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Cypert 3. AFbIH/IBI CyNnapAbl ayblp METAJI HOHJIAPbIHAH Ta3apTyAbIH TUITIK 9iCTepi.

AFBIHJIBI CyJap/bl ayblp METaJUT HOHJAPbIHAH Ta3apTy YIIiH COHFBI OipHeIe OH-
KBUIABIKTa TYPJICHIIPIITeH aacopOeHTTEepAl KOJMAaHy alTapibIKTail ecTi, eHWTKeHi
TYPIACHIIPYII areHTTep TUIMII aICOpOIHs YIIIiH OMoMaTepuaiapIbiH OETTiK KacHeT-
TepiH KakcapTyra KalineTti. OmapapIH aacopOIMACHIHBIH THIMIUTITIH Oaranay yuIiH
OPTYPIIl TEXHONOTHUSIIBIK TTapaMeTpiepi, n30TepMasap, KHHETHKA JKOHE €CeNTey oJIi-
cTepi KonmaHeuabl. Kazipri yakeiTTa onapasl naiiianaHy 3epTXaHalbIK MacIITaOneH
IIeKTeNe i, oIapAbl KOMMEPIMUIBIK HEMece ayKbIMIbl OHIpiCKe KeHEHTYmi KakeT
eTeni. AICOpOSHTTEPAIH THIMIIITIH OHIIPIC MIBIFBIHAAPBIMEH TEHECTIPY YIIiH JKaHa
o/licTep MEH TEXHOJIOTHSUIIAP/IBI MYKHSIT 3epTTey KaxeT bipak, SKOJOTHSIIBIK Ta3a Tay-
apJapra aiiHanIMal, YIKeH KoJIeMJIET] aybUTIIApyaIIbUTbIK KaJIbIKTAPbIHBIH KahaH IbIK
OH/IIpiCi ayBUIIIBIK JKEpIIEP/IiH JIaCTaHybIHA JKOHE Oenriii Oip mopekesie ayblUIbIK Kep-
Jiep/ie eTiHMIIUTIKTI )Ky3€ere achIpyIbl KHbIHAaTaabl. HoTmkecinae aybut mapyanibuIbiFbl
KaJJIBIKTApbIHAH SKOJOTHSIIBIK Ta3a Tayapiapibl OHJIIPY aybll IIapyamblIbiFbl Kaj-
IOBIKTapbIH JKaFyllaH TybIHJaraH ayaHbIH JIacTaHy JeHTeHiH THIMAI TeMeHAeTe[l
(Hussein et al., 2025). KinumarTeiH e3repyiHe, Cyabl Ta3apTyFa JKOHE Kbl KOpIIaraH
OpTaHBI KOpFayFa KaThICTHI OnoMacca afcopOeHTTEePiHIH JaMybl MaHBI3IbI PO aTKa-
panel. COHBIMEH KaTap, OYKiJ oJieMIeTi aHaINTHKAIBIK eCenTepre cokec, Onomacca
HETi3iHeTi ajcopOeHTTepAIH aAcOPONUSIBIK KACHETTEPIH )KaKcapTyFa O0aChIMIIBLTBIK
Oepiiin, FEUTBIME 3€PTTEYIIEPIiH 0acThl MaKcaTTaphl OOMIBIT OTHIP. Ap3aH afcopOeHT-
TepIIiH aAcOpOIMAIBIK KaOilIeTiH oJJaH 9pi apTTHIPY YIIiH OMoMacca Heri3iHeri ajco-
pOeHTTepre Kocyra O0JIaThIH areHTTep i TabyFa Heri3 OOIIbI.

Exinmii xarplHaH, TYPJICHIIPY MPOIECIHIH KYPAEIiri, OHBIH Kap>KbUIBIK KUBIH-
JBIKTAPBI JKOHE OPTYPJIi XUMHUSIIBIK TYPJICHIIPTIIITEpMEH OaiIaHBICTHI SKOJIOTHSIIBIK
Mocelenep anTapibIKTail Hazap ayaapThi OThIP. AYbUT IIAPYaNIbUIBIFbl KAIABIKTAPbIH
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naiiiajganbin OMOKeMIpTEK eHAIpici eH 0acekere KaOiIeTTi, SKOJIOTUSIIBIK Ta3a >KOHE
TYPaKThl TEXHOJOTHSIIBIK CTpaTerus 00nbIn caHanaabl. Kazipri yakeITTa MIbIFapbIHAbI-
JapApl a3aTy, KIMMaTThIH ©3repyiH a3aiTy, pecypcTap UUKIiH 0acKapy, SHEprHsHbBI
YHEMJIey JKoHe KOpILaFaH OpTaHbl KOpFay YIIiH KaJIbIKTapAbl OacKapy ©3eKTi Macese
exeHi Oenrimi. COHIBIKTaH OMOMacca HeTi3iHaeri aacopOeHTTepAiH OonamareH Oara-
Jlay YIIiH Kelleci HepCleKTHBaHbl Maiianany Kepek:

1) Buomacca Herizingeri aacopOCHTTEpAIH KOMMEPLHUSUIAHYBIH BIHTAJIAHABIPY
YIIiH aybUIIapyallblIblK KaJAbIKTapblH KapOOHM3aLMsIIay TEXHOJIOTHSCHIH d3ipiey
YKOHE JKETUIIPY MAHBI3JIbI.

2) buonorusinelk copOuus NpoueciHie KONJaHy YUIIH eTe THIMII SKOJIOTHSIIBIK
Ta3a TYPJACHIIPTill 3aTTap MEH NPOLeCTEeP i 93ipiaey KaKeT.

3) bonamakra nactany ayKbIMbIH/1a HHKEHEPIIiK MaceIesepi Ienry yiliH Onomacca
HETI31H/eTr1 aIcOpOCHTTEP II MaliIanaHy/abl KAMTUTBIH 3ePTTEYIepPi KEHEUTY KepekK.

KopbITbiHABIIAN Kene, aybUIapyallbliblK KalIbIKTaphl OnomMacca Heri3iHzeri
aZicopOeHTTepre KaparaHaa apThIKIIBUIBIKTaphl Oap KoHE KOpIIaraH OpTaHbl KOpFay
KosigaHOanapblHaa KbIMOAT KOMMEPLHSUIBIK O€ICeHICHIIPUIreH KOMIpAl aybICThIPY
YILLIiH MaiganaHbuTybl MYMKIH.

KopsIThIHABI. AFBIHIBI CylTapiaH ayblp MeTaiIapbl KO Ka3ipri SKOJOTHSUIBIK
XUMUSHBIH MaHbI3/IbI MiHAETiI 0ok Tabbutasl. KongaHnbsicTarsl 9icTep iy iniHe
azcopOuUMs KOFapbl TUIMAUTIITIMEH, iCKe achIpyIblH KapanalbIMIBLUIBIFBIMEH KOHE
ap3aH TaOWFH IUKi3aTTap/Abl Maliganany MYMKIHIITIMEH epeKiieneHe . OHepKoCinTiH
KapKbIHIBl JaMybl Cy OOBEKTiJiepiHe ©T€ YBITTbI, OMOKMHAKTAIATHIH, OUOJOTHSIIBIK,
BIIBIPAMaNTBIH KEJIeCi XUMUSIIBIK AIeMeHTTep i KoprackiH (Pb), kanmuii (Cd), xpom
(Cr), mbic (Cu) yoHE MBIPBII (Zn) CUAKTHI ayblp METAIAAPABIH IIbIFAPbIHBIIAPBIHBIH
apTyblHa OKesleAi. AFBIHIBI Cy KYpaMbIHOAFbl ayblp MeTajl HOHAApbIH >KOIoAa
aybUIIIAPYalIbUIBIK KaJIBIKTaphlH aJCOPOCHT peTiHAe MaiiiaiaHy FajlbIMAapIbIH
3eprreynepinae kepcerinren. Mpicainsl, ContycTik KazakcTan 00MbICHIHBIH KaPaKYMBIK,
KaOBIKTapbl KeMipTerire 0ail, KOJKETIM/I aybUl MIapyarblIbIFbl KaJAbIKTaphl OOMbII
Tabbutanpl. KapakyMbIK KaOBIFBIHAA LEIUIION03a, JIUTHUH, FreMULeNIono3a 6ap. Ockl
KOMIIOHEHTTEP OJlapJbl KOMIpTeri cOpOCHTTEepiH OHAIpYre KOJaiyibl MIMKi3aT eTemi.
KapakyMbIK KaObIFbIH aFbIHIBI CYy KYPaMBIHIAFbl ayblp METal MOHAAPBHIH KOO YLIIH
naiananyablH apThIKIIBUIBIKTAPHL:

» TeMeH 1IMKi3aT KYHBI;

* AybIJI IIApyalIbUIBIFBl KAJABIKTAPbIH KaliTa OHACY;

* DKOJIOTHSUIBIK KayiIci3;

* JKorapsl Tazanay THiMIiIIr.

KapaxyMbIK KaObIFbIHAH aJIBIHFAH OeJICEHICHAIPIITeH KOMIpAl Naiianany aFbIH bl
CynapAbl ayblp MeTajaaplbl Ta3apTyAblH NEpCHEKTHBAbl TACiT, COHBIMEH Karap,
9KOJOTHUSIIBIK KayilCi3MiKTi, YHEMIUTIKTI JKOHE JKOFapbl COPOLMSUIBIK KaOileTTimIKT
OipikTipeni.

Byrinri Tapma aFplHABI Cymapibl Ta3apTy YIIIH ©HEPKACINTe KEePrimikTi KO-
KETIMAIUIIrHE, TEXHUKaJblK MYMKIHIITIHE, WHXKEHEPIIK KOJJAHBUIYbIHA >KOHE
IIBIFBIHAP/IBIH THIMIUTITIHE OAaiJIAaHBICTHI ap3aH aJCcOPOCHTTEP/I KEHIHEH KOJIaHy-
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JIbIH MaHBI3bI 30p. Erep, KomkeTiMAl )koHe 031H1K KYHbI TOMEH aJICOPOCHTTEP aFbIH IbI
CyIarbl ayblp METalAap/Abl )KOI0/a KAKChl HOTHIKE KOpPCeTce, oJapAbl TeK IIBIFbIHAAP-
JIbIH THIMCI3/ITiH a3alTy VIIIH FaHa eMeC, COHBIMEH Karap MalalIbUIBIKThI apTThI-
Py YIIIH ©@HEpKACiNTe KeHIHEH KOoJiJaHyFa Ooyajbl. ByriHri TaHma aFrblHIBL CyIapibl
Ta3apTyAa OHbl MPAKTUKAJIBIK KOJJaHYbIH SKOHOMHUKAJIBIK THIMIUTITIH OaFanay yIIiH
ayblp MeTanJgapbl KO0 YLIIH ap3aH ajcopOeHTTepHAl MaiifaimaHydblH IIbIFBIHAAPHI
MEH MYMKIHAIKTEepiHe Tayijay XKYprizy KaxeT. Ap3aH ajacopOeHTTepAl mnaigananHy
KOpILIaraH OPTAaHbIH TYPaKTBUIBIFbIHA BIKMAJ €Tyl MYMKIH. Ap3aH aJcopOeHTTepAai
aFbIHJIBI CYy KYPaMBIHIAFbl ayblp METal HOHIAPbIHAH Ta3apTyFa OaillaHBICTBI FBUTBIMU
3epTTeynepae Keleci TEeXHOJIOTHSUIBIK apTTapFa Ha3ap aydapblly Kepek: OenceHmaipy
LIaPTTApbIH OHTAWIaHIBIPY, COPOCHT OETIH ©3repTy, OHEPKACINTIK KOJIAaHy YIIiH TeX-
HOJIOTHSIHBI MaclTa0Tay. OpHHE, ap3aH aJcopOeHTTep OojamakTa KOMMEPIHSUIBIK,
MaKcaTTa KONTereH NepCreKTUBAIbI apTHIKIIBUIBIKTapFa KOJ )KeTKi3e/i.

Kazipri yakpITTa arbIHIBI Cylap KYpaMbIHIAFbl ayblp METallap/abl KO0 MaHbI3IbI
pen arkapaibl, ©WTKEHI ayblp MeTajjap KOpLIaFaH oOpTara KayinTi ocep eTeni.
CoHJIBIKTaH aybIp MeTaJiap/bl )KOIOABIH KenTereH aaictepi Oap. actypii sgicrep MeH
(oTokaTanuzOeH caNbICTHIPFaHaa alCOPOLUSIBIK MPOLECTEPAl KONAAHYABIH KONTEreH
MYMKIHIIKTEpi MEH MNepcreKTHBajapel O0ap. Aran alWTKaHaa, ap3aH agcopOeHTTEp
aJICOpPOCHTTEp THIMII KOHE YHEMJi MaTephajjap pPEeTiHAe KOJNJaHbUIAIbI, aFbIHIbI
CylapJaH ayblp MeTaJl HOHAAPBIH Ta3apTy OOMBIHILIA 3epTTeyaepAiH OaFbITTHUIBIFBIH
aiikpiHAaiapl. EH OacThIChl, €H KOJabl 9MICTI TaHAdy YIIIH aFbIHABI CYNapIbIH
($u3MKaNbIK KacueTTepi MEH OoAICTepAiH CHIMaTTaManapbl MaHBI3Abl POJ aTKapasbl.
¥ ChIHBIIFaH IOy KYpaMbIH/IA aybIp METaJlJl HOHAApHI 0ap aFbIHIBI Cylapbl Ta3apTyFa
0alIaHbICThI KYPri3UIETIH FBUIBIMH 3€pPTTEYIIEp YILUiH YIri O0naabl.

KopbITbiHabIIAN Kene, AYHHEXKY3IHAE TYLIBI Cy TalllbUIbIFbIHA OalIaHBICTHI
aFbIHJIBI CYJIap/Ibl TA3apTy KOHE KaiiTa OHJIeY KeH TapajfaH. AFbIH/bI Cylap/iaH Ta3a cy
aJry TeXHOJIOTHSJIapHI J1a XKAKChl JaMbIFaH XKoHe KOKeTiMIi. COHBIMEH KaTap, aFbIH bl
Cynap/bl KaliTa @HAey/iH OoJIalIaFbl Ty pasibl XaJIBIKTBIH OpTYPJli aKIapaT KypaiiapblHaH
KaXeTTI MONIIMETTI aybl MeH OinimMiHe OalinaHbICThL. JlaMblFan enjepae cyasl KainTa
OHJIeY JKAKCHI JKOJIFa KOWBIIIFAHBIMEH, JAMYILBI eJJiepAe HHPPaKYpPhIIBIMHBIH TalTalKa
ColiKec KeIMeyi KoHe XaJbIKThl Xadapaap eTyAiH )KeTKITIKCi3AiriHeH 00Iybl MYMKIH.
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Abstract. This article presents the results of predicting the kinetic properties of
composite materials based on vinyl ester resin (VER) with the addition of diatomaceous
earth and dimethyl methylphosphonate (DMMP) using the Netzsch Kinetics Neo
software based on the results of thermogravimetric analysis (TGA). The VER samples
were synthesized at the University of Science and Technology of China (Hefei, China)
as part of a project funded under a targeted grant program. The kinetic characteristics
of four samples were predicted based on the results of thermogravimetric analysis: Pure
VER, VER + DE — a VER sample with a diatomite concentration of 25%, VER+DE/
DMMP — VER with physically mixed DMMP and diatomite at concentrations of 12.5%
and 12.5%, respectively, and VER + DE@DMMP — a sample with DMMP immobilized
in the pores of diatomite (25%). Based on the TGA curves, models were selected in the
Netzsch Kinetics Neo software, which allow for the prediction of the samples’ kinetic
properties under specific conditions over a defined period of time—something that is
not feasible under laboratory conditions. Models were selected in the Netzsch Kinetics
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Neo software. For the pure sample, the model corresponded to a simple first-order
reaction; for VER with diatomite, independent reactions (simple and diffusion); for
VER+DE/DMMP and VER+DE@DMMP, autocatalytic A2 and A3, and diffusion D3.

The results of the analysis showed that pure VER decomposes very slowly at low
temperatures, but quite rapidly at high temperatures, compared to the other samples.
The VER+DE/DMMP and VER+DE@DMMP samples exhibit a higher decomposition
rate in the initial stages, whereas mass loss slows down at high temperatures.

In the dynamic mode, the pure VER sample showed the shortest decomposition time
and the lowest temperature. In the immobilized sample, decomposition proceeds slightly
faster than in the diatomite sample. The composite with physically mixed diatomite and
DMMP demonstrated intermediate decomposition temperatures and times.

The results obtained open up opportunities for the development of new fire-resistant
materials with controllable functional properties.

Keywords: vinyl ester resin, diatomite, DMMP, thermogravimetric analysis, Netzsch
Kinetics Neo, degradation, decomposition time
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Annoramus. byn makana Netzsch Kinetics Neo OarmapnamacelH naiijganaHa
OTBIPBII, TepMOTpaBUMETPUsUIBIK Tasnay (TTA) HoTHKenepiHeHIH HeTi31H/e JHaTOMHT
nen gumetun metwindocponar (DMMP) kocburran BuHmHn 3¢up maisipel (VER)
HEri3iHAeri KOMIIO3MTTIK MaTepHayiIap/blH KUHETHKAJBIK KACHETTEPiH OoJpKay
3epTTeyiHiH HoTIKeNepiH ycbiHaabl. VER yirinepi Kpitailt Fouibiv jkoHE TEXHOIOTHS
yauBepcuterinae (Xo¢oii, Keirait) MakcarTsl OaraapiaMa asicblH/1a KapKbUIAHIBIPbUTFaH
xo0a menOepinge cuaTe3nenai. TepMorpaBUMETPHUSUIBIK Talay HOTHKEIEpl Heri3iHae
TOPT YJTiHIH KWHETHKAJIBIK CHIaTTaMallapblH Ooipkay >kyprisimmi: taza VER, VER
+ DE — nuaromut koHueHrtpanuscbl 25% O6omnarein VER yirici, VER+DE/DMMP —
DMMP nen auartomut 12,5% sxone 12,5% koHueHTpanusga (GU3MKAIBIK apajacKaH
VER; VER + DE@DMMP — nuaromur tecikrepinne Oekitinres DMMP-i 6ap yari
(25%). TT'A xuceikTapeina cyiieHe otbipbin, Netzsch Kinetics Neo Oarmapiamachl
apKbLIbl MOJICIIBACP TAHIANIbI, OYJ1 MOJENbEp YIriiepain Oenriii Oip *xaraainapaa
OCJNTUJICHIeH YaKbIT apajibIFblHIaFbl KHHETUKAJIBIK KACHETTEPIH OOJKayFa MYMKIHJIIK
Oeperi, a 3epTXaHalbIK JKaraaiiapaa MYHBI JKYy3ere acblpy MyMKiH eMec. Mozenbiep
Netzsch Kinetics Neo 6argapnamackinaa Tagaaisl. Taza yiuri Yo Mojieb Kaparnaibiv
OipiHII PeTTIK peakuusara colikec Keiji; AuaroMuT KockraH VER ymrin — Toyencis
peaknmsnap (kapamaiibiM xoHe aupdy3usuibik); VER+DE/DMMP xone VER+DE@
DMMP yiuin — aBrokaTanuTukaibik A2 sxone A3, nuddysusibik D3,

Tannay notmxenepi raza VER-n1iH TeMeH Temneparypaja ote 0asy blAbIPaUTHIHBIH,
al JKOFapbl TemIieparypaia Oacka yariiepre KaparaHia CalbICTBIpMallbl TYpAE Te3
bIIBIpalThIHBIH - KopceTTi. VER+DE/DMMP  sxone VER+DE@DMMP  yurinepi
OacTarnkpbl Ke3eHJIep/e bIIbIPay KbUIaMIBIFBI JKOFaphl 00JICa, JKOFaphl TeMIlepaTypajia
MacCCaHbIH JKOFaIybl 09CCH IS/,

Junamukanslk pesxxumzae Taza VER yiirici biibipay yaKbITBIHBIH €H KbICKa OO0JIYbIH
JKOHE €H TOMEHTI TeMIlepaTypaHbl KepceTTi. IMMoOUIM3ausiIanran yaTije blIbIpay
JMAaTOMHUT KOCBUIFAH YJTIre KaparaHaa Col JKbUiaMm kypedi. DU3nKanblK KOIMEH
apaJIacThIpbUIFaH JuaToMuT eH DMMP kocnacel bIbIpay/ibIH OpTalla TEMIIEPATYPACHI
MEH YaKbITBIH KOPCETTi.

AJBIHFaH HOTHXKeJep OacKapbuIaThiH (QyHKIIMOHAIIBIK KachueTTepi Oap jkaHa OTKa
TO3IM/Ii MaTepralIap/bl 93ipieyre MyMKIiH/IK Oepei.

Tyiiin ce3mep: Bunwi 3¢up maiibipsl, guatomut, DMMP, TepMorpaBuMeTpHsuIbIK
tannay, Netzsch Kinetics Neo, aerpaaiusi, biIbipay yaKbIThI
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AnHoTtanus. B crarbe mpencTaBieHbl pe3ylbTaThl MPOTHO3UPOBAHUSI KUHETHYE-
CKMX XapaKTEePUCTHK KOMIIO3HUTHBIX MaT€pHajOB HAa OCHOBE BUHHID(QHUPHON CMOJIBI
(VER), MmomnduuupoBanHoi auatoMuToM M auMmetwiMeTuiapocdonarom (Dimethyl
Methylphosphonate, DMMP), ¢ ucnonszoBanuem nporpaMMHOro Komriekca Netzsch
Kinetics Neo Ha ocHOBe AaHHBIX TepMorpaBumerpuueckoro anamusza (TTA). Obpas-
(bl BAHWII(UPHOW CMOJIBI OBIITM CUHTE3UPOBAHBI B YHUBEPCUTETE HAyKH M TEXHOJO-
ruii Kuras (. Xadoit, KHP) B paMkax BbIMOMHEHUS! IPOEKTa MPOTrPaMMHO-1IEIEBOTO
¢unancuposanus. [IpoBeaeHo MonenIMpoBaHWE KWHETHYECKHX MapaMEeTPOB YEThIpeX
TunoB 00pa3nos: Pure VER (uucras Bunumsupnas cmona), VER + DE (obpaszern ¢ co-
nep>kanuem auatomuta 25 %), VER + DE/DMMP (o6pazen ¢ ¢pusnyeckn cMeIaHHbI-
Mu quaromutoM 1 DMMP B konnenTpanusix no 12,5 %), a rakxe VER + DE@DMMP
(o6pazenr c DMMP, nMMOOMIN30BaHHBIM B MOpaxX AMATOMHUTA, C OOLIMM COAEPKaHHEM
Haronuutens 25 %).Ha ocnoBanun xpusbix TT'A B mporpamme Netzsch Kinetics Neo
ObUTH TTOAO0OpaHbl KHHETUYECKHE MOAECIIH, MTO3BOJIAIONINE MPOrHO3UPOBATH TIOBEICHHE
MaTeprasoB IPH Pa3InIHbIX TEMIIEPATyPHBIX PEKUMAX U IPOIOIKUTEIBLHOCTH BO3IEH-
CTBHS, YTO 3aTPYIHUTEIBHO PEaTn30BaTh B 1a00paTOpHBIX yCIOBHAX. J[1g uncToii cMo-
JIbl HanOoJIee aJeKBaTHON OKa3anach MOJIENb IPOCTON peakuy MepBoro nopsaka. s
o6pasua VER + DE ycranoBnena koMOWHauMsi HE3aBUCHUMBIX PEaKIMi IEPBOTO MOPSI-
ka u aug¢ysnonnoro Mmexanmsma. s oopasnos VER + DE/DMMP u VER + DE@
DMMP nanbonee cOOTBETCTBYIOIIMMHE OKa3aJHCh aBTOKaTaJUTHUECKUE MoAenH A2 u
A3 B couerannu ¢ quddy3noHHON Moaebio D3. Pe3ynsraTsl mokasasm, YTo YUCTAast BU-
HWIQHUPHAS CMOJIa XapaKTepU3yeTCst MEJICHHBIM Pa3IoKeHHEM NPU HU3KUX TeMIlepa-
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Typax u 0ojee MHTeHCUBHOM Jierpajanneil Ipy BEICOKMX TeMIeparypax 1o CpaBHEHHIO
¢ moguunrposanusiMu odpasuamu. Komnosutst VER + DE/DMMP u VER + DE@
DMMP neMOHCTpUPYIOT MOBBIIIEHHYO CKOPOCTh PA3JIOKEHHS HA HAYAIIBHBIX CTaJUAX
Ipolecca, TOTAa Kak IPU BBICOKMX TEMIIEPATypax CKOPOCTb IMOTEPU MACCHI CHUIKAET-
cs. B muHaAMU4eCKOM peXuMe YUCTask CMOJA XapaKTepU3yeTCss MUHUMAJIbHBIM BpeMe-
HEM TEPMUYECKOTO Pa3IoKeHUs] U HanOosee HU3KOH TeMIlepaTypoil JecTpyKuuu. J{ns
obpasua ¢ uMMoOmIn3oBanHEIM DMMP npornecc pa3noskeHus: IpOTEKaeT HECKOIBKO
ObIcTpee, YeM I KOMIIO3UTa, COAEPIKaIlero Tonbko auatoMuT. O0paser ¢ pu3ndecku
cMemaHHbIMU auaromuToM 1 DMMP xapakrepusyercss IpoMeKyTOYHbIMY 3HAYCHUS-
MH TEMIIEPATYPBI U BPEMEHU pa3noxeHus. [loryueHHbIe pe3ylbTaTbl CBUACTEIbCTBYOT
0 MEPCHEKTUBHOCTH MCIIOIb30BAHMSI JUATOMHUTA U TUMeTUIMeTHIdochonara s co3-
JIaHUSL HOBBIX OTHECTOMKUX MOJUMEPHBIX MATEPUAIOB C PETYIUPYEMBIMU JKCILIyaTa-
LIUOHHBIMY CBOWCTBAMH.

KiroueBsble ciioBa: BuHwmupHas cmona, auatomut, DMMP, TepmorpasumeTpu-
yeckuii ananu3, Netzsch Kinetics Neo, nerpananus, Bpems pa3ioKeHus

Introduction. Polymer composites are a special class of materials that combine a
polymer matrix with reinforcing or functional fillers, enabling the production of materials
with predetermined physical, chemical, mechanical, and performance properties. Due
to their low weight, low cost, and desirable thermal properties, they are widely used
in industries such as construction, transportation, aviation, energy, and the chemical
industry (Wu et al., 2023).

A significant drawback is the rapid flammability and combustibility of the polymer
matrix, as well as rapid heat release. To address this issue, the development of flame
retardants that create a protective barrier during combustion and prevent the formation
of carbon residue is becoming increasingly relevant (Wang et al., 2023).

Vinyl ester resins (VER) are unsaturated polyester resins with enhanced chemical
resistance and strength (Paczkowski et al., 2022). These materials are produced by
reacting epoxy resin with methacrylic acid. The resulting epoxyacrylates dissolve in
monomers. The resulting liquid resins can be used similarly to unsaturated polyester
resins (UPR) (Nodehi et al., 2022).

Vinyl ester resins can be viewed as a compromise between unsaturated polyester and
epoxy resins (Todjiyev et al., 2026).

However, due to their polymer matrix, ECMs are not sufficiently fire-resistant,
which limits their application (Hu et al., 2022). This problem has been partially solved
by physically adding fire-retardant substances to the resins or chemically introducing
fire-retardant groups into their network structure (Zhang et al., 2020). However, while
flame retardants increase the material’s fire resistance, they simultaneously contribute to
the deterioration of certain physicochemical properties (Li et al., 2022).

One of the fillers that minimally degrades the properties of the polymer matrix of
the fire-retardant material is dimethyl methylphosphonate (DMMP), which possesses
flame-retardant properties through

the interaction of the generated radicals with He and OHe radicals (Xavier et al.,
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2025). Due to its volatility, DMMP does not remain in the polymer matrix for long, and
its effect is short-lived.

Scientists from the University of Science and Technology of China have found a
way to ensure the long-term flame-retardant properties of DMMP by immobilizing
DMMP in the micro- and nanoporous channels of diatomaceous earth (DE) and then
incorporating it into vinyl ester resin (VER) (Xie et al., 2026).

The choice of diatomite was justified, first, by its widespread occurrence in
Kazakhstan (Aktobe Region), and second, by its porous structure, which stems from its
origin in sedimentary rocks and algae (Xu et al., 2019). The fire-retardant and flame-
suppressing properties of diatomite are well known (Bi et al., 2024).

When characterizing new materials using analytical methods to determine thermal
properties, thermogravimetric analysis is employed, which allows for the determination
of mass loss at various temperatures under a specified heating rate. In the Netzsch
Kinetics Neo software, based on the analysis data, it is possible to determine predictive
kinetic characteristics, such as the degree of degradation over a very long period of time
that cannot be analyzed under laboratory conditions, the calculation of the degradation
temperature, the degradation time at very high heating rates that cannot be set on a
laboratory instrument, and other characteristics (Harter et al., 2022).

This study presents data on the prediction of kinetic characteristics of VER-based
composites with diatomite and DMMP additives based on thermogravimetric analysis
using the Netzsch Kinetics Neo software.

Materials and Methods. Composite materials based on vinyl ester resin with
the addition of diatomaceous earth and DMMP were prepared at the University of
Science and Technology of China (Hefei, China) as part of a project funded by the
Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. BR28712729) [[16]].

Four VER samples were used to record and study the kinetic characteristics:

Pure VER, VER + DE — a VER sample with a diatomite concentration of 25%,
VER+DE/DMMP — VER with physically mixed DMMP and diatomite at concentrations
of 12.5% and 12.5%, respectively, VER + DE@DMMP — a sample with DMMP
immobilized in the pores of diatomite (25%).

The composite containing DE@DMMP was prepared by first vacuum-immobilizing
DMMP within the pores of DE (producing DE@DMMP), after which the resulting
filler was incorporated into vinyl ester resin (VER) with stirring until a homogeneous
dispersion was achieved. The mixture was degassed under vacuum, then a curing
accelerator and initiator (each at 1.5 wt.% relative to the resin) were added, poured into
molds, and cured at room temperature until the composite was fully formed.

Thermogravimetric analysis was performed on a NETZSCH TG 209 F1 Libra
(Germany) instrument, dynamically heating the sample in a 40 mL/min flow of inert
nitrogen gas from room temperature to 800 °C. The heating rate was 10 °C/min.

Kinetics analysis was performed using the NETZSCH Kinetics-Neo (Germany)
software. The program works as follows: first, TGA data obtained under real-world
conditions—that is, up to a temperature of 800 °C with a heating rate of 10 °C/min—are
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loaded into the program. Then, based on the TGA data, the program selects a model
corresponding to a single reaction or several parallel reactions. Using this program, it
is possible to predict the thermal properties of a material under certain conditions that
cannot be replicated in a laboratory, such as very high temperatures, high heating rates,
isothermal conditions, and the behavior of the material over an unlimited period of time.

Results and Discussion. We obtained the thermogravimetric analysis results of the
four samples and performed modeling in the NETZSCH KINETIC NEO program. The
following figures show the models (Figures 1, 2, 3, and 4).

Figure 1 — Model| Based: Pure VER
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¢ Experimental data
—— Model fit
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Figure 1. Model of pure VER.

The TGA curve shows that significant mass loss in the pure VER sample begins at
300 degrees, and by 400 degrees, half of the sample’s mass has already been lost. From
440 degrees onward, the mass begins to decrease only slightly. Accordingly, degradation
begins after 27 minutes, 50% of the mass is lost after 36 minutes, and the rate of loss
slows down after 42 minutes. It takes about an hour for the mass to be completely lost.

The reaction model of the pure sample corresponds to a simple first-order 7, reaction,
and the activation energy is 103.5 kJ/mol.

The reaction follows the following formula

do/dt = k(1—a)!

here a conversion degree, k — rate constant.
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Figure 2. Model of VER + DE.

A significant loss of mass in the VER sample containing diatomite also begins at a
temperature of 300 degrees, reaching 50% decomposition at 419 degrees. From 454
degrees onward, the mass begins to decrease slightly. At a temperature of 800 degrees,
approximately 30% of the mass remains. Accordingly, degradation begins at 29 minutes,
50% of the mass is lost by 39 minutes, and the rate of loss slows down after 45 minutes.
It takes 77 minutes for the mass to decrease by 30%.

The model for the diatomite-added sample consists of two independent reactions — a
first-order F_ reaction and a D3 reaction (181 kJ/mol and 13 kJ/mol, respectively).

D3 — Diffusion model (3D: Jander model). This model describes diffusion-controlled
processes in solid materials. The reaction equation is:

1 —; a-(1—a) =kt
Here, the speed is highly dependent on the product being generated.

Figure 3 — Model Based: VER + DE/DMMP
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Figure 3. The model of VER+DE/DMMP.
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Asignificant loss of mass in the VER sample, which contains physically mixed DMMP
and diatomite, begins at a temperature of 303 degrees, reaching 50% decomposition
at 408 degrees. From 458 degrees onward, the mass begins to decrease slightly. At
a temperature of 800 degrees, approximately 20% of the mass remains. Accordingly,
degradation begins at 28 minutes, 50% of the mass is lost by 38 minutes, and the rate of
loss slows down after 43 minutes. It takes 77 minutes for the mass to decrease by 20%.

Figure 4 — Model Based: VER + DE@DMMP
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Figure 4. The model of VER + DE@DMMP.

A significant loss of mass in the VER sample, with DMMP mobilized in the
diatomite pores, begins at a temperature of 313 degrees, reaching 50% decomposition
at 405 degrees. From 453 degrees onward, the mass begins to decrease slightly. At
a temperature of 800 degrees, approximately 15% of the mass remains. Accordingly,
degradation begins at 29 minutes, 50% of the mass is lost by 38 minutes, and the rate of
loss slows down after 43 minutes. It takes 75 minutes for the mass to decrease by 15%.

The VER+DE/DMMP and VER + DE@DMMP models correspond to three
independent parallel reactions: A2 (21-48 kJ/mol), A3 (52-129 kJ/mol), D3 (164—40
kJ/mol). The activation energies for the VER+DE/DMMP and VER + DE@DMMP
models are shown in parentheses.

A2 — Autocatalytic reaction model, corresponding to equation
do/dt = ka-(1-a).
According to the equation, the reaction starts slowly, then accelerates sharply, and
finally slows down.
A3 — Autocatalytic reaction model

do/dt = ko’ (1-a),

here, the rate is highly dependent on the product being generated.
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It can be observed here that in the VER sample containing physically mixed diatomite
and DMMP, autocatalysis is initiated more readily compared to the immobilized sample,
whereas diffusion, conversely, proceeds more slowly. In the sample with immobilized
DMMP, there is a protective barrier, which slows down the chemical reactions.

After importing the TGA data into the NETZSCH Kinetics-Neo software, we
predicted the kinetic characteristics of the samples under isothermal conditions. In
doing so, we estimated the rate of mass loss for the samples at specific temperatures.

The results are shown in Table 1, which presents data on the time of mass loss at
specific fractions and at different holding temperatures.

Table 1. Time of mass loss at different temperatures.

Time of 10% mass lost Time of 50% mass loss
Pure VER 100° 17 month 100° 11 years
200 90 hours 200 3 days
300 1.5 hours 300 35 min
400 18 min 400 2 min
VER+DE 100° 2.9 year 100° 23 years
200 1 day 200 9 days
300 12 min 300 3.6 hour
400 0.7 min 400 6 min
VER+DE/DMMP 100° 3 days 100° 11 days
200 1.8 hours 200 7 hours
300 3 min 300 37 min
400 36 sec 400 6.8 min
VER + DE@DMMP 100° 4.8 hour 100° 4.5 days
200 29 min 200 4 hour
300 5 min 300 33 min
400 1.2 min 400 5.7 min

According to the program data, the maximum mass loss for pure VER is 82%, for
the VER+DE sample it is 68%, for VER+DE/DMMP it is 79%, and for VER+DE@
DMMP it is 84%.

The rate of mass loss depends heavily on temperature, and as the temperature rises,
the degradation rate increases sharply.

VER+DE is the least thermally stable at low temperatures (2.9 years to 10% loss at
100°C—Ilonger than Pure), but at high temperatures (300—400°C), degradation occurs
more rapidly.

VER-+DE/DMMP loses 10% of its mass very quickly at 300—400 °C (3 min and 36
sec). The thermal stability of VER+DE@DMMP is intermediate.

At 100 and 200 degrees, pure VER and VER with diatomaceous earth degrade over
years, whereas VER+DE/DMMP and VER + DE@DMMP degrade over days and
hours. However, at high temperatures, the difference in degradation time disappears
(minutes and hours).

The degradation rate depends on temperature; the higher the temperature, the faster
the rate. Effect of additives:
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VER+DE/DMMP and VER + DE@DMMP samples show a higher decomposition rate
in the initial stages, while at high temperatures, mass loss slows down (6—7 min to 80%).

Samples with DMMP/diatomite (3 and 5) show a faster initial rate of degradation but
sometimes slow down mass loss at high temperatures.

Pure VER degrades slowly at low temperatures but rapidly at 300400 °C. For
example, at 400 °C, 50% of the mass of the pure sample is lost in 2 minutes, while
for the sample with a physical mixture of diatomaceous earth and DMMP it takes 6.8
minutes, and for the sample with immobilized diatomaceous earth it takes 5.7 minutes.

The next step in predicting the kinetic characteristics was to estimate the temperature-
time degradation profile of the samples under dynamic conditions. While we obtained
the TGA results in the laboratory at a heating rate of 10°C/min, the software allows
users to select any heating rate.

The simulation in the software using the dynamic mode was done, setting the heating
rate to 120 K/min, which simulates the material’s behavior under fire conditions (Lyon
et al., 2000) (Fig. 5).

Dynamic Prediction Curves (8 = 120 K/min)

100 m— Pure VER

—— VER +DE

—— VER + DE/DMMP
= VER + DEQDMMP

80
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40

20

1 1 1 1 1 1 1
0 250 500 750 1000 1250 1500 1750
Temperature / °C

Figure 5. Dynamic prediction curves at a heating rate of 120 K/min.

The dynamic mode allows us to determine the time and temperature at which various
degrees of material decomposition occur.

The graphs show that pure VER begins to decompose at 346 degrees, with diatomite
at 370 degrees, and the sample with physically mixed DE and DMMP at a temperature
slightly below 271 degrees. The immobilized sample showed the highest decomposition
onset temperature—454 degrees.

At the same time, for all samples except the pure one, the decomposition is non-
uniform; in the sample with diatomite, decomposition occurs very rapidly in the 400—
500°C range and slows down significantly above 500°C. In the physically mixed sample,
decomposition also proceeds in two stages at different rates, though the difference is
not as significant. In the immobilized sample, the difference is almost negligible—
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decomposition proceeds faster in the 200—400°C range and slightly slower from 400°C
onward. It is likely that the interaction of DMMP with the diatomite surface provides
partial stabilization of the system and slows down decomposition processes at elevated
temperatures.

The half-decomposition temperatures for the samples are as follows: Pure VER—
472 degrees, VER+DE—S801, VER+DE/DMMP—600 degrees, VER+DE@DMMP—
572 degrees. Here, the sample with diatomite showed the highest temperature. In the
immobilized sample, however, the 50% decomposition temperature is still higher
compared to the pure resin.

The temperatures at which the samples completely decompose are 560, 1500, 678,
and 852 °C, respectively. Here, too, the sample containing diatomite exhibited the
highest temperature, followed by the immobilized sample.

Time-dependent modeling showed that VER+ DE@DMMP begins to decompose
after just 1.2 minutes, while the pure sample remains stable for a long time (2.5 min).
The other two samples showed decomposition times intermediate between these
two. Half of the mass remains in the pure sample after 3.8 minutes, in the diatomite
sample after 6.2 minutes, in the physically mixed sample after 4.9 minutes, and in the
immobilized sample after 4.6 minutes. Complete decomposition is significantly slower
in the diatomite sample, taking 20 minutes, while the pure sample degrades completely
in 4 minutes, VER+DE/DMMP in 5 minutes, and VER+DE@DMMP in 7.6 minutes.

If we analyze the comparative degradation temperatures of the samples under actual
TGA experimental conditions at a rate of 10°C/min and according to the simulation
at a rate of 120°C/min in the NETZSCH KINETIC NEO software, it can be observed
that at 10°C/min, the temperature range from the onset of degradation to its slowdown
varies from 300°C to 400°C, with times ranging from 29 min to 45 min. Complete
degradation occurs approximately 70 minutes after the start of heating. Meanwhile,
under conditions of 120°C/min, according to the simulation, the times of degradation
onset vary significantly among samples in the range from 271°C to 454°C, and the
slowing down occurs from 470°C to 720°C, which is significantly higher than at 10°C/
min. The onset times of degradation at high heating rates range from 1 to 3 min, and
complete degradation occurs within a wide range from 1 min to 20 min.

Conclusion. This article presents a simulation of the kinetic parameters of four VER-
based composites with added diatomite and DMMP, based on TGA results: Pure VER,
VER + DE — a VER sample with a 25% diatomite concentration, VER+DE/DMMP
— VER with physically mixed DMMP and diatomite at concentrations of 12.5% and
12.5%, respectively, VER + DE@DMMP — a sample with DMMP immobilized in the
pores of diatomite (25%).

To determine the kinetic parameters of the samples, the TGA results were exported
to the NETZSCH Kinetics-Neo software, and models were constructed based on which
predictions were made in isothermal and dynamic modes. The selected reactions are
as follows: pure VER — a simple first-order Fn reaction; VER with diatomite — two
independent reactions (Fn and D3); VER+DE/DMMP and VER+DE@DMMP — A2,
A3, D3.
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A prediction was made of the degradation time of the composites in isothermal mode
at temperatures ranging from 100 to 400 degrees.

According to the program data, the maximum mass loss for pure VER is 82%, for the
VER+DE sample—68%, for VER+DE/DMMP—79%, and for VER+DE@DMMP—
84%.

The rate of mass loss depends heavily on temperature: as temperature increases, the
decomposition rate rises sharply.

The times required for 10%, 50%, and 80% mass loss of the samples were predicted.
The analysis results showed that pure VER decomposes very slowly at low temperatures
but relatively quickly at high temperatures compared to the other samples. The
VER+DE/DMMP and VER+DE@DMMP samples exhibit a higher decomposition rate
in the initial stages, whereas at high temperatures, mass loss slows down (6—7 minutes
to 80%).

In the dynamic mode, the time and temperature at which various degrees of material
decomposition are reached were predicted at a heating rate of 120 K/min, which
corresponds to a simulated fire scenario.

The immobilized sample exhibited the highest decomposition onset temperature,
while the sample with physically mixed diatomite and DMMP exhibited the lowest. For
all samples except the pure one, the decomposition rate is non-uniform; for VER+DE@
DMMP, the rate slows down as the temperature increases. The interaction of DMMP
with diatomite leads to partial stabilization of the system and a slowing of decomposition
as the temperature rises.

The VER+DE sample (801°C) decomposes the slowest, while half of the pure vinyl
ester resin sample (472°C) degrades very quickly.

Complete decomposition of the diatomaceous earth sample occurs at a very high
temperature.

Time-dependent modeling showed that decomposition occurs rapidly in the pure
sample, most slowly in the diatomaceous earth sample, and slightly faster in the
immobilized sample than in the diatomaceous earth sample. A dynamic comparison
revealed an increase in the degradation temperature and a significant reduction in the
degradation time at a rate of 120°C/min compared to the actual conditions of the TGA
experiment.

Predictions of kinetic characteristics can be applied to the development of new
polymer composites with functional properties that maintain stability under the
influence of various factors, as well as fire-resistant structures that exhibit an extremely
low degradation rate under fire conditions.
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Abstract. This scientific article presents the results of physicochemical methods
used to study the suitability of gypsum, Portland cement, slag, and ash for obtaining
gypsum-cement-pozzolanic composite materials. The quality of the raw materials was
tested using state of the art equipment. The relevance of producing gypsum-cement-
pozzolanic (GCP) composite materials is directly related to the high cost of Portland
cement and the increasing amount of CO, emitted into the atmosphere, as well as the
need to produce environmentally friendly products based on the principle of a "green
economy". The study found that the gypsum composition consists of 29,89% CaO and
38,11% SO,. At a temperature of 120-180°C, the transition of dihydrate gypsum to
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hemihydrate gypsum and then to anhydride was recorded, with a total mass loss of
15-16%. The microstructure is polycrystalline, which fully confirms the stoichiometric
value of calcium sulfate. The cement composition consists of 60,87% CaO, 20,48%
Si0,, and 5,88% Al,O,. Dehydration of the portlandite mineral Ca(OH), was determined
in the temperature range of 420-580°C with a total mass loss of 2-3,5%. The cement
microstructure was determined as consisting of predominantly C,S and C,S minerals,
with an intermediate phase consisting of C,A+C,AF minerals. The opoka composition
consists of 75,31% SiO,, 1,24% CaO and 9,24% ALO,. In the temperature range of
400-520°C, a loss of water molecules in clay minerals was determined with a total
mass loss of 10-11%. The microstructure fully confirms the presence of highly porous
amorphous silica aggregates. The ash composition consists of 58,98% SiO,, 4,05%
Fe,0,, and 30,05% AlO,. Carbon combustion and decarbonization were determined
in the temperature range of 380-640°C, with a total mass loss of 4,5-5,5%. Particles of
unburned carbon impurities with a glassy microstructure were detected. The results of
the physicochemical study demonstrated the feasibility of producing a gypsum-cement-
pozzolanic composite material from a mixture of gypsum, cement, slag, and ash.

Keywords: gypsum, portland cement, opoka, ash, pozzolan additives, composite
materials, gypsum-cement-pozzolan mixtures
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AnHoTtamus. FeUbIME Makanaga THUIC-TIEMEHT-MYHIONaHAB  KOMIIO3UIHSUTBIK
Marepuan aiy YIIiH THUIC, MOPTIAHIIEMEHT, OMOKa OHE Ky MarepuagapiblH
KapamJIbUIBIFbIH (PH3UKA-XUMUSIIBIK O/IiICTEPMEH 3epTTEYIiH HOTHXKeJepi KeNTipiireH.
[IukizarTapJplH canachblH aHBIKTAy >XYMBICTapbhl 3aMaHayd Kypaj-KaOIbIKTapIIbIH
keMmeriMmeH — Tekcepinmi. [umc-mement-nmymonanasl  (CLIT)  koMIO3WIMSUTBIK
MaTepuayap/bl alnyJIblH ©3CKTUIIr TMOPTIAHIIEMEHT OaFachlHbIH KbIMOAT JKOHE
armocdepara mbiraparbii CO, ra3bIHbIH MOJILIEPIHIH apTyBIMEH, «KACHUT SJKOHOMUKA)
MIPUHIIMII OOWBIHIIA IKOJIOTHSJIBIK Ta3a OHIM alyMEH TiKeJied OalaHbICThI. 3epTTey
HOTWKeCiHAe runcTin Kypambl 29,89% CaO xone 38,11% SO, TypaTbiHIbIFbI
anbikTaabl.  120-180°C Temmeparypa apalibIFbIHA 3HIOTEPMHUSIIBIK 9Cepiae eKi
CyJIBl THIICTIH KapThl CYJIbI THIICKE, COCBIH aHTHAPHIKE OTyi, xamimbl 15-16% macca
KOFATybl TipKelai. MUKPOKYPBUIBIMBI TIOJIMKPUCTANBI OOJBINT KENTeH, KallbIHi
CyY/Ib(DaThIHBIH CTEXUOMETPHUSIIBIK MOHIH TOJBIKTAW aosenseiai. [{leMeHTTIH KypaMbl
60,87% CaO, 20,48% 'SiO2 sxoHe 5,88% A1203 TYpPaTBIHABIFBI aHBIKTAIBI. 420-
580°C temmeparypa apaibirbiHaa noprianauT munepaibinbiy Ca(OH), cycpiznanyst
AHBIKTAJIBI, XKabl 2-3,5% macca xorainybl Tipkesiai. L{eMeHT MUKPOKYPBUIBIMBIH/IA
C3S JKOHE CZS MUHEPAJJIaPbIHBIH 0aChIMJIBIFBI JKOHE apaliblK (asa C3A+C4AF
TYPaThIH/BIFB aHBIKTAIABL. OnokanbiH Kypambl 75,31% SiO,, 1,24% CaO xone
9,24% Al O, TypatbiHabFbl anbiKTanasl. 400-520°C Temneparypa apajbIFbiHIa Ca3/Ibl
MUHEpaAapIbIH KYPaMBIHJIAFbl CY MOJEKYJIAIAPbIHBIH YKOFAIYbl aHBIKTAJJIbI, JKAJIIbI
10-11% macca xoranysl Tipkenai. MUKPOKYPBUIBIMBI )KOFapbl KEYEKTi OOJIBIN KeJreH,
amMopQThl KPEMHUH JUOKCHJIIHIH arperarTapblH TOJIIKTal gonenaei . Kynain kypaMebl
58,98% Si0,, 4,05% Fe,O, xone 30,05% Al O, Typarbinabrsl anbikTansl. 380-640°C
TEeMIepaTypa apaibIFbIHJIa KOMIPTEKTIH KaHy MEH JieKapOOHH3alMsIIaHy MPOLECIHIH
KYpyl aHbIKTaNIbl, xanmbl 4,5-5,5% Macca sxoraiybl Tipkenai. MHKpOKYPBUTBIMBI
IIBIHBI  TOPi3Al OOJNBIN KeNreH, jkKaHOaraH KOeMIPTeK KOCMalapbiHBIH OeJieKTepi
aHbIKTAIABl. JKYpri3uireH (U3MKa-XUMUSIIBIK 3€PTTEY HOTHIKECIHJIE THUIIC, IIEMEHT,
OMOKA JKOHE KYJI KOCHIHJBICBIHAH THUIIC-IIEMEHT-MYHIIONAaHABl  KOMITO3UIIHSIIBIK
MaTepHuall ajlyFa TOJBIKTall MYMKIHJIIK Oap eKeHIIr JTQJIeIICH/II.

Tyiiin ce3aep: rumc, NOPTIAHALEMEHT, OINOKA, KyJ, MYIIOJAHABI KOcIauap,
KOMTIO3UIUSITBIK, MaTepraiiap, TUrc-IeMeHT-MyII0IaH KOCanaphbl
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AunHoTtanusi. Pa3paboTka T'HIICO-IIEMEHTHO-ITYHIIOJAHOBBIX KOMIO3HIIMOHHBIX
MaTepuaioB SIBIISIETCS MEePCIEeKTUBHBIM HarpaBlCHHEM CTPOUTENLHOTO
MaTepuaoBelicHHs, OOYyCIOBICHHBIM  HEOOXOIMMOCTBIO  CHW)KEHHsI  pacxoja
MOPTIAHAIIEMEHTa, COKpAIIeHUs] BBIOPOCOB YIVIEKHCIOr0 Tra3a W  pacIlupeHHs
WCTIOJIb30BAHUST IPUPOTHOTO M TEXHOTEHHOTO MUHEPAILHOTO CHIPhSi B COOTBETCTBHH
C TIPUHIUIIAMUA «3eJIEHOW SKOHOMHKHM». B CBSI3u C 3TUM 0COOYHO0 aKTyaJIbHOCTb
npuoOpeTaeT OlLEHKA KauyecTBa HMCXOJHBIX KOMIIOHEHTOB M HMX TPHTOAHOCTH JUIS
MOJTYYeHUs] KOMIIO3MIIMOHHBIX BsDKYIIMX. B pabore mnpencraBieHbl pe3yibTarhl
KOMIUIEKCHOTO  (DU3MKO-XUMHUYECKOTO HCCIICIOBAHUSl THUIICA, TOPTIAHALECMEHTA,
OIOKH W 30J1bI, IPEAHA3HAYCHHBIX JUISl TIOJyYEHHs THUIICO-IIEMEHTHO-MYIIOIaHOBBIX
KOMITO3UIIMOHHBIX MaTepHuajioB. AHAJM3 CBIPbS MPOBOIMICA C HCIOJIH30BAHUEM
COBpPEMEHHBIX METOIOB, TO3BOJISIOIINX ONPEAEIUTh XUMUYECKUI COCTaB, TEPMUUECKHE
XapaKTePUCTHUKH W OCOOEHHOCTH MHKPOCTPYKTYpPBI HCCIEIyEeMBbIX KOMITOHEHTOB.
YcranoBneno, uro ruric conepxut 29,89 % CaO u 38,11 % SOs, a B TeMneparypHOM
muarnasone 120—180 °C mponcxoauT nociae0BaTesIbHOE PeBpallieHne AUTHaparTa Turca
B MONYTHIPAT ¥ aHTHIPUT C 001Iei motepeid Macchl 15—16 %. J{ns moptinanaieMeHTa
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BBISIBJICHO npeobnananue okcuaoB CaO (60,87 %), Si02 (20,48 %) u Al2Os (5,88 %), a
Takke Hanuuue ocHOBHBIX MUHEpanoB CsS u C.S. Onoka xapakTepus3yeTcsi BBICOKHUM
cozpepkanueM Si02 (75,31 %) u HanM4YKrEeM BEICOKOTIOPUCTBIX aMOP(HBIX KPEMHE3EMHBIX
arperatoB. B cocraBe 301kl ycTaHoBIIeHO conepxkanue 58,98 % SiO2, 30,05 % AlOs
u 4,05 % Fe:0s, a Takke NPUCYTCTBUE CTEKJIOBHIHBIX YAaCTHI[ M HECTOPEBIIHMX
YIJICPOJHBIX BKIIOUCHUH. Pe3ynbraThl (U3MKO-XMMHUYECKOTO aHaiu3a IMOATBEPIUIN
BO3MOXKHOCTh HCIIOJI30BaHUSI UCCIIEAYEMbIX KOMIIOHCHTOB JUIsl MOJyYEHUS THIICO-
LIEMEHTHO-TYIII0JIAHOBBIX KOMIIO3HIIMOHHBIX MaTepuaioB. Mcronk30BaHue cMecel Ha
OCHOBE THIICA, MOPTIAHAIIEMEHTA, OTIOKA U 30J1bl TIO3BOJISIET TOIYYaTh 3KOJIOTUYCCKU
0e30IacHbIe KOMITO3UIIMOHHBIC BSHKYIIUE C TIOHWKCHHBIM COJICPIKAaHUEM KJIMHKepa U
CIOCOOCTBYET pallMOHAIILHOMY UCTIOIB30BaHUIO PUPOTHOTO CHIPhS U TPOMBIIIICHHBIX
OTXO/IOB.

KuroueBbie ci10Ba: rurc, mopTIaHAIIGMEHT, OITOKa, 3071, MyIII0JIAHOBBIC JOOABKH,
KOMITO3UITMOHHBIC MaTEPHAJIbI, THIICO-IIEMEHTHO-ITYIIIOJIAHOBBIC CMECH

Kipicme. 2025 bl Kazakcran PecrnyOnukacblHIa KyMBIC KaCaUTBIH IIEMEHT
3aypiTTap 14,378 muiH ToHHA nemeHt, 8,791 MiH ToHHA KIMHKep eHuipai. byn 2024
KBUIFBl KepceTKilke Kaparanga 17,2 % xone 3,2 % sxorapbl (Production, 2026).
Amnaiina, 0apybIK IEMEHT 3aybITTaphbl KIMHKEP Kyiaipy ke3ine 6eninetin CO, raspiHbIH
LIBIFapy JEHIeHiH TOMEHIETY MaKCcaThIH/Aa, 9p IIEMEHT 3aybITKa OOiHI'eH KBOTaJIap/bl
KaTaH cakray YLIH Kocmachl Oap MOPTIaHALEMEHT MEH KOMIO3HMLMSUIBIK IIEMEHT
TYpJIEpiHiH eHIipiciH apTThIpFaHbl Oenrini Oonasl (Amiraliyev et al., 2025).

Kazipri Tapma onemzik IIEMEHT OHIIPICIHIH KeJieMi KbUIbIHA 3,3 MIIpJ TOHHA
LIEMEHTTI Kyparl, PeKOPATHIH JIEHIrelre »Kerce, THIIC OHJIpiCiHiH kenemi 147 miH
TOHHAFa JKeTTi, OYJI TYTACTBIPFBII MaTepUalJapAblH €H YJIKeH CErMEHTIH Kypam OTBIP
(Cement, 2024).

OneMae  TUIMAI ~ TEXHOJOTHSUIBIK, OKOJOTHMSJIBIK  Ta3a  KOMIIO3UIMSUIBIK
MaTepuangapAblH KYpaMbIH d3ipiey epekiue MaHbpi3ra ue. OcblHAal MepcreKTHBAIbI
OaFpITTApIBIH Oipi — THIIC, IEMEHT OHE OCJICeHII MHHEpaJIbl KOCIHaIapablH
apTHIKIIBUIBIKTapbIMEH OipikTipiiren TUIIC-LEMEHT-ITyIII0JIaH bl ('aIn
KOMIO3UIMSUIBIK, Marepuangapabl aiityra Oomansl (Bumanis et al.,, 2020). I'umc-
uemeHT-mynuonanasl (I'LIT) KoMOO3MIUMSNIBIK MaTepHaijap apajiac KOMIIO3UTTEp
OoJIFaHIBIKTaH OJIAp/IbIH SNIEMIIK OHAIPIC HAPBIFBI MOPTIAHIEMEHTKE KaparaHaa aJiie
Kalia TeMeH. Ajaiifa oleMIiK capammbuiapAblH OOJKaMbIHIIA [EMEHT MEeH TUIICTI
TYTACTBIPFBII MaTepuaNJapAblH Kbl KeseMiHiH 1-5 % Kypaiiasl aemiHres, Oy
mamamer 30-150 muiH ToHHara Oarananansl (Sahmenko et al., 2024).

Kazipri 3amanfbl OeHOpraHMKajblK MaTepHajiap MEH TYTaCTBIPFBIII 3aTTapAblH
naMybiH apTTeipyaa xaHa L1 koMno3uIusuiblK MaTepuaiiapAblH KYpaMbIH 93ipiey
KeJecifiel 03eKTLTIKIEeH pacTaiaibl:

BipinmrigeH, Kypbuibic MaTepraijapAblH KbIMOAT OarachblH TOMEHIETY KKETTIIIriHeH
TYBIHAAWBI. [ UIIC-1IeMeHT-MyI0TaHAbl KOMIO3UIMSIIBIK MaTeprualapabl Naiaanany,
KbIMOAT ’KoHe SKOJIOTHsAFa 3USHBI OaChIMBIPaK MOPTIAHIEMEHTTI illiHapa anMacThIpyFa
MYMKIHJIK Oepei.
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ExiHminen, Oyl KOMIO3MLMSIIBIK MaTepHall <OKAachbUl HKOHOMHKa» MPHHLUII
OOMBIHIIA SKOJOTMSIIBIK Ta3a KYpBUIBIC TalanTapblHa cail Keneni. MuHepanasl
pecypceTapabl: MyLHuojiaHaap, KyJ jKoHEe HUIAKTapAbl MaijanaHy apKbUIbl KOpIIaraH
opTara ocepai azaiiTyra MyMKiHIIK Oeperi.

Ywminmrigen, Oyl jkaHa WHHOBALMSUIBIK KOMIIO3HMLMSUIBIK MaTe€pHaslbl aylyAblH
JaMyblHa JKOHE MOPTIaHIIEeMEHTKe OaraMa MaTepHalIblH naiiia 0omyblHa MyMKIHIIK
oepeni.

Byn 3eprreydiH  FBUIBIMH  KaHAIBIFBI  ajfalll PET THUIC-LEMEHT-MYyNLOIaH
KOMIO3MLMSUIBIK ~ MaTepuaj ajly YIOiH OTaHABIK IIMKi3aT MarepuangapAblH
KapaMIbUIBIFbIH (PU3UKA-XUMUSUIBIK 9iCTEpMEH 3epTTey OOJIbIN TaObLIAdbI.

Onedum  moay. [loptnangueMeHT — eHuipici  KapOOHATThl  IIMKIi3aTThI
JeKapOOHM3aLUsIay HOTHXKECIHAS, KIMHKEpAl KYHAIpY MpPOLECiHAE OTBIHIBI YKary
Ke3iH/J€ KaJbIITacaThlH KemipTek auokcufinin (CO,) eneyni INbIFapbIHABUIAPBIMEH
Katap xypeai. Oprama anranga | T LeMeHT KIMHKEPiHiH eHJipici ymin atMocdepara
mamamen 0,7-0,9 T CO, raspl 6omiHei. byl HeMEHT @HIpiC canaHbIH XKUBIHTBIK YJIEC
»ahaHIBIK AHTPOIMOTEHIK IUBIFapBIHABUIAPABIH 7-8 % Kypaiinel. byn ximHKepiik
Kypampaac Oemiri TeMeH OajaManbl TYTKBIp O>KyHenepai a3ipiey KaXeTTUIIrH
Heriznenai. Kemipreri i3iH TOMEHIETY/IH THIMIL KOJJAPbIHBIH Oipi IIEMEHTTI THIIC-
LEMEHT-TYLLIOJIaH bl KOMIIO3UTTEPIHIH KypaMbIH/Ia MyLoJdaH KOCHalapbIMeH iliHapa
aybICTBIpy OombIn TaObuIagsl. TyTacThIprbiml canMarbiHbIH 20-50 % Memmepinae
IyLIIOJNaH KOMIIOHEHTTEPIH €HIi3y HEMEHT IIbIFbIHBIH koHE CO, MIbIFapbIHIbLIAPbIH
TOMEHAETYre MyMKiHIik Oepeni. Bbyn perre mynmoman peakuusuiapbl KaldbLUH
rugpocunukarTapseiabiH (C-S-H dazanapsl) KocsiMIna maiiaa 60mybIHa BIKIAT eTel, Oyt
MaTepuaIblH KYpPbUIBIMBI MEeH OepiKTiK cumarTamanapbiHa oH ocep ereai (Potapova,
2016).

Kannbel nopTianAneMeHT KypaMbiHaa 5-7 % runc 6onaabl, Oy HEMEHTTIH ycTacy
Mep3iMiH peTTey YIIiH eHuipuieai. [lopTiaHIIEMEHTTIH Karal Ke3iHJe STTPUHTUT
MUHEpalaHblH KOl MeJIIepAe Ty3ulyl cangapblHaH HEMEHT TachIHBIH JKapbUIyblHa
MYMKIHIIK TyFbi3agsl. Com ceGenTi LEMEHT TachIHBIH KYpPaMbIHAAFbl STPUHTHUT
MUHEpaJlbIH KpUCTanaanybl KataH OaxpuiaHanel (Calderon-Morales et al., 2021). byn
mporeccTi 6onabpMay YIIiH Koclara MyLIoJIaH MaTepHaiapblH eHAIpY HOTHKECIHAe
THIIC-IIEMEHT-TYLIIOJIaH el aTajaThlH YIUTIK KOMIO3MLMSUIBIK Marepuan Tmaiaa
oomamger (Colak, 2021). Tumc-nieMeHT-IyLIIOJaH KOMITO3UIUSUIBIK MaTepHaIbIH
MOPTIAHALEMEHT ’KOHE TUTIC TYTACTHIPFBIITAH Al BIPMAIIBUTBIFBI OHBIH CYFa TO3IMILTIT
MEH >KOFapbl MEXaHUKAJIBIK OepikTikke ue. COHbIMEH Karap, THIIC-IEMEeHT-ITYLII0JIaH bl
(I'LIT) xoMOO3MIMSIIBIK MaTepHanaapiablH KypambiHaa 50 %-mgaH yKorapbl THIICTEH
TYpaThIHJBIKTAH KOPIIAFaH OpTara 3USHCBI3ABIFE dMjeKkaiina tTomen (Bumanis et al.,
2020). I'unc-ueMeHT-mynnoiaa YIITIK KOMITO3UIMSIBIK MaTepHal aly YIIiH KypamMblHa
OPTYPIIi OHEPKICINTIK KANABIKTAp MEH KaliTa OHJIeNTeH THIICTEePIi, )KacaHIbl KOCAIKbI
eHIMEp MEH MUHepalIbl Maliaananyra MyMKiHaik 6epeni (Bumanis et al., 2022).

lanaytnuHoB A.P. s)xoHe 6acka FaabIMAap THIC-LEMEHT-ITYIOIaH bl TYTACTBIPFBILI
MaTepuangapAblH KYpaMblH 93ipiey >KoHE OHBIH KaTalo epeKIIemiKTepi OoHbIHIIa
3eprreyaep okyprisreH. Kartaro mponeciHiH Korapbl OEpiKTiKKe J>KeTKi3y YLIiH
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YKOFapbl carajbl THIIC JKOHE TOPTIAHALUEMEHT MeH OelIceHaAl MUHEpaJbl KOCTaaapbl
naiinananrad. Herisri 3epTTey HOTHKECIHIE THIIC-IIEMEHT-ITYLI0IaH KaTaiiFaH TaCThIH
TCHIPaTalusChl MEH KYPBUIBIM TY311y TIpOLeCTepiHe, OHBIH OEPIKTIK IIEeTiHe KOHE CyFa
TO3IMIIITIHE, COHAAN-aK KOCIAHbBIH Cy Ka)XETTLTIriHEe MHHEPAJbl JKOHE XUMUSIIBIK
Kocranap KeleHiHiH acepi anbikTaraH (Galautdinov et al., 2019).

Ocpbutaiiina, FEUTBIMU 9ACOMETTepl Tajlay HOTHXKECIHIE TUIC-LEMEHT-MYyNLOIaH
KOMIO3ULUSUIBIK MaTepHaIapblH any OeiopraHuKalblK MaTepHajiap FhUIBIMBIHIA
MEPCIEeKTUBANBI OaFbIT eKeHiH KepceTeni. Onapasl 93ipiey Kyieae KypeTiH (pusuka-
XMMUSUTIBIK TIPOLIECTEpAl TEPEHIpEeK TYCIHyMEH, TYpaKThl »KOHE JKOFapbl THIMI
KOMIIO3UTTEPi jKkacayra OarbITTanfaH. bi3 Kke31en oTbIpFaH TUIIC, HEMEHT, OTIOKa JKOHE
KYJI KOCBIHBICBIHAH aibiHaThIH [ LIT KOMIO3UIMAIIBIK MaTepralibl eIIKAHAAN FhUTBIMH
JepeKTeple TOJBIK KapacThIpbIIMaraH J>KOHE KOJJAHBICKA EHTi31IMEreH, TOJBIK
3epTTEIMETeH.

Marepuasgap MeH 3eprrey ojicrepi. bi3miH FBUIBIMH 3epTTEy >KYMBICTAp
Axanemuk E.A. bexeroB arbiHmarbl KaparaHIpl YITTBIK 3€pTT€y YHUBEPCHUTETIHIH
«KoMno3uuusiielk MaTepuanaap 3eprxaHacbiaa» opbiHaanasl. LT koMmo3unusibK
Marepuan aiy yiiH OacTtanmkbl MmmMKizar petinge Kaparannel oOmbickl  AKTay
keHTiHAe opHaiackaH «Central Asia cement» 3aybiTbiHbH LIEM 1/ 42.5 B mapkaisr
nopmianauemMenTi, TypkicTan o6nbicel OpaHFail KeH OpBIHBIHBIH OMOKAachl, KaparaH bl
kanacel JKDO-3 KyJl KalJbIFbl )KOHE TAOWFU €Ki CYJbI THUIIC KOJIaHbULIbL. OlapbiH
KYpaMblIH, KYPBIIBIMBIH XKOHE KACUETTEPiH KeICH 1 3epTTey YILiH TangayablH OipKarap
3aMaHayn (QU3UKa-XUMUSIIBIK dAicTepi KOMAAHBUIIBL.

l'unc, nemeHT, oOmoKa JKOHE KYJAI KeHIeHAl 3epTTey YIIiH MIMKi3aTTapAblH
XUMUSUIBIK KYPaMbIH, (ha3aiblK KYPbUIBIMBIH JKOHE TEPMUSIIBIK KACUETTEPiH Oarasay/ibl
KaMTaMachl3 €TETiH TOPT TallaMaJIbIK o/1iC KOJIIAHBUIIBI.

KomnioHeHTTepAiH AMEMEHTTIK JK9HE OKCHITIK Kypambl Bruker xommaHWsICHIHBIH
JKOFapbl OHIMJI TOJNKBIHJBI-AUCIEPCHSIIBIK PEHTIEHO(IYOPECHEHTTI CIEeKTPOMETpi
kemerimeHn anbikTannel (Declercq et al., 2019). Onga yHTaK yariaepi cTaHIapTThI
IUTAaHIIETTEPre OPHATACTBIPBULIBI, all SIEMEHTTEP/IiH CUMIATThl PEHTIEHIIK CIyNeneHyi
OOMBIHIIA XUMHSJIBIK KOCBUIBICTAPbl CaHIBIK KOHE camlaiblK Oarajay OpBIHAAJIBL.
Bacrankpl IIMKi3aTTapablH  AMEMEHTTIK JKOHE OKCHATIK KypaMbl PEHTIeHIIK
(ITyOpeCIeHTTIK CIIEKTPOMETpAe alKbIHIAIBI. [ UIIC IMKi3aThI YIIiH OYJ1 9/1ic KambIui
KOHE KYKIPT TOTBIKTApBIHBIH KYPaMbIH aHBIKTAHl OTBIPBIN, KaTai NpOLEcTepiHe
ocep eTeTiH BIKTMMaJl KOCIa KOMIIOHEHTTEPIH aHBIKTay[bl KamMTaMachi3 eTTi. LlemeHnt
KaraalblHAa PEHTIeHAIK (IIyOPECHEHTTIK CHEKTPOMETP OHBIH THAPABIMKAIIBIK
Gencenninirin anpikraitein CaO, SiO,, Al,O,, Fe,O, T.6. cuAKTbI HETI3ri OKCUATEPIL
caHIplK Oaranmay YywiH mnadganaspuiapl. Omokara Tangay MIMKi3aT KypamblHAA
KPEeMHE3EeMHIH KOFapbl KYpaMbIHBIH OapibIFbIH JOJENJey VIOiH opi KabineTTi
MyLHLOJaHIBIK OeNICeHIUTIrH Oaranayra MyMKiHAIK Oepai. OHbIH KOMETIMEH peaKkiusra
TYCyre >OHE KYPBUIBIMHBIH KaJbIITAaCyblHa BIKIAN eTyre KabinerTi QaszanmapabiH
MaHBI3ABUIBIFB  OaranmaHipl. SIFHH, PEHTreHIiK (IIYOPECHEHTTIK CIEKTPOMETP
KOMETiIMEH KOMIIOHEHTTEP/AIH XUMUSUIBIK KYpaMblH JKOHE OJap/blH KOMIIO3UIHSIIBIK
Marepuai KypaMblHa HETi3/1ey/li KaMTaMachl3 eTTi.
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Kp13apipy Ke3iHzmeri MaccaHblH TEPMUSIIBIK KacueTTepi MeH e3repictepi Labsys Evo
1600 TG/DSC (Myrzakozha et al., 2014) TepMorpaBUMETPHUSIIBIK TaIJaFbILIBIH KOJJaHA
OTBIpBIN 3eprTeni. OHja yAriiep TUTeNbepre OpHATACTHIPBULABI )KOHE OaKbUIaHATHIH
KBUTJAMIBIKIIEH KbI3ABIPBUIIBL, OYJ1 THAPATTAPAbIH JeTHIPpATaLHs, bIIbIpay CaThlIapbIH,
MaTepuangapAblH TEPMHSUIBIK TYPAKTBUIBIFBI MEH PEaKUUsUIBIK — OCJICeHIUIIrH
aHBIKTayFa MYMKiHJIIK Oepai. TepMorpaBUMETpHUSIIBIK Tajllay TEPMISUIBIK ©3repicTepi
YKOHE KBI3IBIPY Ke3iHAe MaTepHalAapIblH MacCachlH ©3repTy YIIiH KoJIIaHbuibL. ['umnc
YILIiH OYJ1 9/1iC THUIICTIH aHTHAPUTKE OTY MPOLECTEPiH KOPCETETIH KPUCTAIAHFAH CY/IbI
KoranTyel Koca anranaa (CaSO,)" neruapanusiay by HET13r1 Ke3eHIePiH aHbIKTayFa
MYMKiHZIK Oepai. LlemeHnTTi 3epTTeyne Oy o1ic THAPATTHl KOCBUIBICTAPABIH bIIBIpAY
MpoIeCcTepiH aHbIKTaabl. KpI3AbIpy apKbUIbI IMKi3aT MacCachiHBIH ©3repyi OoHbIHIIa
rugpaTanusi Iopekecin Oaranayra MYMKIHAIK Oepai. Omoka »KOFapbl TEPMUSUIBIK
TYPaKTBUIBIFBIH )KOHE KApacTHIPBUIBII OTBIPFaH TEMIIEpaTypallblK JUara3oH/1a MaHbI3abl
(azanblK e3repicTepAiH KOKTBHIFBIH Adnenneiini. Kyn yiiH TepMorpaBUMETPHSIIBIK
Tajnay KaJAbIK KOMIpTETiHi aHBIKTayFa )KOHE OHBIH KbI3ABIPY IPOLECCiHE PeaKLUSIIBIK
OeJICeHAUTTiH Tycmanaayra MYMKiHAIK Oepai. TepMorpaBUMETPUSUIBIK TajlAayabl
KOJIJaHy TEPMUSUIBIK 9Cep €Ty Ke3iHIe Ke3/leCeTiH MpolecTepli >KOHE ONapAblH
KOMIO3UIMSUIBIK, MaTepHaiapJblH KacHeTTepiHe ocepiH KaH-)KaKThl TYCIHyre
MYMKIHJIK Oep/i.

Marepuangapasie ¢azanslk KypbulbiMbl JEOL JSM-6610LV (Makarov et al.,
2011) pacTpiblK CKaHEpJIEHTIH SIEKTPOHIBIK MHKpOCKOmbIHAA 3epTrengi. Llukizat-
Tap TeceHilTepre OEKITiMII, )KYKa OTKI3TilI KadaTleH KanTalfaH jkoHe OeIeKTepIiy
MiIIiHI MEH eJIIEeMiH, KEyeKTUIIr MeH MMAPATThl iCIK epeKIIeTIKTEPiH aHbIKTay YLIIH
ANEKTPOHIBIK CKaHEepJIeHl. PacTpIbIK JeKTPOHABIK MUKPOCKONTA aJIbIHFAH IINKi3aT-
TapIblH MUKPOKYPBUIBIMBI MEH MOp(doorusicbiHa 3epTTey Kyprizinai. ['uncri seprrey
OHBIH KPHUCTaJJIbl KYPBUIBIMBIHBIH E€PEKLICTIKTEPIH >KOHE KYPbUIBIMHBIH KaJbINTACY
MpolecTepiHe ocep eTeTiH OONIIeKTEep/IiH HBICAHBIH aHBIKTayFa MyMKIiHIIK Oepai. Lle-
MEHT YIIiH )acaJbIHFaH 3epTTey OOIIeKTepAiH 6JIIeMl XKoHE MIIIiHIH aHBIKTay YILiH,
Opi CYMEH 9peKeTTecy MpoIlecci Ke3iHe maraa 00IaThlH )KaHa KYPbUIBIMIAP/Ibl OaKbI-
Jayra MYMKiHIIK Oepai. Onokara jkacanfaH Tajufay KeyeKTi KypbhUIbIMHBIH Oap eKeH-
JiriH aHbIKTaiiael. O OailylaHbIC KEHICTITIH YIIFAiTyFa )oHe 0acka KOMIIOHCHTTEPMEH
@3apa OPEeKeTTeCy MPOLECTEPiH/e OHBIH OCJICEeHUIIrH apTThIpyFa bIKnan eremi. Kyn
YLLI1H KacalbIHFaH Tajay KOMIO3UTTIK KYPBUIBIMBIH KaJBIITACTBIPYFa OEJICEH 1 KaTbl-
CcaThIH, Opi OHBIH OEPIKTIriHE 9cep eTEeTiH KOMIIOHEHTTEP/Ii aHbIKTayFa MYMKIHAIK Oepi.
Kpickama aiiTkana, pacTpIIbIK AJIEKTPOHIBIK MUKPOCKOTITa OacTalKbl IIMKi3aTTapAbIH
KYpaMblH aHBIKTayFa KoHE OJapblH KOMIO3ULUIIBIK MaTepHaabl ally MpoLecTepiHe
KaTBICYBIH Oaranayra MYMKIiHZIIK Oepi.

Harunxenep skone tanaxkbuiaynap. L] xoMno3unusuiblk Marepuanisl aly YUIiH
OacTankpl MIMKi3aTTapAblH XUMUSIIBIK KypamblH aHbikTay Heidelberg Cement TOOBIHBIH
kypambiHa KipeTit XKL C «LIpiMKkeHTIIEMEHT 3ayBITBIH/IA OPHATACKaH 3ayaHayu Bruker
KOMIaHUSICBIHBIH JKOFapbl OHIMAI TOJIKBIHABI-AUCIEPCHSITBIK PEHTIEH (IyOopeCceHTTI
CIIEKTPOMETPI KOMETiMEeH aHbIKTaJIbl. bacTankpl MKi3aT MaTepuaiapAblH XUMHSIIBIK
Kypambl | - KkecTeae KopceTiIreH.

293




ISSN 2224-5227 2.2026

Kecre 1. llIukizar MatepuaniapablH XUMHUSIIBIK KypaMbl.

[ukizar XHMMHSANBIK KYPaMsl, cal. %

SiO, | ALO, [Fe,O, | CaO | MgO | SO, [NaO| K,O0 | PO, | TiO, | Mn,0, | KKXX | 6acka | sxasmst
T'mnc | 4,64 | 1,29 | 0,44 | 29,89 | 0,92 | 38,11 | 0,10 | 0,37 | 0,03 | 0,22 | 0,02 |23,75| 0,22 100

Ilement | 20,48 | 5,88 | 3,77 | 60,87 | 1,74 | 2,58 | 0,41 | 0,84 | 0,07 | 0,58 | 0,28 | 2,45 | 0,05 100
Omoka |75,31( 9,24 | 291 | 1,24 | 1,41 | 2,25 | 0,81 | 0,91 | 0,12 | 0,35 | 0,05 | 4,68 | 0,72 100

Kyn [58,98]30,05| 4,05 | 2,08 | 0,59 | 0,12 | 0,48 | 0,57 | 0,37 | 1,39 | 0,11 | 0,97 | 0,24 100
* KKOK — ky#aipy Ke3iHIer1 JKoFairy

Pentren ¢myopecieHTTi CIEKTPOMETp/Ie abIHFAaH HOTHXKeepe, TaOUFu eKi CyIbl
runc (CaSO 4-2H20) TaChIHBIH XUMUSIBIK KypambiHaa 29,89 % kanbluil OKCHIIIHEH,
38,11 % xykipT okcuziHeH xaHe 20 % acTaM KpUCTAIM3aLUsUIaHFaH CyAaH TYPaThbIH-
IeIFBl aHbIKTaNIe.. LIEM 1/ 42.5 b mapkansl mOpTIIaHIIIEMEHTTIH XUMHSIIBIK Kypa-
MmbrHza 60,87 % kanpiwii okcuaineH, 20,48 % kpeMHUIA OKCHIiHEH XoHe 5,8 % actam
ATFOMHHAN OKCHJIIHEH TYPaTBIHIBIFBI aHBIKTAIIBI. OTOKaHBIH XUMHUSIIBIK KYpPaMbIH-
ma 75,31 % xpemHuii okcunineH, 9,24 % amromuHHN OKCHAiHEH xoHe 4,6 % acram
KYHAIpy Ke3iHJeri »KOFallylaH TYpaThIHIBIFB aHbIKTa bl Kaparanae! kamacel XKD0-
3 KyJ KaNJbIFBIHBIH XUMUSIIBIK Kypambeiaaa 58,98 % xpemunii okcuaineH, 30,05 %
ATFOMHUHAHN OKchiHeH xkoHe 4,0 % actaM TeMip OKCHUIIHEH TYPaThIHIBIFbI aHBIKTAIIIBI.
Hortmxkecinae muki3aTTapIslH XUMHSIIBIK KYpaMbl HETi3ri 0ackiM Oediri (SiOz, CaO,
AL O, xone SO,) OKCUATEPIEH KypPaFaHbl )KOHE aybIp METAJAAP/IbIH MOJIILIEP] I1amMa-
JIaH apThIK eMeC eKeHJIITi, COHai-aK, 3UsH/IbI KOCTIa OOIMIEeKTEeP/IiH Ke3/I1eCIIeHTiH/IIr1
AHBIKTAJIJIBI.

TepmorpaBumeTpusblK Tangay AxagemMuk E.A. bexetoB atsiamarsl Kap¥3Y-nHig
«Akylbayev Research Center» opranackan 3ayanayu Labsys Evo 1600 TG/DSC Ttep-
MOTPaBUMETPHUSUIIBIK TaJAAFBIIIBIH KOJJIaHA OTBHIPHINT 3epTTeNi. TepMorpaBUMeTpH-
SUTBIK, Ty HOTIDKENepiHiH rpaduri 1 cyperTe KepceTinreH.
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TepmorpaBumerpusiblk  Tangay (TIA) kesinae yAri calMarblHBIH ©3TepyiH
TIpKEYy apKbpUIBl MaTepualJapAblH TEPMHUSUIBIK TYPaKTBUIBIFBI MeH  (a3alblK
e3repicTepin Oaranayra MYMKiHIIK Oepeni. [MIICTIH TEepMOrpaBUMETPHSUIBIK >KOHE
muddepeHnranapl KelTy TalAayblHAA THIICTIH BIIBIPaybl CaTbUIBI CUIATTa EKEHIH
XKoHe Oipi3ni AeruaparauusiaH TybIHIaFaHbIH KepceTTi. Kei3npipyasiy 6actamyst 20-
100 °C temmneparypazna OpbIH anabl. TepMOrpaBUMETPIiK KHCHIK CBHI3BIFBIHIAA YJITi
Maccacel mamameH 15,5 % temenneyi 120-180 °C temmneparypanap apajibiFbIHIa
enoyip calMaK >KOFalNTKaHIBIFBIH KepceTeldi. by mpomecc »KbUly aFbIHBIHBIH
KHCBIFBIH/IA alKbIH SHAOTEPMUSUIIBIK dCEpAl KopceTeai. MaccaHbIH JKOFalybl €Ki CYJIbI
runctin (CaSO,-2H,0) neruaparanuscbina OailaHbICTBI, O KPMCTalJaHFaH CyJbl
Oipizai xorantaipl. AnabiMeH xapThilai cyisl runcke (CaSO,-0,5H,0), conan keiin
anrunputke (CaSO,) aywicanpl. 200 °C-tan keiiin Macca ic xysinge 640 °C-re neiin
TYPaKThI 00bII, Oy naiina 00JaFaH aHTUAPUTTIH TEPMUSITBIK TYPAKTBUTBIFBIH KOPCETE 1.
Taza rumnc yuin (20,9 %) GakputaHaTBIH MacCaHbIH KOFAIYbl TEOPHUSJIBIKTaH Oipiama
ToMeH. byn OacTankbl chlHamMaga KocmajlapAblH HeMece iliHapa CychI3laHAbIPbUIFaH
MarepuanaslH OOMybl MYMKIHZITIMEH TyciHAipinenai. [Wic KpucranmaHFaH CyAblH
JKOFapbl yJieCiMEeH TaOUFM HEMece TEXHUKAIIBIK KOC CYJIbI TUIICTIH KIaCCHKAJIBIK MiHE3-
KyIKbIH Kepcetei. 170 °C xorapbl KbI3FaH Ke3e TYPaKThl aHTHAPUT Maiga Gomazbl.
400-600 °C TemnepaTypajga IIaFblH TOMEHJEY cCa3/lbl MHHEpal KypaMbIHIAaFbl Cy
MOJIEKYJaJIaPbIHBIH BIABIPAYBIH KOPCETEI.

LleMeHTTIHTEepMOTpaBUMETPUSUIBIK )KoHe A hepeHran bl Kbuty Tangaybiga lEM
1/42.5 bmapkanst noprianauemenTTin 20-120 °C remneparypanap apansirsinga 0,8-1,0
%0 KyBIK MAaCCaHBIH YKOFaIy bl 00C (a1cOpOLMsTIaHFaH ) BUIFAJIABIH, OT€ QJICi3 OaiaHbICKaH
cymslH yiryslH kepcereni. 120-200 °C temmeparypanap apanbFbIHAa STTPHHTHT
munepanasie (3Ca0-AlO,-3CaSO,-32H,0) sxome Oenrini 6ip [opexene THUICTIH
CYCBI3ZIaHYBI )KYpeaAi. DTTPUHTUT KPUCTAIaHy CYBIHBIH KOl OeJIiriH OChl Auana3oHaa
xorantagpl. 200-400 °C Temmneparypanap apaibFbIHIa MOHOCYIb(OATIOMUHATTHIH
CYCBI3ZIaHYybI J)KOHE TOMEH HeTi3Al Kanblui ruapocuiaukarTapbeiabiy (C-S-H) imrinapa
BIIBIpaybI Kypai. 420-580 °C apanblFbIHAAFbI KAPKBIHIBI Macca KOFAITY MOPTIaHIUT
MUHEPAIBIHBIH Jeruaparanusichin kepcereai. 600 °C-taH KoFapbl TeMIieparypaHblH
OJIaH opi TOMEHJIEY1 KaJIbIUTTIH JeKapOOHU3AIMIAHYBIH KOPCETTI.

OmnokaHbIH TEPMOIPAaBUMETPHUSIIBIK JKoHE AudQepeHuranipl Kplly TajlaayblHaa
20-120 °C Temmeparypajap apaiblfblHAa 0OacTamKbl MAacCaHbIH  KOFaybl
aJcopOLMsUIIaHFaH CyAbIH JKOoFalnybiMeH Tycinmipinemi. 120-180 °C Ttemmeparypana
KYPT TOMEH/EY ONOKaHBIH CYCBHI3NaHYBIH, Ca3ibl MUHEPAIAAPAbIH KYPaMBIHAAFBI CY
MOJIEKyJaJIapbIHbIH XKoFalyblH kepceredi. 180-400 °C temmneparypanap apajibiFbIHIa
Macca KOFajly MUHUMaJllaHa (bl, OpraHUKaIbIK 3aTTapAbIH kaHybl 6acTanansl. 400-520
°C apanbpIfbIHAA Cca3lbl MHUHEPaJ THAPOCIIONAHBIH KYPBUIBIMABIK CYCBI3JaHYBl JKOHE
iliHapa KaJbUT KOCMaJIapblHBbIH AeKapOOHH3aLusFa yiblpaybslH kepcereni. 520-640
°C apasbIFbIHIa KPEMHHUH OKCHUIIHIH COHFBI CYChI3IaHybl OpbIH anabl. XKammsl 640 °C
neiiin 10,5-11,5 % macca >xoFanTy OpbIH ajIbl.

Kynain tepmorpaBuMeTpHsIbIK xkoHe AuddepeHIranabl Kbty TanaaysiHaa 20-
150 °C Temmeparypanap apajblfblHAa OacTanKbl MacCaHbIH KOFaIybl M1amMameH 1,2-
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1,5 % Kypaiiabl, MyH/a ancopOLUsIaHFaH bUIFAJIBIH KoFaiaysl Tipkenai. 150-280 °C
TeMIlepaTypaia TypakTbUIbIK Tipkeni, an 280-380 °C apalibIFbIHIa SK30TEPMUSIIBIK
ocepiH, SFHH KYJI KypaMbIH/1a )kaHOal KaJlFaH KOMIPTEKTiH TOTBIFYbIMEH TYCIHAIpiIesi.
280-640 °C apanbIlFbIHIA HETI3T1 MaccaHblH >Koranybl 4,5 % Kypanasl. MyHIa Herisri
mpolec KyJAiH KYpaMbIHIaFbl ca3abl )KoHEe KapOOHATThI (pazajapiaH CyIbIH >KOFaIybl
OPBIH aJIbI.

ONeKTpoHAbl MHKPOCKOMUSUIBIK Tangay M. OyesoB arbiHgarsl OK3Y-Hin
«KypbUTBIMABIK KoHE OMOXMMUSUIBIK MaTephaiaap aiMaKThIK HHXKCHEPIIK ChIHAK
3epTxaHacbiHIay opHanackad 3ayaHayn JEOL JSM-6610LV pacTpnblk ckaHepnenTiH
MHUKPOCKOIIBIH KOJIIaHa OTBIPBIN 3€PTTENil. DIEKTPOHIBl MUKPOCKOMMSIBIK Tajjay
HOTHXeJepi 2 - CypeTTe KOpCeTUIreH.

BnexToHHoe n30GpawEHME 1

MonHaa wrana 3269 wnan. Kypcope 0.000 k3B

Crewcrp 1

BO0MKm GNeKTROHHOE HEoBREKEHHE 1

onsad wkana S677 wan. Kypcop: 0.000 KB

©)

2 4 6 8 10 12 14 16
e e MNonHaa wkana S397 mman. Kypcop: 0,000 [l]

(©)
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(8)

Cypert 2. MUKpOKYPBUIBIM jKOHE PEHTTEHIIIK CIIEKTPOTpaMMa: a) THIIC; 9) IEMEHT; 0) OIOKa; B) KYIIL.

PacTop:bl 5neKTpOHbI MUKPOCKOMHMSUIBIK TaAay HOTHXKECIHIIE, TUIIC AUTHIPATHBIH
MOJMKPUCTAJIBI arperaThl OcitHeneren. CypeTrTe rUInc MUKPOKYPBUIBIMBI ipi TYHipLIIKTI
topizni, emmemi 50-men 500 MKM-re JEWiHTT AYPHIC €MeC IMIIIiHAe KOPCETUIreH.
Tyiipmik OeTi Teric eMec KoHE Kelip-Oy/bIp, JKapbIKThl YCAKTAIFaH TaOMFH THUIIC
JKBIHBICHIHA TOH KOPIHIC aHBIKTAJIbl. ['UIIC MUKPOKYPBUIBIMBIHIA JKacaHIbl TYpHe
eCIpUITeH HeMece KaiiTa KpUCTaTaHFaH TUIICKe TOH alKBIH MHE TOPi3/i HeMece TaMeTbIi
MOpGOIOTHST KE3IECKeH JKOK. DHEprus ANCHEPCHSIIBIK PEHTTEHIIK CIIEKTPOCKOIHS
HOTHIKECIHJIC HETI3Ti JMEeMEHT KYKIPTTiH (S) IIbIH KapKbIHIBUIBIFEI KOFAPhI, KaJIbIUH
(Ca) xone orteri (O) WBIHAAPHI KOFAPBI JKoHE Cynbdar GopmanapbiHa CoOlKec Kelei.
By xanbuuii cyab(paTbiHBIH CTEXUOMETPHUSIIBIK MOHIHE TONBIKTAl fonenaeiiai. Si, Al,
K sxone Mg a3 Mmemmepae 60ybl TaOWFU TUTIC KYpaMbIHAA ca3 KOCHAJIaphIHBIH 0ap
eKCHIIT1H KOpCceTe/Ii.

MHUKpPOCKOIIMSAJIBIK Tajiaya MOPTIAHALEMEHT YHTAFbIHBIH THApaTTaJMaraH KyHi
Oeitneneren. CypeTTe HEMEHT MUKPOKYPBUIBIMBI YCaK AMCIEPCTI jKoHE OeIeKTepain
MilIiHI reTeoreHal cumarra, exmemi 5-10 MkM a3 skoHe oprama enmieMi 10-40 MM
apanFbiHIa KepceriareH. TyHipirik OeTi Teric emec, KapaHFbl (OHIa alTapIiibIKTail
aHBIK eMec (a3zanap KepiHici aHBIKTaI bl LleMeHT MUKpOKYPBIITBIMBIH/IA YIIT KaTbITHIATI
CHJIMKAT JKOHE €Kl KaJIbLMHJIl CHIMKAT MUHEepalJapblHbIH OACBIMIBIFBI JKOHE apajibIK
(haza yII KanbIMiJIi aTFOMHHAT JKOHE ayblp (a3a TepT KaJbIHidi amroMopepUTTeH
TYPaTBIHABIFBl AHBIKTANABl. DHEPrusl JUCTIEPCUSUIBIK PEHTTCHIIK CIEKTPOCKOIHS
HOTHXeciHAe Herisri aneMeHT Ca — LEMEHT MHHEepalJapbIHBIH HETi3ri KaTHOHBI
koHe Si — cuiaukar (asajgapblHbIH MaHbBI3Abl JIEMEHTI aHbIKTaNfaH. bysl Kaiblui
CUIIMKATTapbIHBIH 0achiM €KEHAITIH pacTaiabl. Al sxone Fe Gonybr amomunar (C,A)
xone peppur (C,AF) dazanapeinbin 6ap exeHin kepcereai. KimkenTai KyKipT HIbIHbI
(S) ycracy mepsimin perreymni runc auruaparsin (CaSO,-2H,0) kepcerer.

MUKpPOCKOTIMSIIBIK TaJlAay/la ONOKa MHHEPAJIBIHBIH JKOFaphl KEYIKTi %oHE Kypaeni
OeTTiK KypbulbIM OeliHenereH. CyperTe ONoKa MHKPOKYPBUIBIMBI JKY3JET€H MKM
JeiiHTi OIpKeNKi eMec TeciKTep MeH Kybictap kepiHemi, 100 MkM Kimni Oesmiekrep
aMop(THl KPEMHHUH JTUOKCHIIIHIH arperarTapbl KOPCETUITeH. DHEPTus AUCTIEPCHSITBIK
PEHTTEeHIIIK CIIEKTPOCKOIHS HOTIDKECIHIIE OIOKAHBIH KPEMHHIUN TaOWFATHIH TOJBIK
pacraiigel. KpeMHHIT MEH OTTETiHIH YKOFaphl MeJIepi aMoOpdThl KPeMHHUIIIH O0achiM
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exenin kepceteni. Ca, Al, Fe, Mg xone K Ooiysl TaOufu omokara TOH KOHE ca3
MUHEpaIAapbIHbIH (KaOJMHUAT, MOHTMOPHJUIOHHT), KapOOHAT KOCHAJapbIHBIH >KOHE
TeMip KOCBUIBICTApBIHBIH 0ap ekeHiH kepceteni (Jurkowska et al., 2022).

MUKpPOCKONMSJIBIK TaliayJa KYJIIH >KOFapbl JHCIEPCTUliriMeH OeifHeneHTeH.
Cyperre 5 MkM-gen 100-150 MkMm-re peifiHri emmempaeri OONIIEKTEPJiH, IIbIHBI
TOPi3Ai MHUKPOKYPBUIBIMBL KepceTireH. byn korapel Temmeparypana KyHaipinreH
KOHE JKbUIAM CalKblHAaraHabl kepceteni. KeiOip ipi Oemnmiekrep KeyekTi OOyl
KaHOaraH KeMipTeK KOCTajJapblHbIH O6JIIIeKTepiHe TOH KOPIHIC aHBIKTAJAbl. DHEPIHs
JUCIIEPCUSUIBIK PEHTTEHIIK CIIEKTPOCKONHS HOTIIKECIHIE KYJIIH KPEMHHMAJITT TOH.
Si xone Al MemnmiepiHiH >KOFapbl 0OTyBI HETi3r1 MyLIONTaHABIK Oencensi ¢gasza OobI
TaOBLIATHIH aJTFOMOCHJIMKAT NIBIHBICHIHBIH 0achiM €KeHIH pacTaiibl. TemipaiH 00yl
(depputT koHe MarHeTHTTiH OomybiH Kepceremi. Ca jkoHe S a3 Meduepae OOIybl
KaJbLUUH KOCBUIBICTaphl MEH CyNb(arTapAblH 00mysH kepcereni. Kemiprek mbiHb (C)
KaHOaraH KOMIPTEKTiH OOJybIH, OHBIH MeJIIepi KYJIIiH MUHEpalabl Kocna peTiHaeri
camacheIHa acep eTeli.

KopbiTbinabl. 3epTrey KYMBICHIHBIH HOTIDKECIHIE Keleciied KOPBITBHIH/BI
KacaJibl:

1. 3epTrenren MarepuanIapAblH XUMHSIBIK KYPaMbIH Tajay HOTHKECIHJE, THIIC
KypambIHzIa Kanbluii cynbdarer quruaparsl CaSO,-2H,0 6aceiv 6omyst SO, (38,11 %)
xone CaO (29,89 %) xorapbl KypambiMen cumnartanazsl. SiO, (4,64 %) xone AlO,
(1,29 %) TemeH Kypambl ca3 KOCHAJAPbIHBIH CaJbICTBIPMANIBI TYPAE a3 MeJIIepie
kezaecerinairin xkepcerti. [lopmnanauement EM 1 42,56 kypameinga CaO (60,87
%) xaome SiO, (20,48 %), AL O, (5,88 %) xone Fe,0, (3,77 %) aubikranasl. Herisri
OKCHATEPIH apaKaTbIHACKI CHJIMKAT (pa3ajmapblHbIH AT jKoHE OeauT O0ackiM OOTyBIH
manenpeiai. Onokana SiO, (75,31 %) memepiHiH aWTapiabIKTal jKOFapbLIaybIMEH,
tomeH CaO (1,24 %) menmepimen epekmeneHeni. KpemHuii AMOKCHIIHIH KOFapbl
memmepi, Al O, aiitapnbikraii Tomen menuiepimen (9,24 %) xoHe KyWaipy Kesinmeri
xorairy (KKXK=4,68 %) amopd Tl kpeMHHUI1 MEH ca3 MUHEpaIAapbIHBIH 0aChIM O0TYbIH
KepceTeni. byl XUMHSAIBIK KypaM OIMOKaHBIH JKOFapbl MyHLOJaHIBIK OCJICeHIUIIrH
anpIKTaigpl. JKOC ymkpin Ky F koackingarsl KpeMHMII YINKBIH Kysre ToH, SiO,
(58,98 %) xoHe A1203 (30,05 %) >xofapbl MemIIepiMeH curaTTanaipl. KbIIIKbUIIBIK
okcuaTiH Kamnbl memmepi (SiO,+AlLO,+Fe O,) 93 % acampl, Oy amoMOCUIHMKAT
LIBIHBICBIHBIH, JKOFapbl Meunmiepin kepceteni. CaO memmepinin Temenairi (2,08 %)
OHBIH KBIIIKBUIIBIK CUMATBIH pacTaiinsl. Kyhaipy kesinaeri xorany (0,97 %) MBIFBIHBL
*kaHOaraH KOMIpTEK MeH KapOOHATTAP/IBIH TOMEH MOJIIIep/Ie SKSHIITTH TOIeI e .

2. 3epTTenreH MarepHalAaplblH TEPMOTPABUMETPHUSUIBIK Tajlay HOTHKECIHIE,
runctig 120-180 °C temmeparypa apanbIFblHAa Heri3ri macca sxoramy 15-16 %
Oonabl, mynaa serisri npouec CaSO,-2H,O cyceiznanyst opein anjsl. IIEM 1 42,56
nopoianauementre 420-580 °C temneparypa apajibiFbIHIa HETi3r1 Macca sxorany 2-3,5
% 607/bl, MYH/Ia HETI3ri Ipouec mopwianaut MuepansiHbi Ca(OH), cychiznanyst
anbikTangsl. Onokana 400-520 °C temmeparypa apaibIFbIHIA HETI3r Macca yKOFaly
10-11 % aHBIKTaI1BI, MYH/AA HETI3T1 MPOLEC ca3/Ibl MUHEPAIAAPIbIH KYPaMbIHIAFbI Cy
MoJIeKyJIalapbIHbIH KoFarysl anbIKTan1el. Kynne 380-640 °C Temneparypa apaibIFbIHI
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Heri3ri Macca xorainy 4,5-5,5 % 001161, MyH/1a HETi3Ti MPOIEC KOMIPTEKTIH KaHy MEH
JeKapOOHM3aLUsIIaHy TPOLIECIHIH KYPYl JoNIeNaeHI.

3. 3eprTenreH MarepHaiIIapAblH PacTOPIbl JIEKTPOHABI MUKPOCKOMMSIIBIK Talaay
HOTHXXECiHJe, OapiblK KOMIOHEHTTEPAIH Kypambl alTapibIKTail TYpPaKThl €KeHi JKoHe
3USHABI KOHE KAXKETCi3 KOCHanapAblH MeJLIepi pyKcaT eTUITeH IEKTeH TOMEH eKeHi
anbIkTanbpl. CoHpai-aK, MMKI3aTTapablH KypamblHIA PaAMOaKTUBTI anemeHTTep U,
Th, Ra >xone ynel ayblp Metait snemenTrepinin Cu, Pb, Be Oenmexrepi aHbIKTanFan
KOK.

KopbIThIHaBLTAH KeNte, KYPri3iiareH GU3uKa-XUMUIIBIK 3ePTTEYAiH HOTHKECIHIe THIIC,
LIEMEHT, OTIOKa >KOHE KYJI KOCBIHIBICBIHAH THIIC-IIEMEHT-ITY II0JIAHIbI KOMIIO3UIMSITBIK
MaTepuan alyFa TOJNBIKTal MyMKIHIIK 0ap eKeHIIr1 JoenaeH .

References

Amiraliyev B., Taimasov B., Potapova E., Sarsenbaev B., Begentayev M., Dauletiyarov M., Kuandykova
A., Abdullin A., Ainabekov N., Auyesbek S. (2025) Heat Treatment of Clay Shales and Their Utilization as
Active Mineral Additives for the Production of Composite Cements. Journal of Composites Science. — No.
9. —269 p. https://doi.org/10.3390/jcs9060269 (in English).

Bumanis G., Korjakins A., Bajare D. (2022) Environmental Benefit of Alternative Binders in
Construction Industry: Life Cycle Assessment. Environments. — No. 9. — P. 6. https://doi.org/10.3390/
environments9010006 (in English).

Bumanis G., Vitola L., Pundiene 1., Sinka M., Bajare D. (2020) Gypsum, Geopolymers, and Starch-
Alternative Binders for Bio-Based Building Materials: A Review and Life-Cycle Assessment. Sustainability.
—No. 12. — P. 5666. https://doi.org/10.3390/su12145666 (in English).

Bumanis G., Zorica J., Bajare D. (2020) Properties of Foamed Lightweight High-Performance
Phosphogypsum-Based Ternary System Binder. Applied Sciences. — No. 10. — P. 6222. https://doi.
org/10.3390/app10186222 (in English).

Calderén-Morales B.R.S., Garcia-Martinez A., Pineda P., Garcia-Tenério R. (2021) Valorization of
Phosphogypsum in Cement-Based Materials: Limits and Potential in Eco-Efficient Construction. Journal
of Building Engineering. — No. 44. —P. 102506. https://doi.org/10.1016/j.jobe.2021.102506 (in English).

Cement Industry Net Zero Progress Report 2024/25. Global Cement and Concrete Association.
On this link. https://gccassociation.org/wp-content/uploads/2024/11/GCCA-Cement-Industry-
ProgressReport-202425.pdf 10.11.2024. (in English)

Colak A. (2011) Physical, Mechanical, and Durability Properties of Gypsum—Portland Cement—natural
Pozzolan Blends. Canadian Journal of Civil Engineering. — No. 28. — P. 375-382. https://doi.org/10.1139/
100-123 (in English).

Declercq Y., Delbecque N., De Grave J., De Smedt P., Finke P., Mouazen A.M., Nawar S., Vandenberghe
D., Van Meirvenne M., Verdoodt A. (2019) A Comprehensive Study of Three Different Portable XRF
Scanners to Assess the Soil Geochemistry of An Extensive Sample Dataset. Remote Sensing. — No. 11. —P.
2490. https://doi.org/10.3390/rs11212490 (in English).

Galautdinov A.R., Mukhametrahimov R.Kh. (2019) Osobennosti gidratatsii modifitsirovannogo
gipsotsementno-putstsolanovogo vyazhushchego [Features of hydration of modified gypsum-cement-
pozzolanic binder]. Construction materials. — No. 10. — P. 58-63. (in Russian).

Jurkowska A.A., Swierczewska-Gtadysz E. (2022). Opoka — a mysterious carbonate-siliceous rock: an
overview of general concepts. Geology, Geophysics and Environment. — No. 48. — P. 257-278. https://doi.
org/10.7494/geol.2022.48.3.257 (in English).

Makarova I.A., Lokhova N.A. (2011) Fiziko-khimicheskiye metody issledovaniya stroitel’nykh
materialov [Physico-chemical methods of research of building materials]. BSU edition: Belarus. — No.
2011. - 139 p. (in Russian).

Myrzakozha D.A., Mirzakhodzhaev A.A. (2014) Zamanaui zertteu adisteri [Modern research methods].
Almaty. — No. 2014. — 352 p. (in Kazakh).

300




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

Potapova E.N. (2016) Nailuchshiye dostupnyye tekhnologii proizvodstva tsementa. Opyt razrabotki
rossiyskogo spravochnika [ The best cement production technologies. Experience in the development of the
Russian directory]. Crocus: Moscow, Russia. — 49 p. (in Russian).

Production. Portland cement (except white). Bureau of National statistics of the Agency for strategic
planning and Reforms of the Republic of Kazakhstan. On this link. https://stat.gov.kz/en/ 06.03.2026. (in
English).

Sahmenko G., Puzule L., Sapata A., Slosbergs P., Bumanis G., Sinka M., Bajare D. (2024) Gypsum—
Cement—Pozzolan Composites for 3D Printing: Properties and Life Cycle Assessment. Journal of
Composites Science. — No. 8. — P. 212. https://doi.org/10.3390/jcs8060212 (in English).

301




ISSN 2224-5227 2.2026

ACADEMIC JOURNAL

OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2224-5227

Volume 2.

Number 358 (2026), 302-314

https://doi.org/10.32014/2026.2518-1483.453

UDC: 544.556.1
IRSTI: 31.15.27

©Satayeva S.!, Yermukhanova S.'*, Urazova A.!, Mendygaliyeva A.2,
Sabitov B., 2026.
"West Kazakhstan Agrarian and Technical University named after Zhangir khan,
Uralsk, Kazakhstan;
*Mahambet Otemisuly West Kazakhstan University, Uralsk, Kazakhstan.
E-mail: svetok 88-88@mail.ru

OBTAINING BENZENE BY PHOTOCATALYTIC OXIDATION
OF TOLUENE

Satayeva Sapura — PhD, Associate Professor, West Kazakhstan Agrarian and Technical University named
after Zhangir khan, Uralsk, Kazakhstan,

E-mail: sataeva_safura@mail.ru, https://orcid.org/0000-0002-2397-9069;

Yermukhanova Svetlana — Master of Technical Sciences, Senior Lecturer, West Kazakhstan Agrarian
and Technical University named after Zhangir khan, Uralsk, Kazakhstan,

E-mail: svetok 88-88@mail.ru, https://orcid.org/0009-0004-3280-0069;

Urazova Alia — Master of Technical Sciences, Senior Lecturer, West Kazakhstan Agrarian and Technical
University named after Zhangir khan, Uralsk, Kazakhstan,

E-mail: urazova 17@list.ru, https://orcid.org/0000-0001-6339-9635;

Mendygaliyeva Aigul — Master of Technical Sciences, Senior Lecturer, Mahambet Otemisuly West
Kazakhstan University, Uralsk, Kazakhstan,

E-mail: aigulek 26 88@mail.ru, https://orcid.org/0009-0009-8078-6886;

Sabitov Bekzat — Master student, West Kazakhstan Agrarian and Technical University named after
Zhangir khan, Uralsk, Kazakhstan,

E-mail: bekzat.sabitov.kz7777@gmail.com, https://orcid.org/0009-0009-3612-9977.

Abstract. Work revealed the mechanistic features of the process by studying the
intermediate products formed during the photocatalytic oxidation of toluene, the
reaction mechanism, and the pathways for the formation of benzene. The photocatalytic
oxidation of toluene was carried out, and benzene, benzaldehyde, benzoic acid, and
benzyl alcohol were obtained as reaction products. In addition, the role of intermediate
compounds in the formation of benzene was evaluated, and based on the experimental
data obtained, the mechanism of the oxidation of toluene to benzene was proposed. The
toxic and carcinogenic properties of benzene formed during photocatalytic processes
and its environmental hazard to the environment were considered.

Main factors affecting the photocatalysis process were considered during the study
- light source, catalyst type, reaction time and reaction medium. As a result of the
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experiments, the formation of benzene was recorded using the relative concentration
method and its intermediate stages were clarified.

Results obtained allow a deeper understanding of the laws of benzene formation
during the photocatalytic oxidation of toluene and can serve as a basis for the
development of effective and environmentally safe technologies for the purification of
volatile organic compounds in the air. The study provides additional insight into the
role of benzaldehyde as a key intermediate in benzene formation and contributes to a
better understanding of the formation of hazardous by-products during photocatalytic
treatment of volatile organic compounds.

Keywords: photocatalysis, toluene, photocatalysts, benzene, benzaldehyde,
carcinogens
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AunHoTanus. byn Makanaga TOMyOJAbIH (OTOKATaJMTHUKAIBIK TOTBIFYBI Ke3iHJe
TY3UIETIH apasiblK OHIMIEpAl ally MPOLeci, peakiys MeXaHu3Mi XKoHe OCH30IAbIH TY31Ty
XKOIAAapbl KapacTeIpbuiansl. TomyonabH (OTOKaTanWTHKAIBIK TOTBIFYBI JKYpri3inmi,
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HOTHXKECiHe OeH3011, OeH3abAeT ]I, OCH30H KBIIIKbLUIbI )KOHE OCH3MJI CIIUPTI peaKus
eHiMJIepl peTiHae anbiHAbl. COHBIMEH Karap, OCH3OJIJbIH TY3UTYIHAETI apalibiK
OHIMACPIIH pei OaramaHIbl JKOHE aJbIHFAH TOKIPHUOCNIK HEepEeKTepre HETI3IeNTeH
TOJTYOJIIBIH OSH30JIFa TOTHIFY MEXaHN3Mi YCHIHBUIIBI.

DOTOKATANUTUKAJIBIK TPOIECTep Ke3iHIe TY3UIeTiH OEH30JABIH YBITTHI JKOHE
KaHIEPOTeH/IK KACHeTTepi, COHJal-aK OHBIH KOpIIaFaH oOpTara KoHE ajaMm
JICHCAyJIBIFbIHA THUTI3ETiH KAyilTepi TaJKbUIAHA/bI, OUTKEHI OCH30JI Y3aK YaKbIT acep
eTKeH J>KaFJaiifia ayblp aypyJapiAblH, COHBIH ilIiHAE Karepii iCiK TYpJepiHiH Iamy
KayIliH apTThIPAThIH KAYIIITI JIACTAYIIIbI 3aTTAP/IbIH Oipi OOJIBII TaObLIA b,

3eprreyne  GOTOKATATMTHKAIBIK TIPOIECKE ocep €TeTiH Heri3ri ¢akroprap
KapacTBIPBUIIBL: KapbIK K031, KaTaJan3arop TYpi MEH KacHeTTepi, peaklus Y3aKThIFH,
peakiusi OPTachIHBIH KYpPaMbl JKoHE 0acTarlkbl MaTepuas KOHIEHTpanuschl. Omap/biH
TOJYOJIBIH (POTOKATAIUTUKAIBIK TOTBIFY KbULIAMIBIFBIHA, OHBIH TYPJICHY JOPEKECiHE
JKOHE apalIbIK JKOHE COHFBI OHIMJIEPIIH TY3Uly CEJICKTHBTLIITIHE ocepi TajIaH/Ibl.
CasbICThIPMaJibl KOHIIEHTPALIMS 91ICIH KOJIIaHAThIH TOXKIprUOeaep OCH30II/IbIH TY3LIyiH
KOPCETTI, )KOHE OHBIH TY31TyiHIH OipHEeIe apajIblK caTbUTaphl AHBIKTAIBIT, HAKTHIIAH I
AJBIHFaH JiepekTep 0i3re Mmpolecc Karaaiiapsl MEH OEH30I IIBIFBIMBI apachIHIaFbl
OaiiIaHBICTBI OpHATYFa MYMKIHIIIK Oepai, Oy poToKaTaIuTHKAIIBIK TEXHOIOT UsIapIbIH
Kayinci3irid 0aranay yIIiH MaHbI3/IbL.

Byn Hortmxkenep (HOTOKATaTUTHKANIBIK TOJNIYOJ TOTBIFYBI Ke3iHJE OCH30JIbIH
TY3UTyiHIH HETi3ri MeXaHu3MJEpiH TepeHIpeK TYCIHyre BbIKMalX eTell, peakuus
MEXaHU3MIHIH EpeKIIeNKTepiH J>KOHE COHFBI OHIMACPHIH TY3UIyIHIETi apajblk
OHIMJIEP/IIH peIliH amajpl. byn 3epTrey HOTIKeNepiH (OTOKATANIUTHUKAIBIK Ta3apTy
YKaFJaiIapblH OHTAHIaH IBIPY, YIIBI KOCAIKBI OHIMIEPIiH TY3UIyiH a3aiTy )KoHE aya MEeH
CYy OpTachIHAH YIITA OPTaHUKAIBIK KOCBUIBICTAPAbI KETIPYIiH THIMIIPEK, SKOIOTHSLTBIK
Ta3a TeXHOJOTUSIIAPBIH 931pJey YIIiH Nnaiaananyra 0oJabl.
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AnHoTtanus. B pabote rccienoBanbl IPOMEXKyTOUHBIE TPOAYKTHI, 00pa3yonecs
npu (OTOKATATUTUIECKOM OKHCJICHUH TONYOJId, a TaKKe PacCMOTPEHBI MEXaHH3M
MPOTEKaHMsI pEeaKI|K U Iy TH 00pa3oBanus OeH301a. B pesynsrare poTokaTanTHIeCKOTo
OKHCJICHUS TOJTYOJIa B KAUYECTBE TPOLYKTOB PEAKIMK ObUTH HIICHTU(DUIIMPOBAHBI OSH30T,
OeH3anberu 1, 0eH30iHAs KUCTIOTan OeH3UIOBbIH cUpT. Ha0 CHOBEYKCTIEpUMEHTATBHBIX
JIAHHBIX OIICHEHA POJIb MPOMEXKYTOUHBIX COCJAMHEHHH B (opmMHUpoBaHHM OeH307a
U TIPEeUIOKEHA CXeMa MexaHuzMma ero oOpazoBaHus. Ocoboe BHUMaHHUE YIEICHO
TOKCHUECKUM M KaHIICPOTCHHBIM CBOMCTBaM OeH30J1a, 00pa3yrolIerocsi B XOJe
q)OTOKaTaHI/ITI/IT-IeCKI/IX IMpoOHeCCOB, a TAKKC MOTCHUHUAJIBHBIM 3KOJIOTHYECKUM PUCKaAM,
CBSI3aHHBIM C €T0 MPUCYTCTBUEM. B X071e riccie10BaHus MPOaHATN3UPOBAHBI OCHOBHBIC
(haxTopsl, BauAtonTHe Ha 3QHEKTHBHOCTH (HOTOKATATUTHIESCKOTO Ipoliecca, BKITIOTast
THUI U CBOMCTBA KaTATN3aToPa, XapaKTEPUCTUKH HCTOUHHKA CBETA, POJIOJDKUTEIBHOCTD
peaxkiyy, COCTaB PEaKUMOHHOW cpeabl M KOHICHTPALHUIO HCXOAHOTO BEILIECTBA.
[IpoBenena omeHka WX BIMSHUS Ha CKOPOCTh (POTOKATATUTHYECKOTO OKHCIICHHS
TOJIyOJIa, CTETICHb €T0 MPEBPAICHUS U CEIIEKTUBHOCTh 00Pa30BaHUS IPOMEKYTOUHBIX
W KOHEUHBIX TPOAYKTOB. B pesynbrare 3KCIEpUMEHTOB METOJOM OTHOCHTEIBHOM
KOHI[CHTPAIMU OBUTO TIOATBEPXkJICHO 00pa3oBaHKWe OCH30JIa U BBISIBICHBI OTACIbHBIC
MPOMEXYTOUHBIE CTafauu ero ¢GopMupoBaHus. [lomydeHHbIC JaHHBIC MO3BOIMIH
YCTaHOBUTh B3aUMOCBS3b MEXKIy YCJIOBUSMHU TPOBEICHUS TNPOIECCa M BBIXOJOM
OeH3071a, YTO UMEET BXKHOE 3HAUCHHE JJ1s1 OLICHKH 0€30MaCHOCTH (DOTOKATAIMTHYECKUX
TEXHOJIOTHH. Pe3ynbraTsl HeciieoBanus CriocoOCTBYIOT Ooliee ITyOOKOMY TOHUMaHHIO
3aKOHOMEpHOCTEH o0OpaszoBaHus OcH30/a TPH  (HOTOKATATUTHICCKOM OKHCICHHIH
TOJTyOJIa, PACKPBIBAIOT OCOOCHHOCTH MEXaHW3Ma PEaKIMd W POJIb MPOMEKYTOUHBIX
coeMHEHUH B (DOPMHUPOBAHUM KOHEUYHBIX MPOAYKTOB. [lomydeHHBIC pe3ynbTaThl
MOTYT OBITh HCIOJB30BAHBI JUIS ONTUMH3AIMK MPOIECCOB (OTOKATATUTHYCCKON
OYHCTKH, CHI)KEHHS 00pa30BaHMs TOKCHYHBIX MOOOYHBIX MPOAYKTOB M Pa3pabOTKh
Oonee 3(D(HEKTUBHBIX U IKOJOTHMYECKH OE30MACHBIX TEXHOJIOTHH yHalleHHs JIeTy4uX
OpraHMYeCKUX COCAMHEHUN U3 BO3YIITHOM U BOJHOM CpEbl.

KiwueBble caoBa: dorokaranus, TOIyost, (OTOKATAIUTHUECKOE OKHCIICHHUE,
0eH3011, OCH3aJIb/ICTH 1, KAaHIIEPOTCHHBIC COCIMHCHHS

Introduction. Volatile organic compounds (VOCs) are organic chemical compounds
found in a variety of products that readily evaporate and are distributed to the
environment under normal conditions. VOCs are highly volatile, mobile, and resistant
to degradation, and can be transported long distances in the environment (Faroon et al.,
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2005). The most common VOCs are aromatic hydrocarbons (e.g., benzene, toluene,
xylene, and ethylbenzene) and halogenated hydrocarbons (e.g., chloroethylene and
trichloroethylene).

A special type of VOC is carcinogenic volatile organic compounds, which can cause
cancer in humans. The main routes of VOC entry into the body from contaminated water
are through drinking, bathing, eating, swimming and washing clothes (Chowdhury et al.,
2009). The sources of VOC can be natural and anthropogenic. Natural sources include
emissions from factories, natural forest fires and anaerobic processes in wetlands.
Anthropogenic sources include domestic and industrial processes: food production, use
of fertilizers and pesticides, septic systems, chlorination, transportation, combustion of
hydrocarbon fuels, oil storage and distribution, textile cleaning, printing, pharmaceutical
industry, etc. (Pandey et al., 2018).

The growth of agricultural activities worldwide (fuel use, burning of agricultural
waste, and use of VOCs as inert components of pesticides) has led to the widespread
release of VOCs into the environment. In addition, many studies have shown that VOCs
are indoor air pollutants, with the main sources being tobacco smoke, chlorinated
water, perfumes, paint strippers, adhesives, new clothing, and heaters that use plastic
or kerosene. Some researchers have detected VOCs in bottled water, while others
have found microbial volatile organic compounds in the air, which may originate from
microbial metabolites or airborne mold spores (Fischer et al., 2003, Murrells et al.,
2007, Guerra et al., 2018).

VOC has direct and indirect effects on humans and the environment, and the main
problems they pose include: harm to human health and the environment through
toxicity; carcinogenicity and other adverse effects; degradation of materials; formation
of tropospheric photochemical oxidants; depletion of stratospheric ozone; global climate
change; and the emission of unpleasant odors. In addition, VOC and nitrogen oxides
react in the presence of sunlight to form photochemical oxidants (ozone, peroxyacyl
nitrates, peroxides, etc.) (Williams et al., 2007). These compounds are harmful to
human health and have a negative impact on the environment, as they oxidize NO gas,
converting it into the even more dangerous NO.,.

Although the photocatalytic oxidation of toluene over TiO.-based photocatalysts
has been extensively investigated, the formation pathways of benzene as a toxic
and carcinogenic intermediate remain insufficiently clarified. Most previous studies
have focused primarily on the degradation efficiency of toluene and mineralization
processes, while limited attention has been paid to the quantitative relationship between
benzaldehyde, benzyl alcohol, benzoic acid, and benzene during photocatalytic
transformation.

The novelty of the present study lies not only in the identification of intermediate
products formed during photocatalytic oxidation of toluene, but also in the comparative
assessment of their relative abundance under identical experimental conditions and in
evaluating the contribution of benzaldehyde to benzene formation. Unlike previous
studies primarily focused on toluene degradation efficiency and mineralization, this work
provides experimental evidence regarding the relative distribution of benzaldehyde,
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benzyl alcohol, benzoic acid and benzene, allowing a more detailed interpretation of
the pathways leading to the formation of hazardous by-products during photocatalytic
treatment.

Materials and methods. Photocatalytic oxidation of gaseous organic compounds
involves several processes, the most important of which are: the generation and
recombination of electrons and holes, adsorption of pollutants, chemical reactions, and
desorption of products (Ajmal et al., 2022). The initial stage of photocatalytic oxidation
is the formation of electron-hole pairs under the influence of light. They can migrate to
the surface of the catalyst and be trapped in various regions. Photogenerated electrons
can reduce O: molecules or organic molecules adsorbed on the catalyst surface. On
the other hand, photogenerated holes can oxidize water molecules, forming hydroxyl
radicals (OH¢) and hydrogen peroxide, which can oxidize organic pollutants.

Electron-hole pairs can recombine instead of participating in surface reactions,
which reduces the efficiency of the photocatalytic reaction. To prevent recombination,
it is important to improve the separation of electrons and holes. This can be achieved
by alloying, deposition of co-catalysts, or the use of heterostructures. The use of
nanomaterials improves the access of electrons to the catalyst surface and reduces the
interaction distance with electron acceptors (Yamada, et al., 2012, Yli-Juuti, et al., 2020).

The mechanism of photocatalytic oxidation of gaseous organic substances is shown
in Figure 2 below, and the reaction stages are described as follows:

o 0y, "
0-| O
oH l benzaidehyde
s [
')
]
|
-OH| '
05 i
L

|
meg Bec e B
§ H W

307




ISSN 2224-5227 2.2026

The figure shows the multi-step mechanism of the photocatalytic oxidation of
toluene molecule (Mo, et al., 2009). This process usually occurs on a semiconductor
photocatalyst (e.g., titanium(IV) oxide) under the influence of light. The basic idea is
that when light is applied, active species (*OH, O, h*) are formed, which gradually
oxidize toluene and finally mineralize it to CO- and H-O.

Excitation of the photocatalyst under the influence of light:

TiO, +hv — e +h"
where:
- h+is a "hole" in the valence band;
- e- 18 an electron in the conduction band.

When water reacts with oxygen, hydroxyl radicals (*OH) and superoxide radicals
(O,") are formed. The methyl group in toluene, C.H,CH,, is the most reactive. The *OH
radical abstracts a hydrogen, forming a benzyl radical:

C,H,CH, — C,H.CH,

Further, oxygen is added to form benzyl alcohol, benzaldehyde, and benzoic acid.
Finally, all organic intermediates are completely oxidized to form CO, + H,O.
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Figure 2. The mechanism of oxidation of toluene to benzene.

Toluene, under the influence of light, first forms a benzyl radical, which reacts
with oxygen and turns into peroxide intermediates; then gradually benzyl alcohol,
benzaldehyde and benzoic acid are formed, and decarboxylation of benzoic acid results
in benzene (Sun et al., 2010, Malayeri et al., 2022, Frank et al., 2020).

Methods of preparing the photocatalyst. Titanium dioxide (TiO, (anatase) HTA301 —
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pigment), which plays a key role in the photocatalysis process, is applied to the surface
of the catalyst in the form of a suspension using a solution of methanol (CH,OH). For
this purpose, pre-cleaned chromatographic glass vials with a volume of 20 ml are used.
TiO, is placed in each chromatographic glass vial at the rate of 0.2 g.

0.5 ml of methanol is added to it and a homogeneous suspension is obtained. The
suspension is applied evenly to the inner wall of the chromatagraphic glass vial. The
Applied area is on average 12 cm?. This suspension is blown and dried by compressed air.
Due to the high volatility of methanol, the catalyst surface quickly and evenly becomes
a solid layer. The inside of the chromatagraphic glass vial is blown under compressed
air for 30 seconds so that it is completely filled with compressed air. Immediately after
blowing, the mouth of the chromatographic glass bottle is hermetically sealed with a
special SEPTA sealing device consisting of aluminum and silicone.
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Figure 3. Diagram of photocatalytic oxidation of toluene.

A low-pressure fluorescent lamp of the Philips PL-L 36W/10/4P SECURA model
was used as a source of ultraviolet radiation to carry out the photocatalytic oxidation
process. This lamp steadily emitted light at a wavelength of 365 Nm, providing the
optimal spectral range for activation by the titanium dioxide (TiO,) photocatalyst.
During the experiment, chromatographic glass vials prepared according to each organic
compound were alternately placed in the radiation source.

The vials were placed in the very center of the two fluorescent tubes of the Philips
lamp and exposed to ultraviolet radiation for 30 minutes at a distance of 1.5 cm from
the radiation source. These conditions made it possible for the photocatalysis process
to proceed effectively and for the active formation of electron-pore pairs (e /h") that
occur at surface intervals. During irradiation, active oxygen species such as hydrogen
peroxide (H,0,), hydroxyl radicals (*OH) and superoxide-anion radicals (O,*) were
formed on the surface of the TiO, photocatalyst, which caused the oxidation of the
introduced organic compounds.
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Results and discussion. To determine the formed volatile intermediates, the method
of gas chromatography-mass spectrometry (GC—MS) was used. The exact composition
of'the extracted products was determined by the method. As a result, all compounds were
effectively detected and fully registered with a gas chromatograph. The chromatogram
of intermediates during photocatalytic oxidation of toluene is shown in Figure 4.
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Figure 4. Chromatogram of intermediates during photocatalytic oxidation of toluene.

On the chromatogram, a very high intensity peak is observed in the area of about
3 minutes, which corresponds to toluene. This indicates that the amount of toluene
predominates in the reaction mixture. In addition, a second peak characteristic of
benzaldehyde was recorded in the period of about 5.8-6.0 minutes. The formation of
benzaldehyde proves that intermediates are formed during photocatalytic oxidation of
toluene.

The results obtained indicate that the oxidation process of toluene occurs in stages
and benzaldehyde is an important intermediate compound in the reaction mechanism.

In chromatograms obtained after photocatalytic oxidation of benzaldehyde, the
formation of benzene from benzaldehyde was clearly observed. The chromatogram of
intermediates during photocatalytic oxidation of benzaldehyde is presented in Figure 5.
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Figure 5. Chromatogram of intermediates during photocatalytic oxidation of benzaldehyde.
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As you can see from the image, the result proves that benzaldehyde is further
converted to benzene by oxidation or decarbonylation, that is, the role of benzaldehyde
as one of the ways of benzene formation has been established.

Table 1. The ratio of the common values of the intermediates formed by toluene.

Benzaldehyde / Toluene 0,069:1
Benzyl alcohol / Toluene 0,004:1
Benzene / Toluene 0,002:1
Acetone / Toluene 0,0004:1

The relative quantitative ratios of the total values of the intermediates formed by the
photocatalytic oxidation of toluene are investigated. This was important for studying in
which direction and through which intermediate stages toluene is oxidized.

The benzaldehyde / toluene ratio was 0.069:1. This result showed that benzaldehyde
is the main intermediate in the pathway of photocatalytic oxidation of toluene. That is,
as a result of the first oxidation of toluene, mainly benzaldehyde is formed.

The benzyl alcohol / toluene ratio was 0.004:1. This indicator means that a small
amount of benzyl alcohol is formed from toluene. The benzyl alcohol can further oxidize
to benzaldehyde. Thus, benzyl alcohol also plays a role as an intermediate product, but
the amount is significantly smaller.

The benzene / toluene ratio was recorded at around 0.002:1. This means that a small
amount of benzene is formed directly from toluene or through benzaldehyde. This
situation indicates that benzene is not the main end product, the path of its formation in
the reaction is limited. However, this does not exclude the way benzene is formed as an
intermediate product.

The acetone / toluene ratio was at 0.0004:1. This very small concentration means
that toluene forms acetone indirectly or through secondary processes. It is observed
that acetone appeared only as an additional by-product, and not in the main reaction
pathway.

Ingeneral, it was found that after the photocatalytic oxidation of toluene, benzaldehyde
was formed as the most dominant intermediate. Its amount is quite high in comparison
with other products. This proves that the main oxidation pathway of toluene is through
benzaldehyde. Although benzyl alcohol and benzene are also formed as intermediates,
their proportion is low. Acetone, on the other hand, is a possible secondary or by-product
formed as a result of combustion.

The ratio of the common values of the intermediates formed by benzaldehyde is
given in Table 4.

Table 2. The ratio of the common values of the intermediates formed by toluene.

Benzene / Benzaldehyde 0,371:1
Benzyl alcohol / benzaldehyde 0,02:1
Benzoic acid / benzaldehyde 0,017:1

Acetone / Benzaldehyde 0,0025:1
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As a result of a comparative quantitative analysis, the proportions of intermediate
products formed in comparison with benzaldehyde were determined. This analysis was
carried out to assess which compounds can be further formed from benzaldehyde.

The benzene / benzaldehyde ratio was 0.371:1. This result indicates that a significant
amount of benzaldehyde is further converted to benzene. That is, benzaldehyde is an
important intermediate product in the benzene formation pathway.

However, the formation of benzene from benzaldehyde is considered a tentative
pathway under photocatalytic conditions and may not represent the dominant reaction
route. In conventional TiO:-mediated oxidation systems, benzaldehyde is typically
further oxidized to benzoic acid and ultimately mineralized to CO» and H-0O. The observed
benzene formation may be associated with partial deoxygenation or decarbonylation
reactions occurring under specific surface properties and reactive oxygen species
conditions. Therefore, this pathway should be interpreted as a secondary transformation
rather than a primary reaction mechanism. Additional confirmation through in situ
spectroscopic techniques or isotopic labeling experiments would be required to fully
validate this pathway.

The benzyl alcohol / benzaldehyde ratio was around 0.02:1. This means that benzyl
alcohol is oxidized to benzaldehyde, but its concentration is low. That is, benzaldehyde is
considered as a fact confirming that it is formed from benzyl alcohol, but the proportion
of this pathway is limited.

The benzoic acid / benzaldehyde ratio was recorded at 0.017:1. This indicator means
that benzoic acid is formed in small quantities by oxidation from benzaldehyde. This
also proves the ability of benzaldehyde to oxidize further, but shows that it is not the
main pathway.

The acetone / benzaldehyde ratio was only 0.0025:1. This indicates the formation of
a very small amount of acetone, perhaps indirectly or as a product of the combustion
process. The probability of its formation from benzaldehyde is low, but indirect processes
occurring in the course of the reaction cannot be ruled out.

Based on these relative values, it was found that benzaldehyde becomes benzene
as the main intermediate product, and the proportion of paths with the participation of
benzoic acid and benzyl alcohol is significantly less. That is, the formation of benzene
is the main transformation pathway of benzaldehyde.

Conclusion. The paper investigated the process of photocatalytic oxidation of
toluene. It was found that under the influence of a photocatalyst based on titanium(IV)
oxide and ultraviolet radiation, multi-stage radical oxidation of toluene occurs. It was
shown that the main active particles in the reaction are *OH, O+~ radicals and electron-
hole pairs.

According to the results of gas chromatography-mass spectrometry, benzaldehyde
was identified as the main intermediate product (benzaldehyde/toluene=0.069:1). It
has also been observed that small amounts of benzyl alcohol, benzene and acetone are
formed.

A study of the photocatalytic oxidation of benzaldehyde showed that it is the main
intermediate compound in the formation of benzene. The presence of a benzene/
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benzaldehyde ratio of 0.371:1 proved that benzaldehyde is converted to benzene by
photochemical transformation or decarbonylation.

The results of the study showed that the photocatalytic oxidation of toluene is a
complex and multi-stage process. During the reaction, partial oxidation of the aromatic
ring and the formation of intermediates occurs, and at the final stage, organic compounds
are completely mineralized and decomposed to CO- and H-O. It was also found that
the photocatalytic system has the ability to form toxic and carcinogenic intermediates,
including benzene. This indicates the importance of controlling the formation of
intermediate products when improving photocatalytic cleaning technologies.

In general, the results obtained allow us to deeply understand the mechanisms of
neutralization of volatile organic compounds by the photocatalytic method and can
serve as a scientific basis for the development of environmentally safe and effective
photocatalytic technologies.

The scientific contribution of this work consists in establishing the relative distribution
of major intermediate products formed during photocatalytic oxidation of toluene and
demonstrating the potential involvement of benzaldehyde in benzene formation under
TiO2/UV conditions. These findings contribute to a better understanding of benzene
formation during photocatalytic oxidation of toluene and may assist in the development
of photocatalytic systems that minimize the generation of toxic intermediate products.
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Abstract. This paper investigates the results of an analysis of the effect of phosphate
inhibitors on reducing corrosion of austenitic stainless steel grade 12X18HI10T.
Phosphates, including sodium orthophosphate (Na,PO,) and its derivatives, are known
to form protective films on the surface of metals that inhibit corrosion and protect
the surface of steel from aggressive media. In particular, the mechanism of action of
sodium orthophosphate is based on protecting the metal surface from corrosion in
various environments due to the formation of a special protective film. To synthesize
the phosphorous inhibitor, sodium dihydrogen phosphate was heated for various times
at temperatures from 40 to 590 °C. To identify the composition of the synthesized
phosphate inhibitor, IR spectra were taken using IRTracer-100, which revealed intense
bands corresponding to fluctuations in the P-O and O—P-O bonds characteristic of
the phosphate anion. To enhance the synergistic effect and stabilize the system, the
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phosphate-based inhibitor was supplemented with zinc sulfate crystallohydrate
(ZnSO,-7H,0), since zinc ions together with phosphate inhibitors form a dense, stable
protective film on the metal surface, slowing corrosion. During the work of the steel plate
was studied in different environments (tap water, sea water, ground water, NaCl, HCI,
H,SO,, HNO,, Na,SO,, Na,CO,, NaHCO,, CaSO, + NaHCO,, NaOH (solution Na,CO,
+Na,SO,, NaHCO, + CaCl,, MgSO,) for 2, 4 and 8 days, after which it was carried out
a comparative analysis of the experimental results. This article presents calculations of
the corrosion rate and the protective effect of a pure phosphate inhibitor (NaPO,)x, as
well as an inhibitor with the addition of ZnSO,-7H,0 in a ratio of 1:1, obtained using the
gravimetric method. To determine the nature of the inhibitor's adsorption on the metal
surface, experimental data were described using Frumkin adsorption isotherms.

Keywords: corrosion, steel, inhibitor, protective film, rate of corrosion, aggressive
environment
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AnHoramusa. Makanaga 12X18H10T mapkaibl ayCTEHUTTI TOT OacmailThbiH
OOJIATTBIH YKEMIpITyre YIIbIpayblH O0dceHIIeTy YIIiH GocdaT KOChUIBICTaphl HETi3iHae
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aJbIHFaH MHTHOMTOpPIapIbiH acepi 3eprrenai. Docdarrap, COHBIH iUIiHAE, HATpUN
optodocdarer (NazPO,) jxoHE OHBIH TYBIHIBUIAPHI JKEMIipUTYIi TEXKEUTIH KOPFAHBIC
KaOBIKIIaIapbIH TY3€H i *KoHe O0JIaTTRIH OCTIH arpeCcCUBTI opTamaH Kopranasl. COHBIH
inmrHAe HaTpuil oprodocdarblHBIH dcep €Ty MEeXaHHW3Mi MeTaiul OeTiHIe apHalbl
KOpFaHbIC KaOBIKIIACHIH TY3y apKbUIbl Op TYpJi opTanapia >KeMipidy[JeH KOprayblHa
HeriznenreH. @ochop WHTHOUTOPHIH CHHTE3/EY YIIiH HAaTpuil quruapodocdarbH op
TYpIIi yaksIT apansirbiaga 40-590°C TeMiepaTypaia KbI3ABIPHIN albHIsl. CHHTE3IETeH
(docdarTbl HHTHOUTOPIBIH KypaMblH naeHTHQuKanusuiay yuriH [RTracer-100 apkbuist
WHOPaAKBI3bUT CHEKTpaepi Tycipimim, ¢ocdar-annonra ToH P-O xome O-P-O
OaifmaHBICTAPBIHBIH TepOelicTepiHe COHKeC WHTEHCHUBTI JOJNAKTap OaiiKaiFaHHBIH
kepceTTi. CHHEpreTHKAIBIK dCeP/Ii KYIIEHTY jKoHE )KYHEeHI TYpaKTaHIbIpy MaKcaThIHIA
docdarTel MHTHOUTOPABIH KYpaMblHa MBIPBIII CYITb(aTHIHBIH KPUCTAJUIOTHAPATHI
(ZnSO4 7TH,0) enrizinai, eWTKEeHI MBIPbI HOHAAPHI (Gochopiasl HHrUOUTOpIaApMEH
Oipre MeTaym OeTiHJE KOpFayllbl THIFBI3 TYPaKThl KaOBIKIIA TY3iI, >KeMipiryai
Oasymnaraznsl. 3epTTey OaphIChIHAa O0JaT Tacmagaphl op Typili opranapaa (KyOsIp CYHI,
TeHi3 Cybl, Kabar cybl, NaCl, HCI, H,SO,, HNO3, Na,SO,, Na,CO,, NaHCO,, CaSO, +
NaHCO,, NaOH, Na,CO, +Na,SO,, NaHCO, + CaCl,, MgSO, epitinainepi) 2, 4 xxone 8
TOYJIK apajbIFbIH/IA 3EPTTEIII, TKIPHOE HOTIIKEIIEP1 CANBICTHIPMAIIBI TYP/IE TAJITaH/IbL.
Makanana rpaBUMETPHAIIBIK daic Heridinme Tasa (ocdar maruburopasi (NaPO,)
 xone (NaPO,) + ZnSO,7H,O 1:1 apa kaTblHACTaFbl MHTHOMTOPIAPBIH KEMipily
KBUIJAMIBIFBI MEH Kopray 3¢QekTiciHiH ecenrteynepi kenripingi. MHruOuropabH
MeTtamn OeTiHe ajcopOIUsUIaHy CHUNAThIH aHBIKTAy YIIH TOXKIpHOETIK JepeKTep
@®pyMKHH acOpPOIMSITBIK H30TEpPMAIapbIMEH CHITATTAJIbl, MOJIEKYJIAIap apachIHIaFbl
e3apa acep KOAPQPUIMEHTIHIH MOHI OH OOJFaH/BIKTAH, HHTHOUTOP MOJICKYJajaphbl
MeTamn Oerinae Oip-OipiHe jKaKbIHIAI, THIFbI3 KOPFAHBIII KabaT TY3ETiHIH JKoHE Oy
KeMIpiTy/li OastynaTaThbIHBIH KOPCETTI.

Tyiiin ce3mep: Oomar; docharTel MHTHOUTOP; KOPPO3US;, KEMIpiTy; KOPFaHBIC
addexrici, JKeMiplry KbUITAMIIBIFbI, aTPECCHBTI OpTa
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AHHoOTanus. B crarbe npencrasieHsl pe3yibTaThl HcciaeqoBaHus 3()p(HEeKTHBHOCTH
¢docdopconepkamux HHIHOMTOPOB KOPPO3UM ayCTEHUTHOM HEpIKaBerolleH cranm
Mmapku 12X 18H10T. M3BectHo, uTo ocdaTHbie COETMHEHHSI, B YaCTHOCTH opTodocdar
Harpust (NasPO4) W ero mpow3BOjaHBIC, CIIOCOOHBI (POPMHUPOBATH HA TIOBEPXHOCTH
MeTaJula 3allUTHbIE ITIEHKH, IPEITCTBYIOLINE PA3BUTHIO KOPPO3HUOHHBIX IIPOLIECCOB B
arpeccuBHbBIX cpenax. [ cuaTe3a hocharnoro uarnOuTOpa AMTUApodocdar HaTpust
MOABEPTaIn TepMUUEcKoil 00paboTke npu Temmeparypax oT 40 1o 590 °C B TeueHue
pasnuuyHoro BpemeHH. CocCTaB CHHTE3UPOBAHHBIX MPOAYKTOB OIMPEACISIIA METOIOM
HK-cnekrpockonmu Ha mpubope IRTracer-100. [lomydeHHBIE CIEKTPHI COAEpPIKATH
WHTEHCUBHBIE MOJIOCH IOIIOLICHUS, COOTBETCTBYIOLIME KosiebaHusiM cBsizeil P—O
n O-P-0, xapakrepHsiM aisi (ocdar-aHnoHOB. ISl yCHIEHUS CHHEPTEeTHYECKOTO
¢ QeKTa 1 MOBBIIICHUS! CTAOMIBHOCTH 3aIIUTHONW CHCTEMbI (ocdaTHBII UHTHOUTOD
OpIT MOmU(MUIIMPOBAH KpHUCTALTOTHApAaToM cyibdara nmHka ZnSOas:7H20O. HowHbl
LIMHKa COBMECTHO ¢ (pocaraMmu criocoOCTBYIOT 00pa30BaHUIO IFIOTHOM U yCTOWYHBOM
3alIMUTHONH TUIEHKM Ha IIOBEPXHOCTHM MeETallla, YTO NPUBOAUT K 3aMEAJICHHIO
KOPPO3MOHHBIX TporeccoB. Koppo3noHHBIE UCTIBITaHUS MPOBOAMINCH B Pa3IHYHBIX
cpenax: BOAOIIPOBOAHON, MOPCKOM M ITACTOBOM BOJIE, a Takke B pactBopax NaCl, HCI,
H2S0O4, HNOs, Na2SO4, Na.COs, NaHCOs3, NaOH u cMenaHHBIX COJIEBBIX CHCTEMaX.
CrasibHble 00pa3ubl BRIIEPKUBAIN B UCCIEIYEMbIX cperiax B TedeHue 2, 4 u 8 CyToK,
MOCIIE YETO MPOBOIMIIN CPABHUTEIBHBIN aHATN3 ITOJTyYSHHBIX pe3ynbTaTtoB. C TOMOIIBI0
IpPaBUMETPUUYECKOTO METOZA OBbUIM PacCUUTaHbl CKOPOCTb KOPPO3UHM M 3aILUTHBIN
addexr g uucroro dpocdarHoro uaruouTopa (NaPOs)y, a Tarxke 111 KOMIO3ULUH
(NaPOs).: ZnSO4'7H20 B coorHomieHun 1:1. JIns ycraHOBIIGHUST MeXaHU3Ma
B3aUMOJICHCTBHSI MHTUONUTOPA C MOBEPXHOCTHIO METalllla SKCIIEPUMEHTAIIbHbIC TAHHbIC
OB 00pabOTaHBI C UCIIOIBE30BAHUEM aJICOPOITMOHHBIX m30TepM DpyMKUHA.

KiroueBble ciioBa: craib; hocdaTrHblil HHTHOUTOP; KOPPO3HSL; TOUCUHAs! KOPPO3HS;
3amUTHBIN 3((EKT; CKOPOCTh KOPPO3UH; arpeccuBHas cpeaa

Kipicme. Ka3zipri yakpITTa MeTa/T KOHCTPYKIMSJIAPBIHBIH, ocipece OO0JIaTThIH
KOPPO3HSIChl — MYHA# OHEPKACIIT CaaChIH/IAFbI SJICYII TEX HUKAIBIK KOHE YKOHOMHKAIIBIK
MocenenepAin Oipi. XKaOapIKTapaplH KOPPO3UACHL KBI3MET €Ty Mep3iMiH KbICKApTHIII
KaHa KoMMaii, OHIIPICTIK KOHE SHEPIeTUKAJIBIK IIBIFbIHIAPbI apTThIpaibl. COHBIKTAH,
0OJaTTEI Op TYpPJi OpTaga, COHBIH INIHAE arpecCHBTI OpTaja KEMIpUTyleH THIMII
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KOpFay JKOJIZIapbIH 1311y - ©3eKTi Macenenep/iH Oipi Oounbin Tadbiiankl (Denisa-loana
(Gheorghe) et al., 2025; Al-Amiery and Waleed al-azzawi, 2023).

KopposusinankoprayaslHKeH TapaFaH 9icTepiHiH 01pi-XUMUSITBIK HHTHOUTO PP B
kKongany. Koppo3us uHruOWTOpimapel - MeTajul MEH KOpliaraH opra (aya, bUIFal,
JKaybIH-IIAIIBIHHBIH dcepi *oHe T.0.) apachlHIarbl peakUusHbl 09CEHAETETIH HEMece
TOJBIK TOKTaraTblH 3arTap. COHFBI KbUIAApbhl OeHOpraHMKajblK HHTHOUTOpIapra,
ocipece Gochop KOCUIBICTApABIH HETi31He ajJblHFaH HHIHOUTOpIIApFa, epeKile Ha3ap
aynapsutyna. @ocdartsl ~HrHOMTOpIAp O0NAT OETiHE TYPAKTHI, THIFbI3 ACCHBAIMSIIBIK
KaOBIKIIA TY3€Al XOHE CBIPTKBI XMMUSUIBIK dcepriepleH Kopraiasl (Ahmed et al.,
2022). CoHbIMeH Karap, ©HIIPICTIH TYPaKTbl Jamybl MEH DKOJOTHSUIBIK KayilcCi3mik
TaJanTapblHa cail KOPPO3usi HHTUONTOPIAPBIHBIH KOpIIAFaH OpTaFa YBITTHl OOIMaybIH
tajan erei. OceiFan opaii, hocdarTsl HHTHOUTOPIAP IKOJIOTHSIIBIK KaFbIHAH OerTapan
JKOHE THIMJI TEXKETIII PEeTiHJIe TaHbIMaJl, ce0eOi Cy/ia KaKChl SPUTIH, 3USHCHI3 JKOHE
TabuFH OpTaaa oHall BIABIPaliTBIH KockuibicTap (Raimbekova et al., 2023). 3eprreynig
HeTi3ri Makcarsl - pocdop Herizinzeri OefiopraHuKaiblK HHITHOUTOPIApABIH 00NIaTThIH
KOPPO3MSICBIH TeXey KaOileTiH IrpaBUMETPUSUIBIK diC apKpUIbl Kopray 3d¢dekTi MeH
KEMIpUTy KbUIIaMIBIFbIH aHbIKTay. by 3epTTeynep MyHail canachlHAAFbl )KaOIbIKTap
MEH KOHCTPYKUHMSUIAPBIH KOPFAy[bIH SKOJOTHSUIBIK KOHE SKOHOMHUKAIIBIK KaFblHAH
TUIMJI oficTepiH kacayra xon amajabl (Revon and Priyantha, 2025; Nouhaila et al.,
2025).

Koppo3ust mHruOuTOpIap «oKachbUl XUMHsD) TallalTapblHa cail OPbIHAAYBI THIC:
TaOWFH JKarJaiga oHaill JKoHE Te3 BIAbIpaybl, Tipi ar3ajapia >KHHaKTaaMaybl >KOHe
CyHarbl YBITTBUIBIFBIHBIH JKOKTBIFBI HeMece oTe ToMeH Oomysl (Revon and Priyantha,
2025). XuMHUSUIIBIK 3aTThIH TAOWFAaTTa BIABIPAYBl OHBIH TYPAKTBUIBIFBIH aHBIKTAHTHIH
MaHbI3/b1 pakTopnapabiy 0ipi 6onbi Tadbans! (Elouhabi etal., 2025). buonerpananus
OyJ1 3aTTBIH MHKPOOPTaHU3MAEPIiH OCEpiHEH KOMIPKBIILIKBUI Ta3bl MEH CyFa aifHalIy
yZzepici. 3arTeiH bIABIpay KaOijeTiHe OHBIH KYpBUIBIMBI MEH MHUKPOOPTraHU3MIEpPAiH
Oercenainiri acep ereai. buoakkymynsus - OyJ1 XUMUSUTBIK, 3aTTapblH Tipi aF3ajapra
3USIHJIBI 9CEPiHiH Oip Oediri. O 3aTThIH CylaH, ayajaH, TAMaKTaH HEMECEe TOIbIPaKTaH
Tipi ar3aza kuHaiy Kabinerin Oinnipeni (Nomozov et al., 2024).

Marepuaagap skoHe Heri3ri omicrep. 3eprrey »xymbichiHa 12XI18HI10T
MapKajbl ayCTEHUTTI TOT OacmaThiH OOJaTTaH NalbIHIANFaH Tacma Topi3Al yiarinep
KOJIIaHBUIABL. ATajnFaH OONaTThIH XUMUSUIBIK KypambiHa — 0,12%-Fa neifin kemipTexk,
mamamer 18% xpom, 10% nukens xone 0,8% aeliin TuTan 6ap, OyJ1 OHBIH KOPpPO3HsFa
TO3IMIUTITH JKOHE KYPBUIBIMABIK TYPAaKTBUIBIFBIH KamTamachi3 ereai. MemCT 9.905-
82 cranpmapThiHa ColiKec >KeMipiny Te3IMAiIIriHiH Oaranaybl xyprizinai. Ctanmaprka
call ChIHaKKa JIeiiH 0oJaT Tachaiap/IblH 0eTi MEXaHUKAJIBIK OHJICY/ICH, SIFHU a0pa3uBTi
MaTepuayiJjap KOMETiMEH TeTicTelirn, OSTTIK akayiap oHE OKCHUATI KaObIKIIanapaaH
xoibutbin  madbiHAanael.  60-80 °C  Temmeparypada YATLIEp CUITIHIH — CYJBI
epiTiHAICIHAE MalCBhI3JaHIBIPbULABI JKOHE OpraHUKaJbIK KOCHalapAaH Ta3apTbUIIbl
(Safdar et al., 2024). PeakuusibIK KaOineTiH apTThIpy YLIiH OoyiaT TacmanapiaslH OeTi
ChIHAK aJJbIHAa OeJceHmipingi, Oyl MHTUOMTOPIBIH KOPFAHBII 9CEPiH OOBEKTHBTI
Oaranay yuriH MyMKiHaik 6epai. bencenaipinrennen ketiin ynarinep 0,0001 r gongiknexn
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AQHAJMTUKANBIK Tapasblla eJIIeHIN, IITAaHICHUUPKYIb apKbUIbl T€OMETPHSIIBIK
napameTpliepi aHbIKTaJIBII, OJapAbIH OCT ayAaHbl aHBIKTAIIBII, KOPPO3HS KbUIAAMABIFbI
KOHE HHTHOUTOPABIH Kopray 3¢ dekrici ecentenai (Hui, 2025).

Harumxenep. Harpuii auruapodocdaTeiHan op TYpili yakbIT )KoHE TeMIleparypa
untepBaibiHga (45 mun-40-44°C, 45 mun 90-114°C, 90 mun - 160°C, 180 muH - 240°C,
300 muH - 580-590°C) kp3apipsn Gocdopnsl uHrHOUTOP anbiHAsl (Mahmoud et al.,
2024; Soumen et al., 2025).

Harpwuii auruapodocdarbiHbH QU3NKa-XUMUSUIBIK ©3repicTepiH MakCaTThl TYpIe
KaMTaMachl3 €Ty YIIiH TePMUSIIBIK OHJIEY Mpoleci OipHelle caTbiiapiaH TYpIAbl KoHE
op0ip TemmeparypajblK caThl TaHAaIbl. Harpuii nuruapodocdareiHbIH KypaMbIHAAFbI
00C BUIFANIBI KOO JKOHE OacTamKbl KYpbUIBIMBIH TypakrTaHaplpy yumiH 40-44 °C
TeMIepaTypaza KbI3IbIpy MYMKIHIIK Oepai. Jlernaparanusi mpoueciHiH Kypyi >KoHe
KpHUCTaIOrHApaTTapasiH biabIpaysl 90-114 °C kesinnge aprtel. Pocdar TonTapbHbIH
KOHJICHCAIMACHI KOHE TOMEH MOJIEKynajibl KOHJAeHcauusianran Qocdarrapabiy
Ty3inyi 160 °C-ta 90 mMuHYT OOMBI KYPri3iireH KbI3AbIpy OapbIChiHAa OaiKaambl.
[Momudocdartel KypbulbIMAapablH Kansintacysl 240 °C tepmusiiblk eHzeyni 180
MUHYTKa AediH y3apTy KamTamachi3 eTTi. Conrbl ke3enae 580-590 °C temmeparypana
300 MuHYT OOMBI TEPMUSIIBIK KBI3ABIPY KE€31HJE TYPAKThI, )KOFaphl TEKETIII KACUETTepre
ne Qochopkypamrac UHIHOUTOP almbIHABL. |-CypeTTe CHHTE3eNTreH HMHIHMOUTOPABIH
kypambl [RTracer-100 apkputel Tycipinren (Shimadzu Corporation) HHPaKbI3BUI
CHEKTpJIepi KOPCETUITEH.
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Cypert 1. ®ocdop narndutopssie MK cnexrpepi.

1 cyperre cunresznenren ¢ocpop marudbutopeinei MK cnexrpinen 1200-900
cMm ! xoHe 650-500 cm™! aiimakrapbiHga ¢docdar-annonra ToH O-P—O sxone P-O
OalimaHbBICTapBIHBIH ~ TepOemicTepiHe COHKEC JKOJAaKTapbIHBIH Oomysl  (ocdarTsl
KabarThiH Ty3inyin kepcerti. (H,0) men (-OH) TonTapasin 6ap exenin 3700-3000 cm™
aliMarbIHJAFbl KeH JkojakTap MeH 1640 cM™' MaHBIHJAFBl CUTHAJ aJcOpOLUsIaHFaH
nonenaenai. Armocdepansik skoHe (oK curHan petinge CO, KapacThIpbUIFaH
xoHe ~2350 cM™! aliMarbIH/IaF bl HHTEHCUBTI JKOJAK JKYThITYbIHA )KaTaThIHb! aHBIK. C—H
ankui xoHe C=0 kapOOHMJI TONTapbIHA TOH JKOJIAKTAPABIH OJICi3 OOIYBl KOPFaHBIII
KaOBIKIIaHBIH OeliopraHuKalbIK TaburaTeiH Kepceteni (Qahtan et al., 2025).

3eprrey OapeichiHAa Oonar TacmajapAblH SpPTYpi opranapia (kadar cybl, KyObIp
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cybl, TeHi3 cybl, NaCl, HCI, H,SO,, HNOs;, Na,SO,, Na,CO,, NaHCO,, CaSO, +
NaHCO,,NaOH, Na,CO, +Na,SO,, NaHCO, + CaCl,, MgSO, epitinainepi) xemipinyre
YIIBIpay €peKILIeNiKTepi 3epTTelil, rPaBUMETPHSUIBIK QIICIIEH MacCalblK e3repicTep
anbIKTaAbl. bonar Tacmanapel 2, 4 xoHe § TOYIIK apajibIFbIHAA 3€PTTENiN, TaKIpuoe
HOTHXKEJIEP] CaTbICTBIPMAIIBI TYPAE TaTJaH/IbI.

WHrnburopnapablH TYPMBICTHIK Cy XKYHelnepiHaeri THIMAUIITiH OaFaiay YIIiH HaKThI
naianany >karnailblH MOJENbACH, KYObIp jKOHE TEHI3 Cylapbl; XJOpUA HMOHAApbIHA
0aii arpeccHBTI OpTaaa KOPFaHBIII KAaOUIETiH 3epTTey YLIIH KadaT CYbIHBIH OpTajapbl
3eprrengi. NaCl 3% epitinzici Kypzaeni HOHABIK Kypam/la FHTHOUTOPIIapAbIH OHAIPICTIK
TUIMIUIITH aHBIKTAY YIIIH aJbIH/IbI, H,SO, kpikpu1 oprana 0oarThiH OenceHal epyi
MeH UHI'HOUTOp acepiH Oaranay yiriH Kapacteipsuiasl; HCI epitinainepi aca arpeccusTi
KBIIIKBLI OPTaja KOPFaHblll KaObIKIIA TY3ilyiH 3eprTey yuuin seprreniai. Na, SO, 0,1
M epitinzici cynb¢arTel OpTaga NaccuBalys JK9HE KEMIpily MeXaHU3MAEPIiH Tanjay
yuiin ranganpl, Na,CO, 0,1 M epiTingici cinriigik opraga Gocgop KOChUIBICTAPbIHBIH
TYPaKTBLUIBIFBI MEH TACCHBALMACHIH Oaranay yiuiH ansiHasl, NaHCO, 0,1 M epirinici
Oytepiix oprana mHruOuTOpIapAbIH pH-TypaKThUIbIFbIH 3epTTEyTe anbinabl. CaSO, +
NaHCO, kak Ty3i;1yiMeH KaTap ypeTiH KeMIpily yepicinie HHTuOMTOp 9cepin Oarasay
yiin, NaOH epitinzici >korapbl CinTUIiK skargaiiga (ocdarTsl MHTHOMTOPIAPIBIH
XUMMSIBIK  TYPaKThUIbIFBIH  Oaranmay ymin, Na,CO, + Na SO, ,KenkoMIoOHeHTTi
3JIEKTPOJIMTTIK OPTajJa MHrHOMTOpIapAbiH ThiMiirin 3eprreyre, NaHCO, + CaCl,
KEPMEKTI Cyaa aacopOuusiIbIK Kabar Tysinmyin Oaramayra, MgSO, 0,1 M epirinmici
€Ki BaJCHTTI KaTMOHIAP KATBICBIHIA KOPFAaHBIII KACHETTEPiH 3€PTTEY YIUiH aJbIHIbI
(Ayesha et al., 2025).

3eprrey OapbIchiHAA OONIaT TacajiapAblH SPTYPIli arpecCUBTI opTaap/a JKemipiryre
YIIBIpay €peKIIeTIKTepl KapacThIPbUIBII, PAaBUMETPHSIIBIK 9JIICTICH OHBIH CajlJapblHAaH
0oJIaThIH MaccajbIK ©3repicTep aHbIKTaIBI.

CuHepreTHKaJbIK 9Cep/i KYILEHTY )KoHE )KYHEeH1 TypaKTaHAbIpY MakcaTbiHaa pocdop
Kypamaac uaruoutopra ZnSO,- 7H,O enrizingi, ce6e6i MpIpbI noHgaps! Gpochopiisl
HHruOUTOpNIapMeH Oipre Metayul OeTiHIE THIFBI3 9pi TYpaKThl KOpray KadaT Tys3im,
XKeMipinyniH Oasy >kypyiHe biknan eremi. CoHpaii-aK, aHOATHIK WHTUOWTOP peTiHAE
ocep eTim, MBIPBIII HOHAAPHI MeTaul OeTiHiH AHOATHIK YYaCKEJIEpiH MacCHBTEHYIHE,
COHBIH HOTHIKECIHJIe METAJIIbIH €PYyi a3al0blHa, MHTUOUTOPABIH THIMIUTITIHIH apTybIHa,
MBIPBIII Cylb(aThl HHTUOUTOP JKYHECIHIH XUMUSUIBIK TYPAKTBUIBIFBIH JKaKCapTybIHA,
(ocdopiabl KOCBUIBICTApABIH bIABIPAYbIH OastynaryblHa bIKnas ereai. Kocma peringe
KPUCTAJUIOTHIPAT TYPiHIETT Ty3 anyablH ce0edl OHBIH KaKChl €pyiH KaMTaMachl3 eTyi,
BUIFaJIIBIIBIKTBL PETTEYTE KOMEKTECYI.

2 cyperre (NaPO,) +ZnSO,-7H,O 1:1 uaruburopsl KaTeichiHaa 60naTThiy 14 Typoti
opTajap/arbl KeMipily >KbUIIAMIBIFBl CalbICTHIPbULABI (4 Toymik). Kabarrarsl cyna
KEMIpiTy JKbUIIaMABIFBI €H TOMEHAeT1 2,53 1/M? - ToyIiK MOHIH Kypaiinel, arHH OyJ1 opTa
CaJBICTBIPMAJIBI TYPJIE arPECCHBTI eMeC eKeHi KopceTTi. JKemipiiny sKbUIIaMabIFbI 2,67
r/m?-toynik H,SO, (0,1 M) opracsinaa Oaiikayiasl, Oy KbIIIKBUIIBI OPTAHBIH METaJUIFa
aiiTapiblKTaii arpeccuBTi acepin Oinaipeni. XKemipiny skbuiaaMabIFsl 4,44 r/M? - TOYIliKKe
0,1 M HCI epitinnicinne aediH ecim, XJIOPUA-UOHAAPABIH 9CEPIHEH KOPPO3HMSIHBIH
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kymeiieretinin kepcerti. Kyosip cyst Mmen 0,1 M MgSO, epitinainepinae xemipiny
KBUIaMIBIFBI 6,22-6,32 r/M? Toyiikke nedin skorapputaiasl. 0,05 M NaHCO3; + 0,05 M
CaCl; epiTinainepinze ;keMipisty KblIIaMABIFbI 8,42 1/M? - TOYIiK KOPCETTI, SFHH apajac
TY3IbI-KapOOHATTHI OPTaja KOPPO3Us >KOFaphl ACHTeHAe CaKTalaTblHa BIKMAN €TEli.
Kemipiny sxbugamasirst 7,56 r/m?-toymik 0,1 M Na,SO, epitiauicinae 6aikaibl, Oy
cynbdar-uoHIapAbIH ocepiH Kepcereai. KeMipiay >XbUIIaMIBIKTapbIHBIH KYPT ©cyi
TeHi3 cybiHAa (8,0 r/M? Toymik) )xoHe CaSO, + NaHCO3 (0,05 M + 0,05 M) (11,56 1/
M TOYJIIK) OpTalapbIHa CalKeC Keneai, ce0e0i skorapbl MUHEpaJIaHy MEH XJIOPUATEPIIH
oCepiHeH KeMipily KyLenesni.

0,1 M NaHCOj3 pitinzicinae >kemipiiy >KpUIIaMABIFBl 6,22 T/M* ToydiKke IeiiH
TeMeHeA1, Oy OnkapOoHaTTapIbIH OenTifi Oip Kopexene KOpFaHbIII acepi Oap ekeHiH
kepcerti. 0,05 M Na,CO3; + 0,05 M Na,SO, opTachlHAa KeMipiay XKbLIIaMIbIFbI
KaiiTa ecir, 8,89 r/m? ToyIikke AeiiH keTTi. JKeMipinay KbU1IaMIbIFbIHBIH €H KOFaphl
moHzaepi 0,1 M NaOH (12,0 r/m* Toynik) sxone 0,1 M Na,CO3 (12,93 r/m? Toynik)
opranapbeiHaa Oaikanasl. SIFHM, op TYpJi opTanapia MeTalAbIH KeMipilyi >KbUiaaM
XKypeTiHi Oalikanangsl, ceOebi MyHIall opTaga 3MEeKTPOTKI3TIIITIK KOFapbl OOJBIIM,
ANEKTPOXUMUSUIBIK PEAKUUUIAp KAPKBIHABI OTIM, XJOPHI HOHAAPHl KOPFaHBIII
KabarTapbiH Oy3aabl. TaOuru cynap MeH OMKapOOHATTHI JKyienepae, KepiciHiie, MeTasul
OeTiHze KOpFaHbII KabaT Ty31J1iM, XKeMipiy npoueci 0asty *KYpeTiHi aHbIKTaJIbl.

14 12,93
12

10

6,22 6,22 6,32

2,53 2,67

Kopposus KBULTaMIBIEBL, T/M- TOYIIK
()]

1 2 3 4 5 6 7 8 9 0 11 12 13 14
3epTTey OpTackl
Cyper 2. 4 roymix imingeri NaPO,) +ZnSO,-7H,O 1:1 HHTMOMTOPHI KATBICBIHA OONATTHIH dPTYPITi
opTanapAarbl KEeMipiTy JKbUIIAMIBIFBIHBIH MOHIIEPI.

3eprrey OapbichiHaa 12X18H10T mapkansl OomaT TacnaJapblHBIH KEMipily
KBULIAMJIBIFBI KeJleci (akTopiapra TOyeli: 3epTTey OpPTACHIHBIH HOHJBIK KypaMmbl,
pH MoHI koHe AneKTpoNHTTIH MUHepannaHy neHredi. 1:1 kareiHactarel (NaPOj)
x + ZnSO4 7H,O ¢ocdop uHrubutop *KyieciHiH KaTblCblHOA OaplblK opTaiapia
KEMIpiTy JKBUITaMJIBIFBIHBIH TOMEHJeyl Oalkamapl >xoHe (ochopiasl HHrHOUTOP
MEH MBIPBIII HOH/APHI apAaChIHIAFbl alKbIH CHHEPTETHKAIBIK OCEpiHe TOyesli eKeHi
Jorenei. AJBIHFaH SKCIICPUMEHTTIK HOTHKENIEpre COKec, KeMipily >KbUIIaMIbIFbI
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OpPTaHBIH XHMUSUIBIK KYpaMblHa JKOHE HOHJABIK TaOWFaThblHA TiKeNed OaiaHbICTHI.
Bonar TacnanapbHbIH epyi aHOATHIK peaksIapAbIH KOFapbl KapKbIHABUIBIFEL H, SO,
xoHe HCI kpikbuiapl opranapaa Oaiikanaabl. bipak ¢ocdopkypamaac uHruOuTOp
KYHECiHIH KaThIChIHAA 4 jkoHe 8 TOyIiK iLIiHIE JKEeMIpiay *KbUIIaMIBIFBIHBIH €Ioyip
TOMEH/Ieyl MeTall OeTiH/Ae TYpPaKThl KOPFaHBIII KaOBIKIIAHBIH TY3UIETIHIH KOpceTei.
Kopranbimn kaObikia (ochar-uoHmapasiH 00aT OSTIMEH XMMHSIIBIK OaiJIaHBICYbI
JKOHE MBIPBIII HMOHIAPBIHBIH THAPOKCO-PochaTThl KemeHaep TYy3yl HOTHXKeciHAe
kansinracanpl. HCl, NaCl 3%, TeHi3 cybl opTanapblHAa, SFHH XJIOPHI-MOHIAPHI Oap
opTanapja, XeMipuly >KbUIIaMABIFBIHBIH KoFapbl O0omysl Cl™ MOHIAapBIHBIH IAcCHB
KaOBIKIIaHBIH OY3bUTYbIHA, JTOKAIbAbI )KEMIPUTYIl apTTybIMEeH OalIaHbICThI, AETeHMEH
ZnS0O, kocy Oy acepai Oenrini Oip qopekene TeKEUTIHI aHbIK.

NaCl 3%, TeHi3 cybl, SIFHH XJIOPUATI JKOHE JKOFapbhl MUHEpaJlaHFaH opTraiapia
KEMIpUTy KbUIIAMIIBIFBIHBIH alTapibIKTai ecyi Oaiikanasl, cebedi Cl- moHIapbIHbIH
MeTan OeTiHJe JOKaNbIbl JKEeMIpUTydl KylieriHe okeneTiHi gonenpenai. CymbdarTs
opranapaa (MgSO,, Na,SO,) xemipinmy oprama JeHrelae, ajl KapOOHAaT >KoHE
OukapOoOHaT KyienepiHie KeMipiny *KbUIJaMIbIFBI OPTaHbIH KypamMblHa OaiIaHbICThI
e3repimn, Kel jKarmaiinapia KOpFaHBII KaOBIKIIA TY3LTyiHE KapamacTaH >KOFapbl
MOHJIepre XKeTeTiHl OalKabl.

En xorapel skemipiny kemmamabirel Nap,COsz, NaOH kapOoHarTsl jkoHE
ciurtini opranmapma  Oaiikanabl, cebebi MyHAall opranapia MacCHB KaOBIKIIAHBIH
TYPaKCBI3ABIFBIMEH JKOHE HOHJBIK 9CEPAiH KYIICIOIMEH TYCIHAIpiIe i, SIFHN METaJIIbIH
KEeMIpilyl OpTaHbIH arpecCUBTUIITIHE Tioyeldl, COHIBIKTaH OHIIPICTIK XKoHE TaOUFH
KyHenepae XeMipilyleH KOpray YIIIH MHTHOWTOpIapAbl KOJJaHy >KOHE OpTaHbIH
KYpaMBbIH €CKepy ©3€KTi MacesepiH Oipi O0bIn Ta0bLIa b

3eprrenren 14 opramapna (H,SO,, HCI, MgSO,, NaCl, Na,SO,, Taburu xoHe
TEHi3 cynapel, kapOoHar-OukapOonar >xyidenepi, NaOH epitinginepi) docdopibt
WHTUOUTOPABIH () (HEKTUBTLNIT MEH THIMALTITT MBIPBILI CYIb(aThl KPUCTAIIIOTHAPATHIH
KOCY apKbUIbl alTapiblKTall apTyblHa BIKOald eTTi. MpIpbln HoHAapsl Qocdar
WHTUOUTOPBIMEH Oipre, Metajl OETiHAE THIFBI3 9pi TYPaKThl KOPFaHBII KaOBIKIIa
TY3iMi, METaJABIH ePYiH )KOHE KEeMIpilly KbUIJaMIbIFbIH OastyaaTaabl.

Kemkpuiner  opramapma  1:1  karemmactarel  (NaPOz)x  + ZnSO4-7H,0
¢docdopkypamaac UHTHOUTOPIBIH AHOATHIK CEPiH apTTHIPAAbI, arPEeCCUBTI OPTAHBIH
MeTan OeTiHe Tikenel ocepiH azairansl. KabarTarsl cy, KyObIp JKoHE TEHI3 CylapblHIa
MBIPBIII MOHIAPHI XJIOPUA KOHE Cynb(harT MOHOAPBIHBIH KEMIPYIILTIK OeICceHIiTir
azas/bl, KOpPFAaHBIII KaOaTThIH TYpaKThUIBIFBIHA KamMTamachkl3 erteni. KapOonart-
OukapOOHAT KOHE CIATLI JKYHeslepiHIe MBIPBII KOCBUIBICTAphl PETTEIreH IacCHB
KaOBIKIIA TY3yJyiHere bIKHal €Till, >KepruTikTi skemipiayai Oommeipmaiiabl. MgSOy,
Na,SO, CynbdarTsl opTanapia MeTaUIbIH KeMipilyl opTamia JIeHreiae cakranaibl,
cebebi Oyn xarmaiina SO,*” noHgapeiHblH arpeccustiiiri Cl” monmapra KaparaHaa
TOMEH OONFaHBIMEH, EpITIHIIHIH HOHIBIK KYILIIHIH KOFapbl OONYBIHBIH dCepiHEeH
ANEKTPOATHIK peakumsuiapasl xkeaenneteni. Na,COs, NaHCOg3, apanac xyienepinae
YKEeMIpLTy )KbUIAaMABIF bIHBIH KOFapbl MOHAEP1 MAacCHB KaOBIKIIAHBIH TYPAKCHI3IbIFBIMEH
xoHe CO3* Ty3[apbIHbIH KaiiTa KpucTainanybiMeH OaitnanbsicTbl. NaOH cinrini oprana
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KEMIPUTY KbUIJAMIBIFBIHBIH CaJIbICTBIPMAIIbl TYPAE JKOFapbl O0Mybl 00JaT TacHaHbIH
oeringe tysinerin OH- kaOaThIHBIH OOpIBUIAK JKOHE MEXAHUKAIBIK TYPaKChI3
OOJIybIMEH CHIATTaly MYMKiH. MBIpBIII HOHAApEl OyJ1 OpTaja Aa MacCHUBTEHIIPYILi
ocep eTil, MeTaJll TaclaHblH OETiH aHOJITHIK alMaKTaPhIH TEKEHTIHI KOPCETTI.

3eprrey OapbichiHaa 14 opTaHbIH iliHeH Kopray 3 deKTici oFaphl 7 TYPIIi OpTaJarsl
YJTiIep anbHAbL. 8 TOYIIK 1IIiHIET] 3epTTey HOTHXKEIEPl )KEeMIpiTy *KbUIIaM/IbIFbIHBIH
(r/m?-TaymiK) e3repyi | kecTene KenTipiii.

Kecre 1. (NaPO,) +ZnSO,7H,0 1:1 nHTHOUTOPEI KaTBICHIHIA OONATTEIH SPTYPIIi OpTaIapIaFkl
JKEMIpLTY )KBUITaMABIFBI MEH Kopray d¢ddekrici MoHzepi (8 Toyimik).

Yiri Ne Oprta, C (M) Kemipiny xpunpamabirsl, 1/ | Z, Kopray a¢ddexrici,%
M2 TOYIIK
1 3% TeHi3 cysl 2,22 94,89
2 0,1 M NaHCO 3,78 89,17
3 0,5 M NaCl 3,16 87,83
6 0,1 M Na,CO 2,44 81,00
4 0,1 M Na,SO, 4,21 79,52
5 0,05 M NaHCO, + 0,05 M CaCl, 3,47 79,32
7 0,1 M H,SO, 5,00 75,00

En xorapbl sxemipiny sxbuigamasirel 0,IM H,SO, opraga (5,00 r/m*-Toysik)
Oaifkanapl, sSIFHU OYJ1 OpTa €H arpeccuBTi Ooibinm TaObaabl. EH TeMeH jkeMipiry
KBUTIAMIBIFBI  TEHI3 Cybl OPTACHIHIA AaHBIKTAJIEI, Na2CO3 0,1 M xemipiny
KBUTIAMIBIFRI 2,44 T/M?*TOyIIK TEH. bBYJI OCBI OpPTaHBIH CalBICTRIPMAJIBI TYpAC a3
arpeccusti ekeHin kopcereni. NaHCO, + CaCl, 0,05M+0,05M; Na SO, 0,1 M; opranapna
KepceTKim Oipmama TypakTassi, 2,22-4,21 r/M? Toymik apansiFsiaaa esrepexi. 0,1 M
NaHCO, oprana »xemipiity KbULIaMIbIFbI 3,78 T/M** TOYIIKKE XKETTI, SFHHU, KEMIPLITY
KBIITAMJIBIFBl 3€PTTEY OPTACHIHBIH KypaMbIHA aNTapIBIKTAld TOyeNi: KhIIIKbUIIH,
TY3/bl KOHE MHUHEpalJIaHFaH opTajapia > KeMipiry Kylneieni, amx caibICTBIpMaibl
OcifTaparn opraizapaa TOMEH MOHIEP OalKamabl.

2 TOYIIK imiHae OoJIaT TacmagapIbH OCTiHIC )KEMipiTy alTapibIKTai Oaiikaamaisl, 4
TOYIIKTEH KeH1H )KeMipiTy oTe 0asty )KYpeTiHi aHBIKTAJIIBI, 8 TOYIIK OTKEH COH MaCCaHbIH
eneysi a3arobl OaMKaNmbl, SFHU JKEMIpITy OCepHiH KapKBIHIBUIBIFEIH KOPCETIII
(Nouhaila et al., 2023; Durdubaeva et al., 2022). Anramksl 2 xoHEe 4 TOYIIKTe 0oJaT
TacmalapbIHBIH MacCaChIHBIH 03repici eTe a3 (KyObIp cysl, TeHi3 cybl, NaCl, HCI 0,1 M;
HNO, 0,1 M; 0,05M), keii0ip sxarnaiinapaa, Mpicaabl KadaT CybIH/Ia MACCAHBIH a3/ar
apTybl OaifKasIb! - OYJ1 BITFAJ CIHyIMEH HeMece eIIley KaTeciMeH TYCIHAIPLTy1 MyMKIiH.
8 ToyIiK imriHae OapibIK O0MaT yarijgepae MacCaHbIH HaKThl TOMEH eyl OaiKa b1, Oy
Ke3eH/Ie KeMipiny icepi OenceHai xypyiHe bIKnai eTTi. MeTtamuiiap YIIiH eH KayinTi,
HEMecCe arpeccWBTi OpTa PETiHZE KYIITI KBIMIKBUI epiTiHaiiaepi OONbIm Kenemi, Oy
opTayiap/ia METaJUIIbIH MacCachl a3aifFaHbl, SFHU METaJlI KeMipiTyi OOJFaHbI KOPCETTI.
3% NaCl >xoHe KYOBIp CyBI epiTiHAIepiHae 00IaT TacmaaapabH 6eTi CambICTRIPMAITBI
TYpPAE KOpFayllbl, Macca KebiHece TypaKThl HeMece a3/iam apTKaHbl OalKaaFaHbl aHbIK.
Kemipimy KapKbIHBIHBIH YaKbITKa OalIaHBICTBI apTybl - OONaTTBl WHTHOHTOPIAP
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KOMeTIMeH y3aK Mep3iMal Kopray KaxkeTTinirin nonengeiai (Kaiynbayeva et al., 2022;
Niyazbekova et al., 2024).

OpyMKuH ancopOUMsUIBIK U30TepMatapbl HHTHOUTOPABIH OojaT TacmaHblH OeTiHe
aZicopOLMsUIaHy CHUTIAThIH aHBIKTAy YIIIH MYMKIHIIK Oepeni. @pyMKUH H30TepMaIapbl
(NaPO,) wunrubutoper (kb3bu1 konmakneH) sxone (NaPO,) + ZnSO,/7H,0 1:1
WHTUOUTOPBI (KOK JKOJAKIEH) YLIiH 3 CypeTTe KOpCeTUIreH.
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Cyper 3. (NaPO,) xone (NaPO,) +ZnSO,7H,O 1:1 uHruburopaaps! yurix
OpyMKHUH H30TepMalIapsbl.

®pymkun Mozei 2 Typai uarudurop (tasza (NaPO,) sxone (NaPO,) +ZnSO,-7H,0
KocnachkiMeH 1:1 apakaTblHacTa) MOJIEKyJalapbl apachblHIaFbl TaPTHUIBIC KYIITEPiHIH
apKachlH/a aJIcopOIMs MPOLECIHIH KYpIel eKeHiH kepcereni. Molekysanap apa-
CBIHJIaFBI ©3apa ocep Kod(D(UIMEHTIHIH MOHI OH OONFaH/IBIKTaH, HHIHOUTOpP MOJie-
KyJajmapsl MeTajul OeTinae Oip-OipiHe >KaKbIHIAIl, THIFBI3 KOPFAHBIII Ka0daT TY3CTiHIH
KoHe OyIT KeMipinysli OasynaTaThbHBIH KOpCeTTi. byn HoTmke MHrHOUTOp KYHEeCiHIH
KOIKOMIIOHEHTTI oprasnap/a, sruu TeHis cybl, NaCl, Na,CO,, NaHCO, opranapbinia
KOFapbl THiMLTITIH TyciHaipeni. (NaPO,) wnrubutopeiMen canbicteiprana (NaPO,)
. +ZnSO,7H,O 1:1 uHrMOUTOPBIHBIH KOPFAHBIC 3P PEKTICIHIH MOHIEP] KOFaphl EKEHi
AHBIKTAJIJIBL.

(NaPO3)x + ZnSO,4-7H,0 apacwsiHIarsl CHHEPTETHKAIBIK o dekTi OipHeme Mexa-
HHU3M apKbUIBI )KY3€re acy MYMKIiH, aTan alTKaHa aAcopOLUsUIBIK MeXaHu3M OOMbIHIIA
(dbocoar-nonmap Oonmar OeTiHE XeMOCOPOIMsIIaHY Ke3iH/Ie aKTHUBTI OpPTaJBIKTap JKa-
OBUIBII, aHOATHIK ACCUBALMSI KE31HAE MBIPBIII MOHAAPHI METaJI OCTiHIH aHOATHIK aii-
MaKTapbIH MaCCUBTEHIIIPE1; TEMip-MBIPBILI (pochaTTapbl HETi31HET] THIFBI3, a3 EPUTIH
KOpPFaHBIII KabaT TY31yl apKbUIbI HOHJIBIK arpecCHsHbI TeXey OapbICBIHIA XJIOPHU]L
JKOHE CyIh(haT HOHIAPBIHBIH AU dY3UIACHHBIH MeKTeyiHe okeneni. OCBIHBIH HOTHKE-
CiH/Ie METaJJbIH epy KbIIIaMIBIFbl TOMEHIETI, HHTHOUTOPIBIH KOpFay 3 eKTiCiHIH
ecyiHe BIKIaJ eTel.

Ocpinaifima, MBIpEII  Cynb(MaTBIHBIH ~ KPUCTAIUIOTHAPATHL  (ochopKypaMaac
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WHTUOUTOP/IBIH CHHEPTETHKAJIBIK KOMIIOHEHTI PETiH/E op TYpJi OpTajiapa KeMipiayre
Kapchl Kopray 3(h(eKTiciHiH CeHIMILIITT MEH y3aK MEeP3iIMIUTITiH apTThIPaIbl.

AJNbIHFaH 3epTTey HOTMXKenepi Qochopkypammac WHrHOUTOPIApAbl KEJCIICKTe
3epPTTEYAiH MaHBI3ABUIBIFBIH JKOHE ONapAbl KOJJaHy MeTauIOYHeIMIap MeH
XKaOIBIKTapIbl arpeccuBTi OpTaja y3aK Mep3iMIi opi THIMII KOprayFa MYMKiHIIK
OepetiniH aikpiHAaNMIBI (Avdeev, 2025; Zhu et al., 2025). Oxictepain caH TypuIiri
JKOHE OJIap/bl FBUIBIMH HETi3/e JKyHeneHAipy OMOIOTHSUIIBIK BIABIPAY, YABUIBIK JKOHE
OMOAKKYMYIISILIMSI TOPI3i SKONOTHSUIBIK KOPCETKIIITEpre HEri3NeNreH 3eprreyiepii
OH/IIPICTIK TOKIpHOETe eHri3yre OarbITTaibl. byFaH Koca TeXHOTCH/IIK dCep/li a3alThlIII,
OH/IIPICTIH AKOJOTHUSIIBIK KayilCi3/IiriH apTThIpyFa KOHE YKOHOMHUKAJBIK THIMIUIITHE
MYMKIHJIK Oepeni.

OcblFaH opaif, «Kachll XUMUS» KaFUIATTapblH KOJJIAHY apKbUIbl KaHAPTBHUIFaH
WHTUOUTOPIApAbl  93ipiiey JKOJOTHSAJBIK TYPFBIAAH Kayilci3 TEXHOJOTHsIapbl
KOJIZIaHy/1a HEeTi3r1 pei aTkapaabl. byn skarmaiiia Tek HHrHOUTOpIapAbIH THIMIUIITH
apTTBIpy KaHa KOWMaid, OJapIblH CHHTE3 >KOJJAPbIH OHTAHIAHIBIPY, KaJABIKCHI3
TEXHOJIOTUSI KOJNJaHy, WIMKI3aTThl THIMII MaijaiaHy CHSKTBI MiHAETTEp 1€ ©3€KTi
Macenenep/iH KarapbiHa skatkei3ansl (Farshad et al., 2023).

Kopoitbiaabsl. (NaPOs)x  xone (NaPOs)x + ZnSO4'7H>O wunHrnouropnap
XKyHenepinae KYpriziireH aacopOLMsIBbIK JKOHE KWHETHUKANBIK Tanfayiap OOJaTThl
OpTYpJi arpeccwBTi oOpTajapAa KOpFaybl aacopOLuMs-TIacCHBallMsl MeXaHU3MIepi
ApKBUIBI )KY3€Te aCaThIHbIH AJIeIACH 1. MBIpBII HOHIAPHI (POCHOPIBI KOCHUIBICTAPMEH
Oipre Oonat TacnanapAbiH OCTiHIE THIFBI3, XUMUSUIBIK TYPAKTHI KaOBIKILA TY3€/1 KOHE
noHJapAblH JuQQy3UsIChIH MEKTeN, METaNAbIH epyiH Oasynaraabl. bym xyle y3ak
Mep3iMIi MeTaul KOPPO3MSICHIHAAFbl KOPFAHBIILTHl KaMTaMachl3 €Til, ©HAIPICTIK
KaFaiaa KoJiaHyFa NepcreKTUBaIbI eKeHIH KOPCETTi.

ConbIMeH Katap, ajnbiaran HoTwkenep 1:1 apakareinacrarsl (NaPO,)x +ZnS0O,-7H,0
WHTUOMUTOP KYHECiHiH OomaT Tacmanapbl KbIIIKBUIABL, TY3/bI, OcliTapan >KoHe CilTimi
opTanapja THIM/i KOpFayblH KaMTaMachl3 €TeTiHi aHBIKTaJIbI. KeMipilly sKbIIIaMIbIFbI
YaKbIT OTKEH CallblH TOMEHJIEY1 jKoHe Kopray 3 QeKTiCiHIH apTybl TY3UIT'eH KOPFaHBIII
KaOBIKUIaHBIH OIpTiHACI HBIFAHBII, TYPAKThI KYHIe 6TETiHIH KOPCETTi. AICOPOLMSITBIK,
n3zoTrepMasiap apkbuibl QGochop HHrHOMTOpPABIH Oonar TacmaHblH OeTiMeH Oepik
OaifylaHpIC TY3il, CUHEPIETUKAIBIK 9CEPIHEH aJICOPOIMsI-aCCUBAIIMS MEXaHU3MIEP1
eKeHiH Jonenaesnd. COHBIMEH Karap, DKOJNOTHSUIBIK Kayilci3, )KOHE HKOHOMMKAJBIK
YKarbIHaH TUIM/I1 )KeMipisTy HHTHOMTOPIIAPBIH 93ipiiey — 3aMaHayH FhUTBIMU-TEX HUKAJIBIK
MIPOTPECTiH MaHbI3AbI OMacenenepain Oipi. SIFHM OyJ1 3epTTey JKYMBICHI «GKACHLT XUMUSI»
KaruJanapblHa JaMbITYy OarbIThiHa HerizgenreH. Pocdar Kypamabl MHTHOUTOPIBI
KEMIpLIyre Kapchl MaijajiaHy - KaJbIKChI3 TEXHOJIOTUS, SKOHOMHUKAIBIK THIMIUTIT
YKOHE KayiIlCi3 )KeprislikTi LIMKi3aT KOJIJaHy apKbUIbl XKY3€ere achblpy MyMKiH. by GarpiTTa
KYPri3ieTiH KemeHIl 3epTTeyliep MeTaul KOHCTPYKUHUSUIAp MEH >KaOAbIKTapAbIH
KBI3MET €Ty MEP3iMiH y3apThIl, OHAIPICTIH SKOJOTHSITBIK JKayalKePUITIITiH apTTHIPaIbL.
Taburu pecypcTapibl YTHIMABI NajaaHyFa )KoHE TYPAaKThl AaMy MakcarTapblHa KOJl
KETKI3yre alTapibIKTall yiec Kocaasl, cebedi KopliaraH opTara 3UsSHABI KaJlJIbIKChI3,
TaOUFH pecycTapbl YTHIMABI KOJAaHY KOJIAapbiHa HETi3eNTeH.
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Abstract. Converting lignocellulosic biomass into valuable products is a sustainable
way of developing renewable biomaterials. Lignin, a naturally abundant aromatic
polymer and one of the main components of plant biomass, is an important raw material
for producing bio-based materials. However, the potential of many plant species as
sources of lignin remains largely unexplored. This study successfully isolated lignin
from the stems of Phlomis tuberosa L. for the first time using an acid treatment method.
The plant stems were treated with concentrated formic acid at 80 °C for three hours. After
acid hydrolysis, the lignin was separated from the liquid fraction by rotary evaporation
and precipitation. The lignin biopolymer obtained from the stems of Phlomis tuberosa
L. was characterized using Fourier-transform infrared spectroscopy (FTIR), scanning
electron microscopy (SEM) and transmission electron microscopy (TEM). FTIR
spectra confirmed the presence of the characteristic lignin functional groups, such as
hydroxyl (O-H), carbonyl (C=0) and aliphatic (C-H). Microscopic analysis revealed
uniform particle morphology and low aggregation. These findings suggest favorable
physicochemical properties and potential applications in nanoscale materials.
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The results demonstrate that Phlomis tuberosa L. biomass is a promising, previously
unexplored source of lignin. Due to its structural characteristics, the isolated lignin
could be used as a sustainable raw material in the production of advanced, bio-based
functional materials, such as nano-hydrogels, biodegradable composites and drug
delivery systems.
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AnHoTanus. JlurHomemtrono3anel OMoMaccaHbl KYHIBI OHIMAEpre aiHaabIpy
— KaHAPTBUIATHIH  OWOMATepHANIAPbl  JAMBITYABIH  JKOJOTHSJIBIK  TYPFBIIAH
TYPaKThl KOHE THIMJII Toculi Oonbim TaObuTanbl. JIMTHUH - TaOWrarTa KeH TapajFaH
apoMAaTThl TIONHMMEpP KOHE OCIMIIK OMOMacCachIHBIH HEri3ri KOMIIOHEHTTEpiHiH Oipi,
COHJBIKTaH 0J1 OMO-HEeTi3/1l MaTepuangap eHAIpy YILIiH MaHbI3/1bl HIMKI3aT Ke31 peTinae
KapacThIpbUIaAbl. AJlaiiia KenTereH oCiMAiK TYpJepiHiH JIMTHUH KO31 peTiHAeri aneyeTi
oJIi KYHIe JIeliH ToJbIK 3eprTesniMereH. Ocel 3eprreyie anram per Phlomis tuberosa L.
OCIMJIITIHIH cabaKTapblHaH KbIIIKBUIIBIK OHJICY OICI apKbUIbI JIMTHUH COTTI OOJiHIN
anbiHABL. Ocimaik cabakrapel 80 °C temmeparypaga yil carar OOMBI KOHIIEHTPII
KYMBIPCKa KBIIIKbITBIMEH OHJENl. KBIIKbUIIBIK THAPOIN3ACH KEHiH JTUTHUH CYHBIK
(hpakumsiiaH poTOPIIBI OyIAHABIPY KOHE TYHIBIPY SIICTEP1 APKBLIBI OOJIIHIIT aTBIHIB.

Phlomis tuberosa L. cabakrapbiHaH anbIHFAaH JWTHUH OwnomoimMmepi Dypbe
TypaeHaipyai wHGpake3eu1 cnektpockonus (FTIR), ckaneprmeyrm 3IeKTPOHIBIK
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Mukpockonust (SEM) oHe TpaHCMHCCHSUIBIK 31€KTPOHABIK Mukpockornus (TEM)
onmictepiMeH kaH-kakThl cumartangsl. FTIR  cmektpnepi  rumpokcun (O-H),
kapoonmn (C=0) xone amudartbik (C—H) CHSKTHI JTHTHUHTE TOH (DYHKIIMOHAIJIBIK
TONTAPILIH O0ap €KeHIH pacTaabl. MUKpPOCKOIISUIBIK Taimay OemeKTepain OipKenki
MOP(DOIIOTHSACKHIH KOHE arperanys ICHTeHiHIH TOMEH eKeHiH KopceTTi. by HoTmkenep
MaTepraIbiH KOJaiibl PrU3MKa-XUMHAJIBIK KACUETTEPIe He EKCHIH KOHE HAaHOOJIIIEM/1
Marepuangapaa KojaaaHy oJIeyeTiH Adiemnaeii.

3eprrey Hotmxkenepi Phlomis tuberosa L. OGromaccachiHBIH JIMTHUHHIH OOJaIIaFkl
30p opi OYpBIH JKETKUTIKTI 3epTTEIMEreH K31 eKeHIH KopceTTi. KyphUIBIMIBIK
epeKIeNiKTepiHe OalIaHBICTBl OOJIIHIN aJBIHFAH JIMTHUH HAHO-THIPOTENBIE,
OMOBLABIPANTEIH KOMIO3UTTEP, CEHCOPJBIK Marepuanjgap >KOHE I9PIUIiK 3arTapisl
KETKI3y JKyHenepl CHSKTBHI 3aMaHayd OMO-Heri3ai (QyHKIMOHAIIBIK MaTepuasgapbl
OHJIIpY/le TYPaKThI IIUKI3aT PETiHAE KOAAAHBUTYbl MYMKIiH.
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AHHOTanuUs. ParoHaNbHOE HCIONB30BaHKUE JIMTHOICIUTIONO3HOW OMOMAcChl siB-
JISICTCS OJHUM W3 TMEPCICKTHBHBIX HAMPABICHUI Pa3BUTHS TEXHOJIOTHU MOJTYYCHUS
BO300OHOBIIIEMBIX M JKOJIOTHUECKH OE30MACHBIX MaTepHaaoB. JIUTHUH, SBISIOIIUACS
OJIHAM 3 OCHOBHBIX KOMIIOHEHTOB PaCTHUTEIBHOM OMOMACCH M HanbOJIee pacmpocTpa-
HEHHBIM TIPUPOAHBIM apOMAaTHYECKUM MOJIMMEPOM, PACCMAaTPUBACTCS KaK IIEHHOE ChI-
PbE TS MPOU3BOICTBA OMOMATEPUAIIOB PA3IMYHOTO Ha3HAYCHHUs. BMecTe ¢ TeM moTeH-
[[{aJl MHOTHX BH/OB PACTCHHI B KaueCTBE MCTOYHHKOB JIMTHWHA OCTAETCS HEIOCTa-
TOYHO M3YYEHHBIM. B HacTOSIIEM HCCIICTOBAHUY BIICPBBIC OCYIIECTBICHO BBIICICHHE
JIUTHUHA U3 ctebnelt Phlomis tuberosa L. meTonoM kuciotHoi 00padoTku. B kauecTBe
9KCTpPAreHTa HMCIOIb30BAIN KOHIIEHTPUPOBAHHYIO MYPAaBBUHYIO KHCIIOTY, 00pabOTKy
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npoBoauin npu Temmneparype 80 °C B tedeHue Tpéx vacoB. Ilocne 3aBepuieHus ru-
JPOJIM3a JIUTHUH BBIIEISIN U3 KUIKOH (HPaKIUK METOIOM POTALIMOHHOTO MCIIapeHHs
¢ mocienyomuM ocaxaeHueM. CTpyKTypHble U MOP(OIOrHuecKrue XapaKTepUCTUKU
MOJTYYEeHHOTO JINTHUHA UCCIIeIOBaHbl C HCIOJIh30BaHHEM MH(PPAKPACHOW CIIEKTPOCKO-
mun ¢ npeodpasoBanneM Pypoe (FTIR), ckanupyromeld 3MeKTPOHHON MUKPOCKOIHH
(SEM) u npocBeunBarorieid anekrporHoit mukpockornnu (TEM). Pesynsrarer FTIR-a-
HaJIM3a NOATBEPAMIN HAIWYME XapaKTEPHBIX U JUTHUHA (YHKIHOHAIBHBIX IPYII,
BKIto4ast rupokcuibabie (O—H), kapoonunbhbie (C=0) u anudparnyeckue (C—H) cBs-
3u. MUKPOCKOIIMYECKHUE UCCIE0BAaHHS TTOKA3aJIN OTHOPOIHYIO MOP(OIOTHIO YaCTHIL 1
HU3KYIO CTENEHb UX arperamnuu, 4YTo CBUAETENILCTBYET O OJIArONpHUATHBIX (PU3UKO-XU-
MHYECKUX CBOWCTBAaX BBIAEICHHOrO OuomnonaumMepa. IlomyueHHble pe3yabTraTbl J1€MOH-
CTpUPYIOT, 4T0 Ouomacca Phlomis tuberosa L. nipeactariiseT coOOW MepPCIeKTUBHBIHN
U paHee He MCCIIeI0BaHHbIH HCTOYHHK JTUTHUHA. briarogapsi CBOUM CTPYKTYPHBIM 0CO-
OCHHOCTSIM BbIJICJICHHBII JIUTHUH MOKET OBITh MCIIOJIb30BaH B KAUECTBE IKOJIOTHUECKU
0€30I1aCHOTO CBIPbs AJsl IOJIyYEHHs COBPEMEHHBIX (DYHKLIMOHAJIBHBIX MAaTepHaloB,
BKJIIOYasi HAHOTHIPOTeNH, OropasiaraéMble KOMITIO3UTHI U CUCTEMBI aIpeCHOI 10CTaB-
KH JIGKAPCTBEHHBIX CPEICTB.

KiroueBble ciaoBa: Phlomis tuberosa L., TArHOLETION03Hass OMoMacca, JTUTCHUH,
KuciIoTHas oopadoTka, FTIR, Onomarepuansl, bnopazmaraeMble KOMITO3UTEL.

Kipicne. Phlomis tuberosa L. eciMairiHiH cabaKTapbl CUSAKTHI JTUTHOIIEIUTOIO03aIIBIK
OuomMaccanap IKaHAPTHUIATHIH TAaOWFU pECypcTap peTiHAE TYPAKTBUIBIFBI MEH
SKOHOMHUKAJIBIK THIMAUTITIHE OaiIaHBICTHI FEUTBIMHU 3€PTTEYICPIIH MaHBI3IbI HHICAHBI
Oonbin TaObLIaMbl. byl OnomaccaiapiblH HEri3ri OMOIMOJUMEPIIK KOMIIOHEHTTEPI
— IEJUII0JI03a, TEMUIICIUIIONIO3a JKOHE JIMTHUH — (DYyHKIHMOHANJBIK MaTepuaiiap,
a7ICOpOSHTTEp JKOHE KOMIIO3HMTTIK OHIMAEp OHIIpY YIIiH KYHIBI IIUKi3aT pEeTiHIe
Kapacteipeutansl (Sheridan et al., 2024; Bouhfid et al., 2025; Kai et al., 2016). JIuraua
— MOHOJIMTHOJIIAP/IbIH, PATUKANJIBIK KOCHUTYbl HOTHIKECIHIE TY3UICTIH YII OJIeMi
(enmponanon Tl mosimMep. OHBIH apOMATTHIK KYPBUIBIMBI MEH (DYHKITHOHAIJIBIK
TONTApbl XUMHUSUIBIK PEAKIMSIBIK KaOUIETIH apTTHIPBIN, MaTepHalTaHy cajachlHIa
epeKITe KeI3BIFYIIBUTBIK TyapIpaansl (Gosselink et al., 2012; Dai et al., 2019).

JIMrHoIes/UTI003aIbIK OnoMacca KOMIPTEKTIH Oali ke31 0okl TaObUIAJbl JKOHE
OpMaH KOHE ay bl APy aITbLIBIFBI KAJIBIKTAPBI CUSKTHI )KETKUTIKTI TaliJaTaH bLITMAN THIH
pecypcTapapl THIMII KOJJIaHy apKbUIbl OWOIHEPTHs, OMOXMMHUSIBIK OHIMIEP KOHE
OmoMarepuangap eHIipyre MyMKiHIIK Oepermi. Ka3zipri yakpITTa OHIIPICTIK JTUTHHH
HEri3iHeH arall OHJCY OHEPKACIOIHeH albIHAbl, COHJABIKTAH OajamMalibl IIUKi3aT
KO3JIepiH 3epTTey MaHbI3Ibl. Ka3aKCTaHHBIH OpPTANbIK aliMaKTapblHIA ©CETiH
KOIDKBULIBIK MIONTECiH ociMIik Phlomis tuberosa L. ocbiHIal epcreKTHBAIBI Oaama
ke3nepaiH Oipi 6oma amansl. Phlomis Tywickl (Lamiaceae TykpiMmackl) Eypoma men
Azusiia KeH TapalifaH Ky3[eH actaMm Typai kKamtuael (Amor et al., 2019). Phlomis
tuberosa L. noctypni MeaunnHaaa keHiHeH Koinanbuiaael (Vitaliy et al., 2018; Alipieva
etal., 2000; Olennikov et al., 2010). Anaiia OHbIH cabaKTapbIHAH aTBIHATHIH TUTHUHHIH
KYPBUIBIMJIBIK KoHE (DU3HMKa-XUMHUSIIBIK KACUETTEPI AJIi TOJIBIK 3€PTTEIMETCH.

AnaeiHFEI 3epTTeynepae Phlomis tuberosa L. eciMaiTiHIH TYAEpI, XKep YCTI OOITIK-
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Tepi JKOHE TaMbIpPIIapbIHAH aJIbIHFAH 3KCTPAKTTap MEH 3(PUp MaIapblHbIH aHTHOK-
CUJIAHTTBIK, AHTHIUAOCTTIK, aHTUXOJUHACTEPA3AIbIK JKOHE 0acka ja OMOIOTHSUIBIK
OesceHauTiKTepi, COHIali-aK ONapblH XUMHUSUIBIK KypaMbl MEH BUTAaMHHIIK Kypambl
3eprrenreH (Azhikhanova et al., 2025). Heri3ri KOMIIOHEHTTEp pPETIHAE XJIOPOTCH
KBITIIKBITHI MEH (hepylT KBIIKBUIB aHbIKTanFaH, al B3, C xone E Buramunaepi 6ackim
exeHi kepcerinreH. ConbIMeH Karap, Phlomis tuberosa L. cabakrapblHaH aJbIHFaH I1eJI-
JII0JI03a HETi31HAer1 KOMIO3UTTIK MeMOpaHaIap/AbIH KOFapbl aJcOpOIMSIBIK KaOineTi,
TYPaKTBUIBIFbI )KOHE KalTa KOJIJaHy MYMKiHAIr 3eprTenred ConbiMeH Kartap, Phlomis
tuberosa L. cabakTapblHaH aJbIHFaH EJUTI0I03a HET131HIeTT KOMIIO3UTTIK MeMOpaHa-
JIapIbIH afacopOMISUTEIK KacueTTepi 3eprrenrer (Azhikhanova et al., 2026). byin HoTH-
JKelep OCIMIIKTIH JIMTHOIEIUTION03aJIbIK KOMIIOHEHTTEPIHIH (YHKIIMOHAIIBIK MaTepH-
anjap eHAIpyIeri aJeyeTiH KepceTei, anaiiaa JMrHuH (pakuusachl oJli 3epTTEeIMEreH
KYHIH/Ie KaJIbIIT OTHIP.

Ocpbiran OailiaHbICTBI, aTayiFaH 3eprreyne Phlomis tuberosa L. GuomaccachiHaH
JIMTHUH/I KBIIIKBUIIBIK OHACY apKbLIbl O6JIIl ajly »OHE OHBIH KYPbUIBIMJIBIK
CUTIaTTaMaJIapBIH 3ePTTEy Makcar eTurmi. JInrHuHm Oemin amy mponecinae KYMBIPCKa
KBITIIKBLTB KOJAAHBUIBI, anbiHFad Matepuaid SEM, TEM xone FTIR onicTepi apKpLis!
CUNaTTaNIbl. 3epTTEeYAiH HETi3ri Makcarbl — OuoMaccallaH JIMTHUHJI OeJil amyablH
OMO-HETI3/i kOHE TOMEH IIBIFBIH/IBI TEXHOJOTHSIIBIK TOCUTIH 93ipJey *KOHE allbIHFaH
JIMTHUHHIH MaTepUaJIbIK dJICyeTiH Oaraay.

Marepuaagap MeH 3eprrey aaicrepi. OcimMaik marepuansl — Phlomis tuberosa
L. ecimmiri mayceiM aiipiHma Taynael OpTay aiMarblHaH (KambIpakTapsl, TYIIepi,
cabaKTaphl )KOHE TaMBIpIaphl) KUHAIIGL. JKWHAIFaH MaTepHaigap jkeke Oelikrepre
(>xep ycTi OedtikTepi KoHe TambIpiap) 0eiHim, Ta3apThULIbl. OCIMIIKTEpAiH Tycl MEH
XUMHSUTBIK KYpPaMblH CaKTay MaKCaTbhIHIA MaTepuaijgap 0ejMe TeMmIleparypachiHIa
KOJICHKEN Kepje, TIKelIel KYH COyJICCIHCH KOpFaliFaH JKarjaija yin amnta Ooubl
ayana kentipiunmi. Yinri nyckamapsl MUP1024 Tipkey Hemipimen Myria ChITKBI
Kouman yausepcurerinig (Myrna, Typkust) Xumust kKadeapachbIHbIH repOapuii KopbiHa
tancelpbuIel (Azhikhanova et al., 2025; Flora of Kazakhstan, 1964).

Phlomis tuberosa L. cabarbl OMomMaccachlH KBIIIKBIIMEH OHICY. Ayana KeNTipiiareH
Phlomis tuberosa L. cabarpabiy 10 T yarici 80% KyMBIpcKa KbIIIKbUIBIHBIH 100 Mt

T"emuremtonosa
Jlurnun

Hennronosa

KpInkeuiven enziey D!

80°C. 3¢ R

Cyper 1. Phlomis tuberosa L. GmomaccachlH IEJUTI0N03a, TEMHULIEIUTION03a JKOHE JIUTHUH
(hpakuusapbHa 66y ChI30aHYCKACHL.
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epiTiHAiCiMEH anablH ana eHaenai. Kocma JIMTHOLETIONO3alblK  KYPBUIBIMIBI
BIIBIPATYIBI )KeH1AeTy MakcaTbinaa 80°C remneparypaa TepMOCTaTIIeH OaKblIaHATBIH
Mail MOHIIAChIHA YIII carar 00ibl 120 aifH/MUH KbUTIAMIBIKIIEH Y3A1KCi3 apajacTeipa
OTBIPBIT KbI3ABIPBIIIBL.

Peaknust asikTanraHHaH KeWiH CyclEH3Usl KATThl KOHE CYHBIK (azamapiasl Oemy
yuiin cysingi. Hotmkecinae KyMbIpcKa KbIIIKBIUIBIHAA epUTiH Qpaknus (spent liquor)
KOHE ILeJUTtoo3ara 0all KaTThl KalAbIK allbIHABL. KarTbl KangblKTarbl LIEJUTI0N03a
MaTpHLachlHa 9Jci3 OallaHBICKAH JUTHUH HEMECE TIeMHUIEIUTIoN03a KaHTTapbIHbIH
KaJJIBIKTApBhIH K0I0 MakcaThiHna oi 80% >kaHa KYMBIPCKA KbIKBUIBIHBIH 100 M
epITIHAICIMEH KYBUIIBL.

KyMmbIpcka KpIIKBUIBIH KaliTa maliaanany MyMKIHIITiH KaMTaMachl3 €Ty YIIiH spent
liquor 60 °C Ttemmeparypaga poTOpiibl OyJaHIBIPFBIIITA KOHUEHTPICHII, MIaMaMeH
100 Myt KanmblHA KeNATIpUIreH KYMBIPCKA KBIMIKBUIBI ajblHIbl. KypambiHOa epirexn
KOMIIOHEHTTep Oap KajFaH cyibl Gaza 50 Ml AenOoHAaNFaH CyMEH CYHBUITBUIBIN, KeHiH
5000 aitn/mMun sxpuAamabikTa 10 mMuHYT OoOMBI HeHTpudyramangsl. Hotmxkecinae
JTUrHUHTE 0ail TyHOa TY311/1, 071 KeWiH >KYBUIBII, KeNTIPri mKkadTa KenTipiimi.

Epiren remuuenmono3a Oap YCTiHI cyiblk (asza epuTiH ¢pakuusi peTiHge
Oenrinenai. bapnelk ToxipuOenep anIbIHFBI 3epTTEYiIMi3Jeriiel ym KalTanayMeH
xyprizinai (Azhikhanova et al., 2025).

3epmmey adicmepi. Phlomis tuberosa L. eciMiTiHIH cabaKTapbIHaH OOJIiHIII aJIbIHFAH
JUTHUHHIH OeTKI MOPQOJIOTHACHIH 3epTTey YIIiH yIeTkim kepaeyi 5—20 kV Gonarsin
CKaHepJeyIlli MEeKTPOHIbIK MuKkpockorus (SEM) (Zeiss Crossbeam 540, ['epmanusi)
KOJIIaHbUIABL. beTki MOp(OIOTrHsIHBI XKaH-)KaKThl Tajiay MaKCaThIHIA OPTYPIIl YIKEHTY
JeHreiepinne cyperrep tycipingi. SEM tannmaysl YLIiH yITiiep eKiXKaKThl )KaObICKAK,
Tacra KeMeriMeH KoMipTeKTi HeTi3i 0ap MeTaut TyFbipra Oekitingai. Keitin yiari 6errepi
aBromarTel Quorum Q150T ES To3anaaTKpI KYpbUIFBICH apKbLIbl KanbIHABIEFE! 10.0
HM alThIH Ka0aTbIMEH KarlTaJlbl.

JIurHuH OSKcTpakTiciHzeri (YHKUMOHAIIBIK TONTApAbl aHbIKTay YIIiH Dypbe
Typaennipyai uHdpakp3pul cnekrpockonust (FTIR) omici xonnmansuigsl. Crextpiep
ATR nndpakp3su1 Mmoayaimen sxadasikranran Cary 600 Series FTIR cniexktpodoTtomerpi
(Agilent Technologies) kemerimen 500—4000 cm ™! nnamazonbiHga Tipkenani. CnekTpiik
@KBIPaTBIMIBUIBIK 4 cM ™', al cKaHepiiey >KbUaaMabFel 1 cM' ¢! Gonasl. bapibik
HOTHIKEJIep YII YATiHIH opTallia MoHI + CTaHJApTThI aybITKY TYpiHIE Oepinmi.

Hotm:kesnep meH Ttankbuiay. 3-cyperre Phlomis tuberosa L. ecimuiriHig
cabakrapbiHad Oeminin anbiarad jurHuHHIH FTIR, SEM sxone TEM tannaynapst
apKbUIBI allbIHFaH (PU3HKa-XUMUSJIBIK CHIIATTaMallapbIHBIH HOTHIKENIEPI KOPCETIIreH.
2a-CypeTTe JMTHHHHIH KYPBUIBIMIBIK TYTACTBIFBIH alKBIH KOPCETETIH KOFaphl
axpIpareiMIbl SEM OeiiHeci YChIHBUIFaH, OHAA SIFHU aliKbIH
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Cypert 2. Phlomis tuberosa L. cabarpiHan OeiiHiIl aJbIHFaH JUTHUHHIH cunarTamacs!: (a) SEM Geiineci
(macmrab ceibIFsl: 1 um), (b) TEM Geitneci.

nedopmarus Hemece parMeHTanus OaiKaiMan 1. JIMrHuH OipHeIe MUKPOMETPITIK
eJemeri Mukpocdepanap TypiHaeri mminai MopgoiorusHsl kepceTTi. KarTeuibik
HeMece y3uty OaiikaiiFaH oK. Mukpocdepanapabiy OeTiH/e KoOiHe KaObIpIaK Topi3/i
KypbutbiMaap Tapairas (Dai et al., 2021). Mukpocdepanap Topi3ai apXUTEKTypaHbIH
CakKTajybl )oHe OSTKI 1pi aKayapAbIH 00JIMAaybl IMTHUHHIH THIMTi OOJIiHII aJIbIHFaHbIH
YKOHE OHBIH TaOHMFH KaKbIH KYPBUIBIMBIH CaKTaFraHbIH JONEeIACH .

JIMrHUHHIH HAaHOKYPBUIBIMJIBIK MOPQOJIOTHACHIH Oaraniay YIIiH TPaHCMHCCHSIIBIK
AeKTpoHIbIK MUKpockornus (TEM) tannaysl komnaubuisl. Jlurauaain TEM Oelineci
2b-cyperre kepceriuireH. TEM HoTwxkesepi JUTHUH O6JINEKTEPiHIH MIlIiHI MEH
MeJIIIepi YITi TypiHe OaiiaHbICThI e3repeTiHiH KkopceTTi. CdepanblK JIUTHUH YIriiepi
Oipkernki TapaiFaH, AeHreleK OejeKTep TYpiHAe Kepinai. bemmexrepain memmepi
HAHOMETPJIIK JuanazoHga OOJbIN, oJapAblH MOPQOIOTHSICH CabICTHIPMAalbl TYpPAC
Oipkenki 6osel (Dai et al., 2021; Spiridon & Tanase, 2018).

TEM HoTmxesepi JIMCHUHHIH MOPQOIOTHIIBIK CHIATTaMallapbl KOJJaHbUIFaH
Oeny oficiHe TikeJdeld TOyelai EKeHIH KOpCeTTi. AJIBIHFAH JIepeKTep JUTHUHII
(YHKIMOHAIABIK MaTepuaniap, aacopOeHTTep HeMece KOMIO3HUTTIK TONTBIPFBIIITAD
peTiHze KONAaHy QJIEYeTiH FhUIBIMU TYPFbIA HEri31ei .

Oypoe Tpancopmanusicel nHPpakp3pl (FTIR) nuraun yiricinig crnekrpiepi,
oTKi3rimTiK pexumae 500-3500 cm™ TonKeIH HOMIpIepi apaibiFbiHaa exmenai. FTIR
onici Phlomis tuberosa L. cabarblHaH allbIHFaH JUTHUHHIH (QYHKIIMOHAIJIBIK TOITAP/IbI
aHbpIKTay YIIiH Konganbuiabl (3-cyper). FTIR crekTpi nurHuHre ToH (YHKIMOHAIIBIK
TONTApPABIH CaKTaJIFaHbIH pacTaiiabl. CIIEKTp JUTHUHHIH CUIATTHI CIHIPY KOJIAKTapbiH
kepcereni, mamamed 3300 cM! aliMarbIHAAFbl KeH KyThUTy >xojarbl O-H cosbuty
TepOericTepiHe CoiiKec Keledl >KOHE JIMTHUH Ti30eriHIeri THIPOKCHI TONTaphbl
apachbIHAAFbl KeH ayKbIMJIbI CYTEKTIK OaiiiaHbIcTapbIH 0ap eKeHiH KopceTei.

Anudartsl xoHe apomarthl TonTtapaarkl C-H cos3suty TepOenictepi 2900-3000
cM ! MaHbIHJIA, apoMaTThl ckelneTTik TepoernicTep (C=C) mamamen 1600 xone 1500
cMm '-1e, conmaii-ak 3¢up xoHe denonasik Tonrapaan C-O/C-O-C cosputybr 1200—
1000 cm™! apanbiFpIHaA.
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Cyper 3. Phlomis tuberosa L. cabarbiHan Oemninin ansiarad aurauHHIH FTIR cniekrpi.

AHBIKTQJIFAH CHEKTPAJJIBIK OCJrijiep JMTHUHHIH TOJHU(EHONIBIK KYpPbUIbIMBbIHA
TOH HETI3r (PYHKIHOHAJIBIK TONTAP/IbIH CAKTaJIFaHbIH PACTabl. AJIBIHFAH HOTHXKEIICP
JIMTHUHHIH KYPBUIBIMJIBIK TYTACTBhIFbI OY3bLIMaraHbIH KepceTesi, Oys oaeduerteri
FTIR cnekrpnepimen coaiikec keneni (Zhang et al., 2021). Byn 3eprrenren TUrHUHHIA
(pU3UKa-XMMHUSIIBIK KACUETTEP1 CaKTaIFaHbIH KOHE OHbI OPTYPJIi KOJIJIaHY callajiapbiH/a
TUIMJII NaliiailaHyFa MYMKIH/IK OepEeTiHIH KopceTei.

KopbIThbiHABI. TypakThl oHE XaHAPTHUIATBIH OMOMAaTepUasiapFa CYPaHbBICTBIH
apTybl JA9CTYPII arall HeTi3iHJeri Ke3laep/eH 0acka OanmaMaiibl JTUTHOLEIUITIOI03aIIbIK
pecypcTapibl aHBIKTAY/IbIH MaHBI3AbUIBIFBIH KepceTeni. OChbl KOHTEKCTE, aTaliFaH
3eprrey Phlomis tuberosa L. eCIMIITiHIH JUTHHH KO31 PETIHAE dJI€yeTiH KapacThIPIbL.
3eprTey OCHl AQPUTIK OCIMIIKTIH cabakTapblHaH JHMTCHHHAI alFall PeT KyMbBIPCKa
KBIIIKBIIBIMEH OHJICY 9JIICI apKbUIbl COTTI OOJIHIN albIHIbL. Bysl Tocinm arpeccuBTi
XUMHKATTapFa TOYCJIUIIKTI a3aiiTa OTBIPBII, ajblHFAH OMOMOIMMEPIiH THIMIUTITIH
JKOHE KYPBUIBIMJIBIK TYTACTBIFBIH CAKTall, Ka3ipri SKOJIOTHUSJIBIK MACeNeep/l melyre
MYMKIHJIK Oepei.

Hortmwxkenep Quzvka-XUMHSUIBIK CUIIATTAY YCHIHBUIFAH OICTEMEHIH JYPBICTHIFBIH
pactanbl. FTIR tanmgayel jaurHuHre ToH (YHKIIMOHAJBIK TONTAPABIH CaKTaJFaHbIH
JIQJICIIJICT], OHBIH MOJUMEPITi (DeHOJIBIK KYPBUIBIMBIHBIH CaKTaFaHblH KepceTrTi. SEM
xone TEM 3eprreynepi Thimai OediHYIl KepceTin, aHbIKTaaraH Mopdoorusicel 6ap
JKOHE arperanuschl a3 OeNIIeKTep albIHFaHBIH Janeneni. byn Hotmxkenep OeiniHy
OMICIHIH CEHIMIUIIrIH pacTainbl xoHe Phlomis tuberosa L. aramiTaH ThIC JTUTHUHHIH
MIEPCIIEKTUBAJIbI KO31 00JI1a aJIaThIHbI XKOHIHJIET] 0ACTAIIKbI TUIIOTE3aHbI KOJI A IbI.

3epTTey FBUIBIMHU OLITIMIE YJIeC KOCHII, 6CIMIIKTIH (PUTOXUMUSIIBIK CHITATTaMaChIH
KEHEWTTI JKOHE OHBIH JIMTHWH KypaMblHA aliFaliKbl >KaH-KaKThl Ke3Kapac Oepi.
Byn 3eprrey TypakThl JIMTHOICIUIFOJIIO3ANBIK IMHKI3aT CIEKTPIH KEHEHTENl JKoHE
OroMaccaHbl KYHIIBI OHIMJEpre aHaABIpyJla KAachbUl XUMHS TOCUIIEPIHIH POIiH
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kyweiiteni. CoHbIMEH KaTap, ajblHFaH JIMTHUHHIH KYPBUIBIMABIK KaCHETTEpi OHBI
HaHOTUIPOTEIIBICPAl TAMBITY, TOPLIEP/Ii KETKI3y Kykelnepi xoHe 0acka Ja 3aMaHayu
OnomMarepuai TEXHOJOTHsATIapbiHAa KOJAaHyFa MyMKiHik Oepeni. XKanmbl anranaa, Oy
3epTTey MarepuanTaHy *KoHe OMOMeIUIHA CalachiHa (DY HKLIIMOHAIIBIK MOTU(HKALIUS,
ipi KeJeMIl eHJeYy XOHE WHTEPIUCLUUIUIMHAPIIBIK KOJIaHy OaFbIThIHAAFBI Oonalak
3epTTeyJaepre Kol alrybl MyMKiH.

References

Alipieva K.I., Jensen S.R., Franzyk H., Handjieva N.V., Evstatieva L.N. (2000) Iridoid glucosides from
Phlomis tuberosa L. and Phlomis herba-ventis L. Zeitschrift fiir Naturforschung C. — Vol. 55(3-4). — P. 137-
140. https://doi.org/10.1515/znc-2000-3-402 (in Eng.).

Amor [.L.B., Boubaker J., Sgaier M.B., Skandrani I., Bhouri W., Neffati A., Kilani S., Bouhlel I.,
Ghedira K., Chekir-Ghedira L. (2019) Phytochemistry and biological activities of Phlomis species. Journal
of Ethnopharmacology. — No.125. — P. 183-202. https://doi.org/10.1016/j.jep.2009.06.022 (in Eng.).

Azhikhanova Zh., et al. (2025) Phytochemical profiling and various biological activities of Phlomis
tuberosa L. Scientific Reports. — No. 15. — P. 7293. https://doi.org/10.1038/s41598-024-80456-5 (in Eng.).

Azhikhanova Zh., Megbenu H.K., Zhengis A., Baisalova G., Shaimardan M., Aldongarov A., Karibayev
M., Ali M.O., Nuraje N. (2026) Bio based cellulose membrane from Phlomis tuberosa L. for methylene
blue dye removal from wastewater and molecular interaction mechanisms. Scientific Reports. https://doi.
org/10.1038/s41598-025-31751-2 (in Eng.).

Bouhfid R., Qaiss A.E.K., Raji M. (2025) Morphological properties of lignin. In: Handbook of Lignin.
—P. 395-429. https://doi.org/10.1007/978-981-96-7633-0_17 (in Eng.).

Dai J., Patti A., Saito K. (2019) Recent developments in chemical degradation of lignin: catalytic
oxidation and ionic liquids. Tetrahedron Letters. — No.57. — P. 4945-4951. https://doi.org/10.1016/j.
tetlet.2016.09.084 (in Eng.).

Dai K., Zhao G., Wang Z., Peng X., Wu J., Yang P., Li M., Tang C., Zhuang W., Ying H. (2021) Novel
mesoporous lignin calcium for efficiently scavenging cationic dyes from dye effluent. ACS Omega. — No.
6. — P. 816-826. https://doi.org/10.1021/acsomega.0c05401 (in Eng.).

Flora of Kazakhstan (1964) Almaty: Publishing House of the Academy of Sciences of the Kazakh SSR.
—Vol. 7. - P. 396. (in Eng.).

Gosselink R.J.A., Teunissen W., Van Dam J.E.G., De Jong E., Gellerstedt G., Scott E.L., Sanders J.P.M.
(2012) Lignin depolymerisation in supercritical carbon dioxide/acetone/water fluid for the production of
aromatic chemicals. Bioresource Technology. — No.106. — P. 173-177. (in Eng.).

Kai D., Tan M.J., Chee P.L., Chua Y.K., Yap Y.L., Loh X.J. (2016) Towards lignin based functional
materials in a sustainable world. Green Chemistry. — No.18. — P. 1175-1200. (in Eng.).

Olennikov D.N., Dudareva L.V., Tankhaeva L.M. (2010) Chemical composition of essential oils from
Galeopsis bifida and Phlomoides tuberosa. Chemistry of Natural Compounds. — No. 46. — P. 316-318. (in
Eng.).

Sheridan E., et al. (2024) A systematic study on the processes of lignin extraction and nanodispersion
to control properties and functionality. Green Chemistry. — No. 26. — P. 2967-2984. https://doi.org/10.1039/
d3gc04299¢ (in Eng.).

Spiridon I., Tanase C.A. (2018) Design, characterization and preliminary biological evaluation of new
lignin chitosan biocomposites. International Journal of Biological Macromolecules. — No. 114. — P. 855-
863. https://doi.org/10.1016/j.ijbiomac.2018.03.140 (in Eng.).

Vitaliy K., Tamara S., Mariya S., Svetlana K., Nadezhda C., Bolat M. (2018) Chemical composition
of essential oil from aerial parts of Phlomis tuberosa L. growing wild in Northern Kazakhstan. Journal of
Essential Oil Bearing Plants. — Vol. 21(2). — P.. 462-475. https://doi.org/10.1080/0972060X.2018.1441076
(in Eng.).

Zhang Y., Wang H., Sun X., Wang Y., Liu Z. (2021) Separation and characterization of biomass
components (cellulose, hemicellulose, and lignin) from corn stalk. BioResources. — No. 16(4). — P. 7205-
7219. https://doi.org/10.15376/biores.16.4.7205-7219 (in Eng.).

337




ISSN 2224-5227 2.2026

ACADEMIC JOURNAL

OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2224-5227

Volume 2.

Number 358 (2026), 338-352

https://doi.org/10.32014/2026.2518-1483.456

UDC: 661.183.2:661.666.3:620.92
IRSTI: 55.09.35

©VYesimsiitova Z.B.'?", Seisenova A.!, Oryngaliyeva S.Zh.!3, Sanuar A.!,
Manap K.R.!3, 2026.

'Scientific Center for New Technologies, Almaty, Kazakhstan;
2Al-Farabi Kazakh National University, Almaty, Kazakhstan;
3AlAkSan, Almaty, Kazakhstan.

E-mail: amanatglobalhalima@gmail.com

OBTAINING CARBONIZED MATERIALS FROM RICE HUSK USING A
MOBILE PYROLYSIS PLANT FOR ENERGY APPLICATIONS

Yesimsiitova Zura — Candidate of Biological Sciences, Professor, Al-Farabi Kazakh National University,
Almaty, Kazakhstan,

E-mail: zural 958 @bk.ru, https://orcid.org/0000-0002-4735-2033;

Seisenova Aknur — PhD, Scientific Center for New Technologies; AlAkSan, Almaty, Kazakhstan,
E-mail: z_aknura@mail.ru, https://orcid.org/0000-0002-8981-307X;

Oryngaliyeva Sandugash — Master’s student, Research Fellow, LLP “Scientific Center for New
Technologies”; AlAkSan, Almaty, Kazakhstan,

E-mail: Amanatglobalsert@gmail.com, https://orcid.org/0009-0005-2169-3074;

Sanuar Ayazhan — Master’s student, LLP “Scientific Center for New Technologies”; AlAkSan, Almaty,
Kazakhstan,

E-mail: aiazhan.sanuar.03@bk.ru, https://orcid.org/0009-0001-8224-6500;

Manap Kalima — Master's degree, LLP “Scientific Center for New Technologies”; AlAkSan, Almaty,
Kazakhstan,

E-mail: amanatglobalhalima@gmail.com, https://orcid.org/0000-0002-8397-8375.

Abstract. This study investigates the conversion of agricultural biomass waste,
specifically rice husk of the “Lider” variety grown in the Kyzylorda region of the
Republic of Kazakhstan, into carbonized materials for energy storage applications. The
relevance of the research is associated with the need for efficient utilization of plant-
derived waste and the development of functional carbon materials for electrochemical
devices. Rice husk was used as the raw material and was subjected to preliminary
cleaning, drying, and grinding to obtain a homogeneous fraction. Carbonization was
carried out by pyrolysis at temperatures ranging from 350 to 800 °C. The experiments
were performed using a mobile pyrolysis unit of proprietary design, enabling biomass
processing directly at the site of waste generation.

The influence of the unit design and carbonization conditions on the formation
of the final product was evaluated. The obtained materials were characterized by
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scanning electron microscopy (SEM), nitrogen adsorption-desorption analysis (BET),
and energy-dispersive X-ray spectroscopy (EDS). The results demonstrated that the
carbonized material possesses a well-developed hierarchical porous structure consisting
of micro- and mesopores. The specific surface area reached 146.94 m?/g, the total pore
volume was 0.1051 cm®/g, and the average pore diameter was 2.86 nm. Elemental
analysis revealed a carbon content of 68.36 wt.%, indicating efficient carbonization.
The presence of silicon is attributed to the natural composition of rice husk and provides
opportunities for the development of silicon-carbon composite materials.

The findings demonstrate that the proposed technological approach enables both
efficient biomass waste utilization and the production of promising carbon materials
for lithium-ion and sodium-ion batteries, supercapacitors, and other electrochemical
energy storage systems.

Keywords: rice husk, biomass waste, carbonization, pyrolysis, carbon materials,
mobile pyrolysis unit, energy storage systems
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AHHOTAanusl. Byn JKkyMbicTa aybul IHApyamibUIBIFbl  OMOKAJJIBIKTapbIH, AaTarl
aiitkanga Kazakcran PecnyOnukaceiaplH —Kpi3bpmopna oONBICEIHAA — ©CIpileTiH
«Jlumep» COPTBHIHBIH KYpIll KaybI3blH KaWTa OHJACY apKbUIbl JHEPTHs KHUHAKTAY
KYHeNepiHe apHaliFaH KOMIpPTEKTI MaTepuaiiapibl ajdy Mocenenepi KapacThIphUIFaH.
3epTTeyiH ©3€KTUIr OCIMAIK TeKTI KaNABIKTapAbl THIMII KOJEre »XapaTy >KoHe
JNEKTPOXUMUSUIBIK ~ KYPBUIFBUIAD  VINH JKaHa (PYHKIHOHAIIBIK  KOMIPTEKTI
MaTepuaIapabl 93ipiiey KaKeTTUTriMeH OaiaHbICTHl. bacTamkel mmkizar petiHme
KYPIII KaybI3bl TaliJaTaHbUTbIT, OJT aJJIbIH ajla Ta3apThUIBII, KENTIPLTiM KoHEe O1pTeKTI
(pakmusara neiin ycakranael. KapOonmszamus mporeci 350-800 °C temmeparypa
apaNbIFBIHIA TTHUPOIH3 9Mici apKbUTBI KYpriziami. Toxipubenep OMOKaIABIKTAP.IBI
ONIAPIBIH TY31Ty OpPBIHAApPBIHIAA OHJEYTe MYMKIHIIK OepeTiH aBTOPIBIK MOOWIIBIL
MUPOJTU3 KOHJIBIPFBICHIH KOJNJIAaHY apKbLITbI OPBIHAIIBI.

3epTTey OapbIChIHIA KOHJBIPFBIHBIH KOHCTPYKIMSUIBIK —EPEKINETIKTepl JKoHE
oNlapAblH KapOOHW3amus THIMIUIITiHE ocepi OarajmaHABI. AJBIHFAH MaTepHaaap
CKaHepIEYIIi AEeKTPOHILIK MUKpockonusi (COM), a30TThIH TOMEH TeMIleparypajarbl
aacoponus-gecopoumsicel (bOT-tamnay) xoHe SHEPrus-AUCIEPCUSIIBIK PEHTTEHIIIK
criektpockorust  (EDS)  omicrepiMmen  3eprrenmi. Hormwkenep kapOoHmanmraH
MaTepHAaIIbIH MUKPO- )KOHE ME30KEeYEeKTeP IeH TYPAThIH IAMbIFAH HePAPXHUSIIBIK KEYEKTi
KYpBUIBIMFa W€ €KeHIH KopceTTi. MarepruanapiH MeHIIiKTi OeTki aymansl 146,94 m?/t,
keyekrepais xanmsl keemi 0,1051 cm?/r, an opramra keyek nuameTpi 2,86 HM Kypabl.
DJeMeHTTIK Tajjay HOTHKeIepi OOHbIHIIA KeMipTeK Medmepi 68,36 mac.% KeTkeHi
AHBIKTAIIIBI, OVJT KapOOHU3AIMS MPOIECIHIH THIMII O6TKeHIH KopceTemi. KpeMmHaumitmig
OO0JTyBI KYPIlll KaybI3bIHBIH TAOUFH KYPaMbIMEH OalIaHBICTHI )KOHE KPEMHHI-KOMIPTEK
KOMITO3UTTEPIH alTyFa MYMKIHAIK Oepei.

3epTTey HoTHXKeNePi YChIHBUIFaH TEXHOIOT HSUTBIK TOC I H OMOKAIIBIKTAP B KOIeTe
Kapary MEH JINTHI-WOH[IBI, HATPHU-HOHIBI aKKyMYJISITOpJIAp, CYyNepKOHIeHCATOpIIap
JKoHE 0Oacka 1a JJICKTPOXUMUSIBIK JKYHelep VIIH TEepCIeKTUBAIBI KOMIPTEKTI
MaTepuasiap aryasl 0ip Me3Trijjge KaMTaMachl3 eTeTiHIH KOpPCEeTTi.

Tyiiin ce3mep: Kypimn KaybI3bl, OM0OTXOATAp, KapOOHIATY, MUPOIN3, KOMIPTEKTI
MaTepuaiiap, MOOMIIbI TUPOIIN3 KOHIBIPFBICHL, YHEPT s JKHHAKTAY KYyhemepi
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Annotanusi. B pabore paccmoTpeHa TiepepadOTKa CelbCKOXO3SHCTBEHHBIX
OMOOTXO0ZI0B, B YaCTHOCTH pHUCOBOH mienyxu copra «Jlumep» (Kbe3buiopauHckas
obnacth, PecnyOnmuka Kaszaxcran), ¢ ILelbl0 TONXy4eHUS KapOOHU3WPOBAHHBIX
MarepuaioB IJid NPUMEHCHUA B CUCTEMAX HAKOIUJICHUS OSHCEPIUH. AKTyaHLHOCTL
HcclieloBaHus ~ O0yCIIOBJICHa ~ HEOOXOAWMOCTBIO  pAIlMOHAILHOW  YTHIIM3AIMH
PACTUTENBHBIX OTXOJOB M pPa3paldOTKOH HOBBIX (YHKIHMOHATIBHBIX YIJIEPOIHBIX
MaTepHaoB JUIsl JIEKTPOXUMHYECKUX YCTPOHWCTB. B KauecTBe MCXOIHOTO CHIPHS
HCTIOJIB30BAIM PUCOBYIO LIENYXY, KOTOPYIO MPEIBAPUTEILHO OYHINAIH, BHICYIINBAIH
W U3MeNbHald 10 ONHOPOAHOM  Qpakumu. KapOoHHM3aMIO OCYIIECTBISUIH
METOIOM THpoiu3a B amama3zoHe temmeparyp 350-800 °C ¢ wucmoigb30BaHHEM
MOOWIJIBHOW THPOJIM3HOW YCTAaHOBKM COOCTBEHHOW pa3paOdOTKH, TO3BOJISIOLICH
MPOBOJUTH MepepaboTKy OMOOTXOMOB HEMOCPEACTBEHHO B MECTax MX 00pa3oBaHUS.
UccrenoBanbl KOHCTPYKTHUBHBIE OCOOCHHOCTH pa3pa0OTaHHON YCTAHOBKM H HUX
BiusiHAE Ha 3((EeKTUBHOCTH Iporecca kapOoHuzanuu. [lomydeHHBIE MaTepHalbl
ObUIM OXapaKTEepH30BaHbl METOAAMHU CKAHUPYIOIIEH OJIEKTPOHHOW MHKPOCKOIHH
(COM), HuskoTemImeparypHoi ajacopOiuu-gecopoiuu  azora (BET-ananu3) wu
SHEPrOAMCIIEPCHOHHOTO peHTreHocnekTpaibHoro anamuza (EDS). VYcranosiewo,
YTO KapOOHHM3UPOBAHHBIM Marepuan o0nagaeT pa3BUTOW HMEPapXUUEeCKOW MOPHCTOH
CTPYKTYpOM, BKIIIOYAIONIEH MHKpPO- M ME30IOpPHI. YelbHas OBEPXHOCTh 00pa3IoB
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cocraBuia 146,94 Mm%/, oomuit 066EM mop - 0,1051 cM?/r, a cpenuuii AUamMeTp mop -
2,86 uM. CornacHo JaHHBIM SJIEMEHTHOTO aHallu3a, CoJlepyKaHue yriaepoa JOCTUTalIo
68,36 mac. %, 4YTO CBHIETENBCTBYeT 00 H(PQPEKTHBHOM NPOTEKaHHH INpolecca
KapOOHM3aLMHU. YCTaHOBIIEHO, YTO MPUCYTCTBUE KPEMHHsI 00YCIOBICHO MPUPOIHBIMH
0COOCHHOCTSIMH XHMHUYECKOTO COCTaBa PHUCOBOHM INEIYXHW U CO34AET MPEANOCHUIKA
Ul AajbHEWIIEero TOJyYeHHUs] KpEeMHHU-YITIepOAHbIX KoMIo3uToB. llokazaHo, dTo
MPEJIOKCHHBIH TEXHOJOIMYECKUH TOIXO0J TO3BOJSET OJHOBPEMEHHO pellaTh
3aJa4ll YTHIIM3alUH CEIbCKOXO3IHCTBEHHBIX OTXOAOB M MONYYEHHS MEPCIEKTUBHBIX
YIIEPOIHBIX MaTepUANIOB ISl JTUTHH-MOHHBIX M HATPUH-HOHHBIX aKKyMYJISTOPOB,
CYNEPKOHJECHCATOPOB U IPYTUX AEKTPOXUMHUUECKHUX CUCTEM.

KuroueBbie cioBa: pucoBas mienyxa, OHMOOTXOHABI, KapOOHHU3aLMsl, MHPOJIH3,
yIIepoIHble MaTepuaibl, MOOWIbHAS MUPOJIU3HAS YCTAHOBKA, CHCTEMbl HAKOTUICHHS
SHEeprun

Beenenne. Poct norpeOHOCTH B 3(PEKTUBHBIX CHCTEMAax HAKOIUICHHUS SHEPTHH
CTHMYJIMPYET MOMCK HOBBIX MAaT€PHAJIOB Il aKKyMYJISITOPOB M CYTIEPKOHIEHCATOPOB.
Oco0blil HHTEpEC MPEACTABISIOT YITIEPOJHBIE MaTepPHaIbl, TOTYUYCHHBIE H3 OMOMACCHI,
Onaromapsi MX JOCTYIHOCTH, HU3KOM CTOMMOCTH M Pa3BUTOW MOPHUCTOM CTPYKType
(Askaruly et al., 2025).

B mnocnemHue ToaBl aKTHBHO WCCIENYIOTCS KpeMHHUICOAEpsKallue aHOIHbBIE
MarepHaibl, o0JaJalore BBICOKOH TeopeTudeckoi EMKocThio (mo 4200 MA-4/r).
OnHako UX IPUMEHEHHE OTPAHUYECHO 3HAYUTEIHLHBIMI 00bEMHBIMU U3MEHEHUSIMU TIPU
JUTHPOBAHUH, YTO MPUBOAMT K JETPaJallid CTPYKTYPBl M CHHKEHHIO CPOKa CIIY>KOBI
AKKyMYJISITOPOB.

OnauM U3 S(QQEKTUBHBIX PEUICHUH SBISIETCS HCIONb30BAaHUE YIIEPOAHOM
MaTpHIlbl, KOTOpas O0ecleuyrnBacT MEXaHHYECKyl CTa0MIU3alUio, YaydIaeT
ANIEKTPONPOBOAHOCTh U CHOCOOCTBYeT (HOPMHUPOBAHUIO CTAOMIBHOTO MeEX()a3HOTO
cnost. CoBpeMEHHbIE HCCIEIOBaHMS TIOKA3bIBAIOT, YTO MaTepuanbl Ha OCHOBE
O0noorxomoB (pucoBas menyxa, 0amMOyK, TPOCTHHK) JAEMOHCTPHPYIOT BBICOKYIO
yaenbHyto éMKocTb (800—1500 MA -4/r) 1 cTabMIbHOCTD IpU LUKIMpoBaHuu (Wang et
al., 2021; Jorn-am et al., 2024).

B 10 ke Bpemst BaskHOM 1100anbHON po01eMoii SIBIsieTCs HaKoTuIeHue OMOOTX0/10B,
0COOCHHO CENbCKOXO3SICTBEHHOTO W MHUIIEBOro mpoucxoxaeHus. Ilo onenkam,
€XKErogHo B MHUpPE 00pa3yroTcs COTHH MHJUIMOHOB TOHH PACTHTENBHBIX OCTAaTKOB,
3HAYUTENIbHAS YaCTh KOTOPBIX YTHIU3IUPYETCS MyTEM COKMTaHMS WM CKJIAAMPOBAHUS,
YTO NPUBOJUT K BEIOpOCaM MapHUKOBBIX ra30B, 3arpsA3HEHUIO BO3AyXa U JeTpalaliu
noyB. B Kazaxcrane, 0cOOEHHO B IOKHBIX PETHOHAX, BKIIOUas KBI3bUIOPIMHCKYIO
o0nacTb, 00pa3yroTCs 3HAUNTENbHbIE 00BEMBI PUCOBOM MIETYXH, KOTOpas 4acTo HE
HaXOAWT PAUOHAIBHOTO MPUMEHEHHUS! M CTAaHOBUTCS MCTOUYHHKOM 3KOJIOTHYECKOH
Harpysku (Sun et al., 2021).

B cBs3u ¢ 3THM wHcmonb30oBaHHME OHOMAacChl Kak BO300HOBISIEMOTO ChIPHS
IUI TIONMYy4YEHHUsS] YIIEPOIHBIX MAaTEepHalioB MPEACTaBIseT COOOH IMepPCIeKTUBHOE
HarpaBJIeHUE, COOTBETCTBYIOIIEE IPUHIIMIIAM YCTOHYNBOTO PA3BUTHUS M LUPKYISIPHOM
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9KOHOMUKHU. KapOoHM3MpOBaHHBIE MaTepHabl, MONyUYeHHbIE U3 OMOOTXOI0B, HAXOIST
MPUMCHEHHE B KaueCTBE aHOJOB JUIS JIUTHI- M HATPHI-UOHHBIX aKKyMYJISTOPOB, a
TakKe B CylnepKoHAeHcaropax. VX mpeummyliecTBa BKIIOYAIOT HU3KYIO CTOMMOCTD,
IKOJIOTUYECKYIO 0€30MaCHOCTh, PA3BUTYIO IOPHUCTYIO CTPYKTYPY U BEICOKYIO YACTBHYIO
€MKOCTb.

CyllecTByIOIIMEe METOJbl  MEepepadOTKM  OMOMACChI  BKJIFOUAKOT — MHUPOJIH3,
KapOOHM3aLMI0 M AaKTUBAIMIO, TMO3BOJISIONINE IONy4YaTh MaTepuanbl ¢ 3aJaHHOM
CTPYKTypO M CBOHCTBaMHU. B KadecTBe CHIpbs LIMPOKO HCIIOJIB3YIOTCS PUCOBas
hIenyxa, JPEBECHBbIE OTXOIbl, TPAaBSHUCTBIE PACTECHHUS, CKOPJIyNa OpPEXOB U ApYrHe
BUAbl 0MO00TX070B. OmHako OOJBIIMHCTBO TEXHOJOTMH TpeOyeT CTaluOHAPHOTO
00OpYZIOBaHUSI M 3HAYMTENBHBIX HDHEPreTHUECKUX 3arpar, 4TO OTPaHWYMBAET HX
MPUMEHEHHE B YCIOBUSAX YOAJIEHHBIX WM CEIbCKOXO3SHCTBEHHBIX pernoHoB (Wu et
al., 2022).

B »TOM KOHTEKCTE MoNTyueHre KapOOHU3UPOBAHHBIX MATEPUAIIOB U3 PACTUTEIBHBIX
OTXO/IOB SIBJISIETCSI BYKHBIM ATAloOM CO3/1aHUs PYHKIHMOHAIBHBIX YIIIEPOAHBIX MaTPHLL
IUIs DHEpreTHYecKkuX npuMeHenui (Song et al., 2020; Yang et al., 2024).

JlonoaHUTENbHOM 3ajauedl  sBIsieTCs pa3padoTKa TEXHOJOTMH mepepaboTKu
OMOOTX0Z0B HETIOCPEACTBEHHO Ha MECTE MX 00pazoBaHus. Mcrnonb3oBanne MOOMIBHBIX
MUPOJIU3HBIX YCTAHOBOK MO3BOJISIET CHU3HUTH TPAHCIOPTHBIE 3aTpaTrhl, YMEHBLIUTH
BBIOPOCHI U TIOBBICUTH dHEProdppeKTUBHOCTH npouecca (Gao et al, 2025)..

Axmyanvnocms U HayyHas HOGU3HA pabdomsl 3aKIIOYAIOTCS B Pa3paboOTKe H
MPUMEHEHUH MOOWJIBHOW MHPOIM3HOM YCTAaHOBKM HECTaHJAPTHOH KOHCTPYKLHH,
oOecrieunBaroied  dddexTuBHy0 nepepabOTKy OHOOTXOMOB C  IOJYyYCHUEM
KapOOHHM3MPOBAHHOTO MaTepualia C 3alaHHBIMH CTPYKTYPHBIMH XapaKTePUCTUKAMH.

Lenbto naHHOW paOOTHI SIBISETCS MOJy4YeHHE KapOOHM3MPOBAHHOTO Marepuasa
W3 PUCOBOH MLIENYyXH C HCIOJIb30BAHUEM MOOWIBHOW HHPOJIM3HOH YCTaHOBKU H
HCCIIEIOBAHHUE €TO CTPYKTYPbI Ul SHEPTeTHUECKUX TPUMEHEHHH.

Marepuansl ucciaegoBanuss 1 Meroabl. Colppé. B kauecTBe MCXOAHOTO CHIPHA
HCIONB30BAIM  CEIbCKOXO3AHCTBEHHbIE OMOOTXOIBI - PHCOBYIO IIENyXy CcopTa
«JIunep», codpannyro B KeizputopauHckoi oonactu Pecnyonuku Kazaxcran. JlaHHbIi
BUJ OMOMACCHI XapaKTepU3yeTCs BBICOKOH JOCTYITHOCTBIO, 3HAUUTEILHBIMU 00bEMaMH
00pa3oBaHMs U HATUYHEM OPraHMYECKOH U MUHEPAJIbHON COCTABISIOMINX, YTO AeTaeT
€ro MEePCIEKTUBHBIM IS MOTYUYECHHUs YITIEPOJHBIX MaTepHUajoB.

[lepen Tepmuueckoll mepepabOTKONH CHIPhE TOABEPTajd IMPEIBAPUTEINBbHOM
MOAroTOBKE. PHCOBYIO IIETyXy OYMIIAIN OT MEXaHMYECKUX MPUMeceH (MOUYBBI, BUIH
U MMOCTOPOHHUX BKJIIOUEHHMI), IOCIIE Yero MPOBOAMIN CYLIKY NmpH Temmeparype 100—
105 °C g0 nocTuKeHus! TOCTOSHHON MACCHI C IENbI0 yAAJICHUS BIaru.

BricymieHHOe ChIppE H3MeNbHaNId MEXaHHYEeCKMM CIIOCOOOM 0 TMONy4YEHHS
OHOPOIHOU (pakuuu. J{J1st MOBBILICHUS PABHOMEPHOCTH MOCIEAYIONIeH TepMUUeCKON
00pabOTKM HCHONB30BAIM BHOPALIMOHHOE CHTO, MO3BOJISIONICE MOTYYaTh YacTUIBI
pasmepoM 10 80 MKM. YMeHblIeHHE pa3Mepa YacTHL[ CIIOCOOCTBYET YIyYILEHHIO
Teroo0MeHa 1 0osee paBHOMEPHOMY MPOTEKaHMIO Ipoliecca kapoonuzanuu(Gautam
et al., 2023; Kong et al., 2023).
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Hecmanoapmuoe o6opydosanue 0nsi ymuauzayuu OUOOMX0008 U NOTYYEHUs
KapboHusuposanno2o mamepuana. Mobunbnaa nuponusnas ycmauoska. Jns
MOJy4YeHHUsI KapOOHNU3UPOBAHHOTO MaTepHralia HCIOIb30BaId MOOMIILHYIO TUPOJIU3HYIO
YCTaHOBKY COOCTBEHHOW pa3pabOTKH, TpeAHA3HAUCHHYIO JJs TEPMHUYECKOH
nepepaboTKi OMOOPraHNYEeCKUX U TOPHO-METAJUTYPrHYECKUX OTXOI0B C TONTy4YEHUEM
yIIepoicoAep Kalmx npoaykToB (Seisenova et al., 2025).

Pa3zpaboTka ycTaHOBKM HalpaBiieHa Ha peLICHUE 3afadyd nepepaboTKH OTXOIOB
HETNOCPEICTBEHHO B MECTaxX MX 00pa30BaHUsI C MOBBIILICHHUEM SHEProd(QEeKTHBHOCTH
mpolrecca, CHIKCHHEM BBIOPOCOB 3arpsi3HSIONIMX BEUIECTB W YIPOILIEHUEM
KOHCTPYKIUH 000py/IOBaHMUS.

B otnune ot TpaIuIMOHHBIX CTAIMOHAPHBIX TUPOJIU3HBIX CHCTEM, IPEIIOKEHHAS
yCTaHOBKa o0ecriedynBaeT MOOUIBHOCTD, aBTOHOMHOCTDh U BO3MOKHOCTh MHTETPALlH
BCEX CTaAWH MepepaboTKH B €AMHOM TEXHOJIOTHYECKOM LIUKJIE.

Koncrpykuust ycranoBkd. MoOuinbHas NUPOIU3HAs YCTaHOBKa (pUCYHOK 1)
BKITIOYAET CJIEIYIOIINE OCHOBHBIC Y3JIBIL:

— MPUEMHO-TIOATOTOBUTEIBHBIA OJIOK C 3arpy30uHbiM OyHKepoM (1) mms momaum
HCXOAHOTO CBIPbS;

— cymunbHbIN oTcek (I1), oGecneunBatonuii yiajaeHne BIaryu nepea TepMUIecKoi
00paboTKOH;

— TOpM3OHTaJbHBIA TepMmeTnuHblil peakrop (III), B koTopom ocymiecTBiseTcs
nporiecc nmupoinusa npu remmeparype 350—800 °C B yCI0BUAX OTPaHUICHHOTO TOCTyTIa
KHCJIOPOJa;

— rasossle ropenku (IV), paboratomnire Ha cOOCTBEHHOM MHPOJIU3HOM Tas3e, YTo
oOecrieunBaeT HHEProdh(HEeKTUBHOCTH MPOIIECCa;

— cucrtema KoHaeHcanuu (V), NpeaHazHauCHHAS ISl OXJIAKICHUS U pa3IeICHUs
JIETy4UX MPOLYKTOB;

— mMenwunuTenb ¢ BuOpocutoMm (VI), obecneumBaromuii (HpakIHMOHUPOBAHUE
CBIPBSI 10 pa3MepoB dacTuil < 80 MKM;

— BEpPTUKAJBHBIH  ynaBnuBaredb o kuakux npoxaykroB (VII) mma  cOopa
KOHJICHCHPOBAHHBIX KHUJIKAX (QpaKIuii;

— ckpyooep Bentypm (VIII), ycraHOBiIeHHBIII Ha BBIXOJE peakTopa U
MpeJHa3HaYeHHBIH JAJIsl OYUCTKH Ta30BBIX BBIOPOCOB OT TBEPABIX U adPO30JBHBIX
YacTull;

— npuéMHHK rotoBoro mnpoaykra (1X) s coopa kapOOHU3UPOBAHHOTO MaTepHala.

.
1 - VI

VI, VIl

Pucynoxk 1. YerpolicTBo MOOMIbHAS TUPOIM3HAS YCTAaHOBKA.
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[Ipunuun padotsl ycranoBku. Coipb€ 3arpyxaercs B Oynkep (I) u nHampasnsercs
B cyunuibHbi orcek (II), rme mpoumcxomuT ynanenue ocratouHod Biaru. [locie
MpeBapUTENbHOM MOATOTOBKH MaTepHual MOCTYNaeT B TOPU30HTANIbHBIN repMEeTHYHBII
peakrop (III), rne npu Temneparype 350—-800 °C ocyIiecTBisieTcs IPOIECC MUPOITU3A.

B pesynbrare TepMUYECKOTO Pa3IoKeHHsT OHoMacchl 00pa3yroTCst:

— TBEPBINA yIIIEPOACOAEPIKAIINI 0CTATOK;

— THUPOJIM3HBIN Ias3;

— KMJKHE MPOAYKTHI.

[Irponn3HEIii ra3 HCIoab3yeTCs B KauecTBE TOTUINBA [Tt ra30BbIX ropenok (IV), uto
o0ecrieyrBaeT YaCTHUHYIO SHEPreTHYECKYI0 aBTOHOMHOCTh yCTaHOBKH. ['a3000pa3Hbie
MPOAYKTHI MPOXOIAT 4epe3 cucteMy KoHaeHcanmuu (V), MOCIe Yero OYMINAIOTCS
B ckpy0Oepe Bentypu (VIII). JKugkue npomyKThl MUpPONH3a MOCIE KOHICHCAIIUU
coboupanuck B BeprukanbHoM ynanuarene (VII). Ilomyuennas skuaxas ¢paxuous
(TMpPOIM3HOE MACII0) MOXKET UCTIOIB30BaThCA B KAUECTBE BTOPUYHOTO SHEPTETHUECKOTO
CBIPbsI INOO HANPABISATHCS HA aTbHEHIIYIO EpepadOTKy B 3aBUCUMOCTH OT COCTaBa U
YCIJIOBUH 3KCILTyaTalliy YCTAaHOBKH, a TBEPABIN MPOAYKT rnocTymnaeTr B npuéMHuk (IX).

Pazpaborannas ycTaHoBKa 00€CIEUHMBAET MOBBIIMICHHE MPOU3BOAUTEIHLHOCTU
mporecca nepepadoTKH, YIpPOIeHHEe KOHCTPYKTUBHOIO MCIIONHEHHsI 000pYIOBaHUs,
yBeJM4YeHUE (PYHKIIMOHATBHOCTH 32 CUET MHTETPAIIMY HECKOIBKMX TEXHOJIOTHUYECKUX
CTanui,  CHW)KEHHE  BBIOPOCOB  3arps3HSAIONIMX  BEIIECTB,  IOBBINICHHE
sHeprodddexkTnBHOCTH Onarojapsi MCIMOJIb30BAHUIO IMUPOIU3HOTO Tra3a, a TaKkKe
BO3MOXKHOCTb ITepepaboTKH 0TXOJJOB HEMOCPEICTBEHHO B MECTaX UX 00pa30BaHMIL..

SiOx particles

Pucynoxk 2. Mopgonornueckue n3MEeHEeHHs! PUCOBOH IEIyXH Ha Pa3IMYHbIX CTaUAX NepepaboTKu:
HCXOIHOE CBIPBE, N3MENBIEHHOE CHIPbE M KapOOHU3UPOBAHHBIN MPOIYKT.

g ucciieioBanus CTPYKTYPHBIX, TEKCTYPHBIX U SJIEMEHTHBIX XapaKTepUCTHK Kap-
OOHM3MPOBAHHOTO MaTepraja MPUMEHSIIN KOMIUIEKC COBPEMEHHBIX (PH3UKO-XMMHYe-
CKHX METOJIOB aHaJIn3a.
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Cranupyrowas snexkmpounas muxpockonusi (COM). Mopdoiaorus moBepXHOCTH
1 MHUKPOCTPYKTypa 00pa3IoB MCCIIEIOBAINCH METOAOM CKAaHUPYIOMIEH IEKTPOHHON
mukpockorud (COM) ¢ HCHONB30BAHMEM D3JIEKTPOHHOTO MHKPOCKOMNa (MOJEIh
yKasarsb).

[lepen anamu3zoM o0Opas3ibl MOKPHIBAIM TOHKHM YIJIEPOIHBIM CIOEM METOIOM
BaKyyMHOT'O HAaITbLICHUSI.

CbéMKa MpoBOUIIACH TPH YCKOPsIIOIleM HanpsikeHUU 5-20 KB ¢ pa3/inuHbIMU
yBeJIM4eHUsiIMU B AuamnaszoHe oT x500 mo x20 000, 4TO MO3BOJIMJIO OIeHUTh
MOpdOJIOTHI0 MOBEPXHOCTH, pa3Mep U GOpPMY 4YacTull, HaAJU4YMe MOPUCTOHU
CTPYKTYPBhI, CTelleHb COXpPaHEeHHUs MPUPOAHOU CTPYKTYpPbl 6HMOMACCH], a TAKXKe
dopMUpOBaHHUeE YIJIEPOAHOr0 KapKaca 1nocje Kap6oHHU3a 1.

B3T-ananus (adcopbyusa-decopbyusa aszoma). TekcTypHble XapaKTePUCTUKHU
06pas3loB ONpee/sijiiCb METOJOM HHU3KOTeMIepaTypHOW aAcopOIuu-
JlecopOLMM a30Ta C HCIO0JIb30BAaHWEM aHaAJM3aTOpa YAEeJbHOW MOBEPXHOCTHU
(Mopenb ykasaTh).

B kauectBe ancopbara wucrionb3oBanu a3or (N2) mpu temreparype 77 K. Ilepen
M3MEPEHUSIMU 00pa3Ipl MOABEPraIuch Aera3anuu npu temmeparype [50-300 °C B
TedeHue 4—12 yacos nns ynaneHus aicOpOUpOBAHHBIX IIPUMECEH U BIIarH.

PacyéT TeKCTypHBbIX MapaMeTPOB MPOBOAMUJICS C HUCIOJb30BaHUEM MO/ e
BpyHnayapa-3mMmeTa-Tesiepa (BET) pss1 onpezesieHrs y/ieIbHOM MOBEPXHOCTH,
MeTona bapperTta-/>koiiHepa-Xanenabl (BJH) a5 aHanu3a pacnpeiesieHus Iop
no pasMmepam, a takxke Metoga DFT pug oneHKM MUKPONOPUCTOU CTPYKTYPHI.
B xoie aHa/sM3a ONpejessANnCh yaeabHas MOBEPXHOCTb (M?/T), 061U 06bEM
nop (cm3/r), cpegHuil AuaMeTp nop (HM) M pacnpejie/ieHMe MMKpPO-, Me30- U
MaKpoIop.

Isotherm (linear)

{—— Adsorption Isotherms —0~ Desorption Isotherm )

Pucynox 3. M3otepMer ancopounu—necopOun it KapOOHU3UPOBAHHOTO MaTepHajia U3 pHCOBOM
HIeTyXH.
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Isotherm (logarihmic)

{=c— Adsorpton isotherms —O- Desorphon isotherm )
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Pucynox 4. M3otepmsr agcopbunu—aecopbunu azora (N2) kapOOHN3UPOBAaHHOTO MaTepuaa B
koopauHarax 1g(P/Po).

BET Multi-Point Fitting Straight Line
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Pucynox 5. JInnelinas annpokcuManus ypasHeHust BOT s kapOOHH3HPOBAaHHOTO MaTepHana.

STSA V-t Plot

Y y t Y Y f T
0.400 0.450 0.500 0.550 0.600 0.650 0.700
t

Pucynox 6. t-rpadux (V—t plot) aist onpeseneHus MUKPOIIOPUCTOCTH KapOOHU3UPOBAHHOTO
Marepuaia.
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BJH Method (Adsorption) Differential/Integral Pore Area/Pore Diameter Distribution Plot

1 2 3 4 56789 -3 S0 ™

(b)|

Pucynok 8. COM-u300paxeHusi KapOOHU3UPOBAHHOTO MaTepuasa U3 PUCOBO LICTYXH:
(a) geranpHas cTpykTypa mop npu yBeauueHun x2000 (win kakoe y Te0st GaKTHUSCKN);
(b) mopdororus mpu ysenuuenun x500.

ciledaxdz\genesis\genmaps.spc 24-Jun-2016 00:58:57
LSecs: 34

14 =

68.36
19.00 16.21
12.64 6.14
Matrix Correction | ZAF

0.9 -
Si
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o3 o

000 100 200 88 48 500 600 TO0 %00 9.0
Energy - keV

Pucynox 9. EDS-criekTp 1 KOTHUECTBEHHBIN JIEMEHTHBIH aHAIN3 KapOOHU3UPOBAHHOTO MaTepHaa.
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Pesyabrarel m o0cy:kaenue. PesynsraTsl uccieqoBaHusT MOP(OIOTHYECKHX,
TEKCTYPHBIX M O3JEMEHTHBIX XapaKTEPUCTHK KapOOHM3MPOBAHHOIO MaTepHana,
MOJIyY€HHOTO U3 PUCOBOM IIENyXH, TOKA3aJU CyIIECTBEHHbIE N3MEHEHUS CTPYKTYPBI
HCXOAHOTO CBHIpbS B Tpolecce TepMuueckoi o0pabotku. Mcxomnas pucosas
LeslyXxa XapakTepu3yeTcsl BHIPAKEHHOW BOJIOKHUCTOM CTPYKTYpOH ¢ aHHU30TPOMHOMN
opraHuzanueil, oOyCIOBICHHON MNPUPOAHON MOpP(OIOTHEeH pPacTUTENbHBIX TKAaHEH.
[Tocne u3menvaeHns: HAOIIOAAETCS Pa3pyLICHHE MAaKPOCTPYKTYPbl M ()OPMUPOBAHHE
OoJiee OTHOPOHOM TUCTIEPCHOM CUCTEMBI, YTO CITIOCOOCTBYET pABHOMEPHOMY ITPOTPEBY
Marepuaia Mpy Mocieayomei KapOOHU3aIHH.

B mpouecce nuponuza npu temneparype 350-800 °C npoucXoauT TEpPMHUUYECKOE
pa3ioKeHHe OCHOBHBIX KOMIIOHEHTOB OHOMAacChl (LIEJUTIONO3bI, TEMHIEIITION03bl 1
JIUTHUHA), COTIPOBOXKIAIOIIEECS BBIACTICHUEM JIETYYHX BEIIeCTB M (HOPMHUPOBAHUEM
yrieponHoro kapkaca. COM-u300paxeHns: AEMOHCTPUPYIOT, YTO KapOOHU3UPOBAHHBIH
Marepuai MpeAcTaBieH (parMeHTHPOBAHHBIMH YacTULAMH HENPaBUJILHOUW (GOPMBI
CO CIIOMCTOW M IuUtacTUHYaTo wmopdornorueid. [lpu yBenmueHunm HaOmOHaOTCS
MIPOAOJIbHBIE KaHAJIbI, yHAC/IEA0OBAHHBIE OT COCYIUCTON CTPYKTYPBl PACTEHUS, a TAKKe
pa3BuTas CUCTEMa IIOP, BKJIIOYAIOIIast MUKPOIIOPHI M KaBepHBI. [loBepxHOCTH MaTepuaa
XapaKTEepU3yeTCsl BBICOKOHM IIEPOXOBATOCTBI0 U CTPYKTYPHOH HEOAHOPOAHOCTHIO.
Takum oOpazom, GopMupyeTCsl nepapxuueckas MOpPHCTask CTPYKTypa C 4aCTHUYHBIM
COXpaHEeHHEM MPUPOJHON Mopdororuu Guomacchl.

Pesynbrarel HU3KOTEMIIEpaTYypHOH aacopOuMn—IecopOLnu a30Ta MOKa3aid, 4TO
MOJYYECHHBIH MaTepuall o0JlafaeT Pa3BUTOH yIAECIbHONW MOBEPXHOCTHIO W MOPHCTOM
CTPYKTYpO#. VYmenpHas MOBEPXHOCTh, paccunTaHHas mo merony BOT, cocraBuna
146.94 M?/1, 4TO CBHIETENLCTBYET O (POPMUPOBAHUH PA3BUTOTO YITIEPOJHOTO KapKaca.
[Ipu 5TOM MHKpOMOpPUCTasi MOBEPXHOCTh nocTuraet 123.90 mM?/r, Torga Kak BHEUIHSS
MOBEPXHOCTh cocTapisier 23.04 M?/r, 4yTO yKa3pIBaeT Ha NpeodianaHue MUKPOIOP.
O06mwmii 006éM nop coctasisieT 0.1051 ecm?/r, mpu 5TOM 00BEM ME301I0D, OTIPEIETEHHBIN
merogoM BJH, cocraBnser 0.0512 cm’/r (agcopbuus) u 0.0433 cm’/r (mecopOuus).
Cpennuii pa3mep mop paseH 2.86 HM, YTO COOTBETCTBYET ME30MOPHCTON OOJIACTH,
IIpH 3TOM HanboJjee BEPOSTHBINA pa3Mep HOp COCTABISET OKoJIOo 3.93 HM, a MeTUaHHBIH
paszMep Mukponop - 0.76 HM.

AHanu3 H30TepM aACOpOIMHU—IEecOpOLNN MOKa3bIBAET TMOBEACHUE, XapaKTEePHOE
Ui Me30MopUCThIX MatepuanoB (tum [V mo knaccudukanmu [UPAC) ¢ Hanmunem
rucrepesuca. Pacipenenenue nop no pasmepam NoATBEpKAAET, YTO OCHOBHAS 10715 IOP
MPUXOAUTCS Ha AUAIIA30H 2—5 HM, UTO SIBJISIETCS ONTUMAIbHBIM [T DJIEKTPOXUMHUYE CKUX
MpUMEHEHHH. t-rpadK yKa3blBaeT Ha 3HAYMTENBHBIM BKJIAaJ MHKDPONOpP B OOLIYIO
CTPYKTypy Marepuaia. Takum o0pazoM, MaTepuan XapakTepu3yeTcs Hepapxuueckon
MIOPUCTON CTPYKTYpOHl, BKIIIOYAIOLIEH MUKPO- U ME30IOPHI.

CdopmupoBaHHasi CTPYKTypa sIBIsIETCs OIaronpusiTHON JUIsl MPUMEHEHHS B 3JIEK-
TPOXMMHUYECKHX CHUCTEMaX, MOCKOJIbKY MHKPOIIOPHI 00eCNeunBaOT HAKOIJICHHE 3a-
psima, Me30mopbl cnocoOCTBYIOT 3 dekTuBHON TUPPY3UN DIEKTPOIUTA, a pa3BUTas
yAellbHas MOBEPXHOCTh YBEIMUYMBAET aKTHUBHYIO IUIOIIAJbL B3anMojencTBus. Ilomy-
YEeHHBIEC 3HAYCHUSI COOTBETCTBYIOT JIUTEPATypPHBIM JaHHBIM JJIs1 KapOOHU3UPOBAHHBIX
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MatepuanoB u3 ouomaccel (100-300 M?*/T), 4TO MOATBEPKIAET KOHKYPEHTOCIIOCO0-
HOCTb pa3pabOTaHHOTO Marepuaia.

DeMeHTHBIHM aHaN3 MoKa3aJl MPUCYTCTBUE YyIIIepoia, Kuciopoaa u kpemuus. Cre-
IyeT OTMETHTb, YTO 3HAYMTENbHAS YacTh KMUCIOpOJa CBsi3aHA C KPEMHHEM B COCTaBE
nuokcuaa kpeMHust (Si0:2), KOTOPBIH ABIsSIETCS XapaKTEPHBIM KOMIIOHEHTOM PHUCOBOM
menyxu. OcTalbHas 4acTh KHCIOPOAa MOXET ObITh 00yCJIOBJICHA HAJIMYUEM KHCIIO-
poaconepxKamux (QyHKIHOHAJIBHBIX TPYI Ha MOBEPXHOCTU YIJIEPOAHON MaTpHIIBI.
[IpucyTcTBHE KPEMHUSI CBS3aHO C IPUPOAHON CIIOCOOHOCTHIO PHCOBOM ILEITYXH aKKy-
MYJIMPOBaTh KpeMHHUIcOep Kalllue COSMHEHUS U AeacT MOMyuYeHHbIH MaTepuant nep-
CTHEKTUBHBIM JUIsl CO3JJaHUsI KPEMHHM-YTIIEPOJHBIX KOMITO3UTOB. Hannune kucinopoaa
CBSI3aHO C OCTATOYHBIMHM (YHKLMOHAJIBHBIMH TPYIIaMH Ha MOBEPXHOCTH, KOTOPHIE
MOTYT CIIOCOOCTBOBATH YIyUIICHUIO B3aUMOACHCTBUS C IEeKTponuToM. [IpucyrcTBue
KpEeMHHS 00yCIIOBICHO IPUPOAHOH CIIOCOOHOCTHIO PUCOBOM IIETyXH aKKYMYJIHPOBAaTh
KpEMHHICOJepIKALINE COSTUHEHUSI U MOXKET CIIOCOOCTBOBAThH YIYULICHHUIO DIIEKTPO-
XUMHAYECKUX XapaKTEPUCTHK MaTephala, a TakKe JeNaeT e€ro MepCleKTUBHBIM JUIs
CO3JaHHsI KDEMHHI-YITIEPOIHBIX KOMIIO3UTOB.

AHanu3 mokasai, yTo TeMIeparypa KapOOHU3alui OKa3bIBaeT KIIIOUEBOE BIUSHUE
Ha (GOpMHpOBaHHE CTPYKTYypbl Matepuana. IIpu temneparype 350-500 °C nabuiro-
JaeTcsl YaCTUYHOE COXpPaHEHUE MPUPOJHON CTPYKTYPHI, TOTJa Kak MpPU MOBHILICHUH
temneparypsl 10 600-800 °C npoucxogut dosee rydokas kapooHH3anus ¢ GopmMu-
pPOBaHUEM PA3BUTOrO YIIIEPOAHOTO KapKaca W yBEIIMYEHHUEM YAEIbHON MOBEPXHOCTH.
KoncTpykiust MOOHIBHON MUPOTU3HONW YCTAHOBKM TaKXKe OKA3bIBAET 3HAYUTEILHOE
BJIMSIHHE Ha KaueCTBO MOJy4aeMoro Marepuaia. Vcrnonbp3oBaHle repMETHYHOTO PeaK-
TOpa o0ecrneynBaeT OrpaHUuYEHHBIN JOCTYI KHCIOPOAa U MPEIOTBPalIaeT OKUCICHHE
yrieposia, a IpUMEeHEeHNe MUPOIU3HOTO ra3a B KaueCTBE TOIUINBA CIIOCOOCTBYET PaBHO-
MEPHOMY HarpeBy U MOBBIILIEHHUIO HEProdpPeKTUBHOCTH npolecca. Hanuuue cucre-
MBI KOHACHCAMH U CKpyOOepa BenTypu obecriednBaeT OUMCTKY Ta30BBIX BEIOPOCOB H
CTaOMIN3aLHUIO TEXHOIOTUYECKOTO PEKUMA.

[Tonmy4yeHHbIe pe3yibTaThl COMIACYIOTCS C JIUTEpaTypHbIMU JaHHBIMU IS KapOo-
HU3WPOBAHHBIX MAaTEpUANOB, MOJYYCHHBIX M3 Pa3IMYHBIX BHUIOB OMOMACCHI, BKIIO-
Yasi pUCOBYIO IIEINyXY, IPEBECHbBIC OTXOAbI M TPaBSIHUCThIE pacTeHus. DopMupoBaHHe
CTPYKTYpBI Marepuaja 00yCIOBICHO TEPMUUYECKUM Pa3JIOKEHHUEM OpraHMYecKod ya-
cTi OMOMacchl, yIaJleHUEM JIETYYHX KOMIIOHEHTOB M MOCIEIYIOIIUM 00pa3oBaHHEM
MOPUCTOH yriepoaHol cTpykTypbl. ChopMupoBaHHas nepapxuueckas CTpyKTypa ooe-
crieyrBaeT dPPEKTUBHBIN TPAHCIOPT HOHOB U BBICOKYIO PEaKLIMOHHYIO CIIOCOOHOCTD
Marepuaia. B ¢Bs3u ¢ 3TUM MOTy4YeHHBIN KapOOHU3UPOBAHHBINA MaTepUall MOKET ObITh
HCIOJB30BaH B KAY€CTBE aHOAHOTO MaTepHaia Jis JUTUH-MOHHBIX U HATPUH-MOHHBIX
AKKyMYJISITOPOB, a TaKke B CyNEepPKOHAEHCATOpax M B KaueCTBE OCHOBBI Ui CHHTE3a
KPEMHHI-YIIIEPOIHBIX KOMIIO3HTOB.

3akuiouenue. B Xozne mpoBenEHHOTO MCCIIEIOBaHMS MPOIEMOHCTPUPOBaHA BO3-
MOXHOCTB 3(PeKTUBHON MepepabOTKU CENbCKOXO3SHCTBEHHBIX OMOOTXOIOB - PHCO-
BOH menyxu copta «Jlugep» - ¢ moiaydeHneM KapOOHH3MPOBAHHOTO MaTepuana, 00-
JaJlaloIero pa3BUTON MOPHUCTON CTPYKTYpPOW M MEPCIEKTUBHOTO ISl IPUMEHEHHS B
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9HEPreTHYECKUX CHCTEMax. YCTaHOBJICHO, YTO MpeIBapUTENIbHAS MOATOTOBKA CHIPHS
(cymika v ©3MENBICHUE) ¥ TTOCIIeNYIOIasi KapOOHHU3aLKs B TEMIIEPATypHOM JHara30He
350-800 °C obecneunBaror HopMUpOBaHUE YITIEPOAHOTO KapKaca ¢ MepapXuuecKon
CTPYKTYPOM.

Pesynbrarer COM-ananu3a moxaszanu, 4YTo KapOOHHM3auus NPUBOAMT K pazpyle-
HUIO MCXOJHOH BOJIOKHHCTOW CTPYKTYpHI M (DOPMHUPOBAHUIO TIOPHCTOrO MaTepHuasa ¢
YaCTUYHBIM COXpaHeHHueM npuponHoi Mopdonorun. b3T-ananu3 noaTBepauI HAH-
4Ke pa3BUTOHN ynenbHOH moBepxHocTH (146.94 M*/T) 1 MepapXHUeCKOi CHCTEMBI TIOP,
BKJIIOYAIOLIEH MHKPO- U ME30IOpPBI, YTO 00ecreynBaeT OJaronpusTHBIE YCIOBUS IS
TpaHCIIOPTa MOHOB M HAKOIUICHHS 3apsiia. DIeMEHTHBIN aHalu3 MmoKa3al npeoodiana-
Hue yriepona (68.36 mac.%) ¢ IpUCYTCTBHEM KUCIOPOJA U KPEMHUS, YTO O0yCIIOB-
JICHO TIPUPOIHBIM COCTABOM MCXOIHOTO CBHIPbSI U MOXKET CIIOCOOCTBOBATH YIYUILIEHHIO
(YHKUMOHAIBHBIX XapaKTEPUCTUK MaTepuana.

[Toka3zano, 4TO mapaMeTpbl KapOOHU3AMH U KOHCTPYKTHBHbIE 0COOCHHOCTH MO-
OMJILHON MUPONM3HOM yCTaHOBKH OKAa3bIBAaIOT CYIECTBEHHOE BIUSHHE Ha (HOPMUPO-
BaHUE CTPYKTYpPhl U CBOKMCTB Marepuana. Mcrmonb3oBaHue repMETUYHOTO PEaKTopa,
paboTaromero B yCIOBUSIX OTPaHUUYEHHOTO TOCTYTa KUCIOPO/Ia, a TAK)Ke TPUMEHEHHUE
MUPOJIM3HOTO ra3a B KaYeCTBE UCTOUYHUKA DHEPTUU 00ECTICUMBAIOT MTOBBILICHUE YHEP-
rodQQeKTUBHOCTH MpoLEcca U PaBHOMEPHOCTb TepMHUYECKO 00paboTku. Hannuue
CUCTEMBI OYMCTKH Ia30B MO3BOJISIET CHU3UTh KOJIOTMUYECKYIO HArpy3Ky.

[IpakTuueckasi 3HAUMMOCTb pabOThI 3aKITI0YAETCs B Pa3pabOTKe TEXHOIOTHUECKOTO
MOAXO0/1a, MO3BOJISIONIETO OCYIIECTBISTh YTHIIN3AMI0O OMOOTXOA0B HEIOCPEICTBEHHO
B MecTax MX 00pa3oBaHUs C OAHOBPEMEHHBIM IMOJYYeHHUEM (QYHKIMOHAJIBHBIX yIJie-
poxHbIX MarepuanoB. [lomydeHHBIH MaTepuan MOXKET ObITh MCIOJIB30BaH B KaueCTBE
AHOJIHOTO MaTepuaa JJisl JUTUI-HOHHBIX 1 HATPUH-NOHHBIX aKKyMYJIATOPOB, a TAKKE B
CYNEepKOH/ICHCATOPax M KaK OCHOBA JJIsl CO3/IaHHS KPEMHUI-yIIIEPOAHBIX KOMIIO3UTOB.

Takum 00pazoM, MpeIIOKEHHBIN MOAX0 COUETaeT IKOJOTHUECKYIO U TEXHOJIOTH-
4eCKyI0 3PEKTUBHOCTh U COOTBETCTBYET MPUHLIUIIAM YCTOHUMBOTO PAa3BUTHUS U LIUP-
KYJSIPHOI 9KOHOMHKH. [lepcrieKTHBBI adbHEUIINX UCCIIEIOBAHNN CBS3aHbI C ONITUMHU-
3anueil mapamMeTpoB KapOOHM3alWH, IPOBEJCHHEM DIEKTPOXUMHUYECKUX HCIBITAHUH
U pa3pabOTKOH KOMITO3UTHBIX MAaTepUAJIOB C YIYUYIICHHBIMH SKCIUTyaTallMOHHBIMH
XapaKTepUCTUKAMHU.
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Abstract. Carotenoids currently play an important and key role in scientific
research. Despite the prevalence of carotenoids, there are still some unexplored issues
related to variable bioavailability. In this regard, there is a need to study their physical
and chemical properties. Thus, the study of carotenoids from plant raw materials is an
urgent direction in our modern science and aimed at their application in pharmaceutical
industries. They are important biologically active compounds that have activity and
are widely used in various industries, especially pharmaceutical ones. Their chemical
structure determines their biological activity and physico-chemical properties. The
relevance of the study is due to its antioxidant properties. The purpose of this work
is to extract carotenoids from plant raw materials (corn and beetroot) and structural
characteristics using spectroscopic analysis methods. It was found that the studied
carotenoids possess a system of conjugated double bonds, confirmed with the obtained
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data by IR spectroscopy. IR spectroscopy helped identify the characteristic fluctuations
of C-H, C=C bonds, confirming the presence of a polyene chain. Corn powder extract
of all parts of corn, beet leaf powder extract obtained by ultrasonic extraction contain a
higher number of carotenoids compared to the extract obtained by the traditional method.
The amount of carotenoid yield is 30-42% higher after ultrasonic extraction compared
to traditional extraction. Studies show their effect on metabolism and the induction of
intercellular connections through gap junctions. Thus, carotenoids have a positive effect
on a wide range of cellular processes and further research is needed to fully understand
their potential in disease prevention and treatment. The scientific novelty of the study is
a comprehensive study of the possibility of extracting carotenoids from various parts of
Kazakhstan varieties of corn and beet tops by ultrasonic extraction.

Keywords: carotenoids, extraction, vegetable raw materials, antioxidant activity, IR
spectroscopy, ultrasonic extraction
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Annoranus. Kazipri yakpiTTa KapOTHHOUATAP FHUIBIMH 3€pTTEyJepAe MaHbI3/IbI
JKOHE TIemymri ped arkapansl. KapoTwHoWATapAblH TapailyblHa KapamacTaH,
e3repMerTi OMOKETIMIITIKKE KaThICTHI KeHOip Mocenenep aii ae 3eprrenmereH. OCchIFan
0aifmaHbICTHl ONApAbIH (U3NKAIBIK JKOHE XUMUSUIBIK KACHETTEPiH 3epTTey KaKeT.
Ocpinaifa, OCiMAIK MUKi3aThIHAH aJIbIHFAH KapOTHHOUATAPABI 3epTTey bi3miH Kazipri
FBUTBIMBIMBI3ZIAFB  ©3€KTi OAarbIT OOJBIT TaOBLIAABI KOHE oOJlapabl (apMareBTHKA
camanmapblHIa KonjaHyra OarbiTTairaH. Omap MaHBI3IBI OHONOTHSIBIK OelceHl
KOCBIIBICTAp OOJIBIT TaOBUTAIBI, OJIAPIBIH OCICEHIUIITI Oap yKoHe opTYp:l calajiap/a,
ocipece (hapMaleBTHKAIBIK cajaiap/a KeHiHeH KOoJmaHbuiaabl. OnapablH XUMHSITBIK
KYPBUTBIMBI OJIAPIBIH OMOIOTHSUTBIK OSIICEHIUTITI MEH (DHU3HKA-XUMUSIIBIK KaCHETTEPiH
AHBIKTAW/BI. 3epTTEeY/IiH ©3eKTLTIr aHTHOKCHIAHTTHIK KacHeTTepre OaiaHbICTh. byt
YKYMBICTBIH MaKCaTBI-OCIMIIK ITUKi3aThIHAH (GKYTepi MEH KbI3BIIIIA ) KApOTHHOUITAPIBI
ay JKOHE CIIEKTPOCKONMSUIBIK Talifiady SJICTepiH KOJJaHA OTBIPBIT KYPBUTBIMIIBIK
cumarramaiap. 3epTTeNeTiH KapOTHHOUATAPIBIH KOHBIOTATTHIK KOC OaltaHbIC XKyiieci
0ap eKeHIIri aHbBIKTANABI, ojap anmsiaFaH MK crmekTpockonusiceiMer pactanapl. MK
cnexTpockonuscel [lommeH Ti30eriHiH OOMyBIH pacTaWThIH OailaHBICTAPIBIH TOH
C-H, C=C TtepbemnicTepin aHbIKTayFa KeMekTecTi. JKyrepiHiH OapiblK OeiKTepiHiH
JKYTepl YHTarbl CHIFBIHJBICHI, KBI3BUIIIA IIBIHAAPHIHAH aJbIHFAH YHTAK CBHIFBIH/IBICHI
YIABTPAABIOBICTHIK KCTPAKITUSAMEH aJBIHFAH TOCTYPII 9/ICTICH aJbIHFAH CHIFBIHIBIMEH
CaJBICTRIpFaHAa KapaTHHOUATAPIBIH Kem Memmrepi Oap. JlocTypii skcTpakmusMeH
CANBICTBIPFaH/a  yIABTPANBIOBICTBIK JKCTPAKIMSAAAH KEWiH KapaTHHOWATAPABIH
mbiFapeuty Memmepi 30-42% - Fa xer. 3epTTeyiep OnapAblH MeTaboIu3MIe JKoHE
caHpUIAylap apKbBUIBl JKacyIllaapaiblK OalTaHBICTApABIH WHAYKIUSACBIHA dCEpiH
kepcerei. Ocpuraiinia, KapOTHHOUATAP KACYIIAJIBIK MPOLIECTEP/IiH KeH ayKbIMbIHA OH
ocep eTeli JKoHE KaXKeT aypyJapbIH aJlIbIH aly )KOHE eM/Iey/Ie KOIIaHy SJI€YeTiH TOIBIK
TYCiHY YIIiH KOCBIMIIIA 3epTTEyNep. 3epTTEYAiH FHUTBIMA KAHAIBIFBI YIABTPAIbIOBICTHIK
OKCTpaKIMs OMiCIMEH Ka3aKCTAHMBIK JKYrepi MEH KBI3BUIIIA IIBIHAAPBIHBIH OpTYPIIi
OeJTikTepiHeH KapOTHHOUATAPABI Ty MYMKIH/ITIH KeIeH 1i 3epTTey OOIBIT TaObLTaIbI.

TyiiiH ce3aep: KapOTHHOUATAP, SKCTPAKIIHSI, OCIMIIK IITUKI3aThI, aHTHOKCHIAHTTHIK
oencenninik, MK cieKTpoCKOMUSACH, YIBTPaIBIOBICTHIK SKCTPAKIIHS
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AHHoTanmusa. KapoTuHOWIsl NpeAcTaBiIsioT co00M BaKHBINM KIIACC MPHUPOTHBIX
OMOJIOTHUECKU AKTHBHBIX COEIMHEHMUI, o0magaronmx BBIPAYKEHHBIMU
AHTUOKCUJIAHTHBIMU ~ CBOMCTBAMM W  IIUMPOKO INPHUMEHSEMBIX B  IHIIEBOM,
(hapmareBTHYECKOI U KOCMETHYECKOI MPOMBIIIIEHHOCTH. HecMoTps Ha 3HaYUTENbHOE
KOJJMYECTBO HCCIICAOBAHUMN, Ps/I BOMPOCOB, CBSA3aHHBIX C HMX OHOJOCTYIHOCTBIO,
CTaOMIILHOCTBIO ¥ A(PPEKTUBHOCTHIO METOJI0OB W3BJICUEHHsI, OCTAETCSI HEIOCTATOUHO
H3y4eHHbIM. B CBSI3M C O3TUM HCCIENOBaHUE KAPOTHMHOUJOB PACTUTEIILHOIO
MIPOUCXOXKICHUST U pa3paboTka 3((EKTUBHBIX CIIOCOOOB UX IKCTPAKIIUHU SIBJISIOTCS
aKTyaJbHBIM HAlpaBJICHHWEM COBpPEeMEHHOH Hayku. Llenpio paboThl  SBISLIOCH
MOJIyYEHUE  KAPOTUHOMJCOAEPXKAIIUX  OKCTPAKTOB U3  PACTUTEIBHOIO  ChIPbS
(pa3nu4HbBIX yacTed KyKypy3bl U OOTBBI CBEKIIBI) U HCCIIEIOBAHUE WX CTPYKTYPHBIX
OCOOCHHOCTEH C WCIOJNIb30BaHUEM CIIEKTPOCKONUYECKUX METONOB aHanmuza. Jlis
M3BJIEUEHUS] OMOJIOTHYECKH AKTUBHBIX COEIUHEHWH MPHUMEHSUIMCH TPaJUIMOHHBIA U
yABTPa3BYKOBOW METOIbI 3KCTpakiuu. CTPyKTypHBIE XapaKTEPUCTUKU TOTYYEHHBIX
IKCTPAKTOB M3y4YaIMCh METOIOM HH(ppakpacHoi cnekrpockonuu. Pesymbratel MK-
aHaJIM3a NOATBEPANIIN HAIMUNE CUCTEMBI CONPSIKEHHBIX IBOMHBIX CBA3EH, XapaKTEPHOU
JUIE KapoOTHHOWIOB, a TaKKe MO3BOIWINM WACHTH(QUIUPOBATH KOJICOaHUs CBsI3eH
C-H u C=C, cBueTenbCTBYIOMNE O MPUCYTCTBUM MOJUEHOBOM 1ETH. YCTaHOBJIEHO,
YTO JKCTPAKThI, MOJIYUYEHHBbIE METOAOM YIbTPA3BYKOBOM 3KCTPAKIMM U3 Pa3IUUHbIX
yacTel KyKypy3bl U OOTBBI CBEKJIBI, COIEpKaT OOJIbIIee KOJTMUECTBO KAPOTHUHOMIOB 110
CpaBHEHHIO ¢ 00pa3lamu, MOyYeHHBIMU TPAJAUIUOHHBIM CIIOCO00M. Bbixox meneBbix

356




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

COGIMHEHUH NpPH HCIOJIB30BAHMU YIBTPAa3BYKOBOM S3KCTpaKkIUHM YBEIWYUBAJICA Ha
3042 %. IlomyueHHbIE pe3yabTaThl MOATBEPKIAIOT MEPCHEKTUBHOCTh MPUMEHEHHS
yABTPa3ByKOBOH  00paboTKM Uil  MHTEHCH(UKAMHM  IMPOLECCOB  HM3BJICUCHHS
OMONOTMYECKH AKTHBHBIX BellecTB. HayuHass HOBHM3HA HCCIIENOBAaHUS 3aKIOYACTCS
B KOMIUJIEKCHOM H3y4Y€HHHM BO3MOKHOCTH IOJIyYEHHUS KapOTHHOWAOB U3 Pa3IHUYHBIX
YJacTel Ka3aXCTaHCKUX COPTOB KYyKypy3bl M OOTBBI CBEKIBI C HCIOJIb30BaHUEM
yABTPa3BYKOBON 3KcTpakuuu. [lomydyeHHbIE AaHHBIE PacIIUPSAIOT MPEACTABICHUS O
MOTEHIIMAJIE PACTUTEIBHOTO CHIPhS KAaK MCTOYHMKA MPUPOIHBIX aHTHOKCHUIAHTOB U
CO3JAI0T MPENNOCHUIKU Ul MX JaJbHEHIIEero MCrojib30BaHUA B (apMaleBTHUYECKON
MIPOMBIIUIEHHOCTH U TPO(UIAKTHYECKON MEHULINHE.

KuaroueBble  cjioBa:  KapOTHHOWABI, OKCTPAaKLMA, pACTUTEIbHOE  CBIPBE,
AHTMOKCHUIAHTHAs aKTUBHOCTH, MK criekTpockonust, yiasTpa3ByKoBast SKCTPAKIIHA

Introduction. Carotenoids are natural pigments synthesized by plant, algae,
fungi. Carotenoids are a class of more than 1200 natural pigments, which consist of
beneficial thing. Carotenoids are important for human health because they actively act
as antioxidants, helping to protect cells from damage caused by reactive oxygen species.
They were associated with a reduced risk of chronic diseases such as diabetes, cancer,
heart diseases. In addition, the benefits for the eyes are very great. Also, another role is
their activity of provitamin A, the ability of some carotenoids to form vitamin A under
the action of dioxygenase enzymes (Nikolay et al., 2023).

Carotenoids are divided into groups according to the number of carbon atoms.
Carotenoids containing carbon atoms include also oxides: vitamin A and crocetin— the
yellow coloring agent of saffron, norbixin and bixin and others. Likewise, in the human
body, carotenoids have an effect against intense light and damage by harmful free
radicals and maintain the integrity of biological membranes in structure, functionality.
The mechanisms of action of carotenoids on health are considered complex and
further research is needed to provide a comprehensive understanding. Carotenoids are
indispensable for human health. Many of them are huge, and only a small part is fully
studied. Carotenoids are essential for our body. Carotenoids are found in large quantities
in plants, including beets and corn, which contain a large amount of carotenoids.

Literary review. Carotenoids are a common class of isoprenoid pigments that can
be synthesized by photosynthetic organisms as well as bacteria (Wellala et al., 2022).
Carotenoids can be divided into two main groups: nonpolar carotenes: P-carotene
and lycopene, hydrocarbon compounds and polar xanthophylls, such as lutein and
canthaxanthin, whose structures contain hydrogen, carbon, oxygen (Geng, 2020).
Carotenoids can be divided into pro- and provitamin A, which cannot be converted into
retinoid groups. Carotenoids are effective compounds with antioxidant properties and
are non-toxic.

Underutilized agro-industrial residues offer promising, low-cost feedstocks for
the recovery of valuable phytochemicals. In maize (Zea mays), xanthophylls such as
zeaxanthin and lutein are mainly associated with the kernel, particularly the endo-
sperm and aleurone layers, whereas maize cobs represent a lignocellulosic byproduct
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