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

1 (466)

JANUARY - MARCH 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



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

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 1, Number 466 (2026)

CONTENTS
Chemistry

Assembayeva E. K., Beisekhan A., Bozhbanov A. Zh., Nurmukhanbetova D.E.,
Gabdullina E.Zh.

Effect of chia seeds (Salvia Hispanica 1.) on the physicochemical and mineral properties

Of 1oW-fat COttAZE CREESE.....uiiiiciieiiciicie ettt et a e esseaeas 11

Balkhashbay Sh.Zh., Azimbayeva G.E., Kudaibergenova G.N., Kamysbayeva A.K.,
Kurbanbayeva N.M.
Determination of biologically active compounds in morphological parts of medicinal

Darmenbayeva A.S., Rajasekharan R.
Preparation and characterization of nanocellulose biocomposites from agro-waste
Of the Zhambyl TEZIOMN.......ccviiiiiiiiiiciiciiceeee ettt et sae s e sasesbesaaens 39

Demets O.V., Rakhimberlinova Zh.B., Zgardan V.V., Serykh N.V., Dyussekeyeva A.T.
Qualitative and quantitative analysis of amino acids in Kyrgyz birch bark extract................... 55

Jumekeyeva A.IL., Talgatov E.T., Auyezkhanova A.S., Kenzheyeva A.M., Naizabayev A.A.

Complex formation of palladium (II) ions with organic polymers of various nature................. 70
Dmitriyeva E.A.
Electrolytes of lithium-i0n Datteries.........c.covieiirrieiiiiieiicieeie ettt 83

Yegemberdiyeva S., Abdurazova P., Turtabaev S., Shitybaev S., Kerimbayeva K.
Catalytic properties of Ru- and Rh-promoted skeletal nickel catalysts in the hydrogenation
OF DULYTALAENYAE.......eoviciiiiicice ettt et sae b steenbesaaens 97

Yertayeva A.B., Adylbekova A.O., Toleubekova A.G.
Production of emulsions stabilized by bentonite clay particles..........coceveevievieienierierieeenens 112

Fischer D., Jumadilov T., Haponiuk J., Toilanbay G., Baishibekov A.
Interpolymer KU-2-8: AV-17-8 systems for selective sorption of rhenium, molybdenum
AN TUNEZSTEI c..evieeiitieieete ettt ettt et et e et e teeseeeteesaesaeessesteessesssesseessesbeessesseessesseessesseensesseeneas 129

Zhanikulov N., Zhurgarayeva D.
Investigation of the quality of cement clinker obtained from heap leaching waste................. 148

Zhoshybaeva A.A., Kozhanova K.K., Mombekov S.E., Barakova A.Sh.
Pharmaceutical devolopment of a medicinal product containing an isocitrate
1YASE INNIDITOT. c..eeutieiiieieeeie ettt ettt e st e st e sabe e teeenseesaeenseenseesnseenseennsean 162

Ivanov N.S., Abilmagzhanov A.Z., Nurtazina A.E., Adelbayev LE., Kholkin O.S.
Sequential electrochemical processes for the treatment of magnesium leaching solutions......176



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Imangaliyeva B., Duzelbayeva S., Tolesinova I., Bukeykhan D., Turlanova A.
Chemical and agronomic assessment of the use of mineral wool and coconut fiber
as @ SUDSIrate N @ GIEENNOUSE. .....c.eivieiiiiieiieite ettt ettt ettt e et te b e s e ebeeseesseensesneennas 190

Kurmanaliev M.K., Shaikhova Zh.E., Abilkasova S.0., Kalimoldina L.M.,
Bugubaeva G.O.
Crown esters immobilized on polymeric supports as novel interfacial catalysts..................... 207

Mataev M.M., Ongarbek A.T., Sarsenbayeva Z.B., Nurbekova M.A., Abdraimova M.R.
Synthesis and morphology of perovskite-structured CaMnO, ¢ ....ovovvrveiiiiiiiniiiniiiiieian 221

Medeuova G.Zh., Azimbayeva G.E., Kaliyeva A.N.*, Sadykova D.A., Anuarova L.E.
Determination of vitamins in Polygonum Aviculare L. using capillary electrophoresis........... 238

Mukusheva G.K., Jalmakhanbetova R.I., Seilkhanov T.M., Bakibaev A.A., Aliyeva M.R.
Functional modification reactions at the nitrogen atom of salsolin and biological activity
Of the ObtaINEd AETIVALIVES......eeiieeiiiieiiiii ettt b et eae e sae e sreeneas 251

Muldakhmetov Z.M., Zhakina A.Kh., Arnt O.V., Vassilets Ye.P., Zhakin A.M.
Composite materials modified with carbon filler............cccoocveviiiiiiiiicieeeeee e 267

Nazarbek U., Raiymbekov Y., Abdurazova P., Kambarova G.
Study on the efficiency of water treatment using nanostructured wWater...............ccceeveeveneeen. 280

Nauanova A.P., Kassenov R.Z., Davrenbekov S.Zh., Bolatbay A.N., Altynbekkyzy A.
Intensification of the process of extraction of humic substances from brown coal.................. 295

Nurlybayeva A.N., Zharlykapova R.B., Taubaeva R.S., Matniyazova G.K., Rustem E.I.
Study of physical, chemical and mechanical properties of acrylic terpolymer......................... 309

Uali A., Omirzak U., Titanov A., Abilkanova F., Kunarbekova M.
Waste biomass-derived Fe-modified biochar: structure and application in potentiometric
ATIALY SIS .t eutteetie ettt ettt ettt ettt et e ta e e bt e e teebeeerbe e bt e esb e et e e nnteenbeeenteenteennaeenneenes 323

Khamitova A.S., Nurmukhanbetova N.N., Ostretsova 1.B., Kassenova N.B.,
Kuderina B.T.
Synthesis of metal corrosion inhibitors based on ammoNia.............cceeeveeeevieeeerireeerieeeeieenenn 338



Volume 1, Number 466 (2026)

MA3MYHbI
XUMUs

AcembaeBa J.K, Beiicexan A., boxxoanos A.K.,
Uwua nounepiniy (Salvia Hispanica L.) Malicei3manasIpblIrad Cy30eHiH (HU3HKa-XUMHUSITBIK
YKOHE MUHEPAIIBIK KOPCETKIIITEPIHE OCEP1 uvevrereerrerreerieireeseereesseeseesseessesseessesseessesseessessesssesnes 11

bankamo6aii I1.7K., Asum6aeBa I'.E., Kynaiioeprenosa I H.,

KambicoaeBa A.K., Kypoan6aea M.

Hopimik eciMaikTepaiH MOP(HOIOTHSIIBIK MYIICIEPIHACT] ONOIOTHSUIBIK OSICCH I

BATTAPIIBI  AHBIKTAY. ... vveeuveenreesnreenseessseenseeaseeseesseensesssseenseessseessseeseesssssnsesnsessseesssessseesssesssessseen 24

Jdapmen6aeBa A.C., Rajasekharan R.
JKamMOBI1 0OIBICHIHBIH arpOKAIBIKTAPBI HET131H/1e HAHOIIEIUTIONO03aIBIK OMOKOMITO3UTTEPI1
QJTY JKOHE OJIAPIBIH KACHCTTEPIH BEPTTEY. .uveveerreeerereesrereessesseessesseesesseessesssessesssesseessesssessesseens 39

Hemen O.B., Paxuméepaunnona K.b., 3rapanan B.B.*, Cepbix H.B.,

JocekeeBa A.T., 2026.

KpIpFbI13 KalibIH KaOBIFBIHBIH CHIFBIH/IBICHIHIAFbI aMUHKBIIIKBITAPBIHBIH CAITalIbIK

JKOHE CAHABIK KYPAMBIH TATIIIAY. ¢ uuveeeauereesnreeesureeeaereesnseessnseesansseessseeansseesnnseeesssessnsseesnseesnnsees 55

JxkymekeeBa A.U., TaararoB J.T., Aye3xanoBa A.C., Ken:keeBa A.M., Haiiza0aeB A.A.
IMammanuit (I1) noHAAPBIHBIH TAOUFATHI SPTYPIIi OPTAHUKAIIBIK TOTUMEPIepMEH

KEIIIEH  TYBY1uutteteeeureeureeseeteesseenseessseenseeasseensseanseenseessseanseessseessseanseesssesnsesssessnseesssesseesssesnseesseen 70
JAmutpuena E.A.
JIUTHIA-HOHABI aKKYMYIISATOPIAPIBIH DTIEKTPOTHTTED 1 eenvveeereeereenreersreeseensaeeseeseeesseesssesnseessnens 83

Eremoepauena C.)K., Adnypa3osa II., Typradaes C.K., llIntbioaes C.A.,

Kepumoaena K.3.

Ru »xone Rh npomotoprianran KaHKaJIbl HUKEIb KaTaau3aTopIIapbIHbIH Mail ajibJeruIiH
THJPJIEY PEaKIUSICHIHIAFBl KATATUTUKAIIBIK KACHETTED. v e.veuveurerteneeneeneeneeneeseeneaneeseasesneseeasensees 97

EptaeBa A.b., Anuiab6exoBa A.O., TeneyoexoBa A.F.
BeHTOHUT Ca3bIHBIH OOJIIIIEKTEPIMEH TYPAKTAHIBIPHUIFAH IMYITbCUSIIAPIBL AITY......c.veveeeeennens 112

®umep A., Ixymaguios T., Xanonwk 1O., Toiinan6aii I., Baiimu6exos A.
Penuit, MonuOIeH sKoHe BOJIbGPAMIbI CEJICKTHBTI COPOIMsIIayFa apHaIFaH
KU-2-8:AV-17-8 UHTEPIIOTUMEDPIIT HYHETICP Lo vveervrerureerrerereeneeeneeenteeaseenseessseesseessseesseesseenses 129

Kanuxyaos H., ’Kyprapaena /1.
Yiiinai imaimMaay KajaaslKTapblHaH ajblHFaH [IEMEHT KIIMHKEPIHIH CallachlH 3ePTTEY............ 148

KombioaeBa A.A., Ko:xkanoBa K.K., MomoekoB C.E., bapakosa A.IIl.
W3onurpanivaza HHTHOUTOPBIH KAMTUTBIH IOPLIIK Ipenapartsl (hapMarieBTHKAIBIK
Y10} () /SRS PPPRRPSRRUROt 162



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

HNBanoB H.C., Abuasmar:kanoB A.3., Hyprasuna A.E., Aneab6aeB U.E., Xoaxun O.C.
Marnwuiini maimarnay epiTiHaiIepiH KaiTa oHIey TeXHOIOTHUACKIHIAFbI JOUEKTI
DIEKTPOXUMHUSITBIK TIPOIIECTEP e nvvenvveenreensreensreasseesseessseenseessseenseessseesssessseessessseenseessseesssessesnses 176

HNmanranauena b., lyzenoaesa C., TosiecinoBa U., bykeiixaun /I., Typianosa A.,
JKeimbiKaiina MUHEPAJIIBI )KYH MEH KOKOC TaJIIIBIFBIH CYOCTApPT PETIHC KOJIAHYIBIH
XUMUS-QTPOHOMHUSITBIK OBFACBL. ....evveuteueenieereutettesiatesttesestestestesseseseesensensensensesseneeseeseeneaseeseanes 190

Kypmanaaues ML.K., llanxosa XK.E., 9oiikacosa C.O., Kanumonauna JI.M.,
Byry6aesa I.O.

[Momumeprik TackIMaN Ay IIBLTAPIa KMMOOWITA3ALUSUTaHFaH KpayH-3dupiep —
KaHa (ha3aapaIblK KATATH3ATOPITAD PETIHIIC. ..uveeuverrerreeseeneeeseeseaseensesnsessesseessennsesseensesseesenseenes 207

Maraes M.M., Onrapoek A.T., Capcendaesa 3.b., Hypoexosa M.A., Aoapaumosa M.P.
IepoBekut KYpoLIBIMABI CaMnOz.05 CHHTE31 MEH MOPQOIIOTHSCHL. .....veveereeeneeveeeeeeeneennes 221

MeneyoBa I'./I:x., A3umbaeBa [.E., KaaueBa A.H., CanbixoBa JI.A., Anyaposa JL.E.
Polygonum Aviculare L. ecimMairiaiH KypaMBIHAAFB! JOPYMEHACPAI KaMIUISPITBI

Mykywmesa I K., [lzkanmaxan0eroBa P.1., Ceiinxanos T.M., Bakutaes A.A., Annea M.P.
CanbCoNMHHIH a30T aToMbl OOWBIHIIA (yHKIIMOHAIIBIK MOAN(DUKALIUS PEaKLUsIIapbI
JKOHE aJIBIHFaH TYBIHBUIAPABIH OUOTOTHSUTBIK OCIICEHIITITE. c.cuveuveneenienienienieiieieeeeeie et 251

MyapnaxmertoB 3.M., Kakuna A.X., Aput O.B., Bacunen E.II., Kakun A.M.
KeMmipTekTi TONTHIPFBILITNIEH MOANGUKALMIIAHFAH KOMITO3HLIMSUIBIK MATEPHAIIIAP. ............... 267

Ha3zapo6ek V., Paiibim6exoB E., Aonypa3zosa Il., Kam6aposa F.
HaHoKypbUTBIMIaHFaH CyIbI KONIAHY apKBUIBI CYIbI Ta3apTy THIMAUIITIH 3€PTTEY................. 280

Hayanosa A.Il., Kacenos P.3., laBpen6exoB C.7K., bosar6aii A.H., AlITbIHOeKKbI3bI O..
KoHbIp KeMipaeH TyMUH/IIK 3aTTapAbl OOJIIT aJTy MPOUECIH KAPKBIHAATY......oc.vevveueerereereenrennes 295

Hypasioaesa A.H., ZKapasikanosa P.b., Tay6aesa P.C., Marauusasosa I .K., Pycrem E.I
AXpHII TepIIONUMEpIiH (PU3UKA-XUMHSIIBIK JKOHE MEXaHHUKAJIBIK KACHETTEPiH 3€PTIEY........... 309

Youu A., Omip3ak Y., Turanos A., AbwikanoBa @., Kynapoexosa M.
Kanmpik OnoMaccanaH anslHFaH TEMiPMEH TYPICHIIPIITeH OMOKOMIp: KYPBUIBIMBI
HKOHE ITOTCHIIHOMETPHUSUIBIK TAIAAYAA KOJIAHBITYBL ... .veuvevenereneereeerereesessesessenessenessesseseeeseneas 323

Xamutosa A.C., Hypmyxan0eroa H.H., Ocrpenosa U.b., Kacenosa H.b., Kynepuna B.T.
AMMHMaK HeTi3iH/e MEeTaJIAap KOPPO3HUACHIHBIH HHIMOUTOPIAPBIH CHHTE3MEY. .. .coveverveverennes 338



Volume 1, Number 466 (2026)

COJIEP)KAHUE
XUMHUS

AcembaeBa J. K., Beiicexan A., bo:xkoanoB A.JK., HypmyxanoeroBa /I.E., ladayriuna E.K.
Buustaue cemsia una (Salvia Hispanica [.) Ha QU3HKO-XMMAYECKHE U MHUHEPAIbHBIC

TTOKA3ATEITN OOCIKUPEHHOTO TBOPOT@.c.vvveerienererereeereesueesreeseeseessseesseessseenseessseessessssesnsessssesnseens 11

Bbaakamoaii III.7K., A3umbaeBa I.E., Kynaii6eprenosa I.H., Kambic6aeBa A.K.,
Kyp6an6aesa H.M.
Omnpenenenne OMOIOrMYECKH aKTUBHBIX BELIECTB B MOP(OIOrHYECKUX OpraHax

JICKAPCTBEHHBIX PACTEHUM. ...eeuvvieutieeieentieniteenteenteeeseenueesnseenseeseseesssessseenseesssesnseesssesnseesssesnseesnsen 24

JdapmenoaeBa A.C., Rajasekharan R.
[TonyueHue u cBOMCTBA HAHOIICIUTIOJIO3HBIX OMOKOMIIO3UTOB HA OCHOBE arpoOOTX0/10B

D (Y (380 (63 00} B 011 €2 T o % SO 39

Hemen O.B., Paxuméepannosa ’K.b., 3rapnan B.B., Cepbix H.B., liocexeeBa A.T.
KadecTBeHHBIH U KOJIMYCCTBEHHBIN aHATN3 aMUHOKHCIIOT B 9KCTPAKTE KOPBI OEpE3bl

KHPTHBCKOM. «..cenvteutieitietteete ettt ettt ettt et ettt et et sat e bt et et ee e st ebe e bt enneeanesanes 55

JxkymexeeBa A.U., Taararos J.T., AyesxanoBa A.C., KenxkeeBa A.M., Haiiza0aeB A.A.
KomrutekcoodpazoBanue nonos mamiaaus (I1) ¢ oprannueckumu momumepamu

PABTTHUHOM TIPHPOIBL. e eveeneteeateesiteeuteesteeenteenttesuteenseesateesstesaseenseesnseensaesaseanseessseensaensseenseesnsesnseas 70
Jmutpuesa E.A.
OJEKTPOIUTHI TUTHH-NOHHBIX AKKYMYIIITOPOB. ....cvtvteteettreruentensentestensensensessensenteseesessessessessenee 83

Eremb6epaueBa C.2K., Adonypasosa IlI., Typradaes C.K., lllntudaes C.A., Kepumobaenpa K.3.
Karanutnueckne cBOICTBa CKENETHBIX HUKEIEBBIX KaTaIN3aTOPOB, IPOMOTHPOBAHHBIX
Ru u Rh, B peakiuy ruipupOBaHUS MACIISTHOTO AJTBICTHIA. ... c.veuvenrereenrenrereereeneeseesensessessensensenne 97

EpraeBa A.b., Ainnib0exoBa A.O., Teneyoexoa A.T.
[Monmy4yeHne IMyIBCHIA, CTAOMITH3HPOBAHHBIX YACTHIIAMHI OCHTOHHTOBOH TIIUHBL.................... 112

®umep A., Ixymaguios T., Xanoniwk 0., Toiinano6aii I., baiimutexos A.
Wnreprionnmepnslie cuctembl KU-2-8:AV-17-8 1i1st cesleKTHBHON cOpOLUH peHMs,
MOJTHOJICHA M BOITBMIPAMA. ....euventenieureuteuteutetteiteueeteetesteeteste st seestessessensensenseneensestesteseeueesessessennes 129

Kanukynos H., ’Kyprapaesa /I.
HccnenoBanue kayecTBa LIEMEHTHOTO KJIIMHKEPA, TOJYYEHHOTO U3 OTXOI0B
KYYHOTO BBILICITAUMBAHUSL. ... vveeuteetreanteenteeenteessseeseesiseeseessteeseesseeanbeesasesseessseenseessseenseesseeenses 148

KomnbioaeBa A.A., Ko:xkanosa K.K., MomoOekoB C.E., bapakosa A.LLl.
dapmaneBTHYECKas pa3padoTKa JICKapCTBCHHOTO Ipenapara, Coaep:KaIiero

WHTAOUTOP MBOIIATPATITHABBL. .....ve.tteutesienteeneenteeneenseaneeaseeneesseensesseensesneensesseesesnsenseensenseensesseenes 162



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

HNBanoB H.C., Abuasmar:kanoB A.3., Hyprasuna A.E., Aneab6aeB U.E., Xoaxuun O.C.
ITocnenoBarenbHbIC ICKTPOXMMUICCKUE MTPOIICCCHI B TEXHOIOTHH IIEPEPaOOTKH

PACTBOPOB BBIIIETATMBAHIIST MATHHS......vveeuveerereenseesereeseensseanseensseensessssesnseessseenseessessseesnsesnseesns 176

HNmanranuesa b., /lyzesnoaesa C., TosecinoBa U., Bykeiixan JI., Typianosa A.
XI/IMI/IKO-anOHOMI/I‘IeCKaﬂ OLICHKAa MCIIOJIb30BaHU MHHCpaJ’[BHOﬁ BaTbl 1 KOKOCOBOTI'O

BOJIOKHA B KQUECTBE CYOCTPATA B TEILTHLIC. ...eeuvveerreerrreenreeneeesnreeseesnseensnesnseenseesseenseesseenseesnses 190

Kypmananues M.K., lanxoBa K.E., Aounkacosa C.0O., Kanumoaauna JI.M.,
Byry6aesa I.O.
KpayH-3¢upsl, ”MMOOUIM30BaHHBIC HA TIOJIMMEPHBIX HOCUTEIISIX, KAK HOBBIC

MEK(PAZHBIC KATAITHBATOPBL. ... eevveeererreesresseessesseessenseesseaseessesssessesssessesssessesssessesssessesssessesssenseenns 207

MaraeB M.M., Ourapoek A.T., CapcendaeBa 3.b., Hypoexoa M.A., AonpaumoBa M.P.
CunTte3 1 MOp(hosorust MePOBCKUTHON CTPYKTYPBI CaMNO2.98.....c.veevvenvieeieiieiieieeeiesieeie e 221

Meneyoa I'.JI:x., A3umbaeBa I.E., KaaueBa A.H., CaabikoBa /[.A., Anyaposa JL.E.
OnpeesicHUe BUTAMUHOB, COlepKaIuxcs B pactenun Polygonum aviculare L., meTomom
KAITMLIBIPHOTO STICKTPOMOPE3A...eeeentieieniieeieiieiteetieteettetesseeseestessessaessesssessesssesseessesseensenseenns 238

MykymeBa I'.K., lzkanmaxan6eroBa P.U., CeiinxanoB T.M., bakub6aes A.A., Anuea M.P.
Peaknuu GpyHKIIMOHATBEHON MOAU(DUKAIIMH CATbCOIMHA TI0 aTOMY a30Ta U OMOJIOTHYECKast
AKTUBHOCTD TOTYYCHHBIX TTPOMBBOITHBIX . ..c..vtetrerureetreesreeseesnseenseesseensnesseenseesseenseessessseesses 251

MyapaaxmertoB 3.M., Kakuna A.X., Aput O.B., Bacunen E.II., Kakun A.M.
Kommo3utHble Marepuaibl, MOANGHUINPOBAHHBIE YIIEPOJHBIM HAOIHUTEIEM. ......c..evennenne 267

Ha3zap6exk V., Paiibim0exoB E., Adaypa3zosa II., Kam6aposa I
HccnenoBanne 3pGEKTUBHOCTH OYUCTKH BOJIBI C TPUMEHEHHEM
HAHOCTPYKTYPUPOBAHHOM BOJIDBL...c.vvteuteeurtenieesireeteesiteenueessseenseessseenseesseenseesnseenseessseesseesnseensns 280

Hayanosa A.Il., Kacenos P.3., laBpentexoB C.7K., bosar6aii A.H., AITbIHOEKKbI3BI A.
HuTeHcubuKaIys mpoiecca BhIICICHISI T'YMHHOBBIX BEIIECTB U3 OYPOTO YINIA.......ccvveevnees.. 295

Hypasidaesa A.H., ’Kapasikanosa P.b., Tay6aesa P.C., Matnus3zosa I K., Pycrem E.W.
Nzyuenne GU3NKO-XMMUYECCKHX M MEXaHUYCCKHUX CBOMCTB aKPHIIOBOTO TEPIIOIUMEPA.......... 309

Yaau A., Omup3ak Y., Turano A., AounkanoBa @., Kynapoexoa M.
Buoyromns, Moau(UIINPOBAHHEIH KEJIE30M, 3 OTXOIOB OMOMACCHI: CTPYKTYpa

U IPUMEHEHUE B TTOTCHIIUOMETPHUUECKOM QHATMBC. ... .euveeurireemeenrrenienirentenirenteeenenteeenenieenenseenns 323

Xamutosa A.C., Hypmyxanoerosa H.H., OctpenoBa .b., Kacenoa H.b., Kynepuna B.T.
CuHTEe3 MHTHOMTOPOB KOPPO3HH METAIIOB HA OCHOBE AMMHUAKA. c....venvenreneeneeneenremeeseaneaseniennens 338

10



Volume 1, Number 466 (2026)

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2224-5286

Volume 1.

Number 466 (2026), 323-337

https://doi.org/10.32014/2026.2518-1491.358

IRSTI 31.19.29
UDC 543.6, 544.63

© Uali A."", Omirzak U.!, Titanov A.!, Abilkanova F.?, Kunarbekova M.3, 2026.
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan;
2 Karaganda Industrial University, Temirtau, Kazakhstan;
3 Satbayev University, Almaty, Kazakhstan.
E-mail: vali_as@enu.kz

WASTE BIOMASS-DERIVED FE-MODIFIED BIOCHAR: STRUCTURE
AND APPLICATION IN POTENTIOMETRIC ANALYSIS

Uali Aitolkyn — candidate of chemical sciences, Assoc.Professor, L.N. Gumilyov Eurasian National
University, Astana, Kazakhstan,

E-mail: vali_as@enu.kz, https://orcid.org/0000-0002-5851-6566;

Omirzak Ulzhan — L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,
E-mail: ulzhan.umirzakova03@mail.ru, https://orcid.org/0009-0007-3263-2861;
Titanov Adlet — L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,
E-mail: titanov_azh@enu.kz, https://orcid.org/0009-0001-3389-0295;

Abilkanova Farida — MSc., Karaganda Industrial University, Temirtau, Kazakhstan,
E-mail: f.abilkanova@tttu.edu.kz, https://orcid.org/0000-0002-6894-5276;
Kunarbekova Makhabbat — PhD, Satbayev University, Almaty, Kazakhstan,

E-mail: m.kunarbekova@satbayev.university, https://orcid.org/0000-0002-8640-0667;

Abstract. This study investigates a sustainable method for producing iron-modified
biochar from wheat waste to fabricate a carbon-paste electrode for detecting iron in
aqueous solutions. The focus lies on the dual objectives of waste utilisation and
monitoring of heavy metal content in aqueous solutions. The biochar is synthesised
via carbonisation, chemical modification with FeCl, and subsequent washing, and
characterised using CHNS, FTIR, XRD, and SEM-EDS analyses, which reveal a carbon
content of 76.46%. Furthermore, BET analysis indicates a specific surface area 0£ 296.43
m?-g”!, with the pore distribution predominantly composed of micropores (66.98%) and
mesopores (30.57%), which suggests promising textural properties. In this study, the
synthesised biochar is used as an electroactive material in a carbon-paste electrode,
enabling the measurement of Fe*" content from 1.0-107° mol-L™* to 1.0-107* mol-L™!
in aqueous solutions. Also, the relationship between electrode potential and the pH of
the analysed solution is explored, demonstrating a stable electrode signal within the pH
range of 3 to 6, along with temperature, both of which are crucial operational parameters
for optimal performance. The selectivity tests have demonstrated that the electrode's
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selectivity is limited by the type of interfering ions and the analyte concentration. The
electrode testing in direct potentiometry for detecting Fe** ions (n=3) results in 5.00-1073
mol-L! (added), 4.43-1073 mol-L'+3.61-10* mol-L"! (found), absolute error 5.71-10°*
mol-L™, relative error 11.42%. The evaluation of the analytical method using the
AGREE metric indicates that the proposed approach is environmentally friendly. The
findings imply that this technique has potential for sustainable analytical applications.

Keywords: waste wheat, Fe-modified biochar, carbon-paste electrode, potentiometry,
greenness evaluation
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AnHoTamusi: byn Kympic Oupail KajablIKTapblHAH TEMipMEH TYpJICHIIpiIIreH
OMOKOMIp aTyIbIH TYPAKTHI 9JIiICiH 3epTTeyTe, OHBI OAaH 9pi Cy epiTiHAiIepiHAeri TeMipIi
aHBIKTAy MAaKCaThIHIa KOMIPTEKTi-lacTalbl JIEKTPOIABIH jKkoOanayra OarbITTalFaH.
Heri3ri Ha3ap eKi )kaKThl MaKCaTThl KO3JEHIi: KaIIbIKTapAbl y THIIN3ALMLIIAY KOHE CYIIbI
epiTiHAiIepaeri ayblp MEeTalIAapAblH KypaMbIH Oakpuiay. bruokemip kapOoHu3anusay,
FeCls-meH XUMUSUITBIK TYPIACHAIPY KoHE a0 IpouecTepi apkbuibl cuaTesaenin, CHNS,
FTIR, XRD xone SEM-EDS Tannanbin, xemiprek mednmepi 76,46% KypalThIHBI
anbikTanapl. Oxan opi BET tangay ynriHid MeHInikTi OeTiHiH ayaaHsl - 296,43 m? 1,
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aJl KeyeKTep Heri3iHeH MUKPO- (66,98%) sxoHe me3okeyekTepaeH (30,57%) TypaTbIHbIH
KOpCeTTi; Oy MarepuasjiblH KYPBUIbIBIM KYPJAETi JaMblFaH CSKSHIIriH Oimmipeni.
Opman opi OCBHl JKYMBICTAa QJbIHFaH OHOKOMIP KOMIpPTEKTi-lacTanbl 3JICKTPOATHIH
ANIEKTPOAKTUBTI MaTeprabl peTiHAe KOJAaHbUIBI, OHBIH KOMETIMEH CYyJIbl epiTiHiIep
KypambIHaarsl Fe*" nonmapsinelH KoHUeHTpauusacelH 1,0-107° monb - '-nen 1,0-107!
MOJb T '  apaibifblHAA aHbIKTay MYMKiHAiri 3eprrengi. CoHpaii-ak, 3JIeKTpox
MOTEHIMAbI MEH aHAIUT epiTiHAiHIH pH MoHI apackiHIaFb! OaiiaHbIC KapacThIPHUIBII,
pH 3-teH 6-ra neifiHri apajblKTa 3JMEKTPONTHIH AHATUTHKAIBIK CHUTHAJIBI TYPaKThI
eKeHi aHbIKTanAbl. pH-meHn karap, Temmeparypa Aa 3JIeKTPOABIH OHTAMJIbI KYMBICKA
ocep eTeTiH MaHbI3/bl MapaMeTp ekeHi kepceTiai. CeneKTUBTUTIK OOWBIHIIA TECTiep
ANIEKTPOATHIH CEJIEKTUBTLIIr Keepri )KacalThIH HOHAP/IbIH TYPIMEH JKOHE TallJaHaTbIH
3aTThIH KOHIIGHTPALMSICHIMEH IIEKTeeTiHiH KkopceTTi. Fe*t monmapein (n=3) aHbIKTay
YLIIH TiKeJIeH MOTeHIUOMETPHUSIAFbI NEKTPOA ChIHAK HoTmkenepi 5,00-107° monb !
(xocebutran), 4,43-1073 momp 1 '£3,61-10* monp ! (TabbutFaH), aOCOMIOTTI KATEIIK
5,71-10™* monb 1!, canpicTeipmaibl Katemik 11,42% kepcerti. AGREE merpukacbkina
HETI3[eNTeH o/liC apKbUIbl YCHIHBUIFAH TOCUI SKOJNOTHSUIBIK TYPFBIAAH Kayilci3 Jer
cunarrannel. Ocbuiaiiia, 3epTTey HOTHKENEpi Oy TOCUIAIH TYPaKThl aHATUTHKAJIBIK
KOJIZIAHBIC asICBhIHJIA TOTEHIIMAJIbI Oap eKeHiH KOPCETTi.
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AHHOTammsa: B naHHOM HCClIEOBaHMM paccMaTpUBAETCS YCTOMUMBBIM METOJ
MOJy4YeHUs] OHOyIisi, MOAW(MHUIMPOBAHHOTO JKENIE30M, M3 OTXONOB IIICHULBI C
LENbI0 €ro MCIMOJIb30BaHUs IPH CO3JAaHUU YTOJBHO-NIACTOBOIO AJIEKTpoAa AJs
olpenielieHnss MOHOB JKejle3a B BOAHBIX pacTBopaXx. OCHOBHOE BHHMMAaHHUE YJEJIEHO
JIBYM aclieKTaMm: YTHJIM3aldd OWOMAacchl M MOHHMTOPHHTY COACPIKAHHS TSKEIBIX
METAaJUIOB B BOAHBIX CpeAax. bBHOyromb mNody4aay METOAOM KapOOHHW3alMU C
MOCJICAYIOMICH XUMHUECKOW MofuduKaiuel ¢ ucrnoib3oBanueM FeCls 1 mpoMBIBKOIA.
[Tony4yennsle Marepuansl 06U oxapakTtepuzoBanbl Merogamu CHNS-ananmsa, FTIR,
XRD u SEM-EDS, xotopble mokaszaiud COAEpaHUE yIepoaa Ha ypoBHE 76,46%.
Ananmu3 BET BbIsBUI ynenbHYIO HMOBEPXHOCTH 296,43 M* 17!, mpu 3TOM MOpHUCTas
CTPYKTypa MpecTaBicHa MPEUMYIIeCTBEHHO MUKpornopamu (66,98%) u mMe3omnopamu
(30,57%), 4TO CBUIETENBCTBYET O OJIATONPHATHBIX TEKCTYPHBIX XapaKTEPUCTHUKAX.
CUHTE3UpOBaHHBIM OMOYTONb MCIIOIB30BAaH B KaYe€CTBE AIIEKTPOAKTUBHOTO Marepuania
B YTOJIbHO-TIACTOBOM JIEKTPOJE, CIIOCOOHOTO OMpPEAETSITh KOHLEHTpaIHio HOHOB Fe*
B auanazone ot 1,0-10° mo 1,0-107" mons - '. MccnenoBano Bnusinue pH pactBopa
U TeMIIepaTypbl Ha MOTEHLIUAN JIEKTPOJda. YCTaHOBIEHO, YTO CTAOMJIBHBIH OTKIHK
HabmronaeTcst B quanaszone pH 3—06, 4to sBIseTCS ONTUMAIBHBIM [T aHATUTHYECKUX
n3MepeHuid. [IpoBenéHHbIE UCCIENOBaHUS CENEKTHBHOCTH IOKa3ald, YTO TOYHOCTh
OIpeneseHNs 3aBUCUT OT MPUPOAbI MEIIAIOIMX HOHOB M KOHIEHTpAILMHM aHAJINTA.
Pesynprarel noteHumomerpuueckoro ananusa (n = 3) cocrasuiu: 5,00-107 Monb-1!
(BBenmeHo), 4,43-103 £ 3,61-10* monp 11! (HaiineHo), abCOMOTHAS TOTPEIIHOCTD -
5,71-10* momp-!, orHocurenpHas - 11,42%. Onenka aHaJUTUYECKOTO METOHA C
ucnons3oBanueM MeTpukd AGREE mokaszanma ero skonmormyeckyio Oe30mMacHOCTb.
[Tonmy4eHHble pe3yabTaTbl CBUAETEILCTBYIOT O BHICOKOM MOTEHIHMAJEe pa3padoTaHHOTO
MOJX0/a JUIsl IPUMEHEHNUS B YCTOWUMBBIX aHAJTUTUYECKUX TEXHOJIOTUSAX.

KiroueBble ciioBa: miIeHHMYHBbIE OTXOnBI, Fe-MommduuupoBaHHBI OHOYTOIb,
YTOJIbHO-IIACTOBBIN AJIEKTPOJ, TOTEHIIMOMETPHS, OLIEHKA SKOJIOTHYHOCTH

Introduction. Traditionally, activated carbon (AC) and biochar (BC) production
relied on fossil resources such as coal; however, recent shifts favour renewable
biomass, particularly agricultural waste, as sustainable precursors. These carbon
materials possess high surface areas and porosity, making them vital for environmental
remediation (Adylkanova et al., 2025) and energy storage (Chaudhary et al., 2024).
Their properties can be optimised carefullyby selection selecting feedstocks, activation
techniques, and pyrolysis conditions, thereby tailoring them for applications such as
water treatment and air pollution control. Of particular interest is the application of such
activated carbon in carbon paste electrodes (CPEs)—devices used in electrochemical
analysis, namely potentiometric analysis (Amerkhanova et al., 2022). These electrodes,
composed of carbonaceous material mixed with binding agents, exhibit high electrical
conductivity, chemical stability, and the potential for modification. As a result, they
are practical for a range of analytical tasks. Herein, one significant application of
CPE:s is the determination of metal ions in aqueous environments, which is crucial for
several reasons. Excessive iron concentrations, as a potential ecological risk factor, can
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exert toxic effects on aquatic organisms, including humans who rely on these water
sources, thereby disrupting ecosystems and causing adverse health impacts (Teschke,
2024). Therefore, developing affordable, environmentally friendly sensor systems for
monitoring iron concentrations is a pivotal challenge (Amerkhanova et al., 2022).

Literary review. The potentiometric method is a well-established, widely used
technique for detecting metal ions in aqueous solutions. It offers advantages such
as high selectivity, a broad linear response, excellent reproducibility and precision,
real-time analysis, non-destructive testing, and overall simplicity and robustness. Its
Nernstian behaviour facilitates straightforward calibration and reliable results. Notably,
potentiometry is among the most sensitive methods for Fe*" ion detection, achieving a
detection limit of 1.0-107° mol-L™', surpassing spectrophotometry (Cheng et al., 2021),
fluorometry (Shahat et al., 2022), ratiometry (Yan et al., 2019), and voltammetry (Mittal
etal., 2019).

Table 1 — Comparison of different methods for the quantitative content of Fe** ions

Concentration LOD, .. Environmental
Ne | Method range, mol-L ! mol L Selectivity Cost friendliness Ref.
Spec- .
. . ~ Good- Low- | Moderate (toxic| (Cheng et al.
- 10°7-95-10°5 10-8 5
I | trophoto-2.0-10 9.5:1071 6.7:10 Moderate | Moderate | chemicals) 2021)
metry
Good
5 | Fluoro- <3110°  |412:107|  9%% | \oderate | (reusability of | (Shahatetal.
metry Moderate 2022)
Sensors)
Ratio- 061 410 ns . Moderate (toxic| (Yanetal.,
3 metry 2-10°-1.4-10 1.81-107* | Moderate High chemicals) 2019)
4 Voltam- 16:105-4.4-10% | 5.2-10° Good Low Good (low (Mittal et al.,
metry energy costs) 2019)
Good (cheap,
Potentio- AN 0.1 e non-toxic, (Kadyrbayeva
5 metry 1.0-10°-1.0-10 1.01-1077 | Moderate Low recycled et al., 2026)
materials)
Good (cheap,
Potentio- 1061 0.10-1 06 non-toxic, (Amerkhanova
6 metry 1.0-10°°-1.0-10 1.0-10 n.r. Low recycled etal., 2022)
materials)

This method covers a broader concentration range, from 1.0-10¢ to 1.0-10-
"' mol-L", than most other techniques. However, it may be less effective at very low
concentrations than ratiometry. Its advantages include lower cost and eco-friendliness.
Unlike some methods listed in Table 1, which can be expensive and involve toxic
substances, potentiometry uses inexpensive, non-toxic, and recyclable materials. It
also doesn't require complex sensors or hazardous chemicals, unlike fluorometry and
spectrophotometry. Therefore, this study explores the production of biochar from local
wheat waste, aligning with the UN Sustainable Development Goals, and examines its
structural properties and potential as a carbon paste electrode for Fe(IIl) detection in
water. A key innovation is the construction of the entire carbon electrode solely from
wheat-waste-derived biochar, thereby avoiding the use of commercial carbon materials.
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Despite biochar's environmental benefits, its application in electrochemical analysis is
limited by poor selectivity and understanding of surface functional groups. This research
aims to address these gaps by investigating iron-oxide-modified biochar for selective
potentiometric detection of Fe*" ions.

Methods and materials.

Chemicals and Materials: The reagents used in this study were of chemically pure,
analytical-grade, and high-purity quality: FeCls (1%, 10°-10"' mol-L"), KCI (3.5 M),
and KNO:s (1%) solutions. Deionised water (0.055 uS) was used as the solvent for all
solution preparations.

Preparation of BC: To prepare BC from wheat husks, the raw material was
sequentially washed, dried, and grinded, followed by a three-step treatment process
consisting of primary carbonisation (temperature of 600 °C, heating rate of 10 °C-min’’,
1 h under the Ar atmosphere), chemical activation (using 1% FeCls solution) as
the activating agent, with a precursor-to-agent mass ratio of 1:10), and secondary
carbonisation (temperature of 600 °C, heating rate of 10 °C-min!, 2 h under the Ar
atmosphere). The intermediate product was washed with water until the pH was neutral,
then dried at 105 °C to a constant weight. The final product yield was 25.64%.

Determination of the ash content: The biochar samples were dried in an oven at
105°C and then heated in a closed crucible in a muffle furnace at 750°C for 6 h. The
remaining material after incineration is called ash. All lab tests, including the ashness
test and others, were performed three times to ensure accuracy and calculate the standard
deviation (SD).

Material Characterisation: A UNICUBE® elemental analyser for organic
compounds was used for the CHNS analysis. The oxygen content (%) is obtained by
recording the difference between 100 and the (CHNS+ash) content (in %) (1):

Usub3=lﬂﬂ—(N+C+H+5+ﬂj (])

where:

A is ash content, %

Information on the micro- and mesoporous texture (ranging from 1.7 nm to 300 nm)
of carbon samples was obtained using the low-temperature nitrogen adsorption method
on the device BSD-660S A3 (China, 2024), after pretreatment at 200 °C and under a
residual pressure of at least 0.001 bar. Further measurements of nitrogen adsorption/
desorption isotherms were made at 77 K in the relative pressure range 0.005-0.991
bar. Standard data processing was performed using the BJH method, which applies a
conventional cylindrical pore model. The total surface area (XS) and micropore surface
area (Su) were calculated using the BET method. Also, the total pore volume (XV),
micropore volume (V“), and average pore diameter (Davg) (accounting for both micro-
and mesopores) were determined using DFT calculations.

FTIR-spectroscopy was performed on the IR Tracer-100 (Shimadzu) spectrometer in
the 4000-400 cm! region. The sample was prepared by mixing KBr with the BC sample
in a 99.5%:0.5 % weight ratio and pressing the mixture into a disc for analysis, which
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consisted of 32 scans at a resolution of 1 ecm™. The background was collected before
each measurement.

XRD analysis was performed using a Bruker D§ Advance Eco diffractometer over
a 20 range of 10—100° with a step size of 0.05°. The acquisition time was 1.5 seconds
per step at a rotation speed of 15 rpm. The X-ray source used was Cu Ka radiation (A =
1.54060 A).

The SEM-EDX analysis was performed using a Phenom ProX Scanning Electron
Microscope (voltage 15 kV, detector BSD Full, FW 519 um, WD 7.089 mm, Vac. 1.2
Pa).

Potentiometric analysis: All potentiometric measurements were carried out in
the following cell: Ag/AgCl//analyte/CPE/Copper. The carbon-paste electrode (CPE)
(the designed one in this study) and the Ag/AgCl electrode served as the working and
reference electrodes, respectively. All EMF measurements were performed using a
pH-150 MI ionomer (n = 3). In direct potentiometry, CPE was immersed in a Fe(III)
solution with concentrations ranging from 1.0-10° mol-L " to 1.0-10"! mol-L! at room
temperature (21.0°C £ 0.5°C) under continuous stirring. All analyte solutions maintained
a consistent pH of 3.0. Each EMF measurement was performed in triplicate. Using the
recorded data, a plot of the stabilised electrode potentials vs. pFe*" was constructed.

For pH tests, HCI and NaOH solutions (both 0.1 M) were added to adjust the pH of
the analyte solutions. In the selectivity tests, the fixed-potential method (FPM) was used
to determine the selectivity coefficients for the interfering species (Na*, Ni**, or Cr’").

Results. As described by Kadyrbayeva et al. (2026), iron chloride undergoes the
following chemical reactions at different temperature ranges during carbonisation and
chemical activation of BC with iron chloride (chem. eq.-s 1-7):

200°C-300°C
FeCl,+ 2H,0 = FeOC - H,0 + 2HCI

(1)
FeOCl-H,0 = FeQOH + HCI 2)
330°C-700°C
ZFEGD.{'I:FE:DE +H:ﬂ (3)
3Fe,0,+ C = 2Fe,0,+ CO @)
>700°C
2Fe,0, + 3C = 4Fe + 3C0, (5)
Fe,0,+ 2C = 3Fe + 2C0, ©6)
Fe,0,+4C = 3Fe + 4C0O 7)

As a result, highly porous BC containing highly stable Fe(Il, III) oxides is formed.
The elemental composition, ash content, and H/C and N/C ratios of BCs formed via this
mechanism are given in Table 2.
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Table 2 — Elemental composition and ash content in BC

. BC7-washed
Initial Raw Material | Caba]zl::)tc:l?:g 019y | (NaiafiGhiri etal. BCof the current
2022)
Conditions of carbonization
Atmosphere Under limi.t E?d oxygen Air Ar
conditions
Temperature, °C 400 650 600
Heating rate, °C-min’! 5 20 10
Composition

C, % 51.50 70.09 76.46
H, % 2.50 3.78 1.683

N, % 0.00 4.23 4.01

S, % n.r. 0.00

O 0% 701 19.72 8.33

A, % 27.00 n.r. 9.52

Aromaticity and polarity indices

H/C 0.049 0.054 0.022
N/C - 0.060 0.052
o/C - 0.281 0.109
(O+N)/C - 0.342 0.161
(O+N+S)/C - - 0.161

As shown in Table 2, the carbon content of biochar, which depends on synthesis
conditions such as an inert medium, higher temperature, and lower heating rate, is
76.46%, a value higher than that reported for similar material (Turarbek et al., 2025).
The atomic ratios of hydrogen to carbon (H/C) and oxygen to carbon (O/C) are widely
recognised as crucial determinants of biochar characteristics. For instance, the H/C ratio
indicates the conversion of hydrocarbon carbon structures into aromatic rings, serving
as a measure of aromaticity and an indicator of lifetime (Wood et al., 2024). As pyrolysis
temperatures rise, the H/C ratio drops significantly, indicating depolymerisation and
increased oxidation resistance. Biochar with an H/C ratio below 0.7 primarily aromatises
above 400°C, forming more fused aromatic rings that boost stability and soil resistance.

The O/C ratio of 0.109 is low, indicating a significant reduction in oxygen-containing
functional groups in the biochar (BC), making it less polar and more hydrophobic
(Kadyrbayeva et al., 2026). During carbonisation at temperatures above 450°C, these
compounds decrease and eventually disappear. As the temperature rises, the decreasing
O/C ratio reflects decarboxylation, indicating more advanced carbonisation and the
formation of solid carbon structures.

The atomic ratio (O + N)/C indicates the material's overall polarity. The BC produced
in this study yields a low value for this indicator (0.161), indicating a low overall polarity.
According to the CHNS results, the biochars' low H/C and (O +N)/C ratios—indicating
high aromaticity and low polarity—suggest a greater proportion of aromatic carbon
and hydrophobic sites. Higher nitrogen and oxygen levels characterise biochars with a
greater proportion of polar functional groups and a higher (O +N)/C ratio. Overall, these
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findings align with the FTIR and Raman spectroscopy data (Fig. 1a).

As shown, no peaks corresponding to oxygen-containing functional groups are
observed in the spectrum. According to Kadyrbayeva et al. (2026), the absence of
obvious functional groups in the AC spectrum prepared at 800°C indicates that it is
graphitic C in nature. This is most likely due to the formation of condensed aromatic
structures, as observed in pure graphite and in graphite-rich activated carbons.

XRD analysis was performed to analyse the phase composition of biochar (Fig. 1b).
It is known that the diffraction angle (20) of the 002 peak of crystalline graphite is
26.56°. Nevertheless, according to Lee er al. (2021), the XRD 002 peak of biochar is
located at approximately 25.10°. This showed its microcrystallites differed from those
of graphite. In the current case, a flat-convex peak was observed at 20-30°, which, based
on the above information, is attributed to the graphite 002 phase. Additionally, the sharp,
high peaks recorded at 32°, 35°, and 46° (20) align with the XRD patterns reported for
hematite (Fe,O,) and magnetite (Fe,0,-FeO), particularly the peaks at 32°, 35°, and 46°
(20) (Kadyrbayeva et al., 2026).

w
[T | s | oas007 |
13212279 | cl | 2962035
[ sax0as | K| 015007
a | 0352007 | Fe | 201007 |
0.50:0.00 E 100.00

Figure 1 — (a) FTIR spectrum, (b) X-Ray diffractogram, (¢) BET adsorption—desorption isotherms
recorded for synthesised biochar; (d) the distribution map and (e) the content of elements on the BC’s
surface

BET analysis shows that the specific surface area (SSA) is 296.43 m?-g’!, with the
pore distribution as micropores (0.35-2 nm) — 66.98%, mesopores (2-10 nm) — 30.57%
and (10-50 nm) — 1.76%, large pores (50-200 nm) — 0.68%. The hysteresis loop most
likely represents an H4 type (Fig. 1c) (Kadyrbayeva et al., 2026). In this loop, the
adsorption branch exhibits a sharp increase at low relative pressure (p/po < 0.1), typical
of micropore filling. As the pressure increases to medium levels, the curve rises more
gradually, indicating the presence of mesopores. On the desorption side, the lower
limit usually corresponds to cavitation. This pattern is common in microporous carbon
materials.

The EDX analysis shows that the elements on the surface of the BC are evenly
distributed (Fig. 1d). Specifically, carbon makes up 71.84% of the composition,
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nitrogen accounts for 13.21%, and oxygen constitutes 8.43% (Fig. le). Additionally,
minor amounts of Na, Si, S, Cl and K were identified: they are most likely derived from
the inherent inorganic fraction of the wheat biomass precursor; and are typical for plant-
derived biochars (Vassilev et al., 2010).

Further in this study, the synthesised biochar was employed as an electroactive
material to construct a carbon-paste electrode (Fig. 2a), where 1 denotes the Teflon
body, 2 denotes the modified biochar, 3 denotes the wire, and 4 denotes the glue. The
results of the direct potentiometric measurements are presented in Figs. 2 b and 2c.

As shown in Fig. 1b, over the concentration range from 1.0-10° mol-L™ to 1.0-10~*
mol-L, a linear dependence is observed. The measured potential was 732.33 mV
+4.71 mV (pFe**=1), 683.00 mV £3.39 mV (pFe*'=2), 656.00 mV +£5.66 mV (pFe*'=3),
623.33 mV £5.10 mV (pFe*'=4), 547.67 mV £5.70 mV (pFe’*=5) and 469.67 mV +1.31
mV (pFe*'=6) (95% confidence interval, n=3). It is also characterised by an intercept of
793.87 mV + 10.31 mV based on three parallel measurements, and a Nernstian slope
of 50.06 mV-decade'+£1.28 mV-decade™. This approximately corresponds to a one-
electron transfer process (chem. eq. 8):

Fe®t + 87 = Fe?t (®)

The dependence of the electrode potential on analyte pH indicates that the electrode
signal is relatively stable across the pH range 3 to 6. Structural changes occur in the
electrode in a strongly acidic medium (pH < 3), destabilising the analytical signal.
Conversely, at pH > 7, the decrease in electrode potential is associated with the
accumulation of less-soluble forms of iron (III). In these measurements, the predicted
electrode potential across the pH range was accompanied by a 95% confidence band,
with a maximum deviation not exceeding +£8.49 mV (n=3). Regarding the influence of
temperature on electrode performance, experiments indicate that the electrode signal
remains relatively stable over the temperature range of 21°C + 0.5°C to 40°C + 0.5°C
(Fig. 2d).
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Figure 2 — Image of the carbon paste electrode made from BC (a), Nernst dependence recorded
in FeCls (0.001 M) solution for the electrode (b), the pH-electrode potential dependence (c) and the
temperature-electrode potential dependence (d)

Over the examined temperature range, the measured electrode potential fell within a
95% confidence band, with deviations limited to £1.13 mV (n=3).

Discussion. The electroanalytical performance of the Fe-modified biochar-based
carbon-paste electrode is compared with that of other iron-selective electrodes (Table
2). Unlike electrodes that use commercial carbon materials, this electrode is entirely
derived from waste-biomass biochar, underscoring its novelty. The study demonstrates
that a renewable, waste-based carbon material can be effectively employed for simplified
electrode fabrication and sustainable sensor development.

A comparison between the new electrode (Ne5) and the previously reported
electrodes (Ne1-4) reveals notable differences in key testing parameters, including slope,
concentration range, and detection limit (LOD). A review of the literature indicates that
the slope of electrodes used to measure Fe*" ions in aqueous solutions typically ranges
from 18.6 to 56 mV-decade™! (Table 3).

Table 3 — Comparison of the CPE of interest with the reference electrodes designed for detecting Fe*
ions in aqueous solutions

No Electrode-active material/ Slope, Concentration LOD, Ref.
B Binder mV-decade”’ | range, mol'L'1 | mol-L"' i
1,10 -((ethane-1,2- diylbis(oxy))
1 | bis(2,1-phenylene))bis(N-p- 186402 | 1.0-107-1.0-102 | 5.0-10°8 (Ka‘z‘g;’lt)al"
tolylmethanimine) /Paraffin
1,4-Diaminoanthraquinone s 1102 o | (Ghoharietal.,
2 (DAQ)/Paraffin 19.7+£0.7 1.0-108-1.0-10 | 5.0-10 2018)
3 | Tetradentate ligand/ NPOE 19.5 49:10°-13-102 | 12:10° (Shafazagllag etal,
4 Fe(II)-morin/ DOS 56.14+022 | 1.0-10°-1.0-10™" | 4.5-107 (Ozerzﬁ‘lés)ﬂdak’
5 Fe-modified BC/Paraffin 50.06 +1.28 | 1.0-10°%-1.0-10! | 1.0-10°° This study

333



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Electrodes 1-3 exhibit Nernstian slopes between 18.57 mV-decade™ and 19.9
mV-decade™!, typical of monovalent ion detection, whereas electrodes 4 and 5 show
significantly higher slopes of 56.14 mV-decade™ and 50.06 mV-decade™’, indicating
greater sensitivity and improved charge transfer, likely due to differences in active
materials and design. The LOD of the studied electrode (1.0-10°¢ mol-L™") aligns
with reported values. While electrodes 1-3 utilise organic ligands and binders such as
paraffin, DAQ, or NPOE, electrode 5 employs Fe-modified BC with paraffin, thereby
enhancing conductivity, electron transfer, and active-site density and improving
analytical performance.

The electrode testing in direct potentiometry for the determination of Fe*" ions using
the added-found method (n=3): 5.00-10* mol-L! (added), 4.43-10* mol-L '+3.61-10*
mol-L! (found), absolute error 5.71-10~* mol-L!, relative error 11.42%.

Further, the selectivity of the electrode (fi;;r) was evaluated with respect to
interfering monovalent (Na®), divalent (Ni**) and trivalent (Cr*) ions using the fixed-
potential method (Amerkhanova et al., 2022). It has been shown that the electrode of
interest maintains its electroanalytical performance over the concentration range of 10
mol-L'to 10" mol-L"! for Na" and Ni** ions, with potentiometric selectivity coefficients
of 2.98-103 and 7.29-1073, respectively. For Cr*" ions, as the interfering ions, the
selectivity coefficient is 2.39-107¢ over the analyte concentration range of 10> mol-L' to

10" mol-L"'. Based on this (k;;r<1 in the specified concentration ranges), it might be
concluded that the selectivity of the electrode is limited by the type of interfering ions
as well as the analyte concentration. The selectivity coefficient's dependence on ion
type likely reflects variations in hydration energies and partitioning behaviours among
monovalent, divalent, and trivalent ions, influencing their competition with Fe*" ions
at the electrode interface. The concentration dependence arises from the conditional
nature of the fixed-potential method: higher Fe** activities favour ion dominance at
the interface, reducing interference, whereas lower concentrations increase the impact
of coexisting ions. Potentiometry is highly sensitive for Fe** detection; the proposed
CPE surpasses the referenced methods in sensitivity (Table 1) with a detection limit of
1.0-10° mol-L™, though it is less suitable for ultra-trace analysis than the compared
methods.

The greenness evaluation of the method: The Eco-Scale is an ecological assessment
tool designed to evaluate the environmental impact of analytical methods (Kadyrbayeva
et al.,, 2026). It facilitates the comparison and selection of more environmentally
friendly approaches. According to Table 4, the ecological assessment of the proposed
potentiometric method yielded an excellent green analysis score.

Table 4 - Penalty points (PPs) for the proposed potentiometric method

Reagents and Penalty points Instruments and Penalty points
FeCl, 4 Tube furnace 3
HCI 4 Potentiometry 1
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KCl
KNO,
DI water

Biomass
Paraffin oil
NaOH
Epoxy

Total:17 Total: 7
Total Penalty points: 24 Analytical Eco-Scale total score: 76

Occupational hazard 3

WIN— OO |W|O

To comprehensively evaluate the environmental impact of our analytical
methodology, the entire process was divided into three distinct stages: BC synthesis,
carbon-paste electrode preparation, and analytical measurement. The greenness was
independently assessed at each stage using the AGREE metric, yielding three separate
circular diagrams (Fig. 3).

Ry
D&

Figure 3 - The AGREE evaluation of the three-stage analytical process: (a) BC synthesis, (b) CPE
preparation and (c) analytical measurement

e

The AGREE assessment indicated variable environmental friendliness across the
analytical method, with an average score of 0.59. The biochar synthesis phase scored
lower, while subsequent steps aligned well with green chemistry principles. Key
sustainability features include using waste wheat biomass as a precursor, reducing
reliance on non-renewable resources, and doping with Fe,O, to avoid noble metals
and hazardous reagents. Fabrication of the carbon paste electrode is straightforward
and energy-efficient. Additionally, potentiometric analysis requires minimal sample
preparation, no derivatisation, and small volumes of organic solvent, collectively
enhancing the method's eco-friendliness and efficacy.

Conclusion. It might be suggested that integrating iron oxide into the biochar matrix
creates specific surface sites capable of reversible Fe** interactions, thereby enhancing
the sensitivity and selectivity of potentiometric measurements. The detected analytical
performance, including a near-Nernstian response, satisfactory detection limits,
relatively rapid response time, and a relatively tolerant response to interfering ions
(within the specific concentration range), indicates that waste wheat-derived biochar
has the potential to compete with sensors based on synthetic carbon-based materials.
This improvement is evidenced by a higher slope of 50.06 mV-decade!, a working
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concentration range of 1.0-10" mol-L" to 1.0- 10" mol-L"', and a relatively low detection
limit of 1.0-10° mol-L!. The reported sensitivity and efficiency of the CPE of interest
may be attributed to the unique properties of the iron-modified biochar; further studies
of conductivity, electron transfer rates, and the density of active centres are warranted.
These findings represent a significant advance in sustainable electrochemical sensing,
highlighting the potential to replace resource-intensive materials with biomass-derived
alternatives without sacrificing analytical performance.
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