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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachHBIH ¥IJITTHIK FRUTBIM akagemusicey PKB, 2024
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Abstract. The development and efficient use of mineral resources is the
main direction of the development of production and industry namely oil and
gas production have its own special place. This scientific work, on the basis of
reducing the environmental impact from waste released in the process of oil and
gas production, conducting an examination on their origin, as well as considering
the waste formed in production centers as secondary raw materials and using them
in various industries, the project is considered. Coal briquettes are used for their
intended purpose in the domestic and industrial industries. The proposed scientific
article analyzes the new scientifically substantiated results of research that ensure
the solution of environmental problems at production sites, important for industrial
use, and the development of approaches to the use of asphalt resin paraffin deposits
(ARPD). Large-scale physico-chemical analyzes of solid oil residues formed in oil
fields, various varieties of coal, as well as rice husk were carried out in a special
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laboratory and scientific experiments were carried out in the areas of its use as a
source of raw materials in the fuel industry. In the experimental work, several tests
were carried out to determine the humidity, temperature of each added mixture
and their strength by pressing them under different pressures in special standard
containers. At the same time, to carry out calculations for the heat of combustion of
the briquette, changing the concentrations of the impurities included in the briquette
in the possible range and determining the concentration of each. All calculations
were carried out by creating a computer program. As a result of the conducted
scientific research, innovative technologies for the effective use of industrial waste
are proposed.

Keywords: oil, coal, production waste, technologies, briquettes, ARPD, rice
husks
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AnnHoTtauus. JKep KoiHaybIHAAFbl IIUKI3aT MEH Kaz0a OaiybIKTapibl Urepy
MEH THIMII MaijaiaHy OHJIIpIiC MeH eHEPKICINTIH JaMybIHBIH OacTbl OarbIThl
Oonbin TaObutaabl. COHBIH INIHJE MYHaW XOHE ra3 eHAIPICIHIH ©31HJIK epeKIile
opHbl Oap. by FbuTbIMU eHOEKTe MyHal >KoHE Ta3 eHAIpici yaepicinae OeiHreH
KaJIBIKTap/aH KopllaraH opTara OeJiHeTiH 3apAanTsl a3aiTy HEeTi3iHAe, OJIapIblH
OeJliHIN MBIFY TeriHe OalJaHbICTBI capanTama >KYpri3e OTBIPBIN, COHBIMEH
KaTap OHJIpIC OLIaKTapblHAA TY3UITeH KaJABIKTapAbl €KiHIII PecypCThl MIMKi3aT
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pETiHe KapacThIPHIN, OJapAbl SPTYPIi OHJIpic cajachlHAa mMaiiianaHy >K00ackl
KapacTelppuirad. Kewmip OpukerTepi Makcarbl OOWBIHIIA TYPMBICTBIK JKOHE
OHEPKACINTIK cajlamap/ia KOJIJaHbIabl. ¥ CBIHBUIBII OTBIPFAaH FBUTBIMH MaKaliasia
OHJIIPICTIK TaiataHybl MaHBI3/IbI, OHMIPIC OPBIHIAPBIHAAFEl AKOJIOTHSUIBIK
MIHJETTEp/Ii STy i KAMTaMachI3 €TETIH 3ePTTEYIeP IiH )KaHa FhIIBIMU HET131eNTeH
HOTIDKENepi JkoHe acdanbTThl Mmaiblpasl mapadunai meringimepai (ALLIILIT)
naianany TOCUIIEpiHIH 3eprTeMelniepi TainaHraH. MyHall KeH OpBIHAApbIHAA
TY31JI€TIH KaTThl MYHal KaJJIBIKTapblHA, KOMIP/iH 9pTYpIli COPTTAphIHA COHBIMEH
Oipre Kypimn KaybI3blHA apHalbl 3epTXaHaja KeH OarbiTTa (PU3MKa-XUMISLTBIK
TaJaayiap *acallblll, OHbI OTBIH OHEPKACIOIHIE MIMKI3aT Ke3i peTiH/Ie maiaanany
OarbITTapbhlHAa FBUIBIMU SKCIIEPUMEHTTEp jKacajraH. ToxipuOe KymbIcTapblHIA
opOip KOCBUIaTBIH KOCHAJIap/blH BUIFAJABUIBIFEL, TEMIIEPATypachl )KOHE OJIapIIbl
apHaibl CTAaHAAPTTHI BIABICTAPFA CABII IPTYPIi KBICBIMIApa MpecTey apKbLIbI
onapnaplH OepikTikrepi OipHemie cblHaKTapaaH eTkisiireH. CoHbIMEH Oipre
OpUKETTIH KaHy JKbUTybIHA €CeNTeyNepi JXYpridy YIIiH OpUKeT KypamblHa
KipeTiH Kocnanap/iblH KOHIIEHTpaUsIIapbIH MYMKIH OOJIaThIH IMana3oH/1a e3repTe
OTBIPBII KOHE OPKANCHICHIHBIH KOHIIEHTPALUSCH aHBIKTANIBI. bapisik ecenreynep
KOMITBIOTEPIIIK OaFjaapiaMa Kypy apKbUIbl KYpriziireH. JKyprisiireH FpUTBIMU
3epTTEYIep/AiH HOTHKECIHIE OHIIPICTIK KaIIBIKTapAbl THIMII TainaTaHyIbIH
’KaHAITBUT TEXHOJIOTHSIIAPHI YCHIHBUIFaH.

Tyiiin ce3mep: MyHail, KeMmip, OHIIpIC KalJIbIKTapbl, TEXHOJIOTHsS, OpPHKET,
AIIIILI, xypimn KaysI3bl
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Annoramusi. OcBoeHne u 3PPEKTUBHOE HCIIOIH30BAHUE HEIP CHIPHS
U HCKOMAEMBIX PpECypCcOB SIBISETCS OCHOBHBIM HANpaBIEHHWEM pa3BUTHUSA
MPOM3BOACTBA M MPOMBIIIICHHOCTH. B ToM uncie no0brya He(TH M raza UMeeT
cBoe ocoboe MecTo. B cTarhe omuchIBaeTCSl MPOEKT MO UCTIOIB30BAHUIO OTXOAOB,
00pasyronmxcs B o4arax MPOHM3BOACTBA, B Pa3IMYHBIX OTpACisX MPOU3BOJCTBA,
B Ka4ecTBE BTOPHUYHOIO PECYPCHOTO CBHIPbS € IMPOBEACHHEM JKCIEPTU3HI,
CBSI3aHHOW C HX BBIIEJICHMEM, Ha OCHOBE CHUKEHHS TOTEPh B OKPYXKAIOIIYIO
Cpely OT OTXOJOB, BBIIEISAEMBIX B Ipoliecce N00bYM HeTH W ras3a. YroibHbIE
OpUKEThl TIO HA3HAYCHUIO HCIIOJB3YIOTCSI B OBITOBOM M MPOMBIIUICHHON
cpepax. B mpemmaraemoli HaydyHOW cTarhbe MPOAHAIM3MPOBAHBI HOBHIC HAYYHO
000OCHOBaHHBIE  pE3yNbTaThl  HCCICAOBAaHHWN, OO0CCICUUBAIONINE  pPELICHUE
9KOJIOTUYECKUX 33/1ad Ha TMPOU3BOJCTBEHHBIX OOBEKTAaX, MMEIOUIMX 3HAuYCHHE
JUIsl TIPOMBIIIJICHHOTO HMCIONB30BaHMs, U pa3pabOTKH CIOCOOOB HCIONb30BAHUS
acQanbTOBBIX CMONUCTHIX mNapaduHOoBbIX omioxkeHnd (ACIIO). [Ins TBepmbix
HEQTSIHBIX OTXOAOB, 00pa3yIOIMXCA Ha HEPTIHBIX MECTOPOKICHHUAX, PA3TMIHBIX
COPTOB yINS, a TaKKE€ PHUCOBOHM ILIENYXH B CHEHMATBHOW J1abopaTtopuu ObLTH
MPOBEICHBI OOIIMPHBIE (HU3NKO-XUMHUYECKUE aHAIHM3bl U HAYYHbIC SKCIEPUMEHTHI
10 HaNpaBJICHUSIM UX HCIIOJIb30BaHUS B KaU€CTBE MCTOYHMKA CHIPbsI B TOIIJIMBHON
MPOMBILUIEHHOCTH. B 3KcliepuMeHTanbHBIX paboTax BIaXHOCTb, TeMIleparypa
Ka)XJI0TO J00aBIsIEeMOT0 COCMHEHUSI M UX TIPOYHOCTD MOJBEPTrajiCh HECKOIbKUM
HCHBITAHUSAM ITyTEM X MPECCOBAHMS B CIIELUANbHbBIE CTaHIapPTHBIE EeMKOCTH TpU
pa3iauuHBIX JaBieHusAx. [Ipu aTom Uit mpoBeAeHUsT pacyeToOB TEIUIOTH CTOpaHUs
OpHKeTa OmpeneNsiii KOHICHTPALMIO KKIOT0 M3 HUX, M3MEHSS KOHIEHTPalWuU
npUMecei, BXOJSIIUX B COCTaB OpHKETa, B Mpeaesiax BO3MOXKHOTO JHara3oHa.
Bce pacuersl nmpou3BOAMIINCH MyTEM CO3/1aHUS KOMIIBIOTEPHOH mporpammsl. B
pe3yibTaTe MPOBEJEHHBIX HAyYHBIX HCCIIEOBAaHUN MPEAI0KEeHbB HHHOBAIMOHHBIE
TEXHOJOTUHU 3(H(HEKTUBHOTO UCTIONB30BAHUSI TPOMBIIIICHHBIX OTXOAOB.

KioueBbie ciioBa: He()Th, yroib, 0TXObI IPOU3BOACTBA, TEXHOJIOTHS, OPHKET,
ACIIO, pucosas menyxa

Introduction

It is known that the Republic of Kazakhstan is one of the top ten countries
in the world in terms of the volume of fossil resources and reserves of oil raw
materials. Along with the benefits, the harmful effects of oil and gas production
on the environment are not small. The consequences of natural or man-made
disasters occurring during oil production, transportation and processing operations,
in turn, contribute to the deterioration of the ecological situation of oil regions. It
is clear that oil and oil residues spilled on the ground, the area of flares for burning
associated gases, not only pollute water, soil and harm the flora and fauna, the
health of people, but also cause the extinction of some living things.
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The increase in anthropogenic impacts associated with the development of
Science and technology today is the reason for the deterioration of the environmental
situation. Today, one of the most important issues is the monitoring of the state of
extremely polluted areas, the disposal of production waste, the assessment of the
quality of the environment, the forecast for the future and the implementation of
environmental measures.

Therefore, reducing the harmful effects of oil and gas production on the natural
environment is an urgent problem today and it is necessary to create a new model
that will resist the impending environmental stagnation.

Thousands of tons of production waste are generated annually in Kazakhstan.
The bulk of the waste in the fields is oil waste accumulated in open tanks. In turn,
oil residues accumulated in open places are absorbed into the bowels of the Earth,
destroying groundwater, soil fertility, some species of rare plants in this area,
spreading into the air under the influence of sunlight and negatively affecting the
environment. Therefore, the disposal and processing of oil waste in oil producing
regions is considered one of the main goals in protecting the natural environment.
The main directions of protection of oil-producing enterprises from harmful effects
are to reduce the area of oil-damaged land, reduce air pollution, as well as to
consider liquid and solid oil waste spilled during oil production, transportation and
repair work as secondary raw materials and reuse them in various industrial fields.
As long as it is cost-effective, it protects the environment from pollution from an
ecological point of view and ensures its sustainability. The use of solid oil waste in
the technology of manufacturing various building materials, which makes it possible
to turn it into a category of marketable products, is one of the methods of solving
environmental and economic problems (Ruchkinova et al., 2004; Ruchkinova et
al., 2022). For example, scientists have proven that solid oil residues in the form
of asphalt-resin paraffin deposits can be used in the production of briquette fuel;
in the field of road construction; in the construction of waterproof screens; in the
development of roofing materials; for the production of hydrocarbon lubricants.
Currently, many private enterprises have established a solution to the problem of
disposal of oil waste by various methods (incineration or burial in the ground)
(Abilbek et al., 2021). However, these methods do not benefit enterprises from
an environmental and economic point of view, but rather harm the environment.
The main direction of reducing the formation of oil waste is their use for obtaining
materials and products necessary for the consumer, as a second raw material that
stores reserves in terms of physical and chemical properties. Solving these problems
will not only improve the environment, but also make a huge contribution to the
development of many industrial and agricultural sectors. Therefore, through the use
of truly environmentally friendly and cost-effective technologies, it will be possible
to radically solve environmental problems (Zhabagiev et al., 2023).

Materials and methods

Analysis of technical solutions in the field of obtaining briquetted fuel in
addition to improving the well-known composition and technology for obtaining
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this fuel, new research is being carried out to replace the briquetted fuel binder
with waste, as is the carbon-containing material. In particular, the compositions for
replacing bitumen binder with oil residues were studied. According to published
data, secondary products (oil waste) can replace commodity binders, but not 68
%, as in the case of the use of bitumen, but 15 % or more (up to 67 %). The
second important condition for the possibility of using oil residues in briquetted
fuel is the upper content of organic compounds in them (from 60 % to 90 %), lower
humidity (10 %) and a small content of mechanical impurities (5+14 %). So, the
third condition for the use of oil waste in briquetting technologies is their high
calorie content.

As we have noted, the group chemical composition of asphalt resin paraffin
deposits (ARPD), the predominance of organic compounds in them, their
rheological, adhesive, colloidal-chemical and structural-mechanical properties
make it possible to evaluate sediments as binders with significant cohesion and
heat-forming ability, which can be used to obtain solid briquetted fuel (Yelishevich,
1987; Nikishanin et al., 2016).

A very accessible, studied and technically prepared method for the use of coal
chips is the cutting method. Cutting is the transformation of fine-grained minerals
into a lump product due to mechanical or thermal exposure with or without the
use of special additives. One of the most diverse types of cutting is briquetting — a
physical and chemical process of obtaining mechanically and thermally durable
grade products with a clear geometric shape, dimensions and mass.

For their intended purpose, coal briquettes are domestic and industrial. Industrial
briquettes serve for partial coking of lignite and coking of hard coals, can perform
the function of heat-insulating material, replacing scarce graphite, and are also used
as the main material for obtaining a wide variety of types of electrodes. Industrial
briquettes are of various shapes, such as round, brick, cube, etc. (Ismailova et al.,
2018).

Briquettes must meet the following requirements (Bisenov et al., 2021):

1) have atmospheric tolerance-not disturbed by temperature effects and
atmospheric precipitation;

2) have mechanical strength-must have a very high resistance to impact, friction
and bending;

3)at high combustion and melting temperatures, it is necessary to ensure good
passage of gases (the gap must be hollow);

4) there should be as little moisture as possible, which requires additional losses
during heat evaporation and complicates the gas permeability of briquettes;

5) temperature tolerance — it is necessary that it does not break under the
influence of the upper temperature of combustion and melting.

Briquetting is the transformation of coal powders into durable briquettes
by squeezing them of a certain geometric shape (Zhalgasuly et al., 2022). Coal
briquetting is widely developed in many European countries (Poland, Hungary,
Romania, France, England, Holland, Germany), Asia (Japan, China) and the United
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States. Briquetting objects are brown and hard coals, which have poor strength and,
after their removal from the mine to the surface, easily break down during storage
and transportation, as well as coal pellets that are not used rationally. In the process
of industrial development, the theoretical foundations of briquetting were created.
Despite all the diversity of Coal, their chemical and physico-mechanical properties,
well-known researchers have developed the Basic Rules and prerequisites for
the possibility of briquetting coal of different brands, during the suppression of
which the physico-chemical interactions that occur in coal were revealed. At the
present stage, research on briquetting of all new coal deposits does not stop, and
each researcher contributes to the development of the theory and practice of this
complex process (Nifonteyev, 2000; Tanzharykov, 2015).

The study of coal briquetting of the Kiyakty deposit was carried out sequentially.
First of all, the possibility of briquetting dry coal according to the developed
methodology was studied. For the experiments, dry coal was used, which was
stored for a long time at room temperature, crushed to 5+1mm. The granulometric
composition of coal is presented in table 1.

Table 1. Granulometric composition of coal prepared for research

Sequence Grain size, mm Total
g % g % g % g %
1 98,94 19,75 33148 66,32 69,58 1392 500 100
2 109,88 21,98 361,95 72,38 28,17 5,59 500 100
3 145,98 29,21 298,02 59,58 56,00 1021 500 100
4 107,13 21,39 360,91 72,21 31,96 6,38 500 100
Average 11548 23,08 338,16 67,62 46,36 9,02 500 100

In order to determine the optimal composition of the charge for conducting
compression tests, 7 briquettes were made with each composition in accordance
with GOST 21289-75 to determine the average value of the strength of briquettes
during the testing process.

The briquettes compression load was 12; 15; 18 tons. Accordingly, the
compression pressure was 80; 100; 130 MPa. The diameter of the resulting
briquettes corresponded to the inner diameter of the Matrix - 42 mm.

Coal was poured into the mold, the height, diameter and cross-section were
measured. The press was placed under the form and the compression force was set.
During the test, the following indicators were taken into account (height, weight,
pressing force, destructive load temporary compression resistance). In the course of
a preliminary study of dry coal pressing, the optimal pressing pressure from 60 to
130 MPA was determined. As preliminary experiments have shown, briquettes are
crushed under pressure (Table 2).
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Table 2. Results of the study of the dry coal briquetting process

Pressing Sample Height, | Weight,g | Breaking load, kg | Temporary compression
force, t number mm resistance, kg/cm?
12 tons 1 25,0 42,5 610,0 44,66

2 25,0 42,5 570,0 41,68
3 25,0 42,5 510,0 37,34
4 25,0 42,5 560,0 41,26
5 26,0 45,0 540,0 39,61
6 26,0 46,5 510,0 36,20
7 26,0 445 510,0 36,20
15 tons 1 27,5 46,5 560,0 41,68
2 27,0 44,0 600,0 44,24
3 29,0 48,5 560,0 41,82
4 27,5 48,0 590,0 43,02
5 29,0 48,5 550,0 40,96
6 29,0 49,5 510,0 35,90
7 28,0 48,5 540,5 36,40
18 tons 1 26,5 475 490,0 35,80
2 25,5 445 560,0 40,86
3 25,0 43,5 380,5 27,96
4 25,5 445 490,0 35,06
5 26,0 45,5 560,0 40,86
6 25,5 44,5 550,0 40,96
7 26,5 47,5 555,0 38,11

Experiments have shown that the moisture content of coal is up to 15 %, an
increase in pressing pressure increases in compression pressure increases the
strength of briquettes. In this case, the compression pressure of the presses (130MPa)
ensures the greatest strength of the briquettes. However, when the compression
pressure is higher than 130 MPa, the strength of the briquettes can be expected to
increase even more.

Pressing pressure above 130 MPa can be provided by Ring presses. However,
these presses are bulky, expensive, and cannot be used in modular briquette
installations. Therefore, during the experiments, the compression pressure was
limited to 130 MPa.

Further research was carried out on the production of briquettes from moistened
coal. For this, 3 versions of the charge with the addition of 5 %, 15 % and 25 %
water are made of dry coal. The wet charge was kept in a closed container for 3
days in order to equalize the humidity over the entire mass of coal. The resulting
charge was also poured into a mold, placed under a press and compressed under a
pressure of: 60; 80; 100; 130 MPa. The resulting 21 pieces of briquettes were left
for storage at a temperature of 20+25°C for further tests and determination of the
strength of the briquettes. Table 3, figure 1 shows the dependence of the strength of
briquettes on the joint effect of coal moisture and pressing pressure.
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Table 3. Results of a study of the strength of briquettes on the dependence of coal moisture and

compression pressure

Coal moisture, %

X o Temporary resistance to compression, MPa
N s -
g ,% S Experience numbers
% £¢
=]
El g% 1 2 3 4 5 6 7 | Average
s S & value
O
60 2,68 2,65 2,83 2,81 2,79 2,53 3 2,75
5 80 3,06 3,45 3,5 3.3 3,16 3,21 3,24 3,27
100 5,12 5,32 5,41 5,47 5,64 5,36 5,31 5,37
130 6,12 6,34 6,29 6,41 6,45 6,17 6,41 6,31
60 3,34 4,21 3,08 3,16 2,64 3,12 3,14 3,24
15 80 5,52 5,14 5,54 6,08 5,46 4,79 4,56 5,29
100 7,68 6,24 5,82 5,58 5,12 6,45 5,65 6,07
130 7,71 7,48 7,55 7,77 6,62 8,25 8,26 7,66
60 2,57 2,28 2,24 2,32 2,54 2,33 2,17 2,35
25 80 4,49 4,17 3,73 4,18 3,92 3,58 3,63 3,95
100 4,17 4,38 4,16 4,31 4,16 3,65 3,71 4,07
130 3,63 4,15 2,79 3,46 4,17 4,11 3,75 3,72
8
7
§ 6
fs
S 4
%D Compression
@

pressure, MPa

Figure 1. Dependence of briquettes strength on coal moisture and compression pressure

When using ARPD as a binder, the maximum strength of briquettes exceeds
SMPa at a residual oil content of 5+7 and a maximum compression pressure

(130MPa).

The dependence of the strength of briquettes on the joint effect of the composition
of the ARPD and pressing pressure is presented in table 4 and figure 2. From the
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graph it can be seen that the optimal amount of oil residue is 5 %. The optimal
pressing pressure is 100130 MPa.

Table 4. Strength of briquettes containing ARPD

g“ 5 s Temporary resistﬁnce to compression, MPa
o 2 |8 E s Experience numbers
2888|253
< £ |E& 1 2 3 4 5 6 7 | Average
S S value
60 1,72 1,94 1,81 1,86 | 2,09 1,92 1,88 1,88
25 80 3,33 3,44 3,26 | 3,37 | 3,19 3,41 3,44 3,34
’ 100 4,32 4,18 4,42 | 437 | 429 | 431 4,46 4,33
130 4,51 4,79 4,64 | 4,61 | 4,58 4,78 | 4,58 4,64
60 4,25 4,38 3,82 | 3,51 3,32 344 | 3,45 3,73
50 80 3,88 4,45 4,14 | 446 | 4776 | 454 | 492 4,45
’ 100 3,67 5,07 425 | 476 | 524 | 4,44 | 581 4,74
130 4,78 5,21 5,07 | 4,81 5,07 | 489 | 5,15 4,99
60 3,66 3,77 3,84 | 398 | 3,68 3,78 | 3,85 3,79
10.0 80 4,85 4,57 4,85 4,7 4,63 4,85 | 4,65 4,72
’ 100 3,95 4,31 5,37 | 5,55 | 448 5,82 | 491 4,91
130 4,67 4,78 452 | 475 | 4,79 | 4,58 | 4,73 4,68

[¥]

Compression
00 pressure, MPa

Briquette strength, MPa

2,5 5 10
Composition of the ARPD, %

Figure 2. Dependence of the strength of briquettes on the composition and compressive strength
of the ARPD

Table 5. figure 3 shows the dependence of the strength of briquettes on the
joint effect of rice husk content and compression pressure. The table shows that
the optimal amount of rice husk on the charge is 2,5+5 %, and the compression
pressure is 100+130 MPa.
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Table 5. Strength of briquettes containing rice husks
o = £ Temporary resistance to compression, MPa
:g - -% S Experience numbers
L% £ A
£2| E3 1 2 3 4 5 6 7 Velrage
S Qc-) @) a value
65,0 4,48 4,74 4,75 4,86 4,71 4,84 5,05 4,77
25 86,6 6,54 7,61 6,67 7,27 8,15 7,11 8,07 7,34
’ 108,3 7,64 8,45 7,45 8,12 8,57 7,65 8,47 8,05
130,0 6,82 911 | 789 | 823 | 857 | 734 | 812 | 801
65,0 3,72 3,78 4,21 3,91 3,92 4,17 4,23 3,99
50 86,6 6,69 6,53 6,64 6,65 7,08 6,21 7,23 6,71
’ 108,3 8,01 7,81 8,1 7,52 7,35 7,39 7,78 7,7
130,0 7,7 7,94 7,95 7,72 7,72 7,81 7,79 7,8
65,0 3,23 309 | 327 | 313 | 3,17 | 3,12 | 3.2 3,17
10.0 86,6 5,6 53 5,6 5,8 5,73 5,38 5,91 5,61
’ 108,3 6,32 6,49 6,17 6,22 6,19 6,24 6,51 6,3
130,0 5,71 5,83 6,07 5,87 5,88 5,7 5,81 5,83

Briquette strength, MPa

10

The composition of rice husk, %

60

80

Compression

/- pressure, MPa
100

Figure 3. Dependence of the strength of briquettes on the composition and compression pressure

of rice husks

Let's assume that the composition of a briquette made from oil waste consists of
ARPD, coal powder and rice residue (rice husk), and use the formula given below
to find the heat of combustion for this planned briquette. The heat of combustion
refers to the amount of energy released during the combustion of 1 kg of solid fuel.

The lower combustion heat refers to the most important characteristic of the
fuel and is determined from experience for each substance. When the elemental
composition is known, the heat of combustion can be found using the formula of

D.I. Mendeleev (kJ/kg or kcal/kg):
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Q,"=339C" + 1256H" — 109(0" + S *) — 25,14(9H" + W")
C", H", 0", S, W’ — impurity values (% of mass) of carbon, hydrogen, oxygen,
sulfur and moisture in the fuel.

Analysis of the results

to carry out these calculations, we determine the concentrations of the additives
included in the briquette, changing them in the possible range and keeping the
concentration of each individually constant at a certain value. All calculations were
carried out by creating a computer program, and the results obtained are shown in
tables 6+9 and figure 4 (Zhumagulov et al., 2021).

For the concentrations of all combustible impurities contained in the briquette,
the values of the heat of combustion when simultaneously taking different values
are given in table 6 (Tanzharykov et al., 2012).

Table 6. Heat of combustion of briquette for variable concentrations of all constituent substances

Specific heat of combustion, kcal Briquette composition, .. Heat of
/ kg in the mass part, % Composition combustion
ARPD | Coal powder | Rice husk [ ARPD | Coal powder | Rice husk compound Q, kcal
10420 6560 3200 0 0,9 0,1 1 6224
10420 6560 3200 0,05 0,8 0,15 1 6249
10420 6560 3200 0,1 0,7 0,2 1 6274
10420 6560 3200 0,15 0,6 0,25 1 6299
10420 6560 3200 0,2 0,5 0,3 1 6324
10420 6560 3200 0,25 0,4 0,35 1 6349
10400 6560 3200 0,3 0,3 0,4 1 6368
10400 6560 3200 0,35 0,2 0,45 1 6392
10400 6560 3200 0,4 0,1 0,5 1 6416
10400 6560 3200 0,45 0 0,55 1 6440

The concentration of rice husk in the briquette is constant (0.10% in the mass
fraction), and the concentrations of the remaining combustible impurities are
simultaneously taken different values the values of the heat of combustion are
given in table 7.

Table 7. The concentration of rice husk is constant, the heat of combustion of the briquette for
variable concentrations of the remaining constituent substances

Specific heat of combustion, kcal Briquette composition, Composition Heat of
kg in the mass part, % compound | combustion
ARPD | Coal powder | Rice husk | ARPD | ARPD | Coal powder | Rice husk Q, keal
10420 6560 3200 0 0,9 0,1 1 6224
10420 6560 3200 0,05 0,85 0,1 1 6417
10420 6560 3200 0,1 0,8 0,1 1 6610
10420 6560 3200 0,15 0,75 0,1 1 6803
10420 6560 3200 0,2 0,7 0,1 1 6996
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10420 6560 3200 0,25 0,65 0,1 1 7189
10400 6560 3200 0,3 0,6 0,1 1 7376
10400 6560 3200 0,35 0,55 0,1 1 7568
10400 6560 3200 0.4 0,5 0,1 1 7760
10400 6560 3200 0,45 0,45 0,1 1 7952

Assuming that the concentration of coal powder in the briquette is constant
(0,40% in the mass fraction), the concentrations of the remaining combustible
impurities are simultaneously different values, the values of the combustion heat
are given in table 8. The lines of change in the heat of combustion made from the
obtained values in these tables are shown in figure 4.

Table 8. The concentration of coal powder is constant, the heat of combustion of the briquette for
variable concentrations of the remaining constituent substances

Specific heat of combustion, kcal Briquette composition, Composition Heat of
/ kg in the mass part, % compound combustion
ARPD | Coal powder | Rice husk | ARPD | ARPD pg;;zler EEZ EEZ:E iﬁ}fgl
10420 6560 3200 0 0,4 0,6 1 4544
10420 6560 3200 0,05 0,4 0,55 1 4905
10420 6560 3200 0,1 0,4 0,5 1 5266
10420 6560 3200 0,15 0,4 0,45 1 5627
10420 6560 3200 0,2 0,4 0,4 1 5988
10420 6560 3200 0,25 0,4 0,35 1 6349
10400 6560 3200 0,3 0,4 0,3 1 6704
10400 6560 3200 0,35 0.4 0,25 1 7064
10400 6560 3200 0,4 0,4 0,2 1 7424
10400 6560 3200 0,45 0,4 0,15 1 7784

The average value of the values of the heat of combustion obtained by varying
the concentrations of combustible impurities in the briquette is given in table 9.

Table 9. Average combustion heat of briquette

Specific heat of combustion, Heat of combustion of briquette composition
kcal / kg Q, kcal Average
. o Rice husk Coal powder | burning heat Q,
Arpp | Coal | Rice | Everythingis | 16100 | stable (40% in keal
powder | husk changing . .
mass portion) | mass fraction)

10420 6560 3200 6224 6224 4544 5664
10420 6560 3200 6249 6417 4905 5857
10420 6560 3200 6274 6610 5266 6050
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10420 6560 3200 6299 6803 5627 6243
10420 6560 3200 6324 6996 5988 6436
10420 6560 3200 6349 7189 6349 6629
10400 6560 3200 6368 7376 6704 6816
10400 6560 3200 6392 7568 7064 7008
10400 6560 3200 6416 7760 7424 7200
10400 6560 3200 6440 7952 7784 7392
8000

y=350,8x+ 4186,
Ri=1

7500

y=1918x+ 6034,
Ri=1 y=191,8x+ 5474,
7000 Ri-1

6500

—y

y=43,84%+ 6202,

i R?=0,999
o —=—Everything is changing

5500

=8~ Rice husk stable {in 10%
mass portion)

heat of combustion, [Q) kcal

3000 Coal powder stable (40%

in mass fraction)

4500 Average burning heat

Q, keal
4000
0 0,05 01 015 02 025 03 035 04 DA%

solid oil residue, mass part, %

Figure 4. Obtained and average values of the combustion heat depending on the concentration
changes in the briquette composition

As can be seen in figure 4, the average values found for all considered cases
of combustion heat vary between 5664 kcal and 7392 kcal. Therefore, the exact
value of the heat of combustion directly depends on the conditions for their gluing
and technological production of briquette fuel, the mutual identification of these
compounds. So, from the considered calculations, it was found that for a fuel
briquette made from oil waste, the minimum value of the heat of combustion will
be Q . = 4544 kcal, and the largest possible value will be Q = 7952 kcal.

In the course of the study on the extraction of briquettes from coal of the Kiyakty
deposit, the possibility of using ARPD waste as a binder was considered. Waste is
a semi-solid viscous mass that maintains its state of aggregation at a temperature of
25+30°C, therefore, when using them as a binder with a charge of a homogeneous
composition, it will be necessary to heat them to a melting point of 120+130°C.

The resulting briquette pattern was placed in a mold. Experimental work showed
that the burned samples did not break, but took the shape of a plate (table 10).
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Table 10. Results of briquette tests
t, min 0 5 10 15 20 25 30 35 40
T, °C 0 147 256 487 612 790 563 462 402

Figure 5. The process of combustion of a briquette made of Coal of the Kiyakty deposit with a
ARPD binder

Conclusion

Based on the data obtained, a methodology for selecting the charge composition
was developed, an analysis of the binding components was carried out. Laboratory
studies on the conditioning of lignite were carried out and the physico-mechanical
properties of the resulting briquettes were determined.

As a result of mathematical processing, the relationship between the physico-
chemical properties of coal and the technological parameters of briquetting was
revealed. 6 charge options have been developed and technological briquetting
parameters have been established that meet the requirements for briquette fuel.

To confirm the results of laboratory tests, tests were carried out on the developed
conditions for briquetting non-conditioning coal. Tests of the developed options
for briquetting lignite of Class 0+5 mm with a humidity of 10+17 % confirmed the
results of laboratory tests. The results of the tests clearly showed the possibility
of briquetting non-conditioned brown coal of the Kiyakty field using connecting
components at a pressing pressure of 100+130 MPa. The strength of briquettes
from charge of optimal composition is 7,7+10,4 MPa.

The technological scheme of coal briquetting was developed, the equipment
was selected and the scheme of the apparatus circuit was proposed. Basically, the
assessment of the quality of briquette fuel is characterized by its strength properties.
In this regard, to obtain briquetted fuel based on ARPN, it is necessary to take the
amount of ARPN in the mixture in the range of 22+26 %, coal 60+70 %, rice husk
5+10 %. According to the analysis, obtaining the amount of ARPN in briquetted fuel
as 22+26 % meets all the requirements in terms of quality compared to high-quality
hard coal briquettes. The heat dissipation property is high, and the water absorption
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is 2 % higher than the recommended value. The high ash content depends on the
amount of coal ash used and the amount of rice husk.

The presence of sulfur in the briquette affects its quality and leads to the release
of sulfur oxide into the air during the combustion process. ARPD from the Kumkol
field contains a very small amount of sulfur, about 0,1+0,3 %.

At the same time, one of the other important indicators of briquettes is its heat
dissipation property during combustion. For this purpose, work was carried out on
burning the briquette model in boiler furnaces. As a result, it turned out that the
briquette fuel burns well, and the burner flame takes up the volume of fuel and
burns for 35+40 minutes. During combustion, the briquette fuel softens, but retains
its shape well.

In this regard, as a result of the work carried out, it was shown that ARPD
will be in high demand as a result of its use in the composition of briquetted fuel.
The use of briquetted fuel of the proposed composition will expand the possibility
of using accumulated ARPD waste from local oil fields and contribute to solving
problematic issues related to the protection of the natural environment from harmful
waste.

Author's Certificate No.70189 and innovative patent for "composition of briquette
fuel based on asphalt-resin-paraffin deposits" were obtained (Tanzharykov, 2011).
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