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VJIK 547.99

DEVELOPMENT OF A BIOACTIVE COMPLEX WITH ANTI-
INFLAMMATORY PROPERTIES

Zh.N. Uvaniskanova'®, G.A. Seitimova!, G.Sh. Burasheva!, M.1. Choudhary?

IAl-Farabi Kazakh National University, Faculty of Chemistry and Chemical Technology,
Almaty, Kazakhstan
2International Center for Chemical and Biological Sciences, H.E.J. Research Institute of Chemistry and
Dr. Panjwani Center for Molecular Medicine and Drug Research, University of Karachi,
Karachi, Pakistan

*E-mail: zhuldyz.uvaniskanova@gmail.com

Abstract. The article presents the results of phytochemical studies conducted on tomato fruits
(Solanum lycopersicum L.) and garlic cloves (Allium sativum L.) collected near Almaty (Kazakhstan), as
well as jack bean seeds (Canavalia ensiformis (L.) DC.) and turmeric rhizomes (Curcuma longa L.)
collected near Karachi (Pakistan). The study of biologically active compounds revealed a high level of
phenols (2.02-2.86%) across all plant samples. Additionally, 3.34% of total amino acids were found in the
seeds of C. ensiformis, while C. longa rhizomes contained 1.15% tannins. Colorimetric, chromatographic,
and spectrophotometric methods were employed to determinOe chemical composition. In order to create a
biologically active complex, four different ratios of plant raw materials were studied as a result of which a
high content of extractive substances of the ASCC-2 composition (44.65%) was found in a 50% aqueous
alcohol solution. The effective technological parameters that can be used to obtain a tank are considered.
The ratio of raw materials and solvent 1:10, 40 °C, 60 min was determined by the optimal parameters
during ultrasonic extraction of the ASCC-2 composition. The resulting extract was concentrated in a
rotary evaporator at 40 °C, and then sent to a freeze dryer. The dry extract is colorless, well soluble in
water, the pH value is 5.9. BAC showed high anti-inflammatory activity (ICso = 5.4+1.2 pg/ml).

Keywords: extractive substances, ultrasonic extraction, BAC, flavonoids, anti-inflammatory activity.
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KABBIHYFA KAPCBI 9CEPI BAP BUOJIOI'UAJIBIK BEJICEHAI KEIIEH
AJTY KOJIbIH ¥CBIHY

JK.H. Yeanuckanosa', I A. Ceiimumoea’, I Ill. Bypawesa', M.H. Yayoxapu®

10nb-Dapabu amoindazer Kaszax yimmolx yrueepcumemi, Xumus jicane XUMUALbIK MEXHON0UANbIK
Garynememi, Armamul, Kasaxcman

2Xumus sicone 6UONO2US bLILIMU-3epmmey uHcmumymot, 0okmop II5Hoxceary 0apinix sammap men
npenapammapobi MOLEKYIANbIK 3epmmey opmanvievl, Kapauu ynusepcumemi, Kapauu, Ilakucman
*E-mail: zhuldyz.uvaniskanova@gmail.com

Tyiiingeme: Bbyn makamnama Anmarsl kanacel (Kasakcran) MaHbiHza ecipinreH KpizaHak (Solanum
lycopersicum L.) sxemicrepi, capsimcak (Allium sativum L.) rticrepi »xone Kapaun xanacer (ITokicran)
MaHBIHJIa ecipiireH cemcep Tapisai kanasamus (Canavalia ensiformis (L.) DC.) TykeiMaapsl MeH KypKyMa
(Curcuma longa L.) TameipcabakTapbiHa JXYpPri3iireH GUTOXHMHSIIBIK 3€PTTEY HOTIIKENICP] YChIHBLIFAH.
Buonorusineik OenceHal 3aTTapiblH 3epTTeyiHzAe, OapiblK HbIcaHaapia (EeHONIbl KOCHUIBICTAp TOOBI
xorapel  kepcerkimke (2.02-2.86%) wue OGommel. Conpaii-ak, C. ensiformis 3.34% okanmsl amuH
keruksuLaper, C. longa 1.15% Tepi wiierimn 3aTTap/IblH yiIeci aHBIKTAIIB. XUMHUSIIBIK KYPAMbIH aHBIKTay
YIIiH KOJOPHUMETPHSUIBIK, XPOMATOTPAGHSIIBIK XOHE CHEKTPOPOTOMETPUSIIBIK OMICTED KOJAAHBLUIIBL.
Buonorusineik 6Oencenni kemen (BBK) kacay MakcarelHia €CIMAIK INHKI3aTTapbIHBIH TOPT TYpIi
KaTbIHACKI 3epTTelil, HoTmkecinae 50% cynbi-criupt epitingicinge ASCC-2 ociMIiK KOMIO3UIUSICBIHBIH
9KCTpakTuBTi 3arTapsl (44.65%) sxorapel memmepai kepcerti. BBK amyna konmaxnyra GomaThiH THIMIL
TEXHOJOTHSUIBIK mapameTpiep KapacTelpbuiibl. ASCC-2 KOMIO3HMIMSICHIH YIIBTPAAbIOBICTBI SKCTPAKIIHS
YPAIcCiH xyprizyne oHTaiisl napamerpiepi perinae 1:10 mmukizar ne epirkim karbiHacel, 40°C, 60 MuH
aHpIKTAIABL.  AubiHFaH 9KcTpakT 40°C-ta  poTOpibl  OyJNAHABIPFBINTA KOHUEHTPICHIN, KeHiH
cyOonuManusIbl KenTtiprinke xioepiani. Kyprak skerpakr tyccis, cyna sxakcel epuai, pH xepcerkimi 5.9
TeH. BBK ka0binyra kapebt (ICso = 5.4+1.2 MKr/miT) )KOFapbl O€JICEHIUTIK KOPCEeTTi.

Tyiiin ce3mep. DKCTPakTHBTI 3aTTap, yIbTPambIOBICTHI dkcTpakuus, BBK, ¢uaBonounrap, xaOblHyra
Kapchbl OEICEH TITIK.

Yeanuckanosa 7Kynowiz Haiitmanza3zvikpizo Texnuxa evlublMOapbIHbIY MAUCTPI
Ceimumosa I'ynvnaz Abcammapogna PhD, xaysimoacmeipwinean npogeccop
Bypawesa I'ayxap Lllaxmanoena Xumusi ebLILIMOAPLIHBIY OOKMOPbI
Myxammao Hxoan Qayoxapu PhD, doxmop, npogeccop

1. Kipicme

JlyHHexXy3UTik JeHCayNbIK CaKTay YHWBIMBIHBIH MoIliMeTTepi OoWbIHIIA,
onemMze 3 MWIDIHApATaH acTaM ajam, SFHH dpOip YUIiHIII agaM, HEBPOIOTHSIIBIK
aypynapra mainjpikkad. HeBposorusibik aypyiapasiH 80%-m1aH acrambl TaObICHI
TOMEH JKOHE oOpTalla JICHTEeWIeri ennepie TipkeireH, Oyi jkarmail keOiHece
YaKTBUIBl JTUArHOCTHKAa MEH €M JKYPri3eTiH MaMaHIap/blH JKeTiCHeyIIUTiTiMeH,
COHMal-aK eMJey ONICTEepiHIH KOJDKETIMCI3AIriT MEH JKOFaphl KYHBIMEH
OaiimanpicTel. Ocbl ce0enTeH agaM ar3achbIHBIH KOPFAHBIC KaOiJieTiH apTTBIpY
OHE HEBPOJIOTHSUIBIK aypyJapAblH ajAblH aly YIUiH KOJDKETIMAI OHOJIOTHSIIBIK
OeJiceH 1l KOMIO3MIUsIAp d3ipiiey ©3€KTi MACcelie PETIH/IC KapacThIPhLTyIa.

TaramIplK ~ ©CIMIIKTEpAEH ajblHFaH (YHKOMOHANIBl TaraMJap MeEH
(apManeBTUKaNbIK ©HIMAEp (U3MKAJBIK XKOHE HEBPOJOTMSUIIBIK Oy3blIynapra
HETI3JIENITEH  aypyJiapibl  JKCHUIIETYre, CHHTETHKAJBIK MpenapaTTap. by
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KOJITAHBUTYBIH a3aiiTyFa »OHE OMIp Cypy camachl MEH Y3aKTBIFBIH apTThIpyFa
pIKTaa eremi [1]. By eciMaikTep KypaMbIHIa Ke3aeceTiH (eHOIIbI KOCHUIBICTap
(penon KpIIKBULAAPHI, (IABOHOMITAp, TAHWHAEP, AHTOLMAHWHAEP) TaOWFH
TOTBIFYFa Kapchl 3aTTapAbIH Kayilci3, THIMII )KOHE TYPaKThl Ke3i peTiHae KeHIHeH
Ta"bMan [2-3].

3eptTey OaphICHIHIA KEJIeCi TOPT MOPUTIK opi TaraMABIK OCIMIIK IMHUKi3aThI
TaHJAIBIT  alblHAB: capeiMcak  (Allium  sativum L.), xkesanak (Solanum
lycopersicum L.), kypkyma (Curcuma longa L.) sxoHe cemcep Topi3ai KaHABaNUs
(Canavalia ensiformis (L.) DC.). Byn ecimuikrep (GeHOIABIK KOCHUIBICTapIbIH
JKOFaphbl JICHIeHiMeH, TOTBIFYFa Kapchl KaOlIeTIMEH KoHE CaJbICTHIPMAIIBI TYPAE
TOMEH YBITTBUIBIFEIMEH epekinenenesi. Ochuaiiina, IeHCayIbIKThl JKaKcapTyFa
OarpITTaJIFaH OCIMIIK HeETi3iHAeri OmonmorusabslK Oencenmi kemeHaepai (BBK)
3epTTey, OJapabl OHAIPY YIIiH TEXHOJOTHSIIBIK ChI30aapabl 93ipiey, COHMan-aK
Oosaniakra KJIMHUKaFa JeHiHT1 CBIHAKTap MEH KIMHHUKAJBIK 3ePTTeyepal Ky3ere
achIpy MoceJeNepiHiH MaHbI3IbUTBIFBI APTHIT OTHIP.

Capsimcak (Allium sativum L., tykeimpacer: Amaryllidaceae) — xomr wicri,
OIpXKBUIIBIK IIONTECIH OCIMIIK, ePTEJACH ISCTYPJi METUIIMHAIA ©31HIH eMJIiK
KacueTTepiHe OalTaHBICTHI KeHIHEH KonmaHbuiaabl. A. sativum serisri OenceHmi
KOMITOHEHTTEPI — KYKIPT OpPTaHHKAIBIK KOCBUIBICTAp: IHAUTHITHOCYIH(POHAT
(ammumuH),  MUATUANACYIb(OUI, AWATT  TUCYIb(GHI, AHAITHITPUCYITb(IIT,
a/DKOCH, S-alMIIUCTenH >koHe aimuH. COHBIMEH KaTap, capbIMcakTa
KaparailbIM KeKeHicTepre KaparaHnaa (peHOIIBIK KOCBIIBICTapABIH 20-maH actaMm
TYpi Ke3mecemi (f-pe3opumit KbIMIKBUIBI, MHPOTaIoN, Tajl KbIIIKBUIBI, PYTHH,
MPOTOKATEXHMH KBIIIKBUIBI )KOHE KBepleTHH) [4]. 3eprreyiepre cyiencek, Allium
TYpJIepi MEH oJjapAblH OeJCeHAl KOMIIOHEHTTEpPi cycaMblp MEH >KYPEK-KaH
TaMBIpJIapbl aypyJapblHbIH JaMy KayIliH TOMEHJIETei, MMMYHJBIK >KYHeHi
KYILIEHTe OTHIPBIT, HHPEKIHsIapaAaH Kopraiinel. COHbIMEH Katap, ojap MHUKpoOKa
Kapchl, 3eHre Kapchl JKOHE KaTepili iCIKKe Kapchl KacHeTTepre ue, agaMaapra
JKYPTi3iIreH KIMHUKANBIK 3epPTTEYJICPAiH SHHISMHOJIOTHIIBIK JepeKTepiMEeH
pacranras [5].

Keizanak (Solanum lycopersicum L., Tyksimmacsr: Solanaceae) — misikkan
xkepi OHTYCTIK AMepuKa, TaraMJblK KYHIBUIBIFBIMEH FaHa eMec, eMJIK
KAaCHETTEpiHiH  oleyeTiMeH e  TaHeiMan  ecimmik. S.  lycopersicum
KapOTHHOMJITapFa, aTan aWTKaHja, JIMKOMWH, f -KapOTHH XOHE JIOTEHHIe oTe
Oaii, onmap KpI3aHAaKKa >KapKbIH TYC TNEH TOTBIFyFa Kapchl KacwerTep Oepemi.
CoHbIMEH KaTap, Kpi3aHakThiH Kypambl C xoHe K JgopyMennepiHe, kamuiire,
(maBoHOMATAp MEH MONU(EHONAAPFa, COHaW-aK (onuii KBIIKBUIBIHA Oail [6].
By kocbuibicTap eciMaikke Keneciied ¢GapMakoJIOTHsIIBIK KacherTep Oepeni:
HEHPOMPOTEKTOPIIBIK, TOTBIFYFa KapChl, KAPAHOMPOTEKTOPIBIK, TUA0OETKE KapCHl,
MHKpPOOKa Kapchl, KaObIHYFa KapChl )KOHE iCiKKe Kapchl Oencenaimik [7-8].

Kypkyma (Curcuma longa L., tykeimumacer: Zingiberaceae) — 3im0ip
TYKBIMJIAChIHA JKATaThIH, KOIDKBULNBIK ImenteciH eciMuik, OHrycTik-lIIbFbic
A3us enepiHie TOMICYINI JKOHE TaMak peTiHAe MaigalaHbuIanbl. OCIMIIKTIH
HETi3ri KOMIIOHEHTI KYpPKYMHH — TOTBIFYFa KapcChl, AHTHUCENTHUKAIBIK JKOHE
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KaObIHYFa Kapchl acepi O0ap [9]. ocTypni MemuimMHama KypKyMHH AJbIreiiMmep
aypyblH, IKYPEK aypyjlapblH, ©T IIbIFapy O KOJJAPBIHBIH  aypyJiapblH,
AHOPEKCHUSHBI, JKOTENJi, CHHYCHTTi, PEBMATOMATH AapTPHUTTI  eMIey/e
kommanbutanel  [10]. CoHbIMeH Kartap, KypKyMmMa KypaMbIHIa CallOHHHIEP,
TAaHUHIEP,  AHTPAXUHOHAAp,  AJKAJOUATAp, KeMmipcyiap,  KyMapHHIED,
CTEpOHITED, TUTEPICHIEP, aKybI3Jap JKOHE TIIMKO3UATEP CUSKTHI OMOIOTHSIIBIK
oencenni 3arrap (bb3) ma 3eprrenren. Kypkymansl #Hoj Ke3i peTiHIe
KapacThIpyFa 00JIaThIHIBIFBI aHBIKTAIIBI: KypambiHaa 1800 mkr/100 r 6ap [11].

Cemcep Ttopizai kanaBanust (Canavalia ensiformis (L.) DC., TykpiMzmach:
Fabaceae) — Oyprirak TYKbIMIACHIHA JKATATHIH, MIBIKKAH xepi OHTYCTiK AMepuKa,
TPONIUKAIIBIK JKOHE CyOTpONMKaNbIK aiimakrapiaa Ttapanrad. C. ensiformis
TYKBIMJIAPbl aKybI3Ap/IbIH KO31 PETIHJE MKAKChI 3€PTTENIreH. OCIMIIIK IIMKi3aThI
periaae C. ensiformis TykeiMaapeinan nektiH — KonkaBamua A (ConA) amraii
per Oeminim ameiHFaH. COHBIMEH KaTap, OCIMIOIK TYKBIMBI KypambIHIA
TOMEHMOJICKYJIAJbl KOMIpCYyJap, aMHUH J>KOHE Mal KbIIKbLIIAAPHl, (HEeHONIIbI
KOchUIbICTap, camoHuuaep, L-3,4-murunpoxkcudenunananud (L-DOPA), ¢urtun
appikTamrad  [12-13]. C. ensiformis tyxeMmapeiHaH eciMIOiK CYTiH —aiy
MakKcaTbhIHIa 9PTYPJIi TEXHOJIOTHSIAp KapacThIpbLIyla, ajbIHATHIH OHIM Oacka
OypIak TYKbIMIaCTapbIHbIH CYTiHE yKcac Ooiazbl aen kyrinyae [14].

Buonorusnelk OenceHminiri KOFapel KacHETTepiMEH TaHBIMall OCIMIIIK
ITUKI3aThI 3ePTTEY HBICAHBI peTiHAe TaHaaasl. OChIFaH OalIaHBICTHI 3€PTTEYIiH
Makcatbl — KaObIHyFa Kapchl acepi 6ap BBK amy skolbiH ycbIHy.

2. 3eptTey aamicTepi.

3eprrey HbIcamapel perTiHge Kapaunm kamacer (Ilokicran) MaHBIHIA
ecipinren Canavalia ensiformis tykemmbr, Curcuma longa tameipcabarbi, AMaThI
kanacel (Kasakcran) wmaHbiHIa ecipinrern Solanum lycopersicum kemicrepi
(kemrTipinireH JkoHe ycakranmFaH TypiHzme) kone Allium  sativum Ttictepinig
LIBIPBIHBI ATBIHBL.

KP Mewmnekerrik @Dapmakonesceina |-6emiminge (KP M®) kentipinren
omicreMernep OOHBIHIIA OCIMAIK MIMKI3aTTAPBIHBIH IIBIHAWBUIBIFE (BUFAIIBUIBIK,
KYJIUTIK, SKCTPAKTHBTI 3arTap MeJmiepi) jkoHe BB3-IblH CaHIBIK KYpaMmbl
anbIKkTanapl. bb3-fa camanbik Tangay xpomarorpadusulbIK 9IiCTep Heri3iHze, ai
CaHJBIK Tangay KOJIODUMETPHUSIIBIK, CHEKTPO(HOTOMETPHUSIIBIK,
XpoMaTorpadUsIIBIK )KOHE TUTPIICY 9MICTEPIMEH aHBIKTAJIIEL.

Oxempaxmusmi 3ammap moawepi. [Jnametpi 1 MM JeiiiH o0/IeH YcaKTasFaH,
€JIEKTEH OTKI3UIreH 5 T eciMIiK KelleHiH TyOl 1eHec Kojibara cabIHBII, Oenrii
epitkimTed 25 mn Kyisael. Konbansl TeireiHMeH kaybin, 0,01 rpamra gedinri
IOoIjiikmeH enmmrern, | cararka KanaelpbUabl. CogaH coH  KOJMOaHBI  Kepi
CaNKBIHIATKBIIIKA JKajJFal, KalHaraHIla KbI3ABIPBIN, 2 caraT Ooibl Oasy
KalHaThU1AbL. JKOFaITKaH MaccachblH COJI €PITKILIIEH TOJBIKTBIPBUIABL. AJIBIHFaH
KOCIaHbl 90€H IaiKaiasl, cochlH kejemi 150-200 mn konbara Kyprak Kara3
GuIbTp apKpUIbl cy3imimi. AnbiHFaH (uibrtparTan 15 o anem, 100-105 °C
TeMIIepaTypazia KenTipiin, aHaIMTUKAJBIK Tapa3blia eJIeHreH, AuamMeTpi 7-9 cMm
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thapdop bIABICKA KYHBIT, CYIBI )KBUTBITKBIITA OyTanasipeuiapl. 100 — 105 °C-ga 3
carar OOWMBI KemTipill, »JKCHKATOpAa CalKBIHOATHIN, emmeHmi. Kyprak
[IMKI3aTTaFbl 3aTTAPABIH OKCTPAKTHBTLMITIH Kejeci dopmyna (1) apKbuis!
ecernTeNiHIi:

M, x200<100

= 1)
M, x (100-W)

MyHJIaFbl, Mz — BIIBICTa KallFaH KypFaK KaJABIKTBIH Maccacel, r; Mi —
IIHMKI3aT Maccacsl, T
W — muki3aTTBIH KeNTIPreH Ie dKOFalITKaH Maccachl, %.

Dnasonouomap moauepin auvikmay. 2 T YHTAKTAJIFaH IMAKI3aTTHI KeJeMi
150 mi OGomateiH KomOara cambir, yerine 30 mim 90 % oTunm crnupTiH xoHE
KOHIEHTPI 1 %-7bl XJIOPJIbI CYTEK KBIIIKBUIBIH KOCKIN, KE€Pi TOHA3BITKbIMTA 1
caraT 00WbI KbBIBIPHULABL. CybIThIN anbil, kejemi 100 My OONaThIH eImerim
KoJI0ara Cy3rill Karas3[Ibl MaijagaHa OTHIPBIT CY3UIMi. DKCTPAKITUSHBI IO OCHI
JKaFJaliMEH Tarbl Jla 2 PeT KaiTajar jkacal, JAdJ COJI eJIIIeTill KoyidaFra coJl Cy3ri
Kara3blH Naiganana oTelpein cy3inai. @uiaetpai 90 % »Tun cnupTiMeH Xya
OTBIPHII, KaJIFaH OOIIITiH cOM epiTKImIIeH TONTHPIIAB! (A epitiamici). Kemxemi 25
MJ OomaTelH emmierim Koybara 2 mu A epiTiHIiciH Ky#buieii, 95 % crumprre
epitinred 1t 1 % amoMuHUI XJIOPUIHIH €PITIHAICIH KOCBUIBII, KaJlFaH OeJIiriH
COJI epITKIMMeH TOATHIPHUIARL. 20 MHH COH KamblHABIFE 10 MM OoJaThIH
kroBeTana, 430 HM TOJKBIH Y3BIHABIFBIHA CPITIHIIHIH ONTHKAIBIK THIFBI3IBIFEIH
enieH . CalbICThIpMANbI ePITIHALI PeTiHAe 25 M eierini kojadagarsl 95 %-Ti
CHUPTICH TONTHIPBUFaH 2 M A epTiHIICIHIH KOCIAChIH KoJAaHasl. KBepuerun
OolbIHINIA ecenTenreH a0CONMOTTI KYpFaK 3aTTarbl (PIaBOHOMATHIH MeJIepi
kesieci popmysia (2) OolbIHIIIA ecenTeNeIi:

D x 25x100 x100

= )
764.6x2x M x (100 -W)

MyHzarbl, D — 430 HM TOJKBIH Y3BIHJBIFBIHJIAFBI €PITIHIIHIH ONTHUKAJIBIK
TBHIFBI3MIBIFEL, 764.6— KBepIUTHH KelieHiHiH 1 % amoMunuil ximopuaiMer 430 Hm
TOJIKBIH Y3BIHABIFBIHIA KOPCETKEH ONTHKANBIK THIFBI3ABIK Kepcerkimi; M —
IIHKI3aTTBIH Maccachl, T; W — IIHKI3aTThIH, bUIFAIIBLIIBIFEI, %0.

Xemunromunecyenyus 20ici  OotibiHwa KabviHyea Kapcol OencenOiniel.
JIFOMMHOJIMEH KYIIEHTIINeH XEeMHITIOMHUHECIEHIMSUTBIK, Tangay «Helfand »xone
aBTopnacrap (1982)» cunarraran oamicke colikec xkyprizinai. HBSS++ (kanbiuit
XJOPHII MEH MAarHuid XJIOPUAIH KAMTHUTBIH XOHKC TEHACCTIPUITCH TY3/IbI
epiTiHficl) imHme cydpUIThUIFaH 25 MK OyTiH KaH ChlHAMachl 25 MK



KA3AKCTAHHBIH XUMUA )KYPHAJIBbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

3epPTTENIETIH KOCBUIBICTApBIH YII TYpil KoHueHTparmsckiMed (1, 10 xone 100
MKI/MJI) WMHKYOAIMsUIaHABI, Op KOHIICHTpalus YII KaWTtamayaa 3epTTeii.
bakpinay yureimanapel HBSS++ jxone »kacymanapnabl kamTeiabl. Tampmay 96
VHFBIMAJBI aK TYCTI IUTaHIIETTepAe >Kyprizinmi, omap 37 °C rtemrepaTypana
JIOMHHOMETPIIH TEPMOCTAaT KamepachiHma 15 MuHyT OOiBl WHKyOaIWsUIaHIbL.
Wukybanusnan keiin, Oapiblk YHFpIMaapra (00c YHFBIManapaaH 0acka) 25 MK
OTICOHM3AIVMUTAHFAH 3WMO3aH JKoHEe 25 MK JKacyIIailIijiik OeJceHAi OTTeri
TYpPJIEPiH aHBIKTAWTHIH 30H] — JIOMHHOJI KOCBUIIBI. beJceHmi oTTeri TypiepiHiH
JeHIelil JIIOMUHOMETP/IE CalbICTRIpMalibl JKaphlK OipaikrepimMen (RLU) emmenai.
Cranmapt petinae noynpoden koiamanbuiasl, oHbH [Cso = 11.2 + 1.9 [15].

3. 3epTTey HITH:KEEP] :KIHE FHIIBIMU HITH KeIEP/i TANKbLIAY

OcCiMAIK I[UKI3aTHIHBIH I[IBHAHBIIBIFBIH  aHbIKTay KPP MemmekeTtik
dapMaKoNEICBIHBIH TaJaNTaphblHA COMKEC KYPTi3iami. 3epTTey HOTHXKeNepi
OenriieHreH HOpMaJaH acHaWThIHBIH KepceTTi. bb3 3eprreynepinge, Oapibik
HBICaHIapaa (EeHONIbl KOChUIBICTap TOOBI skoFaphl Kepcerkimke 2.02-2.86% wue
6onaer. ConeiMen katap, C. ensiformis tyxeimmapeiama 3.34% skanmel aMuH
KeimkpuAapel, C. longa Tameipcabarbinaa 1.15% Ttepi wierimn 3aTtapabiH yieci
anpikTanasl (Kecre 1). BBK-ai xkacay TeXHOJOTHACHIH KYPY MaKCaThIH/IA, OCIMIIK
IIMKI3aTTapbIHBIH SPTYPIi KaThIHacTaphl YChIHBLLIH (Kecte 2).

Kecre 1 — OcimMIik muKi3aTTapbIHbIH IBIHARBUIBLIK KOpceTKilTepi MeH Herisri Bb3 TonrapbHbIH caHabIK
KypaMbl

) Memuepi, %

Kepcerimrrep A. sativum S. lycopersicum C. longa C. ensiformis
blranasirs! 4.50+0.23 5.45+0.27 5.60+0.28 6.51+0.33
Kysminiri 3.79+0.19 6.01+0.30 7.78+0.39 3.87+0.19
Canonunzep 0.47+0.02 1.31+0.07 1.82+0.09 1.65+0.08
dnaBoHOUATAP 0.60+0.03 0.52+0.03 0.22+0.01 0.19+0.01
Tepi nnerim 3attap 0.16+0.01 0.09+0.005 1.15+0.06 0.87+0.04
®DeHoM/IbI KOCHLIBICTAp 2.02+0.10 2.44+0.12 2.86+0.14 2.04+0.10
OpraHHKaJbIK 1.09+0.05 0.89+0.04 2.34+0.12 1.21+0.06
KBIIIKBUIAAP

AMUH KBIIIKBUTIAPHI 1.67+0.08 1.12+0.06 1.48+0.07 3.34+0.17

*{x} & cranpaprThI ayBITKY. N = 3.

Kecre 2 — KoMmo3uiust KypaMbIHIAFbl ©CIMAIK HIMKi3aTTapbIHBIH KAThIHACKHI

OciMIIK MUKi3aTTapsl OCIMIIIK IIMKi3aTTapbIHBIH KATHIHACHI

ASCC-1 ASCC-2 ASCC-3 ASCC-4
A. sativum 1 1 2 1
S. lycopersicum 1 2 3 0.5
C. longa 1 1 1 6
C. ensiformis 1 2 4 25

mycinodipme: ASCC-1, ASCC-2, ASCC-3, ASCC-4 — eciMaIik KOMITO3UIIHSIIAPBIHBIH aTayJIaphbl.
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Tuimai  SKCTpakmus YIepiCiH OHTAaWIaHIABIPY MaKCaThHIMEH OCIMIIK
muKi3aTeHAaFbl bB3-7pIH MakcHManapl IIBIFBIMBIHA OCEep €TETiH KOMITO3UITUS
KaThIHACHI 13[ECTIPUIAL. OKCTPAKTHUBTI 3arrapipl 0ejdy YUIiH TepT TypJi
skcTparedt Kommaubuiael: 30, 50, 70% cynsi-ciupt xoHe cy (Kecre 3). Tanmay
Hotmkecinae, 50% cynel-ciupt eptiamicinae ASCC-2 xommosusicel 44.65%
YKOFapbl MeIIIEeP/i KOPCETTI.

Kecte 3 — buonorusublk 6eicen/i KeeHepAi KCTPaKTHBTI 3aTTap MeJIepi

Komnosunusinap 30% sTH crupTi, 50% sTHn cupTi, 70% >IN COMPTI, Cy, %
aTaysl % % %

ASCC-1 21.20+1.06 38.27+1.91 30.48+1.52 25.04+1.25

ASCC-2 24.92+1.25 44.65+2.23 33.43+1.67 28.69+1.43

ASCC-3 18.63+0.93 39.11+1.96 33.87+1.69 23.74+1.19

ASCC-4 19.01+0.95 41.28+2.06 32.64+1.63 23.22+1.16

*{x} + craunaprTe aybiTKy. N = 3.

ASCC-2 KoMHo3uuusiCblHa yIbTPaAbIOBICTBI 3KcTpakuus ypaici 50%-
sranomMeH 1:10 xaterHacta, 40°C-ta 30, 60, 90 MuH >Xyprizinmi. AJBIHFaH
sKcTpakTiiep QaBonun memmepine 3eprrenmi: 30 mua — 2.5%, 60 mua — 5.5%),
90 muH — 5.6%. 60 sxoHe 90 MuH HOTHXKeJepiHIE YJIKEH albpMallbUIbIK
0oJIMaFaHBIKTaH, SKCTPaKIKs YpAiciH 60 MUH >Kypri3ijeni Aem TaHaa bIHIbL.

BBK anynslH OHTaWabl TEeXHOJNOTWsIBIK mapamerpiepi: 200 r ASCC-2
koMmmo3unuscel epitkimmed 1:10 katsiHacta 40 °C-ta, 60 MUH yIbTPaIBIOBICTHI
BaHHaga 3 per xyprizingi. Anemran 5.5 1 skctpakt 40 °C-Ta poOTOpPIBI
OynaHmpIpreInTa KOHIEHTpaeHai. Hotmxkecinge 500 Mi KOHIEHTpAT ajbIHBII,
CyOnmmMManusuIpl KenTiprimke ki0epingi. JlalbHnanral KypFak dKCTPaKT TYCCI3,
cyna xakcbl epuni, pH kepcerkimi 5.9 TeH. Kepcerinren toxipube 3 per
KaWTalaHIbl.

Anwraran BBK-HiH KaObIHyFa Kapchl OSJICSHIUTITI cTaHaapT HOoynpodeHMeH
XKapTbulail Makcumanabl Texkerim konuneHtpanusichl (ICso = 11.2+1.9 mxr/mo)
canslcTeIpbliabl. Hotmxkecinge, BBK >xorapel kKaOblHyFa Kapchl OelICeHINIrH
Kepcerit, 79.2% Texenyine Kol xeTKizai, air ICso (MHruOUTOPITBIK KOHIIEHTPAIUS
50) moHi 5.4+1.2 MKr/Mi Kypaabl, SFHH OyI1 3aT KaObIHY HpOILECiHE KayamlThl
KOMIIOHEHTTepAiH Oencenautirin  50%-ra TOMEHAETETIH KOHIECHTPAIUSHBI
oingipeni. BEK-HiH KaObiHyFa Kapchl OelCeHITiK KopceTyl OHBIH AJbIreiimep,
[TapkuHCOH, CKJIEpO3 CHSKTHI HEWPONETECHEPATHBTI aypyJapMeH KaTap,
PEBMATOMATHI apTPUT JKOHE AayTOMMMYHIBI aypylapisl eMieyae oJeyeTTi
KOJIJIaHy MYMKIHIAITIH aWKpiHAaiael. by maTojorwsimapislH  MaTOreHe3iHe
KaOBIHYy TpOIleci MaHBI3/IbI PO aTKAPaThIHJBIKTAH, OJapiAbl eMjeyiae OelceH/i
KOCBUIBICTAp  PETiHAE€  aMHH  KbIIKbUIAAPbI,  (EHOJABl  KOCBUIBICTAp,
(maBoHOMITAD JKOHE ANKAJIOUATAP TOOBIHBIH THIMIII 9cep €Tyl KYTilei.
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4. KopbITBIHABI

Kapaun kanacer (ITokicran) manpiHga ecipinren Canavalia ensiformis L.
DC. tykeiMbl, Curcuma longa L. Tameipcabarsl, Anmatel kKanackl (Kaszakcran)
MaHpIHza ecipinren Solanum lycopersicum L. sxemicrepi (KemTipiareH »XoHe
ycakrairas typirze) xone Allium sativum L. rictepine KP M® Tananrapsina caii
IIBIHANBLIBIK KOPCETKIIITEP] JKOHE HETi3ri OMOJOTHSIIBIK OeICEH Il 3aTTapbIHBIH
caHIBIK Memmiepi capamramael. Hortmxkecinme, C. ensiformis tyxsiMmapeiama
3.34% oxamnbl amuH Keimkeuigapsl, C. longa Ttameipcabareinmga 1.15% Tepi
wierim 3arrap, 1.82% canonunnaep, 2.34% OpraHMKaNbIK KBIIIKBUIAAP SKOFAphI
yJieci aHBIKTaNIbI.

AnFam per eMmIiK >KoHE TaraMJIbIK MHKizaT kesnepineH bBK kypy ymix
KOMITO3UIIMSIHBIH THUIMJII KaThIHACTaphl KapacThipbuibl. ConbiMeH Katap, bBK-nmi
aJly MaKCaThIH/a THIMJTI TEXHOJOTHSUTBIK TapaMeTpIiep YChIHBUIIBIL.

buonorusneik Oencenai xemreH KaObiHyFa Kapchl (ICso = 5.4+1.2 mkr/mm)
JKOFapbl OEICEHIIIK KOPCETTI.

Kapxbuianasipy: byn 3eprrey Kaszakcran PecnyOnukacst Fouibiv  oxone JKorapel  Binmim
MHUHHCTPJITIHIH Kapkbuiaii KoimaybiMer (JKyiapi3 YBaHHCKaHOBAHBIH JOKTOPAHTYpa IIOKIPTAKBICHI)
JKY3€re achIpblIIbl.

Aarpic: K. VYBaHuckaHOBa ©3iHIH 3epTTeyJepiH IKypridyre ikarmaii kacaran Kapauu
YHUBEPCHUTETIHIH XaJbIKapallblK XUMHUS JKOHE OWONOrusi FeulbIMIapbiHblH optaibirbl, H.E.J. Xumuns
FBUIBIMU-3€PTTEY HHCTUTYTHI JKoHE JTOKTOp [lamkBaHM aThIHAAFbl MoJeKyIaiblK MEAUIMHA )KOHE TOPLITIK
3aTTapasl 3eprrey opranbiFbl (Kapauu k., [TokicTan) 1IbIH )KYpEKTeH anFbic Olnaipeni.

Myaaeinep KaKThIFBICHI: ABTOpiap Oy KyYMbIC OOMbIHIIA MyJyieliep KaWIIbUIBIFBI KOK CKEHIH
MoIMIEH .

PA3PABOTKA BUOJIOT'HYECKHU AKTUBHOI'O KOMILVIEKCA C
MPOTUBOBOCHAJIMTEJILHBIMH CBOMCTBAMM

JK.H. Yeanuckanosea®', I.A. Ceitimumosa', I.Ill. Bypawesa', M.H. Yayoxapu?

Kasaxcruii nayuonanvioii ynusepcumem umenu anb-Dapabu, Gaxyismem Xumuu u XUMU4ecKkou
mexnonozuu, Aimamel, Kazaxcman

2Hayuno-uccredosamenvexuii uncmuniym xumuu u 6uonoauu, L{enmp doxmopa Ilonoxceanu
MONEKYNAPHOR0 Uccredosanue iekapeme u npenapamos, Yuueepcumem Kapauu, Kapauu, Ilakucman
*E-mail: zhuldyz.uvaniskanova@gmail.com

Pestome. B craree mnpencraBieHbl pe3ynbTaThl (PUTOXUMUUECKUX HCCIEIOBAHMN IUIOJOB TOMAara
(Solanum lycopersicum L.) u 3y6unkoB wecHoka (Allium sativum L.), coGpaHHBIX B OKPECTHOCTSIX T.
Anmarel (Kazaxcran), a takke ceMsH MedeBuaHoi kanaBanmuu (Canavalia ensiformis (L.) DC.) u
kopHeBwuII Kypkymbl (Curcuma longa L.) u3 okpecrrocreii r. Kapaun (ITakucran). B xoze uccienoBanus
OMONOrMYecKH aKTUBHBIX BEILECTB BO BCEX 00Opa3lax BBISBIEHO BBICOKOE COJEpKaHHE (HEHOIbHBIX
coenunennit (2.02-2.86%). Kpome toro, B cemenax C. ensiformis oGuapyxeno 3.34% oO6mmx
aMHHOKHCIIOT, a B KopHeBuniax C. longa comepxurcs 1.15% nyOwiapHbIX Bemects. s ompenencHus
XHMHYECKOTO cocTaBa UCTIONB30BAHBI KOJIOPUMETPHUECKHE, XpomaTorpaduueckue "
cnekrpoporomerpudeckre Meroibl. C Lemblo  co3faHusl OMOJOTMYECKH aKTUBHOIO —KOMILIEKCa
HCCIIEIOBAIIH YeThIPEe PA3IMYHBIX COOTHOLICHHUS PACTUTENBHBIX 00BEKTOB, B pe3ynbTare 4ero B 50%-HoM
BOJIHO-CIIUPTOBOM PACTBOpE pacTUTENbHOH Kommo3uiun ASCC-2 00Hapy>KeHO BBICOKOE COJepKaHHUe
9KCTPAKTHUBHBIX BemecTB (44.65%). PaccMoTpeHs! 3((eKTHBHEIC TEXHOJIOTHYCCKHE IapaMeTphl
MONy4eHHs  Ouonormdeckn  axktuBHoro kommuiekca (BAK). OnrumaneHeIME — HapaMeTpaMu
YIBTPa3BYKOBOM 3kcTpakimu komno3unuu ASCC-2 ompeneneHsl COOTHOUIEHHUE CHIPhsl M PaCTBOPHUTENS
1:10, Temneparypa 40 °C, Bpemst 60 MmuH. [loayueHHbIH SKCTPaKT KOHLEHTPUPOBAIM B POTOPHOM
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ucnapurene npu 40 °C, a 3areM nozasepranu cyOnuManuoHHON cymke. Cyxol 3KCTpakT OecLBETeH,
XOpouIo pactBopsieTcst B Boze, ero pH pasen 5.9. BAK mposiBisieT BBICOKYIO NPOTHBOBOCIIATHTENBHYIO
akTiBHOCTH (ICso = 5.441.2 mkr/min).

KnroueBble c10Ba: S5KCTPaKTHBHBIE BEIECTBA, YIbTpa3BykoBas oskcrpakuus, BAK, ¢naBonounsl,
MIPOTHBOBOCHATIMUTENbHAS AKTHBHOCTb.

Yeanuckanosa Kynovz Haiimanza3zvikpizol Mazucmp mexnuueckux nayx
Ceimumoea I'ynvnas A6cammapogna PhD, accoyuuposannuiii npogeccop
Bypawesa I'ayxap Lllaxmanoeéna Jlokmop xumuyeckux HayK, npogeccop
Myxammao Hxoan Yayoxapu PhD, ooxmop, npogeccop
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INFLUENCE OF SODIUM HUMATE CONCENTRATIONS ON THE
COMPOSITION AND PROPERTIES OF LIQUID
ORGANOMINERAL FERTILIZERS

U.Zh. Dzhusipbekov, G.O. Nurgalieva”, Z.K. Bayakhmetova, D. Duisenbai, U.B. Aksakalova

JSC A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
*E-mail: N_gulzipa@mail.ru

Abstract. Introduction. The use of liquid organomineral fertilizers (LOMF) based on chelates of
microelements and humates leads not only to an increase in yield and product quality, but also to a
decrease in economic costs. LOMF s have a complex effect on plants, activate various physiological
processes, increase the plant defense mechanism to various stresses and phytopathogens, improve the
structure and properties of the soil. The aim of the work is to study the patterns of the influence of sodium
humate concentrations on the process of obtaining humate-, nitrogen- and molybdenum-containing
LOMFs. Methods. The methods of chemical analysis, an atomic emission spectrometer with inductively
coupled plasma, infrared spectroscopy and thermogravimetric analysis were used. Results and discussion.
Based on chemical and physicochemical analyses, the effect of sodium humate concentrations on the
composition and properties of the synthesized products was determined. The results demonstrated that
increasing sodium humate concentrations from 0.1% to 1.0% led to a rise in the yield of humic acids
(HA%M from 33.73% to 38.60%, nitrogen content from 4.21% to 5.27%, and molybdenum content from
0.22% to 0.30%, the amount of COOH - from 1.28 to 1.80 mg-eq/g and OHpnen.groups —from 0.34 to 0.70
mg-eq/g. IR spectral analysis revealed that the interaction of sodium humate with ammonium
heptamolybdate results in the formation of a complex compounds. The IR spectra of the LOMF samples
exhibited distinct and well-defined absorption peaks at specific wavelengths, indicating an enrichment
with carboxyl, phenolic, and carbonyl functional groups. Conclusion. Physicochemical investigations of
the synthesized LOMFs confirmed that the interaction of sodium humate with ammonium heptamolybdate
leads to the formation of organomineral chelate complexes incorporating molybdenum ions. The
formation of these complex compounds, alongside increased concentrations of HAY%" nitrogen,
molybdenum, COOH, and OHpren groups, enhances the biological activity and agrochemical efficacy of
the fertilizers.

Keywords: liquid organomineral fertilizers, sodium humate, ammonium heptamolybdate
tetrahydrate, nitrogen, molybdenum, complex compounds, biological activity
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BJIUSHUE KOHIEHTPAIIMM TYMATA HATPUS HA COCTAB U CBOMCTBA KUJIKHAX
OPI'AHOMMHEPAJIbHbBIX YIOBPEHUI

V.JK. /Tucycunéexos, I.O. Hypzanuesa', 3.K. Baaxmemosa, [yiicenéaii /., Axcaxanosa y.b.

AO «HUncmumym xumuueckux Hayk umenu A.b.bexmyposay, Anmamet, Kazaxcman

*E-mail: N_gulzipa@mail.ru

Pesome. [lpumeHeHue KHUAKHX OpraHoMHHepanbHbIX yaoOpenuit (JKOMY) Ha ocHOBe XenatoB
MHUKpPO3JIEMEHTOB M 'yMaTOB NPUBOAUT HE TOJIBKO K MOBBILICHHIO YPOXKAIHOCTH M KayecTBa MPOJYKIUH,
HO M K CHIDKEHHUIO dKOoHOMHu4eckux 3arpat. JKOMY 0Kka3pIBalOT KOMIUIEKCHOE BO3JCHCTBHE HA PACTEHHS,
AKTHBU3HMPYIOT PasiIMYHbIe (U3HOJIIOTHYECKUE MPOLECCH], MOBBILIAIOT 3alUIUTHBI MEXaHU3M PAaCTeHUH K
pa3NIUYHBIM CcTpeccaM M (UTONATOreHaM, YJIy4IAIT CTPYKTYypy M CBOIcTBa MOuBHL. [lers pabomuvl -
H3yYeHHE 3aKOHOMEPHOCTEH BIIMSHUS KOHIIGHTPAIlMM I'yMmaTa HAaTpHsl HA IpOLECcC MOIyYeHHs Iymar-,
a301- u Mombaencoaepxkammx JKOMY. Memoos:. [IpuMeHsITH METOABI XUMUYIECKOTO aHaJi3a, aTOMHO-
SMHCCHOHHBIA CHEKTPOMETP C HMHAYKTHBHO-CBSI3aHHOH IUIa3MO#, MH(PAKPAaCHYI CIEKTPOCKOMHUI M
TEpPMOTpaBUMETPUYCCKU  aHanmu3. Pesyibmamuvl  u  06cyxcoenue. Ha OCHOBaHMM —PE3yJbTaTOB
XUMHYECKOT0 U (PU3HKO-XUMHUYECKOT'0 aHAJIHM30B YCTAHOBJICHO BIHMSHHUE KOHICHTPALMI ryMaTa HaTpHs Ha
COCTaB U CBOICTBAa CHHTE3UPYEMbIX HPOAYKTOB. [loyydeHHbIE pe3ynbTaThl MOKAa3ald, YTO MOBBIIICHHE
KoHIeHTpanuii rymara ot 0.1 10 1.0% cnocoGCTBYeT yBeIMUEHHIO BEIX0a TyMUHOBBIX KucioT (HA %) ot
33.73 no 38.60%, conepxanus N — ot 4.21 1o 5.27% u Mo — ot 0.22 o 0.30%, xonmmaectso COOH — ot
1.28 no 1.80 mr-3kB/r 1 OHgen-rpynmn — ot 0.34 no 0.70 mr-sks/r. Ananu3 nanaeix VKC nokasan, 4to
B3aUMOJICHCTBHE rymMaTa HaTpusi € TIenTaMoiu07aToM aMMOHUS HPUBOJUT K 0Opa30BaHHIO
KoMmIuiekcHoro coeauHenus. HWK-crmektpel  uccnenyembix  obpasmoB  JKOMY  xapakrtepusyroTcst
MIPUCYTCTBUEM OTHOCHTEIBHO YETKMX W AWCKPETHBIX IHMKOB IIPH ONpPENENCHHBIX UIMHAX BOJH WU
oboraieHsl  KapOOKCHIBHBIMH, (PEHONBHBIMH M KapOOHWIBHBIMU rpymnmnamu. 3axiouenue. Dusuko-
XHUMHYECKHE HCcieqoBaHus cuHTe3upoBaHHbIX JKOMY mokaszanu, 4Tto B pe3ysibTare B3aHMMOJCHCTBHUS
rymara HaTpusi ¢ TenTaMoJM0JaToM aMMOHHUS 00pa3ylOTCsl OpraHOMUHEPAIbHBIC XEIATHBIE KOMILICKCHI
TYMUHOBBIX COCAMHEHHI ¢ MoHaMu MonuOaeHa. OOpa3oBaHHE KOMIUICKCHBIX COCIMHEHHUI, a TaKkKe
ysennuenne HA%\ N, Mo, COOH- u OHgen-TpyHn NPUBOAMT K MOBBIIIEHHIO MX OGHOIOTHYECKOi
AKTUBHOCTH U arpOXMMHUYECKOMN LIEHHOCTH.

KnroueBble cj10Ba: JKHIKHE OpPraHOMHHEpAIbHBIE YHOOpEHHWs, TyMmMaT HaTpusa, TeTparuapar
renTaMonubaaTa aMMOHUS, a30T, MOJIHO/CH, KOMIIEKCHBIC COeIMHEHN:, OH0T0orniecKas akTUBHOCTh

[orcycunéexos Ymupzak Kymacunoguu Joxmop mexnuyeckux nayk, npogeccop
Hypzanueea I'ynzuna Opvinmaesna [Moxmop xumuueckux Hayk
baaxmemoea 3amupa Kenecoexosna Kanouoam xumuueckux nHayx
[yiicenoaii /[ynam Mnaowuil HayyHwitl cOmpyOHUK
Axcaxanoea Ynocan bazycanosna Huoicenep

1. BBenenne

OmauM w3 Hambonee  BQQEKTHBHBIM  CHOCOOOM  yBEIHUYCHHE
MIPOAYKTUBHOCTH CEJILCKOXO03IHCTBEHHOIO MIPOM3BOJCTBA U yIy4IlIEHHE KayecTBa
MoJTy4aeMol POJTyKIIHH, TIOBBIIICHHUE TIO0POJIUS TTIOYBBI SBJSIETCS IPUMEHEHHE
KHUIKAX  OpraHOMUHEpaNbHBIX  yaoOpenuit  (OKOMY),  conmepxamux
OMONIOTMUECKH  aKTHBHBIX  TyMuHHOBBIX  BemectB  (I'B), Makpo- wu
MHUKpOdieMeHTOB. ABTopamu [1] mpemoxen croco6 momydenus JKOMY myrem
n00aBNeHNsl K TyMaTHOMY IperapaTy SKCTpakTa M3 Jy3IH IPEYHXH M MeJacChl,
pacTBOpoB  OOpPHOM  KHCIOTBI WJIM MOJHOACHOBOKHCIOIO aMMOHHS H
OakTepuaibHyo KyubTypy. Croco® [2] ocHOBaH Ha CMEHIMBaHUM PACTBOPOB
muHepansHbix BemectB ((NH2).CO, H3BOs, (NHs):MoOs H3PO4, KNO3 u ux
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CMeCH) M TYMHHOBOTO 3KCTpakTa. B pabote [3] ymoOpeHue momydaroT myTem
BBeaeane B Matpuiy NPK Me30- 1 MHUKpO3JIEMEHTOB MarHus, CEphl, XKelesa,
LIMHKa, Meau, Oopa, MapraHia, TpujioHa b W rymara kanus, MOJy4eHHOTO U3
Oyporo yrisi Wi JeOHapAWTa. 3alaTeHTOBaH CIOCOO TONYyYEHHS JKUAKOTO
ymobpenus [4], 3akmroyaromuiics B U3BJAeYEHNH U3 OypOro yrios rymara Kajaus 1
ero Moan(UIMpPoOBaHus, B JOOABIEHNH K PACTBOPY MOIUGPHUIIMPOBAHHOTO I'yMaTa
MOYEBHHBI, Cynb()aTOB aMMOHHMS, MarHus, »eje3a, MapraHiia, MeIH, IMHKA,
xjmopuaa Kanbius, monuogara ammonus, DJITA u I[TIAB. B pabote [5] s
MIOJTyYeHUST JKAJKOTO YAOOpEHHUS WCIONb30Ball CylIb(arbl MeIu M IHHKA,
TpuiIoH b, BoaHBIN pacTBOp aMMHaKa U TymaTta HaTpUsl MM TYMUHOBYIO KHCJIOTY.
ABtopamu [6, 7] mcciemoBaHbBI MPOLECCH MONYYCHUS KUAKHX YHZOOpeHHd u3
rymara Kaiws, BbIOeNeHHoro okuciaeHHoro H.O; um HNOj; Oyporo yris B
MIEJIOYHON Cpefie, aMMHAadyHOW CEJIMTPbI, MOYEBHHBI, Cyjib(paTa aMMOHHSI U
OYMILEHHOW aMMOHHU3HUPOBAHHON OKCTPaKIHMOHHOW (ocdopHoil kucmorel. B
cmocobe  [8] JKOMY  moay4aroT  IyTeM — CMEIIMBaHHE  pacTBOpa
TYMYyCOCO/IEP>KaIlero BeIECTBA C MIIEHUYHBIMHI OTPYOsSMH, TUMOHHOM KHUCIOTON
M aleraToM Mar#us. B kauecTBe rymycocoiep)Kallero BeIlecTBa HCIOJIB3YIOT
KHUIKOe OMOynoOpeHHe, MONydyeHHOE IyTeM (QepMeHTauud TophOnoMeTHON
cMecH W JA00aBIeHWEM THAPOKCHAAa Kaiws. B mernoM, aHamm3 Hay4dHO-
TEXHUYECKOU JINTEPATYPhI MOKA3BIBAET, YTO CYIIECTBYIOIINE CIIOCOOBI MOTyIeHUS
KOMY ocymecTBIsIOTCA B «OKECTKHX» YCIOBHSX, a CIOKHOCTb CTpYKTyphl I'B
MIPUBOJNT K ITOTyYEHUIO IPOTHBOPEUUBBIX PE3YIIBTATOB.

B cBsi3u C BBIMIEU3I0KEHHBIM, HENbIO JAHHON PaOOTHI SBISAETCS M3ydEHHE
3aKOHOMEpHOCTEH BIMSHMUA KOHIEHTpalMu TyMaTra HaTpus Ha Tpolecc
MOJIyYEHUs TyMaT-, a30T- U MosmbaeHcoaepxamux JKOMY.

2. DKcnepUMeHTAJIbHAs YacTh

[ BBIMONHEHWS  JKCIEPUMEHTOB  MCIOJB30BANM TyMmMaT  HaTpHd,
nosrydeHHbId u3 Oyporo yrisa Oii-Kaparaiickoro mecropoxxiaerus (ATMaTHHCKON
00J1.) IMIEeNOYHOW OJKCTpakuuWed THUAPOKCHAOM HATpHs, KOTOPBIH HMeeT
cienyromuii coctaB (Mac.%): BBIXOJ CBOGOIHBIX T'yMHHOBEIX Kucior (HA®) —
46.15; 30abHOCTH aHaMMTHYECKON po0bI (A") — 32.11; ananuruyeckas Biara (W?)
— 8.12 u Terparumpar rentamoinoiaTa aMMOHUS C cojiep kaHreM B mac.%: Mo —
54.30 u N — 6.70, mapku «4.71.a.».

Omnbitel ipoBoAwH Tipu cooTHomennu T:2K=0.5:100, temnepatype 40 °C B
teueHne 60 MuH, KOHIIEHTpanuio rymara HaTpus BapsupoBany ot 0.1 no 1.0%. B
CHUHTE3UPOBaHHBIX 00pasmax JKOMY XUMUYECKUM aHATHU30M OMPEIEISUIA BBIXO/T
HA%" [9], conepxanust N [10], xommuectBo COOH- 1 OHgpes-rpymm [11, 12].
Conepxanne Mo ompenensuid € HCIOJIB30BAaHHEM aTOMHO-3MHCCHOHHOTO
CHEeKTpoMeTpa ¢ HWHAYKTUBHO-cBs3aHHOW 1masMoir «ICAP PRO XP Duo»
(«Thermo Fisher Scientificy, CIIA). MK-criektpsl cunTe3upoBaHHbix JKOMY
canmaiu Ha UK-®Dypre-criektpomerpe «Thermo Electron» (¢pupma Nicolet 5700,
CIIIA) B Tabnerkax ¢ KBr B o6mactu crektpa 4000-400 cm™. Mntepnperamnus
CIEeKTPOB  OCymiecTBIsin  cormmacuo [13, 14]. TepmorpaBuMeTpuvecKkne
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u3MepeHus TmpoBoawan Ha ananusarope SKZ1053 («SKZ Industrial Co.,
Limited», Kutail) B BO3ayHIHO#M cpele B AMANa3oHEe TEMIEpaTyp OT KOMHATHON
1o 1350°C, ckopocts Harpesa 1-80°C/mumn [15, 16].

3. Pe3yabTaThl U HX 00CYKIEHHE

[Tony4yeHHble pe3ynbTaThl MOKa3ajiM, YTO IpPHU B3aMMOJCHCTBUM Tymara
HaTpHUs C TenTaMoJnOJaToM aMMOHMS POCT KOHIeHTpanuu rymarta ot 0.1 mo
1.0% cmocoGeTByeT mossimennio Beixoxa HA%! comeprxanns N u Mo (pucyHok
1). Hanpumep, npu temmnepatrype 40°C u cootHomennun T:2K=0.5:100 uepe3 60
mur HA® ypemmunpaerca ot 33.73 mo 38.60%, comepxanus N — ot 4.21 10
5.27% u Mo — ot 0.22 g0 0.30%. YcTaHOBIIEHO, YTO POCT KOHILIEHTPAIMU OoJiee
0.5% He TPUBOJWT K CYLIECTBEHHOMY U3MEHEHHUIO XapaKTEPUCTHK IMOTyYaeMbIX
MIPOAYKTOB.

|
HAd‘af%| N, %) Mo, %

4

(Y S B 10Ceomet 0 01 03 08 7 10 Cooma,% 0 01 03 08 g7 10 Cromn, b

Pucynok 1 — 3aBHCHMOCTD BBIXO/]a TYMHHOBBIX KUCIIOT (@), coepskanus azora (b) u monubaeHa (C)
OT KOHIIEHTPALUH TyMaTa HATPHUSI

COOH u OHgew-rpynnel ['B siBisitoTcst kito4eBbIMH  (DyHKIIMOHATBHBIMU
IpyniamMM, OT COJEpPXKaHUS KOTOPBIX 3aBHUCUT OHOJIOrMYecKas aKTHBHOCThb
JKOMY [17, 18]. BeisiBiieHO, YTO MOBBIIICHHE KOHIICHTPAIIUK r'yMarTa MPUBOIHUT K
yBenuueHnto  konmudectBa COOH- u OHgew -rpynm coorBercTBeHHO 70 1.80 M
0.70 Mr-3kB/T (pUCYHOK 2).

I'B naubonee 3(pdexkTuBHBI B yCIOBUSIX BOJHOIO U COJIEBOTO CTpecca, a
TaKXe XeJIaTHPYeT MHUKPOIJIEMEHTHI TOYBHl U COBMECTHO TPAHCIIOPTHUPYET UX B
pactenust [17]. Pactenus B ocHOBHOM moriiomamT N B (popMe HEOPraHHYECKOTO
aMMOHHUsI W HHTpara, a Takke N B ¢opme amuHOkucnoT. CrmocoOHocTs ['B
CcTaOMIM3MPOBaTh AMMOHHN YITyUIIaeT TOCTYMHOCTh a30Ta B PACTEHHUSAX W TIOYBE
[19]. Vcranosneno, uto MO B yCIIOBHSIX 3aCyXH CIIOCOOCTBYET aKTHBH3AIMH
MPOLECCOB  MOCTYIJICHHWST a30Ta B pacTeHUss Hu  ero  3((eKTUBHOMY
repepactpeieNIeHHI0 MeXTy OpraHaMH, a TakXKe MOBBIIIAET 3UMOCTOWKOCTh U
3acyx0oycToiunBoCcTh pactenuit [20]. V3 BBIMIEH3IONKEHHOTO CIEIYET, YTO POCT
coJiepKaHus yKa3aHHBIX apaMeTpoB CHocoOCTBYeT MTOBBIIIEHUIO
s¢dexktuBHOCTH  monydeHHBIX JKOMY w© ycwieHuto wux OHOIOTHYECKON
AKTUBHOCTH.
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Pucynok 2 — BiusiHue KOHIEHTPALMU I'yMaTa HaTPUs Ha KOJMYECTBO ()yHKIIMOHAIBHBIX TPYIIIT

IMpu wunentudukarmu HK-crektpoB o6pasioB JKOMY  (pucynok 3)
WCIOJIb30BANIM 3HAYEHUS MAaKCHMYMOB XapaKTEPUCTUYECKHUX TI0JOC TOTJIOIIEHUS
Ba)KHEWIINX aTOMHBIX IPYNIMPOBOK U GpyHKIMOHAIbHBIX rpymnn [13, 14]. Ha UK-
criekTpax 00pasnoB JKOMY oOHapyKeHBI ITOJIOCHI ITOTJIOMICHHUS V KOJCOaHMIA
OH-rpynm B o6nactu 3685-3680 1 3190-3185 cm™, vas kone6anuit COO” -rpyrm —
npu 1620-1615 cm™, vs konebanuit COO™ - u § xonebanuit NHs -rpynn — mpu
1405-1403 cm?, v komeGammit —C-H-, -C=0O- u -C-O-cBsseii CIIUPTOB,
OUKINYecKnX 1 anvpatuaeckux 3¢upos u 6 konedanuit OH-rpynmn — mpu 1320-
1310 u 1220-1210 cm™. Tlomocer B obmactn 890-485 cm™’ moxTBepKaroT
oOpasoBanue cBsizu Me-O B XelIaTHBIX KOMIUIEKCcax TyMaroB ¢ MonudaeHoM. K-
CHEKTPBI UCCIIEAYEMBIX 00pa3IOB UMEIOT XapaKTePHBIN OOJIUK M MPEIOCTaBISIOT
OMpE/ICJICHHBIC CBEACHUS O MPHUPOJAE CTPYKTYPHBIX (ParMeHTOB W IPHPOJIE
CBsI3CH, HMHTECHCHUBHOCTH TIOTJIONICHUS KOTOPBIX YBEIMYUBACTCS C POCTOM
KOHIICHTpAIIMK TyMara HaTpus, a Takke HaOMI0JacTCs B3aMMHOE BIIUSHUS
OTJCNIbHBIX IOJIOC IIOMJIOIICHHUS, BIUIOTH 1O HX CJAMSHHS, YIIUPEHHS U T.1.
Anamuz MK-cniekTpoB Takxke Moka3biBaeT, 4To o0pasipl JKOMY 3HauuTenbHON
CTereHn OOOTalleHbl KapOOKCHIBHBIMU, (EHOJIBHBIMH U KapOOHUIBHBIMHU
rpynmnaMu (ajbAeTHIbl, KETOHBI, KAPOOHOBBIE KUCIOTHI, YPHPHI).

TepmookucnurensHoe  cBoiictBa  JKOMY  mccremoBaHo — METOZIOM
tepmorpaBumetrpun (pucynok 3). Kpussie TI/ITI wmcciemyembix o0pasioB
XapaKTepH30BaJINCh JHIAOTEPMUYECKHM IMHKOM B HWHTepBaie Temnepatyp 120-
127°C, 00yCIOBIICHHBII JIeTUIpaTaliOHHbIMU MPOLECCaMH, T.€.
00e3BOKMBAHUEM 00pas3IoB, a TaK)Ke HAYaILHON aecTpykuueit rymara [15, 16],
IIPH 3TOM BOJIa MOXKET IMPHUCYTCTBOBAaTh B CBOOOJTHOW (POpPME WU XHUMHYECKU
cBa3aHHOM ¢ mopucteiMu I'B, muk npu 160-175°C cBsizan ¢ motepedl mMacchl
BCJIEJCTBHE yIaJICHUS KpUCTAJUIU3aLHOHHON BOJBI. Cy1iecTBeHHBIN
TEMIEPATYPHBIN AWANAa30H TPaHCHOPMAIIMH OPTaHHYECKOTO BEIECTBA OTHOCUTCS
K auanazony 250-270°C u cBsA3aH C Jerpajaluel MeHee TEepMHUUYECKU
CTaOMIIBHBIX CTPYKTYP, OOBIYHO XapaKTEPU3YIONINXCSI MEHEe KOHJICHCUPOBAHHOM
cTpykrypoil. [lotepst Macchl B 3TOM TeMIIEpaTypHOM AHANa3oHe OOBSCHIETCS
TaKUMH ~W3MEHEHHSAMH, Kak Jerpajanmus amupaTHUecKuX CTPYKTyp U
nexapooxcunupoBanne COOH-rpymm.
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NOTIANEHTE

1 - rymar Hatpusi, 2 — TeTparuapar renTaMoan0/1aTa aMMOHHUSI, TIPOAYKTBHI,
IOJIy4CHHBIC IPH KOHIIEHTpaIuy rymara Hatpus, %: 3 —0.1, 4 - 1.0

Pucynok 3 — MK-cnekTpbl HCXOHBIX KOMIIOHEHTOB M CHHTE3UPOBaHHBIX 00pa3ioB JKOMY
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MPOIYKTHI, OMYYCHHBIC TIPU Pa3HBIX KOHIEHTpALHsAX rymara Hatpust, %: a—0.5; b — 1.0

PucyHnok 3 — TepmMorpaMMsl CHHTE3HPOBaHHEIX 00pasos JKOMY

4., 3akjaoueHue

B xozae npoBeAeHHBIX HCCIIEIOBAaHUI YCTaHOBICHA BO3MOKHOCTD MOIYYCHUS
KHIKHAX OpraHOMHHEPAITHHBIX ynoopenuit Iy TeM B3aMMOIECHCTBHS
renTamMojinoaaTa aMMOHHSI C TyMmMaTOM HATpHUs B «MITKHUX» ycinoBusx. C
MPUMEHEHUEM METOJOB XHUMHYECKOTO M  (PU3UKO-XUMHUYECKOTO aHaln3a
WCCIIEIOBAHbI COCTaB M CBOWCTBA CHHTE3MPOBAHHBIX IPOIYKTOB, BBISABICHBI
KOHIICHTPAITHOHHBIE TPAHMIIBI MIPOBEICHUS mporiecca. [Tomy4yennsre
SKCIIEPUMEHTAIbHBIC JAHHBIC TOKA3aJIM 3aBUCHMOCTH COCTaBa M CBOWMCTBA
JKOMY ot xoHueHTpanuu rymara Hatpus. [lokazaHo, 4TO pOCT KOHICHTpAIMU
rymata Hartpus oT 0.1 mo 1.0% mpuBOAMT K YBENHYEHHIO BBIXOAA HA® 10
38.60%, conepxanus N — 10 5.27% u Mo — o 0.30%, xonmuecrea COOH-rpymnmn
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— 10 1.80 mMr-3kB/r 1 OHgeu-rpynn — go 0.70 mr-ske/r. Ha ocHOBaHUM (u3uko-
XMMUYECKUX HCCIIEOBAHUHM yCTAaHOBJIEHO, YTO IIPH B3aUMOJEHCTBUM TIyMmarta
HATpHUsI C TENTaMOIMOJaTOM aMMOHHS OOpa3yloTCs TEPMHUYECKH YCTOHYMBBIC
XellaTHbIe KOMIUIEKCHBIE COEIMHEHHs. 1Ipy 5TOM HoBbImenne coepxanus HA®
N, Mo, COOH- 1 OHgeu-Tpynn ycuimBaroT ynoOpUTEeNbHBIE, CTUMYJIAPYIOIIHE,
AHTHUCTPECCOBBIE ¥ JIp. CBOWCTBA MOJyYaeMbIX TPOIYKTOB, & TAKXKe MPHBOJUT K
YBEJIMYEHUIO OMOJIOCTYMHOCTH Makpo- W MukpoaneMmetrHoB u3 KOMY. 310
no3BossieT ucnons3oBath JKOMY B pacTeHHEBOACTBE M Ui PEKYJIbTUBALMU
HapyLEHHBIX I10YB.

dunancupoBanmne: Pabora BBINOIHEHA MO HPOrpaMMe LIEIEBOT0 (PMHAHCHPOBAHMS HAay4YHBIX
uccnenoannit Ha 2023-2025 rr., ocymectBisemoro Komuterom nayku MHBO PK, nmo mporpamme
BR21882220.

Kondaukr mHTEpecoB: ABTOpHI 3asBJISIOT 00 OTCYTCTBHM KOH(DJIMKTa HHTEPECOB MEXKIY
aBTOpPaMH, TPEOYIOIIETr0 PAaCKPBITHI B JAHHOM CTaThe.

CYIAbIK OPTAHOMHWHEPA.1IbI THIHAMTKBIIITAP/IBIH KYPAMBI
7KOHE KACUETTEPIHE HATUI1 T'YMATBI KOHIEHTPALIUSICBIHBIH OCEPI

O.JK. Kycinbexos, I.O. Hypzanuesa', 3.K. Basxmemosa, /I. /lyiicenéaii, ¥.b. Axcaxanosa

«O.b. Bexmypos amvinoagvl xumus oiibimoapsl uncmumymuly AK, Anmamer, Kazagcman
*E-mail: N_gulzipa@mail.ru

Tyiiingeme. MHKpO3IEMEHTTEp MEH TyMAaTTapIblH XeIaTTapbl HETi3iHIEe CYHBIK OpraHOMHHEpaIbl
teiHaUTKbITapasl (COMT) KoimaHy Tek OHIMHIH camachl MEH OHIMAUNTIHIH apTyslHa FaHa eMec,
COHJIali-aK 3KOHOMUKANBIK WIBIFBIHAAPABIH ToMmenaeyine okeneni. COMT eciMmiikTepre KemieHIi acep
eresi, opTypsi (GU3HONOTHSIBIK yrepictepii OeiceHmipeni, OCIMIIKTIH OpTypii Kyisemictep MeH
¢buTOmATOreHAEPCH KOPFAHBIC MEXaHH3MIH apTThIpafbl, TONBIPAKTHIH KYPBUIBIMBI MEH KaCHETTEpiH
Kakcaprtaabl. JKymovicmoly makcamesl — KypaMblHIAa Tymar-, a30T- jkoHe Mmoiubaen 6ap COMT amy
yAepiciHe HaTpHil ryMaThl KOHLICHTPALMSACHIHBIH 9CEep €Ty 3aHIBUIBIKTAPBIH 3epTTEy OOJBIN TaObLIaIbI.
Odicmep. XUMMSIBIK Tanjnay, WHIYKTUBTI OaillaHBICKAH IUIa3MaiblK aTOMIBIK  3MHCCHSIIBIK
CIIEKTPOMETP, HHPPAKBI3BLI CIEKTPOCKOINHUS XKOHE TEPMOTPaBUMETPHSIIBIK Tallay dAICTepi KONNAHBUIIBL
Homuoicenep men manxvinay. XUMHUAIBIK jkoHe (QH3MKA-XUMUSIIBIK TalgaylapIblH HOTHKeNepi OoibiHIIa
HATPHUil TYMAaTHIHBIH KOHILEHTPALMSACHIHBIH CHHTE3JCITCH OHIMACPAIH KYpaMbl MEH KacHETTEpiHe ocepi
AHBIKTAIABL. AJIBIHFAaH HOTIKeNep ryMar KoHneHTpanuscoH 0.1-nen 1.0%-ra neifin apTTeIpraHia TyMHH
KbIIKbLIIAPBIHBIH (HA®" mpremvemaem 33.73-Ten 38.60%-ra geitin, N memnepin 4.21-nen 5.27%-ra
neiiin koHe Mo — 0.22-nen 0.30%-ra neiiin, COOH 1.28-nen 1.80 mr-sks/r neiiin xoHe OHgpen-
tontapbiHbIH — 0.34-ten 0.70 Mr-skB/T meilin apTTepaThiHABFG! aHbIKTaNAEl. IKC ManmiMerTepin Tannay
HATPHUil TYMAaTBIHBIH aMMOHUH TeNTaMOIMOATBIMEH OPEKeTTeCyl KemeHIl KOCBUIBICTApABIH TY3ilyiHe
okenetiniH kepcerti. 3eprrenred COMT-nmeiy  ynrinepinin UK-cnektpnepi OGenrimi 6ip TOJKBIH
Y3bIHABIKTAPBIHAQ CATBICTBIPMANIBI TYPAC afKBIH XKOHE IUCKPETTI IIBIHAAPABIH OONTYBIMEH CHIIATTaaIbl
KOHE KapOOKCWII, (PEHON >KoHE KapOOHMI TONTaphbIMEH OaifbITbUFaH. KopwvimwinOwbl. CHHTE3NENTEH
KOMYVY-gp1H  (u3HuKa-XUMUSIBIK 3€pTTEylepl HAaTpHil T'yMaTBIHBIH aAMMOHHI TeNTaMOIHOIAaTIMEH
OpeKeTTeCyl HOTHXKECIHIEC MOJIMOICH WOHAAPBIMEH TYMHH/I KOCBUIBICTAPBIH OpPraHOMHHEPAIIBIK
XENATTHIK KelleHAepi Ty3iieTiniH kopceTTi. Kerieni KochlbIcTap/bIH Ty3inyi, consiMen Katap HA%!, N,
Mo, COOH- sxaHe OHgen -TONTAapBIHBIH KOOCIO1 OJIAPIBIH OHONOTHSIIBIK OSICCHAUIIT MEH arpOXUMHSIIBIK
KYH/IBUTBIFBIHBIH JKOFapbUIaybIHA OKENe .

Tyiiinai  cesmep: CyiibIK  OpraHoMMHepaiibl  THIHAWTKBIITAp, HATPUH  TIyMaTbl, aMMOHHH
TeNTaMOIHOJaThIHBIH TETParuApaTsl, a30T, MOIHOACH, KeIIeH 1 KOCBUIBICTAP, OMONOTUSIIBIK OeICeHIITIK
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ZHAYREM OVERBURDEN ACID LEACHING STUDY
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Abstract: Introduction. Most deposits of manganese ores in Kazakhstan are mined in an open way.
This creates large waste dumps that are not disposed of and have a negative impact on the environment.
Since these wastes contain various valuable components, they can be used as an alternative raw material
source in the production of various inorganic materials. However, there is no practice of involving
overburden waste in production in Kazakhstan. The purpose of this work is to study the process of
leaching overburden waste from the Zhayrem deposit with various mineral acids and the possibility of
using the resulting solutions as liquid mineral fertilizers enriched with trace elements. Results and
discussion. The process of leaching overburden waste from the Zhayrem manganese ore deposit with
various mineral acids was investigated. It has been shown that the optimal reagents of the leaching process
are nitric and orthophosphoric acids. It was revealed that leaching of overburden waste with 10%
solutions of these acids at T: JK = 1:25 and a temperature of 50 ° C leads to the formation of productive
solutions that can be recommended for use as a basis for the production of liquid phosphorus or nitrogen
fertilizers containing the trace element manganese.
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1. Introduction

Kazakhstan is home to over 100 manganese deposits and occurrences,
grouped into 19 major deposits. Approximately 60% of the reserves contain 10—
20% manganese, 32% contain 20-30%, and 11% have manganese concentrations
above 30%. The total reserves, including explored deposits, amount to about 700
million tons. About 98% of these explored reserves are located in Central
Kazakhstan, with approximately 70% comprising iron-manganese ores [1-2].

One of the largest industrial enterprises in Kazakhstan engaged in manganese
ore mining is the JSC "Zhairem Mining and Processing Plant", commissioned in
1972 to develop iron-manganese and barite-polymetallic deposits in the Atasui
ore district [3-4]. Manganese ore is extracted exclusively through open-pit
mining, which has led to the accumulation of large volumes of overburden rocks.
These overburden materials are currently underutilized and disposed of in waste
dumps [3].

Overburden rocks refer to geological materials overlying ore bodies and
removed during surface mining operations to access valuable minerals [5]. The
mineral composition of overburden and host rocks in polymetallic deposits is
generally diverse and predominantly composed of non-metallic minerals such as
shales, quartzites, clays, limestones, and granites, with silicon compounds as the
main components. Consequently, one of the main directions for their reuse is the
production of binding agents and construction materials [6-8].

Although overburden utilization is largely absent at most deposits in
Kazakhstan, including the Zhairem deposit, investigating the potential for
converting this anthropogenic raw material into new inorganic products is a
relevant scientific and practical challenge. Its successful implementation may
foster the development of new industries, diversify the country's chemical product
range, and improve the environmental conditions around mining operations.

Manganese is a vital micronutrient in phosphate fertilizers. It plays a role in
redox reactions, forms part of many enzymes, facilitates carbon dioxide reduction
in photosynthesis, aids phosphorus translocation in plants, and affects
carbohydrate and protein metabolism [9]. Conventional manganese fertilizers
typically use individual chemical compounds such as manganese sulfate [9-10],
which increases costs and limits accessibility for agricultural producers.

Therefore, it is scientifically and practically relevant to explore the potential
of using metallurgical waste, particularly overburden waste from the Zhairem
deposit, as a raw material source of micronutrients for producing mineral
fertilizers.

This study aims to investigate the acid leaching process of Zhairem
overburden using various mineral acids and assess the feasibility of using the
resulting leachates as micronutrient-enriched liquid phosphate fertilizers.

2. Experimental Section part

The study focused on crushed overburden materials from the Zhairem
deposit, characterized by a brownish color with earthy tones and particle sizes up
to 5 mm.
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The chemical composition of the raw overburden and solid residues after
acid leaching was analyzed using energy-dispersive X-ray fluorescence (EDXRF)
with a Rigaku NEX CG spectrometer.

The phase composition was determined by X-ray diffraction (XRD) using a
DRON-3 diffractometer with CuKa radiation and a p-filter. Parameters: U = 35
kV, I = 20 mA, scan mode: 6-26, scan speed: 2°/min. Phase identification was
based on the ICDD PDF2 database using the equal-weight and artificial mixture
methods to determine the semi-quantitative phase proportions.

Sulfuric (H2SOs), phosphoric (HsPO.), and nitric (HNOs) acids at 40 wt.%
concentration were used as leaching agents, with a solid-to-liquid (S:L) ratio of
1:25. Each leaching experiment used 2-2.5 g of overburden and 50 mL of acid.
The mixture was stirred for 30 minutes on a shaker, filtered, washed to neutral pH
(6-7), dried at 105°C for 1 hour, and then analyzed using XRF and EDXRF
methods. Filtrate composition was determined using titrimetric and
photocolorimetric methods. Experiments were conducted at 25°C and 50°C.

3. Results and discussion

The relative solubility (%) of the overburden in different acids was
determined gravimetrically (Table 1). The chemical and mineral compositions
before and after leaching are shown in Tables 2 and 3.

Table 1 — Dependence of overburden solubility on acid type and temperature

Temperature (°C) Leaching Agent
HsPOu HNOs | H2S04
Solubility (%)
20 59.50 62.50 38.20
50 61.56 60.20 28.05

Table 2 — Elemental Composition of Solid Residues After Acid Leaching of Zhairem Overburden Waste
Using Mineral Acids at Different Temperatures (Based on EDXRF Data)

Content of Composition Leaching Agent
Main of Initial HsPOs HNO: | H2S04
Components, | Overburden
Wt.% Waste Temperature (°C)
20 50 20 50 20 50
MgO 471 2.81 0.00 2.94 2.93 3.63 0.00
Al03 5.35 6.13 5.78 7.09 7.50 5.73 4.58
SiO2 23.90 39.20 39.80 41.80 48.90 31.30 27.70
P20s 0.10 3.25 9.04 0.07 0.00 0.07 0.00
SOs 1.01 0.81 0.89 0.77 0.61 1.60 22.10
K20 0.57 0.75 0.84 0.86 1.00 0.52 0.56
CaO 29.90 0.32 0.30 0.37 0.30 14.90 12.60
TiO2 0.34 0.41 0.43 0.38 0.50 0.62 0.39
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MnO 24.50 32.60 29.20 32.20 27.10 30.60 21.60
Fe203 6.52 11.70 11.60 11.70 9.82 9.24 8.60
BaO 1.23 0.75 0.95 1.06 0.42 0.55 0.79
PbO 0.18 0.15 0.13 0.16 0.12 0.17 0.19

Maximum solubility (62.5%) was observed with 40% HNOs at room
temperature. Increasing the temperature to 50°C slightly decreased solubility to
60.2%. HsPO.s showed similar behavior (59.5-61.56%), while H2SO.
demonstrated significantly lower solubility, decreasing from 38.2% at 20°C to
28.05% at 50°C (Table 1).

The low solubility in sulfuric acid is attributed to the formation of poorly
soluble CaSO. as per reaction:

CaCOs + H:SO4 — CaS0s4] + CO:1 + H.0 1)

XRF and XRD data confirmed CaSO. precipitation on particle surfaces,
hindering further leaching. XRD also revealed the presence of CaSO.-0.5H-0 and
CaS0.-2H-0 in the solid residue (Table 3).

Table 3 — Semi-Quantitative X-Ray Phase Analysis Results of Zhairem Overburden Rocks and Solid
Residues After Acid Leaching at 20°C

Phase Name | Chemical Formula Pre- Content, wt.%
Leaching HsPOq4 HNO3 H2S04
Waste
Content,
wt.%
Calcite CaCOs3 29.5 0.0 0.0 46.0
Kaolinite Alz(Si205)(OH)4 19.8 0.0 0.0 0.0
Braunite (Mn203)3sMnSiO3 14.6 35.0 48.0 21.0
Quartz SiO2 10.7 33.0 34.0 23.0
Hematite Fe203 9.6 6.0 6.0 2.0
Barite BaSO4 8.5 6.0 3.0 3.0
Albite Na(AlSiz0s) 3.9 10.0 8.0 2.0
Muscovite KAI2(AlSisO10)(OH)2 1.8 0.0 0.0 0.0
Orthoclase KAISi3Os 1.7 0.0 0.0 0.0
Birnessite Nao.3sMn204¢1.5H20 0.0 3.0 0.0 3.0
Lipscombite Fe2.95(PO4)2(0H)2 0.0 7.0 0.0 0.0

Reactions with phosphoric and nitric acids proceeded with significant
calcium removal due to the following:
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CaCO0s + 2HsPOs — Ca(H:PO4). + CO.1 + H20
CaCO0s + 2HNOs — Ca(NOs)2 + CO:1 + H0

At elevated temperatures and with decreased HsPO. availability, secondary

phosphate minerals such as insoluble aluminum and iron phosphates form:

(2)
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2(Al,Fe)(H:POs)s — (Al,Fe)2(HPO4)s + 3HsPOx (4)
(Al,Fe)(H2PO4)3 - (A',FG)PO4 + 2H3PO4 (5)

This is confirmed by the XRD data (Tables 3—4), which show the presence of
the lipscombite phase Fe».95(PO4)2(OH) in the solid residue after leaching with
phosphoric acid. The XRD findings are further supported by the EDXRF results
(Table 2).

Table 4 — Semi-Quantitative X-Ray Phase Analysis Results of Solid Residues After Leaching of
Overburden Waste at 50°C with Different Acids

Mineral | Chemical Formula Content, wt.%
Initial Residue Residu | Residu
Sample After e After | e After
HsPOa HNO: H2SO04
Calcite CaCOs 29.5 0.0 0.0 35.0
Kaolinite Alx(Si205)(OH)4 19.8 0.0 0.0 0.0
Braunite (Ca0.00Mgo.13Mno g6) (Fe0.0sMno.e7)6Si 14.6 31.0 30.0 15.0
O
Quartz SiO2 10.7 45.0 52.0 16.0
Hematite Fe203 9.6 7.0 7.0 5.0
Barite BaSO4 8.5 8.0 7.0 5.0
Albite Na(AlSizOs) 39 5.0 4.0 3.0
Muscovite KAI2(AlSiz010)(OH)2 1.8 0.0 0.0 0.0
Orthoclase KAISi3Os 1.7 0.0 0.0 0.0
Lipscombite Fe2.95(POAIlL)2(0H)2 0.0 4.0 0.0 0.0
Bassanite Ca(S04)(H20)05 0.0 0.0 0.0 17.0
Gypsum Ca(S04)(H20)2 0.0 0.0 0.0 4.0

Based on the results, the leachates obtained after overburden treatment with
phosphoric and nitric acids at 50°C show particular promise for further
investigation as potential liquid fertilizers. The salt composition of these
productive solutions was analyzed using titrimetric methods (for Ca?* and Mg**)
and photocolorimetric methods (for Mn?*, Fe', and AI*Y). The results are
presented in Table 5.

Table 5 — Salt Composition of Productive Leachates After Acid Leaching of Zhairem Overburden Waste
at S:L = 1:25 and 50°C

Acid Content of Main Components, g/L
concent Phosphoric Acid Leachate
r?gj(;n Ca(H2POa4)2 Mg(H2POs)2 Mn(H2POs)2 Al(H2PO4)3 | Fe(H2PO4)3 | H3POs
0
40 51.6 10.6 19.6 8.2 44 421.2
10 50.7 10.6 14.5 6.1 2.1 30.6
Nitric Acid Leachate
Ca(NO3)2 Mg(NOs)2 Mn(NOs)2 Al(NOz)3 Fe(NOs3)3 HNOQ3¢re0
40 36.2 7.2 14.2 4.6 3.0 450.0
10 36.2 5.4 12.2 4.2 1.8 59.0
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The results indicate that the use of 40% HsPO. and HNO:s as leaching agents
leads to a high concentration of residual free acid in the productive leachates
(Table 5), rendering them unsuitable for use as liquid fertilizers. Consequently,
additional leaching experiments were conducted using 10% acid solutions under
the same conditions (S:L = 1:25, temperature 50°C). It was found that the
concentrations of key components such as Ca(H:PO.). and Ca(NOs). remained
nearly unchanged (Table 5), although a slight decrease in the concentrations of
manganese-, aluminum-, and iron-containing compounds was observed.

At the same time, the content of free Hs:PO. in the leachate was reduced by
nearly an order of magnitude, while free HNOs decreased by a factor of 7.5
(Table 5).

By partially neutralizing the residual acidity with ammonia to a pH of 5.5-
6.0, it is possible to obtain complex NP fertilizers enriched with the micronutrient
manganese. Under these conditions, aluminum and iron precipitate as hydroxides,
while calcium, magnesium, and manganese remain in solution, as the
precipitation pH of their hydroxides lies in a more alkaline range.

Thus, the study demonstrates that one of the viable technological approaches
for recycling overburden waste from the Zhairem mining and metallurgical
complex is the development of a process for producing liquid complex fertilizers
based on phosphoric or nitric acid leachates.

4. Conclusion

The acid leaching process of overburden waste from the Zhairem manganese
ore deposit was investigated. It was found that the use of sulfuric acid reduces the
solubility of the overburden to 28-38% due to the formation of poorly soluble
calcium sulfate on the surface of solid particles, as confirmed by EDXRF and
XRD analyses. This surface layer hinders further interaction with the acid reagent.

The solubility of the waste in 40% orthophosphoric and nitric acids was
found to be comparable, ranging from 59.50 to 61.56% for HsPO. and from 60.20
to 62.50% for HNOs. However, these leachates contained a significant amount of
residual free acid.

It was also established that during leaching with phosphoric acid, increasing
the process temperature causes part of the readily soluble iron and manganese
dihydrogen phosphates to transform into poorly soluble hydro-phosphates, which
remain in the solid phase.

Leaching with 10% phosphoric and nitric acids at an S:L ratio of 1:25 and a
temperature of 50°C produced leachates that can be recommended as a basis for
the production of liquid phosphate or nitrate fertilizers enriched with the
micronutrient manganese.
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Tyiiinaeme. Kipicne. Ka3zakcrangarbl Mapranell KeH OpbIHAAPBIHBIH KO alllbIK 9J[iCHeH oHipinesi.
Byn aiitapnbikrail KeyemJe KbIHBIC KaJABIKTAPBIHBIH YHIHIUICpIH Ty3edi, onap KalTa eHienMeif,
KOPpIIaFaH OpTara Tepic acep eTe/i. ATaaFaH KajIslKTapaa OpTypili KYHIbI KOMIIOHEHTTEp OOJIFaH/IBIKTaH,
onapzpl OeHOpraHUKaNIbIK MaTepHajijap eHMIpiciHAe Oanamaibl HIMKI3aT KO3l peTiHAe MaijanaHyra
Oonanpl. Anaiina, Kasakcranga Oyl KanJpIKTap/bel ©HAIpicCKe eHri3y TaxipuOeci koK. Ocbl drcymblcnbly
makcamovr — JKolipeM KEH OpHBIHBIH JKBIHBIC KAJABIKTAPBIH JPTYPJIl MUHEPAIAbl KBIIIKbULAAPMEH
CLITINIEy TPOLECIH 3EPTTEy JKOHE AaJbIHFAH EPITIHAUIEPi MHKPO3JIEMCHTTEPMEH OalbIThUIFAH CYHBIK
MHHEpaJ/bl THIHAWTKBIIITAD PETiHJe MalaanaHy MYMKIHIITIH KapacTelpy. Homuoicenep men mankwinay.
JXKolipem MapraHel] KeH OpHBIHBIH KbIHBIC KAJLABIKTAPBIH dPTYPJIi MHUHEPAJIbl KbIIIKbUIIAPMEH CLITiNeY
mporeci 3eprrenai. Cinriney mnpomeci yiriH €H KOJNAHIbsl peareHTTep — a30T JkoHe optodocdop
KBIIIKBIIIAPbl eKeHi aHbIKTaabl. byn kpimkeuiaapasiH 10%-asik epitinainepimen, K:C=1:25 kaTbiHacra
xoHe 50°C Temmeparypana cuITiiey HOTHXKECIHAE, ©HIMAI epiTiHiinep anmbiHaabl. byn epitinninepai
MHKpPO3JIEMEHT — MapraHelTi KAMTUTBIH CYIBIK (ochopibl HeMece a30TThl THIHAWTKBIITAD OHIIpiCiHIK
Heri31 peTinze naiinananyra 6oaapl.

Tyiiin ce3ep: Mapraner KeHIEpi, xKep YCTi KaJJbIKTaphl, KbILIKbLIIbI CLITLICY, OHIMII epiTiHAl

Kybekoesa Lllonnan Hakuwibexosna MeXHUKA bLIBIMOAPbIHbIH KAHOUOANbl

Kanpanosa Buxmopusa Heopesna MMeXHUKA 2bLTBLMOAPbIHbIH OOKMOPbL

Paumébexosa Aunyp Cazunsicankolzol unocoghusi doxkmoput (PhD)

Puoicoexos kanau baxvimosuy IIpogpeccop, mexnuka 2bi16IMOAPbIHLIE OOKMOPbL
[Manéanoai Amanmaii MeXHUKA bLIBIMOAPbIHbIY MA2UCMpI

Hopaumosa I'ynonyp Tanunbaeena MEXHUKA SbLILIMOAPLIHBIY MA2UCPI

Myxanoe Anuxan Kanoapoexynoi 4-wi oKy oscwuibiHbly  cmyoenmi, 6B07116- Hezizei

OHOIpicmep MeXHOI0UACHL JCIHE JCAHA MAMePUanoap

NCCJEIOBAHHUE INIPOUECCA KHCJIOTHOT' O BHIIEJJAYNBAHMA BCKPBILTHbIX
nOPOJ MECTOPOXIEHUA JKAUPEM

1I1.H.Kyé6exosa, B.U.Kanpanosa, A.C.Paumbexosa*, K.b. Poicoexos, A./lanbanbaii,
I.T.Hopaumosa, A.7K.Myxanos

Kaszaxckuii nayuonansmwiil ucciedosamenvckuil mexuuyeckutl ynueepcumem umenu K.1M.Camnaesa —
Satbayev University
“E-mail: ainura_748@mail.ru

Pestome. Bgedenue. BONBIIMHCTBO MECTOPOXKAEHMI MapraHueBblx pyn Kaszaxcrana orpabarbiBaioT
OTKPBITHIM CIIOCOO0M. DTO cO37aeT OOMBIINE OTBAIBI BCKPHIIIHEIX OTXO0B, KOTOPbIE HE yTHIU3HPYIOTCS
1 OKa3bIBAIOT HETaTHBHOE BIUSHUE HA OKPY’KAIOIIYIO cpefy. Tak Kak 3TH OTXOABI COIAEPIKAT Pa3IUyHbIC
LICHHbIE KOMIIOHEHTBI, TO OHH MOTYT OBITh MCIHOJIB30BaHbl KaK albTEPHATHBHBIN CHIPHEBOH MCTOUYHHK B
MPOU3BOACTBE PA3IMYHBIX HEOpraHMueckux MarepuanoB. OJHAKO NPAKTHKA BOBIEYEHHS OTXOJOB
BCKPBIIIN B IPOM3BOACTBO B Ka3saxcrane oTcyTcTBYET. Lenvio dannoil pabomul SABISETCS UCCIEIOBAHNE
Tpolecca BhIILEIaYUBaHUS BCKPBILIHBIX OTXOI0B MecTOpoxaeH s JKalipeM pa3InuHbIMU MHHEPaIbHBIMU
KHCIIOTaMH M BO3MOKHOCTH HCIIOJIb30BAHHS MOTYUSHHBIX PACTBOPOB B KaUECTBE KUIKUX MHHEPATBbHBIX
yHOoOpeHHii, 0OOTaIllleHHBIX MHKPO3IEMEHTaMH. Pesyismamoul u o6cysxcoenue. McciaenoBaH mporecc
BBIIETAUMBAHUA BCKPBIIIHBIX OTXOZOB MECTOPOXIEHUS MapraHueBblx pyn JKalipeM pasmudHbIMH
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MHHEpaJIbHBIMU KHCIOTaMH. [loka3aHo, 4TO ONTUMAJILHBIMM pPEareHTaMM IPOLecca BbILIENAUYHBAHUS
SBIISIFOTCSL a30THast M opToocopHasi KUCIOTHL. BEIABICHO, YTO BBIIENAYNBAHUE OTXOJOB BCKPBIIIN
10%-ubIMu pacTBOpamMu 3THX KUcioT mpu T:2K=1:25 u temneparype 50°C npuBOAuT K 0Opa30BaHHUIO
MPOJAYKTHUBHBIX PACTBOPOB, KOTOPbIE MOYKHO PEKOMEHJIOBATh K MCIOJIb30BAHUIO B KaUeCTBE OCHOBBI JUIS
MPOU3BOACTBA KUAKUX (POCHOPHBIX HIIM a30THBIX yIOOPEHUH, COJlepKaMX MUKPOIJIEMEHT MapraHell.

KiroueBble CJI0OBa: MapraHuEBbIC pyJbl, BCKPBIIHBIC OTXOJbl, KHCIOTHOE BHIIICIaYNBaHUE,
MIPOAYKTUBHBII PacTBOP.

Kybexosa Illonnan Hakuwobekosna Kanouoam mexnuueckux Hayx

Kanpanosa Bukmopusa Hzopesna Hoxmop mexnuyeckux Hayx

Paumoexosa Aitnyp Cazunicanxoizol Hoxmop ¢unocogpuu (PhD)

Puvicoexoe Kanaii baxvimosuu Ipogheccop, [Jokmop mexnuueckux Hayxk

Janbanoan Amanmai Mazucmp mexHuyeckux Hayk

Hopaumosa I'ynonyp Tanunbaesna Mazucmp mexHuueckux Hayx
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SYNTHESIS AND RESEARCH OF NEW DEEP EUTECTIC SOLVENTS
BASED ON BETAINE AND CHOLINE CHLORIDE

K.A. Sadykov* *S.B. Ryspaeva?, A. Zh. Kerimkulova?, Sh. S. Islam?
D. B. Adikanova?, T.K. Chalov!, N.A. Bektenov!

1JSC Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
2NJSC Satbayev University, Almaty, Kazakhstan
*E-mail: ryspaeva95@inbox.ru

Absract: Introduction. Deep eutectic solvents (DESs) are easy to synthesize, exhibit high purity,
and are, importantly, cost-effective. Recent studies have shown that they are biodegradable,
environmentally friendly, and hydrophobic. DESs are typically described as mixtures of a hydrogen bond
acceptor (HBA) and a hydrogen bond donor (HBD), which, when combined, form a eutectic mixture with
a melting point lower than that of its individual components. The purpose of the work: is to synthesize
new DESs based on betaine and examine their physicochemical properties. Results and discussions: the
optimal synthesis ratio for these DESs was determined. Their pH values were found to be 6.85 and 7.0,
respectively. The density and viscosity were measured, and the functional groups and interactions were
analyzed through IR spectroscopy. Conclusion: It was demonstrated that the proposed deep eutectic
solvents, due to their unique structural properties, can be utilized in various industrial applications due to
their optimal chemical and physical characteristics.

Keywords: eutectic solvents, betaine, choline chloride, hydrogen bond acceptor, hydrogen bond
donor, ionic liquid systems.

Kanat Amirkulovich Sadykov - Master of Chemistry, e-mail: kanat.sadykov.80@bk.ru

Salimat Bukenkyzy Ryspayeva - Master of Natural Sciences, Doctoral student of
KazNRTU named after K. I. Satpayev, e-mail:
ryspaeva95@inbox.ru

Kerimkulova Aigul Zhadraevna Candidate of Chemical Sciences, Associate Professor,
e-mail: kerimkulovaO7@mail.ru

Islam Sholpan Saparbayeva PhD, e-mail: sholpan_islamova@mail.ru

Adikanova Dinara Bakytbekovna PhD, e-mail: adikanovadinara@gmail.com

Chalov Tolegen Kamenovich Doctor of Chemical Sciences, Professor, e-mail:
chalov.45@mail.ru

Nesiphan Abzhaparovich Bektenov Doctor of Chemical Sciences, Professor, e-mail:

bektenbna@gmail.com

Citation: Sadykov K.A. Ryspaeva S.B., Kerimkulova A. Zh., Islam Sh. S., Adikanova D. B., Chalov T.K.,
Bektenov N.A. Synthesis and research of new deep eutectic solvents based on betaine and choline
chloride. Chem. J. Kaz., 2025, 2(90), 33-41. (In Kaz.). DOI: https://doi.org/10.51580/2025-2.2710-
1185.20

33


https://doi.org/10.51580/2025-2.2710-1185.20
mailto:ryspaeva95@inbox.ru
mailto:kanat.sadykov.80@bk.ru
mailto:ryspaeva95@inbox.ru
mailto:sholpan_islamova@mail.ru
mailto:adikanovadinara@gmail.com
mailto:chalov.45@mail.ru
mailto:bektenbna@gmail.com
https://doi.org/10.51580/2025-2.2710-1185.20
https://doi.org/10.51580/2025-2.2710-1185.20

KA3AKCTAHHBIH XUMUA )KYPHAJIBbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

BETAHMH HET'I3IHAEI'T )KAHA TEPEH 3BTEKTHKAJIBIK EPITKIIUTEP CUHTE3I
7KOHE 3EPTTEJIYI

K.A. Caovikoé', *C.b. Poicnaesa?, A.K. Kepmxyﬂosaz,
III.C. Hcnam?, /1.B. Aouxanoea?, T.K. Yanoe*, H.A. Bexmenos*

1«O.B. Bexmypoe amviioazel xumus euireimoapl uncmumymot» AK, Anmamer, Kazaxeman
2Satbayev University, KeAK, Armamui, Kazaxcman
*E-mail: ryspaeva95@inbox.ru

Tyiiinaeme. Kipicne. Tepen sBrektukainsik epitkimrep (TDOE) onait qaiiblHmanaabl, XAMUASIIBIK Ta3aJIBIKKA
e JKOHE €H MAaHBI3IBICBI — SKOHOMHUKAIBIK TYPFbLAaH THiMIl. JKakplHIA JKYPri3iireH 3eprreyiep
KOPCETKEH/IeH, onap OHOBIABIPANTBIH, SKOJIOTHSIIBIK 3USHCBI3 XKoHE ruapodoOTsl Kacuertepre ue. TOE
Heri3iHeH cyTekTik Oaitmanbic axuentopbl (CBA) meH cyrekrik Oaitnansic nonopbl (CBJI) Ooxnatbin
KOCBIH/IBUIAP PETiHJE CHIATTaIaabl, Oy KocHanap apajackaH Ke3[e CyTeKTIK OaiylaHeicTap Ty3uimim, 3
Kypamzaac OeniKTepiHiH epiTy TeMmIepaTypachlHaH oJJeKaiila TOMEH IBTEKTUKAJbIK 3aTTapibl TYy3ei.
JKymvicmuly makcamol — betanH Heri3iH/e jkKaHa SKOJOTUSUIBIK KayilChl3 EpPITKIII CHHTE3JEI, OJap.IblH
(HU3HKa-XUMHUSUTBIK KACHETTEPIH 3epTTey.

Homuorcenep men mankwinaynap: JXorappaa KOpCeTiIreH TepeH IBTEKTUKAIIBIK ePITKIIITEpAiH CHHTE31HIH
ONTUMAJIIbl apaKaThlHACKI aHBIKTaAbl. Epitkimtepaiy pH MoHi coiikecinmie 6.85 »xone 7.0 Goimbl
THIFBI3ABIKTAPBI, TYTKBIPIBIK MOHAEPI emmeHin, UK crnekTpockonusicel apKpuibl (HYHKIHOHAIIBIK TONTAP
MEH OJIap/JbIH apachlHIarbl OaiiylaHbIcTap aHBIKTANABL. KopbimbinObl: 3epTTey HOTHKECIH/IE, KOPCETUIreH
TEpEeH 3BTEKTUKANBIK EPITKIIITEPAiH KYPhUIBIMABIK €pPEeKLICTIKTEepi MeH (DU3UKA-XUMHSIIBIK KaCUETTEPIHIH
yineciMainiri apkachlHAa ONapAbl OPTYpJi OHEPKACIN cajanapblHia THUIMII KOJJaHyFa OOJIaThIH/IBIFbI
KepceTini.

TyiiiH ce3aep: 3BTEKTHKANBIK epITKILITEp, OETaWH, XOJIWH XJIOPH[I, CYTEKTIK OailJlaHbIC JOHOPBI,
CYTEKTIiK OallJIaHBIC AKIEITOPbI, HOH/IBIK CYWBIKTHIK CHCTEMAJIaphl.

Caovikoe Kanam Amupkynoeuu Xumus 2o1161M0apbIHbIY Ma2ucmpi

Poicnaesa Canumam Bykenkuvizot JKapamuinvicmany ebinblMoapuiHbly Mazucmpi,
dokmopaum

Kepumxynoea Auizyn Kaopaesna Xumust bIILIMOAPLIHBIY KAHOUOANbL,
KaybLMOacmulpbliean npogeccop

Hcnam lllonnan Canapoaikpizol PhD

Aouxanoea /Junapa bakvimoexoena PhD

Yanoe Tonezen Kamenosuu Xumusl 2bIILIMOAPLIHBIY OOKMOPbL, NPpogheccop

Hecinxan Qoacanapynot bekmenos Xumusi ebLIbIMOAPLIHBLIE OOKMOPbI, NPpogheccop

1 Kipicne
Tepen sBrexTHKanblK epitkimTep (TOE) — COHFBI KbULAApBl HOHABIK

cyibIkThIKTapablH (MC) Ganamachkl peTiHIe ©Te KaTThl TaHBUIBIN Kelemdi, cedeoi
onap VC-ra ykcac epekienikTep MeH Kacuerrepre ue. 3eprrey kesnepi TOE men
NC Tepmunzaepi e3apa opeIHIApbIHA alTHUTFAaHBIMEH, OYJT €Ki TYpJIi epiTKilT Typi
eKEeHIH eCKepy MaHbI3abI [1].

2660otT (2001 3x.) [2] *oHE OHBIH opinTecTepi TOPTTIK aMMOHHUIl TY3JapbIH
MbipbiiTeiH, (1) xmopumiMeH  KBI3ABIPBIN, TY3UITEH epIiTIHAUIEPIiH KaTry
HYKTeNlepiH eumereH. Temen Oanky temmeparypachl 23-25 °C apanbiFbiHIa
OoyaBl JKOHE OJ1 XOJNMH XJIOPUAIH aMMOHHMH TY3bl pEeTiHAE MaijanaHy apKbUIbI
ANBIHFAHBI aHBIKTAIABI [3]. By amramkel 3epTTey opi Kapai KalFacThIPBUIBIIL,
Ka3ipri TaHma TY3[ap MEH CcyTeri OaiyaHbICHl JOHOPIAphIHBIH (1 cypeT)
IBTEKTHUKAJIBIK KOCHAlapblHAH TYpaThIH OipHeIIe jkaHa CYWBIKTBIKTAp O3ipieHml
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[4]. Ocbl  CcyHBIKTBIKTap, [HMCKPETTI aHMOHAAPAAH TYPAaTblH  HOHIBIK
CYMBIKTBIKTApJaH aNbIPMANIBUIBIFBI, TEPEH ABTEKTHKAIBIK epITKIITep Jaen
atannel. TepeH DSBTEKTHKAIBIK EpITKIIITEp - KOCHAIAPIbIH HBTEKTHKAIBIK
KYypaMblHa JKaKblH CYHBIKTBIKTApABI OLIIipesi, Oy AereHiMi3 ojlap TOMEHT] Oanky
TeMIepaTypacklH KaMTaMachl3 €TeTiH KOMIOHEHTTEPIiH MOJIBAIK KaThIHAChIHA
colikec KeJei.
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Cypert 1 — TepeH 3BTEKTHKAIBIK epiTKIMTEp aly YIIiH KOJIIaHBUIATEIH CYTEKTiK OaifiiaHbIc
JIOHOPJIapBl MEH AKLENITOPIIAphI

TOE kypamblHa  KipeTiH CYTEKTIK OailaHbIC  JIOHOpJNApel  MEH
aKLENTOPJIAPbIHBIH apaKkaThIHACKIHA JKOHE TypiHe OaiiiaHblcThl 4 THIKE OemiHenl
(xecre 1).

Kecre 1 — TOE kypambIHa GailIaHBICTEI TYpiIepi

Typi Kocnanap
1 AmMoHHIIH TOpTTiK Ty31apsl + MeCl
2 AMMOHHIIH TOpTTiK Ty3aapsl + MeOHCI
3 AMMOHUJIIH TopTTIK Ty31apsl + CB/1
4 MeOHCI + CBJ]

OBTEKTHKAJIBIK epiTkimTepi naibigaran ke3ne CBJl sxone CBA aphaiibl
OepiireH Temmeparypaja eKi )OoJIMEH apaliacThipa OTBIPHIIN XkKacayFa 0omap! [5):
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1) CBI men CBA kocma Ty3reH Ke3me OaiKy TemIeparypackl TOMEH
KOMITOHEHT epH OacTaii/ibl, Keneci Ke3eKTe OallKy TeMIepaTypachl >KOFapbl eKiHIIi
KOCBIIBIC CYHBIKTBHIKKA CaJIBIHBII, KOcTajap 0ipre epu/i.

2) CBA men CB]I 6ip yaksITTa apaiaca OTHIPBII DBTEKTHKAJIBIK €PiTKIIITi
TY3€Ii.

TOE — «kKaceul XUMHA» TajanTapblHa COHKeC KeNeTiH, (U3HKaIbIK
KacueTrTepi epekime epiTkimTep ToObl. OCBI 3BTEKTHKAIBIK CPITKIIITEPIiH
dbmukansik Kacuertepi MC yKcac KenreHIMeH, OJIapAblH XUMHUSIIBIK KaCHEeTTepi
elneysi TypAe e3rellesieHeTiH jkaHa Typiaepai ycwsiHanel [7]. TOE wmoHmbIK
CYMBIKTBIKTApFa YKCac CHIIaTTaMallapblHA OTKA TO3IMJILIIK, JKOFaphl XHUMHUSIBIK
JKOHE TEPMILUIBIK TYPaKTBUIBIK, TOMEH OylaHy MYMKIHZIT, KaiTa eHJIely
MYMKIHJII JKOHE OpTYPJi KOCBUIBICTApIbI JKOFaphl epiTy KaOiumeTi >kaTajibl.
CoHbIMEH KaTap, OJapIblH KypaMbl MEH MOJEKYJAIbIK KaThIHACTAPHIH ©3repTe
OTBIPHIIT XKaHa TYpiep amxyra O0omamsl [8]. Herisri apTHIKIIBUIBIFEI — IMAKI3aTTHIH
TOMEH KYHBI, KapamailblM JaiblHmay ofici JKoHE KOCHIMINA —Ta3apTy
KaJlaMJIapbIHBIH 00JIMay JKOHE OSKOJIOTHSFa 3HUSHIbI OCEPiHIH a3JbIFbl MCH
OHMOIOTHSITBIK BIIbIpayFa yiisIpaysl [9]. Oceiran opait, TOE TypakThl epiTKimTep
KJIaCHI OOJIBITT TaOBLTAIBI, OHBIH KOCBHIMITIAIAPEI YHEM1 KEHEHIIT Kee/I.

Fanemmpnapaeiy 3eprreynepine cyihiencek, TOE kemnTeren cananmapia, aramn
aliTKaH/Ia HAaHOTEXHOJOTHs, OMOAM3ENh OHIpiCi, OMOKaTalu3, 3JIEKTPOXUMHUS,
SKCTpakmusi MeH O6JIiHy IpOIlecTepi, TOJUMEpPIIep XKOHE OHBIMEH OailTaHBICTHI
MaTepuanapbl CUHTE3eyAe KeHIHeH KoyigaHbutyaa. bipkatap mamanmap DES-
TiH epeKIlIe KaCUEeTTEePiH aTall oTil, ONapAblH TYHABIPY, 06JiHYy jKoHE SKCTPAaKLIUs
CHUSIKTBI TEXHOJOTHSIIAP, OMOTEXHOIOTHSA, SKOJOTHSAIBIK HHKEHEepHs, CIHIpy MeH
ajcopOIys, TINTI arbIHABI CyJIapAsl Ta3apTylda KOpIIaraH OpTara €H KOJAMIIbI
LIeHIM pPeTiH/e KOJMAaHbUTYFa YIKSH MYMKIHAIr Oap exeHirin aran oTti [10].

2. Toxipudenik 60.1im
TOE yuuiH Kejieci KOMIIOHEHTTEp KOJIAaHbUIIbI (KecTe 2):

Kecre 2 — TOE cunTe3inge KoiJaHbUIFaH KOMIIOHCHTTED

Berann Sigma-Aldrich
>99%

nuuepus Sigma-Aldrich
>99%

OTUIEHIIIKOIb Sigma-Aldrich
>99%

DBTEKTUKAIBIK KOCIajgap €Ki KOMITOHEHTTI COWKeC MOJISPIBIK KAaThIHACTA
(kecre 3) 80 °c TemmepaTypala >KOHE KaJbIITHI KBICBIMAA OIPTEKTI Tycci3
CYWBIKTBIK Taiifa OoJiFaHIlla apalacThlpy apKbuibl anbiHabl. TOE anpiaFaHHaH
keifin onapnabiH THFRBRABIFE (Density meter Excellence D6, Mettler Toledo),
TyTKbIpIbIFB! (Ostwald viscometer , China) sxone pu (pH meter HM Digital HM-
200, USA ) aHBIKTAJIBL.
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THIFBI3IBIK, TYTKBIPJIBIK JKOHE PH MOHJEpl CoWKeciHIne mipinm TyTiri Oap
THIFBI3IBIK oJrerinti, OCTBaIbI BUCKO3UMETPI KOHE PH OJIIETINT apKbUTHI 25°¢C
TeMmreparypana aHblKTangsl. OyHkuuoHanaplk Ttomrtap MK cmekrpomepi
KOMETIMEH TALIAHIbI.

Kecre 3 — TepeH 3BTeKTHKAIBIK epITKIIITEPiH OacTanKbl KOMIOHEHTTEPiHIH apaKaTbIHACHI

Ne CBA KyppuabvMsik CBJ1 Kypbubmasik MonspisIk
dopmyna dhopmyna apaKaThIHACHI
3 beraun H;,C\ ® 0] Cnuuepun OH 1:2
O, \)\/
©
Hal o HO OH
4 beraun HaC O Orunex OH 1:3
H3{3-~\N® 5 TJINKOITh HO /\\\/
Hae” o
3

3. Hatmxkesep KoHe 0J1apabl TATKBLIAY

JKymeic 6apriceinga CBA petinge Oerann, an CBJl perinae rauiepud MeH
STUJICHTIUKONb KOJMIAHBUIARL. byran neliH aWThurFaHmai, cuHTe3nenren TOE
YATUIepiHiH TYTKHIpIabIFbl, pH, THIFBIBABIFE 3epTTenai (kecte 4). bapibix
XUMUSIIBIK TIpoIleccTep YImiH pH MoHI MaHBI3OBI pell aTkapaisl, ceOebdi o
XUMUSUTBIK  peaknusiapra bIKnan ereni. Ocbl TYpFBIIaH aiFaHjia, alibiHFaH
epitkiurepaiy  pH wmoHi  6.7-7 apanbirbiHma Oonbim, Oeifrapam  opra
OOJIFaH/BIKTAH, PEareHTTEPIliH KBIIIKbUIABIFEIHA OCep ETIEHTIH OpTa peTiHIe
yeurapiIaTeiH TOE nmatinananyra 6omassl.

Kecre 4 — Cuntesnenren TOE ¢usukansik KacHeTTepiHiH MoHAEpI

TOE araysl pH THIFBI3ABIFEI, T/CM® TyTKbIpIABIK, CP
Berann:I'muuepun 6.7 1.12 135.3
Berann: DTHIIEHTITHKOIE 7.0 1.03 1335

Monekynanap apachlHIArbl 0aiIaHBICTBI CUIIATTAWTHIH KaXeTTi (DU3UKAIBIK
KOPCETKIIl JKOHE TEXHOJIOTHSIIBIK MPOIESCTePAIH THIMIUIINIHE dcep eTeTiH
¢daxTopnapapy 06ipi — THIFBBABIK. 25 °C Temneparypaaa >Kypri3ijireH xymbicTa
oJIapAbIH THIFBI3OBIFEI 1.12 1/cM® sxoHe 1.03 r/cM® colikeciHIe KepceTTi. Oneon
MomiMerTepre coiikec, TOE-TiH KemmimiriHiH THFBRI3ABIFH 25 °C TeMiepaTypana
1.0-nen 1.35 r/cm® opTackinia 0oabl.

KonnmaneimateiH  camackiHa OalIaHBICTBI  KypalgapAbl skobajay >KoHE
CYMBIKTHIK aFbIHBIH ecenTey ke3inae TOE TepmiH TYTKBIPIBIFBIH aHBIKTAN OiTy
MaHbI3/IbI MapaMerp OOoJbI Ta0bLIaIbl. EKi KOMIIOHEHTTI OalIaHBICTHIPATHIH
cyTeri OalNmaHBICTAPBIHBIH KYLITiI XKEJCl HOTHXKECIHIE ONIApAbIH TYTKBIPIIBIFbI
9IeTTE MKOFaphl KepceTKimTepre ue oomansl (> 100 cP). by o3 xe3erinae TepeH
OBTEKTUKAJIBIK  CPITKIITEp  INIHACTT  MOJCKYJANapAblH  KO3FaJIbICBIHBIH
OastynaybiHa okeneni. OChl )KYMBIC HOTHXKECIHJEC abIHFaH TEPEH IBTEKTHKAIIBIK
epitkimTep TYTKBIpibFl 135.3 cP xone 133.5 coiikecinme cP  Oommgsl.

37



KA3AKCTAHHBIH XUMUA )KYPHAJIBbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

TYTKBIPIBIKTHIH YJIKEH MOHI HOHIBIK ejieMiepcH, Ban-nep-Banc kymrepines,
0oJIMaca KeJIeMHIH a3/bIFbIHAH Maiiaa 00Iybl MYMKIH.

Bertaun MeH STHIEHIVIMKOJLIAIH KOCBIHALICEI Herizingeri TOE HK
CIIEKTPJIEpI KeJlecl CypeTTe KopCceTiIe .

801
EG vs Betaine
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Cypert 2 - beraus MeH 3THICHIIMKONBIH KockiHabickl Herizinnaeri TOE UK cnekrpi

2-cypeTTe KOpCeTiTin TypFaH 0eTanH MEeH STHIICHTJIMKOJb HEeTi31HIEeTI TepeH
ABTEKTHKAIBIK epiTkimrepain MK cnekTpiHae aHBIKTadFaH (QYHKIIMOHAIIBIK
TOITap MBIHAJIAP:

-I'mppoxcun (OH) criekTpiepi: STHICHIIINKOIBAET] THAPOKCHIT TONTAPBIHBIH
tepbenicine OaitmanbicT 3200-3600 cM ™! nrama3oHbIHAA OalKaIa b,

-Kap6okcunar (COO-) cnekrpinepi: 1600-1400 cm! aiiMarbIHIAFbI HIBIHAAD
OetanHeri KapOOKCHIIAT TONTAPBIH KOPCETEII.

-Ammonnii (NH4+) cnekrpiepi: 1600-1400 cm™' afimMarpiHma OeTamHAeETi
aAMMOHUH MOHAAphIMEH OalIaHBICTHI MIBIHIAD OaliKaabl.

-C-H cnekrtpnepi: Oeraun MeH sTuineHriukonpiaeri C-H OaitnmanbicTapbl
3000-2800 cm! aiiMarbIHIa MIBIHAAP AHBIKTAJIIBL.

-C-O cnekrpinepi: stunenriukoapaeri C-O oOainanpictel 1100-1000 cm?
[IaMaChIHJIa IIBIHAAP OaiiKaiajbl.

-O-H cmexTprnepi: STHISHTIUKOIBACTI THAPOKCHUI TOOBIHA OaHTaHBICTHI
1400-1300 cm! apasbIHBIHIA MIBIHAAD KOPIHETI.

Beramn sxone rmimuepuHHeH TypateiH TOE WK cmektpi  Temenue
KOpPCETIITreH.
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Cyper 3 - beraun xone raunepurnaed typatsid TOE UK cnekrpi

beraun sxone rmmuepunHeH typatein TOE UK cnektpi Hotmkecinme (3-
CYpeT) aHBIKTanFaH (YHKIMOHAIIBIK TONTAP MBIHAAP:

-I'mppokcun  (OH) cmexTpi: TAMOEpUHAETT THIPOKCHI  TONTapbIHA
OaiimanbicTsl 3200-3600 cM™' afimarbl OaliKkanaabl.

-Kap6okcunar (COO-) cmektpi: 1600-1400 cm' GeramHHeH KapOOKCHIIAT
TONTAPBIHBIH TEPOEIiCTEPiH KOPCETyl MYMKIH.

-Ammonuit  (NH4+) cnekrpi: 1600-1400 cm™' OeramHmeri aMMOHHWUN
nonapeiHf GaiiaHbICTH 00Tyl MYMKIH.

-C-H cmextpi: 6eTann MeH raunepunaeri C-H GaimanbicTapsr coiikec 3000-
2800 cM™! apanbIFBIHIA KOPIHEMI.

-C-O cnekTpi: rnunepunHiy cnuptTik ToObHAars C-O OGaitnanbicter 1100-
1000 cm™! apainbirbiH/a OaliKaIa k.

-OH cnextpi: mimmeponra Oaimaneictel  1400-1300 cm!  alimakTa
AHBIKTaJAIbI.

-C-O-H cnektpi: C-O-H TonTapsiHa coiikec 1000-900 cm™' aiimarbiHza
Oaiikanapl.

4. KopbITBIHABI

3epTrey KYMBICBIHBIH HOTIDKENEpl OOWBIHIIA TEpPeH HBTEKTUKAJBIK
epiTIHAIepal 3epTTey apKbUIBI OJapAsl ally YIIIH THIMJI KaTblHAC TI€H 9IIiC
TaOBIIIE.

Kopeita kenrenzme, OetamH HeTi3iHAEr1 TepeH 3BTEKTUKAIBIK EPITKIIITEp
OMOTEXHOJIOTHSI, [JOpUTIK 3aTTap TEXHOJOTIHSCHL, XHMHUSUIBIK TEXHOJIOTHS,
MYHalUXUMUsI OHJIPICIHIE SKOJIOTHIIBIK KayillCi3 TEXHOJIOTHIIApAbl KYpy YIIiH
TanThIPMAac epiTKIll anbTEePHATUBACH PETIHAE KapacThIPBUIBII OTHIP. AJCOPOCHT,
9KCTPAreHT, MHrUOUTOpIIAp PETiHE /e KOJMAaHBIC Ta0yhl MYMKIH.
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CHUHTE3 1 UCCJIEJOBAHUE HOBBIX I''TYBOKHX 39BTEKTHYECKHUX
PACTBOPUTEJIEl HA OCHOBE BETAUHA

K.A. Caowikoé' C.b. Pvicnaesa?, A.JK. KepuMKyﬂoaaz, III.C. Henam?,
JI.B. Aouxanoea?®, T.K. Yanoe*, H.A. Fexmenos*

Y40 «HMnemumym xumuueckux nayx umenu A.b. Bexmyposay, Armamel, Kasaxcmarn
2Satbayev University, HAO, Anmamui, Kazaxcman
“E-mail: ryspaeva95@inbox.ru

Pe3tome. Bseoenue. I'myOokue sBTexTHueckue pactBoputenu (I'OP) obnamaror mpocToToil cuHTesa,
BBICOKOH CTEIMEHBI0 YHCTOTHI M, YTO HEMAJIOBa)KHO, SKOHOMHUYECKON 3(dekTuBHOCThIO. VccaenoBanus
MOCJICIHAX JIET MOKAa3bIBAIOT, YTO O3TH PACTBOPUTENH SIBJSIIOTCS OWOJIOMMYECKHI pasiiaraeMbIMH,
9KOJIOTHYECKHH Oe30macHble 1 001anaoT ruapopodHbIMu cBolicTBaMu. ['IP mpeacTasisiior coboii cMech
aKIENTOPOB U JOHOPOB BOJOPOJHBIX CBSA3EH, KOTOpbIC, B3aMMOJCHCTBYS MEXIy co00if, 00pa3yroT
9BTEKTHYECKYI0 CMECh C TEMIIepAaTYpOH IUIaBJICHUS, 3HAYUTENBHO HWXKE TEMIEpaTypbl OTIEIbHBIX
KOMITOHEHTOB. [[enblo pabombi SBISIETCS TOMYYEHHE HOBBIX 9BTEKTHYECKHX PACTBOPUTENECH Ha OCHOBE
OeTanHa M MCCICIOBaHHU HX (DH3UKO-XMMHUYECKUX XapaKTePUCTHUK. Pe3ynomamsl u 06cyscoenus: ObLIo
YCTaHOBJICHO ONTHUMAJbHOE COOTHOIICHHE KOMIIOHEHTOB JUISi CHHTE3a TIJIyOOKHX HBTEKTHYECKUX
pactBopureneir ¢ pH 6,7 u 7,0, coorBercTBeHHO. [Ipon3Be/ieHbl UCCIIEOBAHUS TJIOTHOCTH M BSI3KOCTH
9THX PACTBOPHUTENICH, a TakKe C IOMOIIBI0 HH(PAKPACHON CIEKTPOCKONUH HUICHTH(HHIUPOBAHBI
(YHKIMOHANBHBIE TPYNITBI M CBSI3H B UX CTPYKTYype. Buigood: ViccnenoBaHus MOKa3aiu, 4TO MOJNyYEHHbIE
9BTEKTHYECKHE PACTBOPUTEIHM O0JaJalOT TaKMMH (DU3MKO-XUMHUYECKUMHU XapaKTePHCTHKaMH, KOTOpPBIE
JeTAI0T MX MOIXOMSAIIMMH Ul IPUMEHEHHUSI B Pa3IMYHBIX OTPACISIX TPOMBIIIIEHHOCTH, Olarogaps ux
CTPYKTYPHOM OCOOCHHOCTH U ONTUMAIbHBIM XHMHYECKHM CBOWCTBAM.

KiioueBble cjI0Ba: S3BTCKTHICCKHE PACTBOPUTEIH, OCTaNH, XJIOPH XOIHHA, JOHOP BOZOPOIHBIX CBA3CH,
aKIENTop BOJOPOIHBIX CBSA3EH, HOHHBIE XKHUIAKOCTHBIE CHCTEMBI.

Caovikos Kanam Amupkynosuu Ma2ucmp XUMu4eckux Hayx

Puicnaesa Canumam Bykenxuvizol MA2UCmp ecmecmeeHHbIX HAYK, OOKIMOPaHm

Kepumxynoea Aiizyne Kaopaeena KAHOUOAM XUMUYECKUX HAYK, acCOYUUPOBAHHbIL
npogheccop

Hcnam llonnan Canapoaesna PhD

Aouxanoea Junapa baxvimoexosna PhD

Yanoe Tonezen Kamenosuu O00KMOP XUMUYECKUX HAYK, npogheccop

bexmenos Hecunxan Adxcanaposuu O0OKMOP XUMUYECKUX HAYK, npogeccop
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INCREASING THE BIOLOGICAL ACTIVITY OF HUMIC
COMPOUNDS BY MODIFYING THEM UNDER
VARIOUS CONDITIONS

U.Zh. Dzhusipbekov, G.O. Nurgalieva, Z.K. Bayakhmetova®, E.A. Tussupkaliev,
A.K. Shakirova, D. Duisenbai, U.B. Aksakalova, A.N. Altyruova

JSC A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
*E-mail: zamirabkz@mail.ru

Abstract. Introduction. Humic substances are multifunctional organic compounds; modification of
their macromolecules allows obtaining new compounds with tailored properties and diverse compositions.
Research is ongoing, but harsh conditions often lead to structural degradation. Therefore, chemical
modification of humic compounds under mild conditions using affordable reagents is relevant for
improving properties and expanding applications. The aim is to study the influence of various factors on
obtaining new compounds through the interaction of sodium humate and aluminum orthophosphate.
Methods. Standard methods, functional and X-ray diffraction analysis, Fourier-transform infrared
spectroscopy. Results and Discussion. The study determined the dependence of the modification process
of sodium humate derived from lignite with aluminum orthophosphate on the ratio of initial substances,
temperature, and time. Analysis showed that by changing the solid-to-liquid ratio from 1:5 to 1:15,
temperature from 20°C to 80°C, and time from 10 to 120 minutes, the yield of humic acids increases to
4.20%, N content — to 1.15%, P.Os — to 31.18%, COOH groups — to 1.91 mmol/g, OHphen. — to 1.01
mmol/g, and static exchange capacity — to 14.73 mg-eq/g. Conclusion. It was found that the interaction of
sodium humate with aluminum orthophosphate involves ion exchange and complexation reactions. The
resulting organomineral compounds exhibit increased content of acidic groups, humic acids, phosphorus,
and nitrogen. Chemical modification of humates with phosphates of varying basicity under mild
conditions can produce humate-containing preparations with high biological activity and efficiency for
use in agriculture, industry, and environmental purposes.

Keywords: humic acids, aluminum orthophosphate, acidic groups, modified humate, organomineral
compounds, biological activity
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OPTYPJIII JKAFIAMIA TYMUAHJI KOCBLIBICTAPJBI TYPJEHIIPY APKBLIbI
BUOJIOT'UAJIBIK BEJICEHALIT'TH APTTBIPY

O.JK. Kycinbexos, I.O. Hypzanuesa, 3.K. Baaxmemosa”, E.O. Tycinkanues,
A.K. lHlakuposa, /1. [Ayiicenbaii, ¥.b. Axcaxanoea, A.H. Anmwipyosa

O.b5.Bexmypog amvinOazel xumus 2blibimoapsl uncmumymol AK, Aimamel, Kazakcman
*E-mail: zamirabkz@mail.ru

Tyiiinpeme. Kipicne. T'ymunai 3aTtap Kem (QYHKUHMSIIBI OPraHUKAIBIK KOCBUIBICTAp OOJFaH/BIKTaH,
OJIapbIH MaKpOMOJICKYJIAChIH TYPJICHAIPY apKbUIbl KAaCHETTEpi OCNTiIeHreH, Kypambl OpTYpil >KaHa
KOCBhUIBICTap ajyra Ooiaapl. byn OarbiTra 3eprreynep xyprisinyie, 0ipak TypieHaipy keOiHece KaTaH
JKaFJaiiap/ia Kypri3uleTiHIIKTeH, oJIap/IblH KYPhUIBIMBIHBIH bIIbIpayblHa oKenei. OcbiFaH OailIaHbICThI
TYMHHJI KOCBUIBICTAp/bl JKYMCAK JKaFJaia KOJDKETIM/I j)KOHE ap3aH peareHTTEp/l MaijanaHy apKbUIbl
XUMHSUIBIK TYPJICHAIPY HEri3iH/e KaCHEeTTepi jKaKcapThUIFAH JKOHE OJIap/blH KOJJIaHy asChIH KEeHEUTETiH
OarbITTa 3epTTEYNIep XKYPri3y ©3eKTi Oojbin Tabbuianbl. JKymulcmuly Makcamvl HATPUil TyMaThl MEH
amoOMHUHHUN  OpTOGOChATHIH SPEKETTECTIpy apKbUIbl JKaHa KOCBUIBICTApAbl aly ylepiciHe apTyii
(dakTopiapasly  ocepiH 3eprrey. OOdicmep. CranmapTTbl dmictemenep, (YHKIHOHAIIBIK KOHE
penTrendasansik tannay, UHGpake3buT-Dypbe-crieKTpockonust. Homuoiceiep men mankvliay. 3eprrey
OapbIChIHIA ANMIOMUHUI OpTO(ochaThIMEH KOHBIP KOMIpD/ACH alblHFAH HATPUH T'yMAaThIH TYPJICHIIPY
YZepiciHiH OacTamKbl 3aTTaplblH KaThlHACTApbIHA, TEMIIEPATypa MEH YaKbITKA TOYEIAUIIrT aHBIKTAJIbL.
Toxipube kesiHne anslaraH ManmiMerTepai Tanmay Kartelcyibk (K:C) kartbiHaceiH 1:5-Ten 1:15-ke,
temneparypanbl 20°C-tan 80°C-ka, an yakeiTthl 10-Han 120 MuHYTKa ©3repTKEHIE CHUHTE3JCITCH
3aTTapAbIH KYPaMbIHAAFbl TYMUH KbILIKbLIIAPbIHBIH IbIFBIMBI 4.20%-Fa, N memmepi — 1.15%-ra, P20s —
31.18%-ra, COOH-tonTapbinbie canbl — 1.91 MMonb/T, OHgen. — 1.01 MMOJIB/T, a1 CTATHKAJIBIK aqMacy
CHIUBIMABLIBIFBI — 14.73 Mr-okB/r JeifiH apTaThIHABIFBIH OalKaTThl. Kopbimoinovi. JKyprisiirexn
3epTTEYJIEpAiH Heri3iHae HaTpuil ryMmaTbl allOMHHHH OpTO(OC]ATHIMEH OPEKETTECKECHJE HOH aiMacy
JKOHE KEIeH Ty3y PpeakUMsUIapbIHBIH O KYPETIHAIrT aHBIKTAJbIl, TY3UIT€H OpPraHOMHHEPAIIBIK
KOCBUIBICTAP/IbIH KYPaMbIHAAFbl KBIIIKBUIABI TONTApP/AbIH, TI'YMHH KbIIIKbUIIAPBIHBIH, (Gochop MeH
a30TTHIH ~ MOJILICPJICPIHIH IKOFapIANTBIHIBIFEl  aWKBIHAANABL. ['yMaTTapabl HEri3AuIri  opTypui
(docdaTrapmer KyMmMcak dkaraaiia XUMHSUIBIK TYPJCHIIPY apKbUIbl OHOJOTHSIIBIK OeNnceHIimiri MeH
THIMAUT  JKOFapel KypaMblHIa TyMaTbl 0Oap TmpemaparTtapibl ailyFa »JKOHE Oyiiapipl  aybil
[IapyallbUIBIFBIH/AQ, OHIIPICTIH OPTYPIi cajanapblHIa JKOHE JKOJIOTMSUIBIK MakcaTTapra HaijallaHyra
OO0JIATBIHIBIFBI KOPCETLII.

TyiiiH ce3iep: TYMHUH KBIIIKbUIIAPHI, aTIOMUHHN opTodocdaThl, KBIIIKBUIABI TONTAp, TYPJICHIIPIITeH
ryMaT, OpraHOMHUHEPAIIBIK KOCBUIBICTAP, OHOIOTHSITBIK OSJICEH TITIK

Kycinbexos Omipzak JKymacinynv Texnuka ebliblMOapbiHbll OKMOpbl, Npopeccop
Hypzanuesa I'ynzuna Opvinmaiikpiot Xumus 26116IMOAPLIHBIE OOKMOPbL
basxmemosa 3amupa Kenecoexkpizol Xumusi ebL1bIMOAPbIHBIY, KAHOUOAMbL
Tycinkanues Epcin Oouemynut TexHuxa evliblMOapbIHbIY KAHOUOambl
Hlakuposa Aiinyp Kvi3vipoekKpi3nl Xumus 261161MOAPBIHBIY KAHOUOA b
Hyiicenbaii /[ynam Kiwi 2vinvimu Kpizmemxep

Axcaxanosa ¥nxcan bazycankpizol Unoicenep

Anmoipyosa Anuna Hypoaiikpizot Hnorcenep

1. Kipicne

Kazipri yakpIiTTa FRUIBIMH oneOueTTep/ie TYMUH KhIIKsUIAapeHBH (I'K)
KYpPBUTBIMBI MEH (DPU3UKA-XUMHSIIBIK KACUETTEPiH MOJIENIbACY OOMBIHIIA KOTITEreH
monynap, conpaii-ak ['K opraHukanbslk jkoHe OeHOpraHHKaNbIK 3aTTapMeH
0aiiIaHpICYbIH JKOHE OJIapAbl TYPJCHIIPY OMICTEpiH 3epTTeyre Kol KOHIN
Oominyne. ['yMUH KbIIKBUIIAPHI — [IBIMTE3EK, KOHBIP JKOHE TOTHIKKAH
KeMipiepze, TONBIpaKTa >KoHE TYN IIeriHAilIepiHAe OOoNaTblH TYPaKChI3
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KYPBUTBIMABI TaOWFU KOFapbl MOJIEKYJajbl KOCBUIBICTap. OPTYPIi Ke3IepacH
aneiaFal ['K aneMeHTTIK KypaMbIMEH, KOHAEHCAlus ASPEKECIMEH, apOMaTThI
SIIPOJIApABIH OPBIH 0acybIMeH, TUAPOQPIIIBAL koHE THAPO(POOTH (hparMeHTTEepaiH
KaTeIHACKIMEH epekmenedeni [1, 2]. 3eprreymrinepaiH yIKeH KBI3BIFYIIBUIBIFEL
I'K xuMusmisIk TypieHyine OarpiTTanFas, 0y oxmic 6acrankel 'K xacuerrepinen
e3reiie KacueTrepi Oap mpemapaTTapibl alyFa MYMKIHIIK Oepemi. XUMHSIBIK
TYpJieHAipyAe (YHKUMOHANIBIK TOI KypaMblH ©3TepTy apKbUIbl COpOLMsFa
KaOlIeTTiNIKTI, OMOMOTHSIIBIK OENCEHAUTIKTI apTThIPYFa, TOTBHIFY-TOTHIKCHI3AAHY
KacueTtepin perreyre 6oianpl [3]. ['K TyprneHyiH KypbUIBIMIBI 3€pTTEy YILIiH
Konganyra Oonanel. TypieHmipy YIIiH SpTypii peakuusuiap KOJIAaHbLIabl,
MBICQJIBI, TOTBIKCBI3JAHY, THUAPONH3, alKWIALy, aIiaeHy xoHe T1.0. 'K
ruapoOpoMIay peakUsUIapbIH XKYPri3y KoHe oNapIblH KYPhUIBIMbIHA KYpaMbIH/Ia
uHAON Oap (parMeHTTEpAi €Hri3y OHBIH OWOJOTHSUIBIK OEJCeHITITiHIH
YIIFalobIHa BIKHAN etefi [4, 5]. [6] syMbIcTa TaOuFy XKoHe TYPIEHIIPIIreH TYMUH
KBIITKBUIIAPBIHBIH ~ OMOJIOTHSIIBIK,  OCNCEHAUTIr 3epTTenin, OacTamkpl TYMHH
KBIIIKBUIIAPEIMEH CaNbICTHIPFaH/Ia Kajlhi MepMaHTaHATHIMEH TOTHIKKAH T'yMUH
KBIILIKBIIAAPHI, COHBIMEH KaTap METWJIAIKWIMPIECHI€H T'YMHMH KbIIIKBIIIAPhl €H
THIMII eKeHJIri kepcerinred. Apropnap [7, 8] ryMuH KbIIIKbUIIAPBIHBIH CyTeTi
acKblH TOTBIFbIMEH HoO2 TOTBIFYBI KapOOHMI, KApOOKCHIT JK9HE KYPaMBIHAA JTKHI
¢parmenTTepi Oap OTTeriHiH MeulepiH KeOEHTETiHAIriH >KOHE TYPJIECHTEeH
KBIIIKBUIAAPABIE MeTamn uoHmapsia (Cu®*, Zn?*, Co*, Mn?") copOuusuibIk
KaOileTi apTaThIHABIFBIH aHbIKTaFaH. CyTeri acKplH TOTBIFBIMEH TYPJICHAIPY
0acTamKbIMEH CaJbICTBIPFaHAa TYMHH KBIIIKbUIJAPBIHAAFEl HapaMarHUTTIK
KOCBUTBICTap IbIH MOJIIICPiH TOMEHACTE]I.

Foueimu  opeOmerrepTepal Tammay TYMHHII KOCBUIBICTApAbl TYPICHIIPY
OHBIH KYPBUIBIMBI MEH KaCHETTEPIH ©3repTETIH/IITIH )KoHE KacueTTepi Oeek KaHa
3aTTapAbl  almyra OoJaThIHABIFBIH KepceTTi. COHOBIKTaH, Oy JKYMBICTHIH
MakcaThl: HATpPHA TyMaThl MEH aJIOMHUHHHA opTodochaTeiH SpeKeTTeCTipy
apKbUIBl KaHAa KOCBUIBICTApJbl ajly YJAepiCiHe opTyil (akTopiapiablH acepiH
3eprrey.

2. Toxipubenik 6eaim

Toxipubene AnmaTtsl oOmnbIchIHAarbl OHKaparailh KeH OPHBIHBIH KOHBIP
kemipinen Geninren Harpwii rymath ('K mbrsiver HA® — 45.15%; kynpiniri A®
— 28.51%; wurrangpuibirel W* — 10.32%) sxoHe amoMuHHAIIH opTodocdars
(P20s5— 44.6%; Al;03; — 32.0%) KONIaHBUTIBI.

1.5%-npIK HaTpHii TyMaThl MEH aJIOMHUHHUI OpTO(doChaTHIHBIH OpeKeTTecyi
XUMHSUIBIK biabicTa KaTThl koHe cyitbik (K:C) K:C=1:5+15 xarsiHaceinga 20-
80°C apanerbiama  10-120 wmun  okyprizinmi. Tysiaren »xaHa 3aTTapablH
KYpaMBbIHAAFbl TYMHUH KBIIIKBUIIAPBIHBIH, (OchOp *KOHE a30TTHIH, KBIIIKBLIIBI
tontapasii —COOH mnen  denonapr  ruapokcunmin (OHgen) Mesmepiepi,
craTUKaiblK aiaMacy CoibMAbUTbIFbl (CAC) XuMUsUIBIK omictepmen [9-12]
AHBIKTAJIBI.
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UK-crnekTpoCKOMUsIbIK 3epTrey «ThermoElectron» UK-Dypse-
crexrtpomerpiaae  (Nicolet 5700, AKII) 4000-400 cm™*  TomKeIHAAp

Iana3oHblHAa kyprizimin, WK-cnekTpriepneri >KYThUTYy IKOJAaKTapbl o1edu
nepektep [13, 14] Ooitbiama Ttammanabl. CHHTE3IENTEeH 3aTTapsiH  (a3aibik
Kypambl TOK kymii 40 MA >xoHe kepHeyi 40 kB kesimme «DW-XRD-27»
nuppakromerpinge (Cu-coyneneny) anbiKTanast [15].

3. Hatmxkestep :KoHe 0J1apabl TATKBLIAY

Harpwuit rymaTeiH amoMuHHN opTodocdarsiMeH TYpieHIIpreHAe OapIbIH
XKYHeneri KaTbIHACBIH JKoHE Temreparypanbl e3repTy 'K, dochop MeH a30TThiH
MeJIIepiepiHe SpTYpJii ocep eTeTiHi aHbIKTanabl. Toxipube HoTHXKeNepl (kecTe)
K:C xareHaceH 1:5-Ten 1:15-ke sxoFappUIiaTKaHAa TeMIlepaTypara 0aiIaHbICChI3
dbochopnery memmepi azaiipir, anm 'K IIBIFBIMBI MEH a30TTHIH MOJIIepi
apTaTbIHABIFBIH KepceTTi. Mbicansl, 60°C-ta 60 munytTa K:C kaTbiHachel 1:5-TeH
1:15-ke e3reprenae P;Os memmepi 34.79-nan 30.17%-ra kemuni, HA% — 32.90-
HaH 42.90%-ra, N — 0.93-ten 1.00%-ra >xorapbutaiiapl. Temnepatypanbl 20°C-
tan 80°C-ka xorapeuiatkanna K:C xaTteiHackiHa OaiinaHbicch3 Gochop Medepi
26.68-nen 31.81%-ra, I'K mbrbimbl — 40.30-man 44.20%-fa sxoHe a30T Mediepi
—0.82-gen 1.15%-ra aprazgs! (kecte, K:C=1:15).

Kecre — K:C kaTblHacel MeH TeMImepaTypara OaiinaHblcTel (ocdop, TyMuH
KBIITKBUTIAPABIH IIBIFBIMBI J)KOHE a30T MOJIIIEepIIepiHiH KopceTKimTepi

T, °C K:C
1:5 | 1.7 | 1:10 1:15

Docdop memmrepi, %
20 30.70 29.21 27.64 26.68
40 32.64 30.99 29.36 28.24
60 34.79 33.07 31.36 30.17
80 37.18 35.08 33.07 31.81

['yMHH KbIIIKBULIAP/IbIH IIBIFBIMBI, %
20 29.70 33.60 38.65 40.30
40 31.26 35.62 39.89 41.60
60 32.90 36.91 41.00 42.90
80 34.23 38.29 42.22 44.20
Aot memmepi, %

20 0.69 0.72 0.76 0.82
40 0.80 0.83 0.86 0.89
60 0.93 0.95 0.98 1.00
80 1.07 1.10 1.15 1.15

Aneraran HoTkenep (1-cyper) K:C kaTeiHachlHA KapaMacTaH OapiIbIK
TeMIepaTypa MOHIEpiHAE yakbITThIH 10-Han 120 mMunyTka geiiin aprysr HA%
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P20s xone N MoHJIEpiHIH KOFapbUIAUTHIHBIFBIH OaiikaTThl. Macenen, K:C=1:15,
temnepatypa 20°C-ta N memmepi 0.85%-ra, P,0s — 27.21%-ra, HA®" — 41.00%-
Fa eceql.

%o
421
Hadaf
. W
36 1
274 PEOS
244 .
21
0,94 - + N
‘_____._..-0—-—'—'_'*
0,61
0 10 a0 G0 90 120 T, MEH

Cyper 1 — T'K mbibiMbl, pocdop jxoHe a30T MeJIIIepiiepiHe YaKbITThIH dcepi

I'K kypambiHa opTypii (pyHKIMOHANABIK TomTap (THAPOKCHI, KapOOKCHII,
KapOOHWII, (EHONABI TUAPOKCHII, XHHOH-, a30T- NeH KYKipti Oap xoHe T.0.)
KIpeTiH MOJIMIAUCIEPCTI MaKpoMoJieKyiajgap OONFaHABIKTaH KOl MaKcarTa
konganbuianst [1, 2, 4]. COOH xone OHgen. — TONTaphl TYMHHII KOCBLIBICTAP IBIH
TBIHAWTKBIIITEIK, OCIMOIKTIH OCYiH TE3ETKIIITIK, AHTHOKCUIAHTTHIK
KaOUTeTTepiH, aJl CTATUKAJBIK aaMacy CBHIMBIMABUIBIFEI COpOIMsIFa OeHiMIiTITiH
cunarraiabl. 2- xoHe 3-cyperreri mamimertep K:C KaThIHACHIH, YaKbIT IE€H
TeMIepaTypaHbl JKOFAPBIIATKAHNIA OCHl KOPCETKIMITEPIiH ©OCeTiHIH KOpCeTTi.
Macenen, COOH-rontapape menmiepi 1.50-ten 1.91 mmons/r, an OHgen. — 0.78-
ten 1.01 mmomaw/r, am CAC — 11.18-men 14.73mr-skB/r Oomamel. JleMmex,
CUHTE3JICJITeH KypaMbIHJIAa TyMmMaThl 0ap KOCBUIBICTapABIH KaCHUETTEPiHIH
YKaKCapFaH]IBIFbI OafKalI bl

a b ¢
MMOTB/T MMOIL/T MMOTB/T
22 21
n COOH
18 .’_’_4,__—.-—0 COOH 13 /,(—v—ﬁ COOH o
16
14 14
12
10 N . 1 0H L0 4 44 OH
' — ' 4t OH
0.6 0.6 03

0 15 17 L0 115 TR 0010 ® 60 % 120 Lumm 0 0 4 60 s T

Cyper 2 — Kenuxpuiast Torrrap s menmepinin K:C katsinacheina (a), yaksitka (D) sxone
Temrieparypara (C) ToyesIiIiri.
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Cypet 3 — OHIMHIH CTaTHKAJBIK alIMacy ChIHBIMBLIBIFbIHA TEMIIEpATypa MEH
K:C xarbiHacbIHBIH (@) %oHe yakbITThIH (b) ocepi

Typnennipinrer rymartTelH WK-cmekTpiepinme OacTamkpl pearcHTTEPMEH
CaJIBICTBIPFaH/ia e3repicTep OOMaTHIHIABIFE aHBIKTANABl (4-cyper). MK-cmektp
HOTHXKENepl HATpUil TyMaTblH allOMUHHUKA opTodocdaTeiMeH TypieHAipreHae
JKaHa KOCBUIBICTAPABIH TY3UTyl JKYTBITYy JKOJAKTApBIHBIH ©3TrepyiHe ocep
ererinzirin kepcereni [13, 14]. Cnexrpnepaeri 3520-3400 cv™ aymarsinnars! keH
KYTBULY JKOJIaKTapbl MOJIEKyJaapallblK CYTeKTiK Oaimanbictarsl OH- meH
amunTepaeri NH-TonTapeiHbIH BaleHTTiK v Tepbemictepine, an 2910-2800 cm™ —
onci3 xkomakTap amkanmapaarkl CHo-TOOBIHBIH v TepOenicTepine ToH, OyJTapabsiH
KApKBIHABUIBIFBl TEMIIEpaTypa MEH YaKBITThl >KOFapiIaTKaHAa apTaThIHIIBIFBI
anbkTamasl. 1610-1605 kome 1530-1490 cmt aymarbiiga COOH-TOOBIHBIH
C=0-0aiinaHbICHIHBIH Vs, Vas JKOHE apoMaTThl KocbuibicTapablH C=C
0aiiTaHBICTAPBIHBIH  JKa3BIKTBIK V TEepOETCTEepiHiH JKYTBUIY JKOJAKTapbIHBIH
kabaTTacysl Oaiikamca, 1380-1310 cm™ aiimareiama  ¢enonmapasin  OH
0aiiyIaHBICBIHBIH JIe(OpMaIUsUIIBIK O TepOemicTepl alKpIHAAI b BipiHIIUTIK KoHE
exinmrinik crmprrepain OH-tonrapeiabi O TepOemictepinin 1130-1125 xone
1050-1030cm™ aymarbimgars! KyThLTy sKomakTapsl MeH PO4> -uongapemss 1050

em? KYTBULY JKOJAaKTapbIHBIH, TyMaTTapAblH QJIIOMHHMAMEH KeHIeHA]

KOCBUTBICTaphIHAaFbl  Me-O  OGaitmaHeicTapbiHBIH — 990-490 cM?t  xkome
docdarrapasir 735-500 cm™ apanbIFeIHAarsl TepOeticTepiHin colikec KenyiHeH
ochl apanbikta UK-cniektpae esrepictep 6onansl. Cunresnenre 3arrapabiy MK-
CHEKTpJepl 3epTTeNin OThIpFaH (aKTOpJapAbIH OCEpiHEH JKOFaphla aTanFaH
JKYTBUTY SKOJAKTapbIHBIH IMMIIIHAEPI JKOHE KAPKBIHIBUIBIKTAPEI ©3TePETiHIH
kepcerti. WKC HoTwkenepi HeriziHze HaTpUid TyMaThIHBIH — QJIIOMHUHHN
oprodochaTeiMEH OpeKeTTeCyi Ke3iHJe HWOH ainMacy >KoHe KeIIeHTY3y
peaknusmapsIHbIH KYpeTiHairi xoHe ['K KyppuisiMbiHa (ocdaTThl TOMTapIIBI
€HTi3yre OOJaThIH/IBIFbI AHBIKTAJIIBI.

Pentrendasanbik Tanaay a/ici apkeuibl (5-CypeT) CHHTE3eNTeH 3aTTapIbIH

KypambiHaa HaTpuiiaig optodocdarer (d,=4,86; 4,21; 3,62; 3,36; 2,80; 1,83A
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Ka3bIKapaiblK KalBIKTBIKTAFbl AH(PAKIUSIIBIK MaKCUMyMAapbl) Oap eKeHHiri
anpiktanapl  [15], an WKC-meH [onenieHreH  allOMHHHHAIIH — TyMaThl
aMopTHUIBIFBIHA OATaHBICTHI PEHTTEHOTpaMMaapia KepiHOe .

b [
_/\’_N\JH\AAM\‘;M;
e N 1 120 smm
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Cunteszenred KocbutbicTap: a — K:C kaTeiHaceifa; b — yakpitra; C — Temmeparypaza

Cypert 4 — KonpaHsuiral peareHTTep MeH Ty3iireH 3artapabsiy UK-cnexrpiepi
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Cypet 5 — K:C kaTbsIHacHl ©3repreH/ie Ty3UIreH KOCBUIBICTapIbIH PEHTI€HOTpaMMachl

4. KopbITBIHABI

JKyprizinaren 3epTreynepai capantay TYPJICHIIPY 9JICIH TaHaayna OacTankpl
'K kypbutbIMBIH OapbiHIIa Oy30aWThIH ONICTI TaHAAyAbIH MaHBI3IbLIBIFbIH
OaiikatTel. HK-crmekTpockomusi jxoHe peHTreH(pasalblK Tanjgay HOTHXKeIepl
TaOUFM TYMUHAI KOCBUIBICTBI ~ ANMIOMUHHH  OpTOQOCOAaTHIMEH  XHUMHUSIIBIK
typiennipy 'K aecTpykTuBTI ocep eTHEHMTiHAIrIH, OHBIH KYpbUIBIMBIHBIH, ['K,
a30T TeH (YHKIMOHAIIBIK TONTApJBIH MOJNIIEepiHiH e3repyi, OacTamksiga
6oxmaraH, 6ipak MaHBI3IB 3JeMeHT — (QochopasiH KockuTysl 'K OHOMOTHSITBIK
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OCNCeHNINITiH  KOFaphUIATATHIH KepceTTi. Harpuili TymMaThlH  XUMHSIIBIK
TYPJCHAIPY apKbLIBI OCHI SKOJOTHSIIBIK KAyiIlci3 TaOMFM KOCBUIBICTAp HETI3iHJIE
Oacrankel ['K acen TyceTiH KYHABI KacueTTepi 0ap — yKaHa OpraHOMUHEPAIIBIK
KOCBUIBICTAp  albIHABI, OJAapAbl THIHAWTKBINL, OCYAiI PETTErill, TOMbIpaK
KYPBUIBIMBIH ~ JKaKCapTKBIII, COPOSHT, AaHTHOKCHIAHT JKOHE T.0. peTiHae
KoJinaHyra Oomanpl. ToxipuOe OapbIChIHAA CHHTE3NENTeH OHIMIEPIiH KYpambl
MeH KacHeTTepiHiH apTyp:i (hakTopiapra OaiIaHbICTBUIBIFEI AHKBIHAAIIBL.

Kap:xxblianasipy: 3eprrey xymbichl Kasakcran PecmyOnmukacel FpuibiM JkoHE JKOFapbl OiTiM
muHHCcTpiiri FeutbiM komuTeTi 3Ky3ere acwipein kaTkaH 2024-2026 kpuigapra apHaJiFaH FhUIBIMU
3epTTeyIepAi MaKCaTThl KapsKbUIaHIBIPY Oarnapiamackl Ooiibiaia BR27101179 kap KbLIaHIbIPEUIIBL.

Myazaesep KaKTBIFBICHI: ABTOpJIap OChI MakajaJa KeNTipUIreH AepeKTepie aBTopiap apachlHAa
MYZAJEIep KaKThIFbICHIHBIH XOKTBIFBIH MOJIIMICH.

MOBBIIIEHUE BUOJIOTMYECKOW AKTUBHOCTH I'YMHUHOBBIX COEJJMHEHU
IOYTEM UX MOJAUPUKAILIUUN B PA3JIMYHBIX YCJIOBHUAX

VK. Jlucycunoexos, I.O. Hypzanuesa, 3.K. baaxmemosa’, E.A. Tycynkanues,
A.K. Hlaxuposa, /1. [yiicenébai, Y.b. Axcakanosa, A.H. Anmuipyosa

AO «Hncmumym xumuyeckux nayk umenu A.b. bexmypoeay, Anmamei, Kazaxcman
*E-mail: zamirabkz@mail.ru

Pe3tome. Bgedenue. ['yMHHOBBIC BellecTBa SIBISIFOTCS MHOTO(QYHKIMOHAJIBHBIMH OpPraHUYECKHMH
COC/IMHEHUSAMHU, MyTeM MOJU(PHKAIMA HX MaKpOMOJEKYJI MOXHO IOJIy4aTh HOBBIC COCIMHCHUS C
3aaHHBIMH CBOWCTBAMH M pa3M4YHBIM cOCTaBOM. MccienoBaHus B TOM HamlpaBlICHHU BEAYTCS, HO
MOCKOJIBKY MOJM(HUKAIINS YaCTO OCYIIECTBISETCS B )KECTKUX YCIOBHSX, 3TO IPUBOIHUT K Pa3PYILICHUIO UX
CTPYKTYypel. B CBSI3M C 3TUM aKTyaJbHBIM SBISICTCS IIPOBEJCHUE MCCICAOBAHUI XUMHUYECKOU
MOJU(HUKAIMH TYMUHOBBIX COCAMHEHUH B MATKHX YCIOBHSX C HUCIIOJIb30BAaHUEM JOCTYITHBIX U HEJOPOTHX
peareHToB IS yIy4IICHUsS] CBOUCTB U paclIMpeHus o0JIacTH UX NpUMeHeHus. [lenb pabomel — U3ydeHue
BIMSIHUSL PA3IMYHBIX (DAaKTOPOB Ha MPOLECC IOJIyYCHHUS] HOBBIX COCJIMHECHUH IyTeM B3aMMOICHCTBHUS
rymata Hatpus u oprodocdara amomuHus. Memoowvl. CTaHmapTHbIE METOIbI, (YHKIMOHAIBHBIA U
peHTreHo(ha3oBblil aHau3, HH(paKpacHas CIEKTPOCKomus ¢ mpeodpazoBanueM Dypoe. Pesyivmamol u
obcyscoenue. B Xxoie uccneoBaHus ONpe/iesieHa 3aBUCUMOCTh Mpoliecca MOTU(UKAIIMY T'yMaTa HaTPHs,
MOJIy4eHHOro u3 Oyporo yrisi, oprodocdaToM altOMHHHUS OT COOTHOIICHHS HCXOJHBIX BEIICCTB,
TEMIIEpaTypbl W BpeMEHH. AHAIM3 IOJNYYEHHBIX B XOAE HSKCIIEPHMEHTa JAHHBIX IOKa3all, 4TO IIpH
HM3MEHEHUH COOTHOLICHHS TBepaoro K xuakomy (T:K) ot 1:5 mo 1:15, remnepatypst ot 20°C no 80°C u
Bpemern oT 10 mo 120 MHHYT, BBIXOA TYMHHOBBIX KHCJIOT B COCTaBE CHHTE3MPOBAHHBIX BEILECTB
yBenmumnBaetcs 10 4.20%, congepkanue N — 1o 1.15%, P20s — no 31.18%, xonmnyecteo COOH-rpymm — 1o
1.91 mmonb/r, OHgen. — 10 1.01 MMoOIB/T, a craruueckas OOMEHHAst eMKOCTh — J0 14.73 Mr-sks/T.
3axniouenue. Ha OCHOBaHMHM TPOBEIEHHBIX HCCIEIOBAHHM YCTAaHOBJIEHO, YTO MpPHU B3aUMOJCHCTBUU
rymara HaTpus ¢ oprodocharoM ATOMHHHUS —IPOTEKAIOT pPEaKUMM HOHHOrO OOMeHa |
KOMITJIEKCOOOpa3oBaHusi, a B 0Opa3yrONIMXCS OpPraHOMHHEPAIBHBIX COCAWHEHUSX YBEIMYHBACTCS
coZiepXKaHHe KHCIOTHBIX TpPYINI, TYMHHOBBIX KHCIOT, (ocopa u aszora. [lokazaHo, 4To myTem
XHUMHYECKONH MOTU(HKAINH TyMaToB ¢ (ocharaMu pa3IMIHON OCHOBHOCTH B MATKHX YCIOBHSIX MOXKHO
MOJIy4aTh TyMaTCOEpIKallie IpernapaThl C BEICOKOI OHOJIOrHYECKO aKTHBHOCTHIO U 3()()eKTHBHOCTHIO U
HCTIOJIB30BATh MX B CEIBCKOM XO3SICTBE, pa3lIMUHBIX OTPACISIX HPOMBIIIIEHHOCTH U B KOJOTMYECKUX
LEJSIX.

KiroueBble cj0Ba: TyMHUHOBbIE KUCIOTHL, oprodocdaT amOMHMHMS, KHUCIOTHBIE  TpPYIIIBI,
MOAMGHIMPOBAHHBIN I'yMaT, OpraHOMUHEpalIbHbIE COEINHEHNS, OMOIOrnuecKas akTHBHOCTh
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In silico EVALUATION OF THE PHARMACOKINETICS AND
TOXICITY OF NOVEL PIPERIDINE DERIVATIVES
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Abstract. Introduction. Modern computer modeling methods make it possible to predict the
biological activity and pharmacokinetic properties of compounds at early stages of drug development,
thereby accelerating the identification of promising candidates. Piperidine derivatives are of particular
interest due to their high potential pharmacological value. The aim of this study is to evaluate the
biological activity, pharmacokinetic parameters, and toxicity of novel piperidine derivatives using in silico
methods. Results and discussion. Four new compounds were synthesized via aminomethylation of 1-(2-
ethoxyethyl)-4-ethynylpiperidin-4-ol esters, isolated by column chromatography on Al20s3, and
characterized using physicochemical analysis methods. Biological activity was assessed using the PASS
program, pharmacokinetics via SwissADME, and toxicity via ProTox-I1l. The compounds demonstrated a
high probability of antibacterial, anti-inflammatory, and analgesic activity, as well as potential
effectiveness in the treatment of osteoporosis, diabetic neuropathy, and neurological disorders.
Pharmacokinetic analysis indicated good absorption and the ability to cross the blood-brain barrier.
According to ProTox-Ill, the compounds showed predominantly low toxicity (lowest for compound 5,
LDso = 2935 mg/kg). Conclusion. Compounds 2, 3, 6, and 7 are considered especially promising for
further research due to their high bioavailability and low toxicity. The results support the feasibility of
continued in vitro and in vivo screening of the synthesized compounds.

Keywords: piperidine derivatives, computer modeling, PASS, SwissADME, ProTox-Ill,
pharmacokinetics, toxicity, drug-like compounds.
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1. Introduction

In the 21st century, there has been a shift from empirical drug discovery
toward rational drug design based on theoretical prediction of biological activity.
This approach considers the relationship between chemical structure and
pharmacological effect, enabling the early exclusion of ineffective or toxic
candidates and focusing efforts on promising molecules. One of the key strategies
involves chemical modification through the introduction of functional groups
capable of enhancing or altering biological activity.

Modern computational technologies play a crucial role in evaluating the
biological activity, toxicity, lipophilicity, and pharmacokinetic properties of
compounds, including gastrointestinal absorption and the ability to cross the
blood-brain barrier. Computational methods, including ADME parameter
prediction, are applied at all stages of drug development, facilitating the design of
molecules with optimized pharmacodynamic and toxicological profiles. The use
of machine learning algorithms enables the prediction of biological targets,
protein interactions, and toxicity without the need for costly in vivo studies,
thereby reducing expenses, development time, and reliance on animal testing.

The advancement of computational toxicology has become an integral part of
preclinical safety assessment, relying on the progress in chemistry and molecular
biology. Under these conditions, in silico methods provide an efficient means to
evaluate the pharmacological and toxicological potential of compounds at the
early stages of drug development [1].

The aim of the present in silico assessment is to determine the impact of
chemical modification on the biological activity of the starting compounds. The
study is focused on identifying enhancement, attenuation, or emergence of new
types of activity, which contributes to predicting their pharmacological potential
and optimizing synthetic strategies.

B HACTOALICM UCCIICAOBAHUU B KAUCCTBC MpEAMETA JIsI UH CUJIIMKO OLCHKH
ObLIH BLI6paHLI MIPOUBOAHBIC IMTUIICPUINHA.

Piperidine derivatives are known for their high pharmacological activity and
are considered “privileged structures,” serving as scaffolds for the development of
drugs with various mechanisms of action. They are found in more than twenty
drug classes [2], including anticancer agents [3], Alzheimer’s disease treatments
[4], antibiotics [5], analgesics [6], antipsychotics [7], and antioxidants [8].

2. The experimental part

To identify the studied compounds as potential sources of biologically active
agents, the following web-based tools were employed: PASS for predicting
biological activity [9], SwissADME for evaluating pharmacokinetic properties
(ADME) [10], and ProTox-111 for toxicity prediction [11].

The synthesis methods for compounds 2 and 3 are described in reference
[12].

Synthesis of compounds 4-7. To a mixture of 0.0026 mol of
paraformaldehyde and 0.0023 mol of 1-benzhydrylpiperazine or
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pyrimidylpiperazine in acetonitrile, with continuous stirring at room temperature,
0.0019 mol of compound 2 or 3 was added dropwise. Then, 5 mol% of freshly
prepared copper (1) chloride was introduced. The reaction was carried out at the
boiling point of acetonitrile for 72—-78 hours. Upon completion, the mixture was
cooled, the acetonitrile was evaporated, and the residue was acidified with
hydrochloric acid solution (1:1) to pH ~2 and washed with diethyl ether 3 times to
remove paraformaldehyde residues. Next, the reaction mixture was then basified
to pH ~10 using sodium hydroxide solution. The product is extracted with hexane.
After, it was purified by column chromatography on AlLOs using a
chloroform:acetone system (10:1), followed by solvent evaporation. Yields
ranged from 40% to 80%. The composition and structures of the synthesized
compounds were confirmed by elemental analysis and spectral data.
1-Benzhydryl-4-(3-(1-(2-ethoxyethyl)-4-(2-phenoxyethoxy)piperidin-4-
yhprop-2-yn-1-yl)piperazine (4). Cs7Ha7N3O3; nyoD = 1.546; Found, %: C 76.38,
H 8.14, N 7.22. Calculated, %: C 76.25, H 8.09, N 7.35; IR spectra, v, cm™:
1245.4 (-C-0-C(N)), 1110.7 ((-C-O-C(Ph)), 755.4, 1497.2, 1586.0 (Ph); *C NMR
spectra (101 MHz, Chloroform-d) & 152.07, 149.72, 130.64-121.26, 117.81
(Chenz), 81.18, 86.17, 48.65 (C=C-CH,), 76.83 (C2Ph), 71.66, 50.62, 36.75
(Cpiperidine), 5265, 5138 (Cpiperazine), 6938, 2769 (QHzQHzOPh), 6849, 6669,
57.89, 15.64 (NCH2CH>0O_CH>CH3s).
1-Benzhydryl-4-(3-(1-(2-ethoxyethyl)-4-(2-phenoxybutoxy)piperidin-4-
yl)prop-2-yn-1-yl)piperazine (5). CssHs1N303; n®p = 1.539; Found, %: C 76.81, H
8.43, N 6.89. Calculated, %: C 76.95, H 8.25, N 6.35; IR spectra, v, cm™: 1245.8
(-C-0-C(N)), 1109.2 ((-C-O-C(Ph)), 756.4, 1497.1, 1586.0 (Ph); *C NMR
spectra (101 MHz, Chloroform-d) & 159.10, 142.79, 129.44-120.53, 114.50
(Coenz), 81.12, 86.11, 47.08 (C=C-CH,), 75.94 (C2Ph), 71.61, 50.58, 36.84
(Cpiperidine),  52.27, 51.82  (Cpiperazine), 67.62, 62.72, 26.78, 26.42
(CH,CH,CH,CH,0OPh), 68.41, 66.54, 57.93, 15.28 (NCH,CH,0 CH,CHb).
2-(4-(3-(1-(2-Ethoxyethyl)-4-(4-phenoxyethoxy)piperidin-4-yl)prop-2-yn-1-
yl)piperazin-1-yl)pyrimidine (6). C2sHzoNsOs; n*p = 1.563; Found, %: C 68.13, H
7.96, N 14.19. Calculated, %: C 68.95, H 7.75, N 14.35; IR spectra, v, cm™:
1245.2 (-C-0-C(N)), 1110.8 ((-C-O-C(Ph)), 753.3, 1496.2, 1599.7 (Ph), **C NMR
spectra (101 MHz, Chloroform-d) 6 159.06, 129.41, 120.48, 114.48 (Cpenz), 86.57,
80.57, 47.39 (C=C-CH), 51.71, 43.61 (Cpiperazine), 161.68, 157.78, 110.12
(Cpyrimidine), 71.59, 50.53, 36.61 (Chpiperidine), 67.57, 27.36 (CH.CH,OPh), 68.35,
66.49, 57.74, 15.24 (NCH,CH,0O CH,CHj3).
2-(4-(3-(1-(2-Ethoxyethyl)-4-(4-phenoxybutoxy)piperidin-4-yl)prop-2-yn-1-
yl)piperazin-1-yl)pyrimidine (7). CsoHsNsO3; n?°p = 1.556; Found, %: C 69.07, H
8.31, N 13.42. Calculated, %: C 68.98, H 8.29, N 13.36; IR spectra, v, cm™
1245.6 (-C-O-C(N)), 1110.4 ((-C-O-C(Ph)), 756.3, 1496.0, 1597.7 (Ph), *C NMR
spectra (101 MHz, Chloroform-d) 6, 159.16, 130.08, 120.51, 114.95 (Cpenz),
86.68, 80.59, 47.45 (C=C-CH,), 51.79, 43.69 (Cpiperazine), 161.70, 157.77, 110.01
(Cpyrimidine), 71.65, 50.96, 36.78 (Cpiperigine), 67.59, 62.36, 26.75, 26.41
(CH.CH,CH>CH,0Ph), 68.42, 66.52, 57.81, 15.29 (NCH>CH-0O_CH>CH3).
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3. Results and discussion
The compounds studied include the parent compound — 1-(2-ethoxyethyl)-4-
ethynylpiperidin-4-ol (1), the intermediate ethers (2 and 3), and the final target

products (4-7).
~ O N/_\N—CHZ—CEC O—CnH2no—©
~cm,0) &y fj

fj fj [, CuCl. N 45

C,H,0C,H;
C,H,0CH C,H,0CH N
2H40C,H; ,H40C,H; /: \>—N N-CH,-C=C CHZnO@
1 v - fj
L
n=2,4 N 6.7
C,H,0C,H;

Compounds 2 and 3 were synthesized via the Williamson reaction by
alkylation of the parent acetylenic alcohol 1 with the corresponding phenoxyalkyl
bromides in the presence of powdered potassium hydroxide in acetonitrile at room
temperature. Compounds 4—7 were obtained via aminomethylation of ethers 2 and
3 using a mixture of paraformaldehyde and a cyclic amine (pyrimidinylpiperazine
or diphenylmethylpiperazine) in acetonitrile. The reaction was catalyzed by
freshly prepared cuprous chloride. Upon completion, excess amine was removed
based on differences in solubility between the product and the secondary amine in
hexane. The structures of the synthesized compounds were confirmed using
physicochemical analytical methods.

Pharmacological activity prediction using the PASS software evaluated the
probabilities on a P, scale: values of P, > 0.3 indicate moderate likelihood, and P,
> 0.7 denote high probability and pharmacological relevance. According to these
results, the compound 1 (acetylenic alcohol) showed antibacterial (0.304), anti-
inflammatory (0.421), antiviral (0.352), and antioxidant (0.487) activities. These
properties suggest potential in treating infections and inflammatory conditions,
although the probability levels remain moderate.

Further modification of the molecule by synthesizing simple ethers 2 and 3
allowed for the assessment of the impact of phenoxyalkyl substituents on
biological activity. Antibacterial activity slightly increased (to 0.321), potentially
indicating enhanced cellular penetration. These compounds also exhibited
predicted activity in bone disorders (0.536 and 0.498, respectively), implying
potential utility in treating osteoporosis or related conditions. Compound 2
showed promising activity in the treatment of diabetic neuropathy (0.322) and
cocaine dependence (0.372), suggesting potential in neurological therapy.

The incorporation of  the bulky heterocyclic fragments
(diphenylmethylpiperazine and pyrimidinylpiperazine) into the compounds 4-7
led to a marked increase in biological activity and the emergence of new
pharmacological effects. Notably, analgesic activity was predicted with
probabilities of 0.609 (compounds 4 and 5) and 0.642 (compound 6), positioning
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these molecules as promising analgesic candidates. Spasmolytic activity reached
0.577 (5) and 0.551 (7), indicating potential for reducing smooth muscle tone.
Additionally, an enhanced antisecretory effect was predicted for compound 7
(0.462), potentially relevant for treating peptic ulcer disease. Derivatives 47, as
their initials 2 and 3, retained promising activity for bone disorders (0.528-0.363).

Thus, PASS predictions indicate a favorable biological activity profile for the
studied compounds, warranting further experimental validation.

The SwissADME tool provides a cost-effective means to predict ADME
(absorption, distribution, metabolism, excretion) pharmacokinetic properties and
assess drug-likeness based on molecular structure and physicochemical
parameters. Using the Boiled-Egg model which is calculated on the basis of
lipophilicity (WLOGP) and polarity (TPSA), passive gastrointestinal absorption
and blood-brain barrier (BBB) permeability were evaluated (Figure 1).

WLOGP
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Figure 1 — The BOILED-Egg model for compounds 1-7.

Compound 1, located in the white ellipse, demonstrated high potential for
passive gastrointestinal absorption. In contrast, compounds 2—7, located in the
yellow ellipse, showed high BBB permeability, indicating potential CNS
availability. These categories are not mutually exclusive; molecules may exhibit
both properties.

Compounds 1, 4, 6, and 7 (blue dots), identified as P-glycoprotein substrates
(PGP+), may be actively effluxed from the brain or intestinal lumen. Compounds
2, 3, and 5 (red dots), identified as non-substrates (PGP-), have a lower
probability of active transport-based efflux.

Assessment of six key physicochemical parameters — lipophilicity (LIPO),
size (SIZE), polarity (POLAR), solubility (INSOLU), flexibility (FLEX), and
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saturation (SATU) — determines drug-likeness when values fall within the optimal
range. These ranges are visualized in a radar plot (Figure 2) as a pink zone
representing preferred values: lipophilicity (XLOGP3) from -0.7 to +5.0;
molecular weight from 150 to 500 g/mol; topological polar surface area (TPSA)
from 20 to 130 AZ; solubility (log S) not greater than 6; saturation (fraction of sp?
carbons) > 0.25; and flexibility (number of rotatable bonds) < 9. Full compliance
indicates a high probability of drug-likeness

Radar plots revealed that compounds 2 and 3 fall within most optimal ranges
(Figure 2), suggesting favorable drug-like properties. In contrast, compounds 4
and 5 containing diphenylmethylpiperazine moieties exceeded optimal flexibility
limits, likely due to structural complexity. Compounds 6 and 7, with
pyrimidinylpiperazine fragments, displayed the most favorable physicochemical
profiles within the optimal range, indicating the promise of this structural motif.
These compounds showed the best alignment with drug-likeness criteria, making
them strong candidates for further investigation and development.

Furthermore, all studied compounds meet Lipinski’s rule of five, indicating
favorable drug-likeness. However, compounds 4 and 6 do not fully comply with
the more stringent Muegge rule, which considers additional structural parameters
in early drug discovery (Table 1).

LIPO LIPO

FLEX SIZE FLEX SIZE o ol
Q {\ )
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2 3 4
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Figure 2 - Radar diagram of compounds 2—7.
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Table 1 - Compliance of compounds 1-7 with bioavailability rules

Compound Lipinski rule Egan rule Muegge rule
1 Yes Yes Yes

2 Yes Yes Yes

3 Yes Yes Yes

4 Yes Yes No

5 Yes Yes Yes

6 Yes Yes No

7 Yes Yes Yes

Finally, the ProTox-I11 web tool was employed to predict compound toxicity.
Among all compounds, compound 3 showed the highest predicted toxicity (LDso
= 134 mg/kg), classifying it as class 3. Other compounds were categorized as
class 4-5, indicating moderate to low toxicity. Compound 5 exhibited the lowest
predicted toxicity (LDsp = 2935 mg/kg), placing it in class 5. Overall, the
compounds varied in toxicity, but none fell into the most hazardous (classes 1-2)
or least toxic (class 6) categories. Hepatotoxicity predictions were low across all
compounds (0.04-0.25), with compounds 1-4 and 6 showing minimal values
(<0.07). Compounds 5 and 7 also remained within acceptable limits (0.25 and
0.23), indicating a generally safe liver toxicity profile. Cytotoxicity was similarly
low for all compounds (0.18-0.3), supporting their favorable safety potential. The
target compounds displayed the lowest toxicity, supporting their potential safety
for therapeutic use.

Table 2 - Predicted toxicity of compounds 1-7

Comp. | LDso(mg/kg) | Hepatotoxicity, | Cytotoxicity, Toxicity Average Prediction
% % class similarity accuracy
(%) (%)

1 1050 0.05 0.18 4 70.13 69.26

2 480 0.04 0.23 4 66.02 68.07

3 134 0.04 0.21 3 61.87 68.07

4 700 0.07 0.22 4 49.36 54.26

5 2935 0.25 0.3 5 45.23 54.26

6 1087 0.07 0.2 4 48.98 54.26

7 2000 0.23 0.3 4 45.24 54.26

4. Conclusion

The conducted in silico assessment demonstrated that the studied compounds
possess a broad spectrum of predicted biological activities. According to PASS
predictions, the parent compound and its derivatives exhibit antibacterial, anti-
inflammatory, antiviral, and antioxidant properties, along with potential activity
against osteoporosis, diabetic neuropathy, and neurological disorders. Compounds
4-7 showed pronounced analgesic and spasmolytic effects, making them
promising candidates for the treatment of pain syndromes and related conditions.
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Pharmacokinetic analysis using SwissADME confirmed that the compounds
meet key drug-likeness criteria, including Lipinski’s rule of five, indicating their
potential oral bioavailability. According to the Boiled-Egg model, the compounds
demonstrated good gastrointestinal absorption and the ability to penetrate the
blood-brain barrier, which is particularly important for central nervous system
(CNS) therapies. Compounds 2, 3, 6, and 7 aligned well with bioavailability
criteria, whereas compounds 4 and 5, containing diphenylmethylpiperazine
fragments, exceeded optimal flexibility parameters due to their structural
complexity.

Toxicity evaluation using ProTox-111 showed that most compounds exhibited
moderate to low predicted toxicity. Compound 5 was the least toxic, while
compound 3 showed higher toxicity, which could potentially be mitigated by
immobilization strategies, such as encapsulation in dextrins. Importantly,
compound 3 is considered an intermediate, and its derivatives demonstrated lower
toxicity profiles.

Overall, the in silico analysis identified promising compounds for further
pharmacological investigation and provided a rational basis for prioritizing
candidates for experimental validation.
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In silico 9 AICI APKbLIIbI ZKAHA MUTTEPUIWH TYBIHIBIJIAPBIHBIH
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Tyiiingeme. Kipicne. Ka3ipri 3amMaHfbl KOMIBIOTEPIIK MOJEIBACY OMICTEPl KOCBUIBICTAP/BIH
OMONIOTHSUIIBIK OEJICEHIUNIrT MeH (apMaKOKHMHETHKAIBIK KaCHETTEpPiH JSPLIIK 3aTTapibl 93ipieyiH epre
Ke3eHJepinae Ooinkayra MyMKIHIIK Oepeni, Oy THIMII MoJeKynanapisl ipikrey yaepiciH alTapiblKTai
xKpuiamMaaTanabl. OChl KOCBUIBICTAP/BIH IMIIHAE MUIEPUINH TYbIHABUIAPbIHA OJAPABIH JKOFAPBl BIKTUMAI
(apMaKoIOrHsIIBIK KYHIBUIBIFbIHA OaMIaHBICTBI €peKIlie Ha3ap aynapbuiajbl. 3epmmey MaKcamol - KaHa
CHHTE3/ICIITCH THIEPUINH TYBIHIBUIAPBIHBIH OWOJOTHSUIBIK O€ICEHIUITH, (apMaKOKHHETHKAIIBIK
mapaMeTpiepi MEH YBITTBUIBIFBIH KOMITBIOTEPIIIK MOJENbACY OMICTepiH KOJJaHa OTBIPBIN Oaraiay.
Homuorcenep oicone mangpiiay. Con yuin 1-(2-3TOKCHITHIN)-4-3THHHIITHIIEPUAUH-4-051  dupIiepin
aMUHOMETHIIICY HOTIDKECIHIE TOPT JKaHa KOCBUIbIC aiblHAbl. Byn kocsutbictap Al203 Herisinperi
GaraHanbl XpoMarorpadust oficiMeH OemiHilN, (U3NKa-XUMUSIIBIK Talgay 9IiCTepi apKbUIbl CUIATTaJIbL.
KocbutbicTapapie  Ononorusuiblk  Gencenainiri PASS Oarmapiamacsl apKbUibl, (papMakOKMHETHKABIK
kacuerrepi SwissADME munatdopmackinza, an yeirteutbirsl ProTox-111 kemerimen 3eprrenai. 3epTrenrexn
KOCBUIBICTAp/IbIH OaKTepusiFa Kapchl, KaObIHYFa Kapchl >KOHE aHAJIbIe3WsUIbIK OENICeHAUTIKKE >KOFaphl
OelliMainikke He, COHBIMEH KaTap OCTEONOpo3, AUAa0eTTIK HeHpomaTus >koHe XKyHKe xkyleci aypynapsl
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CUSKTBl TATOJIOTHSUIBIK JKaFjainapra Kapchl OeliceHIUNiK kepceryi MyMKiH. DapMakOKMHETHKAJIBIK
CHUIaTTaMaJIapblH Taj/lay OJIApABIH KaKchl aOCOpOUMsIIaHATBHIH JKOHE TeMaTOdHIE(aIbIK 0ereTTeH oTe
anaTelHbiH  KepcerTi. ProTox-III kemeriMeH KOCBHUIBICTApIBIH YBITTBUIBIFBI TOMEH JICHTEHIE eKeHi
AHBIKTAIIBI (€H TOMEH YBITTBUIBIK 5-Kochutbic, LDso = 2935 Mr/kr). Kopwsimsinowsi. Ocipece, 2, 3, 6 xone
7-KOCBUIBICTAp OMOKETIMALIITT JKOFapbl XKOHE YBITTBUIBIFBI TOMEH OoJyblHa OailaHbICTBhl Opi Kapait
3epITeyre aca IMEepCIEeKTUBAJIbl OONBINT TaObUIaAbl. AJIBIHFAH HOTIDKEIEp HETi3iH/Ae, CHHTE3JCNITeH
KOCBUIBICTAp/IBI 9pi Kapaid in Vitro sxoHe in ViVO CKpHHUHITEH OTKi3yl OPBIHIIBI JICTT aiiTyFa oAbl

Tyiiin ce3aep: numepuaAnH TybIHIbUIAPHI, KOMIbIOTEPIiK Moaenbaey, PASS, SwissADME, ProTox-1ll,
(hapMaKOKHHETHKA, YBITTBUIBIK, JOPITiK KOCHUIBICTAP.
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Pe3tome. Bsedenue. CoBpeMEHHbIE METOABI  KOMIBIOTEPHOTO  MOJEIHPOBAHHS  IMTO3BOJISIOT
MIPOTHO3UPOBATh OHMOJOTHYECKYI0 AKTUBHOCTh W (hapMaKOKMHETHUECKUE CBOWCTBA COCAMHEHHMH Ha
paHHMX JTanax pa3pabOTKH JIEKapCTB, YCKOPSS MOMCK MEPCHEeKTHBHBIX KaHaunatoB. OcoOblii MHTEpec
MPEJCTABIISIOT ~ NUIEPHIMHOBBIE  NPOWM3BOJHBIE  Oyarojapss WX  BBICOKOW  HOTCHIMAIBHON
(apmakonorndeckoit UeHHOCTH. [lenvlo Hacmoswjed pabomvi SBISETCS OLCHKA OHOJOTHYECKOM
aKTHUBHOCTH, (PapMaKOKWHETHKH M TOKCHYHOCTH HOBBIX IHIIEPHANHOBBIX TPOU3BOAHBIX METOHaMH N
silico. Pesymomamer u obcyscoenue. Tlyrém amuHOMETHIMpOBaHHs 3PupoB 1-(2-3TOKCHITHI)-4-
STHHWINHUICPUANH-4-071a ~ CHHTE3MPOBAaHBI ~ YETHIPE  COCIAWHCHHUS,  BBIICIICHHBIE  KOJOHOYHOH
xpomarorpadueii Ha Al2O3 U oxapakTephu30BaHHBIE (HU3UKO-XUMHYECKHMU METOAaMu. bHomormdeckast
aKTHBHOCTh OLICHMBAJIACh C UCIOJb30BaHMeM mporpammbl PASS, dapmakokunernka — B SwissADME,
TokcnyHOoCcTh — B ProTox-1II. YcraHOBieHO, YTO coOeAWHEHWs O0JAaNaOT BBICOKOH BEPOSTHOCTHIO
aHTHOAKTEpUAIbHOM, IPOTHBOBOCHIAINTEIBHON W  aHAIBIe3UPYIOMEW aKTUBHOCTH, a  TaKke
MOTEHIMANBHON (P (HEKTUBHOCTBIO MPU OCTEOINOpO3e, IHAOCTHUECKON HEeHWpomaTuH M 3a00JIeBaHMAX
HEepBHOU cucTeMbl. DapMaKOKMHETHYECKHE XapaKTEPUCTHKU CBUICTENILCTBYIOT O XOpoIIei abcopOounu u
CIIOCOOHOCTH TIPOHMKATh 4Yepe3 remartodHuedanndeckuii Oapbep. CormacHo ProTox-III, coenunenms
HMEIOT NMPEHMYIIIECTBEHHO HU3KHI YPOBEHb TOKCHYHOCTH (HaMMEHbIast — y coeanHerus 5, LDso = 2935
Mr/kr). 3akmouenue. OCOOECHHO TEPCHEKTUBHBIMH Ul JajbHEHIINX HCCICAOBAHUI  SIBISIOTCS
coenuHenus: 2, 3, 6 u 7 Onaronapst BBICOKOH OHOJOCTYITHOCTH M HHU3KOW TOKCHYHOCTH. IlomyueHHBIE
PE3yIbTaThl MOATBEPIKAAIOT I[EIecO00pasHOCTh HaibHelmero in Vitro w in Vivo ckpuHHHTa
CHHTE3UPOBAHHBIX COCANHEHUI.

KiroueBble c/I0Ba: THIEPUAMHOBBIC IPOU3BOIHBIC, KOMIIBIOTEpHOE MojenupoBaHue, PASS,
SwissADME, ProTox-III, hapMakOKHHETHKa, TOKCHIHOCTb, JIEKAPCTBEHHBIE COCIMHCHHUSL.
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Abstract. Introduction. Micro-initiation systems are crucial for the advancement of smart
combustible technologies, enabling highly localized and controlled initiation of energetic reactions at the
microscale. These systems are essential in applications such as micro-chips, MEMS devices, and smart
munitions, and they depend on energetic composite materials (ECMs) that effectively balance
performance and safety. Objective of the study. This review examines the relationships between
composition and performance in energetic materials (ECMs) used in micro-initiation systems. It focuses
on the chemical, structural, and thermal characteristics that influence ignition sensitivity, energy release,
and combustion behavior. Key materials—including copper(ll) azide, HMX, RDX, CL-20, and TAGN—
are evaluated alongside advanced carbon nanomaterials and nanocomposites that enhance safety and
performance. Special attention is given to the role of graphene and conductive oxides in mitigating
sensitivity, as well as the use of nano-engineered fuels to improve combustion efficiency. Results and
Discussion. Emerging microfabrication and additive manufacturing techniques for producing miniaturized
energetic architectures are also discussed. The integration of advanced materials chemistry with micro-
engineering holds promises for the development of next-generation energetic systems. Conclusions. This
review identifies challenges such as thermal stability, electrostatic safety, and predictive modeling, while
highlighting future directions for designing safer, high-performance energetic materials.
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1. Introduction

Micro-initiation systems represent a significant advancement in energetic
technologies, facilitating the miniaturization and precise control of explosive and
propellant systems. These systems are engineered to initiate energetic reactions on
a microscale, leveraging primary explosives that deliver considerable energy
within compact spatial limits [1]. Their increasing demand arises from their
versatility across applications such as micro-energetic devices and smart
munitions, where precision and operational effectiveness are critical. We view
micro-initiation systems as essential enablers of advanced micro-energetic
platforms, particularly in cutting-edge weaponry and aerospace innovations [2].
Serving as a key trigger in the energetic chain, they spark the detonation of
secondary explosives or the combustion of propellants. Consequently, designing
reliable and efficient micro-initiation systems is imperative to guarantee the
performance and safety of these advanced devices.

As the demand for miniaturization escalates, there is an increasing
requirement for advanced techniques to deposit and pattern energetic materials in
micro-initiation systems. Traditional methods often fail to provide the precision
and control necessary for microscale fabrication, underscoring the need for
innovative approaches like micro-printing, electrodeposition, and self-assembly
[3]. These modern strategies allow for the creation of complex energetic
structures with tailored properties, thus facilitating the development of more
effective and reliable micro-initiation systems.

Furthermore, the advancement of micro-initiation systems requires a
comprehensive understanding of the fundamental mechanisms driving energetic
initiation. This involves investigating key processes such as thermal energy
transfer, chemical reaction dynamics, and shock wave propagation [4]. By
deepening our knowledge of these phenomena, researchers and engineers can
design more durable and efficient micro-initiation systems capable of fulfilling
the stringent requirements of contemporary energetic applications.

Energetic Composite Materials (ECMs). Energetic composite materials
(ECMs) represent sophisticated engineered systems that integrate energetic
components, such as explosives or propellants, with non-energetic elements like
binders, additives, or structural frameworks to achieve customized functional
properties. This combination enables precise adjustment of critical performance
factors, including energy release, sensitivity, mechanical strength, and thermal
resilience, rendering ECMs highly versatile for a range of applications. Through
alterations in the composition and structural arrangement of their constituents,
ECMs provide adaptable design options, allowing for fine-tuned control over their
behavior [5]. The significant thermodynamic capacity of ECMs stems from their
energetic fractions, which release substantial energy upon activation, while non-
energetic components enhance mechanical durability, improve processability, and
reduce vulnerability to external influences.

Energetic composite materials (ECMs) are widely employed in polymer-
bonded explosives and solid propellants, striking a balance between energy output
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and mechanical durability [6]. In polymer-bonded explosives, energetic crystals
are embedded within a polymer matrix, which enhances structural integrity and
minimizes sensitivity to impact and friction. For solid propellants, ECMs enable
high energy density and controlled combustion rates, supporting efficient
propulsion in rocket motors and various aerospace applications. Nano-sized
energetic composite materials (nano-ECMSs) represent a significant advancement
in energetic material technology, expanding their applicability in explosives and
propellants [7]. Composed of nanoscale energetic particles dispersed in a matrix,
nano-ECMs demonstrate increased reactivity, improved combustion efficiency,
and greater energy release. These unique properties make nano-ECMs particularly
well-suited for advanced energetic systems like micro-initiators, where high
performance and miniaturization are critical requirements.

Importance of Composition-Performance Relationships. Understanding the
relationship between the composition of energetic materials and their performance
characteristics is essential for predicting their effectiveness and safety. These
relationships determine how materials respond to various stressors, including
impact, friction, thermal exposure, and electrostatic discharge. By elucidating
these interactions, researchers and engineers can create energetic materials
tailored to meet specific application needs. The molecular structure of these
materials plays a pivotal role in shaping their detonation performance and
mechanical sensitivity [8]. The arrangement of atoms and the nature of chemical
bonds within a molecule govern its stability, energy potential, and reactivity. For
example, adding nitro groups (-NO:) can boost a molecule’s energy content,
though this may also increase its vulnerability to impact and friction. Similarly,
the crystalline arrangement of an energetic material affects its density, which in
turn influences its detonation velocity and pressure.

The creation of novel energetic compounds hinges on a thorough
understanding of the relationship between molecular structure and material
properties. By carefully selecting and arranging atoms and functional groups,
chemists can design innovative energetic materials with improved performance
and enhanced safety profiles. This process often utilizes computational modeling
and simulation tools to predict the properties of potential compounds before their
experimental synthesis.

2. Key energetic materials used in micro-initiation systems

2.1. Primary explosives: copper(ll) azide

Copper(ll) azide (CA) stands out as an efficient primary explosive, attributed
to its high energy density, which supports the effective initiation of secondary
explosive reactions. However, its practical application is constrained by
significant electrostatic sensitivity, presenting notable safety challenges during
handling and integration into micro-initiation systems [10,11]. This heightened
risk of unintended detonation from static charges highlights the necessity for
stringent safety protocols to manage associated hazards.
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One promising approach to mitigate the electrostatic sensitivity of copper
azide involves crafting graphene-based composites [12]. Renowned for its
exceptional electrical conductivity, graphene promotes the rapid dispersal of static
charges, reducing the potential for accidental initiation. The incorporation of
graphene into the copper azide matrix [13,14] yields a composite with reduced
susceptibility to electrostatic discharge. The fabrication of these composites
typically relies on methods such as freeze-drying and in-situ azidation, which
enhance both the safety and performance profiles of CA composites [13, p., 15].
The freeze-drying technique involves quickly freezing a mixture of copper ions
and graphene oxide, followed by sublimation of ice to create a porous structure
[16]. Subsequently, in-situ azidation converts the copper ions into copper azide
within the graphene framework.

The sensitivity of energetic materials to electric spark ignition plays a critical
role in designing micro-initiation systems [17]. The energy threshold for spark-
induced explosions must be carefully controlled to ensure both operational
reliability and safety. As a result, modifying copper azide with graphene not only
lowers its electrostatic sensitivity but also modifies its response to electric sparks,
enhancing its suitability for micro-initiation applications.

2.2. Secondary explosives: HMX and RDX

High Melting Explosive (1,3,5,7-Tetranitro-1,3,5,7-tetrazocane, widely
known as HMX or octogen) and Research Department eXplosive (1,3,5-Trinitro-
1,3,5-triazinane, commonly referred to as RDX or cyclonite) are key secondary
explosives in energetic composite materials, prized for their high energy content
and moderate stability. These compounds are frequently combined with binders
and other additives to produce customized composites for applications such as
demolition charges and missile warheads [18-20].

Integrating HMX with glycidyl azide polymer (GAP) results in energetic
composites that exhibit improved energy density and mechanical robustness,
making them ideal for demanding solid propellant applications. GAP acts as both
a binder and an energy enhancer, contributing to a composite with superior energy
density and structural integrity, which is particularly beneficial for solid
propellants requiring high energy release and durability [21-23]. We suggest that
HMX-GAP composites may outperform RDX-based formulations in micro-
initiation systems due to their enhanced mechanical properties, a potential area for
further investigation.

RDX serves as a benchmark for evaluating the performance of new energetic
materials, providing a reliable standard for comparing the attributes of emerging
explosives [24-26]. Its well-established properties and extensive use across
various applications make it an ideal reference for assessing the detonation
velocity, pressure, and sensitivity of novel energetic compounds.

HMX-AI/MoOs composite explosives can be initiated with high precision
using energetic semiconductor bridges (ESCBs), offering a controlled approach to
triggering energetic reactions [27]. ESCBs utilize a small semiconductor bridge
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that produces heat upon electrical activation, effectively igniting the explosive
material [28]. This method is particularly advantageous in micro-initiation
systems, where accurate control and miniaturization are essential requirements.
We propose that further optimization of ESCB design could enhance initiation
efficiency in such systems, an area ripe for future research.

2.3. Other energetic materials

Hexanitrohexaazaisowurtzitane (CsHsNi2012, CL-20), a nitramine explosive
with a distinctive cage-like structure, is distinguished for its exceptional
detonation velocity, high density, and enhanced energy release, surpassing
conventional explosives such as RDX and HMX. Recent advancements have seen
CL-20 incorporated into 3D-printed energetic structures, demonstrating its
adaptability to state-of-the-art additive manufacturing techniques for producing
complex, miniaturized components in advanced weapon systems [29]. The
material’s high energy density and tunable detonation properties allow for precise
control of energy release, which is crucial for applications requiring both
explosive power and spatial accuracy [30]. Moreover, CL-20’s compatibility with
polymeric binders and modern fabrication methods paves the way for developing
tailored energetic devices, positioning it as a leading candidate for next-
generation military applications.

Triaminoguanidine nitrate (CHsN-Os, TAGN), a nitrogen-rich compound,
integrates effectively with glycidyl azide polymer (GAP) to form advanced
energetic composites, offering a practical alternative to traditional HMX-based
formulations [31]. Unlike typical high explosives, TAGN provides a favorable
balance of energy output, thermal stability, and reduced sensitivity, making it an
attractive option for next-generation propellants and explosive systems [32]. A
key advantage of TAGN is its combustion profile, primarily producing hydrogen
gas as a byproduct, which is particularly beneficial for specialized propellant
applications like low-signature propulsion systems or insensitive munitions,
where controlled energy release and thermal management are critical [33].
Furthermore, the synergy between TAGN and GAP allows for customizable
mechanical and energetic properties [34], enhancing safety during handling and
enabling flexible formulation approaches to meet diverse military and aerospace
requirements. We suggest that exploring the scalability of TAGN-GAP
composites could further broaden their practical implementation in such
applications.

Silver azide (AgNs) is recognized as an environmentally friendly primary
explosive with excellent initiation properties, making it a fitting candidate for
modern weapon systems that demand miniaturization [35]. Its lower toxicity
compared to traditional lead-based explosives positions as an attractive alternative
for applications where environmental sustainability is a priority.

The sensitivity of AI/ITO (aluminum/indium tin oxide) thermite to
mechanical and electrical discharge stresses has been assessed, highlighting the
potential of conductive oxides in energetic composites [36]. This study
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underscores the effectiveness of n-type semiconductors like ITO in mitigating
electrostatic discharge sensitivity, thereby improving the safety of energetic
materials during handling and transportation. We propose that further
investigation into the scalability of ITO-based composites could enhance their
practical application in micro-initiation systems.

3. Role of graphene and carbon-based materials

3.1. Graphene as a sensitivity mitigator

Graphene’s superior electrical and thermal conductivity significantly
enhances the safety of energetic composites by enabling the rapid dissipation of
electrostatic charges [37]. Its ability to efficiently manage heat and electrical
charges reduces the composite’s susceptibility to external stimuli [38], making
graphene a critical component for improving the safety and reliability of energetic
formulations. Specifically, the incorporation of graphene can substantially lower
the electrostatic sensitivity of primary explosives like copper azide, thereby
enhancing their safety during handling and processing [39]. By providing a
conductive pathway for static charge dispersal, graphene minimizes the risk of
accidental initiation due to electrostatic discharge.

Graphene-based materials can be synthesized using diverse techniques,
including hydrothermal self-assembly, which enables the production of
composites with precisely tailored properties. This method involves subjecting
graphene oxide dispersions to high-temperature and high-pressure conditions
(typically 180-200 °C for 12-24 hours), allowing controlled nucleation and
growth that shape the material’s morphology and structure [40]. This versatility
optimizes their performance in energetic composites by adjusting pore sizes
(ranging from 2-50 nm) and layer alignment, enhancing mechanical strength and
electrical conductivity (up to 10° S/m). For example, porous graphene
frameworks, with specific surface areas exceeding 1,000 m*/g, are employed to
create copper azide (Cu(Ns)2) composites, reducing sensitivity by 40% (from 0.1
mJ to 0.06 mJ electrostatic discharge threshold) while preserving energy density
(~4 kJ/g) [41]. We propose exploring electrochemical deposition, which offers
precise layer-by-layer control and scalability for industrial production, potentially
increasing yield by 20-30 % and enhancing applicability in micro-initiation
systems for MEMS and smart munitions, a promising direction.

3.2. Carbon nanomaterials for performance enhancement

The integration of diverse carbon nanostructures with distinct hybridization
states—such as sp*-hybridized graphene, sp*-hybridized nanodiamonds, and sp-
hybridized carbyne chains—significantly boosts the effectiveness of energetic
materials by promoting synergistic physicochemical interactions [42—44]. This
strategy capitalizes on the unique properties of various carbon allotropes,
including their structural flexibility, electronic behavior, and thermal
conductivity, to engineer energetic composites with improved reactivity and
energy output.
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Each carbon allotrope contributes specific advantages: graphene excels in
electrical and thermal conductivity due to its delocalized n-electron system, while
nanodiamonds provide enhanced thermal stability and opportunities for surface
tailoring [45-47]. When combined, these materials form interconnected networks
that optimize energy transfer and ensure uniform thermal decomposition of the
energetic matrix.

At the nanoscale, these carbon nanostructures play a crucial role in
modulating phonon—phonon interactions, redistributing vibrational energy, and
enhancing interfacial energy transfer, directly influencing the reaction kinetics
and thermodynamic pathways of energetic decomposition [48]. By carefully
designing and spatially arranging these nanostructures, researchers can tailor
energy release rates, ignition sensitivity, and combustion dynamics to suit specific
needs, such as propellants, explosives, or pyrotechnics.

Additionally, carbon allotropes act as highly effective catalytic nano-
additives. Their large specific surface areas, tunable surface properties, and
unique quantum and electronic features enable them to accelerate the
decomposition of energetic materials and support more complete combustion
processes [49]. Notably, the surface chemistry of modified graphene or carbon
nanotubes can lower activation energy barriers for redox reactions and promote
hot spot formation, triggering rapid exothermic effects.

The inclusion of these nanostructures also greatly improves heat conduction
within the composite, ensuring a consistent temperature profile across reaction
zones. This enhanced thermal conductivity accelerates the reaction front’s
progression, resulting in faster, more controlled combustion and higher energy
yields with improved performance metrics [50]. We propose that the targeted use
of carbon nanostructures offers a viable route to developing next-generation
energetic composites, enabling precise adjustments to their functional and
energetic attributes. Further exploration into optimizing nanostructure ratios could
unlock additional performance enhancements.

3.3. Applications of carbon materials

Carbon-based materials are extensively utilized across a broad range of
energetic composites to boost their performance through enhanced electrical and
thermal conductivity, improved chemical stability, and optimized energy release
efficiency [51]. Their versatility stems from a variety of allotropic forms—such as
graphene, carbon nanotubes (CNTSs), fullerenes, nanodiamonds, and amorphous
carbon—each contributing unique physicochemical properties that benefit
energetic formulations.

The multifunctional nature of these carbon allotropes makes them highly
compatible with both conventional and innovative energetic materials. For
instance, conductive carbon nanostructures improve charge transfer processes,
reduce sensitivity to electrostatic discharge, and promote uniform initiation of
decomposition reactions [52]. Additionally, their inherent stability extends the
composite’s shelf life and thermal resistance, while their ability to enhance energy
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density and accelerate reaction rates supports more efficient energy release. When
combined with energetic components—Ilike nitramines (e.g., RDX or HMX),
metallic fuels (e.g., aluminum nanoparticles), or oxidizers (e.g., ammonium
perchlorate)—carbon materials often produce synergistic effects, improving
combustion dynamics and overall energetic performance [53-55]. These
enhancements arise from physical interactions, such as interfacial bonding and
dispersion, as well as chemical interactions, including catalytic decomposition
pathways, which can be refined through thoughtful material selection and
formulation strategies.

The structural and surface properties of carbon nanomaterials can be finely
adjusted to enhance their integration with energetic matrices. Modifications
through oxidation, heteroatom doping (e.g., with nitrogen or boron), or the
addition of specific functional groups can significantly influence dispersibility,
compatibility, and catalytic activity. Moreover, manipulating porosity and specific
surface area allows for precise control over adsorption behavior and thermal
characteristics, enabling tailored regulation of ignition thresholds, combustion
rates, and energy release profiles [56-58].

An emerging research area explores the controlled phase transformation of
carbon nanostructures using external stimuli, such as combined electron and ion
irradiation. This technique drives structural changes—such as converting
amorphous carbon into graphitic regions or forming nanodiamond nuclei—
profoundly impacting the material’s electronic, mechanical, and catalytic
properties [59]. These irradiation-induced alterations offer a powerful method for
in-situ customization of nanocarbon behavior, supporting the development of
advanced additives optimized for specific energetic applications. We propose that
this approach could be extended to real-time tuning during composite fabrication,
a direction worth exploring further.

In conclusion, the strategic integration and customization of carbon materials
into energetic composites establishes a robust foundation for developing
advanced, high-performance energetic systems. By exploiting the structural
adaptability of carbon allotropes, such as graphene (sp?) and nanodiamonds (sp?),
with high specific surface areas and their exceptional physicochemical
properties—such as electrical conductivity and thermal stability — researchers
can precisely regulate combustion dynamics, reduce sensitivity, and optimize
energy release rates. This approach enables tailored energetic behavior for
applications in propellants, explosives, and micro-initiation systems.

4. Applications for MEMS and micro-devices

4.1. Micro-initiators for smart munitions

Micro-scale initiators act as essential subsystems in smart munition
technologies, serving as precise activation mechanisms for triggering warhead
detonations and propellant ignition. These compact energetic units are engineered
to provide rapid, reliable, and spatially confined energy release, ensuring
consistent performance under varied operational conditions [60]. Given the
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stringent requirements of military use, micro-scale firing trains must exhibit
exceptional reliability, thermal resistance, and mechanical strength to endure
harsh environmental challenges such as shock, vibration, extreme temperatures,
and prolonged storage.

Modern micro-initiator designs can be optimized for versatility, allowing
seamless integration with both traditional high-performance energetics and
emerging insensitive munition (IM)-compliant materials. This adaptability is a
vital prerequisite for current and future defense systems, enabling safe
deployment across platforms while meeting rigorous IM safety standards [61].
Incorporating flexible ignition profiles and modular energetic components into
micro-firing trains allows these systems to cater to the specific activation
demands of a wide array of materials, from conventional secondary explosives
(e.g., RDX or HMX) to advanced IM-compatible formulations [62]. We propose
that this multifunctionality could be further enhanced by developing standardized
modular designs, a potential area for future exploration.

To promote wider adoption in the defense sector, there is a growing need for
cost-effective, high-throughput microfabrication techniques. This includes
advancing scalable approaches like microelectromechanical systems (MEMS)-
based manufacturing, additive printing of energetic materials, and
photolithography-compatible patterning of initiator elements [63]. The ability to
produce reliable micro-initiators at reduced costs is key to transitioning from
prototype development to operational smart munitions.

Micro-initiators form the fundamental energetic components of micro-
energetic systems, facilitating the compact integration of ignition and detonation
functions into efficient devices. Typically built from nanothermites, reactive
multilayer foils, or MEMS-based energetic structures, these initiators offer highly
localized and tunable energy release capabilities [64]. Their small size and
responsiveness to electrical, optical, or thermal stimuli make them ideal for
precise initiation in advanced weapon systems, autonomous guided munitions,
and other micro-engineered platforms.

The continued evolution of micro-initiator technology is crucial for
advancing intelligent, responsive energetic systems. By leveraging innovations in
materials chemistry, micromachining, and formulation strategies, micro-firing
trains are poised to deliver next-generation improvements in precision, safety, and
effectiveness across diverse defense and aerospace applications.

4.2. Energetic materials in MEMS devices

The integration of energetic materials into micro-electro-mechanical systems
(MEMS) represents a transformative step in designing compact, intelligent
energetic devices. One standout material for this application is nanoporous
energetic silicon, which combines the structural benefits of porous silicon with
energetic functionalization. This material integrates seamlessly into standard
microfabrication processes, ensuring compatibility with complementary metal—
oxide-semiconductor (CMQS) electronics and other microelectronic platforms
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[65]. The collaboration between energetic silicon and MEMS fabrication methods
supports the development of monolithically integrated initiation systems, offering
precise control over ignition timing, detonation spread, and localized energy
release.

This approach is particularly well-suited for advancing next-generation
MEMS-based Safing and Arming (S&A) mechanisms, which are vital for
ensuring the safety, dependability, and controlled functionality of advanced
energetic devices. MEMS S&A systems can combine mechanical interlocks,
micro-actuators, and energetic micro-initiators into a single compact unit.
Designed to respond to environmental cues or external commands, these systems
can enable or disable initiation, keeping the device dormant until the precise
moment of activation [66]. The application of energetic silicon in these systems
enhances both passive and active safety features, bolstering resilience under
challenging operational conditions. We suggest that further research into
optimizing silicon porosity could refine these safety mechanisms.

Beyond silicon-based energetics, nanoscale silver azide (AgNs) has gained
prominence as an effective material for micro-initiator applications in MEMS
technologies. With its fast detonation velocity, sensitivity to optical or thermal
triggers, and adaptability to nanoscale fabrication, nano-AgNs serves as a key
energetic compound in micro-scale firing trains [67]. Its nanoscale design
improves initiation reliability and energy output control, making it highly suitable
for integrated MEMS detonators and micro-pyrotechnic systems. The confined
geometry of MEMS devices also helps manage the risks of sensitive energetics by
restricting their use to specific reaction chambers and minimizing active material
guantities.

Moreover, innovative additive manufacturing techniques, such as inkjet
printing, have been successfully adapted to produce microscale energetic
boosters, opening new avenues for high-resolution patterning and composite
development. A significant example is the formulation and deposition of
GAP/NC/DNTF (glycidyl azide polymer/nitrocellulose/dinitrofuranofuroxan)
blends, which merge GAP’s mechanical flexibility and binding capabilities with
the rapid combustion and high energy density of NC and DNTF. Inkjet printing
these blends allows precise placement of boosters within microreactors or
PyroMEMS (pyrotechnic MEMS) systems [68]. This method provides exact
control over layer thickness, compositional variations, and energetic loading,
enabling the creation of complex energetic structures with reliable and adjustable
performance. We propose that refining printing parameters could further enhance
the precision and scalability of these boosters.

5. Challenges and opportunities

5.1. Overcoming sensitivity issues

Developing high-performance energetic materials often faces the critical
challenge of balancing high energy release with acceptable safety levels. Potent
compounds like RDX, HMX, and CL-20 exhibit heightened sensitivity to external
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stimuli such as friction, impact, electrostatic discharge, and temperature
fluctuations, creating significant risks during handling, transport, and storage [69].
Therefore, reducing sensitivity while maintaining energetic effectiveness is a
primary objective for advancing next-generation energetic formulations.

Various strategies have been explored to tackle this trade-off. One effective
approach involves incorporating inert or semi-reactive additives that act as
physical barriers or thermal buffers, dissipating localized energy and preventing
hot spot formation. For example, polymer binders such as Viton or
fluoropolymers can encapsulate sensitive particles, reducing mechanical
sensitivity and enhancing matrix stability [70]. Additionally, molecular
engineering techniques, such as incorporating electron-withdrawing groups or
substituting heteroatoms, can improve the stability of high-energy molecules by
decreasing electron density and strengthening lattice interactions within the
crystal structure [71]. These design strategies not only increase thermal stability
but also reduce shock sensitivity. However, we note that the use of polymer
binders may slightly lower the overall energy density, a limitation that warrants
further investigation for applications requiring maximum energy output.

The interplay between sensitivity and performance is governed by
fundamental thermodynamic and kinetic principles. Increasing the enthalpy of
formation typically enhances detonation velocity and pressure, but it often
reduces activation energy barriers, inadvertently increasing sensitivity [72]. Thus,
efforts to boost energy density must be accompanied by measures to mitigate the
risk of accidental initiation.

A promising and innovative approach involves the use of conductive or
semiconductive metal oxides, such as antimony trioxide (Sb.0s), zinc oxide
(Zn0), or doped titanium dioxide (TiO-), as additives in energetic composites
[73]. These materials facilitate charge dissipation, minimize triboelectric buildup,
and provide structural reinforcement, collectively reducing the likelihood of
unintended ignition. Their electronic properties also help regulate heat transfer
and energy localization, making them versatile additives that enhance both safety
and combustion efficiency. We suggest that combining these metal oxides with
graphene-based additives could offer a synergistic effect, further improving safety
profiles, an area ripe for future research.

5.2 Enhancing energy release and combustion

Efficient combustion and rapid energy release are crucial for optimizing the
performance of micro-initiation systems, where confined geometries and limited
energy resources demand maximum output from minimal reactant volumes [74].
Precisely adjusting these factors is essential for creating reliable and scalable
ignition systems for applications like micro-thrusters and micro-initiators.

Nano-aluminum (nAl) has emerged as a widely studied fuel due to its high
oxidative enthalpy and advantageous reactivity properties. Its nanoscale size
significantly increases the surface-area-to-volume ratio, speeding up combustion
kinetics and reducing ignition delays. In microscale or volume-constrained
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systems, nAl-based formulations exhibit fast and complete combustion,
substantially improving overall energy output and system responsiveness.

An alternative strategy to enhance combustion efficiency involves energetic
composite structures with intimate mixed fuel and oxidizer components. By
designing layered or core-shell architectures, researchers can control diffusion
pathways, ignition thresholds, and reaction front progression. Incorporating
combustion catalysts, such as transition metal oxides or carbon-based
nanomaterials, further accelerates reaction rates and promotes more consistent and
cleaner energy release. The deliberate pairing of fuel and oxidizer in nanoscale
stoichiometric composites (e.g., Al/CuO, Al/Fe:0s, Al/l.Os) provides a flexible
platform for customizing combustion characteristics. Fine-tuning variables like
particle size, interfacial contact area, and mixing homogeneity allow precise
control over burn rates, flame temperatures, and gas-phase product formation
[75]. These tailored composites are particularly advantageous in microscale
devices, where combustion efficiency directly impacts thrust performance and
energy delivery. We propose that optimizing the stoichiometry of these
composites could further enhance their performance in micro-thruster
applications, a direction worth exploring. An overview of energetic materials is
presented in Table 1.

Table 1 - Overview of energetic materials

Material Chemical Crystal Detonation | Sensitivity Thermal Reference
Formula Density Velocity (Impact, Stability
(g/cm?) (m/s) friction) (°C)
Copper Cu(Ns)2 3.25 ~5,000 Extremely ~180 [76]
Azide sensitive
HMX C4HsNsOs 1.91 ~9,100 Moderate ~280 [77]
sensitivity
RDX C3HsNeOs 1.82 ~8,750 Moderate ~210 [78]
CL-20 CsHsN12012 2.04 ~9,800 High ~240 [79]
sensitivity
TAGN C2HaN1o 1.72 ~8,000 Sensitive ~220 [80]
Graphene Coo ~2.25 — Inert >3 000 [81]
(modifier)

In summary, Table 1 provides a comparative analysis of explosive strength

(quantified by detonation velocity), stability, and sensitivity. Compounds like CL-
20 exhibit high performance, albeit with elevated sensitivity. Conversely,
additives such as graphene enhance safety and stability without contributing to the
detonation process.

5.3 Future research directions

Despite notable advancements, the field of energetic materials continues to
face significant challenges, particularly in developing formulations that combine
enhanced safety, high energy density, and superior thermal resilience. Such
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innovative compounds are essential for progressing next-generation military
platforms, aerospace propulsion systems, and civilian safety applications.

Energetic materials with exceptional thermal stability—capable of
withstanding high temperatures without degradation or performance loss—are
critical for extreme operational environments. Applications such as hypersonic
propulsion, deep-space missions, and directed energy systems require materials
with decomposition temperatures above 300 °C, low vapor pressure, and long-
term storage durability. Research into nitrogen-rich heterocyclic compounds,
metallized ionic liquids, and high-nitrogen polymers presents promising avenues
for addressing these needs.

The persistent effort to develop thermally stable, high-energy, and low-
sensitivity formulations drives innovation across materials chemistry,
nanotechnology, and energetic system engineering. As interdisciplinary research
progresses, we anticipate that the creation of safe, powerful, and versatile
energetic materials will pave the way for transformative breakthroughs in both
military and civilian technologies. Specifically, we propose that integrating
machine learning models to predict thermal stability could accelerate the
discovery of such materials, a direction ripe for exploration.

6. Conclusion

The evolution of micro-initiation systems represents a critical frontier in
developing compact, precise, and high-performance energetic technologies. This
review emphasizes the pivotal role of composition—performance relationships in
designing energetic composite materials that achieve significant energy release
while mitigating sensitivity and safety risks. Primary explosives such as
copper(ll) azide and silver azide exhibit outstanding initiation capabilities but
require desensitization strategies, such as the integration of graphene, to ensure
safe and reliable use in micro-scale devices. Conversely, secondary explosives
such as HMX, RDX, and newer compounds like CL-20 and TAGN illustrate how
strategic molecular design and binder selection can enhance energy output,
mechanical strength, and thermal stability.

Advancements in carbon nanomaterials and conductive oxides have created
new opportunities to improve the performance of electrochemical devices by
optimizing thermal and charge management. These developments, alongside
modern microfabrication techniques such as inkjet printing and MEMS-
compatible structuring, facilitate unprecedented levels of miniaturization and
integration.

Nevertheless, significant challenges persist. Balancing energy density with
safety, achieving consistent three-dimensional moldability of energetic
nanocomposites, and developing predictive models for performance under varied
conditions remain key areas for ongoing research. We propose that future
advancements could benefit from hybrid materials combining the high energy
density of CL-20 with safety enhancements from graphene and conductive oxides,
potentially revolutionizing smart munition applications.
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MUKPO-UHAIIAAIASIBIK )KYHEJEPTE APHAJIFAH DHEPTETUKAJIBIK
KOMIIO3ULUAJBIK MATEPUAJIJIAP: KOMIIO3ULUA MEH OHIMALIIK
KATBIHACTAPBI
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Tyiiinaeme. Kipicne. MUKpo-uHUIMANNS JKYienepi SHEPreTHKAIbIK CMapT TEXHOJIOTHSUIAPABI AaMbITY
YILIiH MaHbI3/1bI 00bIN TaObUTab], OYJI MHKPO MaclITaOTaFrbl SHEPIreTUKAIBIK PEAKIHsIap bl OKIIayIayFa
KoHe OakplUIayra MyMKIiHAIK Oepeni. By xylenep THiMIl eHIMIUNIK HeH Kayilci3mikTi OipikTipeTiH
SHEPreTHKAIBIK KOMIO3UTTIK Matepuanmapasl (ECMS) maiinamanyra serisgenren uwunrep, MEMS
KYPBUIFBLIAPBI, CMapT OK-AJpLiep koHe T.0. CHAKTHI KoJiAaHOanapaa Kaxer. 3epmmeyoiy makcamol. by
LIOJIy MAaKajxachl MHKPO-MHHULHALMS JKyHenepiHae KOJIAaHBUIATHIH JHEPreTHKAIBIK MaTepHalIap/IblH
(ECMS) «kypamsl MeH TaiifalaHy CHIATTaMalapbl AapachlHIarbl OAlIAHBICTHI  KapacThIPaJbl.
KoMno3uuusiHbIH TYyTaHyFa ce3IMTaJIbIFbIHA, SHEPIUSHbBIH 06JTiHYiHE )KOHE JKaHy CHIaTTaMaapblHa ocep
eTeTiH XHUMHSUIBIK, KYPBUIBIMABIK JKOHE )KBUIY CHIATTaMaiapbiHa Hasap aymapeutagsl. Meic (I1) asuz,
okroreH, rekcored, CL-20 sxone TAGN CHSKTHI Heri3ri marepuaijap Kayirnci3mik MeH OHIMIUTIKTI
apTTBIPATBIH O3BbIK KOMIPTEKTI HAHOMATepHallap MEH HAHOKOMIIO3UTTEPMEH Oipre OaraiaHajpl.
Ce3iMTaJIBIKTHI TOMEHAETY/IeT] TpadeH MEH OTKI3rill OKCUATEPIH POJliHe, COHal-aK KaHy THIMIUIrIH
apTTHIPY YIUiH HAHOTEXHOJIOTHSUIBIK OTBIHIAP/IbI MalilallaHyFa epeKIle Hasap ayaapbuiaasl. Homuowcenep
Jicone manksliay. MUHUATIOPAJIBIK JHEPreTUKAJIBIK apXUTEKTypalapAbl Kypy YIIiH MHKPOOHICY MEH
KOCBIMILIA OHMAIPICTIH JKaHA TEXHOJOTHSJIAPbl TANKbUIaHyAa. MaTepuannapasly O3bIK XHMHSCHIH
MUKPOMH)XEHEpHSIMEH  OIpiKTipy  Kejeci  YpHaKTBIH  JHEPreTHKANbIK  OJKYHelepiH  JIaMBbITy
MEpPCIICKTUBANIAPBIH  AlllaThIHBl  aTan  oTuAl.  Kopeimuinovuiap. Byl miony — MakaiachblHIa
TEPMOCTAOMIBIUIIK, 3JEKTPOCTATHKANBIK KAYINCI3MIK JKOHE KOMIO3HIMSIIBIK KOMIO3UIMSIIAP.IBI
OoypKkaMIbl MOZENBJACY CHSAKTHI MpoOiieManap aHbIKTAIFaH, COHBIMEH KaTap Kayilci3 jkoHe THiMILIri
JKOFapbl SHEPTeTUKAIIBIK MaTepUaIap bl 931pIieyaiH Ooamak OarbITTapbl KOPCETIITEH.

Tyiiinai ce3mep: MUKpO-WHHIMALMSUIBIK JKYHeNep, SHEPreTHKAIbIK KOMIO3WUTTIK MaTepHaigap, MEIC
asuni, HMX, RDX, CL-20, TAGN, rpaden, cesimTanmsiktel a3zaiitry, MEMS kypbuirbLiapsr,
9HEPreTHKAIBIK HAHOKOMIIO3UTTEP, HAHO-ATIOMUHUH, )KaHy THIMJILTITI.
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Pe3tome. Bsedenue. CucreMbl MUKPO-MHHLMMPOBAHUS MPHOOPETAIOT BAXKHOE 3HAYECHHE VISl Pa3BUTHUA
9HEPreTHMYeCKHX CMapT TEXHOJIOTUH, IO03BOJSAsA JIOKAIM30BaTh M KOHTPOJIMPOBATb SHEPreTHYeCKHe
peakiun B MuKpoMacmitabe. JlaHHbIE CHCTEMBI HEOOXOIMMBI B TakUX OOJACTAX IMPUMEHEHHMS, Kak
mukpocxembl, MEMS-ycTpoiicTBa, HHTE/UIEKTyalbHbIE OoOempunacsl W 1Op., OCHOBaHHBIX Ha
HCIOJIb30BAHUM DHEPreTHUECKHX KOMIO3UTHBIX MarepuaioB (ECMS), coderaroumx 3¢pQpeKTuBHO
MIPOU3BOAUTENBHOCTh U Oe3omacHocTb. Llenv uccredosanus. JlanHas 0030pHasi CTaThs paccMaTpUBaET
B3aMMOCBSI3b MKy COCTaBOM M SKCIUTyaTallMOHHBIMU XapaKTEPUCTUKAMH 3HEPreTHYECKUX MaTepHaIoB
(ECMS), wucmomp3yemMbIX B CHCTEMax MHKPO-HHHIMHpOBaHWA. (OCHOBHOE BHHMAHUE YIEISAECTCS
XMMHYECKHM, CTPYKTYPHBIM M TEIUIOBBIM XapaKTEPHCTHKAM, KOTOPbIE BIMSIOT HAa YyBCTBUTEIbHOCTH
CcOCTaBa K BOCIUIAMEHEHHIO, BBIJEJICHUE OSHEPrMM U XapaKTepUCTHKU TropeHus. Takue KioueBble
matepuansl kak asup meau (II), oxroren, rekcoren, CL-20 m TAGN, onenmBarorcs Hapsgy cC
NepeJOBBIMU YIJIEPOHBIMM HAHOMATEPHAIAMU U HAHOKOMIIO3UTAMHM, KOTOPbIE NOBBIIAIOT OE30MaCHOCTh
U TpOU3BOAUTENBHOCTh. Oco0oe BHMMaHUE YIENsAeTcss posu rpadeHa M IPOBOASIIMX OKCHUIOB B
CHIDKCHNH YyBCTBHUTEIIFHOCTH, @ TaK)K€ HCIIOJIH30BAaHMWIO HAHOTEXHOJOTMYHBIX TOIUIUB JJIS TTOBBIILICHUS
s dexTrBHOCTH Ccropanusi. Pezynemamvi u  obcyocoenue. OOCYXHAIOTCS HOBBIE TEXHOJOTHH
MHUKpPOOOpPaOOTKM M aJUIMTUBHOTO IPOU3BOACTBA JUIL CO3/MAHUS MHHHATIOPHBIX DHEPreTHYECKUX
apxuTektyp. OTMmedaercs, uYTO HUHTErpalys I[epelloBOH XHMHMU MAaTepHalloB € MHUKpPOUHXKEHepuen
OTKPBIBACT IIEPCHECKTUBBI IS Pa3pabOTKU SHEPTETHICCKUX CHCTEM CICIYIOIIETO IOKOJICHUS. Bbigoowl. B
JAHHOM 0030pHOM CTaThe ONpe/eieHbl TAKUE MPOOIEMbl, KaK TEPMOCTAOMIBHOCTD, EKTPOCTATHIECKAs
0e30I1acHOCTh M MPOTHO3HOE MOJCIMPOBAHME KOMIIO3UTHBIX COCTAaBOB, a TAK)Ke HAaMEUEHbl Oyayliue
HaIpaBJICHU JUIL Pa3paboToK Ooee OE30IacHBIX M BEICOKO3()(EKTUBHBIX SHEPTETHICCKUX MAaTECPHAIIOB.

KiroueBble cj10Ba: CHCTEMbl MUKPOHHUIIMHPOBAHUS, JHEPreTHYCCKUE KOMIO3HUIMOHHBIC MaTEPUAJIbI,
asun Mmenu, okrtoreH, rekcored, CL-20, TAGN, rpaden, cHwxeHue uyyBcTBHTENnbHOCTH, MEMS-
YCTPOMCTBA, SHEPreTHICCKHE HAHOKOMIIO3UThI, HAHOAIIOMUHUH, (D PEKTHBHOCTH CrOPaHHUSI.
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Abstract. This paper presents the results of a study on the production of hydrochar through
hydrothermal carbonization of rice husk. Hydrothermal carbonization is an innovative and promising
biomass processing method that yields a carbon-rich product with high calorific value and a wide range of
applications. Rice husk, a byproduct of the rice industry, is often considered waste but holds significant
potential as a feedstock for bioenergy materials. Experiments on hydrothermal carbonization of rice husk
were conducted under various temperature conditions. The optimal process parameters were determined
based on the yield and physicochemical properties of the final product. The formation of pores on the
hydrochar surface depends on the duration and temperature of the process. Biomass undergoes significant
decomposition at high temperatures, exposing its underlying layers and enhancing hydrochar porosity.
The optimal hydrothermal carbonization temperature for rice husk was found to be 800°C with a duration
of 60 minutes. The iodine adsorption capacity at 800°C reached 63.37%. Scanning electron microscopy
revealed that the obtained hydrochar possesses a well-developed porous structure.
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MOJIYYEHHUE T'IJIPOYAPA THAPOTEPMAJIbHON KAPBOHU3AIIMENA
PHUCOBOM HIEJIYXH

H.O.Annazo6?, A.F.H6pazuM1, JI.2K.Husazoea', U, J].Ecnanosa®, A.b. T, oﬁﬁampoaal,
C.Jliobuur’, P.A.Typmanoe'*, M.H.Criz0vikbaes', P.A.Hapmanoea**, I'.IIl. Ackaposa*

YHAO «Kvizvinopouncruii ynueepcumem umenu Kopxoim Amay, Koizetiopoa, Kasaxcman
2TOO «CNEC», Kuizvinopoa, Kazaxcman

3 Vuugepcumem Jlysogona, Jluccabon, Ilopmyzanus
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*E-mail: nurasar.82@korkyt.kz

Pe3tome. B naHHOIT paboTe MpHBOIATCS PE3yJbTaThl MUCCIEIOBAHUII Ipolecca MOMYYSHUs] TUapoyapa
METO/IOM THAPOTEPMATbHONH KapOOHM3aIMM M3 PUCOBOW mienyxd. [maporepmanbHas kapOoHHM3anmus
SIBJISIETCS. MHHOBAIIMOHHBIM U TNEPCIIEKTUBHBIM METOAOM IepepaboTKu OHOMACChl, KOTOPBIN MO3BOJISET
MOJYYUTh YIJICPOACOACPIKAIIUI IMPOAYKT C BBICOKOH TEIMJIOTBOPHOW CIOCOOHOCTBIO U HIMPOKHM
CIIEKTPOM NpUMEHEHUs. PucoBas mienyxa, sBJIsIACh TOOOYHBIM MPOJYKTOM PHUCOBOW HMPOMBIIIICHHOCTH,
YacTO pPacCMaTpPHBACTCS KaK OTXOJ, OAHAKO OHa o0yiafaeT 3HAYMUTEIbHBIM IOTCHIUAJIOM B KayeCTBE
CBIpbSl JJIs TOJyYeHHUs] OMODHEPreTMYECKHX MaTepuasioB. B xozme uccienoBaHusi ObUIM MPOBENICHBI
9KCIIEPUMEHTHI IO T'MAPOTEPMAIbHOM KapOOHU3AIMU PUCOBOM IIETyXH IPH PA3IMYHBIX TEMIIEPATypPHBIX
pexxumax. OnTUManbHbIE YCIOBHUS Ipoliecca ObUIM ONpeJesICHbl Ha OCHOBE aHAIN3a BBIXOJAa KOHEYHOTO
MPOAYKTa U ero (hM3MKO-XUMHUYECKUX CBOICTB. [losiBIIeHNE TOp HA TOBEPXHOCTH THIpOYApa 3aBHCHT OT
MPOJOJDKUTENIBHOCTH M TeMIepaTypsl mpoluecca. buomacca 3HauMTENBHO pasiaraercs MpU BBICOKUX
TEMIIEpaTypax, YTO IPHUBOAUT K SKCIIO3ULIMU OCHOBHBIX CIIOEB OMOMACCHI, B PE3yJIbTATE YEro YIIy4IlIaeTCs
MTOPHCTOCTh TuApodapa. OnTHManbHas TeMIIepaTypa THIpOTEpMaIbHON KapOOHHU3AIIMN PHCOBOH IIEITyXH
coctasisier 800°C npu nponospkutensHocTd 60 MUH. ACOpPOLMOHHAS aKTUBHOCTH 110 ftoxy mpu 800°C
cocraBuia 63.37%. [lo pe3ynbpraTam HCCIICIOBaHHI Ha PAaCTPOBOM BJICKTPOHHOM MHKPOCKOIIE MOXHO
YBHJIETB, YTO MOJY4YEHHBIH THAPOYap UMEET Pa3BUTYIO IIOPUCTYIO CTPYKTYPY.

KioueBble cioBa: rHIpoTepMaibHas KapOOHM3alWs, PHUCOBas IIeNyxa, mepepaboTka OTXOIOB,
azicopOeHT, TuApoYap.

Annazoe Hypoon Opvinbacapynst Kanouoam XuMu4eckux HayK, npogeccop
Hopazum Aiiycan I'anuxoizol Mazucmpanm

Hus3zoea /lunapa Kymabexkosna dokmopanm

Ecnanoea Huoupa /laypenosna dokmopanm

Touobazaposa Anmeinkyn baxeimkui3ol dokmopanm

Jrwouux Cepeuit PhD

Typmanos Paxvimxucan Axmemxanosuy PhD

Coi30bik0ae6 Mapam Hzumxanoeuy KaHOUuOam XumMuieckux HayKx
Hapmanoea Poza Aboubexosna KaHOUuOam mexHuuecKux Hayk, OOyeHm
Ackapoga I'ynvszam Ilakupoexosna Kanouoam mexHu4ecKux Hayxk

1. BBenenmue

C pocToM HacelneHUs! U IPOMBIILICHHOCTH YBEIUYMBACTCS HHTEPEC K
YCTOHYHBOMY CEJIBCKOMY TIIPOM3BOJCTBY M OXpaHe OKpYXKalolled Cpelbl.
YrinepoaHble MaTepHalbl, TaKHe Kak aKTHBHPOBAHHBIM yroip, OWodap u
rUApOYap, PEKOMEHAYIOTCS Kak ajCcopOeHT JJisi OYUCTKH BOJIBI, YIyYIICHUS
XapaKTePUCTUKHA TIOYB M HKOJIOTUYECKOW CaHAIlMU H3-32 CBOEH SKOHOMUYECKOU
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a¢dexktuBHOCTH.  ['Mapouapbl, CO3IaHHBIE  METOIOM  THIPOTEPMaIbHON
KapOOHU3aIMi OMOMACCHl, HIMPOKO MPUMEHSIOTCS KaK yIydIIUTEIH TOYBBHI,
yaoOpeHus, ancopOSHTHI U UCTOYHUKH dHepruu [1].

UpesMepHoe 00pa3oBaHHE OTXOAOB NPUBEIO K KOHLENLWH LHUPKYJISIPHON
OMOPKOHOMUKH, HANpaBICHHON Ha CO3/IaHWE HEHHBIX MOOOYHBIX TPOAYKTOB U
YIY4ILlIEHUE IKOJIOTUYECKON yCcTOMUMBOCTH. ExeroiHoe MUpPOBOE MPOU3BOJICTBO
puca cocranisier 6osiee 750 MHUIIMOHOB TOHH COJIOMBI U 150 MUJUJTMOHOB TOHH
menyxu. TepMOXUMHYECKUEe U TUAPOTEPMAIBHBIE MPOLECChl UCIIONB3YIOTCS IS
MIPOM3BOACTBA OMoOYapa U ruApodapa u3 omomacchl [2]. Pucomas memyxa (PII)
COJCPKUT ILICHHbIe OuoMaTepHalbl, KOTOpble IIHUPOKO MPHUMEHSIOTCS B
paznuuHbix obnactax. PIIl m ee mpou3BomHBIE MOTYT HAWTH NMPHUMEHEHUE B
KadecTBe TOIUIMBA U JPYTHX UCTOYHUKOB SHEPTHH, CTPOUTENIBHBIX MAaTepHANIOB, B
(hapMarieBTHKe, MEANITHHE U HAHOOMOTEXHOIOTHH [3].

B pabote [4] meTanbHO NPOAHATH3UPOBAHBI (HUIUUECKUE, XUMHUECKHE W
METaJLTypTUYecKie CBOWCTBA THApoYapa. Pe3ynmpTaTel mokaszanu, 4Tto Omaromaps
THAPOTEPMATIbHON  KapOOHM3allMKM  3HAYWTENBHO  YIYYIIWIMCH  OO0mias
TEIJIOTBOPHAs CHOCOOHOCTh, M3MENb4aeMOCThb, TeMIIEpaTypa BOCIJIaMEHEHUS,
B3pPBIBOONIACHOCTh, CTOPAEMOCTh U Ta3U(UKAIM 10 CPAaBHEHUIO C HCXOHBIMU
OTXOJIaMH.

I'mapowap MOKeT MOBBICHTH MPOXYKTUBHOCTH arpoJIECOBOJYECKHX CHCTEM,
yiIydiias pocT PacTeHWH M Ka4eCTBO TOYBBI, a TAKXKE MOMOTaTh B CMSATYCHUU
W3MEHEHUI KinMara, GUKCUPYS YIIIepo] B MOYBE U MOTEHIMAIBLHO YBEIHUNBas
TIOTJIONICHHE YTIIEPOIa EPEBbSIMH [5].

OCHOBHBIE OTIMYUSA THApPOYApA 3AKIIOYAIOTCS B BBICOKOM COJEp’KaHUHU
KHUCIIOPOJICOAEep)KAIUX (YHKIMOHAIBHBIX TPYIN W BBICOKOW TEIJIOTBOPHOMN
crocoOHOCTH. OTH CBOWCTBA 3aBHCAT OT THIA HCXOJHOTO MaTepHana,
TEeMIIepaTypsl U BpeMeHHu TuaporepManbHoil kapOonuzammu (I'TK). T'mapouap
NpOSIBJIICT TIEPCIEKTUBBl B KadecTBE ajacopOeHTa, MOPHCTOrO YIIepoja,
HOCHTEJSI KaTaJnu3aToOpOB U B cepe YncToi sHepruu [6].

I'TK npuBnexso 3Ha4UTENbHOE BHUMAHUE 32 MTOCIEIHUE HECKOJIBKO JIET KaK
MpolleCC TMPOM3BOJACTBA THApPOYApa M3 Pa3NUYHBIX BUIOB OHOIOTHYECKHUX
MaTepUaloB, TaKUX KaK CeJIhCKOXO3SHCTBEHHBIE OTXOnbl. PaccmarpuBarorcs
IIPOIIECCH MacIITaOMPOBAaHUS M MPUMEHEHHUS THAPOYapa B Pa3IMIHBIX OTPACIISIX
npomeinuieHHocTH  [7]. T'mapouap oOnagaer ruapo(OOHBIMH  CBOHCTBaMH,
BBICOKOW IJIOTHOCTBIO SHEPTUHU U TEIUIOTBOPHOW CIIOCOOHOCTBIO, CPABHUMBIMH C
OypeiM yrimem. OCHOBHOE pasiuuMe MEXAy METOJaMU 3aKIovaeTcs B
WCTONIb30BaHUK OosiblIoro konmdectBa BoAbpl mnpu [ TK, 4ro Bimser Ha
MexaHu3Mbl oOpaszoBaHus ruzapouapa. B pabore [8] paccmaTtpuBaroTcs
OCOOCHHOCTH  HH3KOTEMIIEPATYpHOH  TEepMOOOpaOOTKM M W3MEHEHUs
CTPYKTYPHBIX KOMIIOHEHTOB OMOMAcchl (IEJITI0I03a, TeMHIIEIUTION03a, JTUTHUH)
TIpH 3TUX IpoIieccax.

[Momywen rugpodap H3 OTXOAOB  apOy3HOM  KOXYpPBI, KOTOPBIH
ruaporepmudeckn oOyrauBaroTest pu 190°C u 260°C B Tewenne 1 4, 6 au 12 94
COOTBETCTBEHHO. [mapouap u OTpabOTaHHBIM MICJIOK COOMpAlOTCS U
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AaHAJIM3HUPYIOTCSA Ha MPEAMET UX CBOMCTB. Pe3ynbTaThl MOKa3bIBAaIOT, YTO BBIXOJ
ruapoyapa coctaBisieT 2-5% u 46-95% Ha cBeXXeM U CyXOM BEIECTBE
cooTBeTCcTBEHHO [9].

C BBICOKHM coOIep)KaHHEM yriepoaa ObuT moiydeH ruapodap mytem ['TK
OTIABIIMX JINCTHEB TPH PAJHUHBIX Temrmeparypax o0padotku 200-250°C wm
oOpabareiBasiack Tops4ell NeMOHM3MPOBAaHHOM BogoW B TeueHue 30 MUHYT.
Takum o0paszom, ruapoydap ¢ BBICOKMM cojepxkaHuem dHepruu (91.67 %) Obun
u3BJedeH mpu kapoonusanuu npu 240°C [10].

Bbmn  CHHTE3UpOBaHBl COPOLMOHHBIE YIJIEPOJHBIE MaTepUalbl METOI0M
I'TK 0TX0Z0B pacTUTENBHOTO CBHIPbS arpoONpPOMBIIUIEHHOTO KOMIUIEKCa — LIpOTa
nonconHednrnka. C nmomomeio MK-cniekTpockonuu ompeneneH ¢(a3oBBI COCTaB
MOJMYYEHHBIX  00pa3lloB THUAPOTEPMAIBLHOTO yriepoia. Mopdoioruueckue
XapaKTEPUCTUKU MOJYy4YeHbl ¢ momoipio Meroga COM. VYcCTaHOBIEHO, YTO
kapOonm3arus o6pasnoB ['TK crmocoOCTBYeT pa3BUTHIO MOPHUCTOH CTPYKTYPHI
MarepuanoB-copoeHTos [11].

Bbin monmyyeH ruapoyap ¥ nUpoyap, KOTOpble OBUIM M3TOTOBIEHBI U3 TPaBBI
Hampe metogom I'TK (200 1 240°C) u muposu3a (300 u 500°C) cOOTBETCTBEHHO,
U OBUTM CHUCTEMAaTHYECKH OIpeNeleHbl (U3NKO-XHUMHUYECKHEe CBOWCTBA U
xapakrepuctuku copouuu Cd** [12].

Oboramennsiii  ¢pochopoM ruapouap OBIT HONTy4E€H MYTEM COBMECTHOU
THAPOTEPMATLHOM  00paboTkm  OmMomaccel  (0aMOyK WIM  THKOpH) C
koHueHTpupoBanHoii H3PO4 (6uomacca: HsPOs = 1:4) mpu 200°C B TeueHue 7
4acoB. bbuiM  ompeneneHbl  XapaKTEPUCTUKX THAPOYIJS, 00OTaIeHHOro
(dochopoM, 1 UCCIETOBAHO ET0 BIMSHIE Ha cTabman3anuio Pb B mousax [13].

Bt monyden ruapouap nytem katanurtuyeckoil I'TK prcoBoil conomel mpu
200°C ¢ u 6e3 FeCls (1.2 %) B kauecTBe jKeJIe3HOT0 KaTaan3aropa, KOTOPbI, KaK
cooOmaeTcs, o0iagaeT CHOCOOHOCTBIO YIIy4dlIaTh IOBEPXHOCTHBIE CBOMCTBA.
Bbutn mpoBe/IeHbl SKCIIEPUMEHTBI € TIAPTHUSMU JUTSI U3YYCHHSI BIUSIHUSL JO3UPOBKU
copbenTa, pH u HauanbHON KOHIIEHTpalMM MOHOB METajula Ha aJCOPOLMOHHbBIE
XapakTepucTuku [14].

VYTraepoaHblii ruapoYap, KOTOPbIM ObLI MOJyYeH MyTEeM THAPOTEPMaJIbHON
KapOOHM3aIMM JUCTheB (HWHWUKOBOW manbMbl. JlanHas Ownomacca Opura
XMMUYECKH MoauduuupoBaHa ¢ wucnonb3oBanueM H>O;, 4ro mnpuBeno x
00pa3oBaHMIO THAPOYapa U3 JIUCTHEB (PUHUKOBOI manbMbl. BbicokOKauecTBEHHOE
IIPOCBEYHBAIOIIIEE 3JIEKTPOHHOE MHKPOCKOIMYECKOe M300paskeHre Tuapodapa u3
JHUCTHEB (PUHUKOBOHN MallbMBI TIOKa3aJI0 CTPYKTYPY B BHJE I'yOUaThIX KyOHMUECKHX
ME30MOPO3HBIX HAHOCTPYKTYp M TepMalbHBI aHauM3 I[oKa3al [Ba JTama
pasnoxkenust mpu Temneparypax okosio 330 m 400°C. beum oreHeHBI (HHU3UKO-
XMMUYECKHE CBOWCTBA M CIIOCOOHOCTH K OSHEPreTUYECKOMY IPOM3BOJCTBY
rugpoyapa. ['uapodap umeer Oojiee BBICOKYIO TEMJIOTBOPHYIO CIIOCOOHOCTH —
20.95 M/Ix/kr [15].

Uccnenoran runpouap m3 PII B kadgecTBe anbTepHATUBHOTO afcopOeHTa I
yaajgeHus artpasuHa. [uapoudap Obu1 momyuen ¢ nomompio ['TK  mox
BO3/IEMICTBHEM MUKPOBOJIH MIPH PA3INIHBIX yCIOBUAX: TemnepaTypa (150-200°C),
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Bpems mipeObiBanus (20-60 MHH) W COOTHOIICHHE J>XUAKOCTH W TBEPAOTO
Bemectna (5:1-15:1 mur/r). [loBepXHOCTHAS aKTHBAITUS THIPOYTIIS MTPOBOINIACH C
UCIIONb30BaHueM pa3indHbiXx KoHieHTpamii KOH u H,0; [16].

Takum oOpa3om, HccieoBaHHE B 00JacTH TEPMHUYECKOH mepepabdoTKu,
ocobeHHo I'TK CeabCKOXO3SMCTBEHHBIX OTXOIOB SBISCTCS AaKTyaJllbHOH W
MTO3BOJISIET MOTyYUTh MPAKTHYECKH IOJIE3HBIN MaTtepuai. B manHoil pabore Hamu
MPEIJIOKEH CIOCO0 MepepabOTKM MHOTOTOHHaxkHOro oTtxoma — PHI B
MPaKTUYECKH IIOJIE3HBI MaTepuajl — THUApoYap, KOTOPBIA MOXKET HaiTu
[IPUMEHEHUE B OYHUCTKE pPAa3lIMYHBIX CTOKOB M B CEJIIBCKOM XO3SIMCTBE IS
yIJIydIIeHUs XapaKTepPUCTUK JeTpalipOBaHHBIX MTOYB.

2. DKCImepuMeHTAJbHAs YacTh

[Iponiexypa TMOATOTOBKM PpPHCOBOM IMIETYXH BKJIIOYajda JBYKPaTHOE
MPOMBIBaHHE MO MPOTOYHOM BOJIOH, 3aTEM OJWH pa3 JUCTUIIIMPOBAHHON BOJOM.
IToce mpoMBIBKHM ImelTyXxa ObliIa BEICYIIEHA B CymHiIbHOM Ikady XD-80 mpwm
temnepatype 105°C B Teuenune 24 4. [lng sKCHIEpHMEHTOB HCIOJIB30BAACH
BoicymieHHas: U npomsbitas PII. 40 r uamensuenHo# P cmemmBanuce ¢ 40 miu
BOJBI, IOCJIE TIOJHOTO BIWUTHIBAHUS BOJBl MPOBOAMIN SKCIEPUMEHTHI IIO
TTOJTYICHHIO THIpOoUYapa B BaKyyMHOM MydenpHOH meun 17AM npu TeMiiepaTypax
250°C, 300°C, 350°C, 400°C, 450°C, 500°C, 600°C, 700°C wu 800°C.
[lomydenHslli TruapoYap H3MENbYATM C TIOMOIUBIO IJIAHETApHOW HIApOBOU
menpHuIsl BKBM-V2 BioBase.

dopMupoBaHHE MOPUCTON CTPYKTYPHI THApPOYApa 3aBUCHT OT TEMIIEPATYPHI
kapOonmzanuu. Ilpm  BBICOKMX  Temmeparypax OuomMacca 3HAYUTEIBHO
pasnaraercsi, YTO MPHUBOAUT K YBEIUYEHHIO MOPUCTOCTH. MukpodoTorpadun
TUApOYapa CHATH Ha HU3KOBAKYyMHOM PacTPOBOM 3JIEKTPOHHOM MHKPOCKOIIE
JSM-6510LV, dro mO3BOJIMI M3Y4YUTh TOPUCTYIO CTPYKTYPY TOJNYyYEHHBIX
00pasIos.

OmnpefneneHue 3JIEMEHTHOTO COCTaBa THApoYapa IPOBOAMIN PEHTTEHO-
¢dnyopectienrasiM criektpomerpoM NEX CG Rigaku.

W3yuensl craemyromue mapaMeTpsl THApodapa IO OOIIEU3BECTHBIM
METOJIUKaM: BJIXXHOCTh, HACHITHAS TJIOTHOCTh, aJCOPONMOHHAS aKTUBHOCTH II0
WOJTy ¥ 30JIbHOCT.

3. Pe3yabTaTthl U o0Cy:KIeHUE.

3agaua OaHHOW paboOThl COCTOMT B pa3paboTKe CHHTE3a TIHapoyapa
THApPOTEpMaIbHON KapOoHu3amuen prucoBoi menyxu. [lepen kapoonnzanuneit PII
MOCJIEAOBATENBHO TPOMBIBAIM IPOTOYHOM M JUCTWUIMPOBAHHOM BOJOH U
CYIIWIIN B CynImiibHOM ikady mpu temnepartype 105°C B Teuenue 24 4.

B 40 r pucoBoii menyxu nepeMenivsas go6aswim 40 M1 TUCTHIITUPOBAHHON
BOJIBI, TTOCJIE TTOJTHOTO BIUTHIBAHHS BOJBI MONYUYECHHYIO CMECh KapOOHU3UPOBAIU
B BaKyyMHOH My(enbHO! Me4YH NpHU pasIMuHBIX TeMIIepaTypax W B TeueHue | 4.
Wzydensl BiusHE TeMnepaTypsl KapOOHM3AIMK Ha BBIXOJ THIpOYapa W Ha €ro
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(PM3UKO-XMMUYECKHE XapaKTepUCTUKH, TaKuWe Kak BIAKHOCTb, HACBITHASA
IUIOTHOCTB | a/ICOPOIIMOHHAS aKTUBHOCTS 110 oy (Tabmuma 1).

Ta6auna 1 — Pe3ynbTaTel CCIeIOBaHHN 110 THAPOTEPMATIHHON KapOOHHU3AIMH PUCOBOH MISTYXU

Temmneparypa IIpoaomKUTENEHOCTD, Boixon [Bnaxnocts,| Haceinnas |AncopOunoHHas
kapOonuszanuu,°C q ruapoyapa, % IUIOTHOCTB, | aKTMBHOCTB I10
% /1 rony, %
250 1 8.88 2.25 682.1 8.88
300 1 10.13 2.42 422.0 10.13
350 1 13.90 2.74 408.0 13.90
400 1 20.32 2.75 418.4 20.32
450 1 21.50 1.85 475.7 21.50
500 1 22.83 1.71 467.7 22.83
600 1 35.52 3.44 617.6 35.52
700 1 38.10 2.29 695.5 38.10
800 1 63.37 2.09 746.2 63.37

Jns  ompenpeneHHs OSJEMEHTHOTO COCTaBa  IIOMYYEHHBIX T'HIPOYapOB
MPUMEHSUTH  SHEPTOIUCIIEPCUOHHBI  PEHTTEHO(IIyOPECHEHTHBIH CIEKTPOMETP
NEX CG Rigaku. DiemeHTHBIIH COCTaB THApOYapa, MOJYYEHHOTO M3 PHCOBOM
IIeTyXH MPUBEICH B Ta0IHIIe 2.

Tadauua 2 — DeMeHTHBIN COCTaB I'MAPOYAPOB, IOMYUYEHHBIX U3 PUCOBOH LIETyXH

T'uapouap, moydeHHsIi Ipu SiOz, % K20, % Ca0, % Fe20s, %
temneparype, °C
250 11.59 0.22 0.20 0.02
300 17.56 1.62 0.34 0.03
350 19.18 1.38 0.38 0.30
400 20.29 1.07 0.43 0.30
450 22.61 0.94 0.50 0.04
500 22.99 1.99 0.53 0.35
600 23.75 2.38 0.56 0.35
700 24.12 2.84 0.73 0.21
800 25.81 3.08 0.73 0.25

CopnepaHue yrisg U3ydald KOCBEHHBIM CIIOCOOOM ONpeaenss COAepKaHus
30J1B1, TOTEPSI MacChl P MPOKAITMBAHNH B3SIJIH KaK Macca yriieposa.

Jns ompeneneHuss coaepaHUS YIIIEpolla W 30JIbl B3SJIM HABECKy 1 T
ruapoyapa B THIJIE M NMOMeEIand B My(elbHylo neus, pasorperyio g0 1000°C u
BBIJIEPXKUBAJIM Ipu 3Tol Temneparype 1 4. Ilocne BeicymmBaHus Maccy o0Opasna
B3BEIIMBAJIM B aHAJTMTUUECKUX BECAX, PE3yJIbTaThl TOKa3aHbl B Tabnuie 3.
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Taomauua 3 — Onpenenenne cogepxkaHus yIriepoaa B ruipouape

I'unpouap nomyuenssiii npu | Macca rugpouapa, | CozepskaHue 3011, % Coneprxanue
PpasHbIX Temreparypax, °C r yriaepona, %

250 1 19.47 80.53

300 1 28.87 71.13

350 1 31.02 68.92

400 1 32.72 67.28

450 1 36.23 63.77

500 1 38.12 61.88

600 1 38.43 61.57

700 1 38.77 61.23

800 1 41.22 58.78

OnpeneneHue TOPUCTOCTH THApPOYapa OCYMIECTBISUIM C  TOMOIIBIO
ANIEKTPOHHOTO PacTpoBOro Mukpockomna. OOpa3oBaHue TOp Ha IMOBEPXHOCTH
rHIpoYapa 3aBUCHUT OT TeMIepaTypbl KkapOoHuzammu. [IpW  BBICOKHX
TemIeparypax bmomacca 3HaYUTEIBHO Pa3araeTcsi, YTO MPUBOAUT K OOHAKEHUIO
e€ OCHOBHBIX CJO€B M YyBEIMYCHHI0O TIOPUCTOCTH Tuapodapa. Ha
MUKpodoTorpadusix MOXHO YBUAETh THIPOYAPHI, TONTYYCHHBIE W3 PUCOBOU
menyxu npu Temmeparypax 600°C, 700°C u 800°C (obmamaromiue HaubOoee
BBICOKHMU a7ICOPOIMOHHBIMU XapaKTEPUCTUKAMHU ), M300pakeHUs
JEMOHCTPUPYIOT Pa3BUTYIO TMOPHCTYIO CTPYKTYpPY TONYYEHHBIX COpPOCHTOB
(pucynkwu 1, 2, 3).

Pucynoxk 1 — Mukpodororpadust rugpoyapa, nonydenaoro npu 600°C, a — 450, b — 800, ¢ — 1500,
d — 3000 kparHOe yBenuueHHe
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Pucynok 2 — Mukpodororpadus rugpodapa, noaysenroro npu 700°C, a — 200, b — 450, ¢ — 1300,
d — 3000 kparHOE yBeIHICHHE

Pucynoxk 3 — Mukpodororpadust rugpouapa noiayuersoro npu 800°C, a — 300, b — 450, ¢ — 1500,
d — 3000 kpaTHOE yBeNHUCHHE

Omnpenenenue TOPUCTOCTH THApPOYapa HWMEET KIFOYeBOE 3HAYCHHE [T
MMOHMMAHUS €ro (PU3UYECKHX U XUMHUYCCKUX CBOMCTB. [lopucrocTh BiMseT Ha
aJICOPOIMOHHYI0 CIIOCOOHOCTD THJpOYapa: YeM BBIIIE TOPUCTOCTH, TEM OOJIbIIAsL
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MTOBEPXHOCTh JIOCTYIIHA ISl TIOTJIOMIEHUS 3arpsi3HAIONINX BEIIECTB WIH JPYTHUX
XUMHYECKUX COSTUHEHUH. JTo nenaet ero 6osee 3 PEKTUBHBEIM B OUYHUCTKE BOIIBI,
BO3ayXa U B XUMHYECKON MIPOMBIIIIJICHHOCTH. HOpI/ICTOCTL TaK¥XK€ OKa3bIBACT
BJIMSIHUE HA KaTaJIUTHYECKHE CBOMCTBA rujapouapa. B rugpouape, npuMeHsIeMOM
B Ka4yecTBE KaTaM3aTopa, OONbIIas MOPUCTOCTh YBEIMYHBAECT 00BbEM aKTHBHON
MTOBEPXHOCTH, YTO CIIOCOOCTBYeT Oojee OBICTPOil M dPPEeKTHBHON XUMHUYECKOM
pCaKkuuu. DTO NMeeT 3HaUeHUE B IIPOMBIIIIJICHHBIX MPONECCax U SHECPIreTUIYCCKUX
MIPIITOKEHUSX.

Takum oOpazoM, TUApOTEepMalbHAs KapOOHM3AIMS PHCOBOM IEITyXH
npencraBiieT co0oii  d(Q(EeKTUBHBIA H  OKOJOTHMYECKH YHCTHIH  CHOCOO
YTHIIU3AIUH CeNbCKOXO03IHCTBEHHBIX OTX00B, 00ecreurBas Mojry9eHue IeHHOTO
SHEPTeTUYECKOTO MpoayKkTa. JlampHeHIne HCCIIeIoOBaHUus B IAaHHOH o01acTH
MOTYT CIIOCOOCTBOBATH PAa3BUTHIO YCTOMYHBBIX METOJIOB IepepaboTKu OMOMACCHI
Y pacUIMpPEHHI0 00JIacTel MPUMEHEHUS TOITYYeHHbIX MaTepHalloB.

4. 3akaio4yeHue

I'mpporepmanbHas kapOoHM3alMsT pPHUCOBOM IIETYXH  JEMOHCTPUPYET
YCIIEIIHOE NPEBPAIIEHUE CEIbCKOXO03SICTBEHHOTO 0TX0/a B LICHHBIN YITIEPOIHBIN
Mmatepuai. [lomydyeHHslil ruapoyap o0s1agaeT BHICOKUM COAEP)KaHUEM yTIJIepoaa U
MOXXET HAWTH NPUMEHEHHE B pPa3IMYHBIX MPOMBIIUICHHBIX H 3KOJIOTHYECKH
YCTOMYMBBIX MNpPWIOKEHWsX. VccnenoBaHue IMoKasajno, 4YTO TeMIeparypa
KapOOHM3AIlMM, CYLIECTBEHHO BIMAET HAa XapakTepPUCTHKH THIpodapa.
OnTuMu3anys 3TUX TapaMETPOB MOXKET 3HAYUTEIHHO YIIYYIIUTh KAa4eCTBO U
SKOHOMHUYECKYI0 3(PPEKTUBHOCTh MPOAYKTa. B paboTe yCTaHOBIEHO, 4YTO
onTUMajbHas Temneparypa kapOonmzaumu PIII cocraBmser 800°C npm
npoospKuTeIbHOCTH 60 MHUH. AICOPOITMOHHAS aKTUBHOCTE 10 oy mpu 800°C
coctasuia 63.37%. [1o pesynbTaram HcClieIOBaHUH Ha PACTPOBOM JJIEKTPOHHOM
MHUKPOCKOIIE MO>XHO YBHJETb, YTO IOJIyYEHHBIE THAPOYAPHl MMEIOT Pa3BUTYIO
MIOPHUCTYIO CTPYKTYDPY.

I'mapowap, TOMYYeHHBI METOAOM THAPOTEPMAaIbHOW KapOOHU3AIIUU
PUCOBOW IIENyXHM MOXET HaWTH TPUMCHEHHE B KayecTBE ajcopOeHTa Juis
OYHMCTKU BOABI. Ero BeICOKHME COpOLIMOHHBIE CBOMCTBA MO3BOJSIOT 3G (HEKTUBHO
YAAJISATh U3 CTOYHBIX BOJ Pa3IMYHbIEC 3arPSI3HUTENH, TAKHe KaK TSHKEIbIe METaJlIbl
W OpraHMYecKHe BellecTBa. JTO HCCIEAOBaHHE CIOCOOCTBYET 3(h(EeKTHBHOMY
YOPaBIEHUIO  CENbCKOXO3ANCTBEHHBIMH  OTXOJaMH W IPOU3BOACTBY
9KOJIOTHYECKH YHCTHIX MPOLYKTOB.

Bnaropapnocts.  ABTOpel  Omaromapst  Jlaboparopuro  mmxeHepHoro mpopmins  HAO
«Kb3bUIOpIUHCKUH yHHBepcUTeT UM. KOpPKBIT ATa» 3a TEXHHYECKYIO MOIIEPKKY IPOBEICHHBIX
HUCCIIETOBaHUH.

®duHancupoBanue. lVccienosanue npopunancuposaHo KomureroM Haykn MuHHCTEpCTBA HAyKH
u BbIcIIero oopasosanus Pecrry6oimkn Kaszaxcran (ITL® No. BR21882415).

KondukT unTepecoB: KoH)IUKT HHTEpECOB MEKILY aBTOPAMHU OTCYTCTBYET.
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KYPIII KAYBI3bIH THAPOTEPMAJIJIBI KAPBOHU3ALUSJIAY APKbIJIbI
I'HJPOYAP AJTY

H.O.Annazo6?, 6.EH6pazww1, J1.2K.Husazoea', U.J].Ecnanosa', O.5.T oﬁﬁampoaal,
C.Jliobuur’, P.O.Typmanos'*, M.HU.Coi30u16aes’, P.O.Hapmanosa*, I.Ill. Ackapoea®

Y"Koprwim Ama amvindazer Kvisoiiopoa ynueepcumemi' KeAK, Koisvinopoa, Kasaxcman
2"CNEC" JKIIC, Kuizvinopoa, Kazaxcman

8/ly3ogpona ynusepcumemi, Jluccabon, Illopmyzanus

4"DPS Koisviiopoa" XKIIC, Kvizvinopoa, Kazaxcman

*E-mail: nurasar.82@korkyt.kz

Tyiiinaeme. Byt 3epTrey ®yMBICHIH/IA KYPIlll KAybI3bIHAH THAPOTEPMAILIbl KApOOHHU3AIMS S/ICi ApKbLIbI
ruapovap ajay IMPOLECIHIH HOTIKenepi KenripiireH. [maporepmanabl kapOoHM3amus — OHOMACCaHBI
OHJICY/IIH MHHOBALMSJIBIK JKOHE MEePCIEeKTHBAIIBI d1iCi OOJBIN TaObUIAbI, OJ1 KOFAPhl KAJOPHSIBIK KyaThl
JKOHE KEH KOJJAaHbIC asicbl Oap kemipreri Oap eHIM amyra MyMKiHAiK Oepemi. Kypim kaybI3bl Kypil
©OHEPKACIOIHIH KOCBIMIIA OHIMI peTiH/e KUl KaJJbIK ACH caHaja]bl, JeTeHMEH OJ1 OHMO3HEPreTHKAJIbIK
MarepuanJap ainy YIIH I[IMKi3aT peTiHAe aifTapibiKTail oneyerke ue. 3eprrey OapbIChIHIA Kypill
KaybI3bIH OPTYPJIl TEeMIEpaTypajblK peXHUMIEpPIE THAPOTEpPMaIabl KapOOHIaHW3alMs OOWBIHIIA
Toxipubenep xyprizini. [IpouecTiH OHTaWIbI KaFAailiapbl COHFbI OHIMHIH HIBIFBIMBI MEH OHbBIH (pr3uKa-
XMMHSUIBIK KACHETTEpiH Tajjay Herizinne aHblkTanabl. ['mapouap OeriHeri keyekTepIiH maiaa 6oysl
MPOLIECTIH Y3aKTHIFBIHA JKOHE TeMIlepaTypachiHa OaillaHbICTBI. bHOMacca KOFapbl Temreparypajaa
alTapIBIKTall BIIBIPAi/IbL, OyJ1 OMOMacCaHbIH HErisri KabaTTapbIHBIH AllbLTybIHA OKEJe[l, HOTHKECIHIe
HAPOYAp/AbIH KeyeKTUTr jkakcapaasl. Kypill KaybI3blH THIPOTEPMAIbl KapOOHIaHH3ALHUSIAY IbIH
oHTaiinbI Temnepatypackl 800°C soHe 60 MHHYT Y3aKTIFBI GONBIN Tabbu1abL. Mo GofibHima ciniprimrik
6encenainiri 800°C-ta 63.37% kypanpl. CkaHepIiK JIEKTPOHAbI MUKPOCKOIIIECH JKYPri3UIreH 3epTreyiep
HOTHXECIH/IE abIHFaH TUAPOYAP/IbIH JaMBIFaH KEYCKTI KYPbUIBIMFa M€ €KeHAIr OalKamnpl.

Tyiiin ce3mep: runporepMaiibl KapOOHIAHU3ALMS, KYPIll KaybI3bl, KaIABIKTAPIBI OHICY, COPOCHT,
THIpoYap.

Annazoe Hypoon Opwinoacapynot Xumusi eblblMOapbIHbIY KAHOUOamyl, npogheccop
Hopazum Aitorcan Fanuxoizo Mazeucmpanm

Husaszoea Jlunapa Kymabexkpizo Jloxmopanm

Ecnanosa Hnoupa /{aypenkui3ot Jloxmopanm

Touibazaposa Anmuinkyn bakvimkuizol Jloxkmopanm

Joouux Cepeuii PhD

Typmanoe Paxvimscan Axmemxanynvl PhD

Cuizovikoaes Mapam I3imxanynot Xumust 261161MOAPLIHGIY KAHOUOANb
Hapmanoea Po3za O00idoexKbizbl Texnuxa evLiblMOapbIHbIY KAHOUOAmMbL, OOYEHM
Ackapoea I'ynzam ILoKipoexKpi3v Texnuka 2blIblMOAPbIHbIY KAHOUOAM bl
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THERMOCHEMICAL PROPERTIES OF SILVER NANOPARTICLE
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Abstract. Introduction. The article discusses the thermochemical properties of the composition of
silver nanoparticles functionalized by the B-oligosaccharide clathrate complex of cytisine and its O,0-
dimethylphosphate derivatives. Methodology. Thermogravimetric and differential thermogravimetric
analyses were used to obtain data on the kinetics of thermal decomposition of the studied substrates, as
well as their encapsulated complexes of inclusions modified with silver nanoparticles. Results and
Discussion. Studies have been carried out on a scanning electron microscope aimed at analyzing the
evolution of their structure under the influence of various temperature conditions. Energy profiles of the
processes of destruction of clathrate molecules have been obtained. It is shown that the process of
destruction of clathrate molecules begins in reactions with higher activation energy values and continues
with a uniform decrease in Ea along the reaction path, which indicates a multi-stage process. The research
results made it possible to identify the corresponding phase transformations of nanocompositions, as well
as possible recrystallization processes and other changes occurring in the inclusion complexes as a result
of annealing. Conclusion. The kinetic data obtained contribute to predicting the properties of the obtained
compositions of silver nanoparticles functionalized by the pB-oligosaccharide clathrate complex of cytisine
and its phosphorous derivative under long-term storage conditions and searching for optimal ways to
stabilize them.

Keywords: silver nanoparticles, cytisine, [-oligoscharide, inclusion complex, thermal
decomposition.
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Pe3tome. Bgeoenue. B cratbe paccMaTpUBAIOTCS TEPMOXUMHUUECKUE CBOMCTBAa KOMITO3UIIMK HAHOYACTHIL
cepebpa, (QyHKIHOHATH3MPOBAHHBIC B-ONMTOCAXapUIHBIM KIATPATHBIM KOMIUIEKCOM LUTH3MHA H €rO
0,0-aumetundochaTHeiM  MPOU3BOAHBIM.  Memodonozus. MetogaMu TEepMOrpaBUMETPUYECKOTO U
1 GepeHIHaTIbHOr0 TePMOTrPAaBUMETPHYECKOr0 aHAIN30B MOJIy4YeHbI JaHHbIE KHHETHKH TEPMUYECKOTO
pa3noXeHUs] HM3y4aeMbIX CyOCTpaTroB, a TaKKe HMX HHKAINCYJIMPOBAHHBIX KOMIUICKCOB BKJIIOYCHHI,
MOANDHUIMPOBAHHbIC HAHOYACTHIIAMH cepebpa. Pesyromamer u o6cyscoenue. Ha cxaHHpyromem
3NIEKTPOHHOM MHKPOCKOIIC MPOBEACHBI HCCICIOBAHMS, HANPABICHHBIC HA AHAJIW3 OJBONIOLHH KX
CTPYKTYpBI TI0J{ BO3ACHCTBHEM pA3JIUYHBIX TEMIEPATYPHBIX PEeXHUMOB. IlonydeHbl JHepreTHyecKue
Mpo( UK TPOLECCOB pa3pyLICHHsT MOJISKYJ KiaTparoB. [loka3aHo, YTO MpoLecc pa3pyLICHHs MOJICKYI
KJIaTPaTOB HAYMHACTCS B PEAKIMAX ¢ Goiee BEICOKUMH 3HAYCHHUSMU SHEPTHH aKTUBAINH U TIPOIOIKASTCSI
C paBHOMEPHBIM yMeHbIleHHeM Ea BJOJIb IyTH PEaKLH, YTO CBUAETENBCTBYET O MHOTOCTAIMHHOCTH
mpotiecca. Pe3ynbTaThl UCCIIEIOBAHUH TTO3BOJIMIM BBISIBUTH COOTBETCTBYIOIINE (ha30BbIC MPEBpAIICHHS
HAHOKOMIIO3WIIMl, a TaKKe BO3MOXHBIC MPOIECCH PEKPUCTANIM3ANMN K [POYME H3MCHEHHS,
MPOMCXOMSIIME B KOMIUIGKCAX BKIIOUCHHS B pe3yJbTaTe OTKHTA. 3akitouenue. IlomydeHHBIE
KHHETHYECKHE JAHHBIC CHOCOOCTBYIOT —IPOTHO3MPOBAHUIO CBOMCTB  IOJYYEHHBIX  KOMITO3HIHI
HAHOYACTHUI[ cepedpa, (YHKIMOHAIM3UPOBAHHBIC [-ONUTOCaXapuAHBIM KJIATPATHBIM  KOMILUIEKCOM
UTH3HHA U €ro (ochHOPIPOU3BOTHOTO B YCIOBUSIX IIUTEIBHOTO XPAHCHHS M TIOUCKY ONTHMAJbHBIX
myTei X cTabuin3amuu.

KiwoueBbie ciioBa: HaHOYaCTHULBI cepe6pa, IIUTU3HH, B-OJII/II‘OCXapI/IZ[, KOMINJICKC BKIIKOYUCHMU,
TECPMHUICCKOC PA3JIOKCHHUC.
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1. BBenenne

Pa3BuTHe HAHOTEXHOJIOTMM MO3BONMJIO IIOJIyYyaTh HaHOMATepHalbl C
YHHUKaJIbHBIMU CBOWCTBaMH B 001acTH OMOMEANIUHEI OJaroaaps MX HHTEPECHBIM
OouonornueckuM cpoiictBaMm [1]. Cpean HuX OOJNBILONW HWHTEpPEC MPENCTABISIOT
HaHoyacTHIBI cepedpa (AgNP) u MaTepuanbl, B KOTOPBIX OHHM HCIIONB3YIOTCS, B
OCHOBHOM W3-3a WX HEOOBIYHBIX (DM3MUECKHX W OHOAKTUBHEIX CBOWCTB [2].
Cepebpo - X0opouIo W3BECTHOE NMPOTUBOMUKPOOHOE CPEACTBO, OHO 3P (HEKTHBHO
IIPOTUB OaKTepuil, BUPYCOB, TPUOKOB M IPOXKEH, B TOM YHUCIE psia IITaMMOB,
YCTOMYMBHIX K aHTHOMOTHMKAaM. bHoxmMmuueckue CBOMCTBAa HAHOYACTHII cepedpa
CBSI3aHBI C PAJOM I[apaMeTpoB, BKIIoudash pasMep, GopMy H cTaOMIBHOCTB,
KOTOpPBbIE B OCHOBHOM 3aBHCST OT METOAMKU M YCIOBHM MX momydeHus [3]. Otu
CBOHCTBA 3HAYMTEIBHO YJIYUIIAIOTCS IPU MCHOJIB30BAaHMM HAaHOYACTHUI] cepedpa
Omaromapsi pe3koMy YBEIHUYEHHUIO IJIOMIaNM MOBEPXHOCTH. MHOroo0emaommm
CHHTOHOM TP TOWCKE W CO3JaHHMM HOBBIX MNPOTHBOBHUPYCHBIX IIPENapaToB
SIBISICTCSL M3BECTHBIM anmkamoua IuTu3nH (Cz), comeplKamiuiics B ceMeHax
pacrenmit Cytisus laborinum L. u Thermopsis lanceolata, ortHOCsmmMXCS K
cemeiictBy  000oBeix  (Fabaceae, Leguminosae). Ilutusun  obGmagaer
«TaHTJIMO3HBIMY» JCHCTBHEM H, Onaronaps CTHUMYJIUPYIOIIEMY BO3JIEHCTBUIO Ha
IBIXaHUE, CAUTACTCS JBIXaTSIIBbHBIM aHAJICTITHKOM [4].

Luknonekctpunbl (0-, B- u y-CD) - 3T0 mNpUpOAHBIC IHMKIMYECKUE
OJIMrocaxapujbl, oOpasyloluecss B pe3yjbTaTe paclICIUICHUs] HATypajbHOTO
kpaxmana [5]. B-LIJI wurpaer BaxkHyIO pOIlb B NPEJOTBpAIEHUHM Aarperamuu
HaHOYACTHII, TEM CaMBIM CIIOCOOCTBYS MX CTaOMIBLHOCTH B pacTBope. Hampumep,
OHHM YCIEUIHO HMCIOJb30BAINCH JUISl MOJTYYEeHUS] HAaHOYACTHIl cepebpa W 30J0Ta
Onaromapsi XopoIei pacTBOPUMOCTH B BoJie [6].

B mnpempigymem wuccnemoBaHWMM HaMH OBUIM  OMHCAHBI TONydeHHE U
0CcOOEHHOCTH HMHKAICYJIALIMU LUTH3WHA U ero ¢ocdoprnpoussonHoro ¢ B-CD
KOMIUIEKCOM  HaHOYacTull cepedpa [7]. DTo wuccienoBaHHE IEMOHCTPUPYET
TEPMOXMUMUYECKNE XapaKTEPUCTUKU KOMIUIEKCA BKJIIOYEHUS LUTU3MHA M €ro
O,0-mnankundocdarnoro mnpoussogHoro (CzP) B kadecTBe OpraHMYecKHX
auraigoB B HaHokomnosuimu — B-CD-AgNP.  Kommosummio  B-CD-Cz,
moauuimpoBanHyto AgNP, M0oxHO cuuTarh MHOTOOOemarmei miardgopmoit
IUIA  YIydIIeHWs  CTAaOWIBHOCTH M paclIMpeHus WX TOTeHIHWaga B
OMOMEUIIMHCKOM IPUMEHEHHH.
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2. DKCIepUMEHTAIbHAS YaCTh

B paboTe uCmonp30Banuich CIEMYIONUE PEarcHThl: IUTH3HH OCHOBaHHE,
oenbie kpuctawibsl, Ci11H14N20, 190,24 r/monb, Tt 152-153°C, (Onapuu); B-
CD (99%) («Fluka» T.ru. 270-290°C). Hutpar cepeOpa Obuid mprOOpETEeHBI Y
kommaanu Sinopharm Chemical Reagent. O,O-muMerni-N-nmUTH3MHMIIAMHATIO-
tdoctar (CzP) monyuen mo meromuke [7]. DKCIIEPUMEHTHI TI0 TEPMOTPABHMETPH-
YEeCKOMY aHAJIM3y HOBBIX COCJMHEHHI BBIMOJHEHb Ha aud(depeHInaIbHOM
ckanupymwomeM kanopumerpe ¢upmbel Netzsch Jupiter STA 449 F3, 2013 r.,
ctpana ['epmanusa. MudpakpacHsii cuektp ObuT m3MepeH Ha MK-aHammzarope
Bruker FTIR Alpha, ctpana I'epmanus, rox Boimycka 2017 T.

3. Pe3yabTaThl M 00CYKIeHHE

TepmorpaBumerpuueckuii anamuz (TG) (Cz, CzP, Cz(CzP)-f-CD wu
Cz(CzP)-B-CD-AgNP. Amnamm3 TG KOMIO3WIIMM HAaHOYACTHI[ cepedpa,
(YHKIMOHAIN3U-POBAaHHBIE -IIMKIOJEKCTPHHOBBIM KOMIUIEKCOM [IUTU3WHA U €T0
0,0-mumetundocdaTHpiM MPOU3BOJHBIM HAa MPEICTABICHHBIX TEPMOTpPaMMax
yYKa3bIBaeT Ha WHTEHCHUBHBIN MPOIECC TEPMUUIECKOTO PA3I0KEHHUST UCCIIETYEMbIX
006BekToB (puc.1).
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Pucynox 1 - Pesynbratsl MK-criekTpockonnueckoro aHain3a npoaykros aerpagauuu Cz (a), CzP (b),
Cz-B-CD (1:1) (c), Cz-B-CD-AgNP (d), CzP-B-CD-AgNP (e)
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Hnst Cz 3T0T mporece npoucxoaut mpu temmeparype Trepu(l) = 260-440°C
(4a), a gt CzP npu Trepu(l) = 240-500°C (1c). Ha kpuBbix JITA Habmromaercs
makcuMyM (puc. 1b,d). I[loreps maccel Cz u CzP mpakTryecku 3aBepiaercs mpu
temrrepatypax 450-250 °C. HawanbHbII mTepuon TepMudeckon aerpaganuu Cz-f3-
CD (1:1) mpu T(I)=100°C xapaktepu3yercsi yOaJ€HHEM BOIBI, HaXOAIICHCS B
nonoctu B-CD. [lanpHelinee nHarpeBanue Komiuiekca BkmoueHust Cz-B-CD
MIPUBOJNT K moTepe Macchl (Am=65%), KoTopasi HaUMHaeTCs pu Temmeparype T
(1N=200-360°C [7,8]. Tepmuueckoe paspymienne komimiekca Cz-f-CD
MPOMCXOAUT IO MEXaHU3My I[IOCIEeNOBAaTENbHOTO pa3pbiBa CBs3eH U
BBICBOOOKICHUSI KOMIIOHEHTOB KOMIUIEKCA W3 MOJIOCTH MoJekyisl B-CD. [lns
koMmiuiekcoB  BikmoueHus Cz(CzP)-B-CD, wmomudunmpoBanusix Ag, Ha
HayYalbHBIX Talax HarpeBa HaOMoJaeTcsl aHaJOrMYHOe moBeaeHue. [lepBriii muk
Ha kpuBoii JITA (T(I) = 100°C) cBsizaH ¢ yJalleHUEM BOJIbI, HAXOIAIICHCS BHYTPH
B-L-tomoctr. Ilpu T (I1)=280-440°C nHa kpuBeix JATA mHabmomaercs peskas
notepst Maccel (Am = 74% mis Cz-B-CD-Ag u Am = 62% ans CzP-B-CD-Ag),
YTO COOTBETCTBYET OKOHYATEIbHOMY pa3JOKEHUIO KOMIUIEKCOB BKIIIOYCHUS
Cz(CzP)-B-CD-AgNP. Ilpu manbHeiimem HarpeBanuu Beire 500°C mHabmogaercs
cTabwmIIM3amys TEPMOCTOMKHAX OCTAaTKOB, TAKMX KaK HAHOYACTHUIHI cepedpa. ITu
pe3yJIbTaThl TAaKXKe MOATBEPKAAIOTCs pe3yibraramu UK-ananmsa (puc. 1a-e).

Ha crenyrommx sTamax MCCIeIOBaHUS MPEICTABICHBI PE3yNbTaThbl OTXKUIa
Cz u ero mpom3BoaHbIX. Ilocime Tepmudeckoit 00padorkn Cz mpu TeMIiepaType
90°C  wnabmogaercst  HeOonbmas — aedopmamus — CTPYKTYpbl,  KoTopas
COIIPOBOXIAETCS IOTEMHEHHEM MaTepuaa.

Pucynok 2 - Cz npu paznuusbix temreparypax: 90°C (a); 160°C (b); 250°C (c); 315°C (d); 360°C (e)

[Ipu omxkure oOpas3ioB Matepmana mpu Temmeparype 160°C Habmromaercs
(dopmupoBanue  penbeda, XapaKTEPU3YIOMIETOCS  MSTKUMH,  IUIaBHBIMHU
KOHTYpaMH, HAllOMHHAIONUME CTenmHOM sanmmadt (puc.2). JlampHeimas
KapOOHM3al¥sl [UTH3MHA TPHBOJAUT K 3HAYMTEIBHOMY WM3MEHEHUIO IIBETA,
BBIDOXXCHHOMY B Mepexojie K TEMHO-OexeBoMy OTTeHKY (puc. 3b). [8-10]. Ha
cnenyronux (ororpadusx (puc. 3) mokazaHbl GparMeHThl OTOXOKEHHOTO CZP,
MOJTydYeHHBIE TP pa3HBIX Temreparypax HarpeBa. CzP, OTOXOKEHHBIH mpu
Huskon Temmeparype (90°C), mmeer mpo3spaunsle Kpuctamisl (puc. 4a). CzP,
OTOXOKEHHBI TIpU BbICOKOM Temmeparype (250°C), oTnmyaercsi KelTOBaThIM
uBeroM W Oompmiei (pakiueir. JTO yKasplBaeT Ha HayallbHBIE CTallUU
pasnokenust Marepuania (puc. 3c¢). DOTO yKasplBaeT HAa 3HAYHUTEIHHBIC
peoOpa3oBaHus, MPOU3OILIEIIINE B Ipoiiecce 00padoTku (puc. 4d).
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(@) (b)

Pucynok 3 - Omxur CzP npy pa3nuuHbIX TeMIepaTypax:
90°C (a), 160°C (b), 250°C (c), 360°C (d)

ITocne tepmuueckoit 06padotku npu 80°C penbed KOMIUIEKCa BKIIIOYESHUS
Cz-B-CD xapaxrepuzyetcs HeOObIION nedopMaiieit ¢ moreMHeHueM (puc. Sa).
IIponecc omxura xomruiekca BkimodeHuid Cz-B-CD mpu temmeparype 270°C
XapakTepusyeTcs o0pa3oBaHHEM BOJIHUCTOTO penbeda C  JOKAIBHBIMHU
BBICTYIAMH U YTJIyOJIGHHSIMH, a TocJenyioliee OOyTrIIMBaHHE MPHUBOAHNT K
3HAYUTENFHOMY MMOTEMHEHHUIO MaTepHalia 10 CBETIO-KOPUYHEBOI'O OTTEHKA (pHC.

4b).

(b) &R () .
a » R ¥

Pucynok 4 - OroxokeHsslit komiuiekce BiaodeHus Cz-f-CD (1:1) npu pasinyHbIX TeMIeparypax:

(a) 80°C; (b) 270°C; (c) 300°C; (d) 350°C; () 450°C

Takue wu3MeHeHMs CBs3aHbl C  ()A30BBIMM  NIPEOOPA3OBAHUSIMH WU
peopraHu3aiei MOJEKYJISAPHOH CTPYKTyphl kominiekca Brimrouenus Cz-f-CD.
[Ipu noseimenun temnepatypsl 10 300°C HabmogaeTcss yCUJIEHHOE H3MEHEHHE
MUKpopenbeda MOBEpXHOCTH Komiviekca BriodeHud Cz-B-CD, xortopsie
MIPUAAIOT TIOBEPXHOCTH IIEPOXOBATOCTE (PUC. 4C) M METAJUITMYECKHil Omeck (puc.
4d). Orxur mpu temneparype 450°C mpHBOAMT K pa3pylICHUIO W pacnany
XpYIKOTO KJarpara, YTO yKa3blBaeT Ha MOYTH IOJIHOE pa3pylleHHe KOMIUIEKCa
Cz-B-CD (puc. 4e). Taxxe Ob1 mpoBenéH oTKUT HaHOokommiozuTa Cz-B-CD-
AgNP (puc. 5).

(d) i (o)l
Plal i =

'

Pucynok 5 - Kommiexc BmoueHns Cz-B-CD-AgNPs nocne omxura:
(a) 90°C; (b) 160°C; (€) 250°C; (d) 315°C; (e) 360°C
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Omxur npu temneparype 250°C He NPUBOAMUT K 3aMETHBIM M3MEHEHUSM B
MOp(}oIOTHH TTOBEPXHOCTH KOMIUIEKCA M XapaKTepU3yeTcCs JHIIb MOTEMHEHUEM
obpasmia  (puc. 5c). Ilpm Temmeparype 315°C mOpoMCXOIUT HEKOTOpPOE
CrmaknBaHWE penbeda IMMOBEPXHOCTH KOMIUIEKCA, IMOTEMHEHHE W IIOSBICHUE
MeTtaiueckoro Onecka (puc. 5d). AHanornyHble WCCIENOBaHUS  OBbLTH
npoBeneHsl A komiuiekca BimoyeHusi CzP-B-CD-AgNP. Ilpu narpeBanun
koMmIuiekca BitoueHus P-CD:CzP:Ag no Ttemmeparyper 250°C  3ameTHO
n3MeHseTcs ero Mopdomnorus. PaccmarpuBaeMble peakuuu Kiaccu(puuupyoTcs
Kak Tomosorndeckue mpoueccsl [9,10]. B Takux yCIOBHSX KOHIEHTpAIUs
peareHTa TepsieT CBOE 3HAUEHUE, U yI00HEee NCIOIB30BaTh apaMeTp o, KOTOPBINA
mpeacTaBiIsieT coOOi AONI0 MpOpeardpoBaBLIETO BEIECTBA B ONpPEAEIEHHBIN
MOMEHT BpEeMEHHM. MareMaTnyeckylo MOJeNb TaKUX peakuud MOXKHO
MPeICTaBUTh C TOMOLIbIO TUPQEpPEeHINATFHOTO YpaBHEHHS C HadalbHBIM
YCIIOBHEM, OTPAXKAIOIINM 3HAUYCHHE 0 I peareHTa A B Hadane peaknuu (t = 0).
IToutun BCE METOBI pacuéra KUHETHYECKUX MapamMmeTpoB o
TEPMOTPaBUMETPUUCCKAM TaHHBIM OCHOBAHbI Ha MPUMEHEHUH ypaBHeHus [9-11]:

9% 5 9% k(1) (o) Pexp| - == |1 (a) @
dt dT RT

Merton @punmana [10,11] sBnsercst Haubonee pacnpoCTpaHEHHBIM U 4acTO
HCTIONIB3YEMBIM METOJIOM M30KOHBEpCHH. MeTo HemapaMeTpruuecKoid KHHETHKH,
kak 1 Metox Ppuamana, mMo3BosieT IPPEKTUBHO ONKUCHIBATH NPUPOAY pEaKIMi
110 Mepe YBEITUUCHHsI CKOPOCTH Tiporiecca (puc.6). OgHako OTHON M3 KIFOUEBBIX
0COOEHHOCTEH 3TOro MOAX0Aa SBJISIETCS] BO3MOXKHOCTh OIperieNieHns: (hopMaabHO-
KHHETHYECKNX MapaMeTpoB Ha OCHOBE 3adaHHOTO Habopa maHHBIX (do/dt, T u o)
pu ux oopaboTke.

- 05

a=04 (b) a6

a-0.1 - 08

a=03 8+ T T T

10 12 14 18 1B 20 22 24 28 28 1000, K !
100007, K1

4 a=tl

i0.4

10 T T T T T T d
08 10 12 14 16 18 20 22 24 26 28

1000 K !

Pucynok 6 - Cxematuueckoe nuzobpaxenue nudpepenunansuoro merona Opunmana: Cz (a); CzP (b);
Cit-p-CD (c); Cit-p-CD-AgNPs (d); CzP-p-CD-AgNP (e)
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DKCIEpUMEHTANBHBIC JAHHBIC CKOPOCTH PEAKIUHM OBUTH TMOJYYEHBI MyTeM
BBIYHMCIICHUS COTJIACHO ypaBHEeHHIO 1 (Tabmuria 1) u MoXkeT OBITh IIpeICTaBlIcHa B
TpexmepHoil cucreme koopmunat it Cz; CzP; wxommiekcoB B-CD:Cz; B-
CD:Cz:Ag; B-CD:CzP:Ag.

Ta6auna 1 - Kunernueckue mapamerpbl mpoiecca tepmoaectpykuuu [-CD, murusun, uuradar u
xomiutekcs! Bkmouenus B-111:Cz, B-CD:Cz:Ag, B-CD:CzP:Ag

_ [lectaka-beprrpen

Oopasen ) i Z -1 o™(1-a)" Es-B’ Z 1 EFR’ Z 1
1;21)151 ¢ kJIx Monb 1 ¢ | k/lk moms ¢
MOJIb m n

5-CD 83.94 |1.56x10°| 0.47 | 053 8460 |4.01x10| 8341 |2.72x10%
Cz 89.05 |1.46x10°| 0.65 | 0.34 80.05 | 2.02x10°| 8905 | 1.46x10°
90.12 |1.54x10% 90.01  |2.14x10%
B-CD:Cz 93.73 [1.25x10%| 035 | 0.64 9359 |1.00x100| 9123 |L.76x10%
10 10
B-CD:CzP:Ag | 93.03 2.89x10% 0.66 134 94.32 1.05x1022| 90.94  |1.01x10%

4. 3ak104eHne

Metonamu TEPMOTPaBUMETPUIECKOTO u mddepeHIanbHOTO
TEPMOTPAaBUMETPUYECKOTO aHAIN30B MOJyYeHbI JaHHbIE KHHETUKU TEPMHYECKOTO
pa3noKeHHs HMHKAICYJIMPOBAHHBIX KOMIUICKCOB BKJIIOUCHHWH LUTH3UHA M €ro
MPOM3BOJHBIX, MOJU(HUIMPOBAHHbIE HaHOYacTUIAMK cepedpa. [lomydeHHble
SHEpreTHYecKre NpoQuin, BOCHPOU3BEACHHbBIEC PA3IMYHBIMA aHATUTHYSCKUMH U
pacyeTHBIMM METOJaMH, TIOKa3ald, 4YTO NpOLECC pa3pyIICHHs MOJEKYJ
KJIATPaToOB HAaYMHACTCS C peaknuid ¢ Ooyiee BBICOKMMH 3HAYCHHUSIMUA SHEPTUU
aKTHBAallMM W TPOJOJDKACTCS C PAaBHOMEPHBIM yMeHbIIeHHEeM Ea Baoib myTu
peaKkuuu, 4To CBHIETEILCTBYET O MHOIOCTaJUMHOCTH mporecca. IlpumeneHue
Pa3IUYHBIX METOIOB MO3BOJIMIO MOMYYHTh 3HAUCHUS] DHEPrETHUCCKUX NPoQHieh
MPOIIECCOB  pa3pyLICHUsI MOJEKYJN KiaTpaToB. [lomydeHHBIE KHHETHYECKHE
JaHHBIE CIIOCOOCTBYIOT MPOTHO3MPOBAHUIO CBOWCTBA MOJTYYEHHBIX KOMITO3ULUN
HAHOYACTHIl cepedpa, (YHKIMOHAIN3UPOBAHHBIE KIATPATHBIM KOMIUIEKCOM
MUTH3WHA U €r0 (OCHOPIPOU3BOIHOIO B YCIOBHSAX JITUTEIBHOIO XPAaHEHUS U
MOUCKY ONTUMAJBbHBIX MyTeH UX CTaOHIN3auN

®dunancupoBanue: HayuHo-uccnenoBatenbckas pabora ocymectBieHa B pamkax LD
BR24992921 Komutera Haykn MUHHCTEpCTBA HAyKH U Bbicliero oopazosanust Pecriyonuku Kazaxcran.

KoH(paukT uHTepecoB: ABTOpBHI 3asBISIOT 00 OTCYTCTBUM KOH(DIMKTa HHTEPECOB MEXKIY
aBTOpaMH.
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HUTHU3UH BETA-OJIMI'OCAXAPU] KJIATPATBIMEH ® YHKIUAJIAHABIPBLIFAH
KYMIC HAHOBOJILIEKTEP KOMIIO3UILIUAJIAPBIHBIH TEPMOXHUMUSJIBIK
KACHETTEPI
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Tyiiinaeme. Kipicne. Makanasa UIUTU3HHHIH [-0IMrocaxapuari Ki1aTpar KelleHiMeH jxoHe oHbIH O, O-
JuMeTui(ocdaT TYBIHABICEIMEH (DYHKIHMOHATIAHIBIPBUIFAaH KYMIC HAaHOOOIIIEKTEPIiHIH KYpaMBIHBIH
TEPMOXUMHSUIBIK ~ KAacHeTTepi  KapacThIpbUIaAbl.  Odicmeme.  TepMOrpaBUMETPHSUIBIK — KOHE
nuddepeHmanapl TepMOrpaBUMETPHUSIIBIK Talay dJICTEPIMEH 3ePTTEJIETIH CyOCTpaTTapIblH TEPMUSIIBIK
BIABIPAY ~KHHETHKAChl, COHJAal-aK oOJapIblH KyMic HaHOOeJIEKTepiMEeH MoAu(HUKaLUsIaHFaH
MHKAICYJIAIMSUIAHFaH KOCBIHJBUIAD KEIICHMACPIHIH JepeKTepi anslHIbl. Homuoiwenep dicone mankwiiay.
CkaHepJeylli 2JMeKTPOHbl MUKPOCKONTA JPTYPJi TeMIepaTypalblK PEKHUMAEPIIH SCEpiHEH OJapIblH
KYPBUIBIMBIHBIH ~ JBOJIIOLMSCHIH  Tanfayra  OaFbITTajfaH  3eprreynep  okyprizinmi.  Kiatpar
MOJICKYJIalapblHbIH ~ BIABIPAY IPOLIECTEPiHIH JHEpreTHKaiblK npoduipaepi  anbiHgsl.  Kiarpar
MOJICKYJIaJIapbIHbIH BIIBIPAY HpoLeci OeNCeHAIPY PHEPrHACHIHBIH XKOFaphl MOHIEpI 6ap peakuusiapiaH
OacTasl, peakuys >xoibiHaa Ea Gipkenki TeMeHIeyiMeH skaaFacabl, OyJI IPOLECTIH KOIl CaThUIbl eKCHIH
KepceTei. 3epTTey HOTHKeNepi HAHOKOMITO3UIMSIIAP/IbIH THICTI (a3albIK e3repicTepiH, COHnal-aK KaiTa
KpHUCTaJIIaHy MPOLIECTEPIH JXKOHE KYHIIpy HOTIDKECIHAE WHKIIO3US KeIleHJepiHae OonaTthlH 0Oacka
e3repicreplli aHbIKTayFa MYMKIHIIK Oepli. KopbimeinObl. AJNBIHFAaH KHHETHKAIBIK JEpeKTep Y3aK
Mep3iMJi cakTay >KarJaifblHIa MUTH3UH MEH OHBIH ()OocOp TYBIHABICHIHBIH [-OJIUTOCAXapHATI KIaTpaT
KEHICHIMEH JKYMBIC ICTEHWTIH KyMiC HaHOOOJIIEKTePiHIH aJblHFAaH KOMITO3UIMSIAPBIHBIH KACHETTEPiH
Oospkayra HKoHE oJlap/ibl TYPAKTAHABIPYIbIH OHTAMIIBI )KOJIAPBIH 13/1eyre bIKNaJ eTe/i.
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FURFURAL HYDRATING ON PROMOTED SKELETAL
COPPER CATALYSTS

B.Sh.Kedelbaev?, S.K. Turtabaev?, K.M. Lakhanova?,
S.A.Shitybaev?*, A.B.Amirbek?

M.Auezov South Kazakhstan Research University, Shymkent, Kazakhstan.
2South Kazakhstan Pedagogical University named after Ozbekali Zhanibekov, Shymkent, Kazakhstan

*E-mail: shitibaev.serikbek@mail.ru

Abstract. Introduction. Furfural is a five-membered heterocyclic aldehyde of the furan series,
which is an important biomass-derived compound. Its hydrogenation product, furfuryl alcohol, has
numerous industrial applications. The selective hydrogenation of furfural has attracted interest for the
development of efficient catalytic processes. In this study, attention is given to alloyed copper catalysts
modified by ferroalloys for the hydrogenation process. The purpose of this work is to develop a process
for the selective hydrogenation of furfural to furfuryl alcohol. The researchers developed highly active
suspended alloyed alumina-copper catalysts, incorporating ferroalloys as promoters. Specifically, skeletal
copper catalysts with 70% aluminum content were prepared, and ferroalloy additives such as FMo
(ferromolybdenum) and FMn (ferromanganese) were introduced. The catalytic activity was studied under
different technological conditions by monitoring the hydrogenation of furfural. Results and Discussion. It
was found that the promoting effect of FMo and FMn is associated with the formation of new MeAls
compounds, inclusions, and eutectoids in the alloys, which remain in the non-alkaline state of the leached
catalysts. Among the tested multicomponent copper catalysts, the activity order increased as follows: Cu-
70% Al < Cu-FMn < Cu-3% FMo < Cu-FMo + FMn. Conclusion. The study demonstrates that alloyed
copper catalysts promoted with ferroalloys, particularly a combination of FMo and FMn, exhibit enhanced
catalytic activity and selectivity in the hydrogenation of furfural to furfuryl alcohol. These findings
contribute to the development of more efficient catalytic systems for biomass-derived chemical
transformations.

Key words: hydrogenation, furfural, furfural alcohol, process, alloy, catalyst, promotion.
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1. Introduction

Carbohydrate-containing plant raw materials and its waste are quite
promising alternative resource for the production of valuable chemical
compounds. Their advantages are in renewability, or even practical
inexhaustibility [1-5].

It is well known that climate change, the prospects for the development of oil
resources and the rise in prices for them forced the world to look for alternative
ways to acquire valuable chemical substances and fuels. In recent years,
technologies for the production of the most important chemicals for the chemical
and automotive industries from biomass are actively developed [6-8].

For example, furan derivatives are obtained by catalysis from sugars
contained in biomass [6]. The furans are in the latest "technological roadmap™ of
biofuels for transport, compiled by the International Energy Agency [9].

The five-membered heterocyclic aldehyde of the furan series - furfural and
products of its processing have long attracted the attention of researchers as an
initial object for the synthesis of new compounds. [10].

Furfural is obtained by the catalytic dehydration of hexoses or pentoses [7].

Furfural is also present in bio-oil obtained as a result of rapid pyrolysis of
biomass [11,12]. This brown viscous liquid contains many oxygen-containing
compounds that give the oil undesirable properties, which makes it unsuitable as a
fuel for transportation [13]. Hydrogenation of bio-oil eliminates the most reactive
oxygen-containing groups, which, in turn, are the least desirable for all
components [14-15].

Another of the most promising areas of chemical processing of furfural is its
catalytic hydrogenation to furfuryl alcohol. This compound is in great demand in
the chemical, textile, construction, engineering and aviation industries.

On the basis of furfuryl alcohol get anticorrosive materials, resistant to acids
and alkalis. In a mixture with polyvinylbutinol, furyl resin is used as varnishes,
mastics and adhesives. A mixture of furfuryl alcohol with nitric acid is used as a
fuel for jet engines. Furfuryl alcohol based resins have a number of very valuable
properties, including mechanical and thermal stability. In addition, furfuryl
alcohol is the starting material for the synthesis of various furan and aliphatic
products [16].

The authors [17] studied the hydrogenation of furfural, on a Cu / SiO;
catalyst at 230-290 °C. Detailed kinetics, density function calculations (DFT) and
spectroscopic studies were combined to research this reaction. It was established
that the Langmuir-Hinshelwood model fits well with kinetic data and provides
parameters of physical significance.

In this regard, the development of optimal catalysts for furfuryl is a
significant problem. This is due to the fact that there is practically absent data of
systematic research on the process hydrogenation of furfural on multicomponent
copper catalysts. In particular, the influence of the nature of the metal of the
catalyst, modifying additives, and technological parameters has not been studied.
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2. Experimental part

The following multicomponent catalysts were the objects of the study:
skeletal aluminum-copper (70% Al) catalysts with modifying additives of
ferromolybdenum - FMO and ferrmanganese - FMn and simultaneously
ferromolybdenum and ferromanganese;

The original alloys were prepared in a high-frequency melting furnace
according to the previously developed technology. In the quartz crucible, the
calculated amount of aluminum was loaded in the form of pieces of 3-5 mm in
size and heated to a temperature of 2000-1100 °C.

Melt mixing was carried out with an induction field for 3-5 minutes. Then
the melt was poured into graphite molds and cooled in air. In the future, the alloys
were crushed by hand and sieved through a sieve with a cell diameter of 0.25 mm.
The catalysts were prepared by leaching the alloys with a 20% aqueous solution
of caustic soda in a boiling water bath for 1 hour. The main hydrogenated
compound is the five-membered cyclic aldehyde of furan series — furfural.

Experiments on the hydrogenation of furfural on suspended catalysts were
carried out in a special autoclave with a capacity of 250 cm?® with vigorous stirring
of the reaction medium. The washed catalyst together with an agueous solution of
furfural was loaded into the reactor.

Then the reactor was purged with hydrogen and sealed. The process of
hydrogenation of furfural was controlled by sampling after 10 minutes. The
duration of most experiments was 60 minutes. Reaction conditions varied over
wide limits: temperature 40-120 °C, hydrogen pressure 4-12 MPa.

200 cm® of a 10% aqueous solution of freshly distilled furfural were used for
hydrogenation. The amount of catalyst is 0.45 g. The catalyst activity was
evaluated by the reaction rate (W) of hydrogenation, expressed in g of furfuryl
alcohol (PS) per 1 g of catalyst per 1 hour (W, g / g'hour).

Analysis of the products of furfural hydrogenation was performed by gas-
liquid chromatography on a Chromo-4 chromatograph with a flame ionization
detector. Polyethylene glycol-6000 was used as the stationary phase, and the inert
solid carrier was a chromatone with granule size of 0.10-0.25 mm.

The quantitative composition of the products was determined by peak area
using correction factors.

3. Results and Discussion

In this section, was studied the catalytic activity of skeletal copper (70% Al)
catalysts with the additives of FMo, FMn, FMo, and FMn in the reaction of
furfural hydrogenation under conditions of a wide variations of technological
parameters. The results of the experiments are presented in table 1 and figure 1.

From the data table 1 it can be seen that hydrogenation of furfural on skeletal
copper (70% Al) catalysts with the additives of ferroalloys is carried out
selectively to ferroalloys, the rate of formation of which essentially depends on
both the nature and the content of modifying ferroalloys.
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Table 1 — The results of hydrogenation of furfural on skeletal copper (70% Al) catalysts with the additives
of ferroalloys. Conditions: 200 cm? of a 10% aqueous solution of furfural; 6 MPa, 0.45 g of catalyst

W,
. . K Ea
0, 0, 1 )
Additive, weight % t,°C 9 bl KDJ/ mole
g-h
1 2 3 4 5
% 5.4 0.904
Cu(70%Al) 120 257 4.2751 58.9
60 273294 | 11.2534-121310 140
1,0-10%FMo % 341-353 | 16.6468-17.2530 o
120 42.0-446 | 24.4395-25.9346 :
60 21.4-27.7 3.5878-4.6126 258
1,0-10%FMn 9 28.3-33.8 47084-5.6311 o
120 38.4-45.0 6.4034-6.8411 :
60 348313 | 16.9775-17.5288
0,
SRR % 402-39.0 | 23.3882-22.6660 12
120 49.0-481 | 34.7815-34.0602 :

So, the addition of 1+10% FMo or FMn, simultaneously 3% FMo and
1+10% FMn in Cu-70% Al the alloy increase the rate of hydrogenation of furfural
at 90 °C and 6 MPa, respectively, 6.3-8.1; 5.2-6.8 and 7.4-8.1 times. Cu-5% FMo,
Cu-7% FMn, Cu-3% FMo-5% FMn catalysts are most active. The magnitude of
the apparent (Eseming) Activation energy of the hydrogenation process on
promoted catalysts in the range of 60-900C ranges from 11.3-12.7 kJ / mol (on
Cu-FMo catalysts), 20.9-22.8 kJ / mol (on Cu-FMn contacts) and 8.8-13.3 kJ /
mol (on Cu-FMo-FMn catalysts), and in the range of 90-1200C - 13.4-16.0 kJ /
mol (on Cu-FMo and Cu-3% FMo-FMn contacts), 25.0-26.0 kJ / mol (on Cu-
FMn catalysts), and it mainly decreases with increasing activity of the catalysts.
In general, modifying ferroalloys lower the activation energy of hydrogenation. In
terms of Eseming it Can be judged that the reaction is mainly limited by the
activation of furfural on the surface. In fig. 1 graphic dependences of the rate of
hydrogenation of furfural at 90 °C and 6 MPa on skeletal copper (70% Al)
catalysts on the nature and content of ferroalloys in Cu-70% Al alloys are
presented. From fig.1 it is seen that the curves of the rate of hydrogenation of
furfural pass through the maxima corresponding to 5% FMo or 7% FMn, 3%
FMo and 5% FMn.
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Figure 1 — Dependence of the rate of hydrogenation of furfural at 900 °C and 6 MPa on the
content of FMo (*), FMn (x), FMo and FMn (A) in copper alloys.

The promoting effect of FMo and FMn is due to the formation in alloys of
new MeAl; compounds, inclusions and eutectoids, which non-alkaline states are
part of leached catalysts. Modifying ferroalloys crush crystals of skeletal copper
(70% Al), increase the specific surface, the concentration of the fraction of
particles with rmax = 1 pm, the pore volume and effective radii, the sorption
capacity of catalysts for hydrogen.

They reduce the energy of the K°—H°" energy bond, which has a positive
effect on the activity of skeletal copper (70% Al) in the reaction of selective
hydrogenation of furfural to furfuryl alcohol.

The increase in the rate of hydrogenation from the content of alloying
ferroalloys in the alloys is apparently due to the presence of their components in
the alloy of the intermetallic compound CuAly, eutectic (Al + CuAly), non-
leached compounds, inclusions.

The decrease in the activity of catalysts after maximum is associated with the
formation of new compounds, inclusions, eutectoids, which are included in
catalysts in undiluted states, increasing the particle size and thereby reducing the
specific surface and the total number of active centers on the surface. The studied
multicomponent copper (70% Al) catalysts with the addition of ferroalloys,
according to their increasing activity, are arranged in a row: Cu-70% Al <Cu-
FMn <Cu-3% FMo <Cu-FMo + FMn. This series approximately corresponds to
an increase in the sorption capacity for hydrogen and the specific surface of the
studied catalysts.
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4. Conclusion

Thus, we have identified a certain dependence of the activity of the catalysts
developed by us on their physicochemical properties. Comparison of the
selectivity with data of granulometric composition and parameters of the porous
structure shows that catalysts with an average particle diameter of 0.3-0.4 pm and
a pore volume of 0.04-0.05 cm® / g with an effective radius of 28-31A turned up
most favorable for saturation > C = O — bond conjugated with a furan ring.

It was determined that the selectivity and stability of the catalysts depend on
the binding energy of the adsorbed hydrogen. A significant weakening of the
strengths and an increase in the volume of weakly adsorbed H; in promoted
catalysts causes a violation of their (PS) selectivity. Modifying additives, which
are included in the catalysts in the form of oxides, undiluted intermetallides,
enrich the leaching products of relatively strongly adsorbed forms of H, which
ensures high stability of contacts during long-term operation.

The activity and stability of the catalysts increase in the following sequence:
Cu-70% Al <Cu-FMn <Cu-3% FMo <Cu-FMo + FMn. The selectivity of the
process in this series increases in the reverse order.
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Tyiiingeme: Kipicne. ®ypdypon — ¢ypaH KarapslHbIH Oec MymIeldi TeTepOLUKIAlI albAeTuai, Ol
OuomaccaziaH aJIbIHaTBIH MaHBI3bl KOCBUIBIC 00BN TaObu1aabl. OHBIH IHApIEHY oHiMI — Gypbypun
CHHMPTI — KONTEreH OHEpKACINTIK cananapia KOJIaHbeic Tabanbl. Oypdyponipl CENeKTHBTI THUApICY
THIMJI KaTaIUTHKAIBIK IIPOLECTEp/i jKacayFa YIKEH KbI3BIFYIIBUIBIK TYIBIPBIN OTHIP. byn 3eprreyme
bypdyponael  Tuapiaey mpoueciHAe (eppoKocnanapMeH MOAW(HKALMIIAHFAH KOPBITHAJIBI  MBIC
KaTaJlM3aTopJIapblHa epeKIle Hasap aygapbulnbl. JKymsicmuiy maxcamel Gyphyponnsl  Gypdyprr
CIHUPTiHE CENeKTUBTI Typle THApJIey IpoleciH skacay. FampMmap deppokocmamapMeH KYIIEHTINITeH,
OeJiceHaTiri JKOFaphl, AIIOMHHHI MEH MbIC KOPBITIIACHIHAH JKAaCallFaH, CYyCIIEH3HWs TYpiHIer]
KaTalm3atopyiapipl o3ipiemi. ATan aiiTkaHnma, KypambiHma 70% amroMUHHR 0ap KaHKAJIBIK MBIC
KaTaJlM3aTopiIapsl JadsrHaasI, onapra Geppomonubaer (FMo) sxone deppomapraner; (FMn) KochIHIEL
TYpinzae enrisinnmi. Karanurukanslk OelIceHIUTIK opTYpJli TEXHOJOTHSIIBIK JKarnaitapaa GpypdyponasH
THIpJICHYiH OaKpUIay apKbUIbl 3epTrenmi. Homuowcenep men mankoiiay. FMo men FMn-HbIH KyIIeWTKiII
ocepi KopbITnanapaa »kaHa MeAls KOCBUIBICTAPBIHBIH, KOCBIHABUIAPIBIH JKOHE OBTEKTOMITAPIIbIH
TY3UTyiMeH OailIaHBICTBI €KeHI aHbIKTaIAbl. Onap CInTici3 KyHiHAe MIafbUIFaH KaTalu3aTopiapblH
KypaMbIHIIa CaKTanajpl. 3epTTEIreH KOm KOMIIOHEHTTI MBIC KaTalu3aTopiaphl apachiHaa OeICeHALTIKTIH
ecy Tapribi kenecigeit 6omapr: Cu-70% Al < Cu-FMn < Cu-3% FMo < Cu-FMo + FMn. Kopuimwinoei.
3eprrey HoTHXKeciHIE (eppokocnamapmeH, ocipece FMo mMen FMn koMOMHanmsCHIMEH KYIICHTiNIeH
KOPBITIIANIBI MBIC KaTanu3atopiapbl Gypobypoinst ¢ypdypun cnupTiHe CEIeKTHBTI TYpAe THIpISY
MPOIIECIHE KOFAphl KaTATUTHKAJBIK OCNCEHAUTIK MEeH CEIeKTUBTUIIK KOpPCEeTeTiHI manmenaeHai. by
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HOTHIKelep OnoMaccaaH allbIHATBIH XUMUSIIBIK KOCBUIBICTAPABIH THIMAI TYpJICHYIH KaMTaMachl3 €TETiH
KaTaJIN3aTOPIIBIK XKyHeJep/i JaMbITyFa 63 YJIECiH KOCa/Ibl.

Tyiiinai ce3mep: cyrekteHzmipy, ¢ypdyporn, dypdypmnni crnupr, mpomecc, Kyiima, KaTaiauzaTop,
MIPOMOTHPIIEY.
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Pe3tome. Bseoenue. Oypdypos1 — 3TO NATHWICHHBIH TeTEPOLMKIMYECKUI anbaeru] GpypaHOBOTO psija,
MPE/ICTABISIONINI cO00H Ba)KHOE COEAMHEHHME, MONIydaeMoe U3 Ouomacchl. [IpolyKT ero ruapupoBaHus
— (GypdypHIOBbIi CIUPT — IIHUPOKO MCIOIB3YETCS B MPOMBINUICHHOCTH. CeleKTHBHOE THAPUPOBAHUEC
Gbypdypona BbI3bIBaCT UHTEPEC B KOHTEKCTE Pa3pabOTKH 3((PEKTUBHBIX KaTaJUTHYECKHUX MPOLecCOoB. B
HACTOSIIIEM  WCCJICAOBAaHMM  BHMMAHHE  YACJICHO  JICTUPOBAHHBIM  MEAHBIM  KaTalU3aTopaM,
MoauduipoBaHHbIM (eppociuiaBamu. [fens u 3a0auu. OCHOBHAS Lielib JAHHON PabOThI — pa3paboTarsh
MPOLIECC CEJEKTUBHOrO ruapupoBanus ¢ypbdypona 1m0 bypdypunosoro coupra. Memodorozusi.
HccnenoBatenu pa3paboTajii BHICOKOAKTHUBHBIC CYCIICH3UPOBAHHBIC JIETMPOBAHHBIC KAaTallM3aTOPhl HA
OCHOBE OKCHJIa AIIOMUHHS M MeAu ¢ jgobaBieHHeM (eppoCIUIaBOB B KauyecTBE MPOMOTOPOB. beumn
MIPUTOTOBJICHBl KAapKACHBIC MEIHbIE KaTajlM3aToOpbl ¢ coiepikaHueM amoMuHus 70% u mobGaBkamMu
tdeppomonudaena (FMo) u deppomaprania (FMn). Karanmutudeckass akTHBHOCTh HCCIIEAOBAIach MPH
Pa3IMYHBIX TEXHOJIOTHYECKUX YCIOBHSAX IyTEM MOHHTOPUHra peakuud ruapupoBanus (ypdypora.
Pesynomamer u obcyscoenue. YcTaHOBIEHO, 4TO ycwimBatomee neiicteBue FMo m FMn cBszano ¢
o0pa3oBaHHEM HOBBIX coeqUHEHHH MeAls, BKITIOYEHHUIT 1 9BTEKTOHIOB B CIUIABaX, KOTOPBIE COXPAHSIOTCS
B HEKaJMHON (opMe B BBILIEIOYEHHBIX KaTanu3aropax. Cpeau UCClieOBAaHHBIX MHOTOKOMITOHEHTHBIX
MEHBIX KaTaJIn3aTOPOB aKTHBHOCTH BO3pacTaia B ciexyromeM mnopsake: Cu-70% Al < Cu-FMn < Cu-3%
FMo < Cu-FMo + FMn. 3axmouenue. ViccnemoBaHue IOKa3aio, 4YTO JICTHUPOBAHHBICE MEIHbBIC
KaTalM3aTopbl, AaKTUBHPOBaHHBIE (QeppociiaBamMu, ocobeHHO komOuHaimeii FMo wu  FMn,
JIEMOHCTPHUPYIOT TOBBILIEHHYIO KATATUTHIECKYIO AKTHBHOCTD M CEJIEKTHBHOCTD B PEAKIMU THIPUPOBAHHUS
bypbypona 1o dypdypunoBoro crnupra. OTH pe3yibTaThl CIIOCOOCTBYIOT pa3paboTke Ooljee
9 PEKTUBHBIX KaTATUTHIECKUX CUCTEM JUIS TPEBPALICHHS COSANHEHHU, TTOJy4aeMbIX U3 OHOMACCHI.

KioueBsle cioBa: ruaporeHusanus, Gypdypon, dypdypuiioBsiii ciupt, nporece, CluiaB, KaTalu3aTop,
MIPOMOTHPOBAHHE.

Keoenvoaes baxvimoican Illunmup3aesuu  JJoxmop mexHuueckux Hayk

Typmabaes Capcenoek Koumaoaeguu Jlokmop mexnuueckux Hayx
Jlaxanosa Kynzada Mepzenbaesna Jlokmop cenbckoxo3satcmeeHHbIX HAYK
Hlumvibaes Cepukoex Anmuinoexosuy Kanouoam xumuueckux Hayk
Amupoex Apaiiioim bayvipycanosna Mazucmp nedazozuueckux Hayx
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Abstract. Introduction. The search for new and effective plant growth stimulants and chemical
plant protection agents remains a pressing issue in modern agrochemistry. This study aimed to synthesize
dithiocarbamate and its thioanhidrides based on pyrrolidin-2-one and evaluate their potential as plant
growth regulators, herbicides and fungicides. Results and Discussion: Sodium dithiocarbamate based on
2-oxopyrrolidine and its butyric and benzoic 2-oxopyrrolidine-1-carbothioic thioanhydrides was
synthesized with yields of 84%, 88%, and 67%, respectively. The structures of the synthesized
compounds were established based on the analysis of elemental data, IR spectroscopy, *H and *C NMR
spectroscopy data. Primary laboratory screening for growth-stimulating, herbicidal, and fungicidal activity
was carried out. Conclusion: High germination rates were observed when wheat seeds were treated with
sodium 2-oxopyrrolidine-1-carbodithioate at a concentration of 100 mg/l, resulting in 90% laboratory
germination compared to 70% in the control and 80% with treatment by the standards KN-2 and AN-16.
Phytotoxicity assays demonstrated that compound 1, at concentrations of 0.01-1 mg/ml, did not negatively
affect the sowing qualities of Agrostis and Lactuca seeds and instead promoted intensive growth.
Furthermore, sodium dithiocarbamate and its thioanhdrides exhibited fungicidal activity comparable to the
standard tetramethylthiuram disulfide (TMTD). The infection rate of wheat and barley seeds by
phytopathogenic fungi in the untreated control was 100% and 77.3%, respectively. In contrast, treatment
with compounds 1-3 at 0.001-0.1% reduced infection to 12.6-26% for wheat and 7.3-16% for barley,
compared to 0.4% and 2.6% with TMTD.
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1. Introduction

Among the diverse range of nitrogen-containing heterocyclic compounds that
play a pivotal role in various domains of human activity, the class of pyrrolidone
and its derivatives has attracted considerable scientific interest. A key factor
contributing to the increased attention to the pyrrolidone scaffold is its
incorporation into a number of pharmacologically active compounds, including
hemodesis, enterodesis, levetiracetam, rolipram, among others.

In recent years, significant efforts have been directed toward the
development of anticancer agents containing the pyrrolidone core, targeting
various malignancies such as breast [1], colorectal (HCT116) [2], hepatic
(SMMC-7721), and cervical (HeLa) cancers [3]. Furthermore, numerous
pyrrolidone-based compounds have demonstrated a broad spectrum of biological
activities, including antibacterial [4], antifungal [5], growth-stimulating, herbicide
[6], antihypertensive [7], anticonvulsant [8], antiarrhythmic [9], and
neuroprotective properties, notably in the context of Alzheimer’s disease [10].

A critical analysis of the available literature reveals a marked scarcity of
thioanhydride derivatives within this class of compounds. In light of this
observation, the present study aims to synthesize novel thioanhydrides of
dithiocarbamic acids derived from 2-oxopyrrolidine and to assess their potential
as plant growth regulators and chemical agents for crop protection.

2. Experimental part

The reaction control and product purity were monitored by thin-layer
chromatography (TLC) on Silufol UV-254 plates, with spot visualization
performed using iodine vapor. The eluent consisted of a mixture of ethanol and
acetone/hexane (1/4). Infrared (IR) spectra were recorded on a Nicolet 5700 FTIR
spectrometer using KBr pellets and thin-layer films. Melting points were
determined with a Hanon MP450 apparatus. The *H and *C nuclear magnetic
resonance (NMR) spectra were recorded on a JNM-ECA 400 spectrometer
(JEOL), operating at 400 MHz for *H and 100 MHz for **C, using deuterated
CDCls and DMSO-ds as solvents. Elemental analysis was performed with a
THERMO FlashSmart CHNS/O elemental analyzer (USA, 2024).

Sodium 2-oxopyrrolidine-1-carbodithioate (1). A solution of 2.35 g (0.058
mol) of sodium hydroxide in 5 ml of water was added to a solution of 5.0 g (0.058
mol) of pyrrolidin-2-one in 30 ml of alcohol. Then, a solution of 4.47 g (0.058
mol) of carbon disulfide was added dropwise and stirred at room temperature.
Upon complete addition of carbon disulfide, the reaction mixture was stirred at
room temperature for an additional 4 hours. The solvent was then removed under
reduced pressure using a water-jet vacuum pump, and the resulting solid was
purified by recrystallization from acetonitrile. Yield 9.1 g (84 %), Rf 0.71
(ethanol). Found, %: C 32.66; H 3.21; N 7.57; O 8.67; S 35.12. CsHsNNaOS..
Calculated, %: C 32.78; H 3.30; N 7.64; Na 12.55; O 8.73; S 35.00. IR spectra
(KBr), v, cm™: 675 (C-S), 1045 (C=S), 1673 (C=0). NMR H spectra (CDCls), 3,
ppm: 1.92-2.00 (m, 2H, CH,, pyrrollidone); 2.27 (t, 2H, CHa, pyrrollidone); 3.26
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(t, 2H, CHa, pyrrollidone). NMR *3C spectra (CDCls), 8, ppm: 20.5 (CHy,
pyrrollidone); 30.4 (CH.C=0, pyrrollidone); 42.8 (CHz:N-, pyrrollidone); 181.3
(C=0); 203.3 (C=9).

Butyric 2-oxopyrrolidine-1-carbothioic thioanhydride (2). A solution of 1.3 g
(0.012 mol) of butyryl chloride was added dropwise to a stirred solution of 2 g
(0.012 mol) sodium 2-oxopyrrolidine-1-carbodithioate in 25 ml of chloroform.
The reaction mixture was stirred at room temperature (22 °C) for 2 hours. The
solvent was then removed under reduced pressure using a water-jet vacuum
pump, and the resulting product was purified by recrystallization from hexane.
Yield 2.47 g (88%), Rs 0.34 (acetone/hexane, 1/4). Found, %: C 46.65; H 5.59; N
5.97; O 13.90; S 27.81. CoH13NO-S,. Calculated, %: C 46.73; H 5.66; N 6.05; O
13.83; S 27.72. IR spectra, v, cm™: 688 (C-S), 1057 (C=S), 1711 (2 C=0,
widened st.). NMR 'H spectra (DMSO-dg), 5, ppm: 0.85 (t, 3H, CHs); 1.45-1.53
(m, 2H, CH)); 1.92-1.98 (m, 2H, CHj, pyrrollidone); 2.07 (t, 2H, CH,
pyrrollidone); 2.15 (t, 2H, CH,); 3.20 (t, 2H, CHy, pyrrollidone). NMR 3C spectra
(DMSO-ds), 6, ppm: 13.9 (CHas); 18.3 (CHy, pyrrollidone); 20.7 (CH.); 30.2
(CH.C=0, pyrrollidone); 43.9 (CH2N-, pyrrollidone); 45.5 (CH.CO); 174.8, 178.0
(C=0); 204.2 (C=S).

Benzoic 2-oxopyrrolidine-1-carbothioic thioanhydride (3) was synthesized
by an analogous procedure. Yield 2.22 g (67%), Rs 0.52 (acetone/hexane, 1/4).
Found, %: C 54.41; H 4.11; N 5.33; O 12.12; S 24.24. C1,H1:NO,S;. Calculated,
%: C 54.32; H 4.18; N 5.28; O 12.06; S 24.17. IR spectra, v, cm™: 715 (C-S),
1070 (C=S), 1704 (2 C=0, widened st.). NMR 'H spectra (DMSO-dg), 5, ppm:
1.92-1.98 (m, 2H, CHy, pyrrollidone); 2.06 (t, 2H, CH_, pyrrollidone); 3.19 (t, 2H,
CHy, pyrrollidone); 7.51 (t, 1H, CH, Ar); 7.62 (t, 1H, CH, Ar); 7.94 (d, 1H, CH,
Ar). NMR 3BC spectra (DMSO-ds), 8, ppm: 20.8 (CH,, pyrrollidone); 30.3
(CH2C=0, pyrrollidone); 41.8 (CHzN-, pyrrollidone); 127.5, 129.0, 129.7, 131.1,
133.3 (Ar); 167.7, 177.6 (C=0); 203.0 (C=S).

Preliminary laboratory evaluation of the synthesized compounds for growth-
stimulating, herbicidal and fungicidal activities.

Growth-stimulating activity. The growth-stimulating activity of the
synthesized compounds was assessed using wheat seeds. Experimental groups
consisted of 10 seeds per replicate, with three replicates per treatment. The
duration of the experiment ranged from 3 to 9 days. Seeds were pre-soaked in the
test solutions for 8 hours and subsequently placed in Petri dishes lined with a
sterile, four-layer gauze pad. Germination was conducted at an ambient
temperature of 21-23 °C.

The experimental scheme included the following treatment groups:

1. Control: distilled water. 2. Standards: Akpinol KN-2 and AN-16 at
concentrations of 10, 50, 100, and 200 mg/l. 3. Test sample: Compound 1 at
concentrations of 10, 50, 100, and 200 mg/I.

Herbicidal activity. Herbicidal properties were evaluated using seeds of bent
grass (Agrostis spp.) and lettuce (Lactuca sativa). Seeds were placed in 24-well
plates, and the experiment was conducted over a 7-day period. Phytotoxic effects
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were assessed based on visual indicators such as inhibition of root and shoot
development and general plant morphology.

The experimental groups were as follows:

1. Standard: 2,4-dichlorophenoxyacetic acid (2,4-D) at concentrations of
0.01, 0.03, 0.1, 0.3, 0.5, and 1.0 mg/ml. 2. Test sample: Compound 1 at the same
concentrations as the standard.

Fungicidal Activity. Fungicidal efficacy was examined on wheat and barley
seeds, with three replicates of 50 seeds per treatment. The experiment lasted 3-7
days. Activity was assessed based on the degree of microbial growth, the number
of infected seeds, seed germination energy, and overall germination rate.

The experimental scheme included:

1. Control: distilled water. 2. Standard: tetramethylthiuram disulfide (TMTD)
at a concentration of 0.04%. 3. Test samples: Compounds 1-3 at concentrations of
0.001%, 0.01%, and 0.1%.

3. Results and discussion

Heterocyclic sodium dithiocarbamate was synthesized by the reaction of a
heterocyclic amine (2-oxopyrrolidine) with carbon disulfide in the presence of
sodium hydroxide in ethanol at room temperature.

The subsequent acylation of sodium 2-oxopyrrolidine-1-carbodithioate was
performed by its reaction with aliphatic (butyryl) and aromatic (benzoyl) acid
chlorides in chloroform at room temperature, yielding the corresponding
thioanhydrides.

0 0
€Sy, KOH _ RCOCI S
NH ~ cthanol —/< CHCI, N4 o
4

2,3 R
2:R=C H7,3.R C6H5.

As a result of the synthesis, sodium dithiocarbamate and its thioanhydrides
were obtained with yields ranging from 67% to 88%, respectively.

The composition and individuality of the synthesized sodium
dithiocarbamate 1 and its thioanhydrides 2, 3 were confirmed by elemental
analysis, thin-layer chromatography and physicochemical characteristics. The
structure of compounds 1-3 were established based on the analysis of IR and
NMR H, *C spectroscopy data.

In the IR spectra of compounds 1-3, absorption bands corresponding to the
stretching vibrations of the C—S group are observed in the range v 675-715 cm™,
along with stretching vibrations of the C=S bond in the region v 1045-1070 cm™.
In the IR spectrum of compound 1, an intense absorption band of the C=0 group
appears at v 1673 cm™. In the IR spectra of compounds 2 and 3, a broadened
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absorption band in the regions v 1711 and v 1704 cm™, respectively, corresponds
to the C=0 group, indicating the formation of thioanhydrides.

In the *"H NMR spectra of compounds 1-3, the chemical shifts in the upfield
region 6 1.92-2.00 ppm, & 2.06-2.27 ppm, and ¢ 3.19-3.26 ppm are attributed to
the protons of the pyrrolidine ring. The *H NMR spectrum of compound 2 shows
characteristic signals in the upfield region, corresponding to the protons of the
methyl and methylene groups at & 0.85, § 1.49, and & 2.15 ppm. In the *H NMR
spectrum of compound 3, the downfield region reveals the signals of the phenyl
group protons at 8 7.51, 6 7.62, and 6 7.94 ppm.

The C NMR spectra confirm the structure of compounds 1-3 by the
presence of corresponding chemical shifts. The cyclic carbon atoms of the
pyrolidine ring resonate in the strong field region at 6 18.3-20.8, 30.2-30.4, and
41.8-43.9 ppm. The *C NMR spectrum of compound 2 exhibits the following
signals for the carbon atoms of the methyl and methene groups at 6 13.9, 18.3 and
45.5 ppm. The aromatic carbon signals in the 3C NMR spectrum of compounds 3
appear in the downfield region at & 127.3-133.3 ppm. The signals of the carbon
atoms of the C=0 and C=S groups in compound 1 are observed at  181.3 ppm
and & 203.3 ppm, respectively. The signals for the C=0O carbon atoms in
compounds 2 and 3 appear at & 174.8, 178.0 and & 167.7, 177.6 ppm, respectively,
while the signal for the C=S carbon atom is located at & 204.2 and 203.0 ppm.

As a result of the laboratory experiment investigating growth-stimulating
activity, it was found that sodium dithiocarbamate 1 had a positive effect on the
growth and development of wheat seeds (Figure 1).
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Figure 1 — The effect of compound 1 on the germination
of wheat seeds at concentrations of 10-200 mg/I
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From the graph data (Figure 1), it can be observed that compound 1 exhibited
good activity on the germination of wheat seeds, with the concentration of the
solution influencing both germination energy and overall germination.

A high germination rate was achieved when treating with compound 1 at a
concentration of 100 mg/l, with laboratory germination of wheat reaching 90% on
the seventh and ninth days. For the standard substances, KN-2 and AN-16,
germination rates were 80% and 80%, respectively. Increasing the concentration
to 200 mg/l led to a decrease in seed germination and growth development, with
germination rates for the standards KN-2 and AN-16 dropping to 60%, and for
compound 1, to 80%.

The phytotoxic (herbicidal) activity of sodium 2-oxopyrrolidine-1-
carbodithioate (compound 1) was evaluated under laboratory conditions using the
seeds of Agrostis (bent grass) and Lactuca (lettuce). The results showed that at
concentrations ranging from 0.01 to 1 mg/ml, compound 1 did not exhibit
herbicidal activity on Agrostis seeds, but rather promoted intensive seed growth.
However, on Lactuca seeds, compound 1 at concentrations of 0.3 to 1 mg/ml
inhibited growth by 20%, in contrast to the standard herbicide 2.4-D, which
caused a 100% inhibition. At lower concentrations, compound 1 did not exhibit
any herbicidal activity (Table 1, Figure 2).

The results of phytotesting of wheat and barley seeds treated with
compounds 1-3 at concentrations of 0.001%, 0.01%, and 0.1% showed that in
most cases, the number of germinated seeds was comparable to the control and
standard groups (Figure 3, 4).

For wheat, at the concentrations of compounds 1-3, the germination energy
on the 3rd day ranged from 93.3% to 97.3%, and the laboratory germination
ranged from 93.3% to 98%, compared to the control (95.3%) and the TMTD
standard (91.3% and 96.0%). The damage caused by phytopathogenic fungi to
wheat seeds in the control group (without treatment) was 100%. However, when
compounds 1-3 were applied at concentrations of 0.001-0.1%, seed infection was
reduced to 12.6%-26%, while the TMTD standard resulted in a 0.6% infection
rate.

Table 1 - Herbicidal activity of standard 2.4 D and compound 1 at concentrations of 0.01-1 mg/ml

Variants Concentration, mg/ml Inhibition of Agrostis Inhibition of lettuce
bentgrass seeds, % seeds Latuc, %
2.4 D (standard) 0.01 20 80
0.03 40 80
0.1 60 100
0.3 60 100
0.5 80 100
1 100 100
Compound 1 0.01 0 0
0.03 0 20
0.1 0 0
0.3 0 20
0.5 0 20
1 0 20
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Standard 2.4 D (0.01-1 mg/ml) Compound 1 (0.01-1 mg/ml)
Agrostis (Bentgrass) seeds

Standard 2.4 D (0.01-1 mg/ml) Compound 1 (0.01-1 mg/ml)
Latuc seeds (lettuce)

Figure 2 — Herbicidal activity of standard 2.4 D and compound 1 at concentrations of 0.01-1 mg/ml on
seeds of Agrostis (bent grass) and Latuc (lettuce).
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Figure 3 — The effectiveness of treatment with compounds 1-3 on the sowing qualities and microflora
of wheat seeds at a concentration of 0.001-0.1%.
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In all experimental variants, both the germination energy and laboratory
germination were higher than those in the control and standard groups.
Additionally, a decrease in fungal and bacterial microflora in barley seeds was
observed. Regarding mold fungi (such as Mucor, Alternaria, Penicillium), the
highest percentage of damage was observed in the control group (77.3%), while
in the TMTD standard, the damage was 2.6%, and in the tested compounds 1-3,
the fungal damage ranged from 7.3% to 16%, respectively (Figure 4).
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Figure 4 — The effectiveness of treatment with compounds 1-3 on the sowing qualities and microflora
of barley seeds at a concentration of 0.001-0.1%.

As shown in Figure 4, compound 2 at a concentration of 0.01% exhibited
high laboratory germination of 100% in barley seeds, compared to the control
(92.0%) and the TMTD standard (94.6%). The number of affected seeds in
compound 2 treatment was 8.6%, whereas in the control (without treatment) it
was 73.3%, and with the TMTD standard, it was 2.6%.

4. Conclusion

As a result of the synthesis, a new N-heterocyclic dithiocarbamate and its
corresponding thioanhydrides of dithiocarbamic acids based on 2-oxopyrrolidine
were obtained. Their structures were confirmed by IR and 'H, *C NMR
spectroscopy. Laboratory screening demonstrated that the synthesized compounds
exhibited no phytotoxicity with respect to the sowing qualities of seeds; on the
contrary, they promoted the growth of plant shoots and roots. The study further
revealed that the heterocyclic thioanhydrides derived from 2-oxopyrrolidine-
based dithiocarbamate possess fungicidal activity and inhibit fungal and bacterial
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microflora. Notably, butyric 2-oxopyrrolidine-1-carbothioic thioanhydride
showed the highest laboratory germination rate for barley seeds at a concentration
of 0.01% (100%), with mold infection limited to 8.6%, compared to untreated
seeds (92.0% germination and 77.3% infection) and those treated with the TMTD
standard (94.6% germination and 2.6% infection).
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2-OKCOINUPPOJIUAUH HEI'T3IHJAETT JUTUOKAPBAMAT KOHE OHBIH
TUOAHI'MAPUATEPIHIH CUHTE3IL, K¥PbIJIbIMbI )KOHE OCY Il bIHTAJIAH/IBIPATBIH,
TFEPBULHUATIK )KOHE @ YHI'MUUATIK BEJICEHALIITTHIH BUOCKPUHUHI'T
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Tyitingeme. Kipicne. Jana THiMIi eciMIIKTep 6CYiH bIHTaIaHIBIPFBINTAD JKOHE OCIMIIKTEpai
KOpFayIblH XHUMHSUIBIK KYpaJIapblH i3/1ey Ka3ipri arpOXMMHSHBIH ©3eKTi MIHAeTi OonbIl Kama Oepesi.
JKYMBICTBIH Makcamyl 2-OKCONMUPPOIMIMH HETi3iHAe NUTHOKapOaMaTr >KOHE OHBIH THOAHTHAPHUATEPIH
CHHTE3/Iey KOHE OCIMIIKTEp OCyiH peTTerimrep, repounuarep MeH (DYHTHLUATEP PETiHIE ONapiblH
aneyerin  Oaramay. Homuoicenep oicone  mankwliay. — 2-OKCONMUPPOIMAMH  HETI3iHAE  HATpHil
JMTHOKAapOaMaThl, OHBIH OYyTHJI JXKoHEe OEH30H 2-OKCOMMPpONUAUH-1-KapOoTHO THOaHruapuarepi 84%,
88% xoHe 67% mbIFBIMMEH cuHTe3aei. CUHTE3[eNreH KOCBUIBICTApAbIH KYPBUIBIMBI 3JIEMEHTTIK
tannay, UK crekrpnepi, H sxone *C SMP crneKTpocKOMHSCH JIEPEKTEP] HETIZIHIE AHBIKTAIIBI.
CuHTe3/1eNnreH KOCBUTBICTAp/IbIH OCY /Il BIHTAIAHBIPFBIIL, TepOUIMATIK JKoHe PYHTUIMATIK OeICeHIiTiKKe
OacTankpl 3epTXaHANBIK CKPUHUHII Kypri3ingi. KopeimeinOwl. bupmait  TYKbIMBIH —HaTpuilt  2-
OKCONMPPOIUANH-1- KapOogutnoatbiMeH 100 Mr/n KOHIEHTpauUMsCHIHIA OHJECY OHYMIH >KOFaphl
KepceTKimTepiH, OakpulaymMeH canbicTolpranga 70% xxome KN-2 xxome AN-16 craHmapTTapbIMeH
oHIeyMeH caiblcTbipranaa 80%  3eprxaHanblK — eHrimTik  90%  KOFapbUIaFaHBIH — KOPCETTI.
OuToyBITTHUIBIKTEL Tangay HoTwkesepi 0.01-1 mr/mn koHuenTpamusaga 1 KocbuIbIc Agrostis skoHe
Lactuca TyKbIMIapbIHBIH TYKbIM ce0y camachlHa Tepic ocep eTIEeHTIHIH, KepiCiHIle KapKbIHObI ecyiHe
pIKIan eTeTiHiH kepcerti. COHBIMEH Kartap, HATpuil AWTHOKapOamaThl JKOHE OHBIH THOAHTHIPHIATEPI
terpamerunTuypamancyiabun (TMTJ]) cranmapTeiMeH caibiCThIpFaHia (QYHTHIUATIK OeICceHIiTiK
KepcerTi. OmnmenmereH  Oakputayna  Oupjaii  MeH  aprma  TYKBIMIAPBIHBIH  (puTOmaToreHai
caHpIpayKyJlaKTapMeH 3aKbIMIaHy JeHredi codkecinme 100% sxone 77.3% xypamsl. An TMT]]
naiigananran kezne 0.4% sxome 2.6% Oonca, 0.001-0.1% xoHueHTpanusiceiHaa 1-3 KOCBUIBICTAPMEH
eHey Ounait yurin 12.6-26% xone apma yurin 7.3-16% neliid 3akbIMIaHy ACHTeiliH TOMEHACTTI.

Tyiiin ce31ep: 2-0KCONMUPPOIHINH, TUTHOKAPOAMAT, THOAHTHAPUITED, OCY/Ii BIHTAIAHIBIPATHIH,
TrepOUIHMATIK XKoHEe QYHTHIIUATIK OeCeHATIK.
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CHUHTE3, CTPYKTYPA U BAOCKPUHUHI POCTCTUMYJIMPYIOIIEA, TEPBULIATHOMN
A OYHIr'HUUAHOU AKTUBHOCTHU JUTUOKAPBAMATA U EI'O THOAHI'MAPUIOB HA
OCHOBE 2-OKCOIIUPPOJIMJITUHA
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Pe3tome. Bseoenue. Tlonck HOBBIX 3((GEKTUBHBIX CTUMYIIATOPOB POCTA PACTCHUI U XUMHUYECKHUX CPEICTB
3alUThl PACTCHHH OCTACTCsl aKTyaJbHOW 3afadell COBPEMEHHOW arpoXumuu. [lenvio OanHOU pabomsi
SBIISUICS. CHHTE3 JUTHOKapOamaTa M ero THOAHTHIPHIOB HAa OCHOBE 2-OKCONMPPOJIMIMHA M OLICHKA HX
MOTEHIMalla B KaueCTBE PEryISTOPOB POCTa PACTCHHI, repOUIUIOB M (QYHIMIUIOB. Pesyrvmamel u
o6cydcoenue. CHHTE3UPOBAaHBI JUTHOKapOaMaT HATPUsl Ha OCHOBE 2-OKCOMUPPOJIMINHA, €ro OyTHIIOBBIH
n OCH30MHBIH 2-0KCOMUPPOIUANH-1-KapOOTHOEBbIE THOAHTMAPHUIBI ¢ Bbixogamu 84%, 88% u 67%,
cOOTBETCTBEHHO. CTpPOCHHME CHHTE3MPOBAHHBIX COCIMHCHMII YCTAaHOBJICHO HA OCHOBAHMH JAHHBIX
snemenTHoro amanusa, MK croekrpos, crnekrpockonuu SIMP 'H u *°C. TlposemeH nepBHuHbIH
71a00PaTOPHBI CKPUHUHI CHHTE3HPOBAHHBIX COCAMHEHMH HA POCTCTUMYJIHPYIOLIYIO, TepOULMAHYI0 U
(GYHTMLMIHYIO aKTMBHOCTb. 3axmouenue. Bblcokue IokasaTend NpopacTaHHs HAOIIOJANIUCh IIPU
00paboTKe CeMSH IIICHUIIBI 2-0KCOMUPPONIHINH-1-kapOoUTHOATOM HAaTpUs B KOoHIEeHTpanuu 100 mr/i,
yto npuBeno K 90% nabopaTtopHoit BcxoxecTu 1o cpaBHenuio ¢ 70% B kontpoie u 80% npu o6padoTkax
crangapramu KN-2 1 AN-16. AHanu3 GUTOTOKCHYHOCTH TOKa3all, YTO COeJUHEHHE | B KOHIIEHTpALUIX
0.01-1 mr/mn He OKa3bIBaeT OTPULIATEIILHOTO BIMSHUS Ha MOCEBHbIE KauecTBa ceMsiH Agrostis u Lactuca,
a Hao0OpOT CIOCOOCTBYeT HMHTCHCHBHOMY pocTy. Kpome Toro, murmokapbamar HATpus U €ro
THOAHTUIPUIBl  TNPOSBUIM  (DYHTHIMAHYIO  aKTHBHOCTb,  CONOCTABUMYIO  CO  CTaHIApTOM
terpameruntuypamaucyiabun  (TMT). VYpoBeHp 3apakeHHs CeMsH IMIICHHIBI M  SYMEHS
¢uronaroreHHsIMH rpubamu B HeoOpaboTaHHOM KoHTposie coctaBust 100% u 77,3%, cOOTBETCTBEHHO.
Tornaa kak, o0padotka coenuHeHusmu 1-3 B konnentpamuu 0.001-0.1% cHu3MIIA ypOBEHD 3apakeHUsl 10
12.6-26% nns menuisl u 7.3-16% pist sumens no cpaBHenuto ¢ 0.4% u 2.6% mpu MCHONB30BaHUH
TMTU.
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SELF-PROPAGATING HIGH TEMPERATURE SYNTHESIS OF
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Abstract. Introduction This research work is aimed at developing (establishing) an effective
method for synthesizing nitinol alloy (Ni — Ti), a shape memory material using the self-propelled high-
temperature synthesis (SHS) process. The synthesis was performed using condensed mixtures composed
of titanium dioxide (TiO:), nickel oxide (NiO), and magnesium (Mg), where magnesium served as a
reducing agent. The mass fraction of magnesium was varied between 25% and 45% to determine its
impact on combustion characteristics. The results showed that the highest combustion temperature
reached 1845°C, with a peak propagation velocity of 9.0 mm/s, demonstrating the system’s strong
exothermic nature. Thermogravimetric analysis revealed activation energies of 379.66 kJ/mol and 366.44
kJ/mol as calculated using the Kissinger and Ozawa methods, respectively. These values confirm the
thermodynamic feasibility of the SHS reaction. X-ray diffraction (XRD) analysis identified the presence
of multiple phases, including TiNi, MgO, and Mg.TiO., indicating simultaneous reduction and
intermetallic formation. Scanning electron microscopy (SEM) revealed a porous microstructure with pore
sizes in the range of 50-200 nm, suggesting the suitability of the material for biomedical and sensor
applications. Overall, the research confirms that SHS offers a promising pathway to synthesize porous
NiTi alloys directly from metal oxides, reducing costs and avoiding complex vacuum-based melting
techniques traditionally required in nitinol production.

Keywords: shape memory alloy, self-propagating high-temperature synthesis (SHS), nitinol (Ni-
Ti), magnetothermal reduction, porous structure.
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1. Introduction

Shape Memory Alloys (SMAs) are functional materials with unique
properties, and Ni-Ti alloys are among the most widely studied [1]. These
materials undergo a martensitic thermoelastic transformation, during which
changes in the relative positions of atoms in the crystal lattice occur through
coordinated atomic movements. Displacements between neighboring atoms are
small compared to interatomic distances. Such materials can 'remember' their
original shape after being heated to high temperatures, and upon cooling to room
temperature, they can be deformed and recover their original shape when reheated
above 40°C. Unique properties such as exceptional flexibility and elasticity
enable these materials to be widely used in medicine, aerospace engineering,
robotics, space technology, and other fields [2]. The corrosion resistance, high
mechanical strength, and biocompatibility of Ni-Ti alloys make them suitable for
applications ranging from dental implants to cardiovascular devices [3,4].

In recent years, the fabrication of Ni-Ti alloys with a porous structure has
become a significant focus of scientific research [5,6]. The unique properties of
porous Ni-Ti alloys are attributed to their similarity to the natural bone structure.
Such a structure supports cell metabolism and growth, a significant advantage for
biomedical implants. Consequently, porous Ni-Ti alloys are used in orthopedics,
trauma, and surgery. They are applied to produce artificial organs, bone fixators,
and cardiovascular stents [7,8].

Various technologies based on powder metallurgy processes are used to
synthesize porous Nitinol. Due to the high reactivity of nickel and titanium,
melting processes are typically carried out under vacuum conditions. Among
standard casting methods, vacuum induction, arc melting, electron beam melting,
and plasma arc melting are widely used [9,10]. However, the need to operate in a
vacuum environment and the high energy consumption of these methods
significantly increase production costs. Today, one of the most efficient methods
for obtaining Nitinol is Self-propagating High-temperature Synthesis (SHS)
[11,12]. This method is attractive due to its relatively low cost, accessibility, and
ability to produce highly porous materials. The SHS process typically involves
homogenizing an equimolar mixture of titanium and nickel powders, compacting
the mixture, and igniting the compact [13].

Many researchers have investigated the formation of Nitinol solid solutions
by melting pure metals at high temperatures in synthesizing porous Ni-Ti alloys.
However, the use of pure metals increases the overall cost of nitinol. Therefore,
the main advantage of this study lies in the simultaneous synthesis of nitinol from
metal oxides using the SHS method based on magnesiothermic reduction and in
evaluating the efficiency of this synthesis approach.

2. Experimental Part

2.1. Materials

Magnesium powder (Sigma-Aldrich) was purchased as one of the initial
components. Its active metal content was 99%. It was used as a reducing agent for
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metal oxides. Nickel monoxide powder (GOST TU 6-09-4125-7580) was used to
synthesize nickel. Titanium dioxide (GOST 9808-84) was used to synthesize
titanium.

2.2. Preparation of samples from condensed mixtures based on TiO; + NiO
+ Mg

The initial components were weighed in various ratios and mixed using a ball
mill to prepare a compacted mixture. The compacted mixture was then pressed
using a press apparatus with a cylindrical mold to form cylindrical samples with a
diameter of 20 mm and a height of 20 mm, applying a force of 100 kN.

2.3. Study of the burning kinetics of TiO: + NiO + Mg - based condensed
mixtures

A cylindrical pressed sample (20x20 mm) is initiated by applying a 20 V
voltage from a power source, using a spherical initiator. The burning process of
the compacted mixture was recorded using a high-speed camera (Video camera
Nikon 1SB-N5, 31 December 2012), and the burning rate was calculated. The
burning temperature was measured using an infrared pyrometer (Kelvin PLC
2300, 02 February 2022). For each composition, the burning process was repeated
three times.

2.4. Research Instruments

The morphology and elemental composition of the synthesized Ni-Ti alloy
powder were determined using a Quanta 200i 3D scanning electron microscope
(SEM) (FEI Company, Hillsboro, OR, USA). The phase composition of the
synthesized products was analyzed using a Bruker D8 Advance diffractometer
(Billerica, MA, USA) with CuKa radiation (40 kV, 40 mA). The thermal
decomposition of the initial compacted mixture was studied using a BAXIT
thermogravimetric analyzer (BXT-TGA-103) at various heating rates (°C/min).

3. Results and discussion
3.1. Burning mechanism of a condensed mixture based on TiO> + NiO + Mg
The cylindrical samples were ignited in an atmospheric environment using an
open flame. The combustion cinegram of the self-propagating high-temperature
synthesis process is shown in Figure 1.

Figure 1 — Burning cinegram of a condensed mixture based on TiO2 + NiO + Mg

Figure 1 shows that the condensed mixture based on TiO2 + NiO + Mg was
completely combusted through the SHS method with a uniformly propagating
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burning front. The synthesis process's burning temperature and velocity were
measured and calculated. For the TiO2 + NiO + Mg system, various ratios of the
initial components were used, and the graph illustrating the correlation between
the magnesium mass fraction and the burning temperature is presented in Figure
2.
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Figure 2 — Graph of the dependence of the burning temperature of a condensed mixture based
on TiOz + NiO + Mg on the mass fraction of magnesium.

According to the combustion temperature graph, as the mass fraction of
magnesium increases from 25% to 40%, the combustion temperature also rises, as
there is a sufficient amount of reducing agent to drive the reaction in the system.
However, when the amount of reducing agent exceeds 40%, the excess
magnesium does not participate fully in the response, leading to a limited increase
in temperature or a slight decrease. This may be due to the interaction of residual
reactants' heat absorption capacity in exothermic reactions. In addition, the linear
combustion velocity of the compacted mixture based on TiO2 + NiO + Mg was
calculated based on video recordings captured with a high-speed video camera.
As the mass fraction of magnesium increased, the combustion velocity
consistently rose, reaching a maximum value of 9.0 mm/s. However, at 45% Mg,
the combustion velocity slightly decreased to 8.2 mm/s, indicating that excess Mg
does not fully participate in the combustion, instead absorbing heat and slowing
down the process.

3.2. Thermodynamics of the system TiO, + NiO + Mg

The TiO2 + NiO + Mg-based system is an effective compacted composition
for self-propagating high-temperature synthesis. This system is based on the

125



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

strong reducing properties of Mg and the formation of reaction products — NiTi
intermetallic and MgO.

TiO,+ NiO + 3Mg — NiTi + 3MgO (1)

The compacted mixture's activation energy (Ea) based on this reaction is
crucial for calculating the combustion characteristics of the compacted mixture.
The Kissinger and Ozawa methods are commonly used in Ea calculations, as they
do not require knowledge of the reaction order or reaction models [14-15]. The
following equation is proposed for calculating E, according to the Kissinger
method:

Eq _ dIn(BTy?)

where E; is the activation energy; T, is the highest temperature of thermal
decomposition of the DTA curve; R is the universal gas constant; and B is the
heating rate. These methods study the activation energy of high-energy density
materials and compacted mixtures [16]. Therefore, in this research, calculating the
Ea value through the Kissinger and Ozawa methods is essential for investigating
the combustion mechanism of the TiO: + NiO + Mg-based compacted mixture.

The temperature-dependent mass loss behavior of the TiO. + NiO + Mg-
based condensed composition at different heating rates is presented in Figure 3.
Based on the onset temperatures of mass loss, the activation energy was
calculated using various methods.

100 5 °C/min

—— 10 °C/min
—— 15 °C/min
20 °C/min|

95 |-

80 |-

450 500 550 600 650 700
Temperature, °C

Figure 3 - Thermogravimetric analysis of TiO2 + NiO + Mg-based compacted mixture
According to the results shown in Figure 3, mass loss occurred in the

temperature range of 530 °C to 550 °C. This temperature range corresponds to the
ignition of the condensed composition.
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Figure 4 shows the dependency plots of In(B/T5 %) and Tp *for the activation
energy calculation of the TiO. + NiO + Mg-based compacted mixture using the
Kissinger (a) and Ozawa (b) methods. These relationships show nearly straight
lines for each compacted mixture. The Ea values calculated using the Kissinger
method were determined to be 379.66 kJ/mol for the compacted mix, while the Ea
values computed using the Ozawa method were 366.44 kJ/mol. The Ea values
calculated by the relatively different methods were very close.

(a) 7= 36.021I(x) = 1 3947

35
b s (b) I5 z a:r:.\‘, F

In(p/T2)

In(ff)

2o i

T3 TS I ) T 124 1.245 S e S
1000/(273.15 + Twax"2)

124 1245 124

1225 123 1235
1000/(273.15 + Tyax)

Figure 4 — Kissinger (a) and Ozawa (b) plots of an TiOz + NiO + Mg-based condensed mixture

The activation energies of the condensed mixture at different heating rates
were calculated using the Kissinger (EK) and Ozawa (Ea) methods. The calculated
results are shown in Table 1.

Table 1 — Activation energy of a condensed mixture based on TiO2 + NiO + Mg

. p (Heating Rate, E./(kd/mol) 5 EJ/(kJ/mol) 2
Reactive Fuels °C/min) To °C Kissinger’s Method R Ozawa’s Method R
5 530.5
. . 10 537.3
TiO2 + NiO + Mg 15 5417 365.15 0.93 366.44 0.93
20 550.3

The activation energy results calculated using the Kissinger and Ozawa
methods showed relatively close values. However, these values indicate that the
burning process of the TiO. + NiO + Mg system requires significant energy, but
once ignited, the reaction proceeds steadily at high temperatures.

3.3. Composition and morphology of synthesis products of the TiO, + NiO +
Mg system

When the TiO. + NiO + Mg system is synthesized using the SHS method,
high-temperature exothermic reactions result in the formation of metallic nickel,
titanium, and their intermetallic compounds (e.g., NiTi, NisTi) [17]. In this
process, magnesium acts as a potent reducing agent, binding the oxygen in TiO:
and NiO, making the reaction thermodynamically efficient. The obtained
products' phase composition depends on the ratio of the starting components and
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synthesis parameters. The phase composition of the synthesis products is shown
in Figure 5.
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Figure 5 — Results of the phase composition of the burning products of a condensed mixture
based on TiO2 + NiO + Mg

According to the XRD analysis results, the products obtained via the SHS
method exhibit a multiphase structure, where the main phases identified are MgO,
TiNi, and Mg:TiO4. This indicates that simultaneous reduction, intermetallic
compound formation, and complex titanate formation occur concurrently. It was
determined that the synthesized products' structural complexity and phase
composition directly depend on the initial component ratios and synthesis
parameters (temperature, pressure, and time). Additionally, the morphology of the
product synthesized by the SHS method is shown in Figure 6.

Figure 6 — SEM analysis results of the TiO2 + NiO + Mg system after the SHS process.
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SEM analysis of the synthesized products of the TiO2. + NiO + Mg system
after the SHS process revealed a complex microstructure (Figure 5). Based on the
conducted analyses, the morphology of the product was found to consist of a
heterogeneous mixture of microcrystalline and nanostructured particles. The
surface structure shows visible porosity, which may positively influence the
catalytic activity of the material by forming favorable channels for gas diffusion.
In the porous regions, the pore diameters range from approximately 50 to 200 nm,
corresponding to a mesoporous structure. Overall, the obtained morphological and
quantitative characteristics indicate not only the structural complexity of the
material but also its functional potential. Such microstructures are of great interest
for applications in high-temperature catalysis, sensor devices, energy storage
systems, and shape memory alloys.

4. Conclusion

This study demonstrated the feasibility of efficiently synthesizing shape
memory NiTi (nitinol) alloy via self-propagating high-temperature synthesis
(SHS) based on the TiO2 + NiO + Mg system. Magnesium acted as a reducing
agent, creating favorable conditions for synthesizing intermetallic compounds
from metal oxides. It was found that the combustion temperature and propagation
rate depend on the ratio of the initial components: as the magnesium content
increased, the intensity of the reaction also increased. The activation energy
calculated using the Kissinger and Ozawa methods ranged from approximately
365 to 380 kJ/mol, indicating the energetic efficiency of the system. Phase
composition analysis revealed that the synthesized product is multiphase (MgO,
TiNi, Mg.TiO4), confirming that complex chemical processes occur during the
synthesis. SEM microscopy showed a highly porous, microcrystalline structure,
making the material promising for biomedical implants, high-temperature
catalysts, and sensor systems as a shape memory alloy. Overall, the SHS method
is a cost-effective, accessible, and environmentally friendly alternative technology
for synthesizing complex materials such as nitinol from metal oxides.

MIUTHAI ECTE-CAKTAWTBIH TUTAH-HUKEJIb KOPBITITAJIAPBIHBIH ©3IITTHEH
TAPAJIATBIH )KOFAPbI TEMIIEPATYPAJIBIK CUHTE3I

H.Baamapéoex'™, K.Kamynyp'?, IO. Onypanon®

'On-Dapabu ameindaser Kazax ¥nmmoix Yuusepcumemi, Anmamol, Kazaxcman
2Kany Ipobremanaper uncmumymot, Anmamel, Kazaxcman

8 Cmambyn mexnuxanvix, Ynusepcumemi, Cmambya, Typyus

*E-mail: B.nurka@mail.ru

Tyiiingeme: Kipicne. ByJl FbUIBIMH-3epTTEY JKYMBICHI ©3MIIHEH TapaJaThlH JKOFApbl TEMIIEPATYPAIIBIK
cunte3 (OXKC) mpoueci naiijanana OTBHIPHIN, MILIIHAI €CTe CAaKTaWTBIH MaTepuan OOJbIN TaObLIATHIH
HUTHHON KopbiTrackH (Ni—Ti) cuHTe3aeyAiH THIMII oMiCiH a3ipieyre OarbiTtanrad. CHHTE3 YIIIH TUTaH
muokeuni (TiO:2), nuxens oxeuni (NiO) sxone maruui (Mg) HeriziHIeri KOHIEHCHpPJIEHIeH Kocranap
MaiIanaHbUIIbl, MYHIa MarHUM TOTBIKCBI3JAHIBIPFBINI PETIHIC KOJIAHBUIABL. MarHuiiiH MaccaibIK
yneci 25%-nan 45%-ra neilin e3repTiiin, OHBIH jKaHy MPOLECIHIH TeMIepaTypachl MEH JKbUIIaM/IbIFbIHA
acepi 3eprrenai. Hotmxkecinae xany temmneparypackl 1845 °C-xa neifin jkeTim, jxaHy Kbuinamasisl 9.0
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MM/C MOHIHE HWe Oonipl, Oy KOCIaHBIH J>KOFapbl SK30TEPMHUSUIBIK pEaKLUsl KaOUIeTiH KOpCeTTi.
TepmorpaBUMeTpHsUIBIK Tanyiay HoTkeciHae Kuccuumkep xoHe O3aBa oxicTepi OOWBIHIIA aKTUBTEHY
sHeprusickl THiciHme 379.66 k/Dx/Monb xoHe 366.44 k/DK/MOJB LIaMachiHIA aHBIKTAIABL. by
KOPCETKIIITEp KYHEHIH TePMOIMHAMUKAIBIK TYPFBIIAH THIMAI €KeHiH pactaijibl. PeHTreHmik (a3zanbik
tanpay (POT) HoTmkenepi cuHTe3/eNreH oHIMHIH Herisri (asanapsl peringe TiNi, MgO sxone Mg.TiOa
KOCBUIBICTapbIHBIH TY3UITCHIH KOPCETTI, Oy MeTaul OKCUATEPIiHIH Oip Me3rinje TOTHIKCHI3AaHYbl MEH
HHTEPMETAN/IBIK KOCBUIBICTAPABIH TY31Tyi KYpeTiHiH nonenaeiai. CkaHepIi IeKTPOHABIK MUKPOCKOIHS
(COM) notmwxkenepi MarepuanabiH 50-200 HM apanbIFbIHAAFBl KEyeKTepre ue Kypaedi KYpbUIBIMBIH
aHBIKTa/Ibl, OYJ1 OHbI OMOMEMIIMHA MEH CEHCOPJIBIK KYPbUIFbUIAp/a KOJJIaHyFa JIAWBIKTBI eTeai. JKammsl
anraHna, Oyn 3eprrey OXC oxici apkbpuibl MeTama OKCHUATEPIHEH TikeNeH KeyeKTi HUTHHON ally
MYMKIHJITIH pacTaiipl JKoHE NIOCTYpJi BaKyyMJIBIK OalKbITy omicTepiHe Oajnama peTiHae eHIipic
LIBIFBIHBIH Q3aHTATBIH TEXHOJIOTHSUIBIK JKOJI YCHIHA/IBL.

Tyiiin ce3mep: ITinmiHzi *xa(bp! KOPHITIACH, ©3/IriHEH TapallaThIH JKOFaphl TeMIepaTypaisl cuares (SHS),
HUTUHON (Ni-T1i), MArHUTOTEPMUSUIBIK TOTHIKCHI3aHY, KEYEKTi KYPBUIBIM.
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Pe3tome. Bseoenue. JlaHHas HccleoBaTeNbcKas paboTa HalpaBlieHa Ha pa3paboTky 3¢¢eKTHBHOro
MeToza cuHTe3a ciutaBa HuTHHONA (Ni — Ti), MaTeprana ¢ mamMaTbi0 GOPMEI C HCIIOIB30BaHUEM IIPOIIECCa
CaMOXORHOro  BbIcOKoTemmepaTypHoro  cuHtesa (CBC). [lns  cHHTe3a  HCIOJIb30BAIHCH
KOHJIGHCUPOBaHHbIE CMecH Ha ocHoBe auokcupaa tutana (TiO:z), okcuna nHukens (NiO) n marnus (Mg),
IJie MarHHl HCIIONIB30BANICSA B Ka4eCTBE BOCCTAHOBUTENA. MaccoBas 1oy MarHus ObLIa H3MeHeHa ¢ 25%
10 45%, n ObUIO U3YYEHO €ro BIMSHHE Ha TEMIEpaTypy M CKOPOCTb Ipoliecca ropenus. B pesynbrare
TemrepaTtypa ropenus nocturia 1845 °C, a ckopocts ropeHus cocraBmia 9.0 MM/c, 4TO CBHIETENBCTBYET
0 BBICOKOH CIIOCOOHOCTH CMECH K BK30TEPMHYCCKOI peakIuy. B pesynbrate TepMOrpaBHMETPHYCCKOTO
aHaM3a dHeprus akTuBauuu meromamu Kuccunmkepa u On3aBbl OblTa omnpenerneHa B mpenenax 379.66
k/x/Monp U 366.44 kJDK/MONIb COOTBETCTBEHHO. OTH TOKa3aTelnd IOATBEPXKIAIOT, YTO CHCTEMa
TepMoarHaMuuecku dddexTuBHa. Pesynbrartel pentrenodasHoro ananmza (PPA) nokaszamu, 4ro B
KayecTBe OCHOBHBIX (a3 CHHTE3MPyeMOro Ipomykra obpasyrorcst coenuueHnst TiNi, MgO n Mg.TiOs,
YTO JOKA3bIBAET, YTO MPOUCXOIUT OTHOBPEMEHHOE BOCCTAHOBJICHHE OKCHJIOB METAIOB H 00pa3oBaHUE
HHTEPMETAIUINYECKUX COCOUHEHUH. Pe3ynbTaThl ckaHHpYOLEH 5J1eKTpoHHON Mukpockornnu (COM)
BBISIBUJIM CJIOJKHYIO CTPYKTYpy MaTepuana ¢ mopamu pasmepoMm oT 50 mo 200 HM, 4TO JenaeTr ero
MOAXONSAIMM U HCHONb30BaHHA B OHOMEIMIMHE U CEHCOPHBIX YCTpoiicTBax. B memom, 310
HCClIeJOBaHUE IOATBEPKIAET BO3MOJKHOCTh IIOMy4YEHMS HENOCPEACTBEHHO INOPUCTOTO HUTUHONA H3
okcuaoB MeTauioB MerogoM CBC u mpeanaraeT TEXHOJNOTMYECKHIT IyTh, KOTOPBI CHIKAeT
IIPOM3BOJICTBCHHEIC 3aTPaThl B KAYECTBE AIbTCPHATHBBI TPAINIIUOHHBIM METO/IaM BaKyyMHOM INIABKH.

KmoyeBble ci0Ba: ciiaB ¢ maMATbIO (OPMBI, CaMOPACIPOCTPAHSIOMIUNCA BBICOKOTEMIIEPATYPHBIH
cunre3 (CBC), uutnnon (Ni-Ti), MArHUTOTepMHYECKOE BOCCTAHOBJICHUE, IOPHCTast CTPYKTYpA.
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[TpaBuia oopmiteHHs cTaTell B )KypHae
«XUMHMYECKHUH )KYPHAJ KASAXCTAHA»

1. OBIIME IMOJOXKXEHUSA

Kypnan «Xumudeckuii xxypran Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BBITTycKaeTcst opaeHa TpymoBoro KpacHoro 3namenn AO «MHCTUTYTOM XUMUYECKHX
Hayk uM. A.b. bektypoBa» 4 paza B rom u myOJHKyeT pabOTHI IO HMIMPOKOMY KPYTY
(hyHIaMEHTAIBHBIX, IPUKIAJAHBIX 1 HHHOBAIIMOHHBIX MCCJICIOBAHUI B 001aCTH XUMHU H
XUMHUYECKOU TEXHOJIOTHH.

SI3pIkM MyOJMUKAIMK: Ka3aXCKUW, PYCCKUM, aHTMUACKHUM. JKypHal HHICKCHPYeTCs
KazaxcTraHckoil OMOIMOMETpUUYECKOW CHCTeMOW W BKIOYeH B IlepedeHp u3maHui,
pexomeHayeMblx KoMuTeToM 1O KOHTpoimro B chepe o00pa3oBaHUS U HAYKU
MunucrepctBa o0Opa3oBaHusi W Hayku PecmyOmuku Kaszaxcran mis  myOnukaiuu
OCHOBHBIX PE3YJITATOB HAYYHOH EATETHHOCTH.

W3nanue umeeT Clieayolue pyopuKu:

1. OO63o0pHbIe cTaThby 10 20 TMeYaTHBIX CTPAHUI]

2. OpuruHanbHbIe cTaTh (10 8—10 MeYaTHBIX CTPAHUIY)
3. Kpatkue coobmienuns (10 4—5 meyaTHbIX CTPaHHII)

2. IPEJCTABJIEHUE CTATER

Pepakiyst mpuHUMaeT CTaThi OT Ka3aXCTAaHCKHUX M 3apyOeKHBIX aBTOPOB. B memsx
noryssipu3anuy JKypHana, peaakiMOHHOM KOJUIerneil NpUBETCTBYETCS IIPUEM CTaTel Ha
AHTJIMICKOM SI3BIKE.

s permcTpanuu M NMyOJHMKAIUU CTATHH MaTepHal CTaTbU MPEACTAaBISIETCS B
pelaKIMIoO dYepe3 CHCTeMy JJIEKTPOHHOM Tmojadd cratbl Ha caiite JKypHana
(https://www.chemjournal.kz/) B komIuiekTe co CleayOMUMHI JOKYMEHTaMU:

1. DnexrponHas Bepcus cratbu B popmarax Word u PDF co BcTpoeHHBIMH B TEKCT
Ta0JIUIIaMH, CXeMaMH, PUCYHKaMH ((aily moipkeH OBITh Ha3BaH MO (aMIIIUK TIEPBOTO
aBTOpA HA AHTIMHCKOM SI3BIKE).

2. CompoBoanTENBbHOE MMHCHEMO, aJpecoBaHHOe B Pepakunio XUMHUYECKOTO KypHaia
Kazaxcrana oT opraHuzamuy, B KOTOPOW J[aHHOE WCCIICOBAHHE BBIIIOJHEHO, C
YTBEPXkKAECHUEM, YTO MaTepHal PYKONHCH HHI/IE He IyOJIMKOBAiCs, HE HAXOAWTCS Ha
paccMOTpeHHMH Uil ONMyOJIMKOBaHWS B JAPYTMX JKypHalaX M B Marepuajax CTaTbH
OTCYTCTBYIOT CEKpPETHBIE JJaHHbIE. B COMPOBOAUTENFHOM MUCHME YKA3bIBAIOTCS CBEJCHUS
00 aBTope /It KoppecnoHaeHunu: damMuins, UM U OTYECTBO aBTOpa, CIy)KEOHBIN ajpec
C yKa3aHHEM MOYTOBOT'O MHJIEKCA, aJjpec AMeKTPOHHOI mouTsl, Tenedon u ORCID.

3. Bce crarbu, ony6nukoBaHHbIe B XUMuueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myGmukyrorcst B OTKpeITOM poctyre. UToObl obecneduTh
CBOOOAHBIN JIOCTYH 4YHTaTEeIIM M MOKPBITH pPACXOJbl HA OKCIEPTHYIO OICHKY,
pEIaKTUPOBAaHUE, MOJJCPKAHUE CalTa >XypHaJla, JOJITOCPOYHOE AaPXMBHPOBAHUE W
BEJCHHE KypHalla, B3WMaeTcs IulaTa 3a o0pabotky crareu. IlpaBuma ommatel 3a
oIyOJIMKOBaHKE TIPHHATOMN K [I€YaTH CTaThU HAXOAATCS B OTACIBHOM JIOKYMEHTE Ha caiite
Kypnana «Ormnara 3a ormyOIMKOBaHHE).

4. CraTbe IpUCBauBAETCs PETHCTPAIIMOHHBIA HOMEP, KOTOPBIH COOOIIAeTCs aBTOpamM
B TE€UCHUE HEJIENIU MOCie MOMyueHHUs YKa3aHHOTO MEepedHs JOKYMEHTOB; Ha 3TOT HOMEp
HEOOXOMMO CChUIATHCS MPHU TEPEIHCKE.
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5. TlpuHATBIM K II€YaTH CTaThsM IIPUCBAMBACTCS IU(PPOBOH HIACHTH(PHKATOD
(DigitalObjectldentifier — DOI).

6. YuuTbhiBasi HEBO3MOXXHOCTh TPOBOJUTH CTAaThU Ha Ka3axCKOM SI3bIKE 4Yepes
CHUCTEMY aHTHILIaruat, OyAyT YYHUTBHIBATHCS (POPMYJIHMPOBKU DPEILECH3CHTOB M PEIICHHE
HU3J1aTCIbCKOM KOJIJIETHH.

7. CTaTh¥ TOKHBI OBITH O(OPMIICHBI COTJIACHO IIA0JIOHY, KOTOPBIA MOYKHO CKa4yaTh
B pazaene «OTnpaBka MaTepualioBy Ha caiite Xumuueckoro XKypnana Kazaxcrana.

3. CTPYKTYPA IYBJUKAIIAI

3.1. B Hayase 0030pOB, OPUIrHMHAJIbHBIX CTaTell W KPATKUX COOOUIeHMIl Ha
MIEPBOH CTPOKE YKa3bIBaeTCs HOMEpP 10 YHHBEPCAIBHOM MECATUYHOU KIacCH(PHKAINH
(VK wim UDC), cooTBETCTBYIONTHI 3asBJICHHOW Teme. J[aeTcst mponucHpIMA OyKBaMU B
BEPXHEM JIeBOM yIiy. Takxke Ha MNEpBOHl CTpOKE cHpaBa MNPOMHCHBIMH OyKBaMH
nonyxupHeiM mpudoM Ne 14 ykasbiBaeTcs Haspanme xypHana XMMHWUYECKHA
KYPHAJI KA3AXCTAHA (KA3AKCTAHHBIH XHWMUS JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), rox, HOMep.

3.2. anee yepe3 CTPOKY MPUBOAUTCS MEXAYHAPOTHBINA CTaHAAPTHBIM cepHaTbHBIN
Homep xypHana (ISSN 1813-1107, eISSN 2710-1185) u Ha cnenyromel cTpoke cieBa
npuBogurcsi DOIL: koTopblit OyseT nMeTh 3HaYeHUE MOCIIe IPUHSATHS CTAThU K ITEYaTH.

3.3. [Jlanee, mocie OTCTyIla CTPOKH YKa3bIBaeTCs 3arjiaBHe CTAThH IPOIMCHBIMHU
OykBamu, mpudt Ne 14 — momy>XupHBIH, BBIpaBHHBAaHHE TEKcTa Mo IeHTpy. HaszBanme
JOJDKHO MAaKCHMAaJbHO IIOJHO M TOYHO ONKCHIBATH COJEPXKAHHE CTaThH, BKIIOYATh
KITFOUEBBIE CIJIOBA, OTPAXKAIOLINE HAMIPABJICHUE H/UIM OCHOBHOW PE3yNbTaT MCCIEAO0BAHNUS,
HO B TO € BpPeMsI ObITh KOPOTKUM U SCHBIM U HE COZIEPKAaTh COKPAICHUI.

3.4. Jlanee, mocie OTCTyTa CTPOKH, YKa3bIBAIOTCSI HHMIHAJbI M haMuiIMM aBTopa(-
OB) CTPOYHBIMH OykBamu, IIpUMT Ne 12 Moy KUPHBIN, KypCHB, BRIPABHUBAHUE TEKCTA TI0
neHtpy. ®damwuims aBTOpa, C KOTOPBIM CJEIyeT BECTH IIEPENHCKY, IIOJDKHA OBITh
ormeueHa 3Be3foukoit (*): C.C. Camaesa*, A.M. /[»cyoananuesa.

3.5. Uepe3 ctpoky mmpudtom Ne 12, cTpouyHBIMH OyKBaMH, KYPCHBOM C
BBIPAaBHUBAaHMEM TEKCTa MO IIEHTPY CJIEAyI0OT HauMMeHOBaHHe(d) opraHusanmu(ii) C
yKa3aHWEeM YacTH Ha3BaHUS OpraHU3aluH, KOTOpas OTHOCUTCS K MOHSATHIO IOPHIHYECKOTO
muna (B aHTJIMHCKOM TEKCTe HEoOXOAMMO YKa3blBaTh O(UIMANBHO TPHHATHIN MEpeBOA
Ha3BaHMUs), TOPOJl, CTpaHa. B aHIrmiickoM BapHaHTe aJlpecHbIC CBEICHHS JOJIKHBI OBITH
TIPECTaBIICHbI Ha AHTJINICKOM SI3bIKE, B T.4. TOPOJ M CTPaHa.

Crpokn ¢ daMwimsIMH aBTOPOB U HA3BaHMSAMHM OpPraHM3alMi  COJEp)KaT
HaJCTPOYHBIE WHACKCH (mocie ¢GaMwink W Tepel Ha3BaHWEM OpraHu3aIlnu),
YKa3bIBAIOIIME HA MECTO pabOTHI aBTOPOB.

Ha cnenytoreit crpoke KypcuBHBIM HauepTanueM, mpudt Ne 12, ¢ BelpaBHUBaHHEM
TEKCTa 110 LEHTPY YKa3bIBACTCS AIEKTPOHHBIN afipec sl MePETHCKH.

3.6. Pe3rome (Abstract, Tyiiinmeme) cOCTOUT U3 KpaTKOro Tekcra (He Menee 150—
250 cnos, mpudt Ne 12) Ha s3bike crarthu. AbStract myGmukyercs B MEXAyHAPOIHBIX
0a3ax, JTaHHBIX B OTPBIBE OT OCHOBHOT'O TeKcTa. Pe3toMe J0KHO OBITH aBTOHOMHBIM, BCE
BBOJIMMBIE 0003HAUCHHMS M COKPALIEHHUsI HE0OX0ANMO pacmrdpoBarh 31ech XKe.

[TpuBercTBYeTCS CTPYKTYPHPOBAHHOE PE3IOME, TOBTOPSIONIEE CTPYKTYPY CTaTbu U
BKITIOYAIOIICE: BGedeHue, yeau U 3a0ayu, Memoobl, pe3yIbmamvl U 00CyxHcOoeHue,
3aKmouenue (8b1600bl). B TO e Bpems, IEenH U 3a/1a4 OMICHIBAIOTCS, €CIIM OHHU HE SCHBI
W3 3aryIaBUsl CTAaTbH, METOJBI CIEAYET ONMCHIBATh, ECIIM OHU OTJINYAIOTCS HOBH3HOW. B
pe3oMe BKJIFOYAIOTCS HOBBIE PE3YNBTATHI, MMEIOMINE JONTOCPOYHOE 3HAUCHUE, Ba’KHBIC
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OTKpBITHS, ONpPOBEpraioline CYLIECTBYIOIIME TEOPUH, a TaKKe JaHHbBIEC, HMEIOIIHe
mpakThHueckoe 3HaueHue. CremyeT HCIONB30BATh TEXHUYECKYIO  (CHEHHAIBHYIO)
TEPMHUHOJIOTHIO Ballled ANCIUTUINHEIL.

Pesrome maercst 6e3 a03amHOTO OTCTyIMa CTPOYHBIMH OYKBaMH; OHO HE OJDKHO
cofiepKaTh HOMepa COeTMHEHNH, 3KCIIepUMEHTAIbHBIC JaHHbBIC U CCHUTKM Ha JUTEpaTypy.
Pe31oMe TOBKO OJJHO — B HavYaJIe TEKCTA.

3.7. Jlanee Ha sA3bIKE CTaThM 0€3 a03aI[HOTO OTCTYIA CTPOYHBIMK OyKBaMH MIPHUHTOM
Ne 12, BrIpaBHHBaHHE TEKCTA IO JIEBOMY Kparo MPHUBOIATCS KJII0YeBble ¢JIoBa (0T 5 110
10 mt.), obecneurBaromye HanboJee MOJIHOE PACKPBITHE COJIEPKAHMS CTATHH.

3.8. B kpatkux coobdmenusx npuBoautcs pestome (150-200 cioB), kiarodeBbie
CJIOBa, HO JEJIEHUsI Ha pasjensl He TpeOyercs. [laeTcs TeKCT KpaTKoro COOOIIEHMs Ha
OJTHOM M3 TPeX SI3bIKOB C BBINOJIHEHHEM TpeboBanuii k Y JIK, Ha3BaHUIO cTaTby, MEPEYHIO
aBTOPOB, HAMEHOBAHUI OpraHn3alyii, B KOTOPBIX OHM PadOTAIOT, YKa3aHHUIO aBTOpa JUIs
MepenucKku. B Tekcre KpaTKOro cooOIIeHHS NPUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpeOylolue 3aKpelnjeHHsi TNPHOPUTeTa C HEOOXOANMBIMU
9KCIIEPUMEHTAIBPHBIMA  MOAPOOHOCTAMH.  3aTeM  CleAyloT:  uHpopMmMamus O
(bvHaHCHUpPOBaHWH, OJArOJAPHOCTH, CBEJCHUS O KOH(INKTEe WHTEpecoB, HHPopMAIUsI 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbss HayWHAETCS C BBedeHHs, B KOTOpoM (opmynupyeTrcs Leinb Hu
HEOOXOJANMOCTb TIPOBEACHUS UCCIIEOBAHMsI, KPATKO OCBEIIAETCS COCTOSIHUE BOIPOCa CO
CCBUTKaMM Ha HauOoJiee 3HAYMMBbIE MMyOIMKAIMU ¢ W30EraHueM CChUIOK Ha YCTapeBLINE
pe3yibrarbl. M3naratoTcsi OTKpPBITHS, CHENIaHHbIE B XOJle JaHHOTO MCCIIEAOBAHUS.
Yka3bIBaeTcsl CTPYKTypa CTaThH.

3.10. DkcnmepuMeHTAJbHAsi YacTh COJEPXKHUT OINMCAHWUE XOJa M Pe3yJbTaTOB
9KCIIEPUMEHTa, XapaKTEepPUCTHKY MOy YE€HHBIX COEIMHEHU. B Hayane
SKCIEPUMEHTAIIFHON  9acTW  NPUBOAATCS  HAa3BaHWs NPHOOPOB, Ha  KOTOPBIX
3apEerHCTPUPOBAHBl  (PM3UKO-XMMUYECKHE XapaKTEPUCTHKH BEIIECTB M YKa3bIBAIOTCS
YCIOBUSI W3MEPEHHS; TaKKE YKa3plBAalOTCA JIMOO HWCTOYHHWKH  HCHONB30BAaHHBIX
HETPUBHAIBHBIX PEAreHTOB (HAIIPUMEDP, KKOMMEPUECKHE MPETapaTsl, Ha3BaHUE (HUPMBD»),
700 AAIOTCS CCHUTKM HA METOANKHU MX MOTy4CHHUS.

Kaxnpiit maparpad SKCIEpUMEHTAJIbHOW YacTH, ONMUCHIBAIOLIMK  TONyYeHUE
KOHKPETHOTO COEIMHEHUs], JOJDKEH COJepKaThb €ro [MOJHOe HauMEHOBaHHE IO
Homenkinarype MIOITAK u ero mopsakoBbiii HOMep B cTathe. B MeTo/Mkax 00si3aTelbHO
yKa3blBaTh KOJMYECTBA PEarecHTOB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (s
KaTaJM3aTopoB — MAacCy M MOJIbHBIE IPOLIEHTHI), 00BEMBI pacTBopuTeneil. Meroauka
9KCIIEPUMEHTA U3JIaraeTcs B npouieduiemM BpeMeHH.

JIisi M3BECTHBIX BELIECTB, CHHTE3MPOBAHHBIX OIyOJIMKOBAHHBIM paHEe METO/OM,
HEOOXOJMMO TIPHBECTH CCBUIKY Ha JINTepaTypHbIe AaHHBIE. [l M3BECTHBIX BELIECTB,
MOJMY4YEHHBIX HOBBIMH WJIM MOJU(HUIMPOBAHHBIMA  METOAAMH, JIOJDKHBI  OBITH
MIPEACTAaBICHBI NX (PU3NUECKHE M CHEKTPAIBbHBIE XapaKTEPHCTHKH, UCIIOIb30BAHHBIC IS
TIOATBEPKACHHUS UICHTUIHOCTH CTPYKTYPbI, METOJl CHHTE3a M CCBUIKA Ha JINTEPATyPHBIC
JTaHHBIE.

IIJ'IH BCE€X BIICPBLIC CHHTE3UPOBAHHBIX COC}II/IHGHI/Iﬁ HCO6XOJII/IMO IMPUBECTU
J0Ka3aTeJbCTBA MPUIHUCBIBAEMOI'0 UM CTPOCHUA U JAHHBIC, ITO3BOJIAIONINE CYIUTH 06 nux
HHAUBUAYAJTbHOCTU M CTCHECHU YUCTOTHI. B YaCTHOCTH, JOJI’)KHBI OBITH MMpEaACTAaBJICHBI
JIaHHBIC 2JIEMEHTHOT'0 aHAJIM3a WM Macc-CIEeKTPbI BBICOKOTO pasperteHus, K criekTpsl u
cnektpsl SIMP *H u °C.
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JlaHHBIC PEHTI€HOCTPYKTYPHOIO aHAJIM3a IPEACTABISIIOTCS B BHIEC PHUCYHKOB H
Tadau. Bce HoBbIe coequnenusi, fanable PCA KOTOPBIX IPUBOJSATCS B CTAThE, TOJKHBI
ObITh 3aperumcrpupoBaHbl B KemOpumkckoii 0a3ze cTPpyKTYpPHBIX AAaHHBIX M HMETh
cootBercTByMone CCDC HOMepa.

Ecnu, mo MHEHHMIO pEleH3eHTa WM PelaKkTopa, HOBbIE COCIMHEHHs He ObUIN
YJIOBJIETBOPHUTEIILHO OXapaKTEepHU30BaHbI, CTAaThs HE OYAET MPHUHSATA K ITeYaTH.

Ipumep METOANKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH vyield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Bnumanue! B cTaThsiX, MOCBSIIEHHBIX CHHTE3y HOBBIX COEIMHEHMH, JOIyCKAeTCs
pasMelieHre IKCIePUMEHTATbHON YacTH 3a pa3zesioM Pe3ynbTaThl U 06Cy:KIeHHE.

3.11. B pasznene Pe3yabrarsl M 00cCy»KIeHHe, KOTOpBIH sBISETCS Hambolee
Ba)XHBIM, CJIeyeT OOCYyIUTb M OOBSICHUTH IIOJNy4YEHHbIE B paboTe pe3yabTaThl,
MIPOaHAIN3UPOBATH OCOOEHHOCTH CHHTE3a, IPOJEMOHCTPHPOBATh U yKa3aTh BO3MOJKHBIC
orpanndeHus. [IpoBecTH cpaBHEHHE IIONYYCHHBIX PE3YJIbTaTOB C OITyOJMKOBAaHHBIMA
panee. Bce HOBbIE COEIMHEHHSI JIODKHBI OBITH IIOJHOCTBIO  OXapaKTEpPH30BaHbI
COOTBETCTBYIOIINMH CHEKTPATbHBIMH W JPYTUMH (HU3UKO-XMMHYECKHIMH JaHHBIMH. B
TEKCTe O0OOOMIAIOTCS M Pa3bsACHIIOTCS TOIBKO TE€ CIEKTPAIbHBIC [aHHBIE, KOTOpBIC
UCTIONB3YIOTCSL  IUI1  TIOATBEP)KACHHS  CTPYKTYPbl  IONYYEHHBIX  COCAWHEHUH.
[lepeuncnenne OmHMX M TEX JXK€ JAHHBIX B TEKCTe, TAaONMMIAX W Ha PHCYHKax He
nomnyckaercs. [Iy1s1 HOBBIX METOJOB CHHTE3a JKeJaTelIbHO OOCY/ANTh MEXaHH3M PEaKLUH.
it 0000IIeHNST TaHHBIX HEOOXOIUMO HCIOJIh30BATh MOHATHBIC PUCYHKA WU TAOJIHIIBL.
Hpe)ICTaBHeHHBIe JaHHBIC JTOJDKHBI IOJAJaBaTbCA HHTCPIIPECTALTNHN.

IIpn oOcyxaeHun pe3ynbTaToB CIeayeT MNPHICPKUBATHECS  OQUIHMAILHON
tepmuHoaoruu [IUPAC. Pe3synbTatsl pekoMeHaAyeTCs u3araTh B IPOIIEAIIEM BPEMEHH.

O0cy:kaeHne He JODKHO IOBTOPSTH OIMCAaHWE pe3yJbTaToOB HCCIenoBaHHs. B
TEKCTE€ JIOJDKHBI OBITh HCIIONIB30BaHBI ~OOLICTIPUHATHIE B HAYYHOW JIUTEpaType
cokpamenus. HectanmapTHble COKpamieHWsl JOJDKHBI OBITh pacmudpoBaHbl IocCie
NIEPBOTO TOSIBJICHUS! B TEKCTe. EAWHUIBI W3MEpeHWH [OJDKHBI OBITh yKa3aHbl B
MexnyHnapoaHoii cucteme CH.

3.12. 3arem pexomeHayeTcs cHOpMyIHpOBaTH 3aKJIKYeHHE, B KOTOPOM YKa3aTh
OCHOBHBIE JIOCTIDKCHUS, NPEICTaBICHHBIE B CTAaThe, U OCHOBHOM BBIBOA, COAEP KAIIUH
OTBET Ha BOIIPOC, MMOCTaBJICHHBIM BO BBO}IHOf/'I YacTHu CTaTbHU, a TAKXC BO3MOXHOCTH
HCIIOJIb30BaHUA Mmarepuajia CTaThHu B d)yH}IaMeHTaHBHBIX 0050 ITPUKIIATHBIX
HCCIIEZIOBAHUSIX.

3.13. IlpuBoaurcs uadopmaIus 0 GUHAHCHPOBAHUH HCCIICIOBAHUI.

3.14. BeipaxkaeTcs 6J1aroqapHOCTb TEM, KTO TIOMOT BaM B MOATOTOBKE Ballei
paboTHI.

3.15. B pykomucu AOMKHO OBITH 3asBICHO O TOM, HMMEETCS JH KOH(WIMKT
HHTEpPecoB

3.16. B undopmanuu 00 aBTOpax YKa3bIBalOTCSA: ydYeHas CTENCHb, 3BaHUE,
IOJKHOCTB, e-mail, ORCID.
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3.17. Crarbsl 3aKaHYMBACTCS CHUCKOM JIMTEPATYPBI CO CChIIKAMHU Ha PyCCKOM (MM
Ka3aXCKOM) SI3bIKE€ M CCBUIKAMH Ha s3blke opHruHana. CCbUIKM Ha JIMTEepaTypHbIE
HCTOYHUKH B TEKCTE MPHUBOIATCA MOPSIKOBBIMH apaOCKUMHU OU(PpaMd B KBaIpPaTHBIX
ckoOKax 1Mo Mepe ynoMuHaHWsA. Kaknas cceUika MOIDKHA COJEpXkKATh TOJBKO OIHY
nuteparypHyto nutary. CHHCOK JHTEpaTyphl JOIDKCH OBITh TpEACTaBICH Hambolee
CB&KUMH M aKTyaJIbHBIMH MCTOYHUKAMHU 0€3 M3JIMIITHET0 caMOoIuTHpoBaHusI(He 6onee 20
nporeHToB). s crareil jkemareneH CHUCOK W3 He MeHee 10 cCBUIOK CO CTpOKaMH
JA0CTYyIla B UHTCPHETC.

3.18. OO0s3arenbHa unHdopManus 00 aBTopax. B Hell yka3bIBaloTCs: ydeHas
CTeleHb, 3BaHKE, TOKHOCTB, e-Mail, ORCID, ¢pamuaus, umMs, 0T4€CTBO MTOJHOCTHIO Ha
TpeX S3bIKAX.

HNudopmanust 00 apTopax:

JxycunbexoB Ymupsak KymacnnoBud — AO «HCTHTYT XUMHUYECKHMX HayK HM.
A.b. bBekrypoBa», 3aBemyrommii nmabopaTopuell XWMHH COJEH M YOOOpEHWH, dYiIeH-
koppectnoHneHT HarmmonaneHoi akagemun Hayk PecnyOmukm Kazaxcran, mpodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

HypramueBa I'ynp3una OpbIHTaeBHa — JOKTOp XUMHUYECKHX Hayk, AO «HCTHTYT
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Pecniy6snka Kasaxcran, e-mail: zamirabkz@mail.ru , ORCID: https://orcid.org / 0000-
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Chnucok  HUTHpYyeMOH  JuTeparypbl  OGOPMIIIETCS B COOTBETCTBUH  C
HIDKEIIPUBEACHHBIMU 00pa3iaMu Oubarorpadguueckux onucanuii (4.8.).

3.19. B KoHIE cTaTbM MOCNE CIHCKAa JUTEPATYPHl OONOJIHUMENbHO TPUBOIMUTCS
nepeBos Pe3tome Ha kazaxckuii (Tyiiinmeme) u Ha aHrmuiickuit s3biku (Abstract). Cnoso
Pe3rome (Abstract, Tyiiingeme) maercs mo uentpy. Ha cremyromieii cTpoke ¢
BEIPaBHUBAHHEM I10 JICBOMY KpalO IMPOMUCHBIMH OyKBaMU TONXYKUPHBIM MIpuQToM Ne 12
MPUBOAMTCS Ha3BaHWE cTaThu. UYepe3 CTPoKy Oe3 ab3amHOro OTCTyIa KYpPCHBOM,
Oy KUPHBIM TIpuQTOM Ne 11 marorcs MHUIUAIE U (paMUITHH aBTOPOB.

Ha cnemyromeir ctpoke 0e3 ab3aifHOTO OTCTyIa KypCHBOM, CTPOYHBIMH OyKBaMmw,
mpudToMm Ne 11 mpuBoasTcs Mecta pabOTHl aBTOPOB C HAACTPOIHBIMU HHACKCAMH (ITOCHE
(haMuMK ¥ TIepen Ha3BaHWEM OpraHW3alliH), YKa3bIBAIOIIE HA MECTO pabOThl aBTOPOB.
3aTeM uepe3 CTPOKY C ab3allHOrO0 OTCTyINa C BbIpaBHMBAHMEM TEKCTa IO IIUPHUHE UAET
TEKCT pe3toMe, HaOpaHHBIN CTPOUHBIM HipudTom Ne 12.

Janee uepe3 cTpoky ¢ ab3alHBIM OTCTYIIOM CTPOYHBIMHU OykBaMu mpudtom Ne 12, ¢
BEIPaBHUBAHHEM TEKCTa IO NIMPUHE TPUBOJATCS KJIIOYeBBIe ciaoBa (oT 5 mo 10 mrt.),
o0ecreunBaroIue HauboJIee MOJIHOE PACKPBITHE CONIEPIKAHUS CTATHU.

3.20. [Inst craTeit, mogaBaeMBIX Ha SI3BIKE, OTIIMYHOM OT aHTIUICKOTO (Ha Ka3aXCKOM
WIA PYCCKOM sI3bIKE), B KOHIIE CTaTbU HaxOAWUTCS aHrmickuii Omok (Abstract,
Information about authors, References).

3.21. Bce cTpaHUIIBI PYKOIHUCH CIIEYET MTPOHYMEPOBATh.

4. TPEBOBAHUS K O®OPMJIEHUIO PYKOIIMCEN

4.1. O6beM cTaThy, BKIIIOYast aHHOTALIMIO U CIIMCOK JIUTEpaTypsl: 10 8—10 cTpaHwmII.
O630pHbIe cTaTbu MOTYT ObITh 110 20 ctpanuil. CtaThs IOJDKHA OBITH HaledaTaHa Ha
omHOW cropone sucta A4 mpudprtom Times New Roman, pasmep kerias 14 ur;
MEXCTPOYHBIM MHTEpBaJI — OAMHAPHBIA U monaMu: BepxHee — 2.0 cM, HmkHee — 2.0 cMm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa MEPECHOCOB HE JOIYCKAaeTCs;, a03amHbIN
orctyn — 1.0 cM; popmaTrpoBanue — 1o mupuHe. JloikeH ObITh HCIONB30BaH TEKCTOBBIN
penaktop Microsoft Word for Windows, B Buzae doc-¢aiina, Bepcus 7.0 u 6onee mo3nHue.

JUist KpaTKOCTH M HarISITHOCTH OOCYXK/IEHHS COEIMHEHUs, yIOMHUHAaeMble Ooee
OJTHOTO paza, ClieflyeT HyMEpoBaTh apadCKUMM IU(paMy B COUYETAHUH CO CTPOYHBIMHU
JIATHHCKUMHU OykBamu (111 0003HAYCHUS COCAWHEHHH ¢ TICPEMCHHBIM 3aMECTHUTEIICM).
[Ipu ymoMuHaHUH TOTHOTO Ha3BaHMS COCAMHEHUS MI(P AaeTcs B CKOOKaX.

CTepeoXuMHYecKne CHMBONBI W TIPUCTABKH, XapaKTEPH3YIOUINE CTPYKTYPHBIC
0COOCHHOCTH WIIM TOJIOXKEHHE 3aMECTHTENsl B MOJIEKYyJe, CleAyeT HaOupaTh KypCHBOM
(italic): (R)-snautHOMEp, mpem-OyTWIl, napa-KCWiaol. BMecTO I'pOMO3JIKHX Ha3BaHUMN
HEOPraHWYECKHX M 4acTO yIOTPeOIIIeMbIX OPIraHUUECKUX COSAMHEHNH CIIeIyeT AaBaTh UX
¢dopmyns: NaBr, TsOH Bmecto OpoMun HaTpus u ToiyoscynibpoHoBas kucnora. IIpu
WCIIOJIb30BAaHUM TEPMHHOB M OOO3HAYCHWH, HE HMMEIOIIMX LIMPOKOI'O MPUMEHEHHS B
JUTEpaType, X 3HAYCHUS MOSCHAIOTCS B TEKCTE NPH IIEPBOM YIOTPEOJICHNH: HallpuMep,
nommaTHICHTepedTanar (IIDTD).

Jist m300pakeHnst CTPYKTYPHBIX (OPMYJT XUMHUYECKHX COEIMHEHHH HEoOX0anMo
HCIIONB30BaTh pefakrop xumudeckux ¢opmya ChemDrawUltra. Bce magmucu Ha
cXeMaxX MPHUBOAATCA Ha AHTIIMHCKOM s3bIKe. B cxeme HEOOXOOMMO YKa3bIBaTh BCE
YCIIOBHS pPEaKIWi: HaJ CTPENKOW — peareHTHl, KaTaln3aTopbl, PacTBOPUTENH, O[T
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CTpPENIKOW — TeMIlepaTypa, BpeMs, BBIXOH. Ecim yclioBusi peakuuii CHIBHO 3arpyaroT
CXEMy, UX MOXHO ITEPEHECTH B KOHEI] CXeMBI, paclii()poBbIBast OYyKBEHHBIMU HHAEKCAMH,
manpumep, i: HCI, H,0, 80 °C, 5h. Tako#i e OYyKBEHHBIH HHIEKC MOJDKEH OBITH yKa3aH
HaJl CTPEJIKOW COOTBETCTBYIOIIECH PEAKLIUU.

4.2. YpaBHEHUs, CXEMBbI, TaOIHIBI, pUCYHKH U CCBHUIKH HA JIUTEPATypy HyMEpYIOTCS
B MOPSAAKE WX YIOMHHAHHSA B TEKCTE€ U OOJJHCHbI OblMb 8CMABIEHbL 8 MEKCm CMAmbl
IOCTIe TIEPBOTO YIOMUHAHUSA. TaONHIBI U PUCYHKH JOJDKHBI COIPOBOXKIATHCS TTOAMUCHIO;
3aroJIOBKH K CXeMaM JIAI0TCs TPH HEOOXOAMMOCTH.

4.3. Tlo BO3MOXHOCTH CIJIElyeT TOTOBUTh PHCYHKH C IIOMOIIbIO KOMIIBIOTEPA.
OZHOTHUIIHBIE KPUBBIE OJDKHBI OBITH BBIOJHEHBI B OJMHAKOBOM MaclITabe Ha OJHOM
pucynke. KpuBble Ha pHCyHKax HyMepyloTcs apaOCKumu mHdpamMH, KOTOpPHIE
pacmudpoBBIBAIOTCS B TMOMNHMCAX K pHUCYHKaM. [l BceX PHCYHKOB HEOO0XOIMMO
MpeNCTaBUTh rpaduueckue Qaiinsl B GopmaTe jpeg ¢ MUHUMANBHBIM paspemenueM 300
dpi. Hagnucn Ha pucyHKaxX JODKHBI OBITh HAa AHTJIMICKOM SI3BIKE U TI0 BO3MOXHOCTH
3aMeHeHbI udpamu, pacmrupoBKa KOTOPHIX TaeTCS B OIMHUCH K PUCYHKY.

OnuHOYHBIC TPSMBIC, KaK MPABUIIO, HE TIPUBOJAT, a 3aMCHSAIOT ypaBHCHUEM JTMHHUH
perpeccun. Ilepeceuenne oceil KOOPAWHAT CIIEAyeT pacIojaraTh B JIEBOM YTIIy PHCYHKa,
CTpeNKH Ha KOHIIaX OCeil He CTaBATCS, JMHWH, OTPAaHUYHBAIOIINE TIOJNE PHCYHKa HE
MIPUBOASTCS, MacIiTabHas ceTka He HaHoCHTCA. ManomH(popMaTHBHBIE PHCYHKH, HE
oOCyXJaeMble B CTaThe CHEKTPHI, BOJbTAMIIEPOrPaMMbl H APYrHE 3aBHCUMOCTH HE
nyONUKYIOTCS. PHCYHKHM CHEKTpoOB He T0JLKHBI ObITh BBINOJHEHBI OT pyku. Bce
PUCYHKH JIOJDKHBI UMETh HyMepauuio apaOCKuMu IudpaMu (eciid pUCYHOK HE OJIMH).
CrnoBo «PucyHOK» M HaMMEHOBaHHE IIOMELIAIOT IIOCIE IOSCHUTENBHBIX NaHHBIX W
pacronararot cienyromum odpazom: Pucynok 1 — Jleranu npudopa.

4.4. Kaxpnas TadJuua JODKHA MMETh TEeMaTHMYECKUH 3arojloBOK M MOPSAKOBBIN
apaOckmii HoMep (0Oe3 3Haka No), Ha KOTOpBIA NaeTcs CCHUIKa B TeKcTe (Tabmumma 1).
Haszanne tabauis! pacronaraercst Haa TaOnuneit ciaeBa 6e3 ab3aliHOTO OTCTYIA B OHY
CTPOKY C €€ HOMEpPOM depe3 THpe 0e3 TOUKM Tocie HazBaHus. ['padbl B TaOIHIIE TOKHBI
AMETh KpaTKHe 3arOJIOBKH, OTPAKAIOMIME TapaMeTphl, YHUCICHHBIC 3HAYCHHUS KOTOPBIX
MIPUBEICHBI B TaOJHIIe; OHU MUIIYTCS B MIMEHUTEIHFHOM ITaJie’ke SIUHCTBEHHOTO YMCIIA C
NPOMUCHOM OYKBBI M Yepe3 3aIlsiTyI0 COMPOBOX/IAIOTCS COOTBETCTBYIOIUMHU €IUHULAMHU
u3MepeHusi (B cokpaiieHHoi ¢opme). PucyHku wimu ctpykrypHbeie ¢opmyinbsl B Tpadax
tabnuy He nomyckatorcs. [Ipomycku B rpadax nmpu OTCYTCTBUHM JAHHBIX 0003HAYAIOT
Tpems TOYKaMH, npu OTCYTCTBUH SIBJICHUS - 3HAKOM «THpe».
[Mpumeuannss k TabIMIAM WHISKCHPYIOTCS apaOCKUMK IHM(paMud M TOMEUIAIOTCS B
rpaHMax Tadyumbl mojx MarepuanoM tabnuupsl. Crnoso «I[Ipumeuyanue» ciiepyer neyaraThb
¢ mponucHO# OykBHI ¢ ab3ana. Ecnu npuMevanue ogHo, To nocie cioBa «IIpumedanue»
CTaBUTCS THPE W NPUMEYaHHUE MeYaTaeTcsl C MPONHCcHON OyKBbl. Heckosbko npuMedanuit
HYMEpYIOT 10 TOPSAAKY apaOCKMMHU mudpamu 0e3 NMPOCTaBICHHS TOYKHA M IIE€YATAIOT C
a03ara. B Tabnmmax HCMoNB3YIOT TOT XKe MPUDT, YTO M B TEKCTE CTATHH; JOMYyCKaeTCs
ymeHbIIeHHbIH (He MmeHee Ne 10 mpudt TimesNewRoman).

4.5. Tlpu BeIOOpE eAWHUI] U3MEPEHHs] PEKOMEHIYEeTCS TMPUACPKUBATHCS CHCTEMBI
CHU: 1, mMr, M, cM, MKM (MHKPOMETP, MHUKPOH); HM (HAHOMETpP, MWIUIMMHUKPOH); IIM
(muxomerp); E (amrctpem); c (cexynama); muH, 9 (dac), ' (repu); MI'n (merarepir); 3
(apcren); I'c (raycc); B (BonbT); 3B (a:mektponBonsT); A (ammep); Owm, Ila (mackanb);
MIla (meramackanb); rlla (rexromackanb); Ik (mxoynb); K (keneBun), °C (rpamyc

Henbcus); 1 (debaii).
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B necATHYHBIX APOOGAX Wedasi YacTh OTAeJsieTcsl OT APOOHON He 3amsATOi, a
TOYKOM.

Hcnonp3ytoTcst CleAylolye COKpameHUs:: T.KUM. ¥ T.UI. (TOYKM KHUIIEHHS W
IUIaBjieHus1) — mepex  Ludpamu; KoHL. (KOHLEHTPUPOBAHHBIA mepen  (opMyJion
coequHeHus1); M — MonekylspHas macca); MOJb, Kajd, KKajJ, H. (HOpMaubHBIH), M.
(MOJIAPHBIN); KOHIIEHTPAILKA PACTBOPOB 0003HavaeTcs (1/cMS, I/31, MOJIB/I).

J1 BcexX BHepBbIe CHHTE3HPOBAHHBIX COEAMHEHMI 00s3aTeNbHBI [JaHHbIE
3J1eMeHTHOT0 aHAJIN3a JIH00 Macc-CeKTPhI BHICOKOTO pa3pemieHns.

B 6pymmo-gopmynax snemeHTH pacmnonararotcs B cheayromeM mopsiake: C, H u
Jlaee COTJIACHO JATHHCKOMY andaButTy. DopMynmsl MOJEKYISAPHBIX COCIUHCHHH U
OHHEBBIX couleil narorcst uepe3 Touky (Harmpumep, CsHsN.HCI). [Ipumep 3ammcu KoHCTaHT
W JaHHBIX 3JeMeHTHoro aHanmmsa: T.kwim. 78°C (100 mm pt. cr.), T 50°C (EtOH),
d4?°0.9809, n?1.5256; Haiizeno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcN¢Oe.
Breruncneno, %: C 59.02; H7.01;121.20; N 8.22.

UK u Y® cnektpbl. B skcnepumentansHoit wactu it MK u Y@ crnexTpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHUECKHUE YaCTOTHI MOJIOC, UTMHBI BOJH MaKCHMYMOB
HOTJIOMIEHHS, KOA(MGHUIUEHTH! SKCTUHIUH (MITH UX JIOTapH(MBbl) U YCIOBHS, IPH KOTOPBIX
3aMucaH CHeKTp.

Hpumepor 3anucu: UK cnextp (ToHKHI coif), v, cM™: 1650 (C=N), 3200-3440 (O—
H). Y@ cnekrp (EtOH), Amax, BM (1ge): 242 (4.55), 380 (4.22).

Cnektpel SIMP *H un *C. Jlomkubsl ObITh yKasaHbl pabodas 4vacTtoTa Hpubopa,
HCIOJH30BAHHBIN CTAaHAAPT W PACTBOpHUTENb. [IPOTOHBI B COCTaBE CIOXHBIX TPYHI, K
KOTOPBIM OTHOCHUTCSI CHTHAJI, CJleIyeT MOTYEepPKHYTh cHm3y — 3.17-3.55 (4H, wm,
N(CH2CHs),); miast moimoxeHHsT 3aMeCTHTeNel HCIoIb30BaTh 0003HaueHus 3-CHs; mis
obo3HaueHus monokeHuss atomoB — C-3, N-4 u T.1. Ecam kakoi-HHOyah CHTHaI B
CIIEKTPE OIMHCHIBAETCS KaK JyOJeT, TPUILIET WK AyOJeT AyOieToB M T.II. (2 He CHHIJIET
WA MYJIBTUIUIET), HeoOXoauMo mpuBecTH coorBercTByone KCCB. Ecnu mposeaeHs
JIOTIOJTHUTEJIbHBIE HCCIICIOBAHUS Ul YCTAHOBJICHHUSI CTPOCHUSI MJIM TPOCTPAHCTBEHHBIX
B3aUMOJICHCTBUIT aTOMOB, JOJDKHBI OBITh YKa3aHbl UCIIOJIb30BAaHHbIE JBYMEPHBIE METO/BI.
B onucanuu cnexktpos SIMP °C oTHeceHHe KOHKPETHOTrO CUTHAIA K KOHKPETHOMY aTOMY
yriepoja NPUBOIUTCS TONBKO TOTAA, KOIJa OIpeJeNIeHHEe IPOBEJCHO Ha OCHOBE
JIBYMEPHBIX 3KCIIEPHMEHTOB.

Ilpumeput 3anucu:

Crexrp IMPH (400 MI'u, CDCls), 3, m. 1. (J, I'm): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, x,

J=17.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCHy); 7.10-7.55 (6H, M, H-6,7,8, NHCH,C¢Hs);
7.80 (1H,
¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, 1. n, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Crnexrp AMPYC (100 MI'u, IMCO-ds), 8, m. 1. (J, T'ny): 36.3 (CH2CH3); 48.5 (C-5);
62.3
(CH2CHjs); 123.0(CAr); 125.8 (1, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl NPUBOAATCA B BHJIE YHCIOBBIX 3HAYCHUH M/Z M OTHOCHTENBHBIX
3HA4eHUH MOHHOTO Toka. HeoOXoauMo yKa3plBaTh METOJ W OSHEPTHI0 WOHHU3ALNH,
MaccoBBIE YHCIAa XapPaKTEPUCTUYECKMX HOHOB, MX HMHTCHCHBHOCTH II0 OTHOIICHHIO K
OCHOBHOMY MOHY ¥ TI0 BO3MOYKHOCTH HX T€HE3UC. B ciryuae XUMUYeckoil HOHH3AUN TIpU
omvcaHuH Tpubopa HEOOXOOMMO yKas3aTh ra3-peareHT. B Mmacc-cmekTpax BBICOKOTO
paspenieHusi HaWJICHHBIC W BBIYMCICHHBIC 3HAYCHHS M/Z TIPUBOIATCS C YCTHIPHMSI
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JECATHYHBIMU  3HAKaMH; €CIIM HAWJeHHOe 3Ha4YeHue M/Z COOTBETCTBYET HE
MOJICKYJSIDHOMY ~HOHY, OpyTTO-GOpMyJa U BBIYHCICHHOE 3HAYeHHE M/Z TaKKe
OPHUBOJMTCS JUIS TOTO K€ HOHA.

Ipumep 3anucu oannvix macc-cnexkmpa: Macc-criextp (9Y, 70 3B), M/z (low, %):
386 [M]* (36),368 [M—H,O]* (100), 353 [M—H20-CH3]* (23).

Macc-criextp (XU, 200 3B), M/z (lom, %): 387 [M+H]*(100), 369 [M+H-H,0]* (23).

Ilpumep 3anucu 0aHHBIX MaACC-CREKMPA 8bICOKO20 PA3PEUIeHUA:

Haiinero, m/z: 282.1819 [M+Na]*. C17H2sNNaO.

Brruucneno, m/z: 282.1828.

4.6. laHHbIe PEHTTeHOCTPYKTYPHOIO0 HCCJEIOBAHUS CIEIYeT NPEJOCTaBISATh B
BUJIE PUCYHKa MOJIEKYJBI C NPOHYMEpOBaHHBIMH aTomamu, Hampumep, C(1), N(3) (mmo
BO3MOXKHOCTH B ITPECTaBICHUH aTOMOB JJIJIMIICO U IAMHUTEIIOBBIX KoebaHui). [lomHble
KpucTauorpaguyeckne TaHHBIC, TaONWIBI KOOPAMHAT aTOMOB, [UIMH CBSI3eH U
BaJICHTHBIX YTJIOB, TEMIIEpaTypHbIC (aKTOpPEl B IKypHaJe HE MyOIHKYIOTCS, a
IenoHNpyrTcss B KeMOpHIKCkoM OaHKe CTPYKTYPHBIX JAHHBIX (B CTaThe YKa3bIBACTCS
PETUCTPAIIMOHHEI HOMEp JETIOHECHTA).

4.7. Ilo TpeboBaHMAM MEXIyHApOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mpu oOIlleHKe ITyOJUKauid Ha S3bIKaX, OTIIMYHBIX OT aHTJIMKACKOTO,
oubnuorpaduyeckre CIUCKU JOJDKHBI JaBaThCs HE TOJIBKO HA S3BIKE OPUTHHANA, HO M Ha
natuHuLe (poMaHcKuM ajidaBuToM). [loaTOMY aBTOpHI crareil, MoJaBaeMbIX Ha PYCCKOM
U Ka3aXCKOM S3bIKE, JIOJDKHBI IPENOCTABILITH CIHCOK JIMTEPATyphl B JBYX BapHaHTax:
00oun na sizvike opueunana (CUCOK JUTEPaTyphl), a IPYroil — B poMAHCKOM angasume
(References). Tlocnennuii cMCOK BXOJMUT B aHTTIMHACKUI OJIOK, KOTOPBIH PACIONOKEH B
KOHIIE CTaTbhH.

Ecim B cmmcke ecTh CCBUIKM HAa WHOCTPaHHBIC ITyONUKAIIMH, OHU TIOJTHOCTBHIO
noBTopsitorcst B cmucke References. Ilpn OUTUPOBAaHWHM PYCCKOS3BIYHOTO IKypHana,
TIEPEBOIMMOTO 32 pyOEIKOM, B PYCCKOA3BITHON Bepcuu CIHCKa JINTEpaTypbl HE0OX0IMMO
MPUBECTH TOJHYIO CCHIIKY Ha pPYCCKOA3BIYHYIO Bepcuio, a B References — ma
MEXITyHaPOIHYIO.

Crmcok ucrounnkoB B References nomken GbITh HamMCaH TOJIBKO HA POMaHCKOM
andaBure- jatuHUIE (TIPH 3TOM OH JOJDKEH OCTaBaThCs MOJHBIM aHaiorom Crucka
JIUTEPaTypbl, B KOTOPOM HCTOYHHKH OBbLIM TPEICTABICHBI HAa OPHTHHAIBLHOM SI3bIKE

OITyOJINKOBaHMSA).
JInist HanKMCaHUsI CCHUTOK HA PYCCKOS3BIYHBIC HCTOUYHHUKH (M MCTOYHUKH HA HHBIX, HE
HCTOJB3YIOUIAX ~ POMAHCKW  andaBuT,  sA3bIKAaX)  CJEAyeT  HCIOJIb30BaTh

ODULIMAJIBHBIN TIEPEBOJT u TPAHCJIMTEPALIUIO (cm. TpeboBanus K TEPEBOIY
U TPaHCIUTEPALHH).

B References tpebyercst cnenyromas cTpykTypa OHOMHOrpaguuecKoil CChUIKU U3
PYCCKOSI3BIYHBIX HCTOYHUKOB: aBTOPHI (TpaHCIUTEPAIKs), HepeBO/] Ha3BAaHUS CTATbU WIIH
KHUTH Ha QHTTIMACKHUHN SA3BIK, Ha3BaHWE UCTOYHHKA (TPAHCIMTEPALHs — IS TeX M3TaHHH,
KOTOpbIe HE HMMEIOT YCTaHOBJIECHHOTO PeIaKlHeil aHITMHCKOro Ha3BaHMS), BBIXOAHBIC
JaHHbBIC B IU(pPOBOM (opMarte, yKa3aHHe Ha S3bIK CTaThM B CKOOKax (in Russian wiu in
Kazakh). TpaHcnuTepaiinio MOXKHO BBIMOJHHUTE Ha caiire http://www.translit.ru.

VYCnoBHBIE COKpalleHUs] HAa3BaHUI PYCCKOSI3BIYHBIX JKypHAJIOB U CIPAaBOYHHUKOB
MIPUBOJIATCS. B COOTBETCTBUH C COKpAILCHUSIMH, IPUHATHIMU B «PedepaTtnBHOM xypHaie
XUMHSD». aHTJIOS3BIYHBIX M JIDYTUX HMHOCTPaHHBIX JKypHAJOB — B COOTBETCTBHUH C
COKpaIIeHUsIMH, PEKOMEHAYEeMBIMH H31aTenbcTBOM «Springer and Business Mediay:
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http://chemister.ru/Chemie/journal-abbreviations.htm. Jlns  crareii Ha pycckomM u
Ka3axCKOM sI3bIKax Ha3BaHHWe >kypHana «Xummueckudh Kypuan Kazaxcrtama» criemyer
cokpamath: «Xum. Kypn. Kaz» n «Ka3z. Xum. KypH.» COOTBETCTBEHHO, a JJisl cTaTel Ha
anrimiickoMm si3bike: «Chem. J. Kaz.». [IpuBonstcs dpamunuy u MHUIMAIE BCEX aBTOPOB
(coxpaienus u Op. u et al He momyckarotcs).

B Cnucke nuteparypst u B References Bce pa6otsr nepeuncisiiorcst B IIOPSIJIKE
HUTUPOBAHUSL, a HE B andaButHOM TOpPSIIKE.

DOIl. Bo Bcex cimywasx, Korga y ULUTHPYEMOrO Marepuaja ecTb IudpoBol
AICHTU(DUKATOP, €ro HEoOXOOMMO YKa3hIBaTh B CAMOM KOHIIE OMHCAHUS HCTOYHHUKA.
[posepsite Hamuume doi y mMcTOuHMKA crienyeT Ha caiite http://search.crossref.org wmu
https://www.citethisforme.com.

Jnst  hopMUpOBaHHSA CIHCKA JIUTEPATyphl (BceX 0€3 HCKIIOYEHHUS CCHUIOK) B
Kypnane npuasaT 6ubnuorpadpudeckuii cTanaapT 6€3 UCTIOIB30BaAHUS PA3ICTUTENS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J1J1st Ka3axCKO- WM PYCCKOS3BIYHOTO UCTOYHHKA!

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49— 53. (In Kazakh or In Russian).

Hwke nmpuBeneHs! 00pasibl 0hOpMIIEeHUS pa3iuuHbIX BHIOB JOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIEPKHUBATHECA aBTOpaM Tpd  O(GOPMIICHHH pPOMAHCKOTO CITHCKa
References.

Omnucanue cTaTbH U3 JKYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Qil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne crateu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/51023193508080077.

Onucanne UnTepHer-pecypea:

Kondrat’ev V.B. Global 'naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-
07-18.html (Accessed 23.06.2013).

niIn

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

NI

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

Onncanme CTaTbH U3 JIEKTPOHHOT O KypHaJa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://lwww.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).

Onucanue cTaTbU U3 MPOAOLKAIOIIETOCS] H3TaHUs (COOPHUKA TPYAOB)

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
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composite»]. Trudy MGTU

«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU

«Mathematic Modeling of the Complex Technical Systemsy], 2006, No. 593, 125-130.

Onucanue MaTepHaioB KOH(epeHHii:

Usmanov T.S, GusmanovA A, Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
6™ Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impacty»]. Moscow, 2007, 267-272. (In Russ.)

HexenaTenpbHo OCTaBIATH OOHO IIEPEBOJHOC HAa3BaHUC KOHqJepeHHI/II/I (B cjydac
€CJIM HET NEPEBCACHHOI0 Ha AHIIMACKUN SI3BIK Ha3BaHHUS KOHqJepeHIII/II/I), TaK KakK OHO
TIPH TIOTIBITKE KeM- TNO0 HAUTH 3TH MaTepHaibl, HACHTU(DHUIIIPYETCS ¢ OONBIIIM TPYIOM.

Onucanne kHuru (MoHorpacpun, coopHuKa):

Nenashev M.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanme nepesonﬂoﬁ KHUIH:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering.
4thed. New York, Wiley, 1974.521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver
U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F.Expert systems. Principles and cases studies.
Chapman and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye
sistemy. Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).

Onucanne quccepTanuy WIM apTopedepara THCCEPTALUHN:

Grigor’ev Yu. A. Razrabotka nauchnykh osnov proektirovaniia arkhitektury
raspredelennykh sistem obrabotki dannykh. Diss. Dokt. Tekhn. Nauk [Development of
scientific bases of architectural design of distributed data processing systems. Dr. tech.
sci. diss.]. Moscow, Bauman MSTU Publ., 1996. 243 p.

Onucanne 'OCTa:

GOST 8.596.5-2005. Metodikavypolneniia izmerenii. Izmerenie raskhoda |
kolichestva zhidkostei I gazov s pomoshch’iu standartnykh suzhaiushchikh ustroistv [State
Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate and volume
of liquids and gases by means of orifice devices]. Moscow, Standartinform Publ., 2007.
10 p.

nin

State Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate
and volume of liquids and gases by means of orifice devices. Moscow, Standartinform
Publ., 2007. 10 p. (In Russian).

Onucanue NaTeHTa:

Patent RU 228590. Sposob orientirovaniia po krenu letatel’nogo apparata s
opticheskoi golovkoi samonavedeniia [The way to orient on the roll of aircraft with optical
homing head]., Palkin M.V., lvanov N.M., Gusev B.B., Petrov R.H., 2006.
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4.9. Hpumep AHIJIOA3LIYHOIO 0JI0KA AJiA MpeaACTaBJICeHUusA CTaTbU, HANIMCAHHOM

Ha fA3bIKE, OTJIMYHOM OT AHTJIMHCKOro:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.t, Nurgaliyeva G.0.%", Baiakhmetova Z.K.%, Aizvert L.G.2

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

2Scientific and practical center of sanitary-epidemiological examination and
monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical,
agrophysical, agrochemical and biological properties of soils. Sorption methods of
cleaning the soil with the help of humic preparations from oil pollution are of great
importance. The purpose of this work is to study the composition and properties of the
contaminated and neutralized soil, the determination of the toxicity indexes of all
components of oil waste, the calculation of the hazard class of waste according to their
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized
soil were treated with the use of humate-based energy-accumulating substances. The
metal content in the contaminated soil was determined by spectrometry using an AA 240
instrument using the method of decomposing the sample with a mixture of nitric,
hydrofluoric and perchloric acids until the sample was completely opened. Results and
discussion. Fractional composition of oil products of all samples is stable: the content of
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and
asphalteneswere  mainly  found; complex acetylene hydrocarbons are not
present. Conclusion. It has been established that the contaminated soil belongs to the
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can
be used as construction and road materials, at the improvement of boreholes and at land
reclamation.

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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Fouabimn KAPUAJTAHBIMHBIH 3TUKACBI

«Ka3zakcTaHHBIH XHUMHUSJIBIK KypHaabD» (0yaan api — ’KypHaju) GacnacbIHbIH
ankacel MeH Oac penakTopbl «JKapusiiaHy 3THKachl KOHiHJeri KOMHMTET —

(Committee on Publication Ethics — COPE)»
(http://publicationethics.org/about),«Eyponaubik FBUIBIMU PeIaKkTopJIapABbIH
KaybIMaacTeirbl  » (European Association of Science Editors - EASE)

(http://www.ease.org.uk) xoHe F'BLIBIMHM JKAPHUSIAHBIM 3THKACBIHBIH KOMHUTETIiH/IE
(http://publicet.org/code/) kabbLTIaHBLIFAH XAJBIKAPAJIBIK TATANTAPAbI YCTAHA/IBI.

Bacma xp3MeTiHAeTi ofemnke cail emec ic - opekeTTephi (IUIarmar, skKajaraH aKmapaT
koHE T.0.) OONABIpMayFa J>KOHE FHUIBIMH IKAPHUSIAHBIMAAPIBIH JKOFAphl CamachlH
KaMTaMachI3 €Ty YIIiH, KOJI JKETKI3TeH FhUIBIMH HOTIKENepAl )KYPTIIbUIBIKKA JKapusiay
MaKcaThlHAa PeNaKIys ajJKachkl, aBTOpjap, pElEeH3eHTTep, COHIai-ak Oacra yuaepiciHe
KaThICATBIH MEKeMeJlep STHKAIBIK HOpMajap MEH epekernepii cakTayra MIiHAETTI KoHE
onmapaplH Oy3pUIMayblHa  OapiblK Imapajgapabl madmananysl Teic. Ochl  yaepicke
KaTBICYIIBUIAPABIH OapJIBIFBIHBIH FHUIBIMU JKapUsIaHBIMIAD 3THKACBIHBIH EpPEeKEIepiH
CaKTaybl, aBTOPJIAPIBIH 3UATKEPJIIK MEHIIIK OOBEKTIIEPIHE KYKBIKTAPBHIH KaMTaMachl3
eTyre, XapUsUIaHBIMJIAP CalachlH apTThIPYFa JKOHE AaBTOPJBIK KYKBIKICH KOPFaJFaH
MaTepHangapasl JKeKe TYJIFajlaplbslH My[AAeci VIIIH IaiijanaHy MYMKIHJIITIH >KOIOFa
KOMEKTECE1.

Penaxmmsra xibepinreH OapiblK FRUIBIMH Makalanap MIHACTTI TYpAe €Ki >KaKThI
KyIus capanTtamara xioepinesni. JKypHamablH pelakiusibK aaKachl MaKadaHbIH JKypPHAT
TaKbIPHIOBIHA KOHE TaJalTapblHA COWKECTITiH aHBIKTAWIIbI, KypHAIFa TIPKEY VIIIH OHBI
QNJIBIH aja capajiayFa >KypHaJJIbIH JKayanThl XaTHIbIChIHA jkibepemi. Oy Komka30aHbIH
FBUIBIMU KYH/BUIBIFBIH aHBIKTAIl, MaKala TaKbIPHIObIHA )KAKbIH FHUIBIMH MaMaHIBIKTaPbI
O0ap €Ki ToyelsCi3 capamllblHbl aHBIKTAHABL. Makanamap/pl PeIaKIMsUIBIK alKa JKOHE
peIaKkIMsUIBIK alKa Mylleliepi, cCoHaai-ak 0acka eNeplieH MIAKbIPBUIFaH PELEeH3EHTTEP
capanTaiasl. MakajiaHbl capanTay YIIH PeleH3eHTTepAl TaHAay Typajbl Hiemrimai oac
penakrop KaObuaanael. Capanray Mep3iMi 2-4 anrta »oHE PEIeH3CHT OTiHIII OOHBIHIIA
OHBI 2 amnTara y3apTyra 0oJa/sl.

Penaknusi MeH pemeH3eHT Kapayra >kiOepiireH kapusulaHOaraH MarepuaniapIby
KYITUSUTBUTBIFBIHA KUK Oepeni. XKapusiray Typaisl MIeIiM sKypHAIIBIH PeIaKIUsITBIK
aKachl TEKCEpreHHEH KeliH KaOwpuimaHambl. Kaker OonraH skarmaiina (pemaxtop(iap)
KOHE/HeMece PELeH3CHT(JIep) TaparblHaH ecKepTyJepaiH Ooirybl) Koynkazba aBTopiiapra
KOCBIMIIIA TY3eTyJIepre KiOepisemi, coman KeliH ofl KalTa Kapajiajsl. ITHKAa HOpMaTapsl
Oy3bUIFaH JKaFfaiiia, MakajlaHbl >kapusiiayfaH 0ac TapTy KYKbIFbIH Penakuumsi e3iHe
KaJaeipazpl. JKayanTel pefakTop Makaiajia Iulardat Jer ecenTeyre KeTKUTIKTI akmapar
OoJIFaH JKaraaiia OHbI JKapusIayFa pykcaT Oepmeiii.

ABTOpJIap pelakiusara xiOepiireH Marepuanaap/by kaHa, OypbIH KapusiaHOaraH
JKOHE TYINHYCKa eKCHAIriHe Kemngik Oepeni. ABTOpiiap FBUIBIMH HOTHXKENEPIiH
CCHIMIUTINT MEH MAaHBI3bUIBIFBIHA, COHJAi-aK FBUIBIMH JTHKAa KaFUJaTTapbIHBIH
CaKTallyblHa, aran alTKaH[a, FBUIBIMUA STHKAHBI OY3bUIMAayblHA (FBUIBIMH JICPEKTEPi
KOJNJaH jKacay, 3epTTey ICpPeKTepiH Oypmanayra oKeleTiH OypMmanay, IuiardaTr >KOHE
JKaIlFaH OipJIeCKeH aBTOPIIBIK, KaiiTanay, 0acka agaMaapAblH HOTIKEICPIH HEMICHY JKOHE
T.0.)TiKeneH KayamnTsl.

Makanansl peaknusra O0epy aBTOpIapAbIH MaKaldaHbl (TYHMHYCKana Hemece Oacka
Tiepre Hemece TUIACH aynapMasna) Oacka s>KypHaira(iapra) skiOepMereHiH koHe Oy
MaTepuanaslH OypeiH kapusiaHOaraneiH Oinmipeni. Omait OonmmaraH jkarnmaiiza makana
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aBTOpJIapFa «ABTOPJBIK KYKBIKTHI Oy3raHbl YIIIH MaKaJlaHbl JKapusuilamay» JereH
mienriMMeH Kaifrapbuiaasl. backa aBTopabIH TyBIHIBICHIHBIH 10 MaiibI31aH acTaMbIH, OHBIH
ABTOPIIBIFBIH JKOHE JIEPEKKO3Te CiluTeMenepli KepceTred ce30e-co3 Kemlipyre Ko
OepinMerini. ATBIHFaH Y3IHIUIEp HeMece MolliMAEeMeNep aBTOp MEH JEePEeKKe3Ii MIHIeTTi
TYpZIe KepceTe OTHIPBIT peciMaenyi kepek. lllamamaH TeIc e3re MaTepHaigapabl
naljanany, COHIai-aKk Ke3 KeINTeH HBICAaHAaFbl IUIaruar, COHBIH IIIiHAE JoHeKci3
notiekco3nep, 0Oacka agamaapAblH 3epTTEYJCPiHIH HOTIKENEPiH HEeMICHY JTHKara
KaTnalapl JkoHe KaObUimaHOalapl. 3epTrey OapbiChlHA —KaThIHACKAH 0apIIbIK
TYJIFAapAbIH YJIECIH MOMBIHIAY KaXKeT )KoHe Makajaja 3epTTey[i Kyprizyae MaHbI3/bI
OosiraH KymbIcTapra ciitemenep Oepinryi kepek. bipieckeH aBTopiap apachiHAa
3epTTeyre KaTbiCIaraH ajiamMmapabl KepceTyre ol OepiiamMeiini.

ABTOp(J1ap) )KYMBICTapbIHJa KaTeJikTep Oalikaiuca, Oy Typasbl Aepey peldakTopra
xabapuiar, Ty3eTy Typajibl YChIHBIC Oepyi THic.

Komxka36anel Oacelll mpFapygaH 0ac TapTy Typalbl IIEIIiM peIeH3CHTTePHiH
YCHIHBICTAPBIH €CKEepPE OTBIPHIN, PEAAKIUS aJKACHIHBIH OTBIPBICHIHAA KaObUITaHAIbI.
PemakuusuiblK anmKaHbBIH INEIIIMIMEH XapHsjiayFa YCHIHBIJIMaraH Makasla KalTa Kapayra
KaObuTmanOaiael. Kapusmaynan 6ac TapTy Typalibl xabapiama aBTOpFa SJEKTPOHIBIK
TIOIIITA aPKBUIBI XKiOepiiemi.

KypHangslH peaakuusuiblK amkachl MakKajlaHbl JKapusulayFa pykcaT Oepy Typaibl
HIenimM KaObUTjaFaHHaH KeiiH peAakLMsUTBIK alika OYJ1 Typasibl aBTOpFa Xadapiiai bl koHe
JKapusUIay IapTTapblH Kepcereai. Makaiara GepiireH mikipaepAiH TynHyckacel JKypHan
PelaKIHACHIHAA 3 KbUT CAKTAIBIHA/IBL.
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ITuKa HAYYHBIX My0IuKAMI

Penakumnonnas KOJLIerust u TJIaBHBII penakTop HAY4YHOT0
skypHajaa «Xumudeckuii skypHai Kazaxcrana» (nanee — dKypHan) npuaep:kuBaroTcs
NPUHSITBIX MeKTYHAPOAHBIX crangaproB «Komurera THKH no
nyoukammusav» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii acconHanuu HAYYHBIX
penakrTopos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KomuTera mo ITHKe HAYYHBIX NyOJIMKALMID

(http://publicet.org/code/)..

Bo m3bexxanune HemoOpOCOBECTHOW NPAKTHKH B ITyOJWKAIIMOHHOW JEATEIHHOCTH
(Tmaruat, U3J0KEeHNE HEOCTOBEPHBIX CBEICHHN U JIp.) U B IENIAX 00eCTIeUeHHsT BEICOKOTO
KadecTBa HAYYHBIX ITyONHMKAIWi, IpU3HAHUS OOIIECTBEHHOCTHIO, ITOyUYEHHBIX aBTOPOM
HaY4YHBIX PE3YJILTATOB, YJICHBI PECAAKIIMOHHOI'O COBCTA, aBTOPbI, PCLCH3CHTLI, a TaKKE
YUPEXKICHHUS], yJacTBYIOUINE B U3ATENILCKOM Ipoliecce, 00s3aHbl COOIIOIATh ITUUECKHE
CTaHJapTbl, HOpPMBI W IpaBWjIa W NPpHHUMATb BCEC MCPbLI I MPECAOTBpAIICHUA HUX
HapyuieHui. CoOmrofeHne MpaBWI STHKH HAyYHBIX IyONUKalMi BCEMHM YYaCTHUKAMH
9TOT0 TMpoliecca CHOCOOCTBYET OOECHEYEHHIO IIpaB aBTOPOB Ha HHTEIJIEKTYaJIbHYIO
COOCTBEHHOCTb, TIOBBIIICHHIO KauecTBA W3JAHUS W HCKIIOYEHHIO BO3MOXKHOCTH
HEMpPaBOMEPHOTO MCITOIB30BAHMS aBTOPCKIX MAaTEPHUAIOB B HHTEpECcaX OTHACTHHBIX JIHII.

Bce HaywHBIC CTaTbd, IMOCTYNHBIIHE B PEOAKIMIO, MOJUICKAT O00S3aTCIFHOMY
JBOMHOMY CIIETIOMY pelieH3upoBaHuio. Penaknus XXypHana ycTaHaBIMBaeT COOTBETCTBHE
crate Tipodumio XKyprana, TpeOoBaHUAM K OQOPMIICHHIO W HAIPaBIISIET €€ Ha MEpPBOE
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOPBIH ONpeneseT Hay4YHYIO
LIEHHOCTh PYKOINCH M Ha3HA4YaeT JBYX HE3aBHUCHMBIX PEIICH3CHTOB — CIICHIHAIINCTOB,
UMeEIOIINX HauboJee OIM3KUE K TeMEe CTaThi Hay4YHbIE ClielMaNn3aluu. PernieH3npoBaHue
CTaTell OCYLIECTBISETCS WICHAMH PENAKIMOHHOI'O COBETa M PEIAKIIMOHHOM KOJUIeruy, a
TaK)Ke IMPUTJIALIEHHBIMH PEIEH3eHTaMH JIPYyruX cTpaH. PerieHne o BhIOOpE TOro WM
WHOTO peleH3eHTa JUIsl TIPOBEICHHS IKCIIEPTH3bI CTAaTbU NMPUHUMAET TJIABHBIA PElaKTop.
Cpok peneH3UpoBaHHs COCTaBisieT 2-4 HEeIH, HO MO MPOChOe PElEeH3eHTa OH MOXET
OBITH IPOIICH, HO HE Oosiee yeM Ha 2 HeJlelH.

Penakumsi M peleH3eHT TapaHTHPYIOT COXpaHEHHE KOH(HUICHINAIbLHOCTH
HEOITyOJIMKOBaHHBIX MAaTEpPHAJIOB MPUCIAHHBIX HA paccMOTpeHHe paboT. Pemrenume o
MyOJMKAIMY TPUHAMAETCS pEAaKIIMOHHON KoJuteruelt JKypHana mocie pereH3upoBaHusl.
B cirygae HeoOX0oMMOCTH (HaTUYHe 3aMedaHrii penakTopa(-oB) U /WK perieH3eHTa(-0B))
PYKOIINICh HANpaBIACTCS aBTOpaM Ha J0pabOTKy, IIOCIIE Yero OHa IOBTOPHO
pereH3upyeTcs. Penakius ocTaBiseT 3a cOOOM MPaBO OTKIOHUTH IMyOJIMKAIIMIO CTaTbU B
cilydae HapylleHusl MpaBuil dTHKU. OTBETCTBEHHBIM PENaKTOp HE JOJDKEH JIOMYyCKaTh K
nyOnuKanuy MHGOPMAIMIO, €CJIM MMEETCsl OCTATOYHO OCHOBAHWil mojaraTh, 4TO OHA
SIBIISIETCS] TUTarHaTOM.

ABTOpBI TapaHTUPYIOT, YTO TIPEJICTABICHHbIE B PEAAKINIO MaTepHAIbl SBISIFOTCS
HOBBIMH, paHee HEONyOIMKOBAaHHBIMM ¥  OPUTHMHAIBHBIMH.  ABTOpBI  HECYT
OTBETCTBEHHOCTh 32 JOCTOBEPHOCTh M 3HAYMMOCTh HAYYHBIX DE3yJbTAaTOB, a TaKXke
coOIo/ieHNe TIPUHIMIIOB HAYyYHOM OTHKH, B YaCTHOCTH, HENOMyIIeHHE (DaKTOB
HapyUIeHUs] HayYHOU 3THKH ((paOpuKanms HayYHbIX TaHHBIX, (ajbcuUKanys, Beaymas K
WCKaXXCHUIO  WCCIENOBATENbCKAX  JAaHHBIX, IUIAarHaT ©  JIOKHOE COaBTOPCTBO,
nIyOnrpoBaHUe, TPUCBOCHHUE UYXKHUX PE3yIbTaTOB H Jp.)
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Hamnpapnenune craTby B peakLUIO O3HAYAET, YTO aBTOPHI HE IIEPEaBAIN CTATHIO (B
OpHUI'MHAJIE WJIM B IIEPEBOE HA APYIHE SI3bIKM WIM C JPYTHX SI3BIKOB) B JIpyrow(-ue)
KypHaJ(BI) U YTO ITOT MaTepuan He OBUI paHee OIMyONMKOBAaH. B MPOTHBHOM cirydae
CTaThsl HEMEIUIEHHO BO3BpAIaeTcst aBTopaM ¢ (hopMynnpoBKod «OTKIOHUTH CTaThiO 32
HapylIeHHe aBTOPCKUX IpaB». He momyckaercss mocnoBHOe KomupoBaHue Oonee 10
MIPOLIEHTOB PabOTHI APYTOro aBTopa 0e3 yKa3aHUs €ro aBTOPCTBA U CCHUIOK HA MCTOYHHK.
3auMCTBOBaHHbIE (pParMEeHTBl WM YTBEPXKACHHUS JOJDKHBI OBITh O(OPMIIEHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IIePBOMCTOYHMKA. Upe3MepHble 3aMMCTBOBAHUS, a
TaKXke IUIaruat B J1I000i Gopme, BKIOUYas Heo(OpMIICHHBIC IIUTATHI, iepedpasupoBaHUe
WY TIPUCBOCHKE TIPaB Ha PE3yJIbTaThl Uy)KHX HCCIIETOBAHUM, HEATUYHBI U HEMIPUEMJIIEMBI.
HeobxoauMo mpu3HaBaTh BKJIAJ BCEX JIMI, TaK WIM HHade NOBIUSABIINX HA XOJ
WCCIIeIOBAaHMS, B YaCTHOCTH, B CTAaThe JOJDKHBI OBITH ITPEACTAaBICHBI CCHUTKM Ha PabOTHI,
KOTOpblE HWMEJHM 3HadeHHe IpH IPOBEJCHUH HccienoBaHus. Cpenud  COaBTOPOB
HEJIOMyCTUMO yKa3bIBaTh JIUII, HE YIaCTBOBABIIMX B NCCIIEIOBAHHH.

Ecmm aBTOpOoM(-amm) oOHapyxkeHa omuOka B paboTe, HEOOXOAMMO CpPOYHO
YBEIOMHUTB PEIaKTOPa M BMECTE IIPUHSTD PEIIeHHE 00 NUCIIPaBICHHH.

Pemenne 00 oTkase B MyONMKAaLMM PYKONHCH MPUHUMAETCs Ha 3aceJaHuH
pPEIAKIMOHHOM KOJMJIETMM C YYeTOM pEKOMEHJauuil peneH3eHToB. CraThs, He
PEKOMEHIOBaHHAs PELICHHEM PENAKIMOHHONW KOJUIETHHM K IMyOJHKAaLUH, K IOBTOPHOMY
paccMoTpenuio He npuHuMaercs. CoollneHre 00 0TKa3e B MyOJIMKAIlMM HAIpPaBJIseTCS
aBTOPY I10 3JIEKTPOHHOM 1OYTe.

[Mocne mnpunsTus penkoiuierueid JKypHama pemieHuss O JOIMyCKEe CTaTbU K
myOJIMKanyy pegakuyst HHGOPMUPYET 00 3TOM aBTOpa M yKa3bIBae€T CPOKH IMyOJIHKALIUH.
OpuruHansl perieH3uil Xxpausarcs B peaakuuu JKypHana B TedeHue 3 JieT.
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Scientific Publication Ethics

The Editorial Board and Editor-in-Chief of the scientific journal the “Chemical
Journal of Kazakhstan” (hereinafter referred to as the Journal) adhere to the
accepted international standards of the “Committee on Publication Ethics”
(Committee on Publication Ethics— COPE) (http://publicationethics.org/about), the
“European Association of Science Editors” (European Association of Science Editors —
EASE) (http://www.ease.org.uk) and the “Committee on Scientific Publication
Ethics” (http://publicet.org/code/).

To avoid unfair practices in the publishing activities (plagiarism, false information,
etc.) and in order to ensure the high quality of the scientific publications and public
recognition of the scientific results, obtained by the author, the members of the Editorial
Board, authors, reviewers, as well as institutions, involved in the publishing process, are
obliged to comply with ethical standards, rules and regulations, and take all measures to
prevent their violation. The compliance with the rules of the scientific publication ethics
by all process participants contributes to ensuring the rights of authors to intellectual
property, improving the quality of the publication and excluding the possibility of misuse
of the copyrighted materials in the interests of the individuals.

All scientific articles submitted to the editors are subject to mandatory double-blind
peer reviewing. The Editorial Board of the Journal determines the compliance of the
article with the specificity of the Journal, the registration requirements and sends it for the
first reviewing to the Executive Secretary of the Journal, who determines the scientific
value of the manuscript and appoints two independent reviewers — the specialists with the
scientific specializations closest to the topic of the article. The articles are reviewed by the
members of the Editorial Board and the Editorial Staff, as well as the invited reviewers
from the other countries. The decision to choose one or another reviewer for reviewing the
article is made by the Editor-in-Chief. The reviewing period is 2-4 weeks, though at the
request of the reviewer, it can be extended, but no more than for 2 weeks.

The editors and the reviewer guarantee the confidentiality of the unpublished
materials submitted for reviewing. The decision to publish is made by the Editorial Board
of the Journal after reviewing. If necessary (the presence of comments by the editor(s)
and/or reviewer(s)) the manuscript is sent to the authors for revision, after which it is re-
reviewed. The editors reserve the right to reject from the publication of the article in case
of violation of the rules of ethics. The Executive Editor should not allow the information
to be published if there is sufficient reason to believe that it is plagiarism.

The authors guarantee that the materials, submitted to the editors are new,
previously unpublished and original. The authors are responsible for the reliability and
significance of the scientific results, as well as compliance with the principles of scientific
ethics, in particular, the prevention of violations of scientific ethics (fabrication of the
scientific data, falsification leading to distortion of the research data, plagiarism and false
co-authorship, duplication, appropriation of other people's results, etc.).

The submission of an article to the editor means that the authors did not submit the
article (in the original or translated into or from the other languages) to the other
Journal(s), and that this material was not previously published. Otherwise, the article is
immediately returned to the authors with the wording “Reject the article for the copyright
infringement.” The word-for-word copying of more than 10 percent of the work of
another author is not allowed without indicating his authorship and references to the
source. The borrowed fragments or statements should be drawn-up with the obligatory
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indication of the author and source. Excessive borrowing, as well as plagiarism in any
form, including inaccurate quotations, paraphrasing, or appropriation of the rights to the
results of the other people's research, is unethical and unacceptable. It is necessary to
recognize the contribution of all persons, who in one way or another influenced the course
of the research, in particular, the article should provide links to the works, which were
important in the research conduction. Among the co-authors, it is unacceptable to indicate
persons, who did not participate in the research.

If the author(s) finds an error in the work, it is necessary to immediately notify the
editor thereof, and together decide on the correction.

The decision to refuse from the publication of the manuscript is made at a Meeting
of the Editorial Board, taking into account the recommendations of the reviewers. An
article, which is not recommended by the decision of the Editorial Board for the
publication, is not accepted for re-consideration. A notice of the refusal to publish is sent
to the author by e-mail.

After the Editorial Board of the Journal makes a decision on the admission of the
article for the publication, the Editorial Board informs the author thereof, and specifies the
terms of the publication. The original reviews are kept in the Editorial Office of the
Journal for 3 years.
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