all the samples, the 2D peak
is clearly visible in the OPA 700/900 sample.
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Figure 2 — Raman spectra of samples

Table 2 presents the Raman parameters of activated carbons derived from orange peel.
Samples carbonized at 600 °C exhibit the highest ID/IG ratios (0.89-0.94), indicating
a predominantly amorphous carbon structure. In contrast, samples carbonized at 500
°C and 700 °C and activated at 900 °C show relatively lower ID/IG values, suggesting
the development of more ordered graphitic domains. The increased intensity of the 2D
band (~2700 cm™) in the OPA500/900 and OPA700/900 samples further supports the
formation of a more graphitized carbon structure at higher activation temperatures.

Table 2 — Raman parameters of activated carbons derived from orange peel

Sample D band (¢cm™) G band (cm™) I/, | Structural interpretation
OPAS500/700 ~1350 ~1560 0.17 Higher graphitization
OPAS500/800 ~1350 ~1560 0.62 More disordered structure
OPA500/900 1350 1560 027 Relatively ordered carbon

structure
OPA600/700 ~1350 ~1560 0.93 | Highly amorphous structure
OPA600/800 ~1350 ~1560 0.94 Highly disordered carbon
OPA600/900 ~1350 ~1560 0.89 Amorphous carbon

structure
OPA700/700 ~1360 ~1580 0.86 High structural disorder
OPA700/800 ~1360 ~1580 0.89 High defect density
OPA700/900 ~1360 ~1580 0.48 Higher graphitic ordering

The CV and GCD curves of the activated carbon samples derived from orange peel
are shown in Figure 3.
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Figure 3 — Electrochemical characterization of the samples: a) Galvanostatic charge—discharge curves of
the electrode materials at 2 A g' ; b) Cyclic voltammetry at 160 mV s™!

The electrodes were evaluated using the galvanostatic charge—discharge (GCD)
method at current densities of 0.1, 0.25, 0.5, 1, and 2 A g'. Figure 3a shows the GCD
curves of the samples at 2 A g'.

The electrochemical performance of the electrodes was assessed using cyclic
voltammetry (CV) at scan rates of 5, 10, 20, 40, 80, and 160 mV s™'. The results at 160
mV s !'are shown in Figure 3, b.

The highest specific capacitance of 281.9 F g™! at a scan rate of 5 mV s}, and 213,2
at 160 mVs'is achieved when the orange peel is first carbonized at 500 °C and then
activated at 700 °C.

The highest specific capacitance of 367.5 F g! at a current density of 0.1 A g!
was achieved for the electrode sample OPA500/700. The specific capacitance of the
same sample at 2 A g was 259.6 F g!, corresponding to more than 70 % capacitance
retention at increased current density. The average capacitance retention for the other
electrodes in this series, synthesized from orange peel, was 94.4 %, indicating high
stability under high charge—discharge current densities.

OPA500/700 showed the highest specific capacitance among the prepared samples.
Therefore, this sample was selected for nitrogen adsorption—desorption analysis. Its
specific surface area was 1968 m? g'.

Discussion

The SEM analysis showed that with increasing activation temperature, the
porosity of the material significantly increased, and the surface structure became more
complex. Overall, the results indicate that increasing both carbonization and activation
temperatures significantly influences the microstructure of the carbon materials,
promoting the development of porosity, altering pore size distribution, and increasing
the structural complexity of the surface.

The EDX results confirm that carbon is the dominant element in all synthesized
activated carbons, while oxygen and residual potassium originate from surface
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functional groups and activation reagents. The carbon content confirms the successful
carbonization of the biomass precursor. The oxygen content can be attributed to the
presence of oxygen-containing functional groups on the carbon surface. The detected
oxygen may be associated with oxygen-containing surface functional groups; however,
EDX analysis alone does not allow the chemical or structural state of oxygen to be
determined. The potassium detected in the samples may be attributed to incomplete
neutralization or washing of the alkaline activating agent after the activation process.

The D-band is associated with defects and structural disturbances in the carbon
matrix. The G-band is associated with vibrations of sp*bonded graphitic carbon
atoms. The shape and position of the 2D peak provide information about the degree of
graphitization and the multilayered nature of the material’s structure.

The presence of the D and G peaks indicates that all samples contain both amorphous
and graphitic carbon structures. Although the peak positions are identical in all samples,
slight differences in peak intensity indicate that heat treatment has affected the structural
properties.

The Raman analysis demonstrates that the structural ordering of the activated carbons
strongly depends on both carbonization and activation temperatures.

Overall, the combined SEM, EDX, and Raman analyses demonstrate that increasing
carbonization and activation temperatures significantly affect the microstructure, surface
composition, and structural ordering of the activated carbons derived from orange peel.
Higher activation temperatures promote the development of porous structures and may
enhance the formation of graphitic domains within the carbon matrix.

Figure 3 shows that the CV curves of the prepared electrodes retain a quasi-
rectangular shape, which is characteristic of electric double-layer capacitors. No distinct
redox peaks are observed within the investigated potential range. This indicates that
charge storage occurs mainly through the formation of an electric double layer at the
electrode—electrolyte interface, although a minor contribution from surface functional
groups cannot be completely excluded.

The higher capacitance observed at lower scan rates is associated with more effective
ion transport within the porous carbon structure. When the potential is varied slowly,
electrolyte ions have sufficient time to enter the pores and reach a larger portion of the
internal electrode surface. At higher scan rates, access to narrow or less accessible pores
becomes limited. As a result, only part of the available surface contributes to charge
storage, leading to a decrease in the measured capacitance.

The galvanostatic charge—discharge curves are nearly symmetric and triangular and
show an approximately linear relationship between potential and time. These features
are consistent with predominantly capacitive behaviour and good reversibility during
repeated charging and discharging. Among the investigated samples, OPA500/700
exhibited the longest discharge time at the same current density, in agreement with its
higher specific capacitance.

The activation temperature has a direct influence on the morphology and pore
structure of biomass-derived activated carbon and, therefore, on its electrochemical
properties. During KOH activation, increasing the temperature intensifies the interaction
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between KOH and the carbon matrix, resulting in the formation and enlargement of
pores. At excessively high temperatures, however, intensive etching may damage the
carbon framework and reduce the number of pores that are suitable for electrolyte-
ion transport and charge storage. When the temperature becomes too high, however,
excessive etching of the carbon framework can occur, which may adversely affect
the resulting porous structure. A similar temperature dependence was reported for
corncob-derived activated carbon (Dong et al., 2024), where changes in KOH activation
temperature altered the pore structure; micropores contributed to charge storage, while
mesopores favored electrolyte-ion transport. Thus, the activation temperature needs
to be controlled to promote pore formation without causing excessive modification of
the carbon framework. The differences in morphology, structural characteristics, and
electrochemical behavior observed for the samples activated at 700, 800, and 900 °C
may therefore be related to temperature-dependent changes occurring during KOH
activation.

The specific surface area of OPA500/700 was 1968 m? g™!, confirming the highly
porous nature of the material. A large surface area can increase the contact between
the carbon surface and electrolyte ions, which may contribute to the high specific
capacitance observed for this sample.

To evaluate the electrochemical performance of the obtained activated carbon, its
specific capacitance was compared with those of biomass-derived activated carbon
electrodes reported in the literature (Table 3).

Table 3 — Comparison of the electrochemical performance of this work with reported biomass-
derived activated carbons.

BET Specific Ref.
Biomass Activation / surface Electrolyte Capacitance
precursor | preparation method | area, m? (Fg-1) and
g’ current density
KOH activation; 1847 Anusonthiwong
. carbonization at 800 242.1Fg'at0.5 etal., 2025
Rice husk °C; hydro-thermal post- 3 M50 A z"
treatment
KOH a.ctivati(.)n; . 19457 260 F g at | Dong et al.,
Corncob | carbonization/activation 6 M KOH Ao 2024
at 700-900 °C; &
Rice husk KOH activation; 3145 6 M KOH 367Fg'at5 Gao etal., 2015
carbonization mVs’!
Hydrothermal treatment Andem et al
Corncob + HsPOs activation; 68.54 — 41Fg'latl Ag! 2024 ?
carbonization at 400 °C ’
Pecan shell Self-activation/ 1554 6 M KOH 269F g'at2 |Zouetal, 2024
carbonization at ~1050 Ag!
°C
Watermelon HsPOu-assisted — 6 M KOH 135Fg'2atl Yang et al.,
peel carbonization; 700 °C, 2 Ag! 2023
h; N/P-doped
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Melon peel Pretreatment + 500 LiCFsSOs/ 161 Fg! atl Ahmad et al.,
activation; hydrothermal EMIMCEF;SOs Ag! 2024
pretreatment gel electrolyte
Orange peel KOH activation — 0,5M H,SO, 41,6 Fg'at1 |Madhusre et al.,
Ag! 2023
Orange peel Carboniz'ati(?n; KOH 1968 6 M KOH 259.6 F %’1 at2 This study
activation Ag!

As shown in Table 3, the obtained activated carbon exhibits a specific capacitance
0f 259.6 F g! at a current density of 2 A g! in 6 M KOH. This value is comparable to
those reported for several biomass-derived activated carbon electrodes under similar
electrochemical conditions.

Thus, electrode materials were fabricated from activated carbons synthesized via
chemical activation of carbonizates at 700 °C, 800 °C, and 900 °C. All samples exhibited
good capacitive performance when used as supercapacitor electrodes.

Conclusion

In this study, porous activated carbons were obtained from orange peel waste
by combining carbonization with subsequent KOH activation. The carbonization
temperature was varied between 500 and 700 °C, while activation was performed at
700, 800, and 900 °C. This allowed us to examine how the selected synthesis conditions
affected the structure and electrochemical behavior of the resulting carbons.

SEM observations showed that the materials developed a porous structure during
activation. Changes in activation temperature were accompanied by noticeable
differences in the pore morphology, including the appearance of a more heterogeneous
network with a larger number of smaller pores. EDX analysis confirmed that carbon was
the main component of all samples, with a content of 83—90 wt%. Oxygen and small
amounts of residual potassium were also present. The oxygen detected by EDX may be
related to oxygen-containing groups on the carbon surface, although this technique does
not provide information about their specific chemical or structural state. The Raman
results also showed differences in the degree of structural ordering depending on the
synthesis conditions. In particular, the samples activated at higher temperatures showed
a more pronounced graphitic character.

All of the obtained carbons showed electrochemical behavior typical of electric
double-layer capacitors. The best result was obtained for OPAS500/700, which delivered
367.5Fg'at0.1 Ag'and 259.6 F g'at2 A g”!. The relatively high capacitance retained
at the higher current density also indicates good rate performance of this sample.

The differences between the samples suggest that the carbonization and activation
temperatures affect both the carbon structure and its electrochemical response. During
KOH activation, temperature influences the development of the porous carbon
framework, which in turn affects the accessibility of the electrode surface to electrolyte
ions. At the same time, excessive activation can alter the pore structure of the carbon
matrix. Under the conditions investigated here, the OPA500/700 sample provided the
highest specific capacitance. Its combination of porous structure and electrochemical
performance makes this material a promising candidate for supercapacitor electrodes.
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