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2 Clarivate
Analytics

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.

Kaszaxcman Pecnybnukacer ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Kasakcran PecryOnmukackl ¥ITTBHIK FUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. Cokonbckuii aTbIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUS HHCTUTYTHIHBIHY» 0ac TUPEKTOPEI
(Anmarsr, Kazakcran) H =4

FpuibiMu xaTmibl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH TOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF BIXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTbl, Kazakcran) H=5
PegaknusaablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penakTtopablH opeIHOAcaphl), reoIorus-MHHEPaIoT st
FBUIBIMJIAPBIHBIH  TOKTOpHI, Tpodeccop, KP ¥YFA akagemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS JKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupekTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyiabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrHs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH TOKTOPEL, Tpodeccop, K. 1. Carnaes THIHAAFbI 00T U FEUTBIMIAPHI HHCTUTY THIHBIH
nupexTopbl (Anmarel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcutetiHiH Cy
FBUIBIMJIAPHI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsig XKep Typais! FeutbiMaap OemiMinae
METPOJIOTUS JKOHE Iaijayibl Kazbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurus) H = 37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, ®panmms) H=15

HIEH Iun, Ph.D, KpiTaii reonorusiibik KOFAMBIHBIH Tay F€OJOTHICHI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKAaHABIK SKOHOMHKAJBIK TEONOrTap KaybIMAAcTHIFBIHBIH Mymieci (ITexkuw,
Kprrait) H = 25

OUIIEP Axcenb, Ph.D, JIpe3ncH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbEBHY, I'€OJOTHA-MUHEPAIOTUS FHUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpodumyka aTelHIaFEl MyHali-Ira3 Te0JIOTUACHI JKoHE reoU3nKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBHY, XHMMHS FhUIBIMAAPBIHBIH HOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMUSIChI HHCTUTYTBIHBIH KYpMeTTi qupektops! (MuHck, benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPBUIFAH
npodeccops ([pesznen, bepaun) H = 20

CEUTMYPATOBA Jneonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, K.M. CarnaeB arbinmarbl [€070Tusl FBUIBIMAAPEI
HHCTHTYTHI 3€pTXaHaChIHBIH MeHrepyiuici (Anamarsl, Kazakcran) H=11

CAFYBIHTAEB “Kanaii, Ph.D, xayeiMpacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H =11

®PATTHUHMU Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMIACTBHIPbUIFaH HIpodeccopbl
(Munan, Uranus) H =28
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ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukacbiHBIH ¥JITTHIK FRUTBIM akageMusicby PKB (Ammars! k.).
Kazakcran PecrryOnukacsIHBIH AKIIapar koHe KOFaMIbIK JaMy MUHHCTPIITiHIH AKIapaT KOMATETIHe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imaik 6achiIbIM TipkeyiHe KOHBITY Typasbl
KYOITiK.
TaKBIPBINTHIK OAFBITEL: 2€0102Us, MYHAL JHCoHe 2a30bl OHOEYOiH XUMUATLIK MEeXHONO02UANAPbl, MYHAU
XUMUACHL, MEMANOAPObL ANy JHCIHE ONAPObIH KOCLIHObLIAPbIHLIY MEXHONOUACHL.
Mep3iMaiTiri: )KeIIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusasig MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko ker., 28, 219 Geur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUIBIM akageMusick» PKB, 2024



I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarnponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIi TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHbIi cekpeTapb

ABCA/IBIKOB BbaxbiT HapukfaeBu4, JOKTOp TEXHHYECKUX HAYK, TPO(eccop, OTBETCTBEHHBIH

cexperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJgdJerus:

ABCAMETOB Mauc KyabicoBu4, (3aMeCTHTEINb ITTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupexrop HMHcruTyTa Tmaporeosoruu u
reoskosoruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYIECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunea, Ph.D, acconumpoBannslii npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtenb uccienoBaHuii B 00JacTH IMETPOJOTHU U
MECTOPOXK/ICHUH TTOJE3HBIX HCKOmaeMbIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua bBopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Haucu, ®panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomormn Kurtaiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHUKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axceas, acconuupoBanHslii npodeccop, Ph.D, Texanueckuit yausepcuret Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUILEBHY, TOKTOP I'E0JI0r0-MHHEPATOrMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baagumup EHokoBHM4, 10OKTOp XuMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoummpoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Djeonopa IOcymoBHa, [OKTOp TIeO0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MIHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.M. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kamnaii, Ph.D, accouuupoBannsiii mpodeccop, HazapbaeB yHuBepcureT
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28
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Editorial chief

ZHURINOV 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

ZHOLTAEY 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

PANFILOYV 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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H=28
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© B.O. Adyrbaev*, A.Z. Darkhan, B.O. Yessimov, T.A. Adyrbaeva,
E.S. Dubinina, 2024.
M. Auezov South Kazakhstan Research University, Shymkent, Kazakhstan.
E-mail: bekjan.94.com@mail.ru

SYNTHESIS OF CERAMIC GRANITE BASED ON DOMESTIC
FELDSPAR RAW MATERIALS

Adyrbayev Bekzhan Orynuly — Master of Engineering and Technology, Doctoral student “Silicates
technologies and metallurgy” M. Auezov South Kazakhstan research university, Shymkent,
Kazakhstan, bekjan.94.com@mail.ru; https://orcid.org/0000-0002-4588-5717;

Darkhan Assel Zulpykharkyzy — Master of Engineering and Technology, Doctoral student
“Silicates technologies and metallurgy” M. Auezov South Kazakhstan research university, Shymkent,
Kazakhstan, assel04.94@mail.ru, https://orcid.org/0000-0002-3420-9465;

Yessimov Begen Omarovich — Professor, Doctor of Geological and Mineralogical Sciences, “Silicates
technologies and metallurgy” chair, M. Auezov South Kazakhstan research university, Shymkent,
Kazakhstan, boyessimov(@gmail.com; https://orcid.org/0000-0001-8130-1486;

Adyrbayeva Tatyana Amanovna — Candidate of Technical Sciences, associate professor, “Silicates
technologies and metallurgy” chair, M. Auezov South Kazakhstan research university, Shymkent,
Kazakhstan, tatianaadyrbaeva@mail.ru; https://orcid.org/0000-0001-7049-3099;

Dubinina Yelena Sergeevna — Candidate of Technical Sciences, associate professor, “Silicates
technologies and metallurgy” chair, M. Auezov South Kazakhstan research university, Shymkent,
Kazakhstan, elena.silicat@mail.ru; https://orcid.org/0000-0001-9952-4573.

Abstract. Porcelain granite tile is one of the priority building materials in
the Republic of Kazakhstan according to the latest programs for industrial and
innovative development of country.

The porcelain granite tiles production is high-tech process based on kaolins,
white-burning clays, feldspar and quartz sands, specially selected according to their
mineral and chemical compositions.

The plant for the production of ceramic granite tiles LLP ZERDE-KERAMIKA
and its branch in of Aktobe city are so far the only ones in Kazakhstan. They cover
requirements of country in ceramic granite tiles by more than 30%. Currently,
a project has been launched in Shymkent, according to which foreign investors
are building a porcelain granite tiles plant with capacity of 12 million m? to meet
the needs of Kazakhstan and Central Asian countries. On the way to solving the
problems of increasing production capacity is the problem of raw materials import
substitution, among which is given special attention to feldspar mineral raw materials.
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The objects of study are feldspar and other types of mining raw materials
involved in this technology, developed new raw mixes and synthesized samples of
ceramic granite tiles

The mineral-petrographic and technological aspects of selected feldspar raw
materials were studied, and experiments series to find the optimal compositions
and conditions for ceramic granite tiles synthesis have been studied.

Physicochemical processes and phase transformations have been studied during
heat treatment both in individual components and in the developed ceramic granite
masses.

A very promising porcelain tile has been produced based on domestic import-
substituting feldspathic raw materials.

The research results will serve as the basis for the introduction into production.
This development is the beginning of innovative involvement in the ceramic granite
production of new genetic types of feldspar raw materials sources. It will expand
the range and scale of acute deficiency of investigated component in this rapidly
developing business every year.

Key words: porcelain granite tiles, minerals, feldspar, synthesis, import substitution
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M. Oye3oB arsiaaarel OHTYCTIK KazakcTan 3epTTey YHUBEPCUTETI,
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E-mail: bekjan.94.com@mail.ru
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Annoranus. Kepamorpanut Kazakcran PecnyOnukaceinaa enaiH HHAYCTPHS-
JBIK-WHHOBALIMSUTBIK  TaMYBIHBIH COHFBI  OaFlapiaMaiiapblHa colikec 0achiM
KYPBUIBIC MaTepHaJIapbIHbIH KaTapbIHA >KaTazbl.

Kepamorpanur enuipici — MUHepal[pl KoHE XUMHUSUIBIK Kypambl OOWBIHIIIA
apHaiibl 3epTTEINil TaHJAIFaH KAOJIMH, aKTYCTi KYHeTiH casaap, Jajia [IaThl )KoHe
KBapIl KyMJIapbl HETi3iHEe OPBIHAAIATIH KOFapPhl TEXHOJIOTHSJIBIK POLIECC.

Kepamorpanur enmiperin “3EPJE-Kepammka” JKIIC 3aypIT XoHE OHBIH
AxTebe KamaceiHAarsl (unuansl o3ipre Kasakcran PecnyOnukachiHAa KajFbi3,
onap en KaxerriniriHig 30% actamblH KaHararTaHgsipaabl. Kasipri yaksiTra me-
ten unBectopnapsl LlleiMkenT KanaceiHna Kasakcran men Opraliblk Asus enjepi-
HiH K@KETTUTIKTEpiH KaMTaMachI3 €Ty YIIiH KyaTbl 12 MJIH. M?> KEpaMOTPaHUT IIbI-
FapaThIH JK00aHBI iCKe Kocyna. OHMIPICTIK KyaTTapAbl YIFAUTY CaJACBHIHIAFBI KOC-
napapsl iCKe achIpy >KOJbIHAA IIMKi3aT MaTepUalAapblH UMIIOPT aJIMaCTHIPy IPO0-
JIeMachl TYp, OJIap/IbIH apachblH/Ia Jajia MIaTkl MUHEepasl HIMKi3aThl epeKIle Ha3ap/a.

3eprrey OOBEKTINIEpI — Jasa INNaThl KOHE OCHI TEXHOJOTHMAFa KaXKeTTi Tay-
KEH IIWKI3aTTapblHBIH 0acka TYpJiepi, )KEepriliKTi MIMKi3aTTap HETi3iHAe 3epTTer
TaOBUIFaH jKaHa KYpaMAap KoHE CHHTE3/ACITeH KepaMOrpaHuT YIIriiepi.

IpikTen anplHFaH [ana I[IIAaTBIHBIH MUHEPAIABIK-TIETPOTPaQUsIIBIK KOHE
TEXHOJIOTUSIIBIK aCMeKTiIepl 3epTTenii, COHmai-aKk KepaMOTPaHWUT CHHTE3iHIH
OHTAMIBI Kypamaapbl MEH LIAPTTapbIH i3[ey OOMBIHIIA IKCIIEPUMEHTTEpP JKy3ere
acbIpplIbl. JKeke KOMIIOHEHTTEpHe, COHAal-aK oOJapAblH Heri3iHae 3eprren
TaObUIFaH KEpaMOTPaHUT MaccalapblHAa JKOFaphl TEMIIepaTypaia eHJey Ke3iHjae
OPBIH aJIaTHIH (YU3UKA-XUMHUSITBIK TIPOIIECCTEP JKOHE (ha3allbIK ©3repicTep 3epTTENII.

Bipinmii pet otaHIBIK Aania MINaThl HeTi31Hae Oonanarsl aca 30p KepaMOrpaHHuT
QJIBIHJBL.

3epTTey HOTHXKeJepi OHAIpICKe IMKI3aTTHIH XKaHa TYPIiH eHri3yre Heri3 0oabl.
Byn >xymMBIC HOTHXKECI Hajia IIMAThl IIMKI3aThl KO3AEpiHIH >KaHa TCHETHKABIK
TYPJIEPiH KEpaMOTPaHUT OHAIPiCiHe MHHOBALMSUIIBIK TAPTYAbIH OacTamachl. OJ1 5KbLT
CalbIH KapKBIHJIBI IAMBIT KeJie KaTKaH OCHI OHJIIPICKe OTe TaIIbl KOMIOHEHTTIH
HOMEHKJIATypachl MEH ayKbIMBIH KEHEHTe 1.

Tyiiin ce3nep: KepaMOrpaHHUT, MHHEpAIJbl IMUKI3aT, Jaja IINaThl, CHHTES3,
HUMIIOPT alIMacThIpy
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Annoranus. Kepamorpanut B Pecnyonuke KazaxcraH coracHO mociemqHUM
nporpaMMaM HMHIYCTPUAIbHO-MHHOBALIMOHHOTO Da3BUTHS CTpPaHbl B YHCIE
MPHOPHUTETHBIX CTPOWTENIBHBIX MarepuajoB. lIpom3BOACTBO KepaMorpaHHTa
— BBICOKOTEXHOJIOTHYHBIA TpOIECC HAa OCHOBE KAOIHHOB, OCIOKIYIIUXCS
[JIMH, TIOJIEBBIX MINATOB M KBapILEBBIX IECKOB, CIEIHAIbHO TMOJOOPAHHBIX IO
MUHEPATFHOMY U XHMHUYECKOMY COCTaBaM.

3aBog mno mnpousBoactBy kepamorpanuta TOO «3EPJE-Kepamuka» u
ero ¢uauan B I. AKTOOe — MOKa €AWHCTBEHHbIE Ha TeppUTOpHH PecrmyOmuku
Kazaxcran, u onun ynosnetropsitot 6omnee 30% morpedbHOCTH CTpaHbl. B HacTosIee
BpeMs B LILBIMKEHT 3amylieH MpPOEKT, 0 KOTOPOMY MHOCTpPaHHbBIE MWHBECTOPHI
CTPOSIT KepaMOTPAaHHUTOBBIA 3aBOJ MOIIHOCTBIO 12 MiH. M* s obecrieueHus
notpednocTeit Kazaxcrana m crpan lleHTpanpHOW Asmn. Ha myTtm pemreHus
3a/ad 10 HapalUBaHWIO IPOW3BOJICTBEHHBIX MOIMHOCTEH CTOWT TMpodieMa
HUMIIOPTO3aMEIEHHsI CHIPbEBBIX MaTepuasioB, 0co00e BHUMAaHHE CPEIU KOTOPBIX
MaJaeT Ha MOJIEBOIIIATOBOE MUHEPATIHLHOE CBHIPhE.

OOBeKTHI HCCIIEIOBAHUS — MOJICBOIINATOBOE M IPyTUe BOBJICUECHHBIE B JAHHYIO
TEXHOJIOTHIO BUJBI TOPHO-PYAHOTO CBIPbs, pa3pa0OTaHHbIE HOBBIC CHIPHEBBIC
COCTaBBl W CHHTE3MPOBAaHHBIE 00pa3Ibl KepamorpaHuTa. M3ydeHsl MUHEpanoro-
neTporpaduuecKre U TEXHOIOTHUECKHE ACTIEKTHI IT0I00PaHHOT0 TIOJIEBOIIIIATOBOTO
CBIPbS, & TAaKXKe MPOBEICHBI CEPUU DKCIEPHUMEHTOB I10 TMOUCKY ONTHMAIBHBIX
COCTaBOB H YCJIOBHI CHHTE3a KepaMorpaHuTa. McciienoBanbl PU3NKO-XUMUYECKUE
nporecchl W (a3oBble MpPEBpalieHUS NPU TEPMOOOPaOOTKE KaK B OTAEIBHBIX
KOMIIOHEHTAaX, TaK U B pa3pa0OTaHHBIX KEPaMOTPaHUTOBBIX Maccax.

BriepBrie Ha 0CHOBE OT€YECTBEHHOTO IMITOPTO3aMETIAIOIIETO [TOJIEBOIITIATOBOTO
CBIPbS MIOJIy4€H BeCbMa MEPCIEKTUBHBIH KEPaMOTPaHHT.

Pesynbrarel McclienoBaHWI TOCIHYKar OCHOBaHHEM Uil BHEIPEHUs B
MPOM3BOJICTBO HOBOTO BHUAa ChIphs. JlaHHas pa3paboTka SBIAETCS HaYaIOM
WHHOBAIIMOHHOTO BOBJICYEHUS B KEPaMOIPAaHUTOBOE MPOU3BOACTBO HOBBIX
TeHETHYECKUX THIIOB HMCTOYHUKOB TIOJIEBOIIIATOBOTO ChIpbsi. OHA pacHIMpuT
HOMEHKJIATypy ¥ MAacIlTa0bl OCTPOAS(UIIMTHOTO HCCIIETyeMOrOo KOMIIOHEHTa B
9TOM OypHOPA3BHBAIOIIEMCS C KKIBIM TOIOM JIeJIe.

KuloueBble cioBa: KepamMOTpaHUT, MHHEPAIbHOE CBHIPhE, IOJEBOM IMIMAT,
CHHTE3, IMITOPTO3aMEIICHHE.
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Introduction. The synthesis of ceramic granite tiles is aimed at creating a
material that has the quality of natural granite. They are obtained on the basis of
kaolin, white-burning clays, feldspars and quartz sands, taking into account their
mineral and chemical compositions.

Of all the listed components, feldspars play the most complex and significant
role in this technology. In the production of porcelain granite tile, feldspathic raw
materials usually mean only K-Na feldspars (a subclass of orthoclase) in this huge
group of aluminosilicates, because they are relatively widespread and contain the
necessary minimum of flux-forming alkalis.

Feldspars are genetically related to magmatic activity and, as part of various
rocks, make up a colossal mass of the earth’s crust - about 50% of its weight.
In terms of chemical composition, feldspars are aluminosilicates of Na, K, Ca -
NaAlSiO,, KAISiO,, CaAl,Si O, and have the ability to form isomorphic series
(Figure 1) (Betehtin, 2008:736; Bokiy, 2003:584)
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Figure 1 - Diagram of fluctuations in the chemical composition of feldspars

Feldspars are crystal-chemically aluminosilicates, where all 4 free half-oxygen
ions at the vertices of Si and Al tetrahedra are bonded to adjacent tetrahedra in
such a way that three-dimensional framework structures are formed. From half
to a quarter of the tetrahedra, as a rule, are occupied by aluminum ions and the
framework as a whole has a negative charge - one minus for each Al tetrahedron. K
and Na ions are placed in large voids in the frame, neutralizing the charge, which
give these silicates unique flux-forming qualities.
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The production of porcelain granite tile in the Republic at ZERDE-Ceramics
LLP and its recently launched branch satisfies only about one third of the Republic’s
needs. An urgent problem in further increasing the volume of porcelain granite tile
production is a justified transition to the use of import-substituting feldspathic raw
materials.

As the analysis shows, for the production technology of porcelain granite tile in
many countries there has been and remains a problem of shortage of high-quality
feldspathic raw materials. There has been a noticeable increase in targeted research
to clarify the geological and mineralogical content and prospects of local deposits
of feldspathic mineral raw materials as possible own sources (Adylov, 2007:3;
Adyrbayev, 2017:5; Albertazzi, 2010:6; Baucia, 2010:11; Betehtin, 2008:736;
Gacki, 2011:9; Guzman, 2003:496; Kulinich, 2000:372; Lewicka E, 2010:4;
Moshnyakov, 2020:4; Tereshchenko, 2000:3; Zubehin, 2014:4).

The mineralogical, petrographic and experimental studies outlined below, aimed
at developing the compositions of porcelain granite tile masses exclusively based
on domestic feldspathic raw materials, were carried out taking into account the
above goal.

During the work, for the first time, feldspars from mineral deposits previously
explored as raw materials for household porcelain and glass were tested in the
mineral raw material composition of porcelain granite tiles. It is known that
potassium feldspars are of greatest interest for the production of ceramics, including
porcelain granite tiles. The use of feldspars is based on their ability to transform
at relatively low temperatures into a melt, which, when solidified with kaolin and
quartz, forms a dense white, slightly translucent mass - the mullite mineral basis of
silicate ceramics.

Materials and basic methods. The objects of study are feldspar and other types
of mining raw materials involved in this technology, developed raw masses and
synthesized ceramic granite tiles.

The studies were carried out using physical and chemical methods, including
mineralogical and petrographic, chemical, X-ray phase, differential thermal
analyses, electron microscopic and traditional laboratory methods for studying
mineral raw materials, ceramic granite masses and obtained material samples.

The chemical compositions of the most optimal raw materials, selected according
to the results of comprehensive studies, are shown in the table 1.

Table 1. Chemical compositions of raw materials included for the development of ceramic granite
masses

Mineral raw materials Content of oxides, % by mass loss on
SiO, [ALO, |CaO |MgO | TiO, |Fe,0, |K,0 |Na,O |ignition
Alekseevsky kaolins 71,02 |20,07 |- - 0,48 (0,55 |[1,24 {046 |6,11
Berezovsky clays 51,36 {29,64 | 1,44 | 1,10 | 1,46 |1,39 1,38 (0,90 |11,22
Akzhar quartz sands 89,36 (4,47 0,46 (0,69 [0,03 [1,43 |[1,95 /0,40 |[0,10
Aksoran feldspars 70,0 19,3 (0,8 |0,57 (0,49 |0,12 (0,21 [8,55 |-
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The deposit of Aksoran feldspars in terms of the mineral phases composing
it is unique in its own way and is localized in Permian granites, represented by
more than ten stock-shaped almost monomineral feldspar bodies up to 100 m long
and up to 30 m wide, exposed to the surface. Taking into account the content of
alkali oxides, the mineral in its petrographic composition belongs to the albitite
feldspathic rock (Figure 2). The reserves of raw materials, according to the forecasts
of exploration geologists, will be enough to operate factories for tens of hundreds
of years (Kulinich, 2000:372).

Figure 2 - Albitite of the Aksoran deposit and porcelain tiles based on it

The process of preparing ceramic masses included the following main
technological steps: grinding of lumpy materials in a jaw crusher, wet grinding
of raw materials until the crushed fractions pass through a 60 um sieve, magnetic
cleaning and preparation of a plastic mass.

The developed composition of the ceramic granite mass, obtained by analyzing
the curves of flexibility on phase diagrams, by studying the physical-chemical and
structural transformations into multicomponent systems during burning, and based
on the results of technological experiments, is shown in Table 2.

The quality of the obtained samples of ceramic granite tiles were evaluated
by the following characteristic properties: water absorption, frost resistance, heat
resistance, wear resistance and bending strength.

Table 2. Raw material composition of the developed ceramic granite mass

Components Contents of components in mass,%
Kaolins 28,0

Clays 26,0

Quartz sands 8,0

Feld spars 38,0

Total 100

To establish the optimal burning temperatures and holding duration, a
burning cycle of the investigated mass of ceramic granite tiles were carried out at
temperatures of 1000. 1050, 1100, 1150, 1200, 1250 and 1300 °C.

Below, Figure 3 shows curves of the dependence of the main properties of the
studied porcelain granite tiles samples depending on the firing temperature.
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Figure 3 - Curves of changes in water absorption (1), bending strength (2) and frost resistance (3) of
porcelain granite tiles samples fired in the range of 1000-1300 °C

In all cases, 5 porcelain granite tiles samples were used to calculate the most
representative average physical and mechanical indicators.

One of the main quality indicators of porcelain granite tiles is water absorption.
This property is associated with the early destructuring of feldspathic components
and the reaction of their interaction with the formation of new crystalline phases,
melting of low-melting eutectics with the formation of a glassy phase and
polymorphic transformations of the Na,O — AL O, - SiO, and K,0 — AL, O, - SiO,
systems, already at temperatures of 600 — 700 °C.

The nature of the curves shows that the water absorption of the mass decreases
evenly, starting from 1050 °C and approaches the minimum value at a temperature
of 1200 °C. Its zero value is achieved at a temperature of 1200 — 1250 °C, upon
completion of the above thermal processes.

It should be emphasized that, unlike traditional ceramics, when molding
porcelain tiles, higher pressure is used, reaching 500 kgf/cm?. This circumstance
has a very positive effect on the water absorption rates of porcelain granite tiles
samples.

Water absorption at an increase in firing temperature of 1200 °C for all studied
samples is 0.2%, which meets the requirements of the standard.

Frost resistance reaches its highest level at a firing temperature of 1200-1250
°C, naturally correlating in the opposite direction with water absorption indicators.
The nature of this indicator depends on the intensity of physical and chemical
processes in the porcelain granite tiles mass during firing, when the shard begins
to sinter, the mass becomes compacted and a monolith is formed from individual
grains. Sintering occurs due to the formation of the liquid phase, reactions in the
solid phase and the fusion of newly formed crystalline forms, as well as due to the
recrystallization of primary compounds.

As is known, in ceramics, including porcelain granite tiles, the mechanical
properties are influenced by the phase composition and microstructure, and there is
also a direct connection between frost resistance and porosity or water absorption
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of the material (Martin-Marquez, 2010:7; Nori, 2010:6; Sanchez, 2006:8;
Tereshchenko, 2000:3; Wyszomirski, 2012:20; Zubehin, 2014:4).

The bending strength of prototypes obtained on the basis of the test mass
increases rapidly starting from a firing temperature of 1000 °C, due to the contact
interactions of particles in the solid phase. From this temperature, solid-phase sin-
tering processes begin in feldspars with a change in physical and optical properties.

The presence of small mineral impurities in the form of secondary hydroxyl-
containing silicates leads to the formation of low-melting eutectics in limited
quantities, providing sufficient bonding of mineral particles to impart initial strength
to the shard of products. According to chronology, this takes place long before the
melting of feldspars - albite Na,O-Al, O, 6Si0, at a temperature of 1118 °C and
orthoclase K,O -A1,0,6Si0, at 1150 °C

The most important property for porcelain floor tiles in particular is abrasion
resistance.

The dynamics of changes in the wear resistance of prototypes of the developed
mass showed that wear resistance approaches the minimum value at the firing
temperature of the samples in the range of 1200 - 1250 °C. It is under these
conditions that in the studied masses, according to mineralogical and petrographic
studies, mass mullitization and the formation of a uniformly granular structure of
the material are observed.

Itis not surprising that the heat resistance of tiles based on the developed porcelain
granite tiles masses approaches the maximum value also at the firing temperature of
the samples in the range of 1200 - 1250 °C.

At the final stage of firing, at temperatures above 1200 °C, the diffusion process
of dissolution of the kaolinite residue and quartz begins in the feldspathic melt,
which is so necessary for the construction of a crystal lattice of new mullite
formations - the ultimate goal of porcelain granite tiles technology.

In these processes, as confirmed by experiments, the viscosity of the initial melt,
which begins to appear in the body of the heat-treated mass upon reaching a certain
temperature, is of decisive importance. An excessively viscous melt does not ensure
complete cementation of particles, while a low-viscosity melt wets crystalline
particle well, but later contributes to the appearance of unwanted deformation in
the form of curvature of products.

It has been established that the more the melt is saturated with silica and alumina
dissolving in it, the higher its viscosity and the higher the required characteristics of
the samples. Firing products at the found optimal temperature ensured the necessary
qualities of the material based on the developed masses.

This is due to the fact that, when the feldspathic melt reaches the melting
temperature, the latter acts as a solvent for quartz and kaolinite residue, a binder
of quartz and kaolinite residue that has not reacted with the melt, as well as an
active mineralizer that promotes the occurrence of intramolecular transformations
of kaolinite, diffusion processes and the growth of the linear dimensions of new
formations.
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All the main physical and mechanical properties (Table 3) of the developed
experimental porcelain granite tiles samples were determined and analyzed; they
meet the requirements for porcelain granite tiles materials.

Table 3 - Physical and mechanical characteristics of the developed porcelain granite tiles samples

Name of indicator N.orn.lalized Values for developed samples
indicator 1200 °C 1250 °C

Bending strength, MPa, not less 40 42 49

Water absorption, %, no more 0,5 0,2 0,03
Frost resistance, n cycle, not less 100 106 120
Wear resistance (on quartz sand), g/cm?, no more 0,18 0,17 0,09
Thermal resistance, n cycle, not less 125 132 153
Surface hardness on the Mohs scale, not less 6 6-6,5 6-6,5

In this case, the feldspathic melt is saturated with diffusing aluminum ions in
the melt.

The completeness of these processes depends on the solubility of the crystalline
phase in the liquid phase, the amount of the liquid phase and its properties - the
ability to wet solid particles, spread over their surface and penetrate into the
capillary gaps between solid particles.

When the temperature reaches 1300 °C, it is clearly visible that the physical and
mechanical properties deteriorate, this shows that the optimal burning temperature
for this composition is 1200 - 1250 °C.

Results. X-ray phase analysis data (Figure 4) of the synthesized porcelain
granite tiles indicate mullite (d/n = 5.414; 3.408; 2.880; 2.697; 2.545; 2.206;) and
quartz (d/n = 4,262; 3,345; 2,455; 2,285; 2,129; 1,981; 1,818).
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Figure 4 - X-ray image of porcelain granite tiles obtained on the basis of Aksoran feldspars

We studied the microstructures of samples of the developed porcelain granite
tiles masses. The samples have (Figure 5) a rather dense structure. The general
appearance of the microstructure is represented by clearly distinguishable feldspar
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relics consisting of glass and mullite, grains of residual quartz surrounded by rims
of high-silica glass and closed pores of various sizes and shapes. In micrographs
of the cleavage one can see a structurally glassy phase overgrown with small
submicroscopic, evenly scattered mullite crystals. Mullite areas belonging to the
original feldspar particles and almost undecomposed masses of clayey substances
are clearly visible. In feldspar relics, large mullite needles grow from the surface as
the composition changes due to alkali diffusion.

As an analysis of the entire porcelain granite tiles production process shows, the
narrowest and most problematic issue in this matter is the selection of feldspathic
raw materials. It is the feldspar in the porcelain granite tiles charge that most
determines the formation of the petrographic composition and structure of the
material, which provides the desired properties of the artificial stone.

Figure 5 - Microstructure of porcelain granite tiles obtained from Aksoran feldspars

Discussion. Feldspars are practically irreplaceable in the production of porcelain
granite tiles - a synthetic analogue of the most famous natural material in terms of
crystallinity, mineral composition, structure and properties.

It has been established that the Aksoran feldspars, in terms of their material
composition, belong to an almost monomineral albitite rock in granites and they are
highly effective in melt and phase formation during sintering processes in porcelain
granite tiles masses.

According to previously expressed opinions, the best raw materials for porcelain
production are potassium-sodium spars with a predominance of orthoclase
(KAISi,0,), because they, along with a low melting point, are characterized by
a wide softening range (Guzman, 2003:496). At the same time, in experimental
mineralogy there is an established fact that the melting of orthoclase at a temperature
of 1250-1320 °C occurs better with the addition of albite.
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The optimal parameters of the technology of porcelain tiles with new flux were
determined and more than 30 tons of Aksoran feldspars were successfully tested in
the conditions of the LLP «ZERDE-KERAMIKA» plant as an import-substituting
component.

From the results of the research, the prospects for using these albitites to cover
the growing demand for this scarce and functionally important component in the
production of porcelain granite tiles are obvious.

Conclusion. Based on domestic feldspathic raw material, which is also new to
the technology of porcelain tiles, an innovative composition of the charge has been
developed with the following ratio of components, %: feldspars - 38, clays - 26,
kaolins - 28, quartz sands - 8.

As an analysis of the entire porcelain granite tiles production process shows, the
narrowest and most problematic issue in this matter is the selection of feldspathic
raw materials. It is the feldspar in the porcelain granite tiles charge that most
determines the formation of the petrographic composition and structure of the
material, which provides the desired properties of the artificial stone.

All properties of the developed porcelain granite tiles meet the requirements of
the current standard. The high indicators of their technical properties are explained
by the achievement of optimal mullite and quartz mineral phases and their ratios,
as well as the favorable structure of the material.

As a result of the research, porcelain granite tiles, a very promising import-
substituting material, was synthesized for the first time on the basis of domestic
feldspathic raw materials. Domestic albitite, proposed for introduction into
porcelain granite tiles production, occupies the most dense area on the diagram of
fluctuations in the chemical compositions of feldspars and, as a new raw material,
has high potential for the future.
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