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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 ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPDI:

OBCA/IBIKOB Bakpir Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XUMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIUS AJTIKACBI:

OBCOMETOB Mouic Kyasicyabl (6ac  peaakTopiblH — OpbIHOAcapbl), I€ONOTHs-MUHEPAIOTUst
FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun atemparsl I'maporeomorus
JKOHE TEOdKOJIOTUsSI MHCTUTYTHIHBIH JupekTopsl, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MIHHEPAIOryst FRITBIMAAPBIHBIH TOKTOPHI, ipodeccop, KP YFA
KypMeTTi axazemuri, (Ammarsl, Kasakcran), https:/www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY J[Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka yruBepcureriniy Cy FhUIBIMIaphI
3epTxaHacbiHblH  aupekropel,  (HeOpacka  mrarer, — AKIH),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typassl rpuibiMaap OemiMiHIH METPOTIOrHs JKOHE Maiaansl Kazdamap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyNIepiHiy jxerekurici, Taburu Tapux Mypakaitsl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua bBopucoBny, TexHHKAa FBUIBIMIAPHIHBIH JOKTOpbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH IIun, PhD, KpiTail reonorusyiblK KOFAaMbIHBIH Tay-KeH T'€OJOTHSICH KOMUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpPHKAHIBIK JKOHOMHKAIBIK T'COJOrTap KaybIMAACTHIFBIHBIH Mymieci, (Beibxin, Kpirail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUUIEP Axceas, KaybIMIacThIpsLIFaH npodeccop, PhD, /lpe3nen TexHuKanbIK yHUBEpcHTeTi, ([pesneH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHoxoBHY, XUMUsI FBUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaigap XUMHSICHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapycsk), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurran mnpodeccop, TexuukamsKk yHuBepcureTi ([[pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB ‘Kanaii, PhD, xaysimaacteipsuiran npodeccop, HasapbaeB yHuBepcureri (Acrtawa,
Kasakctan), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHU IMaoao, PhD, xaysivpacteipsurran mpodeccop, bukokk Mmuman ynusepcuteti, (Muman,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuKa reutbIMaapbiHbIH JOKTOpBI, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHUKAIBIKyHIUBEpCUTEeTiHIHTpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii Toiidacapy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JOKTOPBI, mpodeccop, «leodusmka sxoHe
celicmonorus» Kadenpacebly MeHrepymrici, K.M. CorGaeB arbiHmarsl Ka3ak YITTHIK 3epTTey TEXHHKAIBIK
yHuBepeuteti, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn yuuepcureriniy Tasty LIBIFbICTBI HEPCIEKTUBANBI 3€PTTEY OPTAJBIFHIHBIH
npodeccopsl, JIyHI yHHBEpCUTETIHIH TONBIK KypcTsl mpodeccopsl, (IIBemus), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, ApHdib yHHBEPCUTETiHIH X UMISIIBIK HEKCHEepHs (paKyIbTeTi skoHe LIIBIFbIC FRUTBIME-
3eprrey opranbirbl, (M3pawis), https://www.scopus.com/authid/detail.uri?authorld=8610969300, https:/www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #oHe TeXHUKAJBIK FBLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTHIK FBUTBIM akageMusicb» PKB (AnMars K. ).
Kaszakcran PecrnyOnukachiHblH AKnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMiHIH AKmapar KOMHTETiHJIe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuIbIM TipKeyiHe KOHbUTY Typallbl KyalliK.
TaKBIPBINTHIK OAFBITHL: [ eonoaus, eudpozeonoaus, 2eoepapus, may-KeH icl, MYHail, 2az jHcane Memanoapobvly
XUMUATBIK MEXHON02UANADb
Mep3iMaiiri: )KbUIbIHA 6 PET.
Tupaxsr: 300 nana.
Pepakuusnbig MekeH-kaibl: 050010, Anmarsi K., [lleBuenko xemr., 28, 219 Geur., ten.: 272-13-19
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBu4, JOKTOp TEXHMYECKHMX Hayk, npodeccop, akazemuk HAH PK,
Wuctutyt xuMmudecknx Hayk uM. A.B. Bekryposa (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIET' ASI:

ABCAMETOB Mauuc KyabicoBuy, (3amMecTuTelb IVIABHOTO — pPEJAaKTOpa), JOKTOP  I'eoJIoro-
MHHEPAIOrHIeCKHX HayK, mpogeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rTHAPOTE0IOTHI U F€0IKOIOTHI
um. Y.M. Axmencaduna (Anmarsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii ’KosrraeBu4, 1OKTOp re0I0rOMHHEPATOTHYECKUX HAYK, TPOdeccop, MOUETHBIH aKaIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconunpoBanusil npogeccop, aupexrop JlabopaTropuu BOXHEIX HayK YHUBEpCHTETa
Heb6packu (mrar HeGpacka, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutenb HCCIEIOBaHUi B 00JIACTH METPOJIOTMU U MECTOPOXKICHHM
MOJIe3HBIX UCKoTlaeMbIX B Otjiene Hayk o 3emie Mysest ecrectBernHol uctopun (JIonaoH, Aurms), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxana BopucoBuy, 10KTop TeXHUUECKUX Hayk, Ipodeccop Yuusepcutera Hancu (Hancn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH Iun, PhD, 3amecturens aupexropa Komurera 1no ropHoil reosnoruu Kurtaickoro reojaoruueckoro
obmecTBa, WieH AMEPUKAHCKOH accoruanuy skoHoMmdeckux reosoros (Ilexwn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUIIEP Axkcens, accounupoBanHbiii npopeccop, PhD, texuudeckuii yuusepcurer Jpesnen ([pesueH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buaagumup EHokoBHY, JOKTOp XMMHYecKuX Hayk, akagemMuk HAH Benapycu, nouerHsiii
mupexTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accoummmposanusii npodeccop, Texumueckuil ynusepcuteT ([lpesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAI'MHTAEB Kanaii, PhD, accorunpoanusiii npodeccop, Hazapoaes ynusepcurer (Acrana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHMU Ilaoao, PhD, acconumposanusii npodeccop, Munanckuii yausepcurer bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHAa — JOKTOp TEeXHHYECKHX Hayk, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTelIbCKOro
Texuuueckoro ynusepcutera um. K.M. Carnaea, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/ AAD-1173-2019

PATOB Bopan6aii ToiidacapoBu4, TOKTOp TEXHHYECKHX HaykK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuil HannoHansHbIN HCClIeOBATENIbCKUN TEXHHYECKHH YHUBEPCUTET M.
K.W. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, IIpopeccop LleHTpa nepcreKTBHbIX OIMKHEBOCTOUYHBIX HCCIEeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH U BOCTOUHBIN HayYHO-HCCIIENOBATEIbCKUIT
ueHtp, Yuusepcuter Apwousi, (M3pawmns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/1oruy M1 TeXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobctBennuk: Pecrybnikanckoe oodiecTBeHHOe o0benHenne «HarronanpHas akagemus Hayk PecryOnuku
Kazaxcran» (. Anmarsr).
CBUJIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYECKOro IredaTHoro u3fgaHus B Komurere wnHbOpManmu
MumnuncteperBa HHbOpManuK U oOUIeCTBeHHOro pas3BuTusi PecnyOmuku Kaszaxcran Ne KZ39VPY00025420,
BbIanHoOe 29.07.2020 .
TemaTnueckasi HANPABICHHOCTb: 2€0102Usl, 2UOPO2EON02UsA, 2e02Papus, 20pHOe 0eno U XUMUYECKUe MEXHON02UU
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EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich , Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADIKOV Bakhyt Narikbaevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
A.B. Bekturov Institute of Chemical Sciences (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

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
Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209
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NURPEISOVA Marzhan Baysanovna — Doctor of Technical Sciences, Professor of Satbayev University,
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Abstract. Ultramarine pigment, although it is a widely demanded scarce
material, is not produced in Kazakhstan, and huge needs are met through imports
from other countries. Meanwhile, inorganic mineral pigments are among the
priority materials in the State programs of industrial and innovative development
of the Republic of Kazakhstan.

To ensure high environmental friendliness, reduce costs it is advisable to use
affordable and widespread pure natural raw materials. Therefore, studying the
possibility of synthesizing silicate pigments based on selected highly effective
mineral raw materials types and identifying patterns of solid-phase reactions during
synthesis is an actual.

The basis of scientific research consisted of mineralogical, petrographic and
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chemical analyses, petrochemical calculation of charges and comprehensive studies
of the obtained samples.

Original kaolin and silica raw materials were selected. The proposed synthesis
advantage is to improve the charge technological qualities due to the use of high—
grade kaolin and marshallite, which has a natural fine dispersion, high reactivity
and ensures of chemical and solid-phase reactions throughout the entire volume
of the charge at lower temperatures. The use of these components in the charge
made it possible to obtain a bright saturated blue pigment and reduce its cost. The
obtaining blue ultramarine possibility from local natural mineral raw materials has
been demonstrated for the first time.

The introduction of the developed technology for the synthesis of ultramarine
pigment will solve the import substitution problem.

Key words: lapis lazuli, ultramarine, inorganic pigment, mineral raw materials,
kaolin, marshallite
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AHHOTanus. YIbTpaMapyH MUTMEHTI KEHIHEH CYPaHbBICKA M TaIlIbl MaTepua
OonranbpiMeH, KazakcTan/a o1l TONBIK OHAIPIIMEH I, a1 opacaH 30p KaXKETTLTIKTep
Oacka ennepiieH WUMIIOPT eceOiHeH KaHararTaHAbIpbuIansl. COHBIMEH KaTap,
Oocekere KaOINETTIMIKTI KaJbIITACTHIPYAbI, OHJAEY ©HEpKociOi caamapbiHBIH
HOMEHKJIATYPAChIH ~ KECHEHWTYy/Mi IKOHE TEXHOJOTUSIIBIK JAaMYbIH —KO3IeHTiH
Kazakcran PecrnyOnukachlHbIH WHTY CTPUSIIBIK-MHHOBAIMSITBIK TAMYBIHBIH COHFBI
KbUTIAPIAFbl MEMJICKETTIK OariapiaManapbiHia OelopraHUKaIbIK MUHEPAJ bl
MUTMEHTTEP 0AChIM MaTepHaIap KaTapblHAA.

JKoFapbl SKOJIOTHSITBIK TA3aTBIKTHl KAMTAMACKI3 €TY, ©31H/11K KYHBIH TOMCH/ICTY
YKOHE OHIIPICTIH TEXHOJOTHSIIBIK MPOIECTEPiH OHTAMIAHABIPY YIIiH KOJ KEeTiMIi
JKOHE KEH TapallFaH Ta3a TaOWFU IIMKi3aTThl KOJJIaHFaH jKeH, alaiiia OyriHri KyHi
KEePaMUKAIIBIK MUTMEHTTEP JKOFaphl TeMIepaTypasibl CHHTE3/1 KOJAaHa OTBIPBII
KBIMOAT CUHTETHKAJBIK XUMUSUIBIK 3aTTap/aH kui anbiHaabl. COHIIBIKTAaH MEHE-
paifibl MUKI3aTThIH TAHJAIFAH KOFAphl THIM/II TYpJIEPiHE HETI3/IeITeH CUITUKATThI
MMUTMEHTTEPAl CHHTE3/Iey MYMKIHIITIH 3epTTeY JKOHE CHHTE3/ET] KaTThl (pa3abIK
peaKIusIapAbIH 3aHIbUTBIKTAPBIH aHBIKTAY ©3CKTI MOCeIe OONbIN TaObLIa b,

OtannplK maiganel Ka3OajdapAblH IMIiHEH NIMKI3aTThIH TYITHYCKAJIBI KaOJIUH
KOHE KpPEeMHE3eMJIbl TYpJepi — yIbTpaMapyuH CHHTE3iHIH HEri3ri KOMIOHEHTTepi
TaHIaJbl. Y ChIHBUIFAH CHHTE3/IH apTHIKIIBUIBIFEI — YKOFAphl COPTTHI KAOIUH]II
JKOHE OCHI TEXHOJOTHS YIIH JXKaHa TaOWFH JKOFApbl JUCICPCHSIIBI, JKOFaphl
PEaKTUBTLIIT] Oap XKoHE TOMEH TeMIIeparypajia MIMXTaHbIH OYKiJ KesieMi OOMbIHIIA
XUMUSUTBIK JKOHE KATThl (Da3aiiblK peakiUsIap/AblH TOJBIK KYPYiH KamMTaMachi3
eTeTIH KpEeMHE3eM-MapIlaIUT KO3iH MaiijajaHyMeH MapTTaaFaH yabTpaMapuH
IIMXTACBIHBIH TEXHOJOTHSUIBIK KACHETTEPIH KaKcapTy. Byl KOMIOHEHTTep.i
MIMXTa7a KOJIJIAHY alllbIK, KAHBIKKAH KOK MUTMEHTTI alyFa >KOHE OHBIH KYHBIH
TOMEHJIETYTe MYMKIHJIK Oep/i. AJFamn peT MUHEPaNIbl MIUKI3aTThIH JKEPriTiKTi
TaOUFM TYpJEepiHEH KOK TYCTi yAbTpaMapuH aixy MYMKIHAIN KepCeTiIi.
VinbTpaMapuH TWUTMEHTIH CHHTE3NEY[IIiH JaMblFaH TEXHOJOTHSICHIH EHTi3y
MMITOPTTHI aJIMACTBIPy MACEJIECIH MIeNTyTe MYMKIHIIIK Oepeti.

Tyiiin ce3nep: na3yput, yibTpaMapyH, OeHOPraHUKAIBIK TUTMEHT, MUHEPAII bl
IIMKI3aT MaTepHaIaphl, KAOJIHMH, MAPIIAITUT.
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CHUHTE3 UMIIOPTO3AMEIIAIOIIEI'O CUHEI'O YJIbTPAMAPHUHA
HA OCHOBE MUHEPAJIBHOTI'O CBIPbS N3 YHUKAJIBHBIX
OTEYECTBEHHbBIX MECTOPOXIEHU

AiitysaoBa Kanap MyxTrapoBHa — MarucTp T€XHHKM M TEXHOJOTHH, CTApIIMH NpenoaaBaTellb
kadenps! «TeXHOIOTHS CHIMKATOB M MeTammyprus» HOxHo-Ka3axcTaHCKOTO HCCleoBaTeIbeKoro
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AHHOTAUMs. YJIBTPAMAPUHOBBIM TMHUTMEHT, XOTS M SIBJISETCS IMIUPOKO
BOCTpeOOBaHHBIM JiepUIIMTHBIM MaTepuanioMm, B Ka3zaxcraHe rmoka MOJIHOICHHO
HE MMPOU3BOJIUTCS, & OTPOMHBIC TIOTPEOHOCTH YOBIETBOPSIFOTCS 3a CYET UMITOPTa
13 Apyrux crpad. Mexay tem B [ocy1apCTBEHHBIX ITporpaMmax MHyCTPHAIBHO-
WHHOBAllMOHHOTO pa3BuTus PecnyOnuku KaszaxcraH, mpeaycMaTpyBaronx
(hopMupoBaHHE KOHKYPEHTOCIIOCOOHOCTH, pAaCIIUPEHWE HOMEHKIATypbl |
TEXHOJOI'MYECKOEe pa3BUTHE OTpaciedl o00padaTpiBalOmIel MPOMBIIUICHHOCTH,
HEOpPraHNYeCKHUEe MHUHEPAIIbHBIC TUTMEHTHI B YHCJIE IPHOPUTETHBIX MaTEPHUAIIOB.

B 1ensx obecrieueHusT BBICOKOH DKOJIOTMYHOCTH, CHIDKEHUS CeOECTOMMOCTH
W ONTHUMH3ALUH TEXHOJOTMYECKHX IPOLECCOB MPOM3BOACTBA LEIECOOOpa3HO
WCTIOJIb30BAHNE JOCTYITHBIX M PACTIPOCTPAHEHHBIX YUCTHIX MTPUPOTHBIX CHIPHEBBIX
MaTepUaJIOB, OJHAKO, HAa CETOJHSIIHWIA JICHh KEPAMHUYCCKUE MUTMCHTHI 4Yallle
MONTy4YalOT W3 3aTPATHBIX CHHTETHYECKUX XMMHYECKHUX BEIIECTB, IMOIYYEHHBIX C
MPUMEHEHUEM BEICOKOTEMIIEpaTypHOTo cuHTe3a. [103ToMy n3ydeHne BO3MOXKHOCTH
CUHTE3a CHIINKAaTHBIX TTUTMEHTOB HA OCHOBE TOI00PAHHBIX BHICOKOA(P(EKTUBHBIX
BUJIOB MHHEPAJbHOTO CHIPbS U BBISBICHHE 3aKOHOMEPHOCTEH TBepa0(ha3oBhIX
peaKkuuii Mpu CHHTE3€ SBISCTCS aKTyallbHOW 3a1a4ueii.

OCHOBY HayYHBIX UCCIIEOBAHUI COCTABIISITH MHHEPAJIOTO — ITeTporpadudecKkue
U XUMHUYCECKUC aHaJIU3bl ChIPHEBBIX MAaTECPHUAJIOB, HCTpOXI/IMI/IHGCKHﬁ pacyeT muxT
yIbTpaMapyHa ¥ KOMIUIEKCHBIE HCCIIEIOBaHMS TIOITYYSHHBIX 00Pa3IloB.

W3 uucna oTeuecTBEHHBIX ITOJIE3HBIX MCKOIAEMBIX BBIGpaHLI OpUTMHAJIBHBIC
KaoJIMHOBBIE M KPEMHE3EMHUCThIe BUABI CHIpbs. [IpenmyIiecTBoM mpemiaraeMoro
CHHTE3a SABISAETCS YAy4IICHHE TEXHOJIOTHMYECKHX KadeCTB YAbTpaMapHuHOBOM
HIMXTHI, 00YCIOBIEHHOTO MCIIOJIB30BAHUEM BBICOKOCOPTHOTO KaoJHHA M HOBOTO
JUTS TAHHOW TEXHOJIOTHMH MICTOYHHMKA KPeMHE3eMa — MapIIajuInTa, 00JaJaromiero
MPUPOIHON TOHKOAMCIEPCHOCTHIO, BBICOKOW PEaKIMOHHOH CHOCOOHOCTBIO U
00eCreynBaloIero B MOJHONH Mepe NMPOTeKaHWe XUMHYECKHX W TBEePA0(a30BBIX
peaknuii 1Mo BceMy OO0beMy IIHXTHI TIpH Ooliee HU3KUX TeMIleparypax.

9



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Hcnonp3oBaHne 3TUX KOMIIOHEHTOB B MIMXTE IO3BOJIMJIO TOJNYYHUTH SIPKHUI
HACBHIILEHHBI IMUTMEHT CHHETO LBETa M CHHU3MThH €ro cebecTommocTh. BriepBrie
IIPOIEMOHCTPUPOBAHA BO3MOXKHOCTD IIOJIyYCHUS YJIBTpAaMapHHA CHHETO L[BETA U3
MCCTHBIX IIPUPOJIHBIX BUI0B MUHEPAJIbHOI'O ChIPbS.

Buenpenue pa3paboTaHHON TEXHOJIOTHN CHHTE3a YJIBTPaMapHHOBOIO TUTMEHTA
MO3BOJIUT PELIUTH NPOOJIEeMy UMIIOPTO3aMELICHUSI.

KiroueBble cjoBa: 7nasyput, yibTpaMapuH, HEOPraHUYECKUH MUTMEHT,
MUHEpaJIbHBIC CHIPHEBBIC MAaTEPHaIbl, KAOJIMH, MAPILAJIIUT

Introduction. Ultramarine remains the most popular blue inorganic pigment in
the world to this day, the history of which begins with the use of natural lapis lazuli
from the richest deposits in the territories of present-day Afghanistan and Tajikistan
as a blue paint in ancient times. The lapis lazuli there, as a rock and a mineral,
consisted almost half of lapis lazuli.

Lapis lazuli was once delivered to Europe and other parts of the Old World by
merchants as a highly valued gemstone, but its waste during mining found a very
wide profitable use there. For example, in Ancient Greece and the Roman Empire
lapis lazuli enjoyed special fame as a raw material for the preparation of durable
and beautiful blue paint, which gave magnificent colors in paintings by old masters
(Belenkij, 1974:656; Betehtin, 2008:736).

The ideal formula of lapis lazuli is known, based on X-ray diffraction analysis
data Na, Ca, (Al Si, O,,) S, I.LHassan (Chukanov, 2020:24) and a more general
formula (Na,Ca), (Si; ALO,)(SO, S,Cl), ‘H,O, proposed by V.A.Dir (Clark,
1978:6).

According to the crystal chemical classification of minerals by A.G.Betekhtin
(Betehtin, 2008:736), lapis lazuli Na Ca[AlSiO, ], (SO,Cl, S), together with sodalite
Na[AlSiO,]Cl,, nozean Na[AISiO,],[SO,] and gayuin Na Ca[AlSiO,] [SO,], it is
part of a single group from the silicate subclass with continuous three-dimensional
tetrahedral frameworks (Si, Al)O, in crystal structures. All of them crystallize in
cubic syngony.

As can be seen from the above, lapis lazuli differs in the content of sulfide
sulfur in the anionic part of the formula. According to the researchers (Belenkij,
1974:656; Betehtin, 2008:736; Chukanov, 2020:24; Dir 1966:482), it is with this
component that the peculiar azure-blue, greenish-blue and green colors of its rare
rhombododecahedral crystals and formations, more often in the form of solid dense
masses, are associated, which are not inherent in other silicates.

Scientific interest in the conditions of location, mineralogy, physical properties,
chemical composition, radiography and crystal-crystallographic characteristics of
lapis lazuli continues (Farsang,2023:10; Hassan, 1985:6; Kulinich 2000:251; Li
2011:6; Sapozhnikov 1992:3; Sapozhnikov, 2021:11; Sapozhnikov 2021:9; Tauson,
1998:17; Tauson, 2003:6; Taylor, 1967:17). In 2021, on the basis of research using
a complex of modern instruments and methods for studying minerals and rocks,
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a group of scientists from the Russian Academy of Sciences A.N.Sapozhnikov,
N.V.Chukanov et al. (Sapozhnikov, 2021:9) confirmed the status of lapis lazuli as
an independent species. They proposed an idealized formula of lapis lazuli in the
form of Na_ Ca(Al1,Si 0,,)(SO,)S, ‘H,0, where S, , i.e. the trisulfide radical anion,
according to scientists, is a blue chromophore.

The new formula of lapis lazuli explains the apparent excess of sulfur atoms that
occurs when the composition is converted to Hassan’s formula and determines the
dark blue “velvet” color of the mineral by the presence of polysulfide ion S, as a
mineral-forming component.

The steady depletion and sometimes disappearance over time as a result of
mining reserves of rich lapis lazuli deposits, and at the same time the growing
demand for already high prices for natural raw materials led to the discovery in
1828 in France of a method for producing artificial lapis lazuli — ultramarine and
the subsequent start of production.

Ultramarine is a synthetic aluminosilicate, a complete analog of lapis lazuli
containing sodium and sulfur. It is characterized by a specific crystal lattice, which
can be quite clearly depicted as grids of SiO, and AlO, tetrahedra (Fig. 1). These
grids form closed internal cavities in which sodium and sulfur ions are placed.

Figure 1 — Framework of SiO,, tetrahedra underlying the structure of ultramarines. The Si atoms are
located at the vertices of the polyhedron shown on the left. The silicon-oxygen framework spreads
infinitely in three dimensions.

Even early X-ray studies of various ultramarines showed that all of them,
regardless of color and composition, have the same crystal lattice, the same as
natural lapis lazuli (Belenkij, 1974:656).

Many hypotheses have been proposed to explain the coloration of ultramarines.
The most common hypothesis was that the coloration of ultramarines is due to the
presence of colloidally dissolved sulfur in them. It has also been suggested that the
color of ultramarines depends on the presence of certain groups of elements in the
molecules, for example S O, or ALS,. Currently, it can be considered established
that the color of ultramarines is due to two factors: the structure of the crystal lattice
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and the nature of the bond in it between sodium and sulfur. However, the last of
them remains insufficiently clarified to date.

Ultramarine, in addition to other areas, is indispensable in the production of
ceramic, composite and glass products, in the coloring of ceramic granite tiles
(Adyrbaev 2024:13), cement, building mixes, concrete and other materials for
construction and technical purposes. Ultramarine is attractive for its aesthetics,
bright color, high light and heat resistance, environmental friendliness and safety.
With the rapid growth of housing and industrial construction, the demand for
ultramarine is growing every year in the country. A situation is being created that
can only be resolved by organizing its own production. On the way to solving the
problem of creating a domestic import-substituting production, naturally, there will
be questions of rational selection and provision of technology with affordable local
technological natural types of mineral raw materials, instead of an expensive and
not completely environmentally friendly chemical reagent.

Materials and basic methods. Ultramarine, as a rule, is synthesized on the
basis of natural aluminosilicate raw materials — kaolin with the participation of
silica, soda, sulfur and one of the traditional reducing agents by initiating solid-
phase reactions of mineral formation at temperatures up to 800°C in conditions of
air access and without it. The number of components involved in the calculation
mines is determined by the chemical formula of lapis lazuli and the molecular
amounts of oxides and sulfur in the selected raw materials.

The objects of research are mineral raw materials for the production of
ultramarine pigment charge and samples of ultramarine pigment.

In carrying out the work, the basis of scientific research was mineralogical,
petrographic and chemical analyses of raw materials, petrochemical calculation
of ultramarine charges based on selected natural and other components and
comprehensive studies of the obtained samples. X-ray diffractometric analysis
was performed on an upgraded automated diffractometer DRON-3 ¢ Cu,, — by
radiation, S- filter. Diffractogram shooting conditions: U=35 kV; =20 MA; shooting
0-20; detector 2 deg/min. X-ray phase analysis on a semi-quantitative basis was
performed using diffractograms of powder samples using the method of equal
attachments and artificial mixtures. The quantitative ratios of the crystalline phases
were determined. The interpretation of diffractograms was carried out using data
from the ICDD card file: PDF2 powder Diffraction data base (Powder Diffraction
File) Release 2022 and diffractograms of minerals free of impurities. The
thermal analysis of the charge was carried out on a synchronous thermal analyzer
NETZSCHSTA 44 F3 Jupiter, differential thermogravimetric analysis of the charge
was also carried out on a derivatograph Q-1500D, (DEMO).

Results. A series of experimental studies has been carried out to find optimal
charge compositions and technological parameters for the synthesis of ultramarine
pigment based on selected promising types of mineral raw materials and calculations
of compositions. The features of the chemical and mineral compositions of raw
materials, the effectiveness of physical-chemical processes during the heat treatment
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of ultramarine charge, as well as the qualitative and quantitative characteristics of
the resulting material are studied.

The chemical compositions of the main phase-forming raw materials are shown
in Table 1.

Table 1 - Chemical compositions of raw materials
Names of mineral raw materials, deposits SiO, | ALO, | CaO | MgO | TiO, | Fe,O, | K,O

2 2 273 2

Kaolin, Souyznoe deposit 50.94(36.52| 0.29 | 0.08 | 0.32 - 10.17
Marshallite, Mansurata deposit 95.8 | 4.06 - - - 0.14 | -

For the synthesis of lapis lazuli (Fig. 2), the predominant component of
ultramarine pigment, we used a soda-sulfur method based on heat treatment of
charges from kaolin, silica, as well as soda ash, sulfur and a reducing agent — rosin.

Figure 2 — A sample of blue ultramarine synthesized on the basis of the developed charge
(Table 2) on a polished plate of agate.

Kaolin for partial removal of hydrated water was pre-calcined in an oven at
800°C for 1-1.5 hours and then ground in a mortar until it completely passed through
a sieve with mesh No.0085. Marshallite was also crushed until it completely passed
through a sieve N0.0085 and dried at a temperature of 100-110°C for one hour.

One of the optimal calculated compositions of experimental charges using
marshallite as a silica component is shown in Table 2.

Table 2 — The composition of the charge

Names of the charge components, %
Kaolin Marshallite Sulfur Calcinated soda Rosin
36.05 6.87 36.05 14.59 6.44

Taking into account the well-known achievements in the field of mineralogy,
crystal chemistry, genesis and synthesis of lapis lazuli, we believe that in this
generally accepted multicomponent ultramarine system, all components except
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silica are practically irreplaceable. Consequently, scientific research on optimizing
the technology in question in terms of material balance should be conducted in the
direction of establishing the most suitable natural or man-made silica.

In this paper, for the first time, an attempt was made to experimentally evaluate
the reactivity in artificial solid-phase reactions of lapis lazuli formation of such
common and easily accessible sources of silica as monomineral quartz sand,
flask, quartzite, marshallite and technogenic microsilica. For these purposes,
five independent charges were developed and compiled in the same way as with
marshallite (Table 2).

The thermal curves were deciphered and mineralogically interpreted based
on the results of dynamic heating of all five multicomponent compositions in the
range from 20 to 1000°C. The survey results confirmed the predictions regarding
the behavior of the components under heat treatment conditions. So, they are
within 20~800°C left on differential thermoanalytical (DTA) and differential
thermogravimetric (DTG) curves a series of peaks that are associated with
endothermic and exothermic effects caused by the destruction of matter.

During heating, a weakly pronounced endothermic peak at 120°C, is observed
on the DTA curve of the charge with marshallite, caused by the release of a fraction
of organic matter from the rosin. In the region of the indicated temperature, the
thermogravimetric (TG) curve formed a weight loss step (Am1) corresponding to
2.5 mg. The thermal dissociation under consideration was more clearly manifested
on the TG curve, which marked a change in the rate of atmospheric release of €O,
in the form of an intense downward peak at 100°C (Figure 3).

t°C| 10002 TG, mr | -22887 DTAC | 2594 DTG mr/mun| -001
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Figure 3. Thermogram of the charge, where marshallite is used as a silica component
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Further decomposition of the system takes place in the range of 120-325°C,
where the thermogravimetric curve records a weight loss (Am2) of the sample
equal to 129.5 mg. The DTG curve within these temperatures has a very significant
peak in magnitude, corresponding to the rate of weight loss of thermally active
components of the test sample. In turn, the DTA curve within the specified
temperature range indicates an endothermic peak at 246°C, turning into an
exothermic manifestation in the later stages (246-480°C) of decomposition of the
charge. Thus, the development of the main peak on the DTG curve in the range
of 120-340°C is caused by the joint combustion of lump sulfur and rosin in the
charge, during which sulfur dioxide (SO,) and carbon dioxide (CO,) rush into the
atmosphere, respectively. We emphasize that in the conditions of an experiment on
the synthesis of lapis lazuli, the latter fall into the enclosed space of a small alund
crucible. The combustion of sulfur and rosin leads to an influx of thermal energy
into the system, which in the range of 246-526°C is recorded by the DTA curve as
an exothermic manifestation in the charge. It was within these temperatures and
saturation conditions of the SO, and CO, system that lapis lazuli was intensively
formed in our experiments.

At the crest of the exothermic elevation of the DTA line (in the range 320-
440°C), three maxima are traced at 340, 380 and 425°C. On the one hand, they were
formed as a positive effect as a result of the formation of oncoming heat fluxes from
the combustion of sulfur and rosin within the specified temperatures. On the other
hand, the observed peaks on this curve are due to emissions of sulfur dioxide and
carbon into the atmosphere, which caused endothermic manifestations. During the
heating of the charge, the sulfur present in it, combining with atmospheric oxygen,
is completely removed from the system in the form of SO,, reducing the weight
of the sample by 36.5%, i.e. by such a fraction as it corresponded to the mass of
sulfur in the charge. Together with sulfur dioxide, carbon dioxide rushes into the
atmosphere as a product of rosin combustion during the temperature increase. The
reaction is accompanied by a decrease in the initial mass of the tested complex by
6.44%, i.e. rosin, like sulfur, practically burns completely.

Unlike these thermally active components of the charge, the destruction of
soda ash proceeds with a partial loss of its mass. As sodium carbonate (Na,CO,),
this substance decomposes into Na,O and CO, when heated, with the release of
carbon dioxide from the system. The amount of carbon dioxide formed in pure
soda ash corresponds to 41.5%, therefore, in the charge, where Na,CO, is 14.59%,

. _ _ _ (AL5%*1459%) _ £ neg
its content is determined as follows: Am_ = 100% = 6.05% The

removal of this mass of carbon dioxide during the thermal degradation of sodium
carbonate left an endothermic peak at 485°C on the DTA curve, and the indicated
CO,, emission on the TG line indicated weight loss (Am_, ), according to the
above expression.

Along with the mentioned effects, the charge under study had an endothermic
peak on the DTA curve at 526°C associated with the removal of hydroxyl water
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from the kaolinite structure from the system. The participation of this clay mineral
in the composition of the charge is also evidenced by the development of an
exothermic bend in the area of 925°C on the specified curve, due to the destruction
of the dehydrated structure of kaolinite and the formation of a new formation based
on it — mullite 3AL0, - 2Si0,, a classic phenomenon in ceramics technology. Our
experiments on obtaining lapis lazuli mass are completed at 800°C, i.e. far from
reaching the temperature of mass mullitization of the system.

It is known that monomineral kaolinite, according to its stoichiometric formula,
loses 26.36% of its weight during thermal dehydration. Based on this, a sample
consisting of 36.5% kaolinite during firing will lose the following amount of its
mass:

36.5%%26.36%
Am kaolinite = (—) = 9.62%, or, in metric measurement,

this value, according to tjhe ‘Fhermograwmetnc data of the sample, will be -

Am kaolinite = (%&?’M) = 22.02mg

" The thermal decomposition” of the components of the specified sample is
fixed on the differential thermogravimetric curve by four peaks. Two of them are
pronounced at 100 and 285°C, and the other two peaks at temperatures of 425 and
526°C are significantly inferior in size and area to the indicated low-temperature
manifestations.

According to semi-quantitative X-ray phase analysis, the concentration of lapis
lazuli in the samples using marshallite is 82.0%. The radiograph also shows quartz
and goethite lines - 16% and 1.9% (Table 3, Figure 4).

Table 3 - Results of semi-quantitative X-ray phase analysis of crystalline phases

Mineral Formula Concentration, %
Lapis lazuli (Na,Ca)(AlSi,0,,)(SO,), ;S (s 82.0
Quartz Sio, 16.0
Goethite FeO(OH) 1.9
1100 — 3

d=

1000

n;ap_ﬁ lazuli Oouart: uGoel].l'l[e

Lin (Counts)
[

=2.62217
2.45741

d
d=:

| 2-Theta - Scale

Figure 4 — X—ray of an ultramarine sample, where marshallite is used as a silica component
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Discussion. Two centuries ago, in our opinion, close field geological observations,
the study of mineralogical and petrographic features and the analysis of the genesis
of lapis lazuli from the famous Afghan mines contributed to the successful synthesis
of such a mysterious lapis lazuli and gave the right course to experiments. It was here
that the special consequences of high-temperature physical and chemical processes
of mineral formation were clearly manifested in connection with the introduction of
an alkali-enriched magmatic melt into a sulfur-enriched carbonate stratum. The case
in the geological history of the Earth is rare, but possible.

The productive thickness of the kaolin clays of the Soyuznoye deposit is
composed of two varieties of kaolin — normal and alkaline. According to the degree
of stability of the material composition and the scale of reserves, the deposit is
estimated as unique (Kulinich, 2000:251). The normal kaolin deposit of the deposit
consists of more than 85% kaolinite Al,O, - 2Si0, - 2H,O and contains an average
of more than 35% alumina, a component on the amount of which the technological
properties of all types of clays depend. If we take into account that the theoretical
content of Al,O, in monomineral kaolinite is only 39.5%, then it is not difficult to
imagine the value of the kaolin mineral raw materials selected by us — the most
important component of the charge for the synthesis of ultramarine.

Due to the very favorable peculiarity of the chemical and mineralogical
composition of the mineral, the peculiarities of the genetic aspects of the formation
of the Soyuznoye deposit are of undoubted scientific interest. It is confined to the
Mesozoic kaolin weathering crust formed on the contact of shales of the Middle
Devonian age with the later Upper Mesozoic granite intrusive. In our opinion, the
parent rock for such significant eluvial deposits of the deposit was not granites and
shales in their pure form, but newly formed contact-metasomatic formations in the
zone of their interaction. The latter, due to the high-temperature physical-chemical
processes that took place, created Si and Al-enriched rocks with a less monolithic
and fracture-resistant structure of the neoplasm than the surrounding granites and
shales. Later, in the Mesozoic, continental weathering led to the formation of no
less powerful acidic siallite eluvium in their place, composed mainly of aqueous
aluminosilicates of a group of clay minerals. The Mesozoic kaolin weathering crust
of the Soyuznoye deposit has no analogues in the country in terms of its main
geological characteristics.

Conclusion. In the course of experimental work, a technology has been
developed for obtaining the most lapis lazuli-enriched pigment in laboratory
conditions with varying component composition of the charge and the temperature
regime of processing.

Kaolin from the Soyuznoye deposit is quite suitable as the main component for
the production of ultramarine pigment. As a siliceous additive, it is more effective
to use marshallite, the birthplace of Mansurata, with a SiO, content of about 95.5%.

With the help of X-ray phase analysis, samples with high indicators of the amount
of ultramarine were established. It turned out to be a compound with marshallite,
where the amount of lapis lazuli reached 83%.
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