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3dpasecmeyiime yeaxxaeMble 20cmu, pykogeodumesiu MUHUcmepcme u eedomMcmae,
npedcmaesumesiu nNPou3eo0dcmeeHHbIX npeonpusimull u akadeMmu4yeckux Kpyaoe!

Mbl pagbl npuBeTcTBOBaTb Bac B pamkax MexayHapoAHOM HayvyHOW Henenu
«YCTONYUBOE PA3BUTUE W 3EJIEHAA 3KOHOMWKA». HayuHas Henens
nocBsiLeHa LWUPOKOMY npasgHoBaHuiw B 2024-om roay B Y3bekuctaHe “lopa
noaaepXKu Monoaexu n 6musHeca”.

HayyHasa Hefenst opraHnsoBaHa TallKeHTCKUM XUMMUKO-TEXHONOMYECKUM MHCTUTYTOM
B coTpygHuyectBe ¢ MexayHapoaHbiM yHuBepcutetom MHTWU Manainsmn, Accoumauuen
yHusepcutetoB PRME npu OOH, YHuBepcutetom YnbcaH Kopen npu HenocpeacTBEHHOM
nogaepxke AO «Y3skumécaHoat», AO «Keapu», MuHucTepcTBa BbicLIEro obpa3oBaHus,
HayKkn 1 MHHOBauUuin Pecnybnunkn Y3bekucraH.

MpuBeTCcTBYyeM yBaXaeMbiXx rocTen, BeAywWMX Y4YeHbIX, npeacTaBuTeneun
XUMNYECKON WU CUSIMKAaTHOM MHAYCTPUU, KOTOpble JOGEe3HO nNPUHANU Hawe
npurnaweHue K y4acturo B paboTte Hay4HOU Heaenu:

3amectutento [Mpembepa wmMuHUCTpa Pecnybnukn Y3sbekucraH MaxkamoBoW
3ynanxo baxpnganHoBHE;

MuHuctpa  Bbiclwero obpasoBaHusi, Haykm W WHHOBauuh  KyHrpatbowm
AsesnmbeTtoBunyy LLapunosy;

MepBomy 3amectutento npeacenarena npasneHus AO «Y3skumécaHoat» Kop>KUKoBY
EBreHnn AnekcaHopoBuyy;

HayuHbin pykosoautens YT «®aH Ba Tapakknét», akagemunky Hermatos ConmbxoH
CoankoBuy;

Oupektopy «WMHCcTUTyTa MartepuanosegeHnsa» Akagemmnm Hayk Pecnybnuvku
Y3bekuctaH MNapnuesy Ogunxoxa Panmxogxaesnyy;

PekTtopy TallKeHTCKOro rocyfapCTBEHHOIO TEXHUYECKOro yHUBepcuTeTa, akageMumky
TypabgxaHoBy CagputanH MaxamaganHoBudy;

Heneraunam MexayHapogHoro yHuBepcuteta WHTW Manansun, Accouunauumm
yHneepcutetoB PRME npu OOH, VYHuBepcuteta YnbcaH Kopeun, bBenopycckoro
rocygapCTBEHHOr0 TEXHOMOMMYECKOro yHMBepcuTeTa, YHMBepcUTeTa Haykm U TEXHOMOMMN
AGH B lNonblwe, Kaszaxckoro arpoTeXHU4YEeCKOro nccrenoBaTenbckoro yHnsepcmteTt nm. C.
CendpynnuHa, KOxxHo-KasaxcTaHckoro yHUBEpcUTETA nm.M.AyasoBa, PIT1
«KascmaHO0apmy», Owcko2a0 mexHo/o2u4ecko20 yHusepcumema, Xiamen University,
AsepbaimkaHCKOMYy YHUBEPCUTETY HeddTU 1 rasa, komnaHuto Giant Chemical, yHuBepcuteTta
KITECH 1 6onee yem 230 yyeHbim u3 Kopeu, Utanuu, UupgoHesum, Kutaa, CuHranypa,
UHauu, Kanapbl, Benopyccumn, Poccum, KaszaxctanHa, KupruscraHa, AsepbGanxkaHa
Y36ekncTtaHa u gpyrnx CTpaH.

B paboTte KOH(bepeHUuUn NpUHUMAKOT aKkTUBHOE Yy4acTMe C  3KCNo3numsmMmm
BbIMyCKaeMon npoayKkuun Begywme npeanpuatmsa YsbekuctaHa, takme kak AO «Ksapuy,
AO «Acn OwnHa», AO «Cblpgapbsi CTEKNO», MPOMBbIWIEHHOrO Kractepa «basanbt
Y3bekncrtaH», accouuaumm «Y3scaHoaTkypunuwmatepmannapm», OOO  «[xm3akckuin
LEMEHTHbIN 3aBof», “Y3caHoaTKypunnwbaHKy, komnanmn Merit Chemicals; AO
«KusunkymuemeHt», OO0 «OKOKEPAMA», AO «AnManbIKCKMin ropHO-MeTannypruieckumn
KOMOUHaT» 1 gpyrue 6nmskue HQycTpuanbHble NapTHepPbI.

B pamkax Hay4yHOW Hegenu GyayT opraHnM3oBaHbl:

- 21-22 mas  3-MexagyHapogHas Hay4HO-TeXHM4YecKkas KOH(pepeHumnm
«HHOBaUMOHHbIE TEXHONMOrMM MpPOU3BOACTBA CTEKNa, KepaMUMKM U BSRXYLUMX
mMaTtepuanoB», 22 Mas Bble3gHad ceccusa KoHdepeHumm coctoutca B UHCTUTyTe
MaTepuanoBeneHus B r. [lapkeHTe;

- 22 maa MexgyHapoaHbii HaydHbii DPopyM MOMoAbIX YYE€HbIX «YCTOMYMBOE
pa3BuUTUE U 3eNieHas 3IKOHOMMUKAY.
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-23-24 maa  MexgyHapogHaa — KOHepeHuusi  «lepcnekTuBbl  pa3BUTUA
MHHOBALMOHHbLIX TEXHONOrMM NPOM3BOACTBA HeEOpPraHUYeCKUX BellecTB W
MaTtepuanoB B ycnoBusaX rno6anusauum» K 111-netmio co OHA POXAEHUS OOKTopa
TEXHUYECKUX HayK, akageMmnka Manuk Habrnesny Habuesa;

- 24 mas — “[deHb Kapbepbl”’, B paMKax KOTOPOro BbIMYCKHUKN HaLlero MHCTUTyTa
nosiy4at BO3MOXHOCTb BCTpeTuTca ¢ 6onee yem 80 npeanpustusMu Y3sbekuctaHa u
3aKn4YnTb NpeaBapuTenbHble JOroBopa No TPyAoYCTPOUCTBY.

Boipaxxaem ©narogapHoctb pykoBogctesy OOO “ARTEL ELECTRONICS”, AO
«KBapuy, “Puraky” 3a nogaepxky B NpoBegeHuUm 3TUX MeponpusaTUi Ha BbICOKOM YPOBHE.

B nocnegHee Bpems Ong XMMWYECKOW OTpacsiv, B YacCTHOCTWU, AN CUITMKATHOMU
NPOMbILLITEHHOCTU Y3bekucraHa NPUOPUTETHLIMA HanpaBneHnsaIMn ABMAOTCA
anBepcuurkaums NpovMsBoACTBa WM paclUMpeHne accopTUMEHTa HayKOeMKOW 3KCnopT-
OPUEHTUPOBAHHOW MPOAYKUMK, a TaKkKe pelleHne TEXHOMNOMMYECKMX W 9IKONOrm4ecKkunx
NPOW3BOACTBEHHbLIX Mpobnem, C y4eToM HeobBXoAMMOCTU MpUBMEYEHUa NS 3TUX uenen
MECTHbIX W 3apybexHbIX Y4YebHbIX, Hay4YHO-UccnefoBaTenbCKMX W TEXHOMOrMYeCcKnx
opraHusaumn.

Mpn aTOM OoTAENBHOE BHUMaHME B Y30eKucTaHe yaenseTca pasBuTuio UHXEHEPHOro
obpa3oBaHusi, opraHu3auum nepeaoBbIX UHXEHEPHbIX LWKOJI.

Kak Beaywmn yHuBepcuteT Y3bekuctaHa B o6nactm NnoaroToBKM KaapoB Ansi
XUMUNYECKON, nuweBon U HedTe-ra3oBoN oOTpacnu, TalKEeHTCKUA  XUMUKO-
TEXHOSTIOTMYECKUA  UHCTUTYT ABMSETCA OTBETCTBEHHbIM 3a pas3BuTUe nepegoBou
WHXEHEePHOW LUKOMbl W BHEAPEHVWE WHHOBAUMOHHBIX Mofenen obpasoBaHua Mo
HanpasneHuto “Xumuyeckasa TexHonornsa (Chemical Engineering)”.

B HacTosiwee Bpemsa B uHCTUTYTE 0Oy4vaetca 6Gonee 8500 crtyaeHTtoB no 24
HanpasneHusm Gakanaspuarta, 24 cneuuanbHOCTAM MarmcTpatypbl, 16 cneynanbHOCTAM
AokTopaHTypbl. Konuyectso npenogasartenen- 6onee 400, M3 koTopbiXx 12 MHOCTPAHHbLIX
npenogasartenien paboTaldT y HaAc Ha MNOCTOAHHOW oOcHoBe, Gonee 40 WMHOCTPaHHbIX
npenogasatenen B rog NpoBOAAT KPaTKOCPOYHbIE KYPCbl, Hay4YHble CeMUHapbl. HayyHbIn
noteHuman coctaBnsaeT 6onee 56 %.

[MpoBegeHMe HayyHOW Hegenu Mo3BOMUT  O3HAKOMUTBCA C  NPUOPUTETHBIMU
HanpaBneHUsAMU pasBUTUS XMMUYECKOM U CUIIMKaATHOW OoTpacnu B Mupe n B Y3bekucraHe.
Mbl HageeMmcsi, 4TO Ha 3TOM Hay4YHOW Hefene OyayT YyCTaHOBIEHbI U YKPEnseHbl HayYHble
KOHTaKkTbl C 3apybexHbIMW Yy4YeHbIMW, danbHeunlee pasBuTME KOTOpbIX ByaeT
COOencTBoBaTb  YCMNEWHOMY  pasBUTUIO  XMMWYECKOW,  CTPOUTESTbHOW,  MULLEBOW,
HeddTerasoBon, 3HEPreTU4YEeCKoM oTpacnen, a Takke BHELPEHU WHHOBAUMOHHbLIX
TEXHOSIOrMM NPON3BOACTBA CTEKNA, KEpaMUKM U BSXKYLLIMX MaTepuanos.

A Xo4vy 3aKOHYMTb CBOE MNPUBETCTBEHHOE CrioBO, OOO3HAYMB CEroAHSLLUHION
noBecTky AHA MexayHapooHOW Hay4yHOW Hedenu «YCToM4YMBOe pasBuUTUE U 3erieHas
9KOHOMMKa» creayroLwumMn crioBamu:

Ham HyxHa xumusi, ymobbl npodsuzamsb [loeecmky OHsi 8 obs1acmu ycmoliYueo20
pa3zeumusi [OOH] do 2030 2o0a.

Ham HyxHa xumusi, Y4mobbi uckopeHumbs 6e0HOCMb.

Ham HyxHa xumusi Ons ykpenseHusi 300poebsi.

Ham HY)XHa XUMUusi, 4YmobbI cMsI24Yumb nocsiedcmaeusi UsMeHeHUs1 KiiuMama.

OOHuM csl080M, HaM HYXHa xumusi Onsi obecne4yeHuss npae u OOCMOUHcMea
Yyesioeeka, Ymobbl HUKO20 He ocmasumb 6e3 8 HUMaHUSI.

N Ham HY)Ha 3eJiIeHass XUMUSI... ycmoﬂqueaﬂ XUMUA... XUMUSA, yea)Karowiasi epaHuubl
njiaHemsal... XuMus GceO6BeMﬂfOLuaﬂ, pa6omafou4aﬂ Ha 6s1a20 aecex...

Ewe pa3 npumBeTrcTByeM BCeX YYaCTHMKOB HaAy4yHOW Hedenu wn xenaem
nnogoTBOpHOM paboThl. [lobpo noxanoBaTb B TalWKeHT, goporue roctu!

C ysaxeHuem,

Botup LUlykypunnaeBn4y YCMOHOB, A.T.H., npodpeccop, pekTop TalUKeHTCKOro
XUMUKO-TEXHOSTIONMYECKOro MHCTUTYTA.
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Dear honorable and distinguishable guests, representatives of ministries,
academic world and manufacturing companies!

We are pleased to welcome you within the framework of the international scientific
week “SUSTAINABLE DEVELOPMENT AND GREEN ECONOMY” which is dedicated to
the widespread celebration in Uzbekistan of the “Year of Support for Youth and
Business” in 2024.

The scientific week was organized by the Tashkent Institute of Chemical Technology
in collaboration with the International University INTI of Malaysia, the UN PRME
Organisation of Universities, Ulsan University of Korea with the direct support of
Uzkimyosanoat JSC, Kvarts JSC and the Ministry of Higher Education, Science and
Innovations of the Republic of Uzbekistan.

We welcome our distinguished guests, leading scientists, representatives of
the chemical and silicate industry, who kindly accepted our invitation to participate
in the work of the scientific week:

Deputy Prime Minister of the Republic of Uzbekistan Zulaykho Makhkamova,;

Minister of Higher Education, Science and Innovation Kungratboy Sharipov;

First Deputy Chairman of the Board of Uzkimyosanoat JSC Evgeniy Korzhikov;

Scientific director of the State Unitary Enterprise “Fan va Tarakkiyot”’, academician
Soyibjon Negmatov;

Director of the “Institute of Materials Science” of the Academy of Sciences of the
Republic of Uzbekistan Odilkhoja Parpiev;

Rector of Tashkent State Technical University, academician Sadritdin Turabjanov;

Delegations of the International University INTI of Malaysia, the UN PRME
organization, the Ulsan University of Korea, the Belarusian State Technological University,
the AGH University of Science and Technology in Poland, the Kazakh Agrotechnical
Research University named after S. Seifullin, South Kazakhstan University named after M.
Auezov, "Kazstandart”, Osh Technological University, Xiamen University, Azerbaijan
University of Oil and Gas, Giant Chemical company, KITECH University and more than
230 scientists from Korea, Italy, Indonesia, China, Singapore, India, Canada, Belarus,
Russia, Kazakhstan, Kyrgyzstan, Azerbaijan, Uzbekistan and other countries.

Today leading enterprises of Uzbekistan taking an active participation in the
conference with expositions of their products, such as Quartz JSC, Asl Oyna JSC, Syrdarya
Glass JSC, industrial cluster "Basalt Uzbekistan", association "Uzsanoatqurilishmateriallari”,
Jizzakh Cement Plant LLC, "Uzsanoatqurilishbank”, Merit Chemicals company; JSC
"Kizilkumsement" , EKOKERAMA LLC, Almalyk Mining and Metallurgical Plant JSC, other
valued business and industrial partners.

During the scientific week the following events will be organized:

- May 21-22, the 3rd International Conference “Innovative Technologies for the
Production of Glass, Ceramics and Binding Materials”,

- May 22, the Visiting Session of the conference will be held at the Institute of
Materials Science in Parkent;

- May 22 at the institute International Scientific Forum of Young Scientists
“Sustainable Development and Green Economy” will be held;

- May 23-24, the International conference “Prospects for the development of
innovative technologies for the production of inorganic substances and materials in
the context of globalization” on the occasion of the 111th Anniversary of the birth of
Doctor of Technical Sciences, academician Malik Nabiev;

- May 24 - “Career Day”, during which graduates of our institute will have the
opportunity to meet with more than 80 enterprises in Uzbekistan and conclude preliminary
employment agreements.
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We would like to express our gratitude to the management of Artel Electronics LLC,
Quartz JSC, and E-Globaledge Corporation (Rigaku) for their valuable support in
conducting these events.

Recently, for the chemical and silicate industry of Uzbekistan, priority areas have
been diversification of production and expansion of the range of high-tech export-oriented
products, as well as solving technological and environmental production problems, taking
into account the need to attract for these purposes leading local and foreign educational,
research, industrial and technological organizations.

At the same time, special attention in Uzbekistan is paid to the development of
engineering education and the organization of Advanced Engineering Schools.

As the leading university in Uzbekistan in the field of training personnel for
the chemical, food and oil-gas industries, Tashkent Institute of Chemical Technology is
responsible for the development of an Advanced Engineering School and the introduction of
innovative educational models in the field of Chemical Engineering.

Currently, the institute has more than 8,500 students studying in 24 bachelor's
degrees, 24 master's degrees, and 16 doctoral specialties. The number of teachers is more
than 400, of which 12 foreign professors work with us on a permanent basis, more than 40
foreign professors conductacting short-term courses and scientific seminars annually.
Scientific potential is more than 56%.

Participation in the Scientific Week will allow us to get acquainted with the priority
areas for the development of the chemical and silicate industry in the world and in
Uzbekistan. We hope that this scientific week will establish and strengthen scientific
contacts with foreign scientists, contribute to the successful development of the chemical,
silicate, building and construction, food, oil and gas, energy industries, as well as the
introduction of innovative technologies for the production of glass, ceramics and binders.

| would like to end my welcoming speech by outlining today’s agenda for the
International Scientific Week “Sustainable Development and Green Economy” with the
following words:

We need chemistry to advance the [UN] 2030 Agenda for Sustainable
Development.

We need chemistry to eradicate poverty.

We need chemistry to improve our health.

We need chemistry to mitigate climate change.

In short, we need chemistry to ensure human rights and dignity so that no one
is left behind.

And we need green chemistry... sustainable chemistry... chemistry that
respects planetary boundaries... inclusive chemistry that works for the benefit of all...

Once again we welcome all participants of the Science Week and wish them fruitful
work. Welcome to Tashkent, our valued and esteemed guests!

Sincerely,
Botir Usmonov,

Doctor of Technical Sciences, Professor,
Rector of Tashkent Institute of Chemical Technology.
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OPIrAHU3ATOPbDI
0 Qrtel
Uzkimyosanoat
TalKeHTCKNN XUMUKO- AO Y3knmécaHoaT 000 “ARTEL ELECTRONICS”
TEeXHOJIOrn4YecKnmn
MHCTUTYT
NAPTHEPDI

MuHucTepcTBO BhICLUErO AO «Y3caHoaTKypunuLu- AO Keapuy
obpa3oBaHus, HaAyKn 1 MaTepuannapu»
MHHOBauuun Pecnybnuku
Y36ekucrtaH

b

KREMBER

000 "ALMERRO GROUP" YHuBepcuTteT YnbcaH, AO «Acn OnHa»
KoHAuTepcKaa dabpuka noa Pecny6nuka Kopes
opeHpom KREMBER

]  PRME msssm @y Auezov

CHAPTER EURASIA A UNIVERSITY
- 943
AGH
YHUBEPCUTET HaYKKN U New
TexHonornm AGH INTI ; : . .
International University Uzbekistan
(Monbwa) . .
University
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OPIrAHMU3ATOPbI HAYYHOW HEQENU
“YCTONYNBOE PA3BUTUE U 3ENEHASA 9KOHOMUKA”

I. MuHucTepcTBa, BeAOMCTBA, MeXAyHapoAHble NapTHepPbl U OpraHu3auum
MwuHucTepcTBO BbicLLero 0bpa3oBaHus, HaykM U MHHOBauun Pecnybnuvkn Y3bekncrtaH
TaLKEHTCKNA XUMUKO-TEXHONOMMYECKNIA UHCTUTYT.

MexayHapogHbln yHuBepcuteT INTI

EBpasuiickoe otgeneHme UN PRME

MHCTUTYT 00Len n HeopraHmdeckon xummmn AH PY3
New Uzbekistan University

oghkhwnE

IIl. KomnaHuum n npeanpuatua
AO «Y3knmécaHoaTty;
OO0 “ARTEL ELECTRONICS”
AO «Y3caHoaTKypunuiMmaTepuannapmy;
AO «KBapuy;
AO «Acn OnHay;
AO Makcam Yunpunk
AO Ammodoc-Makcam
AO Hasowunasot
Ao ®epraHaasoT
10. AO [exkaHabanckun KanuiHbl 3aBof,
11. OO0 «AKKERMANN CEMENT».
12. XonauHr «Art Gloss Galery»;
13. OO0 "ALMERRO GROUP" koHauTepckasi dabpuka nog 6peHoom KREMBER

CoNoh~LWNE

. MexAayHapogHbIM NPOrpaMMHbIA KOMUTET Hay4YHOM
Hegenu “YcTtoMunBoe pasBuUTHE U 3eNéHasl SKOHOMUKa”
1. YcmoHoB bBotup LUykypunnaeBud, pektop TalKEeHTCKOro XMMWKO-TEXHONOMMYECcKoro
WHCTUTYTa, Npodeccop (Y3bekuctaH) — MNpencenatens
2. Kim Dong-Hyung - [Oupektop Hay4HO-UCCriegoBaTenbCcKoro LeHTpa npegnpusatusa Giant-
Chemical (Pecny6nuka Kopes)
3. Kim lll-Hwan - Oupektop YnbcaHckoro texHonapka, PhD (Pecnybnuka Kopes)
4. Geetha Subramaniam - MexagyHapogHbii yHuBepcuteT INTI, PhD, npodeccop (Mananaus)
5. Brendan Duprey - [HOupektop Sustainable Kazakhstan Research Institute, npodeccop
YHuepcuteTta Hapxos, OTBeTCTBEHHbIV cOTpyAHMK PRME, PhD, goueHT (KasaxcTtaH)
Lee Seung-Min — ctapwuin Hay4HbIn coTpyaHuk KITECH, (Pecnybnuka Kopes)
Kang Kyung-Chan — ctapwun Hay4Hbin coTpyaHuk KITECH, (Pecnybnuka Kopes)
NeBuuknn WUBaH ApamoBuy, [A.T.H.,, npodeccop, benopyccknin rocygapCTBEHHbIN
TexHonorn4yeckmmn ynmsepcutet (benapyco)
9. Zbigniew Pedzich, o.1.H. npodeccop, YHuBepcuteT Haykn n TexHonornm AGH (MonbLua)
10. Tonni Agustiono Kurniawan - lNpodgeccop UTM Malaysia (Mananaus);
11. Han Hyoung-Su — YnbcaHCKMA yHMBepcuTeT, npodheccop-uccnegosatens (Pecnybnvka
Kopes)
12. Makarov Nikolay Aleksandrovich - PoccuiACkMin XMMMUKO-TEXHOIOrMYECKUN YHUBEPCUTET
nmenn [1. MeHgeneesa, npodeccop, 4.T.H. (PD).

© N

V. OpraHu3saumoHHbI kKomuTeT HayuyHon Hegenu “YcTonumBoe pa3BuTUE U 3enéHas
3KOHOMMUKA”
1. MyxamepxaHoB Tumyp Pacynosuy, Mpencepartens MpaBneHus
AO «Y3kumécaHoat» — [Npeacenatens;
2. YcmoHoB botup  UWykypunnaesud, pektop, npodeccop, TalKEeHTCKMA  XUMUKO-
TexHonorn4yeckun MHCTUTYT (Y3beknctaH) — MNpeacenarens;

3. Mynatos Xawpynna Jlytnynnaesmd — npopektop TXTW, A4.x.H., npodeccop -—
3amecTtutens MNpencepatens;
4. bBbabaxaHoBa 3e6o AbgynnaesHa — npopektop TXTW, A.T.H., npodeccop -—

3amecTtutens MNpencepatens;
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Cadrapos Tonmp TypcyHoBud — npopektop TXTW, 4.T.H., npodeccop;
Kogupos BobupomoH Bekmypoaosuy — npopekrop TXTU, a.t10.H., npodeccop;
Bobopamxkabos boxoanp HacpmuaauHoeuy- npopektop TXTU, PhD

LlepHaeB AHBap HopmamaTtoBuy — npopektop, PhD, npodeccop TXTU;
Apunosa MacTtypa XvkmatoBHa — A.T.H., npodgeccop, 3aB.kad., TXTU;
Apunos Boxug Banuesndy — HauyanbHuk ynpaesneHus AO «Y3kumecaHoaT;

. byxapos Llyxpat bypueBny — g.x.H., gekaH akynbteta TXTU;

KOcynoea Jlona ArsamoBHa — A.T.H., AekaH dakynbteta TXTU;

. bantabaeB Ynyrbek Hapb6aesuy — K.T.H., AekaH dakynbeteta TXTU;

Abgynnaes Ymug Kyrunesnd — K.T.H., gekaH dakynbteta TXTU;

. [bxanunos Wep3aon KaxpamoHoBMY — 4.9.H., AekaH dakyneteta TXTU;

Mup3sakynos Xontypa YopueBndy - A.T.H., npodeccop, OMPEKTOp OTPacreBoro UeHTpa,
TXTU

. xangynnaeesa MyHaBapa CanapbaeBHa — K.T.H., 4OUEHT, 3aB.kad., TXTU;

Wcamatosa Ixamuna HurmatynnaesHa- HavanbHuk otgena TXTU

. CaHaes Opmart LWepmaTtosud - PhD, goueHT, 3aB.kad., TXTW;

MkpTuaH Puncume BavyaraHoBHa — K.T.H., goueHT TXTY;

. Habues Abaypaxmm AbayxammngoBud. - 3aBegyowmn kadegpon TKTU, K.X.H., OOUEHT;
. Xangamos [1aBpoH AGayragmposuy — 3aBegytowwmn kacdegpon TKTU, A.X.H., AOLEHT;

KOHycoB Mupxxanun KOcynosuy, 4.7.H., npodeccop TXTU;

. XomxkaeBa Haprmsa HurmaHoBHa — 3aB.ota. TXTU;

CangaxmagoB CaVID,yMapXOH - HavdanbHUK oTAena MexayHapoaHoro COTpyaHM4eCcTBa;

. Xnaupkynoea MadhTyHa — HayanbHUK NHOpMaLMOHHO-aHaNnUTUYECKOro LEeHTPa;
. bansakoea banHyp Canap0ek kn3n, METOANCT OTAeNa MeXxayHapoOHbIX CBA3EN;

YcmoHanmesa 9303a [kanunoBHa, METOOMCT OoTAeNna MexayHapoaHbIX CBA3EN;;

. JocmaTtoBa [QunbHO3a - rMaBHbIA CheuuanucT otaena MeXxayHapoOHbIX PEWTUHIOB U

aHanuaa nHgpopmauunm

. TypcyHboeB Otabek — nngep MonoaéxHoro corsa MHCTUTYTA;
. Pawwvpos [aBpoH — pykosoantens MonogexxHon akageMmm NHCTUTYTa;
. Abagynboknes dramHasap — Npecc-cekpetapb TXTU.

V. OpraHusaumnoHHbIn KomuTeT || MexxayHapoaHOM Hay4YHO-TeXHU4YeCKOWM

KoH(pepeHuMn « MHHOBaLMOHHbIE TEXHONIOMMU NPOU3BOACTBA CTEKIa, KEPaMUKU U BAXKYLLUX

BOO~NOOGOMONE

MaTepuanoB»
YcmoHoB boTtup Lykypunnaesuy, A.T.H.,npod. — npeacenatens;
MynatoB Xanpynna Jlytnynnaesuy, g.x.H., npod. TXTU— 3amectutens npeaceparens;
Apunosa Mactypa XukmaToBHa, 4.T.H, npod. TXTW— 3amecTtutens npeacegaTens;
babaxaHoBa 3e60 AGaynnaeBHa, A4.T.H, npod. TXTUY;
Cadpapos Toup TypcyHoBuWM, 4.T.H., npody. TXTU;
Ucmannos B.M., AO «Y3caHoaTkypunmwiMmatepuanniapm»;
N6parumos O.®., AO «Y3caHoaTKypunuwimaTtepuannapmy;
Bypues A.W., reHepanbHbin aupektop AO «Keapuy;
CpetuHckuin C.B. - M'eHepanbHbin agnpektop AO «KBapu»
XypcaHoB A.X., reHepanbHbii gupektop AO «AnManbIKCKMA TOPHO-MeTannypruyeckmim
KOMOMHAT»;
Wapwunos C.X., anpektop XonguHr «Art softy ;
Kogupos B.T., anpektop « CypxoHCaHOATKypuUuLLy» KOMMaHus;
Bbyxopos W.B., A.x.H, aekaH TXTWY,;
Pyanboes B.P., k.T.H., gou. TXTW;
3ynsposa H.LU., 3am. gekaHa TXTWU;

. MkpTusH P.B., K.T.H. OOUEHT;

MaTtkapumoB 3.T. - goueHT kadpeapbl TXTU, kaHOnaaT TEXHUYECKNX HAYK;
Haumos LWW.B. - AccucteHT kadbeapbl TXTU;

. ABaypaxmaHoB O. — goueHT kadegpbl TXTU, K.T.H.

Hocmyxamenos T.B., rmaeHbii TexHonor AO «Acn OnHa;

. FOHycoe M.KO. — npodbeccop TXTU;
. ApkuHoB ®.Bb., accucteHT TXTU - oTBETCTBEHHBIN cekpeTapb (1-cekums);
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23. Ocepbaesa Anbdua KypbaHbaeBHa, K.X.H. - OTBETCTBEHHbIV cekpeTapb (2-3 cekuus).

VI. OpraHM3aumMoHHbIN KOMUTET MeXAYHapPOAHOW Hay4YHO-TeXHUYECKOM
KoHtepeHuun «lMepcnekTuBbl pa3BUTUA NHHOBALMOHHbLIX TEXHOJIOMMIA NPOU3BOACTBA
HeopraHM4ecKux BewecTB U MaTepuanoB B ycnoBusax rmobanusauum» K 111-neturo co gHa
pPOXAeHNA [OKTOpa TEXHUYEeCKUX HayK, akagemunka Manuk HabneBu4y HabuneBa

YcmoHoB botup Lykypunnaesud, A.T.H.,npod. — npeacenatens;

MNynatos Xanpynna Jlytnynnaeswnd, 4.x.H., npod. TXTU — 3amecTuTens npeacenarens;

Apunosa MacTypa XukmaToBHa, 4.T.H, npody. TXTW — 3amectutens npeacegaTens;

BabaxaHoBa 3e60 AGaynnaesHa, 4.T.H, npod. TXTU;

Cadpapos Toup TypcyHoBuWM, 4.T.H., npodd. TXTU;

Mup3sakynos Xontypa YopueBundy - [dupektop oTpacrneBoro ueHTpa «[llepenogrotoBka u

NnoBbllUeHNe KBanuukauum negarorMyecknx Kagpos» npu  TalIKEHTCKOM  XUMMKO-

TEXHONOrMYEeCKOM MHCTUTYTE, A.T.H., npodeccop

7. byxopos Lyxpat bypueBwny, g.x.H. - gekaH TXTW;

8. [bxangynnaeesa MyHaBapa Canap6aeBHa — 3aBegytowmn kacdenpbl TXTU, K.T.H., 4OLEHT

9. 3pkaeB Aktam Ynawosud — npodeccop kacdeapbl TXTWU, AO.T.H., npodeccop;

10. Wapnnoea Xabuba TewaeBHa — goueHT kadenpbl TXTW, K.T.H., AOLEHT;

11. Agunoea Moxupa LaBkatoBHa — pgoueHT kadeapbl TXTW, K.T.H., OOLEHT, cekpeTapb
KOHbepeHumu;

12. ApucdbgxaHoBa Kamona CawndynnaeBHa— goueHT kadeapbl TXTU, A.T.H., OOUEHT;

13. Menukynosa "aBxap QuwbaeBHa — goueHT kadeapbl TXTWU, K.T.H., OOLEHT;

14. TypcyHoBa [unpopa AbaycattopoBHa — foueHT kadeapbl TXTU, K.T.H., OOLEHT;

15. Typakynos bexsoa bermaTtoBud — goueHT kadeapbl TXTU, K.T.H., LOLEHT;

16. Kenmpxae Mupaxanan 3pkuHoBnd — goueHT kadeapbl TXTU, K.T.H.

17. Ep6o6oeB PycnaH Yopuesny — ctapLumin npenogasatesns kadeapbl TXTU, K.T.H.

18. Papxabos LLoxpyx LLepmaxmaTtoBud - cTaplimii npenogasatenes kadeapbl TXTU, K.T.H.

19. bobokynos Akbap HocupoBuy — goktopaHT kadeapbl TXTU, K.T.H.;

20. KowaHosa bnburyne TypraHbaesHa — goktopaHT kadpeapbl TXTU, K.T.H.;

21. Xopxambepaues Lepsoa MycypmoHoBu4y — goktopaHT kadenpbl TXTU, K.T.H.;

22. [ly6oeuukaa Hatanes CepreeBHa — cTapwmin npenogasatenb kadegpsl TXTU;

23. banpaesa Oungopa AwypbaeBHa — cTapwuin npenogasaternb kadeapsl TXTU.
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1- SECSION. INNOVATIVE TECHNOLOGIES FOR THE PRODUCTION OF
GLASS, CERAMIC AND BINDING MATERIALS.

PARTNERSHIP FOR DIGITAL TRANSFORMATION OF INDUSTRY

Usmonov Botir Shukurillaevich', Shukurillayev Ulug‘bek2
"Tashkent institute of chemical technology, *Webster University in Tashkent

Abstract. This paper illustrates and synthesizes the role of collaboration between different
partners for industrial digitalization, drawing on key theoretical management concepts that help
understand collaboration processes. The paper also presents empirical data that illustrates how
ideas from these theories can contribute to digitalization processes. More precisely, we will discuss
what strategies managers and firms should use, but also what problems should be avoided.

Key words: Cooperation, digitalization, digital transformation, technology transfer.

Introduction

The success of innovation increasingly depends on the ability of companies to expand beyond
their boundaries [1]. Collaboration has become a strategic tool for achieving innovation because it
allows organizations to access external and critical knowledge [2]. Given its strategic potential,
academia has recently focused on knowledge transfer. Several studies can be found that identify
collaboration as one of the main determinants of innovation and achieving sustainable competitive
advantage [2].

The importance of collaboration is so great that the concept has attracted not only researchers,
but also government agencies and industry. Some examples described in the press. For example, the
Republic of Uzbekistan is seeking to organize interdisciplinary collaboration under a new funding
model that encourages scientists from different fields to work together on important issues that will
bring innovations such as viable traditional and new energy infrastructure to market faster. In
addition, in 2023, the Ministry of Higher Education, Science and Innovation, together with
universities, jointly organized their first startup evening as a sign of renewed cooperation to develop
innovation in the regions of the republic.

However, while the adoption of digital technologies in manufacturing processes is no
different [3], how the type of knowledge transfer between manufacturing and other economic sectors
influences digitalization has received limited attention so far. Thus, the legend of this paper is to
accurately show and synthesize the role of the collaboration of various parties in industrial
digitalization, drawing on the underlying theoretical framework that helps understand collaboration
processes.

We start by introducing the theoretical frameworks of [1] and [3]. Given their
complementarity, we approach them together, creating an integrative perspective.

To built our theoretical framework, we apply it to industrial digitalization. To this end, we
introduce for the first time the concept of digitalization, emphasizing its key role in the development
of competitive advantages in the context of Industry 4.0 [4, 5]. We then view digitalization as an
outcome of cross-industry collaboration, drawing on the helix and network paradigms. This allows us
to discuss not only the opportunities, but also the problems of an integrated approach to the
digitalization process.

In the final section, we offer empirical evidence to support previous theoretical arguments.
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This paper presents both theoretical and practical materials. On the one hand, from an
academic point of view, we discuss the role of inter-organizational collaboration in industrial
digitalization. Thus, we provide a theoretical framework for understanding digitalization as the
outcome of a process of collaboration between organizations and academic, educational, civil or
government institutions. On the other hand, from a management perspective, we provide practical
examples of how inter-organizational collaboration paves the way for successful digitalization and,
more broadly, economic development. Additionally, researchers and practitioners can also build on
these examples to better understand the impact of collaboration networks on innovation and
economic growth.

Partners in the collaboration for technology transfer

The role of collaboration in promoting innovation and economic development has attracted
the attention of scholars, firms, and government agencies over the past decades [6]. By thus way,
several theoretical and analytical models have been formulated to understand the complexity of
innovation ecosystems. This section examines the evolution of one of them, the spiral model. This
model has been expanded by the contributions of various authors who have included new spirals or
actors for a more accurate understanding and adaptation to modern reality.

Industry, Universities and Government Agencies

Some authors have focused on the need to create collaborative networks between research
centers, industry, and government agencies to solve complex problems associated with innovation
and technology transfer [7, 2, 8]. The main theoretical concept that emerged from this debate is the
so-called Triple Helix (TH) model, originally developed by Itzkowitz and Leydesdorff, which
emphasizes the importance of the relationships between universities, firms, and governments,
especially in the context of a knowledge-based economy [9].

Itzkowitz and Leydesdorff note that a key prerequisite for the development of innovation
ecosystems is close cooperation between these three participants. The relationship between them is
described in the spiral model of innovation, which identifies government, industry and academia as
the main actors. In collaborative ecosystems, industry acts as the source of production, with
government providing regulation, stability and rules of the game, and universities as providers of
new scientific knowledge and technology. In next sections are a deeper understanding of the role of
each of the participants in generating innovation.

Industry as a driver of ecosystem innovation

In particular, the industry axis refers to the enterprises that make up the business structure of
the ecosystem and are associated with the innovation process. In this sense, inter-firm R&D
collaboration can take different forms: vertical collaboration with customers or suppliers, which
facilitates the identification of opportunities, reduces the risks associated with product innovation
[10], and can help improve quality or reduce costs as a result of process innovation [eleven];
horizontal cooperation, also known as cooperation [12], with firms competing in the same sector
[13], which allows sharing the risks of developing technological innovations [14]. Thus,
collaboration on innovation between firms can provide them with mutual benefits or advantages,
such as access to knowledge and technological skills, joint creation and dissemination of knowledge,
improved resource efficiency, or exploration of new market opportunities.

Universities as sources of knowledge

The university axis of the Triple Helix refers to the activities carried out by universities and
higher education centers in innovation ecosystems. In recent years, they have come under increasing
pressure to contribute more directly to wealth creation, given the need to offer adequate responses in
the context of increasing economic competitiveness and new development models in which
knowledge is a key factor [9]. Consequently, over the past two decades, the involvement of academia
in industry has grown in such way that universities and research and development centers have
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become widely recognized as critical sources of scientific knowledge and innovation [15] and have
become an important factor in the innovation systems of knowledge-based economies [13]. By
partnering with universities, firms can gain access to specialized equipment and infrastructure, as
well as work with highly qualified researchers and specialists.

Government Institutions as Mediators of Innovation

Finally, for innovation system collaboration between government agencies and actors is a key
element that setups knowledge sharing and is the only way to ensure the development of specific
long-term initiatives [2, 14, 15]. Government agencies, which could be play role of knowledge
databanks or brokers, will provide the R&D capabilities of a firm or region [16]. Experts mention
that companies will be supported in introducing innovations in two ways. On the one hand, by
providing financial support (training and research). On the other hand, by developing needed
structures to provide technological advice, or information to support the diffusion of innovation. It is
also suggested that good coordination of the different activities of public investment is necessary to
achieve alignment of goals and knowledge flows between different actors and, therefore, to increase
the adoption of innovations by companies.

Arguing that the Triple Helix model was insufficient for long-term understanding of
innovation systems and wanting to emphasize the importance of integrating citizen perspectives
based on media and culture, scholars later added a fourth helix to the innovation system: civil society
[5]. In [17], the author explained that “the Quadruple Helix focuses both on top-down government,
university and industry policies and practices, as well as on grassroots and mid-level civil society
initiatives and other activities that help to better shape, improve, and make more effective and
efficient policies and practices of government, universities and industry."

Thus, a beneficial relationship should be created between the user and the company [18]. The
proposed interaction allows the industry to become a better interlocutor for understanding the real
needs of society. Companies can use this knowledge to determine whether they can provide solutions
to complex user problems that are the same as or better than those on the market [19].

In short, to manage the development of science and technology and ensure the
competitiveness of the environment in which companies operate, there must be compatibility
between the needs of users and the environment itself [20].

The fifth helix visualizes the collective interaction and exchange of knowledge in the
innovation ecosystem through five subsystems or spirals [2]: (1) universities, (2) industry, (3)
government agencies, (4) civil society, and (5) the natural environment. The fifth helix, Environment,
refers to the quality of democracy, including innovation systems; the international cooperation; green
economics; energy platforms; regional ecosystems; smart specialization and living laboratories;
climate change and sustainable development, innovation diplomacy.

The fifth helix is a model that captures and specializes in the sum of social interactions and
academic exchanges in a state to promote and visualize a system of cooperation of knowledge,
know-how and innovation for more national sustainable development.

The purpose and interest of this spiral is to include the natural environment as a new
subsystem of knowledge and innovation models, so that “nature” becomes a central and equivalent
component of knowledge production and innovation. The natural environment is dedicated to the
process of knowledge production, and the creation of innovation is especially important because it
serves the conservation, survival, and revitalization of humanity, as well as the possible producing of
new “green” technologies, which support all, humanity has more to learn from nature. In short, it is a
model for sharing knowledge resources based on five social subsystems with “capital” at their
disposal to create and promote sustainable development of society [2].

The discussion of this model shows that the desire to promote knowledge as a nugget of
knowledge should be considered necessary [21], which means that knowledge is the key to greater
sustainability and a new quality of life. Importantly, increased knowledge sharing and the pursuit of
knowledge, new technologies and innovation through the systematical helix model can become, or at
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least offer, a solution to the challenges of sustainable development as it relates to global warming in
the 21st century.

The role of collaboration structures for innovation

In recent years, special attention has been paid to the partnership (between different
organizations, institutions, or entities) and cooperation (within an organization, institution or entity)
for the purpose of carrying out research and innovation activities. Several works argue that learning
is the most important activity for achieving competitiveness in a globalized knowledge-based
economy [22, 23]. This is because in more recent scientific literature knowledge can be understood
as a fundamental business resource [24], especially one whose knowledge producer (an organization
that researches and creates an innovation and then transfers it) belongs to a source external to to the
knowledge recipient unit (the entity that receives the innovation through collaboration with the
knowledge generator) [22] and, therefore, can generate a sustainable competitive advantage.
Moreover, scholars debate why a development organization that can effectively transfer knowledge
to the recipient is more productive than a similar organization with less ability to transfer knowledge
flows [25]. Therefore, according to the arguments put forward by [22], when the knowledge
transferred is external, it can represent a vital incentive for achieving organizational and social
improvements.

As a result of all the above, facilitating the dissemination of knowledge generated by
knowledge generating entities has become an important mission for various institutions as it is
critical to promoting national competitiveness and economic growth [26]. This gives rise to what has
become known as the network paradigm, which has allowed for increased interest in understanding
the architecture of the network of relationships that are established between different agents, and
their impact on research and innovation processes [4], especially in relation to knowledge transfer
models [6]. Moreover, the scientific literature recognizes the importance of creating networks that
facilitate collaboration between organizations to develop different types of innovations [27]. This is
because network members are more likely to acquire and assimilate additional knowledge that is
potentially valuable in the innovation process.

Consistent with these arguments, research on firm performance has advanced significantly
through studies that analyze the networks in which organizations are embedded [2]. It has been
argued that the network occupied by performers, defined by the nature of their relationships,
interactions and connections, can be at least as important as the geographic space in which
performers are located and interact [28]. Therefore, there is a need for a context that facilitates and
engages different actors in research and innovation activities. This context must be reflected in
strategic alliances and collaborative networks that facilitate research.

Conclusion

In conclusion, we note that joint initiatives (such as the Horizon strategy Europe) play a
fundamental role in creating networks whose ultimate goal is to conduct research and innovation to
solve problems posed by industry, academia or governments. As well as offering researchers the
opportunity to collaborate with the most brilliant minds in every field in an international context, it
stimulates European competitiveness by rewarding talented and innovative companies, creating jobs
and improving the quality of life of the entire population. In short, this strategy contributes to gaining
way to have smart, sustainable, and inclusive growth.
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The glass manufacturing industry stands on the cusp of a transformative era driven by
technological innovations. This abstract explores the dynamic landscape of glass production,
highlighting the profound impact of cutting-edge technologies on traditional manufacturing
processes. From advanced automation systems to precision engineering techniques, a myriad of
innovations is reshaping the industry's capabilities, efficiency, and sustainability. This study delves
into key technological advancements such as smart manufacturing, additive manufacturing, and
novel materials, elucidating their role in enhancing product quality, reducingenergy consumption,
and minimizing environmental footprint. Furthermore, it examines the integration of artificial
intelligence, robotics, and data analytics, elucidating how these digital
technologies optimize production workflows and enable predictive maintenance, fostering a
paradigm shift towards smarter, more agile manufacturing processes. Through case studies and
industry insights, this abstract illuminates the transformative potential of glass innovations, offering a
glimpse into a future where technology serves as the cornerstone of sustainable, high-
performance manufacturing in the glass industry.
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Automation in glass manufacturing integrate various technologies and systems to streamline and
optimize production processes, from raw material handling to finished product inspection [2]. This
section provides key automation technologies and their applications in different stages of glass
manufacturing.

1.Glass Handling:

« Robotic Systems: Robots equipped with grippers or suction cups are employed for loading and
unloading glass sheets onto processing equipment such as cutting tables or CNC machining centers.
These robots can handle heavy and fragile glass with precision and speed, reducing the risk of
damage and improving workplace safety [3].
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« Automated Guided Vehicles (AGVs) and Autonomous Mobile Robots (AMRs): AGVs and AMRs
are used for intra-facility transportation of glass products and materials. These vehicles navigate
autonomously through the production facility, following predefined paths or dynamically adjusting
their routes to avoid obstacles. They can transport glass safely and efficiently between different
production stations, warehouses, and shipping areas [4].
« Conveyor Systems: Conveyor belts and roller conveyors are commonly used for
transporting glass components between various manufacturing processes. Automatedsorting and
routing systems can divert glass sheets to different processing lines based on predefined criteria, such
as size, shape, or product type, optimizing workflow efficiency.

2. Glass Processing:
« Automated Cutting and Shaping: Computer Numerical Control (CNC) machines equipped with
diamond-tipped cutting tools are used for precise cutting and shaping of glass sheets. These machines
follow programmed instructions to produce glass components with tight tolerances and complex
geometries. Automated glass cutting systems can significantly increase productivity and accuracy
compared to manual cutting methods.
« CNC Machining Centers: CNC machining centers equipped with specialized tooling are employed
for drilling, milling, and edging glass components. These machines can perform a wide range of
machining operations with high precision and repeatability, enabling the production of custom glass
products tailored to specific customer requirements.
« Robotic Assembly: Robots equipped with grippers, vacuum suction cups, or specialized end-
effectors are used for automated assembly of glass components. These robots can handle delicate
glass parts with care and assemble them into finished products such as windows, doors, or
automotive glazing assemblies. Robotic assembly systems improve throughput and product
consistency while reducing labor costs and ergonomic risks associated with manual assembly
processes.

3. Quality Control:
« Optical Inspection Systems: Automated optical inspection (AOI) systems equipped with cameras
and image processing algorithms are used for detecting defects and irregularities in glass surfaces.
These systems can identify flaws such as scratches, chips, bubbles, or impurities and classify them
based on predefined criteria. AOI systems enable real-time quality monitoring and ensure that only
defect-free glass products are delivered to customers.
« Automated Measurement Devices: Automated measurement devices such as laser scanners or
contactless sensors are used for dimensional inspection and thickness control of glass components
[5]. These devices provide accurate and reliable measurements of glass dimensions, thickness, and
surface profiles, ensuring compliance with quality standards and specifications. Automated
measurement systems can reduce inspection time and eliminate human errors associated with manual
measurement techniques.

In summary, automation plays a critical role in modern glass manufacturing by improving
productivity, quality, and safety while reducing production costs and lead times. By leveraging
advanced technologies such as robotics, CNC machining, and automated inspection systems, glass
manufacturers can achieve greater efficiency and competitiveness in today's rapidly evolving market.
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ANTIBACTERIAL MANGANESE-CONTAINING SEMI-FRITTED GLAZES

I.A. Levitskii, M. V. Dyadenko, E. E. Trusova
Belarusian State Technological University, Belarus
levitskii@belstu.by

Manganese oxide is a cheap and economically available material. In its free form, it has a
melting point of 1565°C and is used to produce coloured glaze coatings, giving them predominantly
brown shades of varying intensity. Manganese oxide oxidation in the glaze melt depends on the
presence of oxidants and reducing agents in the charge, on the gas atmosphere of the furnace, on
thermal treatment mode and the glaze composition.

The aim of the research was to study the influence of MnO, additive on properties of semi-
fritted glazes for ceramic tiles, including the antibacterial properties.

The research is based on raw materials components system developed by us during a
comprehensive research of the synthesis of the biocidal coatings and included the components that
ensure formation of high-quality coatings at the firing temperature of 1200+5 °C.

Multicalcium frit based on system Na,0O-CaO-MgO-Al,03-B,03-SiO, in the amount of
20.0-32.5 wt.% was used as fritted component. Dolomite in the application range of 17.5-22.5 wt.%
was also used and MnO, was individually used as additive, its amount varying 5.0-15.0 wt.%. The
components content interval was changed in the increments of 2.5 wt. %. The permanent components
of composition were feldspar, alumina, kaolin, refractory clay, silica sand. Their total content was
45 wt. %.

The glaze slurry was prepared by joint wet grinding of the components to the residue on sieve
Ne 0056 in the amount of 0.3-0.5 wt.% raw material at 35-38 % suspension humidity. In order to
achieve the required rheological properties, sodium tripolyphosphate was added in amount of
0.2 wt.% over 100% of glaze components. A layer of glaze suspension was applied to semi-finished
ceramic tiles with its subsequent drying at a temperature of 105 °C. Then the samples were fired in a
fast mode in an industrial furnace FSM-2950 at a temperature of 1200+5 °C for 60+2 minutes at
«Keraminy OJSC (Minsk, Belarus).

Visual estimation of the quality of the coatings has shown that the texture and colour of the
synthesized coatings depend mainly on the type and amount of the introduced antibacterial additive
MnO,. According to the RAL color atlas, MnO; provided colors ranging from chestnut brown (5.0-
7.5 wt.% MnO,) to mahogany brown (10.0 wt.% MnO,) and chocolate brown (15 wt.% MnO,).

The shine value is 5-9 % and decreasing with the increase of MnO, content in glaze
composition.

Temperature coefficient of linear expansion of the samples decreased with the increase of
MnO; content. Thermal expansion at a content of 15 wt. % was (83.2-86.2)-107 K™. At 5 wt. % of
additives, these values were respectively (82.7-84.1)-10" K ™,

The microhardness values of the glaze coatings varied between 5816 and 6370 MPa,
increasing with the increase of MnO; content in their composition. This is obviously due to the
degree of crystallization of the formed coatings.
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Glaze abrasion of the optimum formulations containing 10 wt. % of additives was 2.

The glaze had GA class of chemical resistance. A study of thermal resistance of coatings
according to GOST 13996 has shown that they comply with requirements of the standard.

Differential scanning calorimetry (DSC) has established the temperature effects that
determine the processes of coatings formation (Fig.1). The processes common to all the studied
glazes were dissociation of the clay minerals, transition of low-temperature quartz to its high-
temperature modification as well as decomposition of dolomite and formation of the crystalline
phase of anorthite followed by melting of the glaze components. For MnO, processes are observed
due to modification transitions and the changes of oxidation state. The endothermic effect with a
minimum at 526.7 °C is due to the transition of MnO; (pyrolusite) to B-kurnakite (B-Mn,O3). The
endoeffect with a minimum at 680 °C is due to the decomposition of pyrolusite with the formation of
B-kurnakite B-Mn,O3 and a-hausmannite a-Mn3zO,.

894.9°C
/

1075.6 °C

7333°C

200 400 600 800 1000 1200
Temperature. °C

Figure 1 — DSC curves for manganese-containing glaze coatings

The X-ray phase analysis of the surface layer of the glazes has shown that crystalline phase of
anorthite Ca[Al,Si,Og], hausmannite (MnO-Mn,03), as well as small amounts of ramsdellite
(MnO,). The electron microscopy examinations of the coating structure performed on coating chips
have shown a high degree of glazes crystallization, which is shown in the Fig. 2. Glazing is
characterized by a high content of tabular crystals that are more elongated in one direction. Their size
is from 3 to 40 pum in the largest dimension. There are also acicular crystals ranging from 0.5 to
40 um in dimensions, located unevenly along the surface of the chip. The areas of vitreous
component occupy no more than 10 % of the coating surface. There are single isometric crystals with
the dimensions of not more than 0.1 pum.
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Figure 2 — EM images of manganese-containing glaze coatings
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The antibacterial activity of developed glazing coatings was researched at the Republican
unitary enterprise «Scientific and Practical Center of Hygiene» accredited in the National system of
accreditation of the Republic of Belarus. Manganese-containing glazes have been found to have the
antibacterial activity of 1.15 to the test strain of Staphylococcus aureus and 0.3+0.03 to that of
Escherichia coli. The performed studies have shown that manganese oxide can be used for producing
glaze coatings with antibacterial properties, in the semi-fritted glaze formulations ceramic tiles.

This research was supported by the project X22UZB-023 funded by the Belarusian
Republican Foundation for Basic Research.

NEPCHHEKTUBHBIE PASPABOTKHN THERMOFISHER SCIENTIFIC B OBJIACTH
3JEKTPOHHON MUKPOCKOIINA U P®IC

Anexcanap lagopocros
MN Labtech, Estonia
*alex.shaforostov@mn-medical.ee
3a mocneAHHe HECKOJIBKO JIET MPOU3O0ILIO CYIIECTBEHHOE M3MEHEHUE B TEXHOJOTHSIX U
BO3MOKHOCTSIX 3JICKTPOHHOW MHMKPOCKOIHMH, Kommanus 1hermoFisher mpeacraBuia HOBBIC
JUHEHKH TPOCBEUYHMBAIONIMX JJICKTPOHHBIX M PACTPOBBIX MHKPOCKOIIOB, B HAMOJIBHOM U
KOMITaKTHOM (hopM-dakTopax (mpubdopsl Phenom). 3anareHToOBaHHbIE TEXHOIOTH U PAIIMOHATBHBIN
noaxoJ K mpoekrupoBanuio 110, Hapsay ¢ BbICOYAHIIMM KAa4€CTBOM H3TOTOBJICHHMSI, MO3BOJISIIOT
pemaTth CIOKHEWIMe 3aaud B 00JIaCTU MaTepHaIOBEJEHHUs, XUMUM, (PU3UKU TBEPIOro Tela,
pa3pabOTKM HOBBIX HCTOYHWKOB JHEPrHH. [IpM 3TOM MHUKPOCKOIBI TO3BOJIIOT HHTETPUPOBATH
CIIO)KHECWINIUE  aHAIMTHYCCKHME METOJBl B  PA3jMYHBIX  YCIOBUSX  HCIONB30OBAHHS |

IMOJIb30BATCIILCKOM OKPYIKCHUMU.

[ToMuMO TEXHOJOTUN 3IMEKTPOHHOW MUKPOCKONHMHM B JOKJaae OyAeT 1aH 0030p aKTyaJlbHOU
JUHENKN 000pYyAOBaHUS IJIsl PEHTT€HOBCKOM (hoTO3nekTpoHHOU cnekTpockonuu (XPS) — ogHoro
M3 OCHOBHBIX METOJOB XHMHUYECKOTO aHAIM3a TOBEPXHOCTH ISl MIMPOKOTO Kpyra MaTrepuajoB H
HaHopa3MepHbIX MOKpbITHA. POOC (XPS) cucremsr ThermoFisher Scientific (Escalab, NEXSA, K-
Alpha) BHenpeHbl B BeAYIIMX MHPOBBIX HCClIeOBaTeNbCKUX M R&D wnenTpax i aHanmusa
KaTaJM3aToOpOB, TOHKHX TUICHOK, Oarapeid W sl OOIIEro XMMHYECKOTO aHaju3a TOBEPXHOCTH

TBEPABIX 00pa3IoB.
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OIITUMM3AIIUA COCTABA 'HNITICOUEMEHTHO-ITYHIHOJTAHOBOI'O BSKYIHEI'O

Aynr UYzko Heeitn, aungkyawnyein.94@gmail.com, Iloranosa E.H., 55pen@mail.ru
Poccutickuii xumuxo-mexuonocuueckuul ynueepcumem umenu /1.1. Menoeneesa, 2. Mockea,

Poccutickas ®@eoepayus

['uncoBbie BSKYIIME HWCTOPUYECKH HCIOIB30BAIMCH B IIMPOKOM CIHEKTPE MPOMBIILIEHHBIX
MPUMEHEHUH B KaueCTBE JEKOPATUBHOTO BSIKYILETO B CTPOUTENBCTBE M apXUTEKType, a TaKKe B
KaueCTBE JIOMOJHUTEIIBHOTO WJIM OCHOBHOTO KOMITIOHEHTa PAa3jUYHBbIX CTPOUTEIbHBIX CMECEH.
[IpumeneHne 3aTBEpIEBIINE THUIICOBBIX BSKYIIMX BO BIQXKHBIX Cpelax CTPOrO0 OTPaHUUYEHO H3-3a
WX HHU3KOM TPOYHOCTH U  BOJOCTOMKOCTU. [ UICOIEMEHTHO-TYUIIOJAHOBBIE  BSDKYILIHE
NPEICTABIAIOT COOOH MIcaTbHOE COYETAaHUE ITUX IEMEHTOB [ 1-2].

['unconementHo-nynoaanosoe Bsokymiee (I'LIIB) nmonydanu Ha OCHOBE TMIICOBOTO BSDKYILETO
Mapku -5 b (II), noprnanaunementa IIEM I 42,5H u akTuBHBIX MuUHEpabHBIX 100aBku (AJIM)
METAaKaOJIMH M MHUKpOKpemHe3éM. [[ns momuduunmpoBanusi cocraBa u cTpykTypsl ['LIIIB Obuin
B3AThl no0aBku: rumnepruiactudukarop Melflux 5581 (I'TI); penucneprupyemslii mOIMMEpHBIN
nopotrok Vinnapas LL 5999/1 (PIIII) u a¢up nemmono3st Mecellose FMC 7550 (O10).

[Ton6op ontumansHOro konmumuectBa AMJI B cocrae ['TIIIB ompenensiu Ha OCHOBaHHUU
metoukn o TY 2131-62-89 [3]. I'LIIIB ¢ AIM metakaoiauH UMeI0 clieAyromuid coctas: 53,33 %
TUIICOBOTO BsKyIIero, 33,34 % uementa u 13,33 % AMJI. [1pu ucnonb3oBaHUM MUKPOKpPEMHE3EMA
coctaB — 57,14 % rumncoBoro Bsixymiero, 35,71 % nementa u 7,14 % AMJI [4].

Jlanee ObLIO MPOBEIEHO MCCIEIOBAaHHE CBOIMCTB MOJYYEHHOTO COCTaBa, a TaK)Ke KOMILIEKCHBIX
COCTaBOB ¢ (YHKIHUOHATIBHBIMU J00aBkamu. KonuwdecTBa HCMOIB3yeMbIX J00aBOK OBLIH
cnenyromue: J1 - 0,1 - 0,5 %; PIIIT - 0,3 - 0,7 %; I'lT-0,1 - 0,3 %.

Jlns ompeneneHusl ONTUMAIbHOIO KOJUMYECTBAa (PYHKIMOHANBHBIX /100aBok B coctase ['LIIIB
WCIIONB30BaJIM  CUMIUIEKC  METOJ  IUIaHUpOBaHMUsS  dKcrepuMmeHTta. llpu  mpoBenenus
MaTeMaTUYeCKOro aHaJin3a HeOOXOAMMO MOJYYUTh JIaHHBIE O CBOMCTBAX COCTABOB C KOMILJIEKCOM
(GyHKIIMOHATBHBIX 100ABOK W HAa OCHOBAaHWHU TMOJYYCHHBIX JaHHBIX B Mporpamme Statistica
MOJTYYUTh YPAaBHEHHSI PETPECCHH, C TMOMOIIBI KOTOPBIX HEOOXOIUMO PACCUUTATh DKCTPEMYMBI
3HaueHuil. HMccnegyemble MaTpUIlbl COCTAaBOB  T'MIICOIIEMEHTHO-MYLIIOIAHOBOTO  BSIKYILIETO
MpUBE/IEHBI B Ta0I. 1.

Tabmuia 1. Marpuiia ucciaenyeMplX COCTaBOB TUTICOIIEMEHTHO-MTYIIIIOJIAHOBOTO BSKYIIIETO

I'ariB TIIB

o (muxpoxpemmnesem)
< (memaxaonun)
= VYcnoBHBIE OyHKIMOHAIb-HbIE
§ KOOPJHMHATHI no6aBku, % Cpoxu Cpoxu
° HI', | cxBaTteBanus, | HT, CXBaThIBaHUS,
= % MUH % MUH

X1 X5 X3 I'TT | PIIIT | OI1 Hayalao | KOHEII Hayajgo | KOHEIl
0 0 0 0 0 0 0 43 1 2 45 1 4
1 1 0 0 03] 03 | 01 40 1 2 43 1 2
2 0 1 0 01] 07 | 01 43 1 2 45 1,5 2,5
3 0 0 1 01| 03 | 05 47 1,5 4 50 1,5 3,5
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41 05 | 05 0 02 | 05|01 | 43 1,5 2,5 45 15 4
5 0 05105 01|05 ] 03] 45 15 3 48 1 4
6| 05 0 05 10203 ] 03| 44 1,5 3 47 15 4
71033]033]033|0,17 043|023 | 43 1,5 2,5 45 1 3

OOmwmit Buj ypaBHEHHUS PErPECCUH UMEET BU:

Y =b1 X140, Xo+03X3+01,X 1 Xo+013X1 X3+023 X0 X3+0123 X1 X0 X,

Pacuer ko3¢ purmeHTOB ypaBHEHHS pETrPECCHH:
b1=Y1; by =Yy b3 =Ys3;

D12 =4Y12-2Y1-2Y2; D13 =4Y13-2Y1 - 2Y3; bos = 4Y 3 - 2Y5 - 2Y5;
D123 = 27Y 123 - 12(Y12 + Y13+ Y23) + 3(Y1 + Y2+ Y3).

Jlns KakJIoro M3 COCTAaBOB OBUIM ONpENeSeHbl HOpMallbHas TYCTOTa M CPOKM CXBaThIBaHMS,
MPOYHOCTh TPU HM3THOE W CKATUU B Pa3HBIC CPOKU TBEPJCHHS, MOPUCTOCTh M BOJOCTOUKOCTH.
[TonydeHHbIe pe3ynbTaThl MO3BOJUIM PACCUUTATh YPABHEHUS PETPECCUU, HA OCHOBAHUU KOTOPBIX
ObUTH  TOCTPOCHBI  W30JIMHUW  W3MEHEHUS  Pa3lIMYHBIX  [apaMeTpoB  OT  COJCpPIKAHUS
Moaupumupyomux 106aBok. Ha pucyHke B kadecTBe MpuMepa MOKa3aHO M3MEHEHHE 3HAuYeHUI
IIPOYHOCTH Mpu cxatuu Ha 7 u 28 cyT coctaBoB ['LIIIB ¢ MukpokpeMHe3eMOM U METAKAOJIMHOM.
R7MHKp0erMHegeM =28,6X1+28,9X,+20,3X3-18,6X1X2-3,8 X1 X3+7,6X,X3+81,3X 1 X, X3
R MHKPOKPEMHE3EM =34,2X1+33,1X5+29X3-5X1X5-0,4X1X35+9,4X,X3+30,6 X1 X5 X3
RYMeTaKaOHHH 27,8X1+29,4X5,+20,4X3+1,6 X1 X5-4,4X1X3-5,6 X5 X3+ 72X 1 X,X3
R veraxaomm =32,8X1+34,2X,+27X3+12,8X1X+3,6 X1 X3-10,4X,X3+75, exlxzx3

3y
0,00,1,00

>34

<33,2¢
<32,2¢
<31,2¢
<30,2¢
<29,2¢

000 025 050 075 1,00
0.00 0.25 0.50 075 1,00 <2 m pan

[ I[N ] ]

(a)

5 1,00 X
0,00 0.25 0.50 0.75 1.00

m Pon
(r)

Pucynoxk. Biustaue Mmoguduupyromux 100aBoK Ha IPOYHOCTH ITPU CKATHH:
a — ['LIIB ¢ mukpokpemuesemoM, 7 cyt tBepaeHus; 6 — ILITIB ¢ MukpokpemHezeMoM,
28 cyt tBepuenust; B — ['LIIIB ¢ merakaonmHOM, 7 cyT TBepaeHus; T — I'LIIIB ¢ meTakaonnHoM, 28 cyT
TBEPJICHUSA

AHanu3 TONYYEeHHBIX JIaHHBIX T[O3BOJHJ  ONPEIEIUTh ONTUMAIBHOE  COJAEpIKAHUS
¢byHkuoHanbHbeIX n00aBok. Jns T'LIIIB ¢ MukpokpemHe3eMoM TakuM TpeOOBaHUSM OTBEYall
cocrtas: 0,3 % I'TI; 0,3 % PIIII u 0,1 % OLI, xapakrepusyromuiics Ha 28 cyT npoyHocTbio 34 Mlla
u BojgoctoitkocTeio 0,84. lnsa I'LIIIB ¢ merakaomuuom cocrtas ¢ 0,19 % I'TI; 0,5 % PIIII u 0,18 %
Ol Ha 28 cyr umen npoyrocts 36 Mlla u koaddunment Bogocroitkoctu 0,87. Takum obpazom,

AARAY
n
o
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“
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MOJyYECHHBIE PE3YJbTAThl MOKA3bIBAIOT, YTO ontumusanus cocraBa ['LIIIB nmo3Bonser momydutsb
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WASTES AS ALTERNATIVE FUELS IN KOREAN CEMENT PLANTS

G. S. Lee, Z. Babakhanova and M. Aripova
Dept. “Technology of Silicate Materials, and Rare, Noble Metals”
Tashkent Chemical-Technological Institute, Tashkent, Uzbekistan

Cement production is a very material and energy-intensive process. Cement production is
similar all over the world. After the natural raw materials such as limestone, silica sand, clay, and
iron ore, are mined, they undergo various steps of mechanical treatment such as crushing, grinding,
and homogenization to produce in the raw mill the so-called raw meal. The raw meal enters the
cement kiln system where the thermal processes (drying, preheating and cooling) and chemical
reactions (calcination, clinkerization) take place to produce the intermediate product clinker. Finally
the clinker is milled together with gypsum and other constituents to produce a fine and
homogeneous powder of the so-called Portland cement. The thermal energy required for raw
material drying, calcination and sintering reactions has traditionally been provided by fossil fuels
such as oil, natural gas, coal and petroleum coke.

“Waste” means materials, that are not products or by-products, for which the generator has no
further use for the purpose of production, transformation or consumption. The use of waste as
alternative fuels reduces the use of non-renewable fossil fuels such as coal, oil and natural gas. The
waste utilization in cement kilns maximizes the recovery of energy from waste. All the energy is
used directly in the kiln for clinker production, so that various types of waste derived alternative
fuels can be used to replace traditional fuels. Table 1 shows the widely used wastes as alternative
fuel options in cement plants.

The material temperature in cement kiln can be
o St i higher than 1,450°C and the residence time in the
® Industrial, commercial and municipal solid wastes, | kjln itself can be more than 30 min. The gas
construction and demolition wastes - RDF and SRF temperature can be even higher than 2,OOOOC, the
* Biomass (animal meal, logs, wood chips and residence time of gas in high temperature zone
residues, recycled wood and paper, agricultural |\ hich g |ess the 1,300°C is more than 10 seconds.
rESidu.es“ke rice husk, sawdust, sewage sludge Therefore becausé of the fundamentally high
and biomass crops) ! . . ; .
temperature of long residence time in cement Kilns,
all organic compounds, even the most resistant
® Waste oils and solvents chlorinated hydrocarbons are completely and
Table 1. Various wastes as alternative efficiently destroyed. Even the most stable organic
fuels in cement plants. compound cannot survive at temperatures exceeding
slightly more than 800°C [1]. Combustible toxic
compounds found in some hazardous waste, such as halogenated organic substances, need to be
destroyed through proper temperature and residence time. Hazardous and other wastes fed through
the main burner, where conditions will always be favorable, decompose under oxidizing conditions
at a flame temperature of >1800°C [2].

® Plastics, textiles and paper residues
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Cement plants have intrinsically played a role as emission barriers from the point of view in
the environmental aspect, in which barriers prevent toxic substances from being emitted or
becoming harmful to the environment (Fig.1), due to as [3]: (i) High incineration temperature: In
the sintering zone flame temperatures of some 2,000°C are required for the clinkerization, where
even very stable organic compounds (e.g. PCB) are completely destroyed; (ii) Intensive contact
with the raw meal: Intensive contact of gas and raw meal is required for heat transfer. Preheater
system acts as ‘scrubbing station’ in series, working at different temperatures (900~300°C). This
produces gas purification through absorption of toxic compounds while contact occurs in counter-
current pattern; (iii) Low temperature: Condensation or absorption on surface active raw meal
reduces the concentrations of toxic elements according to the physical/chemical equilibrium. The
lower stack temperature the lower will be the equibrium concentrations of the vapors of toxic
compounds; (iv) Efficient dedusting equipment: The higher absortion capacity of the kiln system
avoids emissions. An efficient dedusting prevents enriched dust from getting into the atmosphere;
(v) Incoporation of trace elements in clinker: A cement kiln with complete dust reintroduction
offers the unique possibility to incorporate trace elements in the clinker production in diluted and
immobile form, and they are not leachable.

i
_ﬁ Filter

rd = Preheating

Clinker E-)E)% Flame system || Raw mill

5. Incorportion | | 1. High 2. Intensive contact || 3. Low 4 Efficient
in clinker temp. with raw meal temp. dedusting

Fig. 1. Emission barriers in cement kiln.

Table 2.
Annual utilization of wastes in Korean cement plants
(unit: 1,000 ton)
Items 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Clinker production 48,657 | 45,391 | 45,932 | 41,894 42,890 43,430
_ Fly ash (local)| 2,804 3,151 3,179 | 2,792 | 2,856 3,116
A!j;’:‘: Sludge | 2,083 2,051 2,315 | 2,957 2,762 2,804
ri;‘:’{! Tailings 190 = 308 = 591 | 330 @ 476 503
Siliceous Foundry sand | 654 563 606 610 708 811
Sub-total 5,731 6,073 6,691 | 6,359 6,802 7.234*
Waste tires 263 291 275 186 165 199
Waste plastics 858 | 915 1,016 | 1,407 1,952 2,402
Fuel Waste rubbers 15 | 70 | 76 | 88 | 112 | 140
Waste woods, etc. 30 50 35 40 16 22
Sub-total 1,266 1,326 1,402 | 1,720 2,245 2,763**
Total 6,997 7,339 8,093 | 8,079 | 9,047 | 9,997
*: 30% substitution of argillaceous-siliceous raw materials.
**: 36% substitution of total fuels.

Table 2 shows the annual utilization of wastes in Korean cement plants. Even clinker
production in Korean cement plants gradually is decreased, waste utilization is rather increased.
Substitution ratios of argillaceous-siliceous raw materials and total fuels are 30% and 36% in 2022,
respectively.

Summary & Prospective
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The utilization of alternative fuels in cement plants is a proven technology due to the complete
and safe destruction for wastes by the high temperature, long residence time, and oxidizing
conditions, and the insoluble form binding of trace elements with the mineral components of
clinker. Therefore, wastes as alternative fuels can be replaced to the conventional fuels such as coal,
gas, and liquid fuels. Intrinsic characteristics of cement plants give no effects on emission and
clinker quality during the combustion of alternative fuels.

Waste utilization in cement plants with effectively continuous and reliable availability is
needed to the effective waste management, which contributes the overall carbon reduction in the
country. Waste utilization in cement plants should be as an environmentally sound supply by proper
sorting and pretreatment of waste, clearly ensuring quality of wastes. Even though alternative fuels
are environmentally best results of the utilization of wastes as well as the CO; reduction, some
customers and inhabitants, for psychological reasons, may not accept cement which is produced by
using “waste”. Realization of waste utilization applied to cement plants may be time-consuming at
the level of public discussion and should be supported by government for the level of the
greenhouse gas reduction.

Local cement plants in Uzbekistan will also need to review active efforts and implementation
for waste utilization to obtain the several advantages as energy saving as well as CO, reduction, and
the government will also need legal support, collection, and systematic establishment of a supply
chain.
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RESEARCH AND DEVELOPMENT OF METAL SILICATE MATERIALS
FOR COOKING OIL REFINING

Dae-Uk Kim, Jin-Kyu Kang and Dong-Hyun Kim"
Giant Chemical. Co.,Ltd., South Korea
dukim@giantchemical.co.kr

In accordance with international environmental regulations and awareness of environmental
protection, there is a growing demand for the development of adsorbents that extend the life of
waste cooking oil and waste oil.

Magnesium silicate, a representative inorganic adsorbent, is widely used as a porous adsorbent and
is commonly used in the purification of polyol, a raw material for industrial polyurethane polymers,
and is also used in the purification of cooking oil and biodiesel.
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Fig 1. Microstructure of spherical magnesium silicate particles (left: OM, right: FE-SEM)

The chemical adsorbent of the same product as ours is not a customized product for waste
cooking oil and bio heavy oil products because the Dalsorb series, a food industry (B2B) grade of
US company D, has exclusive rights. There are many different types, but they can be purchased
selectively from Company D’s product portfolio.

Silicates for cooking oil and bio heavy oil refining are currently entirely dependent on
imports from US company D, so if exports are restricted due to conflicts such as COVID-19,
Russia's invasion of Ukraine, or economic retaliation, it will become difficult to supply expensive
silicates. - High purity magnesium silicate and refined aluminum silicate are restricted. Problems
arise, but in Korea, the development of materials such as adsorbents is mainly carried out by small
and medium-sized companies, so the original technology is weak.

In the existing market, magnesium silicate adsorbents continue to face a trade-off
relationship between adsorption and filterability due to the characteristics of porous adsorbents.
Based on our own research and development, we have succeeded in domestically producing the
source technology and materials of magnesium silicate that improve the adsorption and filterability
of polyurethane tablets, and are steadily supplying them to the domestic market.

Based on the above original technology, research was conducted to further develop the
micropores of magnesium silicate by controlling variables such as metal silicate ratio, temperature,
reaction rate, and stabilization time to solve the problems of adsorption performance and color
adsorption.

The research results confirmed the physical properties and edible oil purification
performance of magnesium silicate through PSA, BET, SEM, and filtration rate measurements.
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Fig 2. Magnesium silicate synthetic powder evaluation progress

STUDYING EFFECTS OF CERIUM OXIDE ON OPTICAL PROPERTIES OF
COLORLESS GLASS
A. Krauchuk, Yu. Pauliukevich, A. Mozhjer, E. Trusova, L. Papko
Belarusian State Technological University, Sverdlova str. 13a, Minsk, Belarus
kravchuk@belstu.by

The actual problem of modern glassmaking is glass decolorization. Due to high competition
on the market of glass containers, the requirements to transparency and tint of glass increase.
Obtaining high transparency of glass is possible when it contains a minimum amount of coloring
impurities, primarily iron ions that form a number of chromophoric centers. In order to eliminate
the undesirable green tint associated with the presence of Fe?* and Fe**, decolorizing agents are
introduced into compositions of glasses [1-2]. Chemical decolorization is achieved by introduction
of oxygen-containing compounds. Physical decolorization is achieved by introducing additional
colorants that compensate for the coloring of green tones. A combination of coloring agents Se and
CoO is traditionally used in the production of glass containers. The peculiarity of this decolorization
is the reduction of total light transmittance of glass.

In glass production, cerium oxide (IV), which is a strong oxidizing agent that converts Fe**
into Fe**, is successfully used as a decolorizer. The intensity of light absorption by Fe?* ions is
about 15 times higher than that of Fe**. At 1200-1400 °C, cerium oxide decomposes 2CeQ, «>
Ce,03 +1/20,, i.e. increases the oxidizing potential of the glass mass. The equilibrium is influenced
by factors such as temperature, melting time and furnace atmosphere. Cerium oxide simultaneously
with decolorization contributes to clarification of the glass mass.

The work aimed to study the effect of cerium oxide on optical properties of colorless
container glass and to determine the optimal amount of a decolorizing agent.

On the basis of the basic composition of colorless container glass, raw compositions
containing CeO, in the amount of 0.1-0.5 wt.% CeO, and KNOjs in the ratio of 1 : 6, as well as
CeO; in combination with Mn,O3 were obtained. Introduction of sodium and potassium nitrate into
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the composition of raw material mixtures was also tested. The content of impurity iron oxides in the
composition of glasses was 0.07-0.1 wt.%.

The glass synthesis was performed at maximum temperature of 1500+10°C in a gas furnace
for 2 h. The light transmission measurements in the wavelength range 330-1100 nm were
performed by using spectrophotometer MS-122 PROSCAN.

On the spectral transmission curves (Fig.1) there are absorption bands with maxima at 380,
420 and 1100 nm that are specific to silicate glasses containing impurity iron oxides. The intense
absorption band in the region of 630-1100 nm on the spectrum of glass of basic composition, not
containing decolorizing agents, is associated with the presence of Fe** ions.

Introduction of cerium oxide causes the equilibrium to shift Fe** « Fe** to the right, which
leads to an increase in light transmission in the visible and near-infrared spectral regions and
smoothing of the spectrum. Such transformations of spectral curves in the visible, UV and IR
regions are caused by changes in the oxidation state of iron and cerium ions in the glass mass. This
reduces the intensity of color shades and finally glass decolorization is achieved. A pronounced
decolorization effect is achieved at a ratio of CeO, : Fe;03; =3 : 1.

Thus, with Fe,O3 content of 0.07 wt.% in the glass composition it is necessary to introduce
0.2 wt.% CeO,. The total light transmission reaches 87-88 %, which is higher than the values
established by regulatory documents.

Increasing the amount of CeO, up to 0.5 wt.%, despite the increase of the total light
transmission in the visible spectrum up to values of more than 88 %, is inexpedient, as it leads to
appearance of a visually diagnosable yellow tint. There is a shift of the absorption band on the
spectrum due to the presence of cerium ions, there is a strong increase in absorption in the
ultraviolet and visible regions of the spectrum (330—400 nm), which is caused by the formation of
Ce**—Ce**complex. In addition, the absorption at 380 nm, which is specific to the Fe** ion, is
enhanced.
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Figure 1 — Light transmission of glass, containing CeO,, wt.%:
1-00;2-0.1;3-0.2;4-0.3;5-05

The effect of introduction of CeO, and composition of this oxide with KNOg3 is similar.
Changes in spectra with increasing amount of cerium oxide in the composition of glasses are similar
to those discussed above: the absorption band in the UV region expands the total light transmission
in the visible region increases up to 82-86 % and in the IR region of the spectrum. Flattening of
spectral curves in the visible region is achieved at CeO, concentration of 0.2-0.4 wt.% in glasses,
while visually green and blue tints with increasing CeO, concentration up to 0.4 wt. % are not
observed.
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It is revealed that the addition of Mn,Os in the amount of 0.1-0.5 wt.% does not visually
provide a decolorizing effect in the conditions of laboratory melting. Mn,O3 decomposes in the
range of lower temperatures — 950-1100 ° C, when the mobility of structural elements of the
formed melt is low. As a result, the decolorization effect is weaker and is offset by other factors.
The elimination of color shades was provided by application of the Mn,O3— CeO, composition. The
optimum content of these components was determined, including 0.1 wt.% Mn,0O3 and 0.2 wt. %
CeO;. In general, the addition of Mn,O3to CeO, is of interest from the point of view of reducing the
cost of the decolorizing mixture.

When solving the problem of decolorizing container glass it is necessary to take into account
that changes in the oxidation-reduction potential of the glass melt and its diathermancy due to the
addition of decolorizing agents can disrupt the process of glassmaking and glass forming and lead
to a decrease in performance and an increase in the defect rate of finished products, yet these
phenomena are temporary. Negative consequences of the initial introduction of chemical
decolorizing agents should be compensated by control actions: increasing the output, reducing the
temperature in the furnace forehearth and other factors.

Thus, based on the study, the high efficiency of cerium oxide as a glass decolorizer was
confirmed and the compositions of decolorizing compositions, including CeO,and KNO3, CeO, and
Mn,O3, were developed.
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THE EFFECT OF ALKALINE EARTH METAL OXIDES ON GLASS ENAMEL
PROPERTIES
Matchanov Sh.K. (sherzadkamilovich@gmail.com), Tagirov A.T.
(amirkhantagirovOo6@gmail.com), Boltabaeva U.E., ( umidabaltaboyeva3@gmail.com)
Urganch State University. Uzbekistan, Urganch, num.: +998942309666

One of the factors that is important in the research on obtaining glass-enamel coatings is the
study of the effects of the components included in its composition. One of the important operational
properties of glass enamels is their heat capacity, detailed information about it is given in the source
[1], according to which the heat capacity of glass changes in the order AC, Na>Ca>Mg.

Moreover, current research paper reports that the introduction of MgO in addition to the
composition of the glass in the Na,O-CaO-MgO-P,0s-Al,03-TiO,system leads to the strengthening
of the glass frame [2], the effect of the CaO/MgO ratio on the structure of the glaze and glass [3].

It must be noted that the analysis of the literature shows that this research field lacks the
information on the influence of alkaline earth metals in the production of easily liquefiable glass
enamels. Based on above mentioned sources, the purpose of current research work has been to
study the effect of alkaline earth metals - Mg, Ca, Ba - on the viscosity and surface tension
parameters of easily liquefiable glass enamels.

Quartz sand from the Ugun mine of Kashkadarya region was used to obtain glass enamel
compositions, and this sand has been enriched according to the method given in [5] to meet the
requirements of GOST 22551. Enamel containing SiO,-48,0; B,03-20,0; Na,0O-12,0; RO-20 was
obtained as the base composition of glass enamels [6]. Boric acid, soda ash and carbonate salts of
calcium, magnesium and barium ("t" brand) have been used as auxiliary raw materials. The
composition of the glass mixture was calculated based on the composition of the raw materials
using the calculation method given in [7]. Production of glass mass has been carried out in 200 ml
corundum bottles in a laboratory oven with silite heater at a temperature of 1350°C. It is 40 min.
holding time at maximum temperature. The degree of "maturity" of the glass mass has been
evaluated by the absence of "pebbles™ and bubbles in the extended "string”. The ready glass mass
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has been poured onto the metal surface and cooled in air. The result of visual inspection of all
contents shows that they are well bottled.

The viscosity and surface tension indicators of the obtained glass compositions hav been
determined by theoretical calculations and laboratory experiments. Laboratory tests have been
carried out according to the methods given in [8], and theoretical calculations have been carried out
according to [9].

The Figure 1 presents the results of the experiment. Accordingly, as the atoms of Il-group
metals increase their nuclear charges , the properties of the glass coatings synthesized at 1200 °C

— changed proportionally in the
‘;SMH’“‘ LI system 485i0,-20B,0;
_ i-—-"" +12R,0+20RO  and 64Si0,-
40 ___,...---? ﬂ 16K,0+20RO . From Be to Ba, the
230 '_M,,,,.....----'--""'*'|°F ,A--"" | | corrosion activity of the glass fluid
220 o ] | the protective abilit
| ;_,..aﬂ"— AT _p— increases, protective  ability
- } __nﬁ-n—'%g( decreases, and the viscosity index

300 —— ;:55—" :"( X% y | also decreases relatively.
290 " _'*___*——* Figure 1. The effect of
280 ¥ alkaline earth metals on the
270 viscosity of the glass coating liquid
260 synthesized at a temperature of
5 6 7 8 9 10 11 12 13 14| 1200 °C in the 48SiO.-
20B,03+12K,0+20RO (1) and

64Si0,-16K,0+20RO (2)

The degree of wetting of metal surfaces with glass liquid and the strength of the bond depends
significantly on the surface tension of the glass [4]. As a result of several studies, it has been shown
that the surface energy value decreases in the "metal-glass liquid” system when the silicate liquid
and the metal surface interact with each other at high temperature [10].

The Figure 2 presents the data obtained as a result of theoretical calculations. According to the
research outcome, alkaline earth metal oxides increase the surface tension index of glass. As the
value of all oxides increases, the surface tension index increases. According to the results of
calculations, the effect of Mg oxide is stronger than other oxides, and that of Ba oxide is less
noticeable. Based on this, it is possible to obtain densely compacted coatings with metal by
introducing more Ba and Be oxides when coating metal surfaces with glass enamels of the above
composition. The data obtained as a result of theoretical calculations are presented in Figure 2.

Figure 2. The effect of alkaline earth metals on surface tension index of vitreous enamel

We can summarize that when the effect of alkaline earth metal oxides on the physicochemical
properties of glass enamels was studied, it was observed that the viscosity of glass enamel decreases
as the ionic radius of the oxides increases. It was also noted that the surface tension index of the
glass increases with the increase in the amount of oxides.

Amount of components, %: -A- BeO; -A -MgO, -A-Ca0, - X- SrO, -*-BaO.
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IHHOBBINEHUE 39OPP®EKTUBHOCTHU UCIIOJIB30O0BAHUA AHI'PEHCKOI'O BYPOI'O
YIJisd B ITIPOU3BOACTBE KEPAMUYECKOI'O KUPIIMYA

Amumaxanosa J[.A.,Adxycarrapos III.M.,Hurmat:kanos ML.K.
alimdjanoval948@gmail.com, abdusattarov@rambler.ru
TawkenmcKull XUMUKO-MeXHOL0SUYECKULL UHCTNUIMYM

N3BecTHO, YTO AHIPEHCKOE MECTOPOXKJIEHUE YISl LETUKOM MPEACTABICH HU3KOCOPTHBIM
OypbIM yIJIeM C HEBBICOKOW TEIIOTOM cropanus. [lpuMeHeHue yrist B MICXOJAHOM COCTOSIHHH 0e3
MpeABAPUTEIILHON MOATOTOBKU HE JACT AODKHOTO d(pdekTa rnpu 3aMeHe ra3000pa3HOro TOIJIMBA Ha
TBepAoe. B 9Toil cBsi3u Hamu OBLTM HM3y4YeHBI BO3MOXKHOCTH pa3pabOTKU BBICOKOA(D(EKTHBHON
MBUIEYTOJBHON YCTAaHOBKH, TTO3BOJISIONIEH MCIIOJIB30BATh HU3KOCOPTHOE TBEP/IOE TOILUIUBO B3aMEH
raza npu o0XHre CTPOUTETHLHOTO KUPIMYa B TYHHEIBHBIX Neuax. B kadecTBe TBEPAOTOYroOJIbHOTO
TOIUIMBA HUCCIIeI0BaNICA OYpBIN yrosib AHIPEHCKOI0 MECTOpPOXKAeHHs Mapku 2bP.

N3BecTHBI CMOCOOBI CHKUTAHUS TBEPAOTO YrOJIBHOTO TOIIMBA IMYTEM IMPEIBAPUTEILHOTO
M3MENBUCHHSI €ro B JIpOOMJIKaX W MOJa4d B TMeYb B BHUJAC NbUICYTOIbHON cMecu. OOBIYHO B
TYHHENIBHBIX TI€Yax TOPENKHU IS COKUTaHHs ra3000pa3HOro TOIMIMBA YCTAaHABJIMBAIOTCS B 30HE
o0kura ¢ ByX OOKOBBIX CTOPOH IEYHU WIH B CBOJie Tieu. CKUTraHue TBEPJOTO TOILIMBA MOJ00HO
razy TpeOyeTr pa3pabOTKM CHENHMaTbHOW KOHCTPYKUMU TOPENKHU Ui CXKUTaHUS M3METbUYEeHHOTO
YIS,

Hamu Obplma m3ydeHa BO3MOXKHOCTh pPa3pabOTKHM KOHCTPYKIIMM TOPENKH MJsl CHKUTaHUS
Oyporo yriisi AHTPEHCKOTO MECTOPOXKICHUS, H3METLYSHHOTO IO BHICOKOIUCIIEPCHOTO COCTOSTHUS B
CHeNHNalbHO OTBEIEHHOW JpOOWIKe, OTKyda OH Onarojaps CO3JaHUI0 HCKYCCTBEHHOTO
BO3JIYIITHOTO TIOTOKa OYJET HaMpaBisAThCA Ha TMPOIECC CKHUTaHUs TOJ00HO Ta3000pazHOMY
ToruiuBy. Pa3paboTaHHas ycTaHOBKa JaeT BO3MOXKHOCTH IMOBBICHTH 3 (EKTHBHOCTH MpoIiecca
TOPEHUsT HU3KOCOPTHOTO TBEPJIOTO TOIUIMBA, YBEJIHYUTH CTEMEHb IMOJHOIEHHOCTH €r0 TOPEHUS C
MUHHMMAJIbHBIM KOJIMYECTBOM 30JIbl -OCTaTKa. Y CTaHOBKA MPUTOTOBJICHUS U CXKUTAHUS TBEPAOTO
TOIUUTMBA MpeHa3HaueHa Il 00’KUra KEPaMHUYEeCKOTO KUPIMYa B TYHHENBHBIX Tieyax. OHa COCTOUT
U3 JpOOWJIKM POTOPHOTO THUIIA, HATHETAaTeNs paclpeneiuTens u Imkada yrpasieHus. TBepaoe
TOIUIMBO TO/aeTCs M3 OyHKepa ITHEKOM B 30HY APOOJICHHS, T/Ie U3MEIbYaeTCsl OMIaMHu pOTOpa H
MOTOKOM BO3/AyXa, CO3/1aBa€MOT0 BEHTUJISITOPOM M TIOJAeTCsl B BBIXOAHOW MaTpyOOK uepe3
OTBEpPCTUSI CUTa, YTO MpeAylnpexaaer nomnagaHue yactui kpynHee 0,02 MM B 30HY TOpEHWHS.
Pacnipenenutenb yCTAHOBKM C BEHTWJIATOPOM HarHeTaHUsl UCMOJIb3YETCs IJi TYHHEIbHBIX MeYel B
KauecTBE JOMOJIHUTEILHOTO MCTOYHUKA MOILIHOCTU C LENbI0 MOJJa4H TOIIMBO-BO3IYIIHON cMecu
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OT JIpOOMJIKM, YCTAaHOBJICHHOM Ha MOJIY, K CBOAOBBIM ropenkam mneyd. KoindecTBo mojgaBaeMoro
TOIUTMBA B 30HY FOPEHHUsS, & COOTBETCTBEHHO M TEMIIEpaTypa B IEYH, PETYIHPYETCs W3MECHECHHEM
CKOPOCTH BpallleHHWs IIHEKa INpPU IOMOIIM YacTOTHOro mpeobOpasosarens. I[lomaya Bo3myxa
peryaupyercsi MoJI0KEHHEM BO3IYITHON 3acioHKHU. [Ipu pabore ¢ ycTaHOBKOW CHCTEMa ra30BOTO
obecriedeHus He TpeOyeT HUKAKUX U3MEHEHUH 1 TopaboTOK.

[IpenmymiecTBO yCTaHOBKH 3aKJIFOYAE€TCS B TOM, YTO OHA oOecreurmBaeT pabOTy Tedd Ha
TBEPJIOM TOIUIMBE, C €€ MOMOIIBI0 MOKHO CKUTaTh B IMBUJICBUIHOM COCTOSIHHM YTOJIb PAKTUYECKU
TH000H MCXOHOM BIIQYKHOCTHU M C PA3JIMYHBIM COJICPKAHUEM JICTYIHX TOPIOYHX BEIIECTB.

CrienimansHO paspaboTaHHas KOHCTPYKLIHUS TOPEJIKU L COKUTAHUS
BBICOKOJIMCIIEPIUPOBAHHOTO TBEPIOT'O TOIUTMBA MOIOOHO Ta3y MO3BOJHUT MOBBICUTH () (h)EKTUBHOCTh
MCTOJIb30BaHUSI HU3KOCOPTHOTO TBEPJOTO TOIUIMBA, CHU3UTH PACXOJ TEIUIA U YBEIUYUTH (DPU3MKO-
MEXaHUYEeCKHE M KA4YeCTBCHHBIC IMOKA3aTEeIM BBIMYCKAeMOH MpoAyKuuu. Pa3pabortanHas
KOHCTPYKIIUSI TOPEIIOYHOTO YCTPOMCTBA CIIOCOOCTBYET IIOJHOIICHHOMY T'OPEHHIO TOIUIMBA IIPH
MUHHMAJIbHOM COJCPXKAHUU 30JIbI OCTAaTKa, 4YTO OKAKET IOJIOKUTEIILHOEC BIUSHHE Ha
ce0eCTOMMOCTh MPOYKIIHH.

MU3YUYEHUE BJIUSIHUSA TiO; HA BEJIU3HY IIPU NOJYYEHUU DMAJIEBOI'O
IHOKPbLITHUA

Apunosa M.X., Haumos 1I1.B.
Tawxenmckull XuMUKo-mexHoN02U4eCKUll UHCIMUmym

CrekiosmarneBble TMOKPBITHS, HMes psiji  LEHHBIX MOTPEOUTETBCKUX CBOWCTB, LIMPOKO
MPUMEHSIIOTCS] B TIPOU3BOJCTBE CTAJIbHOM MOCYAbl U OBITOBBIX M3/IEIMH. OMajeBoe IMOKPBHITHE Ha
TaKUX U3JENUAX JOKHO 00Ja/1aTh BBICOKOM KOPPO3MOHHOW CTOMKOCTBIO M XYJOXECTBEHHO-

JIEKOPAaTUBHBIMH CBOMCTBaMM — O€IM3HOM, OJIECKOM, YTO OOYCIOBIMBAET COOTBETCTBYIOILIUE
TpeOOBaHUs K CTPYKTYpe U (pa30BOMY COCTaBY MOKPBITHIA.
bennmzna — BaxkHelmas XapakTEepUCTHKAa KayecTBa CTEKJIOAOMAaJEBBIX IOKPBITUH,

KOTOpas oIpesesiseT MX KOHKYpPEHTOCIOCOOHOCTh. Bocmpusithe Oeiau3HbI 3aBUCUT HE TOJBKO OT
00IIero KOJMYecTBAa OTPAKEHHOTO CBETAa, HO M OT €ro CHEeKTPaJbHOTO cocTaBa. I[loaTomy
OYEBHJIHO, YTO OLICHKAa OCNM3HBbI JOJDKHA YYMUTBHIBATH IIBETOBBIE XapaKTEPUCTUKU oOpasla MU
0a3MpoBaThCS Ha KOJOPHUMETPUYECKHX H3MEPEHHSIX.

Jns  nocTuxkeHHs  BBICOKOW — OeNM3HBI  CTEKJIOAMaliell  MpHUMEHsieTcs  KOMILIEKC
TEXHOJIOTUIECKHAX MEp, B TOM YHUCIIC M PETYIUPOBAHHUE CTPYKTYPHI U (a30BOTO COCTAaBa MOKPHITHH.

Ha Oenu3Hy TuTaHCOIEpKAIlMX SMAaJEBBIX MOKPHITUH BIMSAET XapakTep Ipolecca
KPHUCTaJUTU3AIIH, KOTOPBIHA, TIPEX/IE BCErO, 3aBUCUT OT XMMHYECKOTO COCTaBa MAaTPHYHOTO CTEKJIa
[1]

Turanconmepkamme  CTEKJIOAMATM  3aHAMAOT  BAXHOE MECTO B AMaIHPOBOYHOM
MPOMBIIIJICHHOCTH, HO MX HCIOJb30BAHUE COMPOBOXKAAETCS MPOOIeMOil MOTydeHUS! TOKPBITHUS C
BBICOKOW OENMM3HOW. AHAIM3 CYNIECTBYIOIIMX THUTAHCOIEPXKAIMUX OdMajed [3] W WX CBOWCTB
MoKa3aJl, 4YTO BIHMSIHHUE MPUCYTCTBHS M COOTHOIIEHUS OTIEIBHBIX OKCHJIOB METAJUIOB Ha
CTPYKTYpY CTeKOT H (OPMHPOBAHWE THUTAHCOACPKAIIMX KPHUCTAUITMYECKHX a3 B  XOJe
JOTIOJTHUTEIBHON TEPMOOOPAOOTKH HEJOCTATOYHO H3Yy4eHO [4].

Kpucranmuzanuio AWOKCHIAa THTaHA B CTEKJIAaX TPU TOBTOPHOU TepMooOpabOTKe, Kak
NpPaBUJIO, CBS3BIBAIOT C  IIECTEPHOH  KOOpIMHAIMEH HMOHOB THUTaHa W  TOJOXEHUEM
MOIM(UKATOPOB B MX CTPYKTYpHOH ceTke. CTekia, B KOTOPBIX AMOKCH] THUTaHA B YETBEPHOMN
KOOp/AMHAIIMM 3aHHMAeT IOJIOKEHHE CETKOOOpa3oBaTelsi, He KPUCTAJUIU3YIOTCS MPH MOBTOPHOM
HarpeBe. HeoOX0qMMO XMMHUYECKMM COCTaBOM M TEXHOJIOTMYECKHMHU IapaMeTpamMH OOecIeuuTb,
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9TOOBl B TpOIlECCe BTOPUYHONH TEpPMOOOpPaOOTKM IUOKCHA THTaHa OOpa30BBIBAT HOHBI
[IecTepHOM KoopauHanuu [5].

CuHTe3 CTEKOJ MJiS SMaJIEeBBIX MOKPBITUM MpPHU TMPOU3BOJACTBE OBUI OCYIIECTBICH B
nabopaTopHbix ycnoBusax. OcHoBoit mociyxuiaa cucrema SiO,—Al,O3-Na,0-K,0-TiO,—-B203-
P205, Jlns cuHTE3a 5SMaleBBIX MOKPHITUH OBUTM HMCIOJB30BAHBI  CIEAYIOIIUE CBHIPHEBBIC
KOMITOHEHTHI; kBapueBblii mnecok OitHakym CaMapKaHJICKOTO MECTOPOXACHHUSA, Coja
Kynrpaackoro MecTopokiaeHusi, OOpHas KHUCJIOTa, MOTAaIll, OKCUJI THTaHa, AUTHapoopTodocdar
aMMOHUS. XMMHUUYECKHI COCTaB CTEKOJI TPUBEIEHBI B Ta0. 1.

Taoanma 1
XHUMHYECKHI COCTAB CHHTE3HPOBAHHOIO CTEKJIA

Wnnekc MaccoBoe cojepxaHue OKcuaoB, %

COoCTaBa SiO, Al,O3 Na,O K,O CaO TiO, P,0Os5 Fe,O3 B,O;
Ne1002 421 4,20 13,0 2,06 0,08 18,2 1,9 0,07 18,4
Ne1003 41,8 4,67 13,6 2,41 0,08 17,9 2,07 0,05 17,4
Ne1004 43,0 4,45 13,4 2,32 0,08 15,6 2,11 0,06 19,0
Ne1005 41,7 4,98 13,3 2,35 0.09 18,6 2,04 0.06 16,1
Ne1006 41,6 4,7 13,9 2,38 0,08 16,1 2,20 0.06 18,1

Pe3ynbpTaThl HEKOTOPHIX (DU3UKO-TEXHUYECKUX CBOKMCTB ONBITHBIX 3MAJICBBIX MOKPBITHN
MpuBe/IeHbI B Ta0J 2 1 nuarpamma 1.
Tabauna 2
DuU3NKO-TeXHUYECKHE CBOMCTBA IMAJIEBbIX MOKPBITHI

Howmep | Iloxazaren Temmneparypusiii K03 dunment Koaddunment
cocrasa | GemmsneL% | nmmeiinoro pacmmpenns-10°, rpax” | mpemommenns crexma

1002 80,5 82,08 1,605

1003 78,3 92,46 1,604

1004 71,1 84,53 1,586

1005 75,8 90,26 1,585

1006 69,4 88,92 1,571

524

O6&nacTb AnarpamMmel |

80

78

76

74

70

68

NMokasaten 6enusHel, %
1
(]

60

64

P
-

16.1 15,6 18,6 17.0 18.2
Copgepmxanue TiO,, %
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Juarpamma — 1. Mi3MeHeHure oka3aTels OelM3HbI B 3aBUCHMOCTH OT KOJMYECTBA OKCUIA
TUTaHa
C yBenuueHUEM COJEp)KaHHMs OKCHAAa THTaHA HAONIONANOCh YBEIMYECHUE TTOKA3aTels
6enu3Hbl. OCHOBHAsI IPUYUHA 3TOTO MOKET OBITh BBIpAaXKEHA B O0OPa30BaHHUM pYyTUJIA B CTPYKTYpe
myTeM 100aBJICHUsI OKCHUJAa TUTaHA B COCTAB.
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SURXONDARYO XOMASHYOLARI VA MCC 301 VA MCC 201 KIMYOVIY
QO‘SHIMCHALARI ASOSIDA OLINGAN YUQORI MARKALI
PORTLANDSEMENTLARNING TADQIQOTI

Ramazanov S.O., Aripova M.X.
Toshkent kimyo-texnologiya instituti

Bugungi kunda jahonda, mahalliy xomashyolar asosida kam energeya sarf bo‘ladigan
klinker tarkiblari va ular asosida yugori markali portlandsement olish texnologiyasini ishlab chigish
bo‘yicha ko‘plab ishlar amalga oshirilmoqda. Albatta sementning sifat ko‘rsatkichlari xomashyo
turiga va sifatiga bog‘liq. Xususan, Respublikamizda ham sementga bo‘lgan talabni qondirish
magqsadida so‘ngi yillarda ko‘plab yangi xomashyo konlari topilib, ular asosida yuqori markali
sifatli sementlar ishlab chiqarish yo‘lga qo‘yilmoqda.

Kimyoviy qo‘shimchalar sement tegirmonlarida tegirmonning maydalash samaradorligini
oshirish uchun suyuq yoki kukun shaklida kiritilgan qutbli kimyoviy moddalardir. Tadgigotlar
shuni ko'rsatdiki, ba'zi kimyoviy qo‘shimchalar nafaqat maydalash samaradorligiga yordam beradi,
balki mahsulot zarrachalari hajmini tagsimlashni yaxshilashda, mahsulotning tegirmonda ogish
gobiliyatini yaxshilashda, maydalash energiyasini kamaytirishda va separator samaradorligini
oshirishda muhim rol o'ynaydi. Ushbu sharh kimyoviy qo‘shimchalar ishlatilganda sementning ba'zi
xususiyatlarining ishlashiga ta'sirini o'rganib chiqdi[1,2].

Maydalanishga yordam berish nafagat sementni maydalashda ijobiy ta'sir ko'rsatadi, balki
sementni saglash paytida sigilish va aglomeratsiyani ham samarali ravishda kamaytiradi[3,4].

Oc‘tkazilgan tajribalar Surxondaryo xomashyolari asosida olingan klinkerlarga trietilamin
asosli kimyoviy qo‘shimchalarning klikerni mayin tuyish jarayoniga magbul tarkibda Kkritish
portlandsemetning turli fizik mexanik xossalariga ijobiy ta’sir etishi aniqlandi. Ushbu kimyoviy
qo‘shimchalarning maqbul tarkibda qo‘shilishida portlandsement minerallarining yetarli darajada
hosil bo‘lishi o‘rganildi.

Shuningdek an’anaviy usulda va trietilamin asosli kimyoviy qo‘shimchalar qo‘shilgan
na’munalarning mineralogik solishtirma jadvali ham tuzildi (1-jadval).
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1-jadval
Kimyoviy qo‘shimchalar qo‘shilmagan va qo‘shilgan na’munalarning mineralogik
tarkibi
Tir CsS C,S CsA C,AF MgO Jami
1 64,15 17,03 6,57 11,14 1,17 100
2 66,01 17,1 6,1 10,01 1,02 100
3 67,29 16,4 5,8 10,18 1,06 100

1-kimyoviy qo ‘shimchalarsiz olingan portlandsement na 'munalar;

2-MCC 201 markali kimyoviy qo ‘shimchasi qo ‘shilgan na ' munalar;

3-MCC 301 markali kimyoviy qo ‘shimchasi qo ‘shilgan na 'munalar.

Ushbu jadvaldan ko‘rishimiz mumkinki kimyoviy qo‘shimchasi qo‘shilgan na’munalarda
portlandsementning asosiy minerallarining hosil bo‘lishi an’anaviy usulda olingan na’munlarga
nisbatan yugori. Bunga sabab trietilamin klinker tarkibidagi erkin CaO, Al,O3 va SiO; larni o‘zaro
bog‘laydi. Buning natijasida umumiy massaga nisbattan asosiy minerallarning miqdori ortadi.

Shuningdek magbul tarkibda olingan yuqori markali portlandsement na’munalarida
minerallarning faol yoki faolemas shaklda ekanligini aniqlash uchun ushbu na’munalarning 28
kunlik namunalarining SEM tahlillari o‘tkazildi (1-rasm).

a) b)
v) d)
.E:K lS:K EMg-K WAI-K WSi-K  mISK | - p [ "
1-rasm. Surxondaryo xomashyolari asosida olingan portlandsementning 28 kunlik
SEM tahlili.

Tahlil jarayonining dastlabki bosqichi (a) 100 marta kattalashtirilgan bo‘lib sementtoshining
umumiy ko‘rinishi ko‘ringan. Keyingi bosqich (b) da 5000 martagacha kattalashtirilgan sementtoshi
va gidratatsiya jarayonida ular hosil qilgan minerallarni ko‘rishimiz mumkin. Adabiyotlardan
ma’lumki ignasimon kristallar hosil gilgan sement minerallari faol minerallar hisoblanib betonning
mustahkamligini vaqt o‘tishi bilan oshirib boradi. Chunki kristallararo bo‘shliglar va havo
g‘ovokchalari asta-sekin yangi gidratatsiya mahsuloti bilan to‘ldirilgan, parallel ravishda uzun
tolasimon kristallardan ettringitning yaxshi shakllangan kristallariga (uzunligi 2,3p) qayta
kristallanishi sodir bo‘ladi, sement toshi mikrostrukturasi asta-sekin zichlashadi va
mustahkamlanadi.

Portlandsement qgotish davrining 28 kunlik portlandsement namunalari MPa sigish kuchiga
ega 45,5 MPa bu “M500” markali sement (GOST 31108-2020 bo‘yicha 42,5 MPa) uchun tartibga
solinadigan ko‘rsatkichdan yuqori. Fizik-mexanik sinovlar natijasida Surxondaryo xomashyolari
asosida olingan klinkerlarga kimyoviy qo‘shimchalar (MCC 301 va MCC 201 plastifikatorlari)
qo‘shib GOST 31108-2020 talablariga to‘liq javob beradigan “M500 DO0” markali
portlandsementlar ekanligi aniglandi.
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Xulosa qilib aytganda kimyoviy qo‘shimchalarni (MCC 201 va MCC 301) klinkerni
maydalash jarayoniga magbul tarkibda kiritish orqali sharli tegirmonning unumdorligini 15-20% ga
oshirish mumkin. Bundan tashgari ushbu kimyoviy qo‘shimchalar portlandsementning asosiy
minerallari hosil bo‘lishiga ijobiy ta’sir ko‘rsatadi. Buning natijasida portlandsementning turli fizik-
mexanik xossalari yaxshilanadi.
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MNJIOTHOCTBb KPUTUYECKOI'O TPAHCITIOPTHOI'O TOKA BSCCO KEPAMUKMHU C
HAHOAUCIHEPCHBIMU BKJIIOYEUSMHA

Yckenbae A.Jl., Horaii J.A., bekru6aityanl E., Yckenb6aes /I.E., Horaii A.C.
Kaszaxcxuu azpomexnuuecxuii uccnedosamenvckuil ynusepcumem um. C. Cetighynnuna, Acmana,
Kazaxcman
alish us@mail.ru

Cpeau rpynn BBICOKOTEMIEPATYPHBIX CBEPXIPOBOJHUKOB TOJIBKO JIBE CHUCTEMBI aKTMBHO
HAxXOMAT MpPaKTHYEeCKOe MpUMEHeHHe — Ha ocHoBe BucMmyTa (Bi,Pb)-Sr-Ca-Cu-O (Bi-2212, Bi-
2223), a takxke Ha ocHOBe uTTpuUs Y-Ba-Cu-O(Y123). Ha ux ocHOBe cO3/1al0TCS CHIIOBBIC KaOeln
1-ro u 2-ro nokoneHusi [2-4], MOTOpBI M 3JIEKTporeHeparopbl [1], orpaHMYUTENM TOKA MPU
KOPOTKOM 3aMblKaHui [5-7] u MHorue napyrue. M3BeCTHO, YTO OCHOBHBIMHU IapamMeTpaMu
CBEPXIIPOBOJHUKOB SIBISIOTCS KpUTHYeckas temmeparypa (7.), kputuueckuid TOK (Jo)
kputudeckoe MaruuTHoe mnoine (Hg). Cpemu HuX, ¢ TpaKTHYECKOW TOYKH 3pEHUs, Hauboiee
BAOXHBIM IIapaMETPOM SIBIISIETCS KPUTHYECKUH TOK. AHaNIM3 pe3ylbTaTOB HCCIEIOBAHUN
MTOKAa3bIBAIOT, YTO BEJIMYMHY KPUTHYECKOTO TOKAa B KEPAMUYECKHX CBEPXIPOBOJHUKAX MOXKHO
3HAYUTENbHO YBEJIWYUTh C MPUMEHEHHEM TaKUX CIIOCOOOB, KOTOpblE MOIJIM Obl IOBBICUTH
IJIOTHOCTb, TEKCTYPbI, CO3AaHUS 3PQPEKTUBHBIX LIEHTPOB MHUHHHMHIA 3aKPEIJICHUS MOTOKa W Jp.
OnHuM U3 CrocoOOB JOCTHXKEHUS BBICOKOM IUIOTHOCTH M TEKCTYpBl SBISETCS NPUMEHEHHUE
CTEKJIOKEpaMUYECKONH TEXHOJIOTUH, KOTOPbIE CBSI3aHBI C MPUMEHEHHEM aMOpP(HBIX MPEKYpCOPOB,
MOJTydeHHbIe 3aKkalkoi pacruiaBa. Ho, cuHTe3 omHodasHbIX Kepamuueckux obOpasinos BTCII
(ocobenno Bi-2223) Ha ocHOBe aMOpGHBIX MPEKYPCOPOB, MONTYyUYSHHbBIC TPAJAUIIMOHHON TIABKOW B
TUTJE (KepaMUUYECKOW, TUIATUHOBOM) B PE3UCTUBHOM MEUH SIBJISETCS OYEHb OOJIBILIONW MPOOJIeMOH,
4TO HEOOXOAMMO pa3paboTKu crocoba, obecrneunBaronuii moiaHoTy obOpazoBanusi BTCII ¢azbr
2223. Eme omHuM 3((}EeKTUBHBIM CHOCOOOM  MOBBIIMIEHUS IUIOTHOCTH  KPUTHYECKOTO
TpancroptHoro Toka BTCII 00pa3moB KepamuK SBISETCS CO3MAaHUS ONTHMAIBHBIX IIEHTPOB
NUHHUHTA 3aKpEIUICHUs TOTOKA IyTeM BBEJCHUE HAHOJMCIEPCHBIX J00ABOK Pa3IMYHOrO COCTaBa,
B KOTOPOM MOXKHO TIPHUMEHSATh HAHOJIUCIEPCHBbIE TYTOIIaBKHE HUTPHIIbI, OKCUIBI, KapOuIbl, a
Takxe (peppoOMarHUTHBIC U IPYTHE MaTepHUaIbl.

B nanHoii paborte paccmarpuBanmuch pa3paborka 3(PGeKTHBHOTO crmocoda MOoTydeHUs
onHodazubix BTCII kepamuk  Bi-2223 Ha ocHOBe crekio(]as3sl W TOBBIIICHHWE IUIOTHOCTH
KPUTHYECKOI'O TPAHCIOPTHOIO TOKa IyTeM Co34aHus S(PQEKTHUBHBIX LIEHTPOB IHUHHHUHIA C
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nobasnenneM HaHomopomka CoFe;O4. Crexnoobpasusie mpexypcopsl BiggPhgsSroCazCusOy
ObUTM TOJY4YEHBbl B CHEIHAIbHO pPa3paboTaHHON My(]enpHOW Meurn ¢ pPe3UCTUBHBIM HArpeBoM,
o0ecrieunBaOIIUN 3aKallKy paciuiaBa. B KadecTBe MOJCTaBKHM JUISI MCXOJHBIX 3arOTOBOK JIIS
IUIaBKU ObLJIa MCIOJIb30BaHa IJIaTMHOBAs MoAsokKa. [lo maHHbIM HccnenoBaHus (pa3oBoro cocrana
CTEKJI000pa3HbIe TPEKYpCOphl HE CcoAepkKalu Kpuctaumueckux BiimoueHuu. Cunres BTCIT
KEpaMHUK OCYIIECTBIISUIM IO KEPAMUYECKOM TEXHOJOTHMH C MPOMEXKYTOUHBIMH IMOMOJAMH IPHU
temneparype 849 - 850 °C. PeHTreHOBCKHE HCCIIeOBaHMs MoKa3aiu oaHodasHocTh (Bi-2223)
KepaMH4eCKHX 00paslioB ¢ Mpeo0iIafaroieil TEeKCTYpoil BAOJIb KPUCTAUIMYECKOTO HampaBiICHUS
[001] (puc.l). HccrmemoBaHusi KPUTHUYECKOW TEMIIEpaTypbl IEpexoja B CBEPXIIPOBOISIIICES
COCTOSIHUSI ITyTEM U3MEPEHUS TEMIIEPATypPHOU 3aBUCUMOCTH conpoTuBieHus TcH coctaBun 115 K u
Teo 100 K. Pe3ynbrarbl u3MepeHHs IUIOTHOCTU KPUTHUYECKOTO TPAHCIOPTHOIO TOKa
YEeTHIPEXTOYEHYHBIM 30HJIOBBIM METOJIOM C HUCHOJb30BaHuWeM Kputepus 1 puB/cMm mpuBenensl Ha
pucyHKe 2. AHamM3 pe3ylbTaTOB HCCICJOBAHUSA IIOKA3bIBACT, UYTO BEJIMYMHA IUIOTHOCTH
KPUTHUYECKOT'O TPAHCIIOPTHOTO TOKA B YUCTHIX KEPAMUYECKUX 0Opasliax CYIIECTBEHHO MPEBBIIIACT
3HAYCHUsl IUIOTHOCTH TOKA B KEepaMHUKaX, IMOJyYeHHBIE TBEPAO(A3HBIM METOAOM, U METOJOM
coocaxaeHus (oxoso 30—35 paza).
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[ToBwimeHne KoHIEHTpanuu 1o0aBok HaHomopomka CoFe,O4 ot 0,02 % Bec mo 0,1 % Bec
MIPUBEJIO K TOBBIIMICHUIO TNIOTHOCTH ToKa B kKepamudeckux BTCII obpasmax o 1,5-1,7 pasza.

Pabora Beimonnena no rpanty AP23490836 npu ¢unancoBoii noanepxke Komurera Hayku
MunucTepcTBa HaykKH U Bbiciiero oopasosanus Pecyonuku Kazaxcran.
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CHUHTE3 1 HEKOTOPBIE CBOMCTBA CTEKJIA YEPHOT'O IIBETA U3 KBAPIIEBBIX
INECKOB XUBUHCKOI'O MECTOPOXKJAEHUSA
IOnycoB M.IO. (mirjalil57@mail.ru.), Matuanos III.K. (sherzadkamilovich@gmail.com),
Py3smetoBa A.III. (aida0330@list.ru), Bypanosa /I.b. (buranovadinara bdb@mail .ru.)
TawkenmceKuti XuMuKo-mexHoa02u4ecKul UHCmumym,
Ypeenuckuii cocyoapcmeennulil ynusepcumem

Bo Bcex oTpacnsix HapOJHOTO XO3MHWCTBAa Bce OOJNbINE pAacTeT MNOTPEOHOCTh K
CTCKJIOM3ICIHSIM, OCOOCHHO K IIBETHBIM. BypHOE pa3BUTHE CTPOUTEIHCTBO, OCOOEHHO B PETHOHAX,
TpeOyrole COONMOICHUH Crenn(PUIECKUX WHTEPhEPOB U JU3aiiHA CTPOSIIUXCS 37aHUN TUKTYET
WCIOJIb30BAHNE HOBBIX BBICOKOAI(P(GEKTHUBHBIX U JACKOPATHBHBIX OOJHUI[OBOYHBIX MAaTEPHAJIOB,
NOTPeOHOCTH B KOTOPBIX B HACTOSIIEE BPeMsi 00ECIIEYMBACTCS B OCHOBHOM 3a cueT ummopra. K
TaKUM OOJIMIIOBOYHBIM MaTepHajiaM OTHOCHUTBLCS M W3JCIHUS U3 CTEKJIa, KOTOPhIC BCE Yallle CTaJN
MPUMEHSTHCSI B CTPOMTENBCTBE JUI OOJIMIIOBKH (hacalioB M BHYTPEHHEH KOHCTPYKIIMH 3aHUH,
MPUMYIIECTBOM KOTOPOTO CUYHMTAETCS BBICOKAs JACKOPATHBHOCTb, TMTHEHHUYHOCTh, MEXaHHUYECKas
MPOYHOCTh, XUMHYECKasT YCTOMYMBOCTD U.T.1 [1-2].

BosnbIioli MHTEpeC MpeACTaBisieT UCIOIb30BaHUE MPOMBIIUICHHBIX OTXOJ0B B Ka4yeCTBE
KpacHuTelell B COCTaBe CTEKOJBHOM HIMXTHI B3aMEH NCPUIIMTHBIX U JIOPOTOCTOSIIUX MUTMEHTOB.
Kak moka3pIBalOT aHalIW3 HAy4YHOW JIMTEPATyphl, MECTO IMHUIMEHTOB MOTYT OBITh YCIIEIIHO
UCTOJIB30BaHbl  OTXOJbl  00padaThIBAMOIIEH MPOMBINUICHHOCTH PecnyOnuku — Y30eKucTaH,
oTpabOTaHHBIE KaTaaM3aTOPbl XMMHUYECKHX MPEANPUATHH, pa3audHble HUtaku [3]. DT maHHBIC
yKa3bIBAlOT HA AaKTYaJlbHOCTh pa3pabOTKU TEXHOJOTHUH TPOU3BOJCTBO IBETHBIX CTEKOJ C
HCIIOJIh30BAHUEM MECTHOTO CHIPhsSI U3 HOBBIX MECTOPOKIACHUI M MPOMBIIICHHBIX OTXO0/I0B.

JlaHHOE WCCIIeIOBaHME HANPABICHO Ha pa3pabOTKy TEXHOJIOTMU MPOU3BOJCTBO IIBETHBIX
CTEKOJI Ha OCHOBE KBapIEBBIX IMECKOB XHBHHCKOIO MECTOPOXKIACHUSA I CTPOMTEIHHOTO
HA3HAYCHHUSI.

KBaprueBsie mecku XWBHHCKOTO MECTOpOXKAeHHs (Xope3MCKON 00JacTh) TPEACTaBIISIIOT
CO0OM 3epHUCTBIN MaTepHall KEJITO-0eJIoro IBETa, MPEIBAPUTEIILHO YTBEPIKICHHBIC 3amachl Oojiee
10 mutH. T. (yaacTok 3ayHryp). XUMHUYECKHI cocTaB mecka (Macc. %): Si02-84,4; Ti0,-0,08; Al,Os3-
2,5; Fe,05-1,46; CaO-2,5; MgO-1,1; K,0-1,9; Na,O-1,7; mmm. — 0,92. Ilocne mpoMBIBKH,
MEXaHUYECKOM M MarHuTHOM cemapanuu: Si0,-97,32; Al,03-0,27; Fe,03-0,05; Ca0-0,20; MgO-
0,22; K,0-0,90; Nay0-0,3; m.n.m. — 0,76. I'panynomerpudueckuii cocras, %: (0,85-0,60)-2,0; (-
0,60+0,40)-8,5; (-0,4+0,3)-5,0; (-0,3+0,2)-21,0; (-0,2+0,16)-49,0; (-0,16+0,1)-13,5; (-0,1-)-1,0.
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MuHepanoru4eckuii CocTaB mocie 00oramieHus IPECTaBICH B OCHOBHOM (-KBapIIOM.

[IpoBe/ieHHBIC TUTEPATYPHBIC UCCICIOBAHHE MOKa3aid 4to, B [1-2,4] U3JI0KEHBI COCTABBI
OOJIMIIOBOYHOTO CTEKJIa YEPHOTO IBETa TPU CIEAYIOIIUX COOTHONICHHSX KOMITOHCHTOB, Macc.
SiO,- 49,7-53,0 Al,0O3 14,5-16,0 Fe,05 6,4-7,0 TiO, 0,8-2,0 CaO 4,1-10,3 MgO 2,3-2,7 Na,O 10,0-
17,4 SO;3 0,3-0,5 K,0 1,2-1,8. JlaHHOE CTEKJIO XapaKTepU3yeTcs: BRICOKOH MUKpOTBepaocThio (820-
830 KF/MMZ), MTOBBIIICHHOW TEPMOCTONKOCTBIO (130-14OOC) W HU3KUM 3HAYCHUEM BEPXHETO
npezesia KpucTauiM3aluu (950-1010°C). HenocratkoM 3Toro crekia sIBISE€TCS OTHOCHTEIIBHO
BBICOKAsl TEMIIEpaTypa BapKu 1380-1400°C. B [S] npuBeneHbl APYroil COCTaB CTEKJIa YEPHOrO
[[BETA MPH CIEAYIOIINX COOTHOMICHHUSIX KOMIOHEeHTOB, Mac. Si0;, 57,0-63,0 Al,O3 7,28-8,2 Fe,03
2,83-3,30 CaO 8,47-9,7 MgO 2,08-2,45 Na,O 13,47-16,3 K,0 2,28-2,45 TiO, 0,44-0,5 SO3 0,14-
0,15. Temreparypa Bapku Takoro crekia 1350-1380°C.

Bce mpuBesieHHbIE COCTaBbI, a TAKXKE JPYTUe MPHUBEACHHBIC B U3BECTHBIX JUTEparypax [1-
2,6], 6a3upyroTcsS Ha OCHOBE BRICOKOKAUECTBEHHBIX UMIIOPTHBIX CHIPHEBBIX MaTepHAIaX, KOTOPHIE B
yCIOBUSIX Y30€KucTaHa SBISIOTCA HEMpPUEMJIEMbIM C TOYKM 3pEHHS HKOHOMHUYECKUX U
TEXHUYECKHUX (akTopoB. [loaTOMY 1EenecooOpa3HbIM SBISICTCS, pa3paboTKa COCTAaBOB M TEXHOJIOTHU
MOJIYYEHUSI IIBETHBIX CTEKOJI PA3JIMYHOTO TOHA JAJsl OOJIMIIOBKM KHPIHYHBIX, OETOHHBIX, a TaKXe
METATUYECKHUX MOBEepXHOCTeH. OCHOBHBIMU (PaKTOpaMU I MPOCKTUPOBAHUS COCTABOB U BHIOOpA
UCXOJHBIX CBHIPBEBBIX MATEPHANIOB SBISJIOCH JIETKOJOCTYITHOCTb, 3KOJOTHYEcKas 4YHCTOTa U
TEXHOJIOTUYHOCTh HCXOJHBIX MATePUAIIOB, M NPHEMJIEMbIC TEXHOJIOTHYECKUE YCIIOBHUS,
BBITEKAIONINE M3 MPHHIUIIOB SHEPro- U pecypcocOepexeHusi. B kauecTBe MCXOTHBIX CHIPHEBBIX
MaTepHUajIoB IS BapKH YEPHOrO I[BETa OBLIM HCIPOOOBAHBI CJICHYIOIINEC MECTHBIC CHIPhEBBIC
MaTepUabl:

- KBapIIeBbIC TIECKU XUBUHCKOTO MECTOPOXKICHHUS,

- OapxaHHbIe necku KapakymMckoro MectopoxxieHus,

- monoMHT JlexkaHabaacKoro MECTOPOKICHUS,

- U3BECTHSK JlkaMaHCallkoro MeCcTOpOXKACHHUS,
-KaJIIIMHUPOBaHHAs cofa KyHrpackoro coJJoBoro 3aBo/ia.

B kauectBe KkpacuTens ObLTM HCIOJB30BaHBl OTpabOTaHHBIE KOOAIBTCOMEPIKAIIME
KaTaJanu3aTopbl XUMUYECKOTO MPOM3BOJICTBA, TaKke ObUI MPUMEHEH CIIOCO0 W3MEHEHUS YCIOBUI
BapKu cTekna. IlyreM mMaTeMaTWyecKOro MIAHUPOBAHUS IKCTPEMATbHBIX JKCIEPUMEHTOB OBLIN
pa3paboTaHbl COCTaBBI CTEKOJI M PACCUMTAHBI OXHIAeMas TeMIlepaTypa BapKu, W HEKOTOPHIE
TEXHOJIOTUYECKHE CBOMCTBA MOTYyYaeMOro CTeKJIa.

W3 mosTydeHHBIX TEOPETUICCKUX JAaHHBIX HAaMU OBLUTH B3STHI COCTAaBBI CTEKOJI, COJCpPIKAIINC
crenyrole HHrpeaneHTsl, Macc.%: Si0,-65,0-70,0; Al,05-1,2-2,0; Fe,05-5,0-8,0; CaO-2,5+7,0;
MgO-3,0-5,0; Na,0-13,0-15,0; TiO3-0,1-0,2; C0,03-0,5-2,0; K;,0-0,6-1,5; SO,-0,3-0,5. IIpu sTom
IIMXTOBBIA COCTAB OMBITHBIX COCTABOB COJEPIKAIH CIEAYIONINEe KOMIIOHEHTHI:

- kBapieBbii niecok -40,0- 50,0 %);
- KaIbIIMHUPOBaHHas cona -15,0- 20,0%;
- mosomut -5,0- 10,0%

Temneparypa Bapku CTEKIH 1300-1350°C ¢ BBIIEP>KKOM 1TpH 3T0# Temneparype 30-40 muH, B
pe3yabpTare 0o0pasyeTcst OJHOPOJHAs Jera3MpoBaHHAs CTEKJIIOMacca YEepHOro IBeTa C TIaIKOU
OnecTsIIel MOBEPXHOCTHIO. Pe3ynbTaThl M3ydeHHs] HEKOTOPBIX IMOKa3aTenei MOTyYeHHBIX CTEKOJ
MOKa3aJIv CIIEAYIOIINE TaHHbIE:

- IJIOTHOCTH, KI/ M - 2405-2500;
- Xumu4eckas croikocts B HoO |, % 99,8-99,9
- oneck ,% 78,0-80,0;
- TepMOCTOiTKOCTH,’C 80-90

JlaHHOE CTEKJIO XapaKTepu3yeTcs Kak MaTepual, I[OJydaeMbli Ha OCHOBE MECTHBIX
MUHEPAJIBHBIX PECYpPCOB M HHU3KOH TemImepaTypoid BapKd, YTO MO3BOJSET SKOHOMHUTH TOIUIMBHO-
JHEPreTUYECKHEe U  MaTepUaIbHBIE pecypchl. TeopeTHMUeCKMMH pacyeTaMHM  ONpENeIIsaian
TEMIIEpaTypHyl0 o0nacTb (OpMOBaHUS M TEMIEPATypy BEpPXHEro IMpejaena KpUCTaIM3aluu,
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MO3BOJISIOIINE CYAUTh O NMPUMEHSEMOCTH Pa3IM4YHBIX CHOCO00B (hOpMOBaHUs, KaK MPECCOBAHUE,
IIPOKAT, JINTHE.

Takum 00pa3oM, TEOPETHYECKMMH M TPHUKJIAAHBIMH HCCIEJOBAHUSMH  yCTAaHOBJICHBI
BO3MOYKHOCTH TOJYy4€HHUs OOJIMIIOBOYHOIO MaTepuajla M3 CTeKJa YEpPHOro IBeTa M3 MECTHBIX
CBIPBEBBIX MATEPUAIOB ITO3BOJIIOIINANA COKOHOMUTh MaTE€pUaIbHbIE U TOIUIMBHO- YHEPreTUYECKUE

pECypCBHI.
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BETOHBI HA OCHOBE OTXOJ0B C MOBBINIEHHOM
BOAOHEITPOHULOAEMOCTbBIO

Auaraesa 3.H., EcremecoBa A.C., layaerusipos M.C., Typsicoexkos C.E., Typcynoexon b.K.,
Carrapos J.A.
zaltaeva@mail.ru, axaya73@mail.ru
TOO «Meswcoynapoonas obpasosamenvras kopnopayuay (MOK), Anmamei, Pecnyonuxa
Kaszaxcman

B cocraB COBpEMEHHOIO0 METAUIyprHYECKOro MPEAINPHUATHS II0 NPOU3BOJCTBY YEpPHBIX
METAJUIOB MOTYT BXOJUTH (DeppOCIUIaBHOE, OTHEYINOPHOE M JUTEHHOEe NpOM3BOJCTBA. Bce oHM
SBJIAIOTCS HMCTOYHMKAMM  3arpsi3HEHUs arMocdepbl M BOJOEMOB, 3aHUMAIOT  OoOJjbIlNe
IIPOU3BOJICTBEHHBIE IUIOMAAN U OTBAJIbI, YTO INPEAINONAracT OTYYKIACHHUE 3eMenb. KoHIeHTpanus
BpPEIHBIX BEIIECTB B aTmocepe M BOJHOM cpele KPYMHBIX METaUTypruueckuxX LIEHTPOB
3HAYUTENIBHO MPEBBIAIOT HOPMBI.

HlnakonepepaboTka W  yTUIAM3alUs  METAUIyPrMUECKUX  [UIAKOB  IOJy4Yuja B
IUBWIM30BAaHHOM  MHUpPE IIUPOKOE  pPACHpOCTpaHEHHWE, U  CeroAHsd Ha  OOJBLIIMHCTBE
METaJUTypTHUeCKUX 3aBOJI0B EBpOmNBI 1 AMEpPUKH HE TOJIBKO YTHIM3UPYIOTCS BCE 0Opa3yroIIuecs
IIJIAKH, HO U Pa3pabaThIBalOTCS CTAphIe IUIAKOBBIE OTBAJIBI.

W3BecTHO, 4YTO CTpOUTENbHAs OTpacib SBISETCS CaMOM KPYIMHOM OTpacibio, a UMEHHO
MIPOU3BOJICTBO CTPOUTENIBHBIX MAaTEPUAIOB, KOTOpas MOXKET B OOJBIINX 00beMax NepepadaThiBaTh
Pa3IMYHBIC OTXOAbI, IIPHW O3TOM BBIITYCKad MPOAYKIIMH BBICOKOI'O Ka4€CTBa U CHIKEHHOH
ce0ecTOMMOCThIO. B CBsI3M C 3THUM XO4yeTcs OTMETHTh, YTO MCIOJIb30BAHHUE TBEPIBIX OTXOJIOB
METAJITyPrUueCKUX IPOU3BOJCTB, TAKMX KaK IUIAKH, JIEKAJIbIE OTBAJIBHBIE LIUIAKK B PA3IMUYHBIX
ITPOU3BOJICTBAX AKTYAJILHO U ceryac.

JIroObie 0TXO0/1bI MOKHO paccMaTpUBaTh KaK BTOPHUUHBIE MaTepHAIbHBIE PECYPCHI, TOCKOIBKY
OHU MOTyT OBLITh HCIIOJIL30BAHEBI B MMPONU3BOACTBCHHBIX LCIIAX, JIMO0 YaCTHYHO (T.e. B Kay€CTBE
N00aBKH), MO0 IMOJHOCTHIO 3aMellas TPaAULIHMOHHbBIE BUABI MaTepHAbHO-CHIPHEBBIX PECYPCOB.
[Ilnaku 1o cBOMM (HU3MKO-XMMHYECKHM CBOMCTBAM O4Y€Hb OJM3KHM K H3BEPKEHHBIM T'OPHBIM
nopoaam, KOTOPBIC MPUMCHAIOTCA JJIA TPOMU3BOACTBA CTPOUTCIILHBIX MAaTCPHUAJIOB.

40


mailto:axaya73@mail.ru

& https://doi.org/10.5281/zenodo.11216200

[lInaku sBAsStOTCA A(PQPEKTUBHBIM 3aMEHHUTENIEM TMPUPOIAHBIX KAMEHHBIX MaTEpHaJioB,
UCIOJIb3YIOUINXCA JUIS CTPOUTENBCTBA U PEMOHTA aBTOMOOMIIBHBIX Aopor. [llnakoBeiil medeHp 1mo
CBOMM CBOWCTBaM He YCTyHaeT LIeOHIO U3 TBEPABIX MOPOJ, a MHOTJa U MpeBocxoauT ero. lleGens,
MECOK M HUX CMECH B 3aBUCUMOCTH OT (PU3UKO-MEXaHWYECKHUX CBOMCTB MNPUMEHSIOTCS IS
YCTPOMCTBA BCEX BUIOB KOHCTPYKTUBHBIX CIIOEB IOPOTHU (TIOKPHITHIA, OCHOBAHUH, TIOTIOTHUTEILHBIX
CJIOEB OCHOBAHUU U T.11.).

MaxkcuManbHasi MPOYHOCTh KOHCTPYKTHBHBIX IUIAKOBBIX OCTOHOB C PAa3IMYHBIMU BUIAAMH
ONTUMU3UPOBAHHOTO MEJIKOTO 3alOJIHUTENS JOCTUTAETCS MPHU COJIEP’KaHUU B HEM oloraiaromieit
nobasku ot 40 1o 60 %. B 30HEe onTUMyMa 3epHOBOM COCTaB CMECH MEIKOTO 3allOJTHHUTENS
XapaKTepHU3yeTcs cojiepxkanueM B HEM ¢pakiuii menee 0,14 mm - 6—9 %; 0,14-0,63 mm - 30-35 %;
0,63-5 mm - 56-64 % [18-21].

[InakoBplii GETOH ONTHUMAJIBHBIX COCTABOB Ha 3aIlOJIHUTENSIX M3 JIOMEHHBIX M TOIUIMBHBIX
IUIakoB 1pu pacxoje nemenrta ot 180 mo 440 xr/m mmeer cpeaHroro TIoTHOCTH 2300-2500 kr/m2,
MIPOYHOCTH Ha ckaTue oT 15 1o 55 MlIla, uro moaTBEp>KAAET BEICOKOE KAYECTBO €ro CTPYKTYPHI.

BogoHenpoHuiiaeMocTh NIIAaKOBBIX 0eTOHOB KiaccoB B15-B35 Ha 3anmomHuTeNsIx U3 cMecu
JIOMEHHBIX ¥ TOIUIMBHBIX IIIAKOB Koseonercs or W6 10 W10, 4To mo3BosisieT UCHOoIb30BaTh UX B
KOHCTPYKIIUSX, IOABEPKEHHBIX JICHCTBUIO HAIIOPHBIX BOJI.

OmnpeneneHHblil MHTEpEC NPEACTABIAIOT OTXOAbl (PeppoCIIaBHOTO MPOU3BOACTBA IS
MOJIYYCHUsSI BBICOKOIIPOYHOTO OCTOHA C TIOBBIIICHHON BOJOHEIPOHUIIAEMOCTRIO. [IpoBeneHBI
UCCIIEIOBaHM MO TMOJNy4YeHUI0 OeToHa Ha OCHOBE (PeppOCIUIaBHBIX MUIAKOB M ONpEAeNCHUs
ontuMaiabHOro 3¢ dekTuBHOro ruapododbHoro Moamdukraropa. OTxoasl  (eppocIUIaBHBIE
MCIIOJIb30BaJIM B KAY€CTBE KPYIMHOTO ¥ MEJIKOT'O 3allOJIHUTENCH.

Bononenponumaemocts 6etona omnpenemsuin coriacHo ['OCT 12730.5-2018 «betoHsl.
MeTtoibI OTpeeNeHUS BOJIOHEIIPOHUIIAEMOCTH AKCIIPECC-METOA0OM ornpeeneHus
BOJIOHETIPOHUIIAEMOCTH OETOHA IO €r0 BO3MYXOMpPOHHUIIaeMOCTH. Bo3ayxonpoHuiaeMocTs OeToHa
OTIpEETISUIN TIO Pe3y/IbTaTaM HCIBITAHUM CEpUU U3 IIeCTU 00pa3oB-KyOoB ¢ pazmepoM pedpa 150
MM.

Jlis monydeHus JOTOJHHUTENBHBIX CIENHATbHBIX CBOMCTB OETOHA, KOTOpBIC MO3BOJISIIOT
clenaThb 3TOT OCHOBHOM CTpPOMUTENbHBIM MaTepuan Oojee 3()(PEeKTUBHBIM, a Kak CIEJICTBUE,
YCKOPUTh TEMIIB BEJICHUS CTPOHUTENHCTBA, a TaKXKe 3HAUUTENBHO €ro YACHIEBUTh, IITUPOKO
MIPUMEHSIFOTCS pa3JINYHbBIC T0OABKU.

Pe3ynbTathl, monydeHHbIE MPU WCIBITAHUA Ha BOJOHEMPOHUIIAEMOCTh OOPa3IOB-KyOOB C
coJiepKaHUEM Pa3IUYHBIX J00aBOK, TPUBEEHBI B TA0JIHUIIE.

Tabnuma.
Pe3ynbTarhl HCTIBITAaHUI HAa BOJOHETIPOHUIIAEMOCTH OETOHOB Ha OCHOBE OEITUTOBOTO
MPOJYKTa C COJEP>KaHUEM Pa3NIUYHBIX TUAPOGOOHBIX J0OaBOK

Ne CocrtaBbl 0€TOHOB Ha OEIUTOBOM Knacc (Mapka) 6eTona
TPOTyKTE B40 | B35 | B30 | B25 | B225
Mapka 1o BoioHenpoHunaeMoct, W

¢ coneprxanneM fno06aBok: Flowcast+IleneTpoH-A aMukc

1 betoH Ha ocHOBe
(heppocIaBHOTO UIaKa B 18-20 18-20 16-18 16-18 10-12

Ka4eCTBC KPYITHOT'O 3alIOJTHUTEIIA

2 Beron Ha ocHoBe
(eppocmIaBHOTO UIAKA B 16 16 14 14 8
COYETaHUH KPYITHOTO H MEIIKOTO
3al0JHUTENEH

c copepkanneM nobaBok: Flowcast+Ilenerpon-Aamuke + MasterLife WP 1200

3 betoH Ha ocHOBe
(dbeppocIIaBHOrO IIjIaka B 16 16 14 10 8
Ka4yecTBE KPYIMHOTO 3aMOJTHUATENS
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MexaHu3M JeHCTBHS 100aBOK-TIIIACTU(UKATOPOB Ui MONydeHus runpodoOHOro 6eToHa Ha
OCHOBE OTXOJIOB (heppOCIIIIaBHOTO MPOU3BOICTBA OOBSICHSIETCS CIEAYIOLUIUM:

HaOIIOAaeTCsl MpOIEecC NPOTEKAHUS XEMOCOpOLMH, MPH KOTOPOH MOJIEKyJbl J100aBOK
BBITAJIKUBAIOT YacTh BOJBI U3 aICOPOIIMOHHOIO CJIOS HA 3epHaxX IeMeHTa B AU Qy3HbIN CIOM, 4TO
IIOBBILIAET MOABM)KHOCTh CUCTEMBI;

YacTh aKTUBHBIX TPYII U OTJENIbHBIE CEIMEHTHl JO0aBKM OPUEHTHPOBAHBI B UG Y3HBIM
CJIOH U CTIIOCOOCTBYIOT (POPMHUPOBAHUIO €TO MPOCTPAHCTBEHHOM CTPYKTYPBI;

B YJIYYUIEHUU AATr€3UM LIEMEHTHOIO KaMHs C 3aIlOJIHUTENIEM, IOBBIIICHUH J0JITOBEYHOCTH,
BOJIOHENIPOHUIIAEMOCTH KaMHs M OeToHa (3a cu€r cHmwkeHuss B/L] wim Bo3ayXoBOBIEUEHUs),
YBEJIMYEHUU CBA3HOCTH CMECEU U T. 1.

Jluteparypa:

1. Apsmrazun K., Cranesuu B.T., TneynecoB A.K., KyanasikoB A.b., [llanuxosa H. E.
HccnenoBanue  MpOIECCOB  NMPOM3BOJCTBA  OCTOHHBIX  M3JIEIMH  HAa  OCHOBE
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KEPAMUKA HA OCHOBE TOHKOJIUCIIEPCHBIX ITIOPOLIKOB
B CUCTEME Zr0O;,-SnO,-TiO; C JOBABKAMM La;0; U ZnO

AnucumoB B.B., 3os0TtueB A.B., Xapun O.U., Makapos H.A.
anisimov_val@mail.ru, nikmak-ivmt@mail.ru
Qunuan PXTY um. J[U. Menoeneesa 6 2. Tawixernme

Kepamuueckne NMANEKTPUKH WIPAIOT KIIOYEBYIO POJIb B PA3JIMYHBIX TEXHOJIOIMYECKHX
chepax, OT DIEKTPOHUKH /O TEIEKOMMYHHUKalui, Oyarogaps CBOMM  YHUKAJIbHBIM
a5IeKTpou3ndeckuM cBoicTBaM. OJHUM U3 TEPCIEKTUBHBIX MAaTEpUaloB B 3TOM KOHTEKCTE
SBJISIETCSl TUTAHAT LUpKOHUsA-onoBa (ZST) [1, 2]. D10 coenuHeHue oOJaAaeT BHIIAIONIAMUCS
IUAJIEKTPUUYECKUMHU  XapaKTepUCTHUKAaMM, YTO JE€laeT €ro INpUBJIEKATeIbHBIM OOBEKTOM JUIS
HCCIIEA0BAHUM M IPUMEHEHHI B COBPEMEHHBIX JIEKTPOHHBIX YCTPOHCTBAX.

[TosyunTs NJIOTHBIM MaTepuall U3 CMECH OKCHJIOB THTAaHA, LIUPKOHMS M OJIOBA BECbMa
3aTpyJHUTENbHO. [ CHUKEHMSI IOPUCTOCTH U YBEIMYEHMS TUIOTHOCTU HCIOJIB3YIOT pa3inyHbIe
creKamomue J00aBKM, Takue Kak OKCHJ JlaHTaHa, LMHKa, Oapus u Oopa [3]. Ilpu BbIOOpe
CHEKaIoLMX J00aBOK JJIsl CHHTE3a BaKHO YYUTHIBATH HE TOJIBKO CTENEHb YIUIOTHEHMsI MaTepuaia,
HO U WX BJIMSHHUE Ha JTUDJIEKTpUYECKHe MOCTOsHHBIe. ClMIIKOM OOJblas KOHLEHTpAIHs TaKuX
N00aBOK OKAa3bIBACT 3HAUMTENILHOE BIMSHUE HA MHUKPOCTPYKTYPY KEpPaMHUKH, YTO ITOHMKAET
JIMAJIEKTPUYECKYI0 TOCTOSIHHYIO M TOBBIIIACT TAaHTEHC YIja IUdJIeKTpHueckux mnorteps [4]. B
JAHHOW CTaTb€ pPacCMOTPEHBbI KIIOYEBBIE AaCMHEKThl CTPYKTYpbl M CBOMCTB KEPAMHUUYECKUX
OUDJIEKTPUKOB Ha OCHOBE THUTaHATa IIMPKOHHUSA-0JIOBA C J100aBKaMH OKCHJAA JaHTaHAa W IUHKA.
IIpoananu3upoBaHO BIMSHNE KOMIIOHEHTOB HAa XapaKTEPUCTUKU MaTepHaa.

Cunre3 ZST npotekaet no cxeme 1:

0,8 ZrO, + 0,2 SN0, + TiO4 = Zro,gSnosziO4 (1)

VYenbHyl0 MOBEPXHOCTh MCXOJHBIX MOPOIIKOB JOBOAWIN /0 OJUHAKOBBIX 3HAUYECHUU
UHIVBUAYAJIBHBIM IIOMOJOM Ha IUIAHETApPHOM MEJIBHULIE B HM3OMNPONMIOBOM CIHPTE C
LIUPKOHUEBBIMU METIOMIMMU TenaMu. Jlamee cMech OKCHIOB CMEIIMBAIN B IIaPOBOM MENbHHIIE B
M30MPONUIOBOM criiupTe. [1opoIIoK BHICYIIMBAIKM B CYIIMIBHOM IIKady mpu Temmneparype 80 °C B
teueHue 12 gacoB. M3 cMecu okcumoB npeccoBanu aucku npu pasienun 100 Mlla ¢ qoGaBkoit 5
Mmac. % pacTBopa nmoJuBUHMIOBOTO ciupTa. Jucku ooxuranu npu 1350 °C ¢ Beigepxkoii 1 4.
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JlJis TOy4YeHHBIX 00pa3llioB HM3MEpPEHBl MHTErPalbHBIC CTPYKTYPHBIE M JIHUIICKTPUUYCCKUE
CBOMCTBA: JIMHEIHAsl yCaJKa, OTKpPbITAas] NOPUCTOCTb, TAHIEHC YIJIa JUDJIEKTPUUYECKUX IOTEPb,
JOOPOTHOCTh U JUAJICKTpUYECKas MPOHUIIAeMOCTh Ha YactoTe | MI'm. Pesynbrarel nccnenoBanuii
npeJicTaBieHbl B Tabuie 1.

Tabnuua 1. UHTErpanbHbie ¥ JUAICKTPUYECKHE XapaKTePUCTUKK MaTepraia Z1ygSNy 2 T10,

nggéfgf Elgzng)g HHHeﬁHf}/H OTKprITas o nggf}?cl){:fb, JobpoTHOCTH 5_390-3 &
1 Zn0, mac. % ycaaka, % | MopucTocTb, % Hon®
2 19,2 0,3 4,70 403 2,4 34
4 18,4 0,7 5,24 532 1,9 29
6 17,7 0,8 5,34 - - -

Vcxons U3 MOTydeHHBIX JaHHBIX MOYKHO CZENaTh BBIBOJ O TOM, YTO 00pa3ibl ¢ 100aBKOi 4 1
6 mac. % mnepexriauck. OO0 5TOM TOBOPHT IOBBINICHHWE IUIOTHOCTH M OTKPBITOW IOPUCTOCTH
00pa3loB Npu OJHOBPEMEHHOM IOHIKEHUH JTMHEWHOW ycaaku. MHKpPOCTPYKTypa MOIY4EHHOTO
Marepuaa 00JaaeT BHICOKOH e(peKTHOCTBIO U BRICOKOW 3aKPBITOH OPUCTOCTEHIO.

OO6pa3ubl ¢ no6aBkoil 6 Mac. % o0nanar0T OOJIBLIONW MOPUCTOCTHIO, NOAITOMY HU3MEPUTH
JMAJIEKTPUYECKUE CBOMCTBA HE MpEICTaBIsIeTCS BO3MOXHBIM. OOpasipl ¢ mobaBkoil 2 mac. %
[I0KAa3aJIi OTJIMYHBIE HHTETPAJIbHBIE CTPYKTYPHBIE U AU3JIEKTpUUuecKue cBoiicta. JloopotHocTh 403
u oTkpeitas mnopuctocts 0,3 % roBopsAT 00 YHNOPSIOYCHHOW KPUCTAJUIMYECKOH CTPYKTYpe
00pasIos.

[To pe3ynbraTraM MMMEPCHOHHOH MHKPOCKOIHMH B Marepuane OOHapyXEeHO HaJH4yHe JIBYX
¢da3: THTaHAT UUPKOHUSA-OJIOBA C pPa3MEPOM KPHUCTALIOB 5-7 MKM M KPHUCTAUIBI THUTAaHATa
uronpyatoil popmsel ¢ pazmepoM KpuctasioB 8-10 MkM. 3akpbITas HOPUCTOCTh cocTaBmiia 5-7 %.

Hanuuue Bropoit (a3sl NOHMKAET AUAJIEKTPUUECKUE CBOICTBA MaTepuana. [{is onpeneneHus
BO3MOKHOT'O COCTaBa CHUHTE3UPYEMOr0 COEIUHEHHsS ObUIM MPOM3BEAEHBI TEPMOJMHAMHYECKHE
pacuetsl cucteMbl MeToioM JloTee-KaprneThsiHia 1o ypaBHEHHUIO 2:

RnOm+TiO,=R\TiO, (2

Pe3ynbratel npeacrasieHsl B Tabnuie 2.

Ta6muia 2 TepMoanHaMUUECKHI pacyeT CUCTEMBI OKCHJIOB

Coenunenne Temneparypa, °C AG, k/Ix/monb
ZrTiOy 1200 -1116,87
SnTiO,4 1200 -596,84
ZnTiO3 1200 -384,76
La,TiOs 1200 -1894,86
ZrTiOy 1250 -1119,86
SnTiO,4 1250 -599,26
ZnTiO3 1250 -387,99
La,TiOs 1250 -1901,65
ZrTiOy 1300 -1122,85
SnTiO4 1300 -601,68
ZnTiO3 1300 -389,09
La,TiOs 1300 -1908,74
ZrTiOy 1350 -1124,42
SnTiO4 1350 -604,73
ZnTiOs 1350 -391,23
La,TiOs 1350 -1913,98
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Taxum 06pa3zom, B uHTepBasie Temreparyp 1200-1350 °C HaumeHbIHe 3HaYEHHsT CBOOOIHOM
sreprun ['n66ca y LaTiOs. IMeHHO OH 1 OyeT ¢ O0JbIICH BEPOATHOCTHIO 00Pa30BhIBATH BTOPYIO
(a3y — TUTaHAT JIaHTaHA.

bnaronmapss ucnonbp3oBaHHIO criekaommx 100aBok La,O3 m ZnO u 1OMONy HMCXOIHBIX
IIOPOIIKOB OKCHJAOB YJAJIOCh IOJIYYHUTh IUIOTHYIO KEpaMHKy € OTKphIToM nopucroctbio 0,3 %,
pa3MepoM KpUCTAJUIOB TUTaHATa IUPKOHHI-0JIOBA C Pa3MEPOM KPHCTALIOB 5-7 MKM M 3aKPBITOU
nopuctocthio 10 6 %. C yBelMYEHHEM COJepKaHUs OKCHUJIOB JIaHTaHA M IIMHKA, MaTepHall
criekaercsi 0ojee MHTEHCHBHO MPHU OJHOM M TOW e TEMIIEpaType, YTO MPUBOJIUT K IEPEIKOTY
obpasuoB. OHako, 00pa3oBaHue BTOPOH (a3bl, NPEANONIOKUTEIBHO, TATAHATA JIJAHTAHA, YXY/ALIaeT
IMDJICKTPUYECKAE CBOWCTBA M CIIOCOOCTBYET Pa3BUTHIO 3aKPBITOM TOpHCTOCTH. JlanbHeimme
WCCIICIOBAaHMS JTOJDKHBI OBITh HAmpaBJIeHbl HA TOJIY4Y€HHE MOHO(A3HOTO KEpaMUYECKOTro
MaTepuara.
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HNCCIEAOBAHUE CUHTE3A CTEKJIOKPUCTAVIMYECKUX MATEPUAJIOB HA
OCHOBE BA3AJIbT OCMOHCAMCKOI'O MECTOPOX/JIEHUS.

Apunosa M.X., Pysamartos J.U.
aripoval9s57@yandex.com, eldor bbk@mail.ru
TawikenmceKkutl XuMuKo-mexmoa02udecKutl uncmumym, Tawkenm, Pecny6ﬂui<a Vsbexucman

Marmaruyeckue moponbl 0a3zanbThl M JUada3bl MCIOJIB3YIOTCS B KadyecTBE HMCXOTHBIX
MPUPOJHBIX MaTEpUaJOB MPU CO3JAAHUU HOBBIX MaTepUAIOB U pa3paboTke 3(HPEKTUBHBIX
TEXHOJIOTUH UX MPOU3BOACTBA. Tak, 6a3aJibT UCHOIb3YETCsl B KAUeCTBE UCXOHOTO MaTepuaia mpu
MIPOM3BOJICTBE 0a3aJIbTOBBIX BOJIOKOH, KAMEHHBIX Opyauil (OpycuaTrku, TpyO, BOJOCTOKOB U T.1.),
HeTENpPOIYKTOB, BEIYTCS MCCIIEOBAHUS B 001acTH 0a3aIbTOBBIX TOKPBITHH [1-2].

CTeKJIOKpUCTAJUINYECKUE MaTepuabl HE MPOU3BOAATCA B Y30€KHCTaHEe U UMIOPTHUPYIOTCS
3a BAJIIOTHBIA CuUeT U3 3apyOekHbIX cTpaH. [lo3ToMy akTyanbHOW 3amadell sBiseTcs pa3paboTka
TEXHOJIOTUI TOJY4YeHHUS W HUCHOJb30BaHUS JTUX MaTepUaloB U3 MECTHOTO ChIphsi. B Hameit
pecry0OiaMKe UMeEIoTCss OOoJbIlne 3amachkl 0a3ajbTOB, a UX JEUIEBU3HA MOBBIIIAET SKOHOMUYECKYIO
3¢ (HEeKTUBHOCT UCTIOIB30BaHUS 0a3aJIbTOB B MPOU3BOACTBE CTEKJIOKPUCTATNINYECKOM ITUTKH.

B  nmanHOif paboTe mpeACTaBIEHBI HCCIENOBaHMS [0 TEXHOJOTHMHM  IOJyYeHHs
CTEKJIOKPUCTAILTMYECKOIO0 MaTepuaja Ha OCHOBE 0a3aibToB (OCMOHCAMCKOTO MECTOPOXKIEHUS.
N3zyuen xumuueckuil coctaB 1 MK-criekTpanbHblii aHamn3 00pa3loB 6a3ajbTa ¢ pa3HbIX Y4aCTKOB
MecTopoxkaeHuit OcMoHcail. Pe3ynabpTaTsl mpecTaBlieHbl Ha PUCYHKaxX M TaOJIMLax HUXKE.

Tabmumna 1.
Pe3ynbrarel XuMudeckoro anann3sa 6a3anbToB OCMOHCAHCKOTO MECTOPOXKACHUS

No Oxcuapl, macce. %:

) S|02 A|203 Fe, 04 CaO MgO Na,O K,O T|02 Cr,04 P,O5 Mn,0O3 SO, IL.IL.I1.
1 46,26 15 12,69 | 10,15 4,85 3,18 1,3 | 2,59 0,05 0,06 0,2 0,28 3,39
2 45,72 15,48 11,27 12,11 431 2,7 153 | 2,14 0,06 0,007 0,18 0,25 4,24
3 46,22 | 15,17 | 12,52 9,53 4,96 2,97 1,18 | 2,33 | 0,066 0,07 0,21 0,22 4,55
4 47,49 17,29 12,12 7,4 5,44 3,38 0,82 | 2,54 0,05 0,02 0,19 0,17 3,09
5 4543 | 18,61 | 10,87 9,24 5,8 3,67 0,7 | 2,28 | 0,057 0,05 0,18 0,13 2,98
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6 | 50,07 | 17,87 | 10,34 | 1002 | 3,95 | 2,75 | 1,49 | 1,35 | 00791 | 001 | 022 | 012 | 1,73
7 50,1 | 17,92 | 9,1 812 | 328 | 407 | 1,81 | 0,74 | 0,04 | 005 | 037 | 011 | 4,29
8 | 4853 | 18,04 | 103 | 905 | 2,85 | 43 | 145 | 1,73 | 004 | 004 | 014 | 012 | 341
9 | 459 | 145 | 987 | 114 | 482 | 504 | 028 | 229 | 00127 | 0,28 | 015 | 0,18 | 527
10 | 457 | 2083 | 83 892 | 495 | 339 | 042 | 0,79 | 0,047 | 0,06 | 017 | 0,19 | 6,23
cpen | 47,14 | 16,98 | 10,73 | 959 | 452 | 3,54 | 1,09 | 1,87 | 0,05 | 0,06 02 | 017 | 406
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Puc.1l. UK-cnekTpaibHblil anaau3 6a3ajibT OCMOHCAHCKOT0 MeCTOPOKIEHUSI.

B mpomyckanun nyueit MK-cmekTpa wuccrnenoBaHHoro obOpasma 0Oa3anbra HaOII0Janoch
BOJTHOBOE€ TOTJIOIIEHUE, XapaKTEPHOE [JIsi TUIUYHBIX cuiukatoB. Jmuubel BosiH 450,40 em? u
1005,92 cm™ COOTBeTCTBYIOT Tpymmne Si—O—-Si (IUCHIMKATHOTO THUIA) B CJIOUCTOM CTPYKTYype
OCHOBHOM BaJEHTHOM MOJOCHI moriomeHus. [nuaa Bomaaer 761,91 e’ BbI3BIBacT
BBICOKOYACTOTHOE aHTUCUMMETPUYHOE BAJICHTHOE BOJIHOBOE KOJIeOaHHE CBSA3YIOIIErO COCTUHEHUS
[AlO,], a wmHa BomHsl 603,75 cM™ B 1ed)opMAIHOHHOM KOIEGAHHN COOTBETCTBYET HEAKTHBHOI
rpynne [TiOg]. Jauuber BoaH 1438,96 em u 1634,74 cm™ IPEJCTaBISAIOT COOON BaJeHTHBIE
BOJIHOBBIE KoseOanus rpynmnbsl S—O. Jlnuna BomHbl 3427,65 emt cootBerctByer (OH) rpymme, a
nedopmanmoHHble KosleOaHus Ha JUIMHAX BOJIH 3546,28 emt 377871 em™ XapaKTepHBI 1S TPYIIII
XJIOPUTOBBIX MUHEPAJIOB, KOTOPBIE, B CBOIO OYEPE]Ib, IPEACTABISAIOT COO0H XMMHUECKH CBSI3aHHYIO
Boxy [3].

Pe3ynbraTthl aHanmm3a MoOKa3alu, YTO MPU HU3TOTOBIEHMM CTEKOJ Ha OCHOBE O0asanbTa
OCMOHCOI M3-3a BBICOKOI'O COJEpPKAaHUS OKCHIOB XKejle3a B IOPOJE 3TO MOMKET IPUBECTH K
CaMOTIPOM3BOJILHON KPUCTAJUTM3AIMK CTEKJIa W, yuuThiBas komudecTBO Fep Oz, TiO, , Crp0s3,
Mn,O3, MOXHO mONyYaTh CTEKJIa Pa3HOTO I[BETa U CYLIECTBYIOT CTEKIOKPHCTAIIMYECKUE
MaTepuaiabl 0e3 3apoabllieoOpazoBatTeneld. Jlns cHHTE3a CTeKia HCHOJB30BAJIUCh 0a3aiabT
OcmoHcalickoro MecrtopoxkaeHusi, CamapkaHICKuUi KBapueBblii necok m Kynruporckas conma. B
naboparopun 0a3ayibT, KBapLEBbIM IECOK M KaJbLMHUPOBAHHYIO COJdY, BBICYIIEHHBIE 10
MOCTOSIHHOM Macchl npu Temmneparype 110 °C, pactupanu B pappopoBoil cTynke ¥ B3BEIIMBAIU C
toyHocThiO 710 0,001 st mpuroToBnenus: MuXThl. [logroroBneHHbie 00pa3mpl 3aneKalyd B TETIISAX
u3 KkopyHaa o0bemoMm 300 M1 B 3JEKTPUYECKON Me4Yn C KPEeMHUEBBIM HarpeBaTelieM IpH
temneparype 1450°C B Teuenue 1 vaca. [IpurotoBneHHble OyTHUIKH OTIMBAJIN Ha MPEABAPUTEIHHO
Harpetsie 10 500°C nuctel Hepxkaperomei cranu B gopme 10x10x10 mm. Obpasibl pazmepom
5x5x50 mMm. Ilponecc kpucTauIU3alUK MOTYYEHHBIX CTEKOJ MPOBOAMIICS Npu Temieparype 800-
1050°C. Ilony4yeHHbIE pe3yabTaThl IOKa3aHbl HA PUC-2 HUXKE.
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Puc.2. CunTe3upoBaHHbIE CTEKJIOKPUCTAIMYECKHE MATEPHAJIbI

Jluteparypa
1. ApunoBa M.X., PysmaroB O.1. AKTyanbHOCTh HOJYYEHHUS CTEKJIOKPUCTAIUIMUECKUX
MaTEpHAJIOB Ha OCHOBE MECTHOTO ChIpbs «ba3anbT OCMOHCOMKOTo». «YMHUIIN KUMErapnap-
2018». Tamxkent 2018. C. 263-264.
2. HcmaroB A.A. TexHONOrus CWIMKATHBIX U TYrOIUIABKMX HEMETAJIMUECKUX MaTepHalloB.
Tomkent 2006. C. 559-569.

3. W.UN. Ilmocuuna UndpakpacHble crieKTpsl MUHepanoB. — Mocka: M3a. Mock. yH-Ta, 1977.
C-173.

MMPOLHECCHI JN®PY3NUU NOHOB HA 'PAHULIE CITAEB OIITUYECKHUX
BOJIOKOH

JleBuukuii, U.A., Asnenko M.B., Ko3ioBckas A.A.
YO «benopycckuti 2ocyoapcmeeH bl MexHoN02UYecKull yHugepcumemy 2. Murnck

levitskii@belstu.by

KecTkoe onTnyeckoe BOJOKHO BKJIKOYAET CBETOBEAYIIYIO KUY, CBETOOTPAXKAIOIIYID U
3aIUTHYIO (OKPAIICHHY0) 000JIOYKH.

Ha rpanune pasnena crekos NMpu UX CHaMBaHUM HE JIOJDKHO HaOmomathcs (pa3oBoro
paznenenus u o0pa3oBaHMsI HEOJHOPOJHOCTEHN B BUAE My3bIpel U IPYruX Je(PEKTOB.

OcHOBHOW 3ajmaueil mTpu pa3pabOTKe yKa3aHHBIX CTEKON SBJSIETCS oOecreueHue
BBICOKOTEMIIEPATYPHON BS3KOCTH, a Takke TpeOyeMbIX TeMIlepaTypHbIX KO3(pPUIIMEHTOB
munerHoro pacumpenus (TKJIP) npu 3HaunTenbHOM pa3HuIle B OKA3aTeIsIX MPEJTOMICHHS.

[lepersbkka, cnavBaHHe U OTXKUT OTJAEIBHBIX BOJOKOH M MX OJIOKOB IPU HM3TOTOBJICHUU
BOJIOKOHHO-ONTUYECKHUX JIEMEHTOB NMPUBOJUT K UIUTEILHOMY MPOIECCY UX TepMOOOpPabOTKH MpH
MOBBIIEHHBIX TEMIIEpaTypax. DTO BBI3BIBAET B3aUMHYIO AU(PPY3UI0 HOHOB HA TPAaHUIIE crias ABYX
CTEKOJI CHUCTEM «CBETOBEAYyIlas XHJa — CBETOOTpaXkarolas 000J0YKa» U «CBETOOTpaKarolias
000JI0YKa — 3amUTHas 000JI09Ka).

Hensro JaHHBIX  MCCIEAOBAHUH  SBIAJIOCH W3y4eHHE  MWIpalMd  HOHOB
cTeksioo0pa3oBaresneii, MoAu(GUKATOPOB U KpacUTeNel IJisi o0ecredeHus] CTaOUIbHOCTH COCTaBOB
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CTEKOJI ¥ TIOBHIIICHUS KAUYeCTBA ONTUYECKIX BOJIOKOHHBIX M3/CIUH.

HccnenoBanus npoBOIMINCH HA 00pa3liax CraeB Mapbl CTEKOJ YKa3aHHBIX BBIIIE CUCTEM B
BUJIe TIAaCTUH ToiamuHON 8 — 10 MM. CrianBaHue nMpou3BOAUIIOCH B UHTEpBalie Temmepatryp 760 —
850 °C B 3aBUCHMOCTH OT TeMIEpaTypbl pa3MIT4€HUsI CTEKOJI, YCTAHOBJICHHOW METOJI0M
g hepeHIaTbHO-CKAHUPYIOMIEH KaJlOPUMETPUH, BBIOJHIEMON C IOMOIIBI0 H3MEPUTEIHHOTO
omoka DSC 404 F3 Pegasus (I'epmanusi) nmpu ckopoctu HarpeBa 10 °C/u.  HM3orepmudeckas
BBIJICP)KKA B 00JIACTH MAaKCHMAJIBHBIX TEMIIEpaTyp criauBaHus cocrapisuia 15-20 muH. CniasHHbIC
00pasipl MOABEPTaIuCch OTXKUTY MpHU TemmepaType 650 £ 5 °C B MmyenbHOM IJEKTPUIECKON TIEUH.

XUMHYECKUI COCTaB Ha TPAaHUIIE CIIAeB MUCCIIEOBAIICA Ha CKAaHUPYIOIIEM MHUKPOCKOIIE THIIa
JEOL JSM — 5160 LV c cucremoii xumuueckoro ananuza EDX JED — 2001 JEOL, a mist nonos
O0opa — Ha pacTPOBOM DJJIGKTPOHHOM MHKpockone-mukpoanaimmzatope HITACHI TM 3000
(SAmonus).

HccrnenoBanust ¢ MOMOLIBI0 METAIIOrpaUuecKoro HMHBEPTUPOBAHHOTO MHKPOCKOIA
Mukpomen MET mo3Bonmim ycTaHOBUTH XapakTtep (OpMHpYIOUIMXCS craeB. B OonbmIMHCTBE
CTEKOJl Ha TpaHUIE Cras OTCYTCTBOBAJIM KaKHe-TMOO H3MEHEHHUs CTPYKTYypbl. B HEKOTOpBIX
o0pa3nax YCTaHOBJIEHO HAJIW4YHE HEOJHOPOJHOCTEH JIMKBAI[MOHHOTO pa3/eIeHUus Ha TpaHUIle
cnaeB, 4To HaOmOganoch [Uisi obeux cucrteM. JlaHHBIE COCTaBbl HCKIIOYAIMCh W3 aHAIHU3a
nporeccoB mupdysun.

Jns cBeroBemyiei xuibl ucmoib3oBayica coctaB WY-7, CUHTe3MpOBaHHBIA B CHCTEME
BaO—B,03-La;03-Y;,03-Si0,—ZrO,—Nb,03; u moaudunuposanusiii WO3z. TKJIP ero cocrassut
77,8 £ 0,5 - 107 K, mokasarens npenomienns — 1,8050 + 0,010. TemnepaTypHblli UHTEpBAI
U3MEHEHUS BI3KOCTU B JUara3oHe 101 — 10*° IMa - ¢ cocraBmsn 145 + 2 °C. Benuuuna
CBETONPOIYCKaHUsI MPH JutiHE BOJIHBI 450 £ 5 um — 84 + 2 % [1].

Jlnist cBeTOOTpakarolei 000J04YKH, CHHTe3upoBaHHO B cucteme Ko,O—B,03-Al,03-Si0; [1],
s3Hauenuss TKJIP cocraBnsmu 55,5 £ 0,3 - 107 K'l, nokazarens npenomnenus — 1,4785 + 0,0010.
TeMrepaTypHbIi HHTEpBAI H3MeHeHus Bsiskocth B auarasone 10'° — 10° [Ta cocrasm 340 + 2,5 °C.

Crexio mis 3ammTHONM obomouku moiydeHo B cucreme Na,0-K,0-B,03-Al,05-SIO; ¢
nobaskoi okcuoB — Moaudukaropo CaO, ZnO u BaO, a B kauectBe kpacureneid — okcunoB CryOs,
Co0O, Mn;03; u Fe;O3 (cBepx 100 % coctasmsronux) [2]. TKJIP manHOTO Ccrekna cocrasmn 75,8 £ 0,5 -
107 K™

Bce crekma obnmagany yCTOWYHBOCTHIO K JUIMTEIBHBIM TEMIIEPATYPHBIM BO3ICHCTBHIM B
untepsaie 600 — 1000 °C B Teuenue 24 4.

OmnpeneneHo, 4yTo B Ipoliecce ClauBaHMs HaONo/anach aKTHUBHAS B3auMHas AUPQy3ust
HMOHOB Ha TPaHUIIE pa3Jielia CUCTEMbI «CBETOBENYIIAs JKUJIa — CBETO3AIUTHAS 000JI04Kay JIsl HOHA
KpeMHus, kotopas coctasisiia ot 1,01 mo 3,43 % (3aech u ganee mo TeKCTy MPUBEIECHO MacCOBOE
conepskanue). Takke JOCTaTOYHO aKTUBHO OTMevanach AudQy3us s noHa 60pa, COCTaBISIFOIIAS
ot 0,07 1o 0,50 %.

W3 cBeToBenyIiei KHUIbI B CBETOOTPAXKAIOIIYIO 000J0uKy Habmromanack auddys3us noHa
nmantada B koymmuectse 0,01 — 0,06 %, menee 3uaunmo nona Huoous — 0,01 — 0,04 % u nona Turana
—0ot1 0,02 10 0,25 %.

Juddysus mona BombPpama cocraBisia 0,01 — 0,02 %. Mon kammsa Takke IOJABEP)KEH
i dy3uu U3 CBETOOTpakaroliei 000JI0UKH B CBETOBEAYIIYIO XKy B KomuuecTtse oT 0,43 10 1,14 %.

[Tponecc nuddy3un noHOB HAOTIOIATICS TAKKE U3 CTEKOJI CBETOOTPAXKAIOMIEH B 3AIUTHYIO
obonouky. Juddysus nonos kpemuus u amromuaus coctasisuia 0,01 — 0,03 %.

bonee 3amerna auddy3us HMOHOB W3 CTEKOJ CBETOOTpaXKAroled Oblla B 3alIUTHYIO
000J104Ky M 151 MoHa Oopa oHa cocraBimsia ot 0,06 go 2,12 %. Jduddys3us mona nHatpus u3
3aIUTHOW 000JIOUKH B CBETOOTpaxkaromryto — ot 2,01 1o 2,42 %, a nona xayms — 0,13 — 0,86 %.

Jnst kpacsimux HOHOB 3allTUTHONM OOOJOYKM TakKe XapakTepeH mnporecce nuddy3nm B
CBETOOTpakaromyto 06onouky. Mon xobanpra u mapranua aupynaupoBaiu B koiamyectse 0,01 —
0,02 %, non xpoma — 0,01 — 0,04, a non xene3a — 0,02 — 0,04 %.

HccnenoBaHusiMi YCTAaHOBIICHO, YTO TOBBIIIEHUE TEMIIEPATyphl CIIAUBaHUs CTEKON oT 610
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1o 700 °C ¢ BbLIEPKKOM IpU MakCHUMajbHOW TemmepaType B TedeHue 20 + 2 MUH NPUBOAUT K
aKTHBH3aLMH mporecca auddysun. HanGonee 3Haunma s1a BemumnHa 1u1st nona Sitt, Habiogaemas
U3 CBETOOTPaKAIOIIEH 000JI0OUKH B CBETOBEAYIIYIO KHUITY, cocTaBisitomias ot 0,52 1o 2,74 %.

HMonbl naHTaHa M TUTaHAa W3 CBETOBEIYIICH JKUJIBl B CBETOOTPAKAIOUIYIO OO0OJIOYKY
mudynaupoBasm B kommuectse 0,01 — 0,05 u 0,06 — 0,32 % coorBercTBeHHO. Juddy3us nona
0opa B 3aBUCUMOCTH OT €ro npeodnaganus B crekiax cocrasisiia ot 0,01 1o 0,32 %.

Habmroanach Takke MUTpalys MOHA KalHs U3 CBETOOTPaXKarouie 000JI0UYKU B 3aIUTHYIO
u cocrabisuia 0,23 — 1,22 %.

[Tpu 3TOM KOIMYECTBO OKCHJA JIaHTaHA BO3pacTajo He3HauuTeabHO M coctapisuio 0,01 —
0,05, a Ti* — or 0,06 10 0,28 %. Huddy3us MOHOB HUOOWS ¥ UTTPUS HAXOAWIOCH B WHTEpBAJe
0,01 - 0,03 %.

OmnpeneneHo, 4TO BpeMEHHBIE PEKUMBbI CIIAUBAHMS CTEKOJI OKAa3bIBAIM MEHEE CYIIECTBEHHOE
BIUSHUE HAa TMPOLECChl MUTpPAllMd HMOHOB B CpPaBHEHHWU C TeMIeparypHbiMH. Tak,
MIPOJIOJKUTEIIBHOCTh BBIIEPKKU craeB B Teduenwe 15, 20 m 30 MUH HE TPUBOAWIO K POCTY
npoueHTta nuddy3un Bcex MOHOB. M3oTepmuueckas BbIACpKKa CAaeB B TEUEHHE 72 U TaKKe HE
OKa3bIBaJIa 3aMETHOTO TOBBIIIEHHUS Kon4yecTBa AU yHINPYIOMINX HOHOB.

[IpoBeneHHbIE HCCIEAOBAaHUS TMO3BOIIIA MOATBEPAUTH, YTO MPOILECC MUTPALMU HOHOB
cTeksI0o00pa3oBareneid MOTU(PUKATOPOB M KPACSAIIUX OKCHAOB TPOHUCXOAMI B COOTBETCTBHH C
pa3MepoM HOHHOIO paJnyca: YMEHbIIEHHWE HOHHOTO pajauyca MPUBOAMIO K POCTY IMPOILECCOB
muddy3un Ha rpaHuIe cras crexon|3].

OT0 HEOOXOJUMO YUYHMTHIBATh MPH Pa3pabOTKe MX COCTABOB JJISi ONTHYECKUX BOJOKOHHBIX
531 (15078
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CHUHTE3 1 OCOBEHHOCTHU CIIEKAHUMSA MTIOPOLIKOB
B CUCTEME ZnO-SnO,, IOJYYEHHBIX 30JIb-T'EJIb METOAOM

Makapos H.A., AuucumoB B.B., AOaypaxumoBa A.Y.
nikmak-ivmt@mail.ru, anisimov_val@mail.ru, abazur87@mail.ru
Qunuan PXTY um. J[U. Menoeneesa 6 2. Tawikernme

Marepuansl Ha OCHOBE OpPTOCTAHHATa IIMHKA MpHUMEYaTelbHbI CBOEH MPO3PAYHOCTHIO B
BHJIUMOW OOJACTH CIEKTpa M OTHOCHUTEIHHO BBICOKOHM AJIEKTPONPOBOAHOCTHIO, Oyaromaps demy
OpPTOCTAaHHAT IIMHKA MOXKET MPUMEHSITHCS MIPH U3TOTOBICHUH BAPUCTOPOB [ 1], Ta304yCTBUTENHHBIX
IUIEHOK [2], a Takke B KauecTBEe TPAHCIIOPTHOTO CIIOS B COJHEYHBIX 3jeMenTax [3]. Tlpu stom
BaXHO, 4YTOOBI KepaMuKa Oblla IUIOTHasS M OecrmopucTasi, 4YTO MOXET OBITh JOCTHUTHYTO
CliCUMaJIbHBIMU ME€TOJaMH CHHTE3a OpPTOCTaHHATa IHHKA. HUcnonn3oBanue MO}II/I(bI/H_H/IpyIOH_[I/IX
N00aBOK Kak CpEJCTBA YIpPABIIEHUS CBOWCTBAMH MaTepuana XOpOIIO 3apeKOMEHIIOBAIO cels B
TEXHOJIOTUU K€PAMHUKH, OJHAKO IJId OPTOCTAHHATA MMHKA TaKHUE UCCIICAOBAHUA HEMHOT'OYUCIICHHBI.
B nacrosmel paboTe mpoBOAWTCS HCCIeIOBaHUE KepaMuKu B OuHapHoU cucteme ZnO — SnO; ¢
no0aBKaMU OKCHJIOB MapraHiia ¥ HUKess KoHuentpamusmu 1,0; 2,5; 5,0; 7,5 u 10,0 mo:n. %.

YcraHOBIIEHA 3aBHCUMOCTb TEMIIEPATypbl CHUHTE3a OpPTOCTAHHATAa IMHKA OT IIPUPOABI
ucxomHo comm. OHa TeM HUXe, ueM OoJiee CHIIBLHOUM KuciaoTol obpaszoBana conb (pKa (HCI) = —
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10; pKa; (H2SO,4) = -3; pKa; (H2SO,4) = 1,39; pKa (HNO3) = —-1,32; pKa (CH3COOH) = 4,75).
[TockoabKy MpU MCIOJB30BAaHUU XJIOPHIA IIMHKA OPTOCTAHHAT HE 0Opaszyercs, a cepHas KUCIIOTa
XOpOIIO JUCCOLMHUPYET TOJIBKO MO TEPBOM CTYNEHW, HUTPAT IMHKA SBISIETCS ONTUMAJIbHBIM
HCXOJIHBIM MaTepHajoM JJIsi CHHTE3a OpPTOCTAaHHATa IIMHKA, CPEIM MCCIICIOBaHHBIX. B kadecTBe
ocaiuTeNiel MpU MOJIMMEPHO-COJIEBOM THPOIIU3€E MO/ BO3IEHCTBHEM MUKPOBOJIHOBOTO U3JTYyYEHUS
MPEATNIOYTUTEIHHO UCIIOIB30BaTh 25 Mac. % pacTBOp KapOOHATa aMMOHHS.

[Ipr cuHTE3e CIOXKHBIX OKCHJIOB W3 MPOCTHIX paznuuue B kodddummenrax muddysun
karnono Zn’* u Sn* MPUBOAUT HE TOJIBKO K Addexkram Kupkenmamia m dpenkens, HO U K
OTKJIOHEHMIO OT CTEeXHOMETpuu (y-HecTtexuomerpuu). M3 cMecH MPOCTBIX  OKCHJIOB
CTEXHOMETPHUIECKOTO COCTaBa 00pa3yeTcsl TBEP/AbIA PacTBOP OKCHIA ITUHKA B CTEXUOMETPUICCKOM
coenuaeHn” 2Zn0-SnO; 1 ¢a3bl, COCTOAIICH U3 OKCHIA 0JIOBA UJIM 00OTAIIEHHON 1M.

[IpoBeneHHbIE pacdeThl MO3BOJIWIM MPEANOI0XKHUTh, YTO 3aMEIICHNE MOHAMU Maprasiia u
HUKEJIs MIOHOB 0JI0Ba M IIMHKA B KPUCTAJUIMYECKOW PEIIETKE OPTOCTAHHATA ITMHKA TECOPETUUYECKU
BO3MOJXKHO, coriiacHo peakiusm (Ypasuenue 1) u (YpaBHenue 2):

8002 & NS (X
MnO — MI'ISn + V0+ OO (1)
SnO .
NiO = Ni’ + V+ Of )

C 1enpl0 yCTaHOBJICHUS MPUHIUMHUAIBHON BO3MOKHOCTH CHHTE3a IJIOTHOM KEepaMUKU B
cucreme ZnO — SnO, ObUTM CHHTE3WPOBAHBI MOJICIHHBIC COCTaBBI HA OCHOBE IPOMBIIICHHO
MIPOM3BEICHHBIX OKCHUJIOB OJIOBa M ILIMHKA TBepAoda3zoBbIM MeToAoM. Jljis Bcex cocTaBOB Oblia
BbIOpaHa Temmeparypa cunre3a 950 °C, mockoibKy mpu 0ojiee HU3KHX TEMIIepaTrypax CHHTE3a B
cucreme Habmoganuch (a3bl MCXOAHBIX OKCHAOB. BBemenune 5 Mmon. % okcuaa Maprasia B
OpPTOCTOCTAHHAT LIMHKA, MOJYYEHHBIH METOJO0M TBEpPAO(A3HOIO CHHTE3a W3 IPOMBIIIICHHBIX
OKCHJIOB, TIO3BOJIAET TMONy4YaTh OJHO(A3HbIE TBEPAbIE PACTBOPHI NpPHU TEMIEpaTrype O0OKura
1400 °C, a kepamMuKy, TEpPCIEKTHBHYIO JIJIs HCIIOJIb30BAHHUS B COJHEYHON JHEPreTHKE — IPHU
temneparype obxura 1450 °C. [lna matepuasioB ¢ 100aBKOI OKcHIa HUKEJS HYJIEBON OTKPBITOM
MOPUCTOCTH JTIOOUTHCS HE Yynaaercsi, HEeCMOTpss Ha oOpa3oBaHHE TBEPJBIX pPAcTBOPOB IpHU
temneparype odxura 1450 °C u cogepxanuu 106aBku °B 5 moi. %.

JlanpHENIME HUCCIENOBaHMUs C LEIbI0 YCTAaHOBJIEHUS BO3MOYKHOCTH CHHTE3a IUIOTHOU
kepamuku B cucteme ZnO — SnO, mpoBoAWIM Ha MOJIEITBHBIX COCTaBaX Ha OCHOBE IOPOIIKOB,
IIOJIYYEHHBIX M3 BOJHBIX IOJIMMEPHO-COJIEBBIX CUCTEM C HMcnonb3oBaHueM CBY-uznyuenus. Panee
MIPOM3BE/ICHHBIE AKCIIEPUMEHTHI I10Ka3aJld, YTO ONTHMAJbHBIMU HCXOJHBIMHU BEIECTBAMHU JUIS
CHUHTE3a OPTOCTAHHATA [IMHKA METOJIOM IOJIMMEPHO-COJIEBOTO TUAPOJIN3A SABISAIOTCS XJIOpU 0JI0BA
(IV) u nutpar nmHka, temneparypa cunte3a 900 °C [4]. MakcuManbHOW TUIOTHOCTH KEPaMHKH
ynaercs 1o0uthes npu temneparype ooxura 1400 °C u conepkanuu Moauduuupyromei 100aBKu
B 5 mon. %. TBepasle pacTBopbl oOpa3yrorcs npu temnepatype obxkura 1300 °C u nobGaBku
KOJTUYECTBOM B 5 MOJ. %. AHajorudyHasi CUTyaIlusi HaONIOJAeTCs I MaTepuasoB, ¢ T0OaBKOU
NiO.

W3mepeHHbIe 3NIEKTPOPU3NYECKUE XAPAKTEPUCTUKH TO3BOJISIIOT CIIENaTh MPENIoIoKeHHe,
YTO TOJy4eHHasl IJIOTHAas KepaMHKa MOXKET NPUMEHSTHCS B PA3JIMYHBIX OOJIACTSX TEXHUKU H
TEXHOJIOTUSIX, TIOCKOJIBbKY JaHHBIE O CTPYKTYpE KEPaMHKH COOTBETCTBYIOT JIUTEPATYPHBIM JaHHBIM
0 TpeOOBaHUAX, NPEIbABISAEMBIX K TIOJOOHBIM MaTepuanaM. DIeKTpo(pu3NYecKue CBOWCTBA
MOJIYYEHHBIX OOpPAa3I[0B COMOCTaBUMBI C IapaMeTpaMu HCIOIb3YIOMIUXCS HAa JaHHBIH MOMEHT
coenunenwmii: €= 10, tgo = 5~10'3, pv = 10 Om-cMm.

VY CcTaHOBIIEHO, UTO KaXKYIIAsCsl SHEPIUsl aKTUBAIIMH CIIEKAaHHsI COCTaBIsIeT: ¢ 1o0aBkoit MnO
B Hu3KotemmeparypHoi oOmactu 350 kJlx/Monb, B BBICOKOTeMIeparypHoil obmactu 250
kJx/Monb. [lnst kepamuku ¢ po6aBkoit NiO: B Hu3koTtemmepaTypHoi odnactu 330 kJ[>x/Monb, B
BBICOKOTEMIIEpaTypHOil oomactu 270 k/[x/Monb. B 0b6macTn HU3KUX TeMIiepaTyp BO BCEX CIydasx
dbopmanbHbIi MOpsok peaknuu n < 1 (st no6asku MnO — 0,3; NiO — 0,6). B o0actu BeICOKHX
TeMIIepaTyp BO BCeX clydasx (HOpMaTbHBIA MOPSAIOK peakuuu n > 1 (mas mod6aBku MnO — 1,2;
NiO — 5,4). ®opmanbHO-KHHETHYECKOE OMMUCAHUE MPOIIECCa MO3BOJISIET BBIACIHUTH J1BA MEXaHH3Ma
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criekanus. B o01acTu HU3KUX TeMIlepaTyp MPOTEKaeT MPOoIece NePerpyNIUPOBKH YACTHI] TBEPAOTO
pacTBOpa OpTOCTaHHATa IIMHKA I10J JACHCTBUEM CHJI IOBEPXHOCTHOTO HATSKEHUS, SBJICHHM
Kupkenpnamia u  y-Hecrexuomerpuu. Temieparypa, NpH KOTOPOHM IIPOUCXOAMUT CMEHA
npeoOyiaaloniero MexaHu3Ma CIEeKaHUs, COOTBETCTBYeT TOMY MOMEHTY, Korjua oOpasyercs
OOBEMHBIA TBEPIBI PACTBOP HA OCHOBE OPTOCTAaHHATA ITMHKA 33 CYET MOAUDHUIIMPOBAHHS
HCXOJIHOTO TBEPJIOT0 PacTBOpPa OPTOCTAHHATA IIUHKA O- 3JIeMEHTaMu, YTO OJIU3KO K MOMEHTY, KOT/1a
YaCTUIBl HMCXOJIHOTO TBEPAOrO0 PACTBOpa MEPErpymnmupoBaIMCh TOJA  JACHUCTBHEM  CHII
MOBEPXHOCTHOTO HaTsDKeHUA. B nmanpHeilmeM mpoiecc OyaeT KOHTPOJIHUPOBATHCS BaKaHCHUSIMHU,
00pa30BaBIIMMHUCS 332 CUET PACTBOPEHMs OKcuja O-31eMeHTa B TBEPIOM PAaCTBOPE OPTOCTaHHATA
LMHKA, 0OpPU 3TOM DSJEMEHTapHblE IMPOLECCHl MOTYT HAaXOAUTbCA KaK IOJ KOHTPOJIEM
MOBEPXHOCTHOU JU(P(PY3uu MOHOB O-3JIEMEHTOB, TaK M TOJA KOHTpOJieM 00beMHO# nuddy3un.
[IperMyIIeCTBEHHBIM MEXaHU3MOM, OYEBHJHO, OydeT MEXaHU3M MOBEpXHOCTHOU uddy3uu.
OTHOCHUTENBHAS POJb MEXAaHW3MOB, B OCHOBHOM OIPEACISAIONIMX IEPEHOC Macchl B 00JIacTh
KOHTAaKTHOTO MepelleliKa, 3aBUCUT OT JMHEHHOI0 pa3Mepa 4acTHUIl U IPU HEM3MEHHOM pa3Mepe
YaCTHUIbI U3MEHSETCSI CO BpEMEHEM U C TeMIIepaTypoi.

TakuMm 00pa3oM, BBeeHHE 5 MOJI. % OKCHAAa MapraHiia UM OKCHAa HUKEJS B OPTOCTaHHAT
[IUHKA, TIOJyYSHHBIA METOJIOM IMOJIMMEPHO-COJICBOTO THIPOJIN3a, TIO3BOJISET MOTy9YaTh OAHO(DA3HBIE
TBEpAbIE pacTBOPHI Npu Temnepatype odxura 1300 °C, a mIOTHYIO KepaMUKY, IEPCIEKTUBHYIO IS
UCIIOJIb30BAaHUsl B COJHEUHOM 2Hepretuke — mpu Temmneparype obxkura 1400 °C. CneunanbHbie
XUMUYECKUE METObI MOATOTOBKH MOPOIIKOB MO3BOJISIIOT CHU3UTH TEMIIEPATypy CHHTE3a TBEPJIbIX
PacTBOPOB U CIIEKaHUsI KepaMUKHU Kak MuHUMyM Ha 100 °C.
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Bynyun omHuM u3 Hanbosee MIMPOKO HMCHOIb3YEeMbIX IEMEHTHBIX MaTepHajioB BO BCEM MHDE,
nopiananemMeHTHeid O6etoH (I1L) sBnslercs npuunHON TPUOMU3HTENBHO 5-8% TI00aTBHBIX
BbIOpOCOB yrekucioro raza [1]. HemaBHO ObTM MpEANpUHATHI aKTUBHBIC YCHIIUS MO0 U3YYEHMIO
MyTeld COKpalleHHs] BHIOPOCOB yIIEpo/ia B LIEMEHTHOM MPOMBIIUIEHHOCTH, BKJIIOYas BHEApPEHUE
re4yell HOBOrO IOKOJIEHMSI, KOJIOTHYECKN YUCTBIX BUAOB TOIUIMBA U aJbTEPHATUBHBIX 1IEMEHTHBIX
kinuHkepoB [2]. Llement CAILl sBnsercs anprepHartuBoi IIL], nmemeHTupylomemy BsXKyLIEMY, U
MHTCHCUBHO UCCIIeayeTcs Onaroaapsi HU3KoMy ypoBHIO BeIOpocoB CO; B mpoliecce Mpou3BOJACTBA U
OTJIMYHBIM CXBaThIBAIOIIMMCA W MexaHudeckuM cBoiicTBaM. CAK 0ObIYHO M3roTaBIMBaeTCs M3
OOKCHUTOB, THUIICA U W3BECTHsKa. bojee HM3Kas Temreparypa OOXHUra, MEHbIIash MOTPEOHOCTH B
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W3BECTHSIKE U XOPOIas M3MEIBY4aeMOCTh CIIOCOOCTBYIOT MHUHUMH3AIMU BBIOPOCOB YIJIEKHCIIOTO
rasa.

KonnuecTBo MOMOMHUTENBHBIX BSDKYIIMX MarepuanoB (SCMs), K KOTOPbIM OTHOCSITCS 30J1bI-
yHOCa, IIJJaKW, METAaKaoJIH U JIp., KOTOpoe MOXeT ObITh 100aBiaeHo B eMeHT CALL 6e3 cHmkeHus
MPOYHOCTH, KaK mpaBuio, Huxe, yeM B I111 [3-5]. DT1o cBsizaHo ¢ TeM, uTo pH mMOpoBBIX pacTBOPOB
nemeHnToB Tuna CAlLl o6sruHO HIKe, yeM y I1LI, a mopTiaHauT, KOTOPBIi B OCHOBHOM pEarupyer ¢
SCMs, orcyrcTBYeT B ruaparupoBaHHbIX HemeHTax tuna CALl. OTu dakropsl mpuBOIsAT K Oosee
HM3KOM creneHu peakiuu SCMs B ruapardupoBaHHbIX lemeHTax Tuma CALl, uyem B
ruapatupoBanHoM [III. Otmewaercsi, 4YTO NyLLOJAaHOBAs pPEAKUUS TMPOUCXOIUT  MEKITY
ruapokcuom kaibis (CH) u SCMs, B pe3ynbrare uero oopasyercs ruapocrimkar kanbius (C-S-
H), cmocoOcTByrOIIMiT 00JIee BHICOKOW CTEIICHU TMpaTallMK 1 MOCICIYIONICH MPOYHOCTH IIEMEHTA
CALL. A 5TTpuHTHT, 00Opa3yrOIIUICs B pe3y/IbTaTe B3auMOJICHCTBHS aKTUBHBIX KOMIIOHEHTOB Al,O3,
CH u CaSQy4, JOMOMHUTENBHO TMOBBIIMIAET MPOYHOCTh U KOMITAKTHOCTH IIEMEHTHBIX MaTepHUaJiOB.
Pesynprarel WccnenoBaHUs IOKa3ald, 4YTO HCIOJb30BaHHE IIJIaka HaumOosee MOAXOAMUT s
MOJIYYCHHUSI BBICOKOM TMO3MHEH MPOYHOCTU, B TO BpeMsl KaK MCIOJIb30BAHME W3BECTHSKA U 30J1a
YHOCa OKa3blBaeT HE3HAYMTEIbHOE BIMSHWE Ha MOBBIIIEHHE mpouHocTH. [Ipu BBeneHuu no 6%
m3BecTHska B 1eMeHT CAIl nHaOmomaercs yckopenue ruapararuu nementa CAILl, ymeHblnaeTcs
MOPUCTOCTh. DTO OOBACHsAETCA TeM, uTo u3BecTHSIK B HemeHTe CAILl obpasyer momykapOoHaT u
MOHOKAapOOHAT M CTaOMIM3UPYET ITTPUHTHT, YTO MPUBOJUT K YBEIMUYCHUIO MPOYHOCTH IPHU
cxatuu. OJTHAKO JTUTepaTypHble JaHHBIC HOCST 3a4acTyl0 IPOTUBOPEUUBBIN XapakTep.

B nannHoii pabore mpencTaBiieHbl PE3YIbTAThl HMCCIEIOBAHUS BIWSHHUS M3BECTHSIKA U
METaKaoJMHA Ha CBOMCTBa CyIb()OATIOMHHATHOTO IEMEHTa M pa3paboTKa KOMIO3HIIMOHHBIX
WHHOBAIIMOHHBIX BSHKYIIMX HA OCHOBE CYIb(HOAUTFOMHHATHOTO [IEMEHTA.

Ha mnepBom »sTame ObLT CHHTE3HpPOBaH CylIb(OATIOMUHATHBIA KJIMHKEp HAa OCHOBE
MIPOMBIIIIEHHBIX OTXOJI0B [6], KOTOPBIN Aanee ObLI M3METBYEH U CMEIIaH ¢ 100aBKaMU M3BECTHSKA
U MeTakaonuHa. M3BeCTHSK W MeTakaonuH Obuid Jo0aBieHbl B KoiuuecTBe oT 5 1o 20 % B
KauecTBE JIOTOJIHUTENBHOTO IIeMEeHTHOro Mmarepuana B nemeHte CAILl. DOxcnepumeHTanbHbIE
JaHHBIE TIOATBEPAUIN HEOOXOJUMOCTh YBETHYEHHUS BOJOMOTPEOHOCTH B KOMIIO3UIIMOHHBIX
COCTaBax C METAKAOJWHOM U CHUXEHHE BOJOMOTPEOHOCTH B COCTaBax C M3BeCTHsSKOM. [lo mepe
yBeNMUYEHUS JOOABKH M3BECTHSKA BOAOMOTPEOHOCTh CHIXKaeTcs ¢ 58 mo 45,5 %. Hanportus, npu
BBEJICHUH MEJIKOJMCIIEPCHOTO METAKAOJMWHA BOAOMOTPEOHOCTh pe3ko Bo3pacTaeT ¢ 58 mo 62,5 %.
UucTtelil cynb(oaTrOMUHATHBIM IIEMEHT OYeHb OBICTPO CXBAThIBACTCS - HA4YaJIO CXBATHIBAHUS
coctasisieT 1 muH, koHel — 3 MuH. [Ipu q00aBIeHNN U3BECTHSIKA M METAKAOJIMHA B KOJUYECTBE 5-
20 %, Hauamo cXBaTbIBaHMS HE3HAYUTEIBHO BO3pacTaeT A0 3 MMH U 5 MuH. KoHell cxBaThIBaHUS
CAIL] c u3BecTHsika Bo3pactaer 10 11 MuH, a ¢ METakaoJIMHOM - 710 13 MuH.

[Ipounocts 3arBepaeBiero nemeHTHoro kamMus CAIl ¢ noGaBkaMu M3BECTHSAKA U METaKaoJIMHA
MIPU U3rKMOe U CYKaTUU OIICHUBAIH B Bo3pacTte 1, 3, 7 u 28 cyTo. (pUCYHOK).
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Pucynok — [Ipo4yHOCTh IEMEHTHOTO KaMHS [P CYKATHH C U3BECTHAKOM (2) U MeTaKkaoIuHOM (0)
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[Tonmy4yeHHble pe3ylbTaThl MOKA3BIBAIOT, YTO IMOKA3aTe€Iu MPOYHOCTH XOPOIIO KOPPETUPYIOT C
HOpPMaJIbHOM TYCTOTOM LIEMEHTHOro Tecta. CaMyro XOpOIIYH MPOYHOCTh Ha 28 CYTKM IOKa3zal
oOpa3zer| ¢ comeprkanueM 5% M3BeCTHsKA, OHa cocTaisier 58 MIla. 3To cBS3€H TeM, YTO U3BECTHSK
B nemente CAIL] oOpasyer monykapOOHAT W MOHOKApOOHAT M CTAOWIM3UPYET STTPUHTUT, YTO
IIPOBOJIUT K YBEIMYEHHUIO MPOYHOCTH mpu cxaruu. Cocrasbl, cogepxamue 10 -20 % usBecTHsKa
nMero mpouHocTh 48 MIla, yto Beime mpounoctu CAILL 6e3 mo6aBok. CynbgoaltoMUHATHBINA
uemMeHT ¢ 5-10% wmerakaonuHa B 28 cyr umeer npodHocTh 48,5 MIla, uro Bbllle IPOYHOCTH
6e3106aBouHOr0 1ieMeHnTa. OJHAKO B paHHUE CPOKU TBEPACHUS BBEJCHHE METAaKAOJUHA MPUBOJUT
K CHHIKEHUIO MPOYHOCTHBIX MTOKa3aTesleil n3-3a yBEIMUYEHHS BOIO-TBEPIOrO OTHOIICHUS B CUCTEME.
[loaToMy mpH HCHOJIB30BAHMM METAKAOIMHA CJENyeT BCerna MPUMEHSTh IUIacTUDUPYIOLIHe
N00aBKH, KOTOpBIE OYyAyT CHIKATh BOJOMOTPEOHOCTHh BSIKYIIETO M TOBBIIIATH MPOYHOCTHHIE
MOoKa3aTely.

B 3akmrodenue, u3ydeHHE CBOMCTB Cy/Ib(OATIOMUHATHOTO I[EMEHTa C W3BECTHAKOM U
METaKaOJMHOM B KauecTBe J00aBku B kosmuecTBe (5%, 10%, 15%, 20%) mo3BoJseT caenarb BhIBOJ
0 BO3MOKHOCTH YIYUIICHHS XapaKTePUCTHK IIEMEHTHOro Mmarepuana. [lyrem aHamusa (U3HKO-
MEXaHUYECKUX CBOWCTB, U YCTOMYMBOCTH K BO3ACUCTBUIO BHEIIHUX (PAKTOPOB OblLja YCTAHOBIIEHA
3aBUCMMOCTh MEXKAY COJEp)KaHueM J00aBOK M pesyapraramMu ucnbiTaHui. [lomydennsie
pe3yibTaThl MOTYT MPUBOJUTH K OCHOBHOMY JJISl ONITHUMHU3AIIMUA COCTaBa LIEMEHTHOTO Marepuana
[ENbI0 YIYYIICHUS €ro TEXHUYECKUX XapaKTEePUCTUK W yBelIWdeHUs dS(HOEKTHBHOCTH €ro
MIPUMEHEHHUS.
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XAPAKTEPUCTHUK N'BE3BOKEPAMUK TPOMHON CUCTEMBI BiScO3; — PbTiO3 —
PbMg1/sNb2303
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MHUPIA - Poccuiickuti mexnonocuueckuti ynueepcumem, Mockea, Poccus

Y CTaHOBJIEHO, YTO MBE30KEPaMUKa Ha OCHOBE TBEPBIX pacTBOpoB cucteMbl BiSCO3; — PhTiO3(BS-
PT) sBnsercss mepcHneKTHUBHOM Ui 3aMEHbl HIMPOKO HCIOJIb3YeMOM Ibe30KEpaMHUKH CHUCTEMBI
uupkoHat-tutaHat cBuHUa (LITC). TloBblmieHHBIM HayYHBIH U TEXHUYECKHI MHTEPEC BBI3BIBACT
U3yYeHHe BIMSHUA J100aBOK pa3IMYHBIX aTOMOB U KOMIIOHEHT Ha CTPYKTYPY U CBOMCTBa TBEPIBIX
pactBopoB(1-X)BS-XPT. Takoli  NEpCHCKTHBHONW  J100aBOYHOW  KOMIIOHEHTOM  SIBJISTHCS
KaHOHHMYECKHI cerHeTodekTpuk-penakcop PbMgysNbysO3(PMN) [1, 2]. Tlpaktuuecku Bce
MCCIIEIOBAHMSI 3TOM CHCTEMBI MPOBOAMIMCH Ha 00pas3lax, COCTaBbl KOTOPBIX pacHpereseHbl Ha
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paspeszax (1-2x)BS-(2—y)xPT-yxPMNbc y = 1.2, 1.0, 0.9, 0.5. TloaToMy BBI3BIBAET HHTEPEC
u3ydyeHue o0pa3loB 3TOM TPOMHON CHCTEMBI, COCTaBbl KOTOPBIX JIEXKAT HA pa3zpe3ax IPYrux THUIIOB.
Llenpto naHHOM pabOTHI SABJISETCS MOJTYyYCHHE KepaMHUUYECKHX OOpas3lloB, COCTaBBI KOTOPBIX
JeKaT Ha paHee He u3ydeHHoM paspese (1-X)(0.8PMN-0.2BS)-x(0.8PT-0.2BS) ¢ x=0-1, a Taxxe
U3Y4YE€HUE CTPYKTYPHBIX U 2JIEKTPOPU3NUECKUX XapaKTEPUCTUK CUHTE3UPOBAHHBIX 00pa3IIoB.

OO0pa3ipl u3yyaemMoro B gaHHo# pabote paspesa (1-x)(0.8PMN-0.2BS)-x(0.8PT-0.2BS)
ObUTH TOJIy4YEHBI 110 OOBIYHOM KepaMUYeCKOM TeXHOJOruHu. B kauecTBe MCXOTHBIX PEaKTUBOB IMPU
CHHTE3¢ HCIOJb30Bad OKcuabl BiyOs, SCy03, Pb3O4, TiO,, MgO, Nb,Os ¢ comepikanuem
OCHOBHOro BemiecTBa He MeHee 99 %. Okcuubl, B3STbIE B MPOIMOPLHUAX, COOTBETCTBYIOIIUX
CTEXHMOMETPUYECKUM COCTaBaM, CMEIIMBAIM U TMEPETUPAIIU B araTOBOM CTYIIKE B CpPE/ie 3TUIOBOTO
CHHUpTa 10 OAHOPOIHOrO cocTosiHUs. [loydeHHble cMecH OOKWTalld B HETEPMETUYHO 3aKPBITHIX
anyHnoBeIX THIIsAX Tpu =860 °C B TeyeHuu t=4 yacoB. IlpoaykTel 0oOXHTa TEpETHpPATU C
nobasneHreM B HUX ~| mMacc. % BOJHOTrO pacTBOpa MOJMBHHUIOBOTO crupTa. M3 momydeHHOMH
(hOpMOBOUHOI Macchl METOJIOM OJHOOCHOTO TpeccoBaHusi moja pAaBieHueM 15 Mlla Obutu
MOJIYYEHBl MHJIMHAPUYCCKUE AUCKU auamerpoM 10 MM w TtommuHOW 1-2 mm. IlomydeHHBIC
3arotoBku criekanu mpu 1=1180-1200 C B Teuenun t=2 yacoB B 3aCBINKE U3 TOTO K€ MaTepuala
JUISL TIPEIOTBpAIICHHsST U3MEHEHHs COCTaBa BcieacTBue Jierydectd okcuaoB PbO u BiOz mpu
BBICOKMX Temreparypax. s sJIeKTpopHu3HuecKuX HMCCIeIOBaHUKA Ha MOBEPXHOCTH CIIEYEHHBIX
JIMCKOB HAHOCHJIM DIIEKTPO/IbI IIYTEM BKUraHus cepedpocoaepxaiei nactel mpu 500 °C.

Jlsis u3y4eHus: TOKOB TEPMOCTUMYIMPOBAHHOM JACTONSPU3ALNNN TTPOBOAMIIN TOJSPU3ALIUIO
o0pa3ioB HarpeBoM oOpasuoB 10 1=500 K ¢ mocienyromuM NpuioKeHUEM K HUM MOCTOSHHOTO
AIIEKTpHUECKOTO oSt HanpsbkeHHocThio E=1.5 kB/cm 1 T=400 K ¢ nmocnemyrommm npuaoxkeHneM
MIOCTOSIHHOTO JIEKTPUUECKOTO MO HanpshKeHHOCThI0 E=2.7 kB/cM 1 oxuiaxaeHneM moJ1 mojieM 10
T=90 K.

W3mepeHus: TEeHCTBUTENBHON YacTH (€1) KOMIUIEKCHON NUAIEKTPUYECKON MPOHUIIAEMOCTH
(e*=(g1—-1€2)) ¥ TaHreHca yriia AMAJICKTPUUYECKUX MOTEPh tgd CHHTE3MPOBAHHBIX OOPA3IIOB OBLIH
MIPOBEJIEHBI C UCIOJIb30BaHUEM u3Mepurens unmMmuTtanca E7-30 B o6nmactu temneparyp T=80-650 K
u quanazone yactot f = 25 I'i—1 MI't. 3Mepenus BBIOIHSIIN B PEXXHME HarpeBa co CKOPOCTHIO
2.5 K/MUH Ha UCXOMHBIX (HETOJNSIPU30BAHHBIX) U HA MOJIIPU30BAHHBIX 0Opasnax. M3yueHue TOKOB
tepmoctumynupoBannoil nenonspusanuu (TTCJ) monspu3oBaHHBIX 0OpPa3IOB BBIMOJHEHBI B
pexxume KopoTkoro 3ambikanuss B7-30 mpu HarpeBe oOpasuoB co ckopocthio 0.2-0.4 K/c B
muanazone 80—700 K.

YCTaHOBIEHO, YTO METOJOM TBEpAO(a3HBIX peaKIUil MOXKHO TONYYUTh KEpaMUYECKUE
o6pasmbl cuctemsl (1-X)(0.8PbMg13Nb2303+-0.2BiScO3) - x(0.8PbTiO3+-0.2BiScO3) ¢ x=0-1.

[To mudpakTorpaMmaM MOTyYeHHBIX 00pas3iioB (puc. 1) ycTaHOBIEHO, YTO MpeodIIamaroIieit
(hazoil B HUX SIBTISIFOTCS TBEP/IbIE PACTBOPBI CO CTPYKTYPOU THUITA IIEPOBCKUTA.
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Puc. 1. Tudpakrorpammer 06pa3ios cuctemsl (1-X)(0.8PbMgy/3Nb2303.0.2BiScO3). x(0.8PbTiO;
.0.2BiSc0s3).

[Tpu sToM, B TBEPIBIX pacTBopax ¢ X=0-0.375 obnapyxkusaercs 5-10 % npumecHoil ¢asbl co
cTpykryporr mmpoxyiopa. Jmst obpasnoB ¢ X=0-0.587 T1BEpmpIe pacTBOpHl UMEIOT KyOHYECKYIO
CHMMETpHIO, a 1151 00pasioB ¢ X=0.680—1 — TeTparoHaibHYI0, O Y€M CBUICTEIILCTBYET IMOSIBJICHUE HA UX
mrgpaKTorpaMMax XapakTepHOTO JUIsl TeTParoHaJbHOrO MCKaXkeHHs pacuierienus peduiekcos (100) —
(001), (110) — (101) u 1. m. ITo pe3ynbTaTaM HHAMIMPOBAHHS AU(BPAKTOrPaMM OBLIH OIpEIeICHBI
MapaMeTpsbl AIEMEHTAPHON KPUCTAIUTMYECKON PEMIETKY TBEP/BIX PacTBOPOB. B mpomexyTouHoi obmactu
coctaBoB ¢ 0.587<x<0.680 0Opa31bl COCTOAT M3 CMECH OJIM3KUX IO COCTaBY M CTPYKTYPE NEPOBCKUTHBIX
TBEPBIX PACTBOPOB € PA3HOM CUMMETPHUEN KPUCTAIMYECKON PEILETKH.

B o6nactu temmeparyp T=80-800 K u aumamazone uacror f=25T1 — 1 MI'm usydeHs
TEMIIEPaTyPHO-YaCTOTHBIC 3aBUCMOCTH TUAJICKTpruecKoit mponunaemoctu € (T,f) u Tanrenca yria
auanektpuueckux noteps tg O(T,f). Ycranomeno, uto cocrtaBel ¢ X=0-0.5625 mnpossiser
CETHETORJIEKTPUYECKHIE-PETAKCOPHBIE CBOMCTBa, a cocTtaB ¢ X = | cernerosnektpuyeckue. Ha
oOpa3nax coctaBoB ¢ X=0.625 u 0.6875 Habm0gaeTCS COCYIIECTBOBAHUE CETHETOANEKTPUUECKUX U
CETHETORJIEKTPUUYECKHX -PEITaKCOPHBIX CBOMCTB.

Ha cunresupoBanHbix oOpasuax B oOmactu temnepatyp 80—700 K wu3yueHsl TOKH
tepmocTumMyaupoBanHoit nenossipuzaiuu (TTCJl). Ha temneparypubix 3aBucumoctsax TTCI(T)
OoOHapyKeHbl MaKCHUMYyMbl, CBSI3aHHBIE C CETHETOSJEKTPUUECKUM (Da30BBIM MEPEXOIOM H
JETIoNIPU3aIMel IOSIPHOTO COCTOSIHHS, BO3HUKAIOIIETO B CETHETORIEKTPHKAX -PETaKCOpax MpU MUX
MOJIIPU3AIUH.

Horaii A.A. BbmmonHsn paboty B pamkax rpanta Ne AP14972981 muHuctepcTBa HaykKu U
BhIcIIero oopa3oBanus Pecyonuku Kazaxcras.
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Cucrema BaO - B;O; — SiO; sBusercs 0a30BOW A TONYyYEHUS CTEKON |
CTEKJIOKPHCTAIUTNICCKUX MaTepuaioB Pa3IUYHOTrO Ha3HAYCHUS: TSt CO3JIaHUS
ANIEKTPOU3OIISIIMOHHON TOKPHITHIH, B KayeCTBE TEPMOCTOMKHX M JKapPOCTOWKUX TOKPBITUH, MpH
MOJIYYEHHH TBEPJOOKCH/IHBIX TOIUTMBHBIX 3JieMeHTOB [1]. BocTpeboBaHHBIMU B PHOOPOCTPOCHUN
SIBJSIFOTCSL ONTUYECKUE CTEKJIa THIA THKEJIBIX KPOHOB, TOJydaeMble Ha OCHOBe cuctembl BaO —
B,O3 — SiO,. Tlokasatenb mpeaoMJICHHS TKEIBIX KPOHOB cocrtaBiser 1,55 — 1,66 mpwu
ko3 dunmente aucnepcun 50 — 64 [2].

Benymumn  mpomsBomuTensiMH  pa3pabOTaHBl  ONTHYECKHWE CTEKJIA C  Pa3iIWYHBIMU
COYCTAHUSMH ONTHYECKUX TIIOCTOSIHHBIX — IIOKa3aTeNs TMPEJIOMIICHHS, CPEAHEH W YacCTHBIX
AMCHepcHid. YBeNn4eHHe HOMEHKIATYphl ONTHYECKHX CTEKOJ HAET MO IyTH pa3pabOTKH HOBBIX
COCTaBOB C ONTHYECKUMH TOCTOSHHBIMH, KOTOPBIC PACIIMPSIOT M3BECTHBIC 00JIACTH COCTABOB HA
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nuarpamme A06e. Psin Mapok ONTHYECKUX CTEKOJ THIA KPOHOB COJEPIKUT OKCHJ CBUHIA. 3aMeHa
OKCH/JIa CBHUHIIA KaK TOKCHYHOT'O BEIIECTBA C COXPAaHCHHEM BBICOKOIIPEIIOMIISIFOIIMX CBOMCTB CTEKOJ
SBIIICTCS OJHUM W3 TMPUOPUTCTHBIX HANpPABICHUN HCCICIOBAaHUNH B O0OJACTH ONTHYECKOTO
creknoBapenus [2, 3].

[enpto paboThI sIBNIsETCS pa3pabOoTKa OECCBHHIIOBOTO ONTUYECKOTO CTEKJIA C MOBBIMICHHBIM
mokasarejeM mpesroMicHus Ha ocHoBe cucteMbl BaO — B,03 — SiO,. Ilpu pa3paboTke ONTHYECKHX
CTEKOJI B TIEPBYIO0 HEOOXOAMMO OOECICUUTh 3aJaHHBIC TIOKA3aTeNId ONTUYCCKUX CBOWCTB, KOTOPHIE
OTIPECIIAIOTCS XUMUYSCKUM COCTaBOM CTekia. OTHOPOIHOCTh ONTHYECKOI'O CTEKIIA, IMOTJIOIICHHE,
My3BIPHOCTh WU JIPYTHE HOPMHUPYEMBIC IMMapaMETPhl ONPEACISIOTCS TEXHOJOTHUEH MPOU3BOJCTBA!
BBIOOPOM OCHOBHBIX U BCIIOMOT'aTEIbHBIX CHIPHEBBIX MATEPHAIIOB, PEXKMMAaMH BapKH M OT)KUTA.

B pa6ote [1] ycranoieHsl rpaHuiipl crekioodpazoanus npu 1350 °C B cucreme BaO —
B,03 — SiO, pu comepskanuu kommoneHnTos, moit. %: BaO 30 — 70, B,O3; 10 — 50, SiO, 20 — 60.
[TokazaHo, 4TO B UCCIIEAYEMOM 00JaCTH COCTABOB MOJYYCHHE OJHOPOTIHOTO PACIiaBa OIPAaHUICHO
conepxkanueM BaO 50 mo1.%. Beenenue Al;O3 B kommmuectBe 5 u 10 mout. % pacmmpsier o61acThb
CTCKJI000pa30BaHUS ¥ MMOBBIMIAET YCTOWYUBOCTD CTEKOJ K KPHCTAUIA3AIIHH.

DKCepUMEHTAIBHBIE COCTaBbl CTEKOJI BKIItOUaroT, Moil. %: SiO, 40 — 60, B,O3 20 — 40, BaO
20 — 40. Ha ocHoBe 0a30BOil CHCTEMbI CHHTE3MPOBAaHBI CTEKJIA, B COCTaB KOTOPHIX B Ka4eCTBE
moudukaropoB BBoammch okcuapl CaO, ZnO, Al,O3 B komuuectBe 5 — 15 mon. %, B KauecTBe
ocseriutens — Sb,03. TIpu BeIOOpEe MOTUPHIIMPOBAHHBIX COCTABOB ONTHUECKHX CTEKOJ MPOBEICH
IIPEABAPUTEIILHBIA PAcYeT ONTHYECKUX IMOCTOSIHHBIX C HCIOJIb30BAHHEM METOJIOB, pa3pabOTaHHBIX
A.A. Atmmerom u JI.U. JlemkuHoit [4].

CuHTE3 CTEKOJI OCYIIECTBIISIICS B Ta30BOM TUTEIBHOM YU MIPU MAaKCUMAIILHOW TeMIIepaType
1350 — 1400 °C c¢ Belmepxkkoil 1 4 a1 craOuiM3aluM peXUMa ILIaBjiIeHHs. Boliee BBICOKYIO
TEMIIEpaTypy CHHTe3a UMeroT crekia cucrembl BaO — B,03; — SiO; ¢ comepxanuem SiO, 55-60
Moi1. %. Ciemxyer OTMETHTh, YTO BBEJICHHE OKCH/Ia KaJIBIIUS B KOJUYeCcTBe Oojee 5 Moi. % B cocTaB
CTEKJIa MOBBIIIAET arPECCUBHOCTH PACIUIaBa, YTO OOYCIOBINBAET KOPPO3UIO TUTIIECH.

[Ipn BBIpaOOTKE CTEKJA TOJYYEHBI 3ariylmIeHHBIC, OMAICCIUPYIONINE U TPO3pPAdHbIC
obpasiel. [losBenue apdexra riuymeHns XxapakTepHo A7 ONBITHBIX CTEKOM ¢ cofepkanueM BaO
20 — 25 mon. % u o0ycioBieHO (a30BBIM pa3jielieHUEM JIMKBAIMOHHOTO THITA, XapaKTEPHBIM JIJIs
OOpOCHIIMKATHBIX CTeKOJ. B crekmoobpasyromnmx cucremax RO — B,O3— SiO; u R,0 — B,03— SiO;
UMEIOTCS 00JIACTH METacTaOWMIIHOM JIMKBAIMU, pa3Mep KOTOPBIX YBEIMYMBACTCS C POCTOM CHIIBI
HOJIsE KATHOHOB-Mo g uKkaropos [5].

JIukBalMOHHAsT MpHUpOJA TIYHIEHHs] IMOATBEPIKIAETCS PEHTTeHOaMOP(PHOCTHIO 00pa3LoB.
OddexT omamecueHIMM XapaKTepeH is OOpa3loB ¢ OWHOJANBHBIM THUIIOM JUKBALUU, TMPHU
KOTOpPOM pa3Mep Kanelsb coctaBisieT MmeHee 0,1 MkM.

[To pe3ynbpTaraM OIEHKHM TEXHOJOTHUYECKHX CBOMCTB CTEKON BBIOpAHBI COCTaBbl 0a30BOMA
cucteMsl, BKIroyaromume, moi. %: SiO, 40 — 50, B,O3; 20 — 30, BaO 25 — 40. IToka3arens
MPEIOMIIEHUsI CTEKON JaHHOW objactu coctaBoB coctaBimsier 1,5880 — 1,6750. Msmepenue
TIOKa3aTelsl MPeIOMIIEH s POBOAMIOCH ¢ MCIoMb3oBanueM pedpakromerpa A. KRUSS Optronic
ARA4. Bxnan okcunia 60opa B BEIHUMHY MTOKA3aTeNsl IPETOMIICHUST BO3PACTAET M0 MEepe YBEITUUCHHUS
MoJsipHOTo cooTHomenus BaO/B,0s.

Beenenne B kauectBe MoaudukatopoB okcunoB CaO u ZnO o0ycnoBIHMBaeT MOBBIICHUE
nokazareins npenomienus Ha 0,01 — 0,04 enunaunesl. [Ipyn BBe1eHMN OKCHIA ATFOMUHUS MTOKA3aTEhb
MIPEIOMIICHUSI CHIKAETCSI, TIO9TOMY JAHHBI KOMIIOHEHT MOXKET MCIOJb30BaThCS B CTEKJIAX THUIIA
TSDKEJIBIX KPOHOB B BHJC HEOOJBIIMX J00ABOK JJISI PETYJMPOBAHHS (U3HKO-XUMUYECCKUX H
TEXHOJIOTHYECKHUX CBOMCTB.

MUKpPOTBEPJOCTh OIMBITHBIX CTEKOJ ONpPESISIach C HCIOIh30BAaHHEM MHKPOTBEpIOMETpa
401/402-MVD. J[lannbiii mokasarenb coctaBuwin 3950 — 5230 MIla, nmpu 3ToM ompeaesoliee
BIIUSTHUE OKA3bIBACT COJICPIKAHNE OKCHJIa KPEMHHUS.

Kpucrannuzaimonnas CrmocoOHOCTh CTEKOJ 3aKOHOMEPHO OMPEACIseTCs COAepKaHHEeM
monuduxatopos. Ilpu cogepxanun oxcuaos rpymmnsl RO 40 mon. % u OGornee TepMuyeckas
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obpabotka B anekrponeun SP30/13, B KOTOpO#l CO3MAIOTCS 30HBI CO CTAOMJIBHBIM T'PATUCHTOM
temneparyp B uHrepBane 700 — 1000 °C, 06ycloBIMBaeT IMOBEPXHOCTHYK KPUCTAILIM3ALIUIO.
Crexna c¢ Oojee HH3KHUM COAEpP)KaHHEM MOAM(PHUKATOPOB MMEIOT JOCTATOYHO BBICOKYIO
YCTOMYMBOCTh K KpPUCTAIIM3ALMU, MPU3HAKKM KOTOPON HE BBIABISIOTCS NpU TPagUeHTHON
TEpMOOOPabOTKE. DTO SABISAETCS BaXKHBIM TEXHOJOTHYECKUM (PaKTOPOM, ONPEACISIONIMM PEKUMBI
(dbopMOBaHUS ONTUYECKUX 3arOTOBOK.

[Ipy wucmonb30BaHWMM METOJA JAWIATOMETPHHM  ONpENeNeH pAI  XapaKTepUCTUYECKUX
TeMIepaTyp, KOTOpble O3BOJISIOT OLEHUTh BIUSHHE COCTaBa CTEKJIa HA €ro HU3KOTEMIIEPaTypPHYIO
BSI3KOCTb M OIPEACIUTh TEMIIEPATyPHbI MHTEPBAJ CTAJUU OTBETCTBEHHOTO OTXxHra. MccienoBanue
MIPOBOAMIIOCH C TIOMOIIIbIO KBapiieBoro auiaromerpa DIL 402 PC B unrepBane temnepatyp 20 — 750
°C mpu ckopoctu HarpeBa 10 °C/mmH. Ha OumaTOMETpUYECKUX KPHUBBIX CTEKOI ong)eﬂeneﬂm
CIIE/YIOLIME XapAKTEPHCTHYECKHE TeMIIEPATyphl: TeMIIepaTypa crekioBanms (Bskocts 10722 Ila-c);
HWDKHSS TEMIIEpaTypa OT>KUra (BSI3KOCTb 10%%° I[1a-c); BepxHss TeMIieparypa OTKUra (BsI3KOCTb 10*
I1a-c); QMIATOMETpHYCCKas TeMIIEpaTypa Hadana gedopMariii cTekia (Bsskocts mopska 10 ITa-c).
OmnbITHBIE CTEKIIA XapaKTEPU3YIOTCS TIOBBIIICHHBIMH TEMITEPATyPaMHU CTEKIIOBAHUS, COCTABIISIOIINMHI
659 — 680 °C. Temmeparypa Hayana aedopManuu crekon coctaBisieT 715 — 743 °C, HmKHSA
temneparypa orxura — ot 600 °C. YcraHOBIEHO, YTO OKCHJ OapHs OKa3bIBaeT 00Jiee BhIPAXKEHHOE
dmrocyromiee neiicTBrue, 4eM OKCHIl Oopa. YUWThIBasg TO, YTO BA3KOCTh PAacCIUiaBa, COCTABIISIOLIAS
menee 10 Ila-c, mocturaercs npu Temreparypax 1350 — 1400 °C, MOXHO 3aKITIOYHTh, YTO OTBITHBIC
CTEKJAa XapaKTepU3YIOTCsS OONBIIMM TPAAUEHTOM BS3KOCTH B TEMIEpaTypHBIX HHTEpBaIax
(hOopMOBaHUS U CTEKJIOBAHHUSL.

[To pe3ymbTaram HCCIEIOBAaHHUS ONTUYECKUX W TEXHOJOTMYECKHX CBOMCTB CTEKOJ CHCTEMBI
BaO — B,03 - SiO; ¢ mo6askamu Ca0, ZnO, Al,O3 pa3paboTaHno 6€CCBHHIIOBOE ONTHYECKOE CTEKIIO
TUNA TSDKENBIX KPOHOB CO CJEIYIOIMMH TIOKa3aTeIsIMA ONTHYECKHX CBOWMCTB: IOKAa3aTellb
npenomienuss  1,6620, cpennss  naucnepeust  0,01220, kosdounment aucnepcun  54,25.
TexHoNOrnueckrne XapakTepUCTUKN COCTaBIAIOT: TeMiieparypa Bapku 1400+10°C, TemneparypHblit
MHTEpBaJI OTBETCTBEHHOT0 oTxHra 610 — 692 °C.
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MOJYYEHUE TEPMO- H U3HOCOCTOUKNUX MATEPHAAJIOB HA OCHOBE
MECTHOI'O CbIPbA Y3BEKUCTAHA

B.P.Py3u6aeB., M.X.Apunosa, /I.3.Hypuaausos
ruzibaevbahrom@gmail.com
TawikeHmcKull XUMUKO-MEXHON0SULeCKUL UHCTUMYM

CrpeMuTenpHOE pa3BUTHE TEXHOJIOTUH B Halllel peciyOnnke o0yciaBiInBaeT HEOOXOUMOCTb
B IOMCKE HOBBIX MOJXOJOB K CO3/JaHUI0 (PYHKIIMOHAIBHBIX MAaTEepHaJIOB, 00JIaAI0OIUX 3a1aHHBIM
HAabOpOM CBOWCTB. DTO CTAHOBMTCS BO3MOXKHBIM 32 CYET HMCIIOJIb30BAHHUS HOBBIX TEXHOJOTMHA H
MECTHOTO ChIpbs IIPU MOJIYYEHUN TaKUX MAaTEPHAIIOB.

Curamipl - NEpPCHEKTUBHBIM HOBBIM KJIacC MAaTEpUasoB, IPUBJICKAIOUIMN BHUMaHHE
KOHCTPYKTOPOB, MH)KEHEPOB U HAYYHBIX paOOTHUKOB BO BceM Mupe. [1].

B mocnennue ronasl HaOIIOAAETCS YBEJIMYEHHE CIpOca Ha YHHBEpCAJIbHBIE MaTepHaIbl,
KOTOpbIE  CIIOCOOHBI  BBIJEPKMBATH  BBICOKOCKOPOCTHBIE ~MEXAaHMYECKHE BO3JEHCTBUS U
KOHKYPHPOBATh ¢ 00Jiee TOPOTUMH YK€ U3BECTHBIMU aHAJIOTAMH.
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B oTOlf CBSA3M aKTyaNbHBIM SBISETCA CO3JAHUE CTEKIOKPUCTAIMUECKOIO MaTepuaa,
JUIIEHHOTO  yKa3aHHOro  HexocTarka.  Takum ~ o0Opa3oMm,  MOJIY4YeHHS  CTEKON U
CTEKJIOKPUCTAIUTMYECKMX MAaTepHajioB ¢ 0ojee BBICOKOH MEXaHMYECKOW MPOYHOCTHIO SBISETCS
MEPCIEKTUBHBIM HAMpaBICHUEM B O0JIACTH MPUMEHEHHS CUTALTU3UPYIOLIMXCS MaTepuasoB, a
CO3JIaHME 110 CTEKOJIbHOM TEXHOJIOTUM HOBBIX MAaTE€pPHaJOB C BBICOKUMH MEXaHHYECKUMH
MOKAa3aTeJsIMU SIBJISIETCA JIO CUX MOP aKTyaJIbHBIM U 11€JIeCO00pa3HbIM.

Jlnst pemieHusl 3aqadd IMOJyYeHHs] CUTAJUIOB Hamu Obuto BbiOpano cuctema MgO—CaO-
Al;03-SiO; u Ha OCHOBE MPHPOJHOTO CHIPbS OCYIIECTBICH BBIOOp CHIPbS — HCTOYHHKA
COOTBETCTBYIOIIMX  OKCHJOB MO KPUTEPUIO  COJIEPXKAaHHS  MHHHMAIBHOTO  KOJIMYECTBA
CONYTCTBYIOIIMX Npumecedl. B pe3ynbrare OblIM BbIOpaHbl KAOJIMH AHTPEHCKUI TEPBUYHBIM
oboramennbiii Mapku AKC-30, goromut ['y3apckoro MeECTOpPOXXKICHHSI M JKWIBHBIM KBapIl
MecTopoXxaeHus 3aprapal2].

breino uccnenoano 36 coctaBoB. COOTHOIIIEHWE KOMIIOHEHTOB BapbupoBayin yepe3 10 macc.
%. Pe3ynbTaThl HccaeIOBaHUM TOKa3aliM, YTO Hanbojiee TYromiaBKHE COCTaBbl PACIOJIOKEHBI B
00JIaCTH C MHHHMAJIBHBIM COAEP)KaHUEM JOJIOMHTA, MPUMBIKAIOMIEH K BEpIIMHAM KaojluHA |
kBapua. Haubonee JerkoraBKkMe COCTaBbl  pPAcHoONIOKEHbI B LIEHTPAJIbHON  o0sacTu
pacIpoCTpaHIIOMICHCs] K CTOPOHE MPUMBIKAIOIIEH K BEPIIMHAM JIOJIOMUTA U KBapIIa.

Kak mokazanu uccineioBaHus, B CHUCTEME KBapll—KaOJIHMH—JOJOMHUT HUMEETCS JOBOJIBHO
oOlIMpHas 30Ha MPo3pauHbix crekoi. O6macTe crexnoobpasoBanus npu 1450°C orpaHuuMBaeTcs
(%, macc.): kBapi — 10-50, monmomur — 20-70, kaonun — 10-70. Okpacka HCCIIEyEMBIX CTEKOJI
M3MEHSETCS OT CBETJIO- 10 TEMHO- 3€JICHOTO [[BETA.

N3ydenue 3aBUCUMOCTU (PU3UKO-XUMUYECKUX CBOMCTB CTEKOJ OT MX XMMHUYECKOTO COCTaBa
umeer OorpIIoe IpuKkiIanHoe 3HaueHue. C ATOH IeNnbl0 HaMU MCCIEIO0BaHbl (PH3HUKO-XMMUYECKHE
CBOMCTBA CHHTE3WPOBAHHBIX CTEKOJ B CHCTEME KBapI[-KAOJIWH-JAOJIOMUT M MPOaHAIM3HUPOBAHA
3aBHCUMOCTh OT HX XUMHUYECKOTO COCTaBa.

TepMocTOHKOCTh ~ XapakTepu3yeT CBOMCTBO MaTepuanoB BBIACPKHUBATH OJHO- WIH
MHOTOKpaTHBIE MePEeTaabl TeMIepaTyp 0e3 pa3pymeHHs.

AHanmu3 3HAYEHUS] «COCTaB — TEPMOCTOMKOCTHY» (pHC. 1) KOHCTAaTUPYET, UTO C YBEIUYCHUEM
MIPOIIEHTHOTO COJIEPYKAHHS JIOJOMHUTA CHW)KAETCS, a C YBEIIMYCHHEM IPOLEHTHOTO COAEpKaHUs
KaoJIMHa BO3pacTaer.

Tak, 3HaueHWe KOXPPHUIMEHTa TEPMUYECKOTO PACHIMUPEHUS  y ONBITHBIX CTEKONI C
YBEIIMUYEHUEM COJIEP’KAaHUS OKCHJA AJIOMHHHMS U CHIDKEHHEM COJEp)KaHUS OKCHJAa KaJbLUS U
MarHusi yMEHbIIIaeTcs OT 65- 10”7 rpaﬂ'l 10 45:107 rpaz['l.

Kaoaun

-1 Kaonruu

Keapy 10 20 30 40 30 60 70 80 90 Jorawum Keapyy 10 2030 40 30 60 70 80 90 Jonosum

1- rpanuua ucciexyeMbIX CTEKOJ; 1-rpanuna ucciieJ0BaHHBIX CTEKOJI;
2- TEPMOCTOMKOCTD CTEKO.I. 2- teopernyeckuii TKJIP crekou;
Puc. 1. TepMOCTOIKOCTDH CTEKOJ B cCUCTEMeE 3-3kcnepumentaiabublii TKJIP cTexou.
KBapU-KA0JINH-T0JTOMMT. Puc. 2. Tepmuuecknii ko3gpdunueHt

JIMHEIHOT0 pacIIMPeHNsl CTEKOJI B CHCTEMe
KBapI-KA0JIUH-10JIOMHUT.
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N3onuaun ogunHakoBbix 3HaueHuil TKJIP crexon npuBeneHsl Ha puc.2.

Kpucrannuzanmonnas crnocoOHOCTh CHHTE3HMPOBAaHHBIX CTEKOJI B HCCIEAYEeMOM cHucTteme
u3ydajach METOJOM MaccoBOW KpucTauMzauuu. lIponecc kpucrauM3aluyd OCYLIECTBISUICS B
ANEKTPUYECKOM M€Y C CUIUTOBBIMHU HArpeBaTesiMu. OneHka  CTENEHH  KPUCTAJUIM3AIUH
IIPOU3BE/ICHA BU3YaAJIbHO.

M3 monydeHHBIX JaHHBIX MOXHO CKaszaTh, 4TO crekina coaepxkamme 30-60% kaonuHa,
KPUCTAIM3YIOTCS ¢ moBepxHocTH mpu Temneparype 900°C. Ilpu temmeparype 1000-1050°C y
3TUX OOpa3loB HaONIONAETCs TOBEPXHOCTHAS KpPUCTAUIM3allMig B BHUAE TOHKOW IUIGHKH C
pacmpocTpaHeHHEM B II1y0b 00pasia.

IIpu temmeparype 1100°C kpucramimsanus HaOIIOJaeTCas 10 BCEMY 0OBEMY,
kpuctayunueckas gaza cocrapisier 50%. Ilomnas xkpucramidszanusi COBEpIIacTCss B CTEKIIaX MpHU
temmneparype 1200°C.

B crexmax ¢ yBenmmuenueM cozepxkanus noiomurta (50-60%) Hauanmo KpHCTaUIA3AIHAA
ormeuaercs npu 800°C. ITpu temneparype 1000°C B crekiaax KpHCTaIM3ands HAOIIOAAETCS 110
BCeMy 00beMy. B ocraibHBIX CTEKNIax MojHas Kpucraumusaius jpocruraercs npu 1100°C. Dro
OOBSCHSIETCS HATUYMEM JIMKBALIMOHHBIX SBIIEHUHN Y 3THX CTEKOIL.

[Io COBOKYITHOCTH TMOJYYEHHBIX PE3YJIHTATOB MOXEM KOHCTAaTUPOBAaTh, YTO HA OCHOBE
HeACPUIIUTHOTO MPUPOIHOTO CHIPhS - KAOJWHA AHTPEHCKOTO MECTOPOXKICHHUS, KHIBHOTO KBapIa
MECTOPOXKICHHS «3aprapa», AoJIoMHUTa 1'y3apCcKoro MeCTOpOoXKIeHHs pa3paboTaHbl OecHIenoYHbIe
CTEKJIa.

HccnenoBanue ycioBUl KpUCTAJUIM3ALUU CTEKOJ IMO3BOJWIIO CHUHTE3UPOBATh HM3HOCO- U
XUMHUYECKUCTOMKUN  CTEKIOKPUCTAINIMYECKUM MaTepual MPEeUMYIIECTBEHHO JHOICHI0BOTO
coctaBa. OpHeHTHpYACh Ha CBOWCTBA MaTepuajia, €ro CocCTaB OIPe/EIeHbl BO3MOXKHbBIE
HaIpaBIIEHUs €r0 IPUMEHEHHS.
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B Hacrosmee BpeMss Ha MHPOBOE ITPOM3BOJACTBO MOPTJIAHALIEMEHTA MPUXOAUTCA OKoJo 7 %
OOIIMX MHPOBBIX AHTPONOreHHBIX BbIOpocoB COj. [l MOCTHXKEHHS LENEeBOTO COKpaIleHHs
BbIOpocoB CO; Ha 50 %,  I1IeMEHTHOH MPOMBINIJIEHHOCTH HEOOXOAUMO COKpPATUTh MpPSIMbIE
BbIOpocsl COzHa 24 % k 2050 roxy [1]. MupoBble HpOM3BOIUTENH LEMEHTa CUYHMTAIOT, YTO
HEe0oOXOIMMO TepeXOoauTh Ha HKOYCTOMUYMBBIE METOJbl MPOM3BOACTBAa. BcemupHas accouumanus
nementa u OetoHa (GCCA) oObsiBuna o 3amycke umHunuatuBbl «Climate Ambition 2050» wu
o003HauYMJIa OCHOBHBIE IYHKTHl IpPOrpaMMBbl peaju3aluyd HHULUATUBBL [2]. [ns ycmemrHoro
nepexofa K MPOU3BOJCTBY «YyIJIEPOJHO-HEUTpambHOrO» OETOHAa LEMEHTHOH NpPOMBIIIJICHHOCTH
HE00X0AUMO YCTpaHUTh npsiMble BbIOpockl COy; COKpaTUTh U YCTPAHUTh KOCBEHHBIE BBIOPOCHI
COy; BHEIPUTH HCHOJB30BAHWE HOBBIX TEXHOJOTHH JeKapOOHM3alMM Ha MPOU3BOJACTBE B
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MIPOMBIIIJICHHOM MaciuTabe; COKpaTuTh KakK colep’kKaHhe KIMHKepa B IIEMEHTE, TaK U COJepIKaHHue
LeMeHTa B OeToHe; nepepabaThiBaTh CTPOUTENIBHBIA JIOM [yl HMOBTOPHOTO HCIOJb30BAHUS B
Ka4yeCcTBE 3alIOJHUTENS IPH U3TOTOBJICHUH OETOHA; YIYUIIUTh CHOCOOHOCTh O€TOHA K TOTJIOMICHHIO
CO; Ha OPOTSHKEHUH KU3HEHHOTO LIMKJIA; MOBBICUTh 3HEProd3(h(HeKTUBHOCTh TOTOBOM MPOAYKLIMH,
YTO MO3BOJIUT COKPATUTH PACXOJIbI HA OTOIICHUE TIOCTPOCHHBIX U3 TAKOTO OETOHA 3/1aHUM.

OpHako, Ha CErOAHSIIHUM JIeHb HE CYILECTBYET allbTepPHATHBBI MOpTiaHALeMeHTy. Hanbonee
pEAIMCTUYHBIM BapUAHTOM CHMIKEHHUS BO3JCHCTBHUS Ha OKPY’KAIOLIYIO CPEy SIBJISETCS 4acTUYHAas
3aMeHa KJIMHKEpa JOMOJHUTEIBHBIMU BsDKymuMu wmatepuaiiamu  (SCM) [3]. Paspabotka
pecypco3(p(PeKTUBHBIX KOMITO3UIIMOHHBIX MAaTE€pPHaliOB JOJDKHA OCHOBBIBATHCS Ha HIMPOKOM
UCIOJIb30BAHUU BTOPHYHBIX PECYpPCOB (TEXHOTEHHBIX MaTEpUaloB) B KadyeCTBE ChIPHEBBIX
MatepuanoB. B Hactosdmee BpemMsa B kauectBe SCM HCHOIB3YIOT 30Jy-yHOC M JIOMEHHBIN
IpaHy/IMPOBAaHHBIN IIIJIAK, TOCTABKM KOTOPHIX BECbMa OTPAHUYEHBI [0 CPABHEHUIO C KOJINYECTBOM
BBIIIYCKAEMOI'0 IIEMEHTHOI'O0 KJIMHKEpa. [ToaToMy cymiecTByeT HEOOXOAMMOCTh IOHUCKA
aJIbTEPHATUBHBIX MAaTEpUAJIOB, KOTOPbIE MOTYT COKPAaTHTh MCIIOJb30BaHUE KIMHKEPA U CHU3UThH
coZiep)KaHue yriepoaa B IieMeHTe u OertoHe. M B Hacrosimiee Bpemsi Bce OOblliee BHUMaHHUE
yIeNseTcsl TEPMOAKTUBUPOBAHHBIM TJIMHAM, IOCKOJBKY MX 3aIllaChl OIPOMHBI, a OOXMHI SIBJISETCS
OTHOCHUTEJIBHO JICHIEBBIM, HU3KOYTJIEPOIUCTHIM U IIPOCTHIM IIPOLIECCOM.

TepMOaKTUBUPOBAHHBIE TIJIMHBI IMPOSBISIOT  OOJNBLIYIO MYILIOJAHOBYIO  PEAKLMOHHYIO
CTIOCOOHOCTh [4], TMOCKOJBKY IpH TepMHUYecKol 00paboTke 00pa3yroTcs aMop(HBIE OKCHIBI
KPEMHHUS U aJIFOMUHUS, KOTOPbIE pearupyroT ¢ MPOAyKTaMH I'MIpaTaliy [ieMeHTa ¢ 00pa3oBaHUEM
JOTIOJIHUTENBHOTO KonnuecTBa rufpocuminkaTtos (I'CK) u runpoamomunaros (I"AK) kanbuus.

BeinosnHeHHbIe HAaMHU UCCIIEA0BaHMs MOKa3ajd, YTO, NOMUMO KaOJUHUTOBOW TIJIMHBI MOKHO
UCIOJIb30BaTh [JIMHBI, COJEp)KallMe W JpYrue TIJIMHUCThIE MHMHEpalbl — MOHTMOPHUJUIOHMT,
KAOJIMHUT, TaixyasuT, wumt u ap. [S]. [Ipu Ttepmuyeckoit obpadorke mpu 650-850 °C nanHBIC
QIIIOMOCUJIMKATBl XapaKTepU3YIOTCS TaKKE BBICOKOM MYIIIOJAHOBOM aKTMBHOCTBIO (Tabsuia).
Hanee riounbel oOxuranu npu T = 650 °C, Tak Kak NpU JaHHOM TeMIleparype aKTHUBHOCTh
AITIOMOCWJIMKAaTOB MakcuMaibHas (Tabnuna) — 450 mr/r ansa kaonuuutoBoi riaunsl (K), 460 mr/r —
JUIE MOHTMOPIILITIOHUTOBOM (M), 440 Mr/t — ans uinnutosoi (M).

3aMeHa YacTH MOPTJIAHJLEMEHTHOTO KJIMHKEpa TEPMOAKTUBUPOBAHHBIMH TJIMHAMH B
konuyectBe 15-30 % mnpUBOAMT K TOBBILICHUIO HPOYHOCTHBIX IOKa3aTeled 3aTBep/IEeBILETrO
BSDKYILETO U MaTepUajIoB HAa €ro OCHOBE. DTO MO3BOJISET J00aBUTh K TEPMOAKTUBUPOBAHHOMN TJIMHE
JIONIOJTHUTEIBHO MHUHEpanbHble n00aBku. Haumbonee mnepcrnekTUBHOW MMHEpaIbHON 100aBKOM
CUMUTAETCS] MOJIOTHIM U3BECTHSIK.

Tabmuma 1 — Biustnue Temneparypsl 005kura TJIMH Ha MYIIOJIAHNYECKYI0 aKTUBHOCTD

Temneparypa, °C
q 650 | 700 | 750 800 | 850
auMEHOBaHUE
[Tymmonannyeckass akKTHBHOCTh, MI/T ITOTJIOIIEHHOTO
Ca(OH),
Kaonmunaurosas (K) rnmmaa 450 430 380 350 310
MountmopuiionuToBas (M) 460 420 390 360 320
TJIMHA
Wnnurosas (M) rnuna 440 410 370 340 305

YcTaHOBIIEHO, YTO MpH T00ABICHUU B KOMITO3HUIIMIO C TEPMOAKTUBUPOBAHHOM TTIHHOH 15-25 %
KapOOHATCOJIepKAIIUX MaTepUaIOB, TaKUX KaK OTCEB HW3BECTHSKA, JIOJIOMUTU3UPOBAHHBIN
W3BECTHSK, MEprellb — BO3MOXKHO IIOJNIYYUTh IIEMEHT, B KOTOPOM KJIIMHKEpHAsl COCTABIISIOIIAS
ymeHbutest 10 50 %. IIpu 3TOM NMpPOYHOCTH TAKOTO IIEMEHTa CYLIECTBEHHO YBEIMYUBAETCs, IO
CpaBHEHHIO ¢ 0€3/100aBOYHBIM cOCTaBOM. Ha prcyHKe mokazaHa MpOYHOCTH MOPTIaHIeMeHTa (Ha
M3ru0 M C)KaTUE) C Pa3IMYHBIMH JOOaBKaMH — KaK OTJEJIBHO C TEPMOAKTHBHUPOBAHHBIMU TJIMHAMU
(B kosmmuecTBe 25 %), Tak M B KOMIUIEKCE ¢ KapOoHaTcoepKamumMu 1o0aBkamu (nanee - Ca).
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MakcuManbHOM MPOYHOCTHIO HAa M3TH0 U CIKaTHE XapaKTepU3YeTCsl COCTaB, coaepxammuid 25 %
TEPMOAKTUBUPOBAHHOW MOHTMOPHUIUIOHUTOBOM TMuHBL U 25 % u3BecTHsika — 36,3 MIla Ha u3rud u
75,3 MIla npu cxxatuu, uto B 1,4 pa3a 6obliie o cpaBHEHUIO ¢ 6e31006aBourbIM coctaBoM (I111).

O U3rud d Cxxatue
E 75 A
= 65
l;: 55 A
)
® 45 +
: = A
g 15
= 25 K25+Ca25 M25+Ca25 U25+Ca25 I11T
CocTaBbl

Pucynok — I[Ipo4HOCTB MOpPTIIAaHAIIEMEHT C T00aBKaMu Ha 28 CyT TBEpICHHS.

Takum oOpa3om, pa3paOOTaHHBI KOMITO3MIIMOHHBIA IIEMEHT, cojnepkammii Bcero 50 %
MOPTIAHALIEMEHTHOTO KJIMHKEPa, MOYKHO CYMTATh HU3KOYIJIEPOJHBIM IIEMEHTOM, IOCKOJIBKY IPH
€ro MPOU3BOJICTBE YAACTCS COKOHOMUTH 0KOJI0 50 % TOIIINBA, U CYIIECTBEHHO CHU3UTH BBHIOPOCHI
COs..
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YMEHBIIEHUME BbBIBPOCOB CO;, ITIPU HCITOJb30BAHNUU TOBABOK
MOAN®UKATOPOB HEMEHTA

VYpoanos A.B. andreiusurb@gmail.com, IToranosa E.H., 55pen@mail.ru
DI'BOY BO «PXTY um. /.. Menoeneesan, Mockea, Poccus, 89255769053

OnHOM U3 OCHOBHBIX MPOOJIeM, ¢ KOTOPOW CTOJNIKHYJIOCH COBPEMEHHOE UEIOBEYECTBO, SBIISETCS
riobansHOe norersieHue. Haunnas ¢ 1850 r., yueHble ctainy oTMeuaTh, YTO CpEIHSs TeMIiepaTrypa
Bo3ayxa (B MepHoj 3a JecsATuwierue) craia Bbime. CyliecTBYeT HECKOJIbKO MPUYHMH: BBIOPOCHI
MMapHUKOBBIX Ta30B, TBEPABIX a3pPO30JIbHBIX YACTHIl U CAKHU, U3MEHEHUE COTHEYHOW aKTHUBHOCTH.
BribpaceiBaembie B aTMocepy MapHHUKOBBIE Ta3bl (B TMEPBYIO oOdYepedb IUOKCH YIIIepoja)
CIOCOOCTBYIOT MOTJIONIEHUIO OOJIBIIETO KOJUYECTBA HMHPPAKPACHBIX BOJIH, UCXOaauX oT CoJHIIa,
9TO MPUBOAUT K pazorpeBy atMocdepbl (MOBBIMICHUIO CpPEAHEH TemIepaTypbl OKpYKarouiei
cpenbl). B Hacrosiee Bpems, TNPaKTHYECKH KaXJA0€ KPYMHOTOHHAXXHOE IPOU3BOJICTBO
BEIOpaceiBaeT B arMmochepy TO WIM HHOE KOJIWYECTBO YIJIEKHUCIOrOo raza, U K COXAICHUIO,
MPOU3BOJACTBO IIEMEHTA HE sBisieTcs uckiatoueHuem. [lo cocrosnuto Ha koHen 2023 r. B Poccun

60


https://www.iea.org/reports/technology-roadmap-low-carbon-transition-in-the-cement-industry
https://doi.org/10.3390/ma17020312
mailto:andreiusurb@gmail.com
mailto:55pen@mail.ru

& https://doi.org/10.5281/zenodo.11216200

OBLTO Mpou3BeACHO 63 MIIH. T. IleMeHTa, uTo Ha 3,6% Oomnbiie, uem 2022 1 [1]. B cBsi3u ¢ Tem, uTo
COBPEMEHHOE CTPOUTEIHCTBO HE CTOMT HA MeECTe, C KaXKIblH TOJIOM YyBEIWYUBACTCS O0BEM
Pa3NUYHBIX COOPYXKECHUH, 3MaHUH M CTPOEHUI, TIIaBHBIM MaTE€PHaIOM KOTOPOTO SBIsETCS OETOH,
MIPOM3BOJICTBO I[EMEHTA YBEJIMYMUBAETCs MponopiuoHanbHo. [Ipu mpousBoacTee 1 T. KIMHKEpa, B
atMocepy BeiOpaceiBaeTcss mopsiaka 0,5 1. CO,. OgHuM W3 cnocoOOB CHIDKEHHUS BBIOPOCOB
MAPHUKOBBIX Ta30B, SBJSETCS CHUKEHHE KIMHKEPHOTO (pakTopa B LIEMEHTE: YMEHbIIEHHUE OOIIero
grclia KIMHKEepa 3a CUeT ero 3aMelICHUs pa3jMYHbBIMH MHUHEpPAIbHBIMU aoOaBkamu (MJ]):
M3BECTHSAKAMHU, IIJIAKaMH, 30JI0M-yHOCa, ynuojgano u ap. MJI. CTOUT OTMETUTh, YTO B MOCJIEIHHE
JICCATHIICTHS. MHOTMMU HHOCTPAaHHBIMH YYCHBIMH Begercs paspaborka LC® mementa, B ocHoBe
KOTOPOTO JISKUT 3aMelIeHUEe KIMHKEpa CHEIHalbHO MOATOTOBICHHON KaJbIIMHUPOBAHHOMN TITMHOMN
1 u3BecTHIKOM [2]. B Poccuiickoii Deneparnuu 1aHHBIC HCCISIOBAHUS MPoBOAATCs Ha 6a3e PXTY
um J[.1. Menpaeneesa [3]. 3amenieHue KiIMHKEpa pa3iaudHbIMU MJ[ neHCTBUTEIBRHO MPUBOJIUT K
YMEHBIICHHIO BBIOPOCOB KOJIMYECTBA YIJIEKHCIOrO ra3a Ha | T. eMeHTa, OJHAKO, TAaKOH IEMEHT
MOXKET NPUBOIUTh K CHUIKCHHIO MPOYHOCTU YK€ B TOTOBOM H3AENUU (32 CUET MOBBIIICHUS
BOJIOLIEMEHTHOI'0 OTHOLIEHHUsI B OeToHe). J[laHHYI0 po0aeMy MOKHO PEIIMTh ¢ TOMOIIbIO BBEJCHUS
B COCTaB CMeCH J00aBOK MOAM(PHUKATOPOB, KOTOPHIE HAIEICHBI Ha yIyUIICHHE XapaKTEPHUCTHUK, B
YaCTHOCTH, ITPOYHOCTHBIX XapakTepucTuk. [loaTromy, 1ienpio gaHHOM pabOThI SBISETCS H3yUEHUE
BIUSHUS  Pa3IMYHBIX XUMHYECKMX COCIMHEHUHl Ha CBOWMCTBA IIEMEHTa Pa3jIM4YHOTO
MUHEPAJIOTUYECKOTO COCTABA.

B pabore ucnonw3oBancs nemeHnt LIEM 0 42,5H. B kauecTBe HCClIeyeMbIX XUMHUYECKHX
COEIMHEHNH HCIIOIL30BAHEL: TPUITAHOJIAMUH TEXHUYECKUH (TEA 85%),
nudTaHonaMmuHuzonponanonamud  (JAEUITA  85%), tpumsonponanonamun (TUITA  85%),
tuonnonat HaTpusi (NaSCN), ceipoii rmuuepun (CI') u menacca (M). MccnenoBanusi mpoBOIMINACH
C MIOMOIIBIO CTATUCTHYECKOTr0 METO/Ia UCCIeI0BaHU — MeTo1a Taryuu.

Ha nepBom stamne paboTsl ObUIa TOCTPOEHA MAaTpHIla IUIAHUPOBAHUS SKCIIEPUMEHTA U3 6 (paKkToOpoB
(Tabmnwuma 1).
Tabnuna 1 — MaTtpuua rmiaHupoBaHus dKCIIEpUMeEHTa 1o Metoay Taryun

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

TEA 0 0 0 0,04 | 0,04 | 0,04 | 0,08 | 0,08 | 0,08 0 0 0 0,04 | 0,04 | 0,04 | 0,08 | 0,08 | 0,08

JOUIIA | 0 0 0,04 | 0,04 | 0,04 | 0,08 0 0,08 | 0,08 | 0,04 | 0,08 | 0,08 0 0 0,08 0 0,04 | 0,04

THUITA 0 | 0,04 0 0,04 | 0,08 | 0,04 | 0,08 0 0,08 | 0,08 | 0,04 | 0,08 0 0,08 0 0,04 0 0,04
NaSCN | 0 | 0,04 | 0,08 | 0,04 | 0,08 0 0,04 0 0,08 0 0,08 | 0,04 | 0,08 0 0,04 | 0,08 | 0,04 0
Ccr 0 | 008|008 | 004 0 0,08 0 0,04 | 0,08 | 0,08 0 0,04 | 0,08 | 0,04 0 0,04 | 0,08 0
M 0 | 008|004 | 004 0 0,08 0 0,04 | 0,08 | 0,08 0 0,04 | 0,08 | 0,04 0 0,04 | 0,08 0

B ob6mem cuere momyuunock 18 cocTaBoB (KOHTPONBHBIM + 17 OCHOBHBIX), KOTOpbIE ObLIN
3aopMoBaHbl (00pa3Ilel 1eMeHTa ¢ noaudpakiuoHHbiM neckoM 40x40x160 MM), U UCTIBITAHBI B
pa3nuYHbIE CPOKM TBepACHHS. Ha OCHOBaHMHM TOJIYYEHHBIX UCHBITAHUN C TOMOIIBIO
MaTEeMaTHYECKOTO aHaliM3a ObUTa TOJydeHa CJeAYIoNas 3aBUCHMOCTh BIIHSIHHS XHUMHUYECKHUX
COCIMHEHWI Ha MPOYHOCTh HCIIOJIIB3yeMOTo B paboTe IeMEHTa B Bo3pacTe 1 CYTOK TBEpICHHS

(pucyHok 1).
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Pucynok 1 — BiusiHue XuMH4YECKUX COEAMHEHNI HAa IPOYHOCTHBIE
XapaKTEpUCTHKU LIEMEHTa B Bo3pacrte | cyT.

Kak BUJIHO U3 MOTy4eHHBIX JaHHBIX, HAUOOJIBIIMKA BKJIAJ B YBEJIMUEHHE HaYaJIbHON MPOYHOCTH
B Bo3pacTe | cyT mokazanu THOLMOHAT HATPUs U Melacca. Bkiiaj chlporo riaviepruHa u pa3inyHbIX
QJIKaHOJAMMHOB M H30IPOIIAHOAMMHOB OKa3aJcsi MeHee 3HauuMbIM. CTOUT OTMETHUTbH, YTO
MaKCHUMaJIbHBIA MPUPOCT MPOYHOCTU IO CPABHEHUIO C KOHTPOJIbHBIM 00pa3iioM coctaBui 19 Mlla
(st cocraBa NeS). Ha pucynke 2 mpeIcTaBlieHbl 3aBUCUMOCTH, I1OKA3bIBAIOIIUE BIIUSHUE
JO3UPOBKU JOOABKH HAa U3MEHEHUE IPOYHOCTH LIEMEHTA.

NaSCN Molasses
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Pucynok 2 — Bnusinue Tonmonara HaTpus (a) U Menacchl (0) Ha IPOYHOCTh LIEMEHTa
B 3aBUCUMOCTH OT JJO3UPOBKH JOOaBOK

Takum 00pa3om, MpUMEHEHUE PA3TMYHBIX XUMUYECKUX COCTMHEHUH TO3BOJISIET YBEIHMYMBATH
MPOYHOCTHBIC XapaKTEPUCTUKHU IIeMeHTa. CTaTHCTHUECKHE METO/Ibl aHAIN3a TIO3BOJISIOT MOI0UPATh
ONTHMAJBHBIA COCTaB J00aBKH, B 3aBHCUMOCTH OT MHHEPAIOTHYECKOTO COCTaBa, a TaKkKe OT
0COOEHHOCTEH MCIOIB3yeMOTro [IeMEeHTa.
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2. Munck, Pecnyonuxa benapyce

Jluteitnble (GOpMbI HM3rOTAaBIMBAIOTCA W3 Pa3lWYHBIX MaTepuainoB. Kak mpaBuio, oHu
SBIISIIOTCSL PAa30BBIMU JUISI TIOJIYYEHHUS OJHOM OTIMBKH. BpiOOp (QopMOBOYHON cMecHm HMeEeT
pelaroniee 3Ha4eHUe AJI MOJMyYeHUS] TOYHBIX U BBICOKOKAYECTBEHHBIX OTIMBOK. DOPMOBOYHbBIE
CMECH CIy)KaT OCHOBOW IIpoliecca JHThs, OOECIedYnBas TEPMOCTOHKOCTb, OTHEYIOPHOCTH,
MpPOYHOCTh M Ap. cBoicTBa. CocTaBbl (OPMOBOUHBIX CcMeced pa3zHOOOpa3Hbl KakK IO BHUIY U
COJIEP’KAHUIO CBA3YIOIEIrO0 KOMIIOHEHTA, TaK W IO HAanoJIHUTENSIM. OTHEYIOpHbIE HAINOJIHUTENH,
Takhe KakK KBaplEBbIM MECOK, IIUPKOH, 30JI1a-YHOC, OTXO/IbI MMPOU3BOJICTBA KEPAMHUECKHUX U3JICIIHIA
o0ecreunBar0T HEOOXOIMMYIO0 TEPMOCTOMKOCTH (popMe, YTOOBI OHAa MOTJIAa BBIIEPKATh BBICOKHE
TEMIIEPATyphl, COMPOBOKAAIOIINE MPOIECC JIUThI MeTauioB. CBSA3YIOLIUE BELIECTBA, TaKUE Kak
THIIC, CMOJIa, TIIMHA CKPEIUIIOT (POPMOBOYHYIO CMECh U 00ECIIEUNBAIOT COXPAHHOCTH (popMbI. Jliis
MOJIy4EHHUsI BHICOKOKAYECTBEHHBIX OTJIMBOK HEOOXOIUM TIIATENbHBIM M0J00p, KaK HAMOJHHUTES,
Tak U cBsa3yromiero. Hambosjee OTBETCTBEHHBIM KOMIIOHEHTOM B 3TOM KOMIIO3UIMH SBIISETCS
CBSI3yIOIIIEE, KOTOPOE JOJDKHO OOECIIeYMBATh JOCTATOUYHYIO MEXaHWYECKYI0 MPOYHOCTH (opMe B
MOMEHT 3aJIUBKH JKUIKOTro Metauia. [locne 3acThiBaHMs OTJIIMBKU MPOU3BOAST BHIOMBKY (OpM, TO
ecTb 3Ta mecuyaHass (opMa JOJDKHA JIETKO paspylmuTbes. Kpome Toro, cocraBbl HEKOTOPBIX
(OpPMOBOUHBIX cCMecel BKIIIOYAIOT B ce0sl J0OaBKU-MOAU(PHUKATOPHI AJIsl PEryIUPOBaHUS CBONCTB B
3aBHCUMOCTH OT TpeOyeMbIX XapaKTEPUCTUK CaMOi ()OPMBI M BHITIABIIEMOTO HU3JIEIHSI.

@®opMOBOYHBIE CMECH JOJDKHBI 00NlajaTh TaKUMU CBOMCTBAMHU KaK IJIACTUYHOCTD,
IIPOYHOCTH, TEPMOCTOMKOCTh, YCTOMUMBOCTD K PA3pPYLIECHUAM U JIp. TEXHOIOIMYECKUH MPOLECC UX
UCMOJb30BaHUS BKIJIIOYAeT CIEAYIOIIME JTambl: IOATOTOBKY cMecH, (opMmoBaHHe (OPMBI,
OTBEPXKJIEHHWE U JINTbEe MeTasuia, pazdoop ¢opmbl U 00pabOTKy TOTOBBIX u3nenuii. opmMoBoUHbIE
CMECH Ha OCHOBE BBICOKOIPOYHOI'O THIICA XapaKTEPU3YIOTCS XOpOIlel TeKy4ecTbl0, CTOMKOCTBIO K
MEXaHUYECKUM BO3ICHCTBUSM, BBICOKOH CTEIEHBIO YIPYTOCTH, CIOCOOHOCTBIO IMPOTHBOCTOSATH
ne(GopMalMOHHBIM BO3/IEHCTBUSAM B MPOLIECCE OTIMBKH, a TaKXKe U3rOTaBIMBaTh MEJKHE JAETalU U
MTOBTOPSITH CIIOKHBIN penbed.

AKTyaJIbHOCTh JIaHHOT'O HCCIIEIOBaHMS 3aKJIoyasach B pa3paboTke cocTaBa (hOPMOBOYHOI
CMECHM Ha OCHOBE OTEUECTBEHHOT'O BBICOKOIIPOYHOI'O THIICOBOTO BSDKYIIETO, IMOJYYEHHOTO W3
CHUHTETHYECKOT0 THIICA MyTEeM €ro aBTOKJIABHOW 00paboTku. CHHTETHUYECKUH T'HIIC MOIydald U3
0TX0/1a Ipo0JIeHNs U3BECTHSAKA (Mesia) U 0TpabOTaHHOW CEpHOM KMCIIOTHI, OJBEPTaI CYIIKE MPU
temmeparype 80-85 °C mo BmaxknHoctu 5-6 mac.%, mpeccoBanu Opukersl Ha npecce MC-500 B
nunuHapudecko ¢opme (maBienue mnpeccoBanus — 15 MIla). Tlocrme TenmoBIa)KHOCTHON B
BEPTUKAJIHHOM CTAI[MOHAPHOM JIaOOpPaTOPHOM aBTOKJAaBe OOpa3lbl MOJBEPrajiuCh CYIIKE H
M3MENBYEHHIO B IIEKOBOM IpOOMIIKe, a 3aTeM B IJIaHETAPHOM MeNbHUIE (BpeMs MoMoJia — 3 MUH,
ckopocTh BpamieHus — 300 06/MuH).

[TpuroraBnuBamu GOPMOBOUYHYIO CMECH U3 MEIKOJIUCIEPCHOTO (POPMOBOYHOTO KBApLIEBOTO
MecKa, BBICOKONPOYHOro rumnca wmapku ['13, ModydeHHOro aBTOKJIABUPOBAHWEM U BOJIBI.
ConepxaHreM BBICOKONIPOYHOTO THUIICA BapbUpoBald B auamna3one 14-48 wmac.%, KBapIieBoro
necka 20—60 mac.%, Boabl 26-31 mac.%, BogoTBepaoe otHomenue — 0,35. Ilpenen npounoctu npu
cxatum o0pasnoB kKyonkoB 20x20x20 MM B Bo3pacTe 3 CYT BO3AYIIHOTO TBEPACHHS COCTABHII OT
2,1 o 8,5 MIla. C yBenuueHueM cojiepKaHusi B COCTaBe CMECH BHICOKOIPOUHOTO THIICA TPOYHOCTh
o0pa31oB yBennuuBanack. Tekydectb cmecelt (mo CyTrapay) Haxoawiack B guamasone 103—110 mm.
OcTtarounasi TpOYHOCTH (BBIOMBaeMOCTh) coctaBisuia 1,1-1,3 MIla. [IpuMeHeHue 0TedeCTBEHHOTO
BBICOKOIIPOYHOTO THIICA B COCTaBe (OPMOBOYHOM CMECH IO3BOJMT HM3rOTAaBIUBATh JUTECIHbBIE
(bopMBI 17151 OTJIMBKH IIBETHBIX METAJUIOB B3aMEH UMIIOPTHOTO THIICOBOTO BSXKYIIIETO.
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INPUMEHEHHWE CEPOCOAEPXKXAIIUX OTXOA0B B ITPOU3BOJCTBE BETOHA

Ilaayxo H.M. (natashalukho@mail.ru), Ky3smenko M.U. (kuzmenkov.bgtu@mail.ru),
Byaaii T.B. (best20.04@mail.ru), Kysemenkos JI.M. (dima-kuzmenkov@yandex.ru)

Yupeocoenue obpasosanus «benopycckuii 2ocyoapcmeennblii mexHoI02u4ecKuil yHueepcumemy,
2. Munck, Pecnyonuxa benapyce

Haunbouee cymecTBEeHHBIM OTINYHEM TEXHOJOTUH ITPOU3BOJICTBA CEPHOTO O€TOHA OT OEeTOHA
Ha MOPTIAHIIEMEHTHOM BSDKYILEM SIBIISIETCS OTCYTCTBUE BOJBI B Ipolecce u3rotosiienus. Kpome
TOTO, CEpHBIC OCTOHBI 00JIAIal0T CBOMCTBOM PEIUKIMPYEMOCTH, TaK KaK OCTATKH 3aTBEPACBIICH
CepoOCTOHHONW MacChl W HEKOHIUIIMOHHBIE JJIEMEHTHl MOXHO TIOBTOPHO HCIOJB30BaTh B
MTPOM3BOICTBEHHOM ITUKJIE TIOCIIC IPOOICHHS M TIOBTOPHOTO TIIABJICHHUS.

Cepuble OeTOHBI 00aJAIOT CIIOCOOHOCTBIO OBICTPO HAOHMpaTh MPOYHOCTH U OBICTPO
3aTBepAeBaTh. |BEplIEeHHWE TaKUX CMECe MPOUCXOOUT B peE3ylbTaTeé OCTHIBAHUS, YTO
COMPOBOXKAACTCS KPHUCTATU3AIMEH Ccepbl HAa TOBEPXHOCTH 3aMOJHUTENICEW W BIIOCICACTBUHU
MPUBOJUT K 00pa30BaHUIO0 MOHOJIUTHON CTPYKTYpbl. B cOCTaB CepHBIX CTPOUTENBHBIX MaTEPHAIOB
BXOJIAT: CBS3YIOIIEE, HAIOJHUTENb, 3ANOJHUTEIM W MOAUPUIMpYIOMHE J00aBKH. B kauecTBe
BSDKYILIETO BEUIECTBA B CEPHBIX MaTepuaiax UCHOIb3YIOT TEXHUUYECKYIO Cepy WM CepOCcOoIeprKalue
OTXObl PA3JIMYHBIX MPOU3BOJICTB, B KAUCCTBE HAIOJIHUTEICH W 3alOJHUTEIEH — MPUPOJHBIC H
HCKYCCTBEHHBIE MAaTE€pPUAJIbl C COOTBETCTBYIOIIEH KPYITHOCTBIO 3epeH. [is1 perynupoBaHusi CBOMCTB
CEpHBIX MaTepUaATOB Ha CTaJHH MPUTOTOBIEHUS, & TAKXKE JI1 MOJyYEHUS! BBICOKOKAYECTBEHHBIX
MaTEpHUajIOB CO CTAOWJIBHBIMH BO BPEMEHU CBOHCTBAMH B COCTaB CEPHBIX KOMITO3UIUI BBOIST
pa3auYHble MOAU(DUIUPYIOIIHE TOOABKH.

B Pecnybnuke benapych nponu3BOJACTBO CEpHOM KUCIOTHI BEAETCS HA TPEX MPEANPUATUAX —
OAO «I'omenbckuit xumudeckuii 3aBoa», OAO «I'pogro Azot» u OAO «Hadtan». JlanHbie
MPEANPUITHS CTOJKHYJIUCh C TPOOJIEMOM YTHUIM3AlUM OTXOJ0B, KOTOpbIE OO0Opa3yloTcs Mpu
TUTABJICHUU U (PUIIBTPAIMH PACIUIABICHHON cepbl. TaKUM OTXO/I0M SIBJISIETCS] CEPHBIN KeK (IIu1aMm).

[enpto pa®OTHI SABISAIOCH TOJYYEHHE CEPHOrO0 OETOHA HAa OCHOBE CEPHOTO BSIKYIIETO C
3aMEHON YacTH TMPUPOAHOW Cepbl Ha CEpHBIM [UIaM; OMpe[elieHne OCHOBHBIX (PU3UKO-
MEXaHWYECKUX CBOMCTB TMOJYYEHHOTO CEpHOTro OeToHa (TUIOTHOCTH, IMPOYHOCTH Ha CXKATHE,
XUMHYECKON YCTOMUYMBOCTH K arpecCUBHBIM CpelaM, BOJOTOTIONICHUS ).

CocraBbl OeToHa BKIIOUamu OT 25 mo 65 mac.% mpupoanoi cepel U ot 10 go 50 mac.%
cepHoro nuiama. CoaepxaHue rmecka Bo BCEX COCTaBax coCTaBiislio 25 mac.%.

Y 1000yKknaapIBa€MOCTh CMECEH OILIEHMBAIACh MO TEXHOJOTMYHOCTH 3aJIMBAEMOW CMECHU B
MeTanu4eckyto ¢opmy. JlaHHBIE CMECH TIABHIUCH JOCTATOYHO OBICTPO, OJTHAKO OBLIO 3aMEYEHO,
YTO C YBEJIMUEHUEM COJCPKaHUS IIJITaMa yI000yKIIaIbIBaeMOCTh CMECH 3HAYUTEIHHO CHIDKAIACh, a
npu cofepxanun mmama 40-50 mac.% 3anmuBka cmecn B (GOpPMBI CTaHOBWJIACH JIOCTATOYHO
3aTPyHUTEIBHON.

IIpounocTh npu cxxaThH 00pa3noB coctasuia 34,9—-36,5 MIla cpa3y nocne octeiBanus Gopm
u ux pacnanyoku. [Ipu cogepxanun nuiama ot 10 mo 35 mac.% npoyHocTh 00pa3oB OTINYAIACh
HE3HAYUTEJIbHO, YTO CBUIETEIHCTBOBAIO O BO3MOXKHOCTH 3aMEHATh 10 35 mac.% MpupoaHOI cephl
Ha 11aM 0e3 MoTepH 3HAYSHW TAaHHOTO ToKazarens. Vcnbitanust 00pasiioB Ha MPOYHOCTH B BO3PACTE
7 CyT MOKa3alii, YTO MPOYHOCTh HA CXKATHUE CEPHOro OeToHa HaxoauTcs B mpenenax 39,3-44,3 Mlla,
MI0THOCTE — 2,1-2,2 r/ens. Bomonornomnienue cepHoro 6eToHa onmpenesnsyiock B Bo3pacte 7, 14 u
30 cyT u ans BceX MCIBITAHHBIX 00pasioB He mpesbimano 1%. VcneitanHbie 00pasibl CEPHOTO
0eToHa c coaepkanrueM B HuX nutama oT 10 1o 35 mac.% mokasanu yAoBJIETBOPUTEIbHBIC 3HAYCHUS
M0 XUMUYECKON CTOMKOCTH TI0 CPABHEHHIO C KOHTPOJIBHBIM [[EMEHTHBIM OETOHOM, KOTOPBIN JTaHHOE
WCTIBITAaHUE HE BBIICPXKAI.

Takum 00pazom, IO COBOKYIMHOCTH IOJYYCHHBIX (U3MKO-MEXaHHUYECKUX CBOWMCTB JaHHBIE
COCTaBbI CEPHOr0 OETOHA YIOBJICTBOPSIOT TPEOOBAHUAM, MPEABSIBISIEMBIM K CICIHAIBHBIM
0eToHaM, SKCILTyaTHPYEMbIM B arPECCUBHBIX Cpeiax.
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PA3PABOTKA COCTABA CYXOM CMECH JJIsI HAJIJUBHBIX ITOJIOB
N3 UMIIOPTO3AMEILIAIOIIEI'O BBICOKOITPOYHOI'O I'NIICA
Ilanxyxo H.M. (natashalukho@mail.ru), Kysbmenkos M.H. (kuzmenkov.bgtu@mail.ru),
Jlykam E.B. (ellukush@belstu.by), Kpat T.B. (krottyk2002@mail.ru)

Yupeocoenue obpasosanus «benopycckuii 2ocyoapcmeennblii mexHoI02u4ecKuil yHueepcumemy,
2. Munck, Pecnyonuxa benapyce

Komno3uiuoHHble HATMBHBIE TI0JIbI HA OCHOBE BBICOKOIIPOYHOT'O TUIICA ABJISIOTCS OJHUM U3
CaMbIX TOMYJSAPHBIX M A(PPEKTUBHBIX CHOCOOOB CO3/MaHUS MPOYHBIX U JOJTOBEYHBIX IOJIOBBIX
HOKPBITUH. DTOT Marepuan obaasaeT psAAoM MPEUMYIIECTB, TAKUX KaK IPOCTOTA UCIOJIb30BAHNU,
IIUPOKUN CHEKTP NPUMEHEHHS W OTIMYHBIE SKCIIyaTallMOHHbBIE XapaKTEpUCTUKU. OCHOBHBIMU
CBOWCTBaMM HAJIMBHBIX IIOJIOB HA OCHOBE T'MIICOBBIX BSDKYILUX SIBJISIOTCS BBICOKAs IMPOYHOCTh, YTO
II03BOJISIET MCIOJb30BaTh MX AK€ B BBICOKOHArPYXEHHBIX 30HAX, TAKUX KaK IPOMBIIIICHHbIE
OOBEKTHl WJIM TOProBbl€ IIEHTPHI, YCTOMYMBOCTb K MEXaHMYECKOMY M3HOCY, JOJITOBEYHOCTh U
YCTOMYMBOCTh K BHEIIHMM BO3JEHUCTBUSAM, OHKOJIOIMYHOCTh. Kak mpaBuio, cocTtaBbl [yid
KOMIIO3UTHBIX HAJIUBHBIX I0JOB Ha OCHOBE T'MIICOBBIX BSIKYIIMX COCTOST M3 CTPOMTEIBHOTO WU
BBICOKOIIDOYHOTO THUIICA, BOJbI, HANOJHUTENS U J00aBOK, 0O€CleYMBAIONINX HY)KHbIE
HKCIUTyaTallMOHHBIE CBOMCTBA 10J1a. BBICOKOIIPOYHBIN TUIIC MCIIOJB3YETCS B KaU€CTBE OCHOBHOTO
CBSI3YIOILEI0 KOMITIOHEHTA, 00ECHEeYUBAIOIIEro IPOYHOCTh U CTAaOMIBHOCTh IOJIOBOTO MOKPBITHUS,
OTJIMYAETCS OT CTPOUTEIBHOrO 00Jiee KPYNHBIMU KpPUCTAZIaMU HE BOJIOKHUCTOIO CTPOEHHUS U
noromy o0yagaeT MeHblel BoponoTpeOHocThio. B Pecnybnuke benapyck B Hactosiiiee Bpemst
BBICOKOIIPOYHBIN T'MIIC HE IPOU3BOIUTCS, & HIOTPEOHOCTh B HEM ITOKPBIBAETCS 33 CUET UMIIOPTA.

Ilenplo umccnenoBaHMs SBIsUIaCh pa3paboTKa IMOPOLIKOOOPA3HOrOo COcTaBa Ha OCHOBE
BBICOKOIIPOYHOW MUHEPAJILHOM CBSI3KHU (TUIICA) JUIsI KOMITIO3ULIMOHHBIX HAJUBHBIX I1OJIOB.

Bricokonpounsiit rurnc (I'13-1'16) nonyyanu aBTokiiaBHOM 00paboTKoii (HaBnenue 3 atm, t =
132,88°C u Bpemst BBIICPKKH T = 5 4) CHHTETHYECKOTO rurica. CHHTETHUECKHUI TUTIC TIPECTABIISET
co00i MOpOLIKOOOPa3HBI MPOAYKT, MOJYUYEHHBIH MyTEM B3aUMOJEHCTBUS OTPabOTaHHOW CepHOit
KHUCIIOTBI C TNPUPOAHBIM KapOOHATHBIM CBIPHEM — OTCEBOM M3BECTHSKA. ['MIC CHUHTeTHYeCKUi
cogepxkan 95-97 mac.% puruapara cynbgata Kanplus ¢ pasmepoM yactul 200-500 MxM u
XapaKTEePU30BaJICs yAEIbHOU MoBepXxHOCThIO 2950-3050 eM/r. 3anapeHHbIe Ma0bI TTOMEIATU B
cymmibHbIN mkad mapku SNOL 58/350. Temneparypa cymiku cocrasisiia 90°C B Tedenue 2 u.
BeicymienHble 00pa3iibl MOABEPrajlich NpPEeABAPUTEILHOMY HM3MENbUCHHUIO B IIEKOBOM JPOOHIIKE,
3aTeM TOHKOMY IOMOJy B TutaHeTapHoi MensHUIe BM6 Pro. Pexum momona: Bpemst momona —
3 MuH, ckopocTh BpameHus — 300 o6/MuH. B kauecTBe HamOJIHMUTENS HCHOIb30BAIM IECOK
KBapLEBbIil MOJIOTBIN ¢ MojysieM KpynHocTu 1-1,5 (ouens menkuid, |l kinacca). Ilecok 3acemanu B
BOJly M HepeMeluBalId. B TNOIydeHHYI0 CYCHEeH3MIO J00aBISUIM BBICOKONPOUYHBIM TUIC |
nopTianaueMeHT. s obGecrieueHus MOJBUKHOCTH CMECH HCIOIb30BANIN IUIACTU(ULIUPYIOLIYIO
no6aBky — runepruiactuduxatop. CojaepkaHue BBHICOKOMPOYHOIO THIICA B COCTaBE KOMIIO3MIIUU
coctaBmsuio oT 60 mo 98 mac.%, moptnananementa 2—40 Mac.%, COOTHOIIEHHE TMMECKa U CyXOi
gacTH (runc + nemenr) 1,9 : 1. Yka3aHHble KOMIIOHEHTHI IEPEMELLINBAIINA B CyXOM BHJIE B TEUEHHUE
5 wmwuH, 3aTBOpsAaM Bomoul mpum Temmeparype 20 °C uw mepememmBaIM A0 00pa3oBaHUS
BBICOKOTIOIBMXKHOU Macchl (CkopocTh BparieHus memanku 400-500 o6/MuH).

C yBenuueHueM coliepKaHHMs THUICA B COCTaBE CMECH IIPOYHOCTh Ha CKaThe o0pasloB
noselaiace ¢ 2,6 1o 4,3 Mlla npu ucneitanusax yepes 2 4 nocie 3aTBopeHus Bojoil. [Ipounocts npu
ckaTtuy 00pasioB B Bo3pacte lcyT cocraBisia ot 3,4 go 11,5 MIla, pacruibiB cMecu 10 BUCKO3UMETPY
Cyrrapna 260-320 mM. Takum 00pa3oM, MONyYEHHBIE COCTaBBl CyXMX CMECEW Uil HAIMBHBIX IOJIOB
o0agam HeoOXOAMMOM paHHEH MMPOYHOCTHIO Ha BO3TyX€, BRICOKOM TOABIYKHOCTBIO CMECH.

[TepepaboTka CHHTETHYECKOTO IWTUApaTa cylbdara Kalblidsg HAa THUIICOBBIE BSDKYIIHE
MO3BOJIUT 00ECHEYNUTh UMIIOPTO3aMEIICHHE, a MOJYYEHHBbIH NPOAYKT — BBICOKONPOYHBIA TMIIC
IIOCITY’KUTh OCHOBOM JJIs MOJYYEHMSI CYXUX CTPOUTEIBHBIX CMECEN I HAJIMBHBIX MOJIOB.
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FREE PIEZOCERAMICS
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'Tashkent Instiute of Chemical Technology, Tashkent, Uzbekistan
2University o Ulsan, Ulsan, South Korea
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Abstract

(KosNags5)(Nb1«Zr)Os (KNN-100xZ) and (KosNags)NbOs-yBaZrO; (KNN-100yBZ) lead-
free piezoelectric ceramics were prepared by means of a conventional solid—state reaction method.
With the addition of BaZrOs3, the pseudocubic phase can be found around room temperature with x
> 0.06. Dielectric behaviors are investigated in ZrO, and BaZrOs; modified KNN ceramics to
understand the role of Zr** doping and Ba**Zr** co-doping in ferroelectric-to-relaxor crossover. The
diffusivity for phase transition y from Curie—Weiss law fittings show that BaZrO; modification
gradually transforms KNN from ferroelectric to relaxor, with fully relaxor state has been found at
KNN-15BZ.

Further investigation on the microstructure, crystal structures as well as electrical and
piezoelectric properties of the ceramics was carried out.

Introduction

Lead-based piezoceramics such as Pb(Zr0.52Ti0.48)O3 (PZT), Pb(Mg1/3Nb2/3)03-PbTiO3
(PMN-PT) have widely implemented in electronic and electric devices as actuators, sensors as well
as microelectronic devices due to their superior electrical properties [1, 2]. However, it seems that
the high toxicity of lead (Pb) in wastes of those devices causes serious problems to environment and
human body [3]. Therefore, replacements of lead—based piezoceramic materials with lead—free ones
are the important issue in piezoceramics fields. Several kinds of lead—free piezoceramics have been
extensively investigated, such as BaTiO3 [4-6], (Bi0.5Na0.5)TiO3 [7, 8], and (K0.5Na0.5)NbO3
[9-12]. The unique advantages of K0.5Na0.5NbO3 (KNN) such as high Curie temperature (TC =
4200C) and a high piezoelectricity represented it as a promising candidate for replacement [11-13].
KNN undergoes several phase transitions, more specifically, a rhombohedral to an orthorhombic at
—1200C, an orthorhombic to a tetragonal at 2000C, and a tetragonal to a cubic transition at 4200C
[14]. Therefore, the significant attention has been given to the investigation of KNN-based lead—
free ceramics. In fact, the above mentioned major properties of KNN-based lead—free ceramics can
be improved by modifying with other impurities of ABO3 [15].

Several promising achievements have been reported in KNN-based ceramics with constructing
new phase boundary, especially the morphotropic phase boundary (MPB) like the PZT [12, 15-17].
One of the MPB forming methods is stabilization of two phases consisting of a tetragonal (T) phase
and a rhombohedral (R) phase. There are many candidates to stabilize T phase at room temperature
in KNN-based system [18-20], but relatively few materials that show the rhombohedral symmetry
at room temperature so far. Wang et al. (2009) first clarified the orthorhombic—rhombohedral phase
transition temperature (—1200C for KNN) be tuned to above room temperature in solid solution (1-
X)Na0.5K0.5NbO3-xBaZrO3 for 0.08 < x < 0.15 [17]. Then, the orthorhombic-rhombohedral
phase transition for KNN ceramics is almost independent of A—site ions that was reported by Wang
et al. [21]. After that, there were some other studies also using BaZrO3 incorporated into KNN-
based materials in order to form the rhombohedral-tetragonal phase boundary [16, 22-24].
However, there are very few studies mention about doping of ZrO2 in piezoceramics [25, 26], and
none of them investigated for amount of ZrO2 content higher than 1 mol %, may caused from the
pure solubility of zirconia in KNN materials. Therefore, to clarify the roles of Zr4+ doping and
Ba2+Zr4+ co-doping in the phase transition, this study investigates the phase transitions on BaZrO3
and ZrO2 modification in KNN.

Results and discussion

The polished and thermally etched surface images of KNN-100xZ and KNN-100yBZ ceramics
are displayed in Fig. 1. The densities of sintered samples were recorded around 4.2-4.7 g/cm?®,
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corresponding to the relative density higher than 94 %. All samples show dense microstructures
with very small amount of holes and abnormal grain distribution with large grains surrounded by
small ones. Average grain size of Zr—doped KNN ceramics increased dramatically from xx [Im to
xx [Jm when x = 0.01, then decreased rapidly with further increasing Zr amount x = 0.05, as shown
in Fig. 1(alJc). Meanwhile, with increasing BZ content, average grain size firstly increased and
reached the largest grains (xx [Jm) when y = 0.03, then it is monotonically decreased. Accordingly,
it seems that the low concentrations of ZrO2 and BaZrO3 are responsible for the grain growth,
while high concentrations of ZrO2 and BaZrO3 may restrain, because excessive BaZrO3 and ZrO2
was believed enterlng |nto the graln boundary thus limits the gram grovvth

Figure 1: The polished and thermally etched surface images of KNN-based ceramics, (a) pure KNN (b) KNN-1Z,
(c) KNN-5Z ceramics, and KNN-100yBZ ceramics as (d) y = 0.03, (¢) y = 0.06, (f) y = 0.08, (g) y = 0.10, respectively.

Figure 2 displays XRD patterns at room temperature for pure KNN, Zr and BaZrO3-modified
KNN ceramics. A single perovskite structure without significant secondary phases was obtained in
all of the samples, indicating the formation of a stable solid solution among the KNN, ZrO2 or
BaZrO3. To clarify changes of crystal structure changes for all compositions, 26 ranges of 44 ~
46.50 peaks are shown in Fig. 2(d). In the case of pure KNN and single Zr**—doped KNN-100xZ
ceramics, two distinct peaks as (202) and (020) were clearly observed near 450 of 20 regardless of
Zr4+ concentration that corresponds to orthorhombic structures. This implies that a crystallographic
phase transition was not induced by single Zr4+ doping in KNN ceramics. Besides, KNN-3BZ
ceramics as low BZ concentration was clarified as an orthorhombic structure with a couple of
peaks. On the other hand, the split (020) peak for KNN-6BZ ceramics was started to approach into
(202) peak, which was merged into a single (200) peak corresponding to pseudocubic structure at
KNN-8BZ ceramics, eventually. It is indicating that a phase transition was induced by Ba®** and
Zr*" co—doping in KNN ceramics. It can be explained that the different size of ionic radii between
impurities (Ba2+ and Zr4+) and A—/B—site of KNN lattice are responsible for this crystallographic
phase transition based on the peak shifting. In fact, ionic radii for Ba2+ (1.35 A) and Zr4+ (0.72 A)
are larger than average ionic radii for A—site (1.2 A) ions (precisely, 1.38 A for K+ and 1.02 A for
Na+) and Nb5+ (0.64 A) as B-site ion, respectively. Therefore, it can assume that (020) peak was
preferentially shifted to (202) peak, then the merged (200) peak was subsequently extended by
modifying BZ further.

Conclusion

- The phase transition in crystal structure is identified as the effects of Ba®*Zr**co—doping
rather than Zr** doping.

- Ferroelectric—relaxor crossover behavior is clearly observed in KNN—-100yBZ system.

- A model of domain structures had been proposed to explain the dielectric and ferroelectric
behaviors, satisfying the transition from ferroelectric to relaxor.
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Figure 2: X-ray diffraction patterns of (a) pure KNN, (b) KNN—100xZ, (c) KNN-100yBZ ceramics in the 26
range of 20°-70°, and (d) 43°-46.6°.
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CTEKVIOKPUCTAJIJIMMECKHUE MATEPHUAJIBI IJISA BBICOKOMOUIHBIX
CBETOM3JIYUAIOIIUX YCTPOMCTB BEJIOI'O IIBETA CBEUEHMS
HA OCHOBE JIABEPHBIX THOJ0OB
E. E. TpycoBa, E. P. KpaBuosa
Vupeowcoenue obpasosanus «benopycckuii 2ocyoapcmeenbvitl mexHoI02UYecKUll YHUEpCumem»,
Munck, Pecnybnuxa beenapyco
trusova@belstu.by

B Hacrosimee BpeMsi CBETOAMOAHOE OCBELICHHE SIBISIETCS OJHUM W3 MEPCHEKTUBHEHIINX
HalpaBJICHUN TEXHOJIOTUH HCKYCCTBEHHOI'O OCBEIEHUS, KOTOPOE OCHOBAaHO HA HCIIOJIb30BAaHUU
CBETO/IMO/IOB KaK HMCTOYHWKA cBeTa. lcmonb30BaHME BBHICOKOMOIIHBIX OCBETUTENICH Ha OCHOBE
IIOJIyIIPOBOJIHUKOBBIX JIa3€pOB B aBTOMOOWJIECTPOEHUHM M KOMMYHAJIbHOM XO3SHCTBE MO3BOJIUT
VIYYIIATh KaK OCBEUICHHOCTh JOpPOT, YTO JOJDKHO TIO3UTHUBHO CKa3aTbcs Ha 0€30MacHOCTH
MEeIIEeX00B, TaK U YCIOBUS TPYAA psAla TPYIOBBIX KaTeropui (BOIUTENHN, CTPOUTEIH, MALTMHUCTBI
noe3oB u T.0.). OTHOCHUTENbHAs KOMIIAKTHOCTh pa3MepoB, BBICOKAs SIPKOCTb W  Majas
notpelisieMas MOLIHOCTb TakKXKe€ JeJaeT BbICOKOMOIIHBIE HCTOYHHMKM OCBELICHHMS Ha OCHOBE
Ja3epHBIX JIUOJIOB MEPCIIEKTUBHBIMU KaHAUIATAMU ISl HCTIOJIb30BaHMsI B CIIACaTEIbHONW U BOCHHOU
TEXHHUKE.

B  kayecTBe JIIOMMHECICHTHBIX TpeoOpa3oBaTeNieil  TPaIWIMOHHO  UCIIOIB3YIOTCS
AJIFOMOMTTPUEBbIE I'paHAThI, COJAEp’Kalllde MPUMECh MOHOB LEpUs W/WIM JAPYIMX 3JIEMEHTOB, a
TaKXKe MPUMEHSIOTCS] ONTUYECKH NMPO3PAaYHbIE KEPAMUKH, U3TOTABIMBACMBIE U3 AIFOMOUTTPHEBOTO
rpaHara B BHJI€ TIOPOIIKA ITyTeM KOMITAKTUPOBAHMS U CIIEKAHUS.

ANBTEpHATUBHBIM pEIICHUEM JJIi MOHOKPHCTAIIOB M ONTHYECKH TPO3PAYHBIX KEPaMHUK
SBJISIIOTCS] CTEKJIOKPUCTAIUINYECKHE MaTepPHalIbl, KOTOPbIE UMEIOT Pl IPEUMYILECTB 110 CPAaBHEHHUIO
C JIPyrUMH MaTepualaMu: HU3Kas CTOUMOCTH (B Oosiee ueM 30 pa3 HMKE, YEM MOHOKPHCTAI);
BBICOKAsi BOCIPOM3BOAMMOCTb IPHU MOJYyYEHHUH; OTCYTCTBUE HEOOXOIMMOCTH B CIIOKHOM
00OpYIOBaHUM; TMPOIECC TONYYCHUS OTIUYACTCS DKOHOMHYHOCTBIO W TEXHOJOTUYHOCTHIO;
BbICOKast (OTO- M TEPMOCTAOMIBHOCTh; SKOJOTHYHOCTh (YHMCIO ILMKIOB THepepaboTKu He
OTPaHUYEHO); TIPOMU3BOJCTBO MOXKET OBITh OPraHW30BaHO Ha 0a3e MPAKTHYECKH JFOOOTO
CTEKJIOBAPEHHOT'O MIPOU3BO/ICTBA.

B ciydae ncnonp30BaHMsI CHHETO Jla3epa B KAUECTBE HCTOYHHMKA BO3OYKIAFOIIETO MU3ITYyICHUS
Ba)XXHBIM SIBJIIETCSI «BHECCHHME» B JIIOMHUHECIIEHTHBIH NpeoOpa3zoBaTeib LIEHTPOB PACCESIHUS, UYTO
HEOOXOIUMO [JIsl TIOJYYEHHUsI PACCESTHHOTO (a HE y3KOHAIpaBJIEHHOTO) My4yka cBeTa. B ciyuae
CTEKJIOKPUCTAIUIMYECKMX MaTepHaioB MU BBICTYNAIOT CaMHU KPUCTAJUIbI JJIOMUHO(OpPaA, pasmep U
KOJIMYECTBO KOTOPBIX BO3MOXKHO PETYJIHPOBATh, BAPUPYS YCIOBUS KPUCTAILTH3AINN CTEKIIA.

[TocTOSIHHBIM POCT pBIHKA CBETOJMOJHOW TEXHMKM OyAeT CTUMYyIUpOBaThb CHPOC Ha
COOTBETCTBYIOIIYIO TMPOIYKIMIO C KaXIbIM TotoM. Kpome Toro, B BuIy Oojiee HU3KOH CTOMMOCTH,
CTEKJIOKPUCTAJUTMYECKHE JTIOMUHECLIEHTHBIE TPe0Opa30oBaTeIt U BBICOKOMOIIIHbIE HCTOYHUKH CBETa
Ha MX OCHOBE CTaHYT AOCTYITHBI TOPa3I0 OOIBIIEMY KPYTY IIPOU3BOTUTEIICH.

Lenbto HacTosAmeid paboThl sBISETCS pa3padOTKa COCTAaBOB M TEXHOJOTHH TMOTY4EHUS
CTEKJIOKPUCTAIUTMYECKIX MAaTEPHAJIOB ISl CBETOM3IIYYAIOIINX YCTPOMCTB OEJIOT0 I[BETa CBEUYCHUSI.

HcxonHple  CcTeKiIa  CHHTE3MpPOBAaHBI Ha  OCHOBE  cTekiooOpasyromeit  Li,O—
Y,03-B,03—Al,03-Si0,-CeO, cucrembl B ra3oBoil IeUd TMPUH MaKCHUMAaJIbHON TeMIlEpaType
1500+10°C. Omxur crekon ocymectsisuics npu 600 °C. Crexiia XapakTepU3ylOTCsl IJIOTHOCTBIO
3368-3625 kr/m°, TemmepaTypHbIM Kod(duirenToM rHeiiHoro pacmmpenus (TKJIP) — (37,02—
41,09)-107 K™, MHUKPOTBEPAOCTh IKCIEPUMEHTAIbHBIX CTEKOJ M3MeHATCA oT 3984 no 6163 Mlla.
JIisi OIEHKH XUMHYECKOW CTOMKOCTH WCIIONB3YEeTCS THUAPOIUTHYECKAas KiIacCUPUKAIMS, B
COOTBETCTBHUH C KOTOPOIl nccieayemble cTekiia oTHocsATes K I ruaponuTiuueckoMy Kiiaccy.

[TonydyeHne  CTEKJIIOKPUCTAIUIMYECKUX  MATEpUaoB  MPOBOAAT € NPUMEHEHHEM
JBYXCTYIIEHYaTOr0, B HEKOTOPBIX CIydYasX [ake MHOTOCTYIIEHYaTOro, PEKUMOB TEIJIOBOM

69



& https://doi.org/10.5281/zenodo.11216200

00paboTKH, YTO CBSA3aHO C HEOOXOIMMOCThIO OOpa3oBaHMs Ha 1-0if CTymeHW LIEHTPOB
KpUCTAJIIIU3al1H, a Ha 2-0i1 — GOPMUPOBAHUS U POCTA KPUCTAILIIOB.

Jlyist onpeneneHuss TEeMIIEpaTyp TEPMOOOPAOOTKH HCIIOJIb30BaH MeToH MuddepeHIaTbHO-
CKaHupytoleil kanopumerpuu. Pa3paboran TemmepaTypHO-BPEMEHHOW PEXUM TepMOOOPadOTKU
crexon B uHTepBaie 1150-1300 °C B Teuenune 60 muHyT. CTEKIOKEpaMUKa ¢ TPaHATOBOU (hazoit
MPOSBIISIETCS JUISI BCEX COCTaBOB cTekosl (pucyHok 1). OmHako, B ciydyae CTeKla COCTaBa C
MUHUMAJBHBIM ~COJICpKAHMEM OKCHJAa WTTpUsS M COAep)KaHueM okcuga Oopa 25 mac.%
dhopmupyercs mpumecHas daza Y,B,0s.

Ocoboe BHMMaHWE MPHUBIEKACT TOHKas CTPYKTypa nukoB. HaOnromaemass acummerpust
yKa3blBaeT Ha 00pa3oBaHWE I'PAaHATOB C Pa3HOM CTENEHbIO 3aMelleHHs. MeToaoM 3JeKTPOHHOM
MUKPOCKOIIMM TOJATBEPXKJIEHO 00pa3oBaHUE KPUCTAUIOB € THUIMYHOM CTPYKTYypOil TIpaHara.
Cpennuii pazmep KpuctamuioB coctaBiisieT 4—12 MkM. OTCYTCTBUE pa3jMUYHBIX BHJIOB BKJIIOUCHHI
(mOpBI, TPELIMHBl WM KPUCTAUNIMYECKHE OTJIOXKEHUS) YKa3blBa€T Ha BBICOKYIO KOTE€PEHTHOCTb
rpaHull GOPMUPYIOIIUXCS KPUCTAIIIOB.

CriekTpbl BO30YX/IE€HUS JIIOMMHECLEHLIMU TEPMOOOpPaOOTaHHBIX CTEKOJI COCTOAT M3 JBYX
HUPOKUX Mosioc ¢ mMakcumymamu 350 HM u 450 HM, KOTOpBIE COOTBETCTBYIOT OINTHYECKUM
nepexonaM HMoHa 1epus. Ilo cpaBHEHHIO ¢ TUNMYHBIMM IOJIOCAMU IIOTJIOLIEHMSI B TpaHaTax,
JETUPOBAHHBIX LIEPHEM, B TEPMOOOpPAaOOTAHHBIX CTEKJIaX IMOJIOCHl 0Oojiee IMIUPOKHE U
aCUMMETpUYHBIC. DTH OCOOCHHOCTH MOXXHO OOBSICHHUTH BKJIAJIOM MOHOB Ce®" ¢ Heckonbko MHBIM
OKPYKCHHEM U, CJIeIOBATEIILHO, KPUCTAJUIMYECKUM TIOJIEM U JAOTOJHUTEIbHBIM MOTJIOIICHHEM Cce®
B obnactu 350 HM B MaTpUIlE CTEKIIA.

@DOTONIOMHHECLIEHITUS TEPMOOOPAOOTAHHBIX CTEKOJ OCHOBaHA Ha W3ITyUYEeHUU Ce*, xoropoe
COCTOMUT M3 JABYX IIMPOKUX CHUJIIBHO INEPEKPBIBAIOIIUXCS MOJIO0C, OOYCIOBIEHHBIX pacCIIEIJICHUEM
OCHOBHOTO COCTOSHUSI Ha JBa MOAYypoBHA. JIokanbHOE MOJNE€ MOXET CMECTUTh IMOAYPOBHHU H,
CIIEIOBATEIbHO, CHEKTpPaJIbHOE TIIOJIOKEHHE TMOJIOChl. B cHekTpe JIIOMUHECUEHIMH IpH
BO30Y)XJIEHMM Ha JUIMHE BOJHBI 365 HM (pucyHok 1) mpeobnanaer mosnoca npu 530-550 HM,
00yCIIOBJIEHHBIN 3MHCCHEN HOHOB Ce® m3 CTPYKTYpBI IpaHaTa, TOTJa KaKk MEHee MHTCHCHBHAas
nojioca ¢ MakcumymoMm nipu 390 HM 0O0ycllOBiI€Ha 3MHCCHE ce® ms MaTpuibl crekna. [Ipu
BO30OyxaeHnn 442 HM HaOMIOMaeTcs OJlHA IIMPOKas IOJoca HM3IydeHUs ¢ MakcuMymoM 530—
550 HM.
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Pucynok 1 — CiekTpbl TIOMUHECIIEHIIUU TePMOOOPaOOTaHHBIX CTEKOJI TP BO30YKICHUHU HA
JUIAHE BOJHEI 365 HM U 442 uMm

YcranoBieHo, uro miactuHkdA (5x5x0.5) MM pa3pabOTaHHOTO CTEKIOKPHCTALTHYECKOTO
Marcepuajia JOCTATOYHO [Jid HCIIOJIb30BAaHHA B KOMGI/IHaI_[I/II/I ¢ 3 Bt cunmm JIa3€poOM.
Pa3paborannbie Marepuanbl OyayT BBICTYNaTh Kak B pOJIM  TMPEAJIaraéMoro IMpoJyKTa
CaMOCTOSITENIbHO, TaK U CIYXHUTb 0a30d sl pa3padOTKH BBICOKOMOIIHBIX MCTOYHHKOB CBETAa Ha
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OCHOBE CHHHX IOJIYIIPOBOJIHUKOBBIX J1a3epPOB (KOMITAKTHBIX MPOKEKTOPOB JJIsI JPOHOB, JTA3€PHBIX
dap g aBToMoOmMIIeH, ap IS MOE3A0B U IPYrol TEXHUKH ).

OXIDE COMPOSITES RESISTANT TO SUBCRITICAL CRACK PROPAGATION

Zbigniew Pedzich®, Agnieszka Wojteczko', Alan Wilmanski', Sebastian Komarek®, Dawid Kozien',
Rosa Maria Pefia Capotel'z,

! AGH University of Krakow, Faculty of Ceramics and Material Science, Krakow, Poland
pedzich@agh.edu.pl
2 Technology, University of Havana, Havana, Cuba

ATZ (Alumina Toughened Zirconia) particulate composites are materials that use the phenomenon
of residual thermal stresses arising during cooling from the sintering temperature to normal conditions. Since
the stresses in zirconium dioxide grains are tensile, they increase the susceptibility to the transformation of
the tetragonal phase into the monoclinic one, which is used to strengthen the material, i.e. to increase its
resistance to cracking. The paper presents the results of research on composites that were manufactured
using a special technology using sintering of a mixture of ZrO, powders with various contents of the
stabilizing oxide Y,0; [1]. These materials, thanks to a significant reduction in grain size, demonstrate
excellent mechanical parameters, strength and resistance to brittle fracture. Moreover, it was found that the
stress distribution in them significantly reduces the tendency to subcritical cracking, which is a serious of
oxide ceramics [2]. The paper presents calculated SPT (Strength-Probability-Time) diagrams estimating the
conditions of use of the tested materials and the average crack propagation speeds in composites containing
various amounts of the dispersed corundum phase. It was found that for some ATZ composites the

phenomenon of subcritical cracking was inhibited.
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IMPACT OF BARIUM OXIDE ON THE STRUCTURE AND SURFACE PROPERTIES OF
GLASS-CRYSTALLINE GLAZES
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'AGH University of Science and Technology, Department of Materials Science and Ceramics,
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24bo Akademi University, Process Chemistry Centre, Turku
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The influence of barium oxide on glazes in the SiO2-Al203-Ca0-Mg0O-K20 system was
investigated. A reference sample was prepared and 2.5, 5 and 7.5 wt% of barium oxide were added
to this system. The glazes were fired at 1240°C and the structure and surface properties were
determined. Qualitative and quantitative analyses of the phase composition, surface properties,
structural mid-infrared analysis, and microstructure observations using a scanning electron

microscope were performed.

Diopside was detected in all glazes as the MgO content was higher than 2.5 wt%.
hyalophane crystals were found when the BaO content increased to 5 wt%. Mid-infrared studies
showed that the structure of the glazes was ordered by the appearance of crystalline phases; on the
other hand, the amorphous phase increased its disorder related to the higher amount of modifying
barium cations. The addition of barium oxide did not significantly affect the color of the surface but
caused an increase in roughness due to surface crystallization. The microhardness increased with an

increased amount of barium in the amorphous phase.
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INOJTYYEHUE HAHOPA3ZMEPHBIX HACTHUIl METAJIJIA Co HA IIOBEPXHOCTH
KAPBOHU3UPOBAHHBIX ITIOJIMMEPOB

NumetoBa @ /1., Cyaeiimanosa I'.I'.
Tawkenmckuti neduampudeckuti MeOUYUHCKUL UHCIUMYMm
Kageopa Meouyunckoii u buonocuueckou Xumuu, MeOuyuHCKou ouoaiocuu, oowell eeHemuxu

XUMHYECKUE METOJbl, KOTOphIE COYeTaloT B cebde MOIXOAbl HEOPraHHYECKOro,
METAJUIOOPTaHMYECKOT0 U OPraHUYeCKOro CUHTE3a, SBJSIOTCS Hauboisiee paclnpoCTpaHEHHBIMU
crocobamMM NoJdy4eHuss HaHoyacTull. CHHTE3 HAaHOYACTUI[ METAJIOB C IIOMOIIBI0 XUMHUYECKOTO
BOCCTAHOBJICHHMSI U3 PAacTBOPOB HX CoOJIeH sBiIeTCs HauOojiee MPOCTHIM B NMPUMEHEHHMM U HE
TpeOyeT CrenuaNbHBIX yCIOBUH M 000pynoBanus. Hanbonee 4acTo XMMUYECKOE BOCCTAHOBJICHUE
peanu3yercss B KMIKOH (ase, T.e. B BOJHBIX U HEBOIHBIX cpenax. lllupokoe pacmpocrpaneHue
METOJIa CBSI3aHO C €ro IPOCTOTON U TOCTYIHOCTBIO.

Hean: Ilonmydyenne HaHOpa3MEPHBIX YACTHI[ MeTajlla KoOaidbTa Ha TOBEPXHOCTH
KapOOHM3UPOBAHHBIX [TOJINMEPOB.

Pe3yabTaThl M UX 00cyskneHne: PaboTa noceslieHa MCCIeI0BaHUIO COPOLMM HOHOB Co?*
annonutamu Ha ocHoBe [IBX (III13-1) wu momustmnennonuamun (IIDIIA) 1 momydenuro
HAaHOYACTHI[ METAJUIOB HA MOBEPXHOCTH IMOIUMEPOB. [l monydeHus HaHOPa3MEPHBIX YaCTHUIL
Mpekae Bcero ObUIa TMOCTaBlieHA 3a/Jada TMody4deHus copOeHta (anuonuta). g storo
MOJIb30BANIUCH TpaHyaupoBaHHbIi nonuBuHmIxiopua [IBX. B kauectse mnactugukaropa B [1BX
nobasnsercs auamukuidranar. [Ipouecc sKCTpakuu COMPOBOXKAaeTCsl 00pa30BaHUEM IMOPUCTOM
CTpyKTyphl. B mpormecce »skcTpakiuum ¢ Bo3pacTaHueM OOBEMHOW [JOJMM JTHAleTaTa B
JKCTPAaKIIMOHHOM cMecu macca [IBX mocne skcTrpakuuu, | pasmep rpaHyil yMEHbLIAKOTCA INPU
cooTHoteHuu §:2. Ilpu 3KcTpakIM Kakoe-TO KOJUYECTBO MIACTU(PHUKATOPA yIAISIETCs U3 COCTaBa
rpanyiaupoBaHHoro I11BX, 4To npuBOIUT K MOSBICHHUIO TIOPUCTOrO CII0s1 B rpaHyaupoBaHHoM [1BX.

Takum o6pazom, mogudukammeir [IBX c¢ II9IIA nomyuen HoBbiii anuonut I1I19-1. B
HacTodAlell padoTe MNPUBOAATCS JaHHbIE [0 HCCIEIOBAHUIO COPOIIMOHHBIX CBOMCTB HOBBIX
noinyHKIMOHANBHBIX aHHOHUTOB Ha ocHOBe [IBX u [19I1A no oTHomIeHHIO K HOHAM Co?". s
M3yYeHHUs] KUHETUKM M TEPMOJMHAMHKH COpPOIMM HOHOB METAJJIOB IPOLIECC OCYLIECTBISUIA B
cratudyeckux ycioBusx. Haecky 0.3 r copOeHTa momemniaayd B pacTBOPBI HCCIEAYEMON COJIH
oovemoMm 100 M paznmuunoit kKoHIeHTparuu. CopepkaHne HOHOB METAJLIOB JI0 U TOCIE COPOIN

OIIPENIEIIAIHN CIIEKTPOPOTOMETPUUECKUM METOJIOM.
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Pucl.Kunemuxa copoyuu uonos Puc2.Kunemuxa copoyuu UOHO8
Kobanvma (C02+) uonumom I1I13-1 npu kobarema (C02+) uonumom III13-1 npu
293K 1, 2, 3,4- ucxoonas 313K 1, 2, 3,4- ucxoonas xonyenmpayus

KoHyeumpayus uoros koodarema 0,1; wuonoe xobanema 0,1; 0,075; 0,05; 0,025

0,075; 0,05; 0,025 monw/n, MONb/T,

Ha puc.1,2 npuBeneHsl KHHETHKA COPOLIMM MOHOB KOOAIbTA MOTyYECHHBIMH COPOCHTAMU, U3

KOTOpPOro BHIHO, YTO C TIIOBBIICHUEM TEMIICPATYPbI Ha6n}0z[aeTc;1 HEOOJIBIIIOE BO3paCTaHHUC

yIeIbHOU COpOIIH.

Taoauua 1

o 2+
HN3menenue TEPMOAUHAMHUYECCKUX (l)yHKlII/II/I npu COpﬁlII/II/I uonoB Co

uouurom IIIID-1

K MMoJb/T | K, i/Mmmons | AG, JIx/Mob AH, AS,Jlxx/moabK
Jx/Mou1b NpHU TemMIneparypax

293 1,8325 50,36 -9519,35

313 1,9833 58,43 -10681,43 -7505,13 -58,1040518

323 2,2769 67,98 -11262,47

Kak BumHO w3 TaOn.l BenMuMHA KOHCTAHTHI PABHOBECHS aJCOPONMH HAMHOTO BBIIIE
CIMHUIIBL, YTO CBUIETEIBCTBYET O CEIEKTHBHOCTH copbrmu moHoB C0° copbenrtom INID-1, a
TaKXe MMOJYMHEHUH JJAaHHOTO Mpoliecca 3aKOHAM XeMOCOpOLUH.

CrnemyromuMm 3TamoM  SBISUIOCE  BOCCTAHOBJICHWE COPOMPOBAHHOTO HOHAa MeTajuia
narpeBanueM npu 170 °C.

Jliia uneHTuuUKaluu BOCCTAaHOBIEHHOTO COPOMPOBAHHOIO MOHA MeTajula ObUIM MPOBEIEHBI
HK- cnekTpoCKONNYECKUE UCCIIET0BAHUS.

BoiBoa M3ydyeHneMm KMHETHKH M TEPMOJUHAMHUKU COpPOIMM HOHA KOOajabTa MOKa3aHO, YTO
HECMOTpsl Ha aHMOHOOOMEHHBII XapakTep cOpOeHTa Ha OCHOBE MOJUBUHHIXJIOPHIA OH CIOCOOeH
copOupoBaTh KaTHOH KoOalbTa 3a CYET JOHOPHO-AKIENTOPHBIX B3aUMOJEHCTBUN MEXIY

HETIO/ICJICHHO Mapoii AJIEKTPOHOB aMHUHOTPYIIITBI OJIMMEpPa U CBOOOJHBIMHE O - OpOUTAISIMUA MOHOB
METaJUIOB.
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CHUHTE3 MATEPHUAJIOB CO CTPYKTYPOU BUJIJIEMHUTA,
AKTUBUPOBAHHBIX NTOHAMMUW MAPI'AHIIA

HlepanneBa Manuna Adoayrogypona, babaxanosa 3e60 Aday/iiaeBHA
zebo.babakhanova@gmail.com
TawkenmcKull XUMUKO-mexHoa02u4eckull uHcmumym, ¥Y3oexucman

Bummemur  Zn,SiO4  siBisercss  O0ObEKTOM  HMHTEHCHBHBIX — HAYYHBIX  HCCIICIOBAHMIA,
MOCBAIIEHHBIX UCCJIEIOBAHUIO CTPYKTYPBI U JIFOMUHECIEHTHBIX CBOMCTB JIaHHOT'O coeauHeHus. B
MPOLUIOM CTOJETUHM OOJbIIOE BHUMAHUE YACNAJIOCh W3YyYEHHI0 MEXaHHW3Ma CBEYEHUS U
MOBBICHUIO dPPEKTUBHOCTH JTIOMUHECIICHIIMM  KPYIMHOKPUCTAIUTMYECKOTO BWJUIeMUTa. B
MOCNEAHNE JECATUNICTHs] HaOJI0laeTCsl OpHUEHTalus Ha pPa3paboTKy Croco0OB MOITYYESHHUS
HAaHOCTPYKTYPHOI'O BIUIJIEMHUTA MpU 00Jiee HU3KUX TeMIIepaTypax CUHTE3a, YyCTAHOBJICHMS BIUSHUS
HU3KOPA3MEPHOTO COCTOSIHHMSI HAa CIHEKTPAIbHO-KWHETHYECKHE MapaMeTpbl JTIOMUHECHEHINH |
9KCILTyaTallMOHHbIE XapaKTEPUCTUKN MaTepuasa.

CoBpeMeHHass TEXHUKA NPEIbSIBISICT TOBBIIICHHbIE TPeOOBaHUS K KayecTBY MHKPO- H
HAaHOPa3MEPHBIX JTIOMHUHO(POPOB, YTO 00YCITABIMBACT CYIIECTBEHHBIH HHTEPEC K Pa3pabOTKe HOBBIX
U YCOBEpIICHCTBOBAHMIO H3BECTHBIX METOJMK CHHTE3a. bomblioe 3HaueHHE HMEIOT
MOHOJIUCIIEPCHOCTh IO pa3MepaM, TOMOT€HHOCTh W MOHO(Aa3HOCTh, MOP(OIOTHS HaHOYACTHII,
HU3Kas CKIOHHOCTh K arperanmu. lllupokuii cmekTp obnacTelt NMpUMEHEHHs HaHOMAaTEpHAaloB
TpeOyeT UCTIOIB30BaHUS PA3HOOOPA3HBIX METOJIOB CHHTE3a B 3aBUCUMOCTH OT KOHKPETHOW 3a/1auH.
OTH METOJbl MOXHO pa3JeiuTh Ha JBe (yHJAaMEHTalIbHbIE KATETOPHUH - «CBEPXY-BHU3»
(mpeuMy1ecTBEHHO, (PU3UUECKUE) U «CHU3Y-BBEPX» (B OCHOBHOM, XUMUYECKHE).

CyTb  mepBBIX  3aKilO4yaeTcs B  YMEHBUICHHMH  pa3Mepa  4YacTUI[  HCXOIHOTO
KPYNHOKPUCTAJLIMYECKOIO0 MaTepuana J0 HaHOMAacmTaOOB C HCIOJIb30BAHMEM CHEIHAbHOTO
obopynoBanusi. B xone mpoliiecca «CHU3Y-BBEPX» HAHOYACTHIIBI MONYYAIOTCS MYTEM pOCTa W3
aTOMOB, MOJIEKYJI WJIM HOHOB B PaCTBOPE UJIU pacIljiaBe.

[Ipu 5TOM BUIUIEMUT, aKTUBUPOBAHHBIN MapraHiieM, Uiu Zn,Si0,Mn%, sBsieTcst oHAM 13
caMmbIX H3y4yaeMbIX JIOMUHO(OpoB. MoHBI Maprania, BCTpanBasCh B KPUCTAIUIMUECKYIO PELIETKY
OpTOCHUIIKATa, 0Opa3yloT TBEPIBIM PacTBOpP aKTHUBATOP-MATPHUIA, YTO MPHUBOJUT K H3MEHEHHIO
ONTUYECKUX M (POTOIIIOMHHECLEHTHBIX CBOMCTB Marepuasa. [lockonbKy, Kak M BCE OKCHJIHBIE
COCIMHEHHS, BUJUIEMUT MMEET IIMPOKYIO 3ampelnieHHyro 30Hy (5,5-6,2 3B), mpu Bo30yXIeHUU
KBaHTaMM yJIbTPaUOJETOBOIO JHarna3oHa ONPEIENSIONlyI0 pOJib WUrpaeT BHYTPULIEHTPOBOE
MOTJIONIEHUE U U3NTydyeHHE (POTOHOB B IEKTPOHHOU 000I0UKE HOHOB Mn?*,

IIpn nonyueHum oOpa3LOB BUJUIEMUTA, JONMPOBAHHOTO HOHAMM MapraHiua B paloTe
B.KoproBa u np. [1] ObuTH HCIONB30BaHbI COBPEMEHHBIC (YHIAMEHTAILHO pa3HbIE METOJUKU
XUMHH TBEPJAOTO Tela: 30Jb-Telb, TBEPHO(Aa3HbI CHHTE3, BBICOKOOHEPI€TUYECKUN pa3MoIL.
ABTOpBI OTpEJeNUIN ONTUMATIbHBIE YCIOBHUS MOMYyYEHHUS HAHOPAa3MEPHOTO BHILIEMHUTa METOAOM
BBICOKOIHEPreTHYECKOr0 pa3Moja, YCTaHOBWJIM 3aBHUCHUMOCTH pa3Mepa U OOBEMHOH 01U
HAHOYACTHI] OT MPOJOJKUTENLHOCTH pa3Mmona. JlJis momydyeHus: HAaHOKOMIIO3UTa Zn,Si0;Mn** B
MaTpUlle TOPUCTOTO aHOJHOTO OKCHJA aJIOMUHHSA, B KOTOPOM HAHOYACTULIBI KCeporess
pacmpesienieHbl M0 BceMy O0beMy BIIyOb MOp Oblla HCIOJNB30BaHA 30Jb-T€Nb TEXHOIOTHS.
YcraHoBiaeHo, UYTO B CcAydae — peaju3alMM  MEX30HHOTO  KaHaja  BO30YXKIEHUS
(OTONIIOMUHECIIEHIINH, CYIIECTBEHHYIO POJIb UIpaeT IMEepPeHOC HOCHTENeH 3apsaa OT 1e(eKTOB
OPTOCWJIMKATHON MaTpHIlbl (MTPEUMYIIECTBEHHO KHCJIOPOJHBIX BaKaHCHI) K MOHAM aKTHUBAaTOpa
Mn?*,

OnHako BIUSHUE CTPYKTYPHl M Pa3MEPHOCTH MATPHILI, a TAK)KE€ KOHIICHTPAIIMH aKTUBATOPA
Ha CHEKTPaTbHO-KMHETUYECKUE M JKCIUTyaTallMOHHBIE XapaKTEPUCTUKH JTIOMHUHOGOpa HAa OCHOBE
Zn,Si04 uccaemoBaHo He B MOJHON Mepe. Kpome TOro, OTKPBITEIM OCTAETCS BOIPOC O MEXaHH3ME
NepeHoca SHEPruM BO30YXKIEHUS MEXAYy IOPUCTOM MaTpulled M JIOKaIM30BaHHBIMM B HeEH
HaHouacthnamu Zn,Si0,Mn? MIPU BHEAPECHUH JIIOMUHO(POPA B KOMIIO3UTHBIM MaTepura.
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[lenp HamIero MccieAOBaHUS 3aKIIOYAIACh B M3YYCHUU BO3MOXKHOCTH CHHTE32 MAaTEpUAJIOB
CO CTPYKTYpOH BWJUIEMHTa (C BBEJICHHUEM aKTHBATOPOB JIOMUHECIICHIIMM) HAa OCHOBE KPEMHUIi-
OpPraHMYECKUX COCIUHEHUH. BBeIeHNE CHIMKOHOB MO3BOJIIET CHU3HWTH TEMIIEpATypy CHHTE3a H
MojilydaTb MHUKPO- M HAHOPa3MEpHbIE MaTepualibl 0e3 JIOTOJHUTEIBHBIX JHEPrOEMKUX U
TPYZHOYIPABIIIEMBIX IIPOLECCOB CUHTE3a. Il CHHTE3a MaTEPUAJIOB CO CTPYKTYpOor BuiuieMuTa Ne
3 cocraBa Zn,SiOy4 B 10 mut arierona ObLT pacTBOpeH cuiukoH MK, nepemeninBanme oCyIecTBIIsIN
B MarHUTHOHM MEIIAJIKE IO OJHOPOIHOTO COCTOSHUS B TedeHHH | yaca. 3areM B maccy 100aBIIsiu
okcua IwHKa. Ilpu moaydenumu cocraBa Ne 3-Mn cocraBa Zn;gMng;SiOs B cocraB cMmecu
nonoHuTeNbHO BBOIWICS MnO,. [lomydeHHas cycneH3us BBICyIIMBaiach B cymmmwike mpu 300
rpajycax B Te4eHHWH 2,5 - 3 daca, KoTopas naiee OT(GOpMOBBIBaIach B BUIC TaOJIETOK, 3aTEM
00pasipl 00KUranuch B MydensHoii meun mpu 1000 °C.

Tabauua. Pesyiabrarhl peHTreHodazoBoro anaamza B mnporpamme MATCH!
CHHTE3MPOBAHHBIX MATEPHAJIOB €O CTPYKTYpOil BH/IJIEMHTAa ¢ BBeJeHHEM AaKTHBATOpPa

Maprasia
Copnepxanne kpucrt.dasbl, Mac.%
Cocras Ne Bumiemur Zn,SiOy Oxcup nmuaka ZnO
Ne 3 (Zn,SiO,) 85 15
Ne 3-Mn (an_gMno_18i04) 68 32

W3yueHnne CTPYKTYpbl CHHTE3MPOBAHHBIX  MAaTEPUAIIOB  OCYHIECTBISUIOCH  METOJIOM
peHTreHo(a30BOr0 aHalM3a, pe3ylTaThl KOTOPOro mpuBeAeHBl B Tabmume. [lo mgaHHBIM
peHTreHO(a30BOr0  aHajiM3a  CHHTE3UPOBAHHBIC  KPUCTAIMYECKHE  MOPOmKH  ZN,SiOy
UACHTUUIHMPYIOTCS B CTPYKTYpHOM THIIE BWIIEMHTa, OPTOPOMOMYECKAas CHHTOHHSA,
npoctpaHcTBeHHas rpymnma R3- (148) (stamon Ne 00-070-1235 B 6aze MATCH!). Optocunukar
[IMHKA UMEET XapaKTepUCTHUYeCKue peHTreHoBckue pediexcol 0,263 um, 0,283 um u 0,348 HM.
[TapameTpsl 37€MEHTapHOM sTUelKN opTocHiIMKaTa HuHKa cocTaBisiioT a = 0,139 uM, ¢ = 0,932 nwm,
o0beM Kpuctauinaeckoi sueriku V=1,5694 HM.

Crtpykrypa mpo6st Ne 3-Mn -Buiiemuta ¢ copepkaHHEeM MapraHIila clerka UCKaXKaeTcs, YTo
OTpaykaeTcsi Ha CABHUIE BCEX NMHUKOB, COOTBETCTBYIONIMX BHJUIEMHUTY Ha AudpakTorpamme odpasia.
[TapameTpsl dIeMEHTApHOW SYEHKH JBOWHOTO OpPTOCHIIMKATa IMHKa-MapraHila HE3HAUYUTEIbHO
3aBHUCAT OT cooTHOMEHHS MN 1 ZN B XUMHUYECKOM COCTaBe, TaK KaK IMOCIEAHNE UMEIOT JOCTATOYHO
OJM3KKE NOHHBIE PAJNYCHI.

V3MeHeHne CUMMETPHH KPUCTAUTMIECKOM PEIIeTKH BIIIEMUTA W OJIMKAUIIETO OKPYKEHUS
BOKPYT' BHEJIPEHHBIX HMOHOB MapraHila MPUBOJUT K HM3MEHEHHIO CHUMMETPUM KPHUCTAJUTMYECKOTO
nomsi. Kak cnencrBue, B MoaudUKAIHIX anSiO4:Mn2+ HaOJIIOJaeTCsT CMEIEHUE II0JIOCHI
JIOMHHECLEHIIMY B KPACHYIO 00J1aCTh.

Knaccndeckass TEXHONOTHS TONyYeHHS CHTAUIOB C JIFOMHHECIIGHTHBIMH CBOMCTBaMHU
BKJIIOYAE€T HECKOJIBKO BBICOKOTEMIEPATYPHBIX CTaIWi: CTAIHIO BapKU CTEKJIa C TeMIepaTypoi
oonee 1600 °C, a Taxke cTaauio KpUCTAIUIM3AUY (3a4acTyro AByxcraauiiaas) npu 800-1000 °C.

IIpy cuHTe3e JIIOMHUHECHIEHTHBIX MaTe€pUaJOB Ha OCHOBE KPEMHHUI-OpraHMYeCcKHX
COEJIMHEHUI OCYIIECTBISETCS OJHOCTaauiiHas TepMmoobpaborka mpu 1000-1100 °C, wuro
CIOCOOCTBYET 3HAUUTENBHOMY COKpAIICHHUI0 HHEPreTHYEeCKUX PpacxoJ0oB MpH  IOTy4YEHHH
MaTepHaJIOB ¢ HEOOXOIUMBIMHU CBOHCTBAMHU.

Cnucok ucno/Ib30BaHHOM JTUTEPaTyPhI:
1. B.C. Kopros, K.A. Cepreesa, B.A. IlycroBapoB, A.A. Pemmnens POTOIIOMHHECIICHITUS
HaHopasMepHOW kepamuku ZNSiOgLMn nmpu VO- u  BYD-B030yxaenun//[IoBepXHOCTb.
PenTreHoBckue, CHHXpOTpOHHBIE M HEHTpOHHBIE UccaenoBanus - 2017. - Ne 7 - C.49-54.
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DEVELOPMENT OF BIOACTIVE GLASS SYNTHESIS TECHNOLOGY IN R20-RO-CaF3-
P205-Al203-Si02 SYSTEMS

Aripova M.X., Tashbaev J.N.
Tashkent instutite of chemical technology
aripoval957@yandex.com, dsjaha36@gmail.com

Bioactive glass (BAG) is an environmentally friendly, biocompatible material used as a
complement to various materials used in medicine. Bioactive glasses have been proven to have a
beneficial effect on strengthening the bond between the material and tissues. BAGs are currently
used for coating implants, bone grafting, dentin desensitizers, and restorative materials.

BAG have osteoconductive properties by forming a hydroxyapatite-like surface layer upon
contact with biological fluids, as well as guiding bone cells to regenerate and repair themselves.
These properties are used in the development of various dental and medical materials to improve
patient care. BAG are most often used in dentistry for the treatment of dentin hypersensitivity and
implant coating, while in medicine it is most often used for bone grafting.

Glass ionomer materials are one of the most versatile acid-base cements and have many
applications, especially in dentistry. They are used as a restorative material, a lining or base
material (dentin substitute), a luting cement for crowns and bridges or a link between other
restorative material and dental tissue. Outside of dentistry, it has proven useful as a dressing and
splint material, bone cement, plaster replacement for slip casting, and a modeling material. Such
applications have been shown to be very versatile and have undergone significant development,
improvement and diversification in recent years to the extent that they are now actually very
different from the original ASPA that first came to market.

Nowadays, more than 95% of biomaterials used in our country are imported. Imports of
bone-reconstructing cements in Uzbekistan in 2023 amounted to $578 thousand, and fixing powders
and pastes for dentures amounted to $19.7 million. Thus, producing these materials in our country
would significantly improve the availability of them for people.

Table 1. Experimental bioactive glasses composition
Glass index | Mass oxide content,%
SIOz A|203 CaO MgO Zn0O Na,O | K;O P205 8203* CaF,

C-1 4,32 | 3,67 [17,01]- 37,87 | - - 3481 | - 2,32
C-2 4,11 | 349 |25/75]- 24,00 | - - 34,19 14,76 | 3,68
C-3 3363545 (2909|636 |1,82 |- - 13,64 19,09 091
C-4 22,40 | 6,00 |30,00 4,60 |- 15,00 | - 20,00 | O 2,00
C-5 19,60 | 16,69 | 27,35 | 4,18 | - - - 20,26 | 9,09 | 2,82
C-6 23,00 | 12,00 | 30,00 | 460 | - - 8,4 20,00 | O 2,00
C-7 19,42 1582 [3592|8,74 |- - 5,82 119,42 1291 |194
C-8 14,15 566 |37,73 434 |- - 11,70 | 18,87 | 566 | 1,89
C-9 20,39 (3,88 |29,13 12,62 | - - 9,71 121,36|291 |0

The study of the crystallization activity of the synthesized glasses was carried out in the
temperature range starting from a temperature 50 below the softening temperature. An isothermal
exposure was carried out for 30 minutes. Then the samples were cooled rapidly. Conducted an
analysis of the density, thermal coefficient of linear expansion, and refractive index of the
synthesized glasses.
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Table 2. Physical and technical properties of glasses
Parameter Glass index
C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9
Density, kg/m® [ 2,78 [2,74 [260 |25 2,4 255 |253 |260 |[253

Refraction 1,61 1,60 1,56 1,50 1,58 1,58 1,54 1,56 1,58
index
TCLEx10 105 121 90 88 65 70 81 83 103

As a result of the research, synthesized bioactive glasses meet the requirements of GOST
and the most optimal glass compositions for glass-ionomer cements were identified as C-4 and C-5.

References
1. Graham J.M. An Atlas of Glass-lonomer Cements, 2002,
2. Davidson C.L. Advances in Glass-lonomer Cements // Journal of Applied Oral Science,
2006, Ne 3-9.
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CHUHTE3 BUOIIUIHBIX I''TA3YPHbBIX MOKPBITUM B CUCTEME
Na,O -Ca0-B,03; -A|203 -ZI’Oz-SiOZ

ApunoBa M.X, locmyxamenosa X.® SIxsieB Y.A
Tamxenmcxuﬁ xwwuko-mexHOﬂozuquKuﬁ uHcmumym
Xusniyadosmuxamedova@gmail.com

Kepamuueckasi mmTka sBISIETCS MaTEpHalioM H3-3a CBOCH HEOPraHMYECKOH MPHUPOABI U
CTEKJIOBHJIHOW TOBEPXHOCTH, KOTOPBIE NPENSATCTBYIOT PAa3MHOKEHHIO MHKPOOPTaHU3MOB H
MAaTOTEHOB M, KaK CIEACTBHE, JIETKO MOAJAIOTCS THTMEHUYECKOW OYUCTKE C IOMOIIbIO
TPaIULIMOHHBIX TPOLEYP

CoBpeMeHHbIE ~ TEXHOJIOTMM  TPOM3BOJACTBA  AHTUOAKTEPUATBLHOM  OOJIMIIOBOYHBIX
KepaMUYECKHX IUIMTOK MPEeIyCMaTPUBAIOT TPUMEHEHHE MHOTO(QYHKIMOHAIBHBIX TIJa3ypHBIX
MOKPBITUH, KOTOpbIE, Hapsy C MOBBIIICHHBIMU TOKa3aTeNsIMU HW3HOCOCTOMKOCTH, (PU3UKO-
XUMAYECKUMH CBOWCTBAMH M JEKOPATUBHO-ICTETUYECKHMMH XapaKTEPUCTHKaM O00eCIeunBaIOT
U3JIeNUsIM  aHTHOAKTepUANbHBIE W CaMOOYHINAIOIIMECS CBOMCTBA, CHOCOOHOCTh YCTPaHSTh
HETPUSATHBIE 3aIIaxy, OUYUINATh BO3IYX IyTEM yJAJICHUS OKCUIOB.

C uenpto cuHTE3a OWONMIHBIX TJA3YPHBIX MOKPBITUN HCIONB30BAINCH CIEIYIOIINE
CBHIPbEBBIC KOMITIOHEHTHI: (PPUTTA, KAOJIMH MOKPOTo oOorameHus: (AHIpeH) U aHTHOAaKTepHalbHas
nob6aska (CuO, AgO;). Ha ocHOBe BBIOpaHHBIX CHIPHEBBIX MATEPUATIOB CHHTE3UPOBAHbBI COCTABbBI
OMOIMTHBIX TJIa3YPHBIX TOKPBITHH.

JII1s1 cunresa rasypeit B uarepsaie temneparyp 850-1050 °C usyuanu cucremy B,O3
-Si0; — Al,03 — CaO — K,;0 — CuO, xomuuectBo okcuaa meau (II) B KOTOpoii BapsUpOBAIOCH OT

0.5 mo 10%, a taxxe okcun cepedbpa ot 0,03 mo 10%; dpurra 75-90%; anrpenckuii kaosmu — 0-
14% .

BHCKTPOHBIC CHHUMKH ONBITHOI'O COCTaBa.

HUccnenosanue cTpyKTypsl 00pas3noB mpu yBemudeHun 1000  3IeKTPOHHOW CKaHUPYIOMIEH
MUKpPOCKONHENW MOATBEPAMUIIN JaHHbIE PEHTTeHO(Aa30BOro aHaiu3a - OOHAapyKeHa HEOJHOPOJHAas
CTPYKTYp, COOTBETCTBYIOILAsl KpUCTaJIaM MHHEpajla aHOpTUTa, cepedpa U MpUCYTCTBUE aMOp(HOI
¢a3bl. Kpucramiam aHOPTHTa COOTBETCTBYET MPU3MaTHUYeCKHe POPMBbI KPUCTAIIIIOB.

MUKpO30HIOBBIM aHANU3 TOKa3aJl, YTO IMOBEPXHOCTh IJIa3yped COCTOMT M3 XAOTUYHO
OPUEHTHUPOBAHHBIX MPU3MATUYECKUX U TaOMUTUATBIX KpHUCTAUIOB pasmepoM 10-20 MxwM,
MPUHAAIIEKAIINX, OYEBUIHO cepedpy.

IIpoBeneHHbIE HcCnEeOBaHUS B J1a0OPATOPHBIX YCIOBHSX MOKa3ald BO3MOXHOCTh CHHTE3a
GpUTTBI A TOJNyYEHHs] TJIa3ypHBIX TMOKPBITHM Ha  KepaMUYecKue OOJIMIIOBOYHBIE — IUIUTKH,
ynosnerBopsitomnue  TpedoBanusiM [OCTA 6141-91 a Takke BO3MOKHOCTH CHHTE3a TJIA3yPHBIX
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aHTHOAKTepUANBHBIX TOKPHITH HAa OCHOBE MECTHBIX CBHIPhEBBIX MATEPUAIOB PECIYOIMKU
V306ekucras.

METHOD FOR SYNTHESIS OF BORON CARBIDE NANOPARTICLES FROM
ORGANIC PRECURSORS

Dawid Kozien', Zbigniew Pedzich®, Agnieszka Wojteczko', Katarzyna Pasiut®,Odiljon
Eshmukhammad ugli Abdurakhmonov?, Sherzod Eshmukhammad ugli Abdurakhmonov?,
Mastura Kh. Aripova®, Farrukh B. Erkinov®
1 AGH University of Krakow, Faculty of Ceramics and Material Science, Krakow, Poland
kozien@agh.edu.pl
2 Almalyk Branch, National University of Science and Technology MISIS (NUST MISIS), Almalyk, Uzbekistan,
¥ Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

Boron carbide (B4C) has been applied in various fields such as polishing, ball mills, neutron
shields, and medical applications, specifically for boron neutron capture therapy (BNCT). In
BNCT, boron compounds are introduced into tumor cells or tissues and then irradiated with low-
energy epithermal neutrons. This results in the breakdown of stable boron'® isotopes, producing
high-energy alpha particles and recoiling lithium’ nuclei. This research examined the relationship
between boron-rich boron carbide nanoparticles and specific tumor and immune phagocytic cells.
The study explored the potential of using boron carbide nanoparticles as boron carriers in boron
neutron capture therapy through experiments. To synthesize boron carbide nanopowders, three
methods were employed: carbothermic synthesis using saccharide precursors [1], direct synthesis
from elements [2], and the hydrothermal method [3]. The surface of the boron carbide and any
functional groups present were modified to functionalize the resulting boron carbide powders.
Biological tests were conducted on the functionalized boron carriers to assess their cytotoxicity and
impact on cell viability. The study evaluated the metabolic activity of the cells based on nitric oxide
release levels and total protein amounts [4]. The purpose of this study was to investigate the
potential interaction of boron carbide nanoparticles with the tumor environment and to functionalize
the particles using “cell carriers." Specifically, the surface of the B13C, nanoparticles was
functionalized by attaching sugars and their derivatives, as well as amino acids. The incorporation
of amino acids during the was found to be highly effective in functionalizing the obtained
nanoparticles. The presence of a carboxyl group (-COOH) and an amino group (-NH,) on the boron
carbide surface significantly increased the potential for using functionalized nanoparticles. The
attachment of specific proteins to the surface of nanoparticles enables the development of targeted
therapies for various types of cancer. The materials were analyzed using spectroscopic and
diffraction methods at each stage.

Acknowledgement: This research was funded by the National Science Center, Poland (grant
no. DEC-2021/05/X/ST8/01051).
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Toxic pollutants can be found in the discharge of factories as well as the overuse of
pesticides and herbicides that penetrated into the soil and pollute the underground water. Nowadays,
the most challenging problem in the worldwide is not only maintaining permittable level of
pollutants, but also developing or designing sustainable, economical and effective methods in
removing the pollutants for the betterment of the future generation. Efforts have been escalated to
remove and reduce pollutants from the environment to protect the ecosystem and human health, as
well as to restore the environmental sources before the Earth is sick with multiple and worsening
environmental problems [1].

Heavy metal pollution in water is a major concern in many countries around the world.
Based on the details released by World Health Organization (WHO), there are about two billion of
people live in countries that lack of clean water in their daily lives. They are forced to drink water
contaminated with chemicals. The contaminated water is not only hazardous to their health but also
affecting the ecosystem of the water bodies. Consumption of contaminated water with heavy metal
may cause many types of diseases such as immune system dysfunction, nervous system disorders
and birth defects, which can lead to death [2]. Most of the contamination in fresh water are caused
by heavy metals or other chemicals in fertilizers, pesticides and herbicides that are used in
agriculture. Cadmium is one of the heavy metal pollutants derived from fertilizers. As the heavy
metals may migrate easily, cadmium will cause secondary pollution for a long period. Cadmium
can accumulate in animals or plants up to 30 years [3]. Short term exposure to cadmium may cause
symptom of fever and lung damage while long-term exposure to cadmium can result in various
types of cancer such as breast, lung and kidney cancer. Thus, cadmium pollution is an issue that
should not be underestimated. This is an urgent matter in ensuring all of us get to drink safe, clean
and sufficient of water. Thus, various water treatment methods have been explored by worldwide
researchers to find a better solution in removing environmental pollutants.

Studies on improving the catalytic efficiency of various metal oxides in removing heavy
metal pollutants have become a popular topic. The study of semiconductor photocatalysts such as
nickel oxide, cobalt oxide, manganese oxide, iron oxide, zinc oxide and others are considered as
potential materials in removing the pollutants especially heavy metals in the water bodies due to
their chemical and catalytic properties. The surface adsorption capabilities of cobalt oxide allow the
metal oxide to undergo heterogeneous photocatalysis in removing the heavy metals through
reduction and oxidation processes. Cobalt oxide photocatalyst may be a good option to transform
the heavy metals into lesser toxic by-products [4].
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This work highlights on the removal of cadmium by low-cost and simple method which is
utilising cobalt oxide photocatalysts. In this study, the removal of cadmium by cobalt oxide was
tested by observing the concentration of cadmium remaining in the tested samples at specific time
intervals. Cobalt oxide acts as a photocatalyst to remove cadmium metal pollutants. This material
has been chosen as it is a transition metal that is less hazardous to human. Cobalt oxide was
synthesized by the precipitation of cobalt(ll) chloride and ammonia solution. It was found that the
prepared cobalt oxide samples were spherical and formed agglomerates as shown in Figure 1:

TEM
5.0kV IABI sSEM W . Omem 9:36

Figure 1: Scanning electron micrograph of cobalt sample at the magnification of x 10000.

Based on the micrograph in Figure 1, the particle size of the cobalt oxide was found to be
smaller than 100 nm. It was postulated that the prepared metal oxide was in nano-sized and this
should be subjected to further analysis. Besides, the percentage of removal of 10 ppm of cadmium
metal solution was recorded at the value of 15.73% within 4 hours.
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CHUHTE3UPOBAHHBIX HAHOYACTHUIL BN
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OTO HUCCIIEJOBAHME B paMKaX HAHOTEXHOJIOTMH HaIIPAaBJICHO Ha IIOJIyYEHHE Marepuaia C
omnpezeiacHHbIME Xapaktepuctukamu[1-3]. Hcnonb3ys uHdpakpacHyio Gypbe-CleKTPOMETPHIO,
OBbUIO MPOBEJCHO HCCIIEI0OBAHUE CTPYKTYPHBIX U3MEHEHUN COEAMHEHHH B Ipolecce TepMUUECKOM
00pabOTKX ¥ MPOMBIBKH, HAIPABJICHHOW Ha royrydeHune yncroro npoaykra h-BN (na pucynke 1).

Transmittance (a.u.)

4000 35I00 30IOO 25I00 20I00 15I00 lOIOO S(I)O
Wavenumber (cm™)

Pucynok. 1. UK-®ypbe criekTp Moxy4eHHBIX TPOIYKTOB, cofepkammx B u N: a - mocne cymiku
npu 120 °C, b - mocse nepBoii ctaauu Tepmudeckoit oopadotku nmpu 600 °C, ¢ - mocie BTopoit
cTaauu Tepmuueckoit oopadotku mpu 1000 °C, d - mocie npoMBIBKH BOJON U CYIIKH.

OGHapyxeHo, uTo TepMuueckas oopadorka mpu 600 °C B armochepe azoTa MPUBOJUT K
YAAJIEHUIO YTJIEPOI-BOJOPOAHBIX TPYII, HO KHUCIOpPOJA ocTaercs B cTpykrype. llocnenyromas
obpabotka mpu 1000 °C B armochepe a3oTa W BOAOPOJAa HE TPHUBOJUT K JIOMOJHUTEIHHBIM
W3MEHEHUSM B XUMHUYECKOM CTPYKTyp€, OJHAKO YBEJIWYUBAET MHTEHCUBHOCTH IOJOC,

cOoOTBeTCTBYOIIMX CBA3sIM B-N. IIpombiBKa BOJOW M CyIIKa MO3BOJISIOT IOJYYWUTh YHMCTHIN
KoHeuHbIH npoykT h-BN.
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METAJVINBALNUA JUIJIEKTPUYECKUX MATEPHUAJIOB
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Metannu3npoBaHHbIE IUIACTMACChl, OBEPXHOCTh KOTOPBIX HOJHOCTBIO WM YaCTHYHO
MOKpBITA METAJUIOM, CO4YeTass II0Je3Hble OCOOEHHOCTM IUIacTMacc M MeTajlia, 00JaaaroT
YHUKaJIbHBIMM CBOMCTBAMU M MCIOJB3YIOTCS B ABTOMOOMJIECTPOCHHM, PAJUOTEXHUYECKOM
MPOMBIIIJIEHHOCTH M APYTUX OTPAcisX HapoAHOro XxozsiicrBa. OcoOeHHO O0bllIOe 3HauYEHUE
IIPOIeCChl METAJUIM3AallUK OJUMEPHBIX MaTepUaoB MPUOOPEIH B MPOU3BOACTBE MEUYaTHBIX IUIAT,
SIBIISTIOIIIMXCSI OCHOBOM COBPEMEHHBIX 3JIEKTPOHHBIX TPUOOPOB M PAIMOTEXHUUYESCKIX M3ICIIHIMA.

CymiecTByeT HECKOJIBKO  CIIOCOOOB ~ HAHECEHUs  METAIMYECKOro  MOKPBITUS — Ha
IMRJICKTPUYECKHE MaTepuaibl - (u3uKo-MexaHWueckue M Xumudeckue. Ilpu HaHeceHuuM
METAJUINYECKOI0 MOKPBITHS Ha BOJIOKHA U HOPOUIKM IPEUMYIIECTBEHHO HCHOJBb3YETCS METOA
XUMHUYECKON METaJUIM3alMd B PACTBOPE - BOCCTAaHOBJIEHUE HMOHOB MeTaljla C IIOMOIIbIO
PacTBOPEHHOI'O0 BOCCTAHOBUTENSA. ODTUM CHOCOOOM HAHOCAT HUKEJEBblE, MEIHbIE, cepeOpsiHbIe
MOKPBITHSI, @ TAK)KE CIUTABBI PA3IMYHBIX MeTAILIOB [1].

JUisd crenuanbHBIX METaNIMYECKUX MOKPBITUM Ha IUlacTMaccax pellaroliee 3HadeHue
HUMEIOT CBOICTBA METAJUIMYECKOTO CJIOS (3JIEKTpUUYECcKash MPOBOAUMOCTh, ONTUYECKUE, MAaTHUTHbBIE
CBOWCTBa U Jpyrue, olpejesseMble MPUPOIOM MeTalmia U CTPYKTYpPOH MOKPBHITHS) MPH YCIOBUH,
YTO MPOYHOCTH CIEIJICHUS €ro ¢ IIacTMacco HemocTaTouHa [2].

[Tpu nexopaTHBHOM MeTaJUIM3alMK BaXKHO, YTOOBI U3/IeNINe UMEN0 XOPOIIUH TOBApHBII BH,
OBLIO JOCTATOYHO MPOYHBIM U JI0JITOBEYHBIM.

KauecTBO METAIUIM3UPOBAHHBIX HU3/EIHI B 3TOM CIIy4ae ONpPENEISETCS] BCEM KOMILIEKCOM
CBOMCTB MJIACTMAcCCOBOM OCHOBBI, KOTOPasl BBINOJIHAET (pyHKUIMK (popMOooOpa3zoBaHUs U Nepenadu
MEXaHWYECKUX  YCWINH, IPOMEKYTOYHOIO  CJIOs, OTBETCTBEHHOIO 3a  COIVIACOBAaHHE
9KCIUTYyaTal[MOHHOTO MOBEJIEHUs pa3IMYHbIX II0 CBOEM NpUpoJe MaTepuaioB M oOecrneueHue
IIPOYHOM CBSI3U, METANTNYECKOTO TOKPBITHUS, BBIITOIHSIONIETO IEKOPATUBHO-OTAEIOYHbIE (QYHKIIUN
Y 3aIUIIAIOIIETO OT Pa3pYIIUTEIHHBIX BHEITHUX BO3aeHcTBUH [3].

W3nenusMu U3 METAIIM3UPOBAHHBIX IUIACTMACC OOBIYHO 3aMEHSIIOT LIBETHBIE METallbl U
JIETKHUE CILIaBbl, IPU 3TOM IOJIy4aeTcsl 3aMeTHasi SKoHoMus. [lnactMaccoBble AeTany MpUMEPHO B
JiBa pa3a JIELIEBJIE U B HECKOJIBKO pa3 JIerdye, 4eM aHaJOrMyHble Merauinueckue. CTOMMOCTh
IIacTMacchl cocTaBisieT Juiib okono 20-30 % OT CTOMMOCTH METAJUTM3UPOBAHHOTO H3JEINHS.
HauOonpmmii BBIUTPHIIT MOTydaeTcst Ojaronapst UCKIIOUEHHIO JOPOTOCTOSIIUX M TPYIHOEMKHX
OTIepaliii: MEXaHUUECKOW 00pabOTKH, MUTHM(OBAHUS U TIOTUPOBAHUS METAUIMUECKHUX JeTaneu [4].

Hamu paspaboraHa TEeXHOJIOTHS HaHECEHHMsS TOKONPOBOIAIIMX IJICHOK ¢ochuaa menn Ha
JIUBJIEKTPUYECKHE MaTepHaIbl C LEIbI0 OTYyYEHUsI OCHOBBI JIs AaJIbHEHIIINX MeTalu3auuu. beum
IIOJIYYEHBI AJIEKTPOIIPOBOASAIINE IJIEHKH BBICOKOTO Ka4eCTBA HA NMOJMMEPHBIX MaTepHallax, a TAKkKe
Ha TKaHAX, JepeBe, cTekie. J[ns mnoiaydeHHss TOKONMPOBOASILErO CJOsS Ha IOBEPXHOCTH
TURJIEKTPUKOB TOJTOTOBIECHHYIO MOBEPXHOCTh 00pa3lioB oOpabaThiBajii B pacTBOpe coiieil Menw,
cymmm. Cymiky o0pa3ioB MPOBOJIWIM TPU KOMHATHOW Temmepatype (18-25 OC) JI0 yIaJeHUst
Biaru. [Ipu Gosiee BBICOKMX TeMIepaTypax BCIEACTBHE YCKOPEHHOH KpHUCTAJUIM3allUU COJM MEIU
IPOSIBIISIETCS. HEOJHOPOAHOCTh MOKPBITHS. B ciyyae HeEZOCTaTOYHOrO yJOalleHUsl BIaru
HaOIroaeTcsl OTClanBaHUE TOKPBITHS. BhIcylieHHble 00pasibpl gajee MojBepraiu o0paboTke
ra3oo0pa3HbiM (ocUHOM JUIsl BOCTAHOBJIEHHUS MOHOB MeAM. B kadecTBe BOCCTAaHOBUTENS MOXKET
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ObITh  HWcmosb30BaH  (ochuHcomepxkamuii  ra3. BcermeacTtBue  mpoTeKaHMS — XMMHYECKOTO
B3aUMOJACHCTBUS Mexay (ochuHOM W CcyabdaToM Meau Ha MOBEPXHOCTH oOpasiia oOpasyercs
ANEKTPONPOBOIHAS MWieHKa (hochuaa meau. Bpems o6paboTku moBepxHOCTH obpasna dochuHOoM
10-30mun. IIpu oOpabGorke wmenee 10 wmwuH. TonmmmHa 1ieHKH coctaBiser 50-80 % ot
TEOPETUYECKOr0, YTO CBS3aHO C HEMOJHBIM MPOTEKaHUEM peakiuu. A mpu obpabotke Gonee 30
MUH TOJIIWHA TUICHKH HAYMHACT YMEHBIIATHCS, BO3MOXKHO, U3-32 XUMHUYECKOTO B3aUMOICHCTBUS
dbochuma Meau c cepHOU KHCIOTOH, OOpa3yrolleiicss Ha MOBEPXHOCTH H3ACIUS HAmpumep, Io
peakuuii: 3CuS0, + 2PH; — CuzP, + 3H,S0, D

B pesynbrate 00pabotku QochuHomM momydaer TOKpeITHS TommuHOW 0,3+0,5MKkM B
3aBUCUMOCTH OT KosnnuectBa CuSO,, 3aXBaTbIBAEMON MOBEPXHOCTHIO IUAJIEKTPUKA.

Jlyist momydeHus TOKPBITHS Ha TIOJMMEPHBIX MaTepraiiax o0pasisl u3 noaunamuaa (d=5,5¢cm)
00e3:XKMpOBaIM B COJOBOM pacTBOpe, TpaBwiu B pactBope K,Cr,0, - 35r/n; H,S0, (98%) — 640-
680 mu; H,O- 1o 1n npu temmeparype 40°C B Teucnue 2 muH. I1OBBIIICHHE TEMIIEPATYPHl U
BPEMCHH TPABJICHUS TPHBOJWIO K YBEIMYCHHUIO CKOpPOCTH nupdy3un TpaBsImiero areHra B
MIPUITOBEPXHOCTHBIC CIIOU TuIacTMacchl. OOpasel] mocje TPaBICHUs TIIATEIBHO POMBIBAINA BOJIOM.
[TpuroHOCTH TIACTMACCHI AJIT aKTUPOBAHMSI OMPEISISUTA 10 CMAaYUBAEMOCTH BCEH MOBEPXHOCTH.
[ToaroToBiICHHBIE TAaKUM 0OOpa3OM 06}03213111)1 cmaumBam B pactBope 50-150r/m CuSO, - 5H,0,
cymmuma  npu  Temneparype 18-20°C, 3arem momemanu B Kamepy s 00paboTKu
dochopconepxkamum razom. DochuH MoNTydaTH B3aMMOACHCTBHEM PACUUTAHHOTO KOJIMYECTBA
dbochuma MUHKA U CEPHON KHUCIOTH. BpeMs akTUBHPOBAaHHS MOBEPXHOCTH 00pasmoB 15muH. Ilo
WCTCUYCHUU BPEMEHUU W30BITOK PH; HE BCTYNUBIIWK B PEAKIMIO C MOHAMH MEIH, OTKAYUBAIH B
cocyn ¢ pactBopom CuSO, 1uis HeWTpalu3alud, a TJIACTMACCOBBI oOpaszel] BbIHUMAIU U
TIIATEIBHO TPOMBIBAIM XOJIOMHOW BOJOH OT OCTaTKOB OOpa3yroLIecss CEpHON KHUCIOTHI TI0
peakiuii (I). B pe3ymbraTe XMMHUYECKOTO B3aMMOJICHCTBUS cynbdaTa Meau ¢ (HochuHOM Ha
MOBEPXHOCTU 00pa3ioB Gopmupyercs mieHka ¢pochuaa Meau TEMHO-CTAIBHOTO 1IBETa TOJIIIHHON
0,4+0,5MKM.

Ha akTuBUpOBaHHYIO TakKMM 00pa3oM MOBEPXHOCTH Aaliee HAHOCHIA XUMHUYECKU HHKEIb-
(dhochopHOE TOKPHITHE U3 pacTBOpa (MOJIB/M):

NiSO, - 7H,0-0,1;NaH,PO, - H,0-0,2; NH,CI-1

WM K€ DIIEKTPOTUTHUECKOE MOKPBITHE U3 pacTBopa (T/1):

NiSO, - 7H,0-170; MgSO, - 7H,0-35;, Na,S0, - 10H,0-60; NaCl-300; H;BO05-24.
ITn0THOCTE TOKA | ZO,6A/,[[M2, =10-12MuH.

Hamu, Takke OBUTH TIOJNYYEHBI AJICKTPOIPOBOMSAIIME IUICHKA Ha IMOBEPXHOCTH CTEKIIA,
JiepeBa B XJIOMYaTOOyMakKHbIE TKAHU.

W3BecTHBIE CITOCOOBI METAITH3AIMH CBA3aHBI C HCIIOJIF30BAHUEM CIIOKHOW amiapaTyphl Wi
JIOPOTOCTOSIIIINX COENWHEHUH Manaaus, 30510Ta, cepedbpa. PazpabarbiBaeMblii METOA JIUIIEH ITUX
HE/JIOCTaTKOB W HWMEET BBICOKHE TEXHHMKO-DKOHOMHYECKHE Tokaszareneidl. Kpome Toro,
MeTaJITU3allks B Ta30BOH (haze Mpu KOMHATHBIX TEMIIEpaTypax MO3BOJISET MOBBICUTH BO3MOXKHOCTH
mporecca MeTtauim3anuu. JaHHBIH CIOCO0 TMO3BOJISIET TOJIYYHTH TOKOIPOBOMSIINE IJICHKH Ha
TMOOBIX AUAJICKTPUKAX CMAYUBAEMBIX PACTBOPOM COJIA MEIH.
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Human activities have intensified toxic metal concentrations in ecosystems, notably
mangroves, sourced from sewage and industrial effluents. Rare earth elements (REES), vital in
industries like electronics and catalysis, pose ecological risks due to their soluble and reactive
forms, disrupting biological processes and impacting organisms differently based on concentration.
Research in Penang seeks to comprehend REE distribution in mangrove sediments, employing
Instrumental Nuclear Activation Analysis (INAA). This investigation is crucial as mangroves are
highly productive ecosystems, crucial for economic growth. Understanding REE presence in such
habitat’s sheds light on their environmental impact and aids in devising conservation strategies for
these vital coastal ecosystems.

Sediment samples from Penang's mangrove area along the Juru River were collected,
homogenized, taken from depths of approximately 5.0 cm, and dried for analysis. INAA method
was used, with SRM SL-1 as reference, for element concentration determination. Enrichment factor
(EF) assessed REE distribution and sediment contamination in Juru mangroves.

The analysis of elemental standards revealed intriguing results, showcasing both precision and
variation as shown in Table 1. Europium (Eu) surpassed its standard value, boasting a remarkable
recovery rate of 104.4%. Conversely, lutetium (Lu) and terbium (Tb) fell short of their expected
values, exhibiting recovery rates of 75.9% and 80.0%, respectively. Samarium (Sm) nearly reached
its standard value, with a respectable recovery rate of 90.2%. Yet, ytterbium (Yb) exceeded
expectations, showcasing a recovery rate of 100.9%. These findings underscore the complexity of
analytical processes and the importance of meticulous calibration to ensure accurate measurements.

Table 1: The analysis of the standard reference material and comparison with certified

values of Lake Sediment, SL-1

Element Standard Value Measured Value Recovery (%)
Eu 1.6 1.67 104.4

Lu 0.54 0.41 75.9

Tb 14 1.12 80.0

Sm 9.25 8.34 90.2

Yb 3.42 3.45 100.9

This study compared average values of REEs (Eu, Lu, Th, Sm, and Yb) with averages from
other studies as shown in Table 2. Results showed small differences between the averages: Eu was
1.49 here, slightly lower than the 1.6 in other studies; Lu was 0.38, close to the 0.40 elsewhere.
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However, Tbh had a much higher average here (4.68 compared to 1.1), while Sm was slightly lower
(7.89 compared to 8.2). Yb also showed a difference, with an average of 3.12 here compared to 1.9
in other studies.

Table 2: The concentrations of rare Earth elements (mg/kg)

Element Minimum Maximum Average Standard Other Average shall
deviation studies value

Eu 1.35 1.89 1.49 0.36 1.6 ** 1.08 *

Lu 0.33 0.42 0.38 0.12 0.40 ** 0.433 *

Tb 4.57 4.84 4.68 0.24 1.1** 0.774 *

Sm 7.24 8.53 7.89 0.49 8.2 ** 5.65*

Yb 2.89 3.58 3.12 0.23 1.9 ** 2.82*

** Wasserman et al., 2011, *(Pourmand et al.,2012)
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Tonni Agustiono Kurniawan
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College of Ecology and Environment, Xiamen University, Xiamen 361102, Fujian, China

China has a long tradition of promoting sustainability through environmentally friendly ways
of life that conserve unused resources. The recovery, recycle, reuse, conversion and re-introduction
of the metals waste into the supply chain of adsorbents for water treatment will contribute to a
sustainable production and consumption with respect to the circular economy.

To reflect this paradigm in conservation and environmental protection, a new adsorbent is
synthesized from the unused Zn®* and Cr®* that remain in electroplating wastewater after complete
metal-finishing processes. This practical and inexpensive solution may address the water pollution
due to PP. In addition to its cost-effectiveness for pyrophosphate (PP) removal, the adsorbent may
have the capability of overcoming bottlenecks such as swelling factors due to the unique
characteristics of clay, when being embedded in a liquid medium.

For this reason, recently layered double hydroxide (LDHSs) has been developed as one of the
options to mitigate the impacts attributed to these bottlenecks. The LDHs, commonly known as
anionic clay, has a layered structure similar to brucite. Its basic structure is presented in Eq(1):

X
[MZ M (OH),T“[(A™)" - yH,0]* (1)

where: M?" and M** represent any divalent and trivalent metal cations, respectively, while A™ and x

represent the interlayer anions and M**/Miw molar ratio, respectively. The Equation (1), which

contains the divalent and trivalent metal cations, acquires positive charges to counterbalance the

negative charges of the anion for ion exchange with target pollutant in aqueous solutions.

To adopt a resource recovery, the adsorbent was synthesized from concentrated metals of
plating waste that remained after electroplating processes. To test its applicability for water
treatment, batch studies were conducted at optimized conditions such as dose, pH, reaction time,
and temperature. To understand the adsorption mechanisms of the PP by the adsorbent, the Zn,Cr-
LDH was characterized using Brunauer-Emmett-Teller (BET), X-ray powder diffraction (XRD),
Fourier-transform infrared spectroscopy (FT-IR), scanning electron microscopy/energy dispersive

X-ray spectroscopy (SEM/EDS), and X-ray photoelectron spectroscopy (XPS) analyses before and
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after adsorption. To enhance its cost-effectiveness for water treatment operations, the spent
adsorbent was regenerated with NaOH. It is anticipated that these findings would pave the way

forward for new techniques in removing P cost-effectively from the aquatic environment.

To determine the most appropriate metals molar ratio for attaining a maximum adsorption of
the PP, four samples of LDHs with different Zn/Cr molar ratios (1.5:1, 2:1, 3:1, 4:1) were tested for
a predetermined PP concentration. To prevent Cr®* and Zn®** from being released by the LDH, the
pH of the wastewater was adjusted to pH 6 using a pH-meter model Lab 850 (SCHOTT, Germany).
The effects of pH on PP removal by the same adsorbent were also investigated by varying the
solution pH from 3 to 11 with an initial PP concentration of 200 mg/L.

An optimum molar ratio of the Zn/Cr in LDHs is important to maximize PP removal by the
adsorbent. An inappropriate Zn/Cr ratio may result in the instability of the LDHs during adsorption
treatment, unexpectedly releasing toxic metal ions (Zn®* and/or Cr®*) into the aquatic environment
[1]. Therefore, the effects of the adsorbent’s Zn/Cr molar ratio on PP removal were investigated.

Figure 1 shows that the highest amounts of PP removal by the Zn/Cr-LDHs with Zn/Cr molar
ratios of 2:1 and 3:1 were 76.4 and 76.5 mg/g, respectively. This indicates that both the Zn,Cr-LDH
and the Zn3Cr-LDH were ideal candidates for PP removal. Considering that Zn(Il) ions are more
soluble than Cr(111) according to the former’s higher solubility constant (Zn(OH),, Ks,=1.2x10""),
Zhou et al. [2] argued that a higher M?*/M** molar ratios would lead to its instability for water
treatment applications. Furthermore, as compared to the pure Zn,Cr-LDH, the impurity of the other
LDH sample, indexed to ZnO, might limit the adsorption of PP. For these reasons, the Zn,Cr-LDH
was selected in this study, instead of the Zn;Cr-LDH.
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Figure 1. Effects of Zn/Cr molar ratio on PP removal by Zn/Cr-LDH.
(Experimental conditions: 1 g/L of dose; 200 mg/L of PP concentration; pH: 6; 6 h of reaction)
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N3YYEHHUE U TIPEUMYIIECTBO (30JIOIIVIAKOB) AHIT'PEHCKOM 1
HOBOAHI'PEHCKOU TOC B BETOHHOM ITPU3BOJACTBE

Iynarosa /JI.I, Axynmaxkanos K.O.
dilrabosaidmuratova@gmail.com
TawkenmceKull XuMuKo-mexHoL02u4ecKull uHcmumym , kageopa Ynpaenenus kavecmea u
bezonacnocms NPoOyKyu

Bo ucnonnenue Ilocranosnenus [Ipesunenra Pecnnyonuku Y306ekucran I111-4335 ot 23 mas
2019 roma «O [OOMOTHUTENBHBIX MEpax [0 YCKOPEHHOMY pa3BUTHUIO MPOMBIIUIEHHOCTH
CTPOUTENBHBIX MarepuajoB» B PecmyOiuke oOCyIIecTBIsSeTCA MIMpOKOMacIiTabHas padbora 1o
JaNbHEUIIEMY YITyONEeHUIO CTPYKTYPHBIX MPeoOpa3oBaHUN B MPOMBINIIEHHOCTH CTPOUTEIbHBIX
MaTepuayioB, HANpPABICHHBIX Ha OO0CCIICUYCHHE YCTOWYUBHIX TEMIIOB POCTA IPOHM3BOJCTBA U
HKCIOpPTAa KOHKYPEHTOCIIOCOOHOW MPOAYKIMH, a TakKe MOJAEpPHU3alus, TEXHHUYECKoe U
TEXHOJIOTUYECKOe OOHOBIICHUE TIPEANPUATHM, CO3JaHNE OJIATONPUATHBIX YCIOBHUM 711 YCKOPEHHOTO
pa3BUTUA U AUBEPCUUKAUU OTPACIH, MPUBJICYCHHE HHBECTUIMH B MEepepadOTKy MECTHBIX
MUHEPAJIBLHBIX CBHIPHEBBIX PECYPCOB M YBEIIMUEHUS JKCIIOPTa CTPOHUTEIBHBIX MarepuanoB. Llenpro
HaIei paboThl SBISETCS MPOU3BOACTBO UMITOPTO-3aMEIIAIONIET0 MHHOBAIIMOHHOTO CTPOUTEIHHOTO
Marepuaia — 30JI00ETOHHBIX OJIOKOB M3 MECTHBIX TEXHOTE€HHBIX MPOMBIIUICHHBIX OTXO/I0B
(307I01ITAKOB)  TETTORNEKTpOocTaHuit TamkeHTCKoW o6nacTu. SluencThiii OETOH MpeaAcTaBIseT
co0Ol WCKYCCTBEHHBIM MaTepuajl C PAaBHOMEPHO pPACIOJIOKEHHBIMH TIOpaMHU B BHUJE MEJKUX
chepuuecKux sUeeK , MPUMEHSIOTCS B CTPOUTENLCTBE IS KJIaIKH HAPY>KHBIX U BHYTPEHHUX CTEH U
MIEPETOPOJIOK 3aHUM, COOPYKEHUN C OTHOCUTEIHLHOM BIAXKHOCTBIO BO3ayXa He Ooiee 75% u mpu
He arpeccuBHOW cpene. W3menuss U3 siuemcToro OeTOHA JIETKO MOAMAIOTCS OO0paboTKe mpu
WCIIOJIb30BAHUN TPOCTHIX IUIOTHUIIKAX HWHCTPYMEHTOB. B Hacrosimiee Bpems B TalmkeHTCKOH
00JIaCTH OCTPO CTOUT IKOJIOTUYECKUIN BOMPOC: OTXOJIbI CTOPAHUS YIJIs (30JI0IUIAKH ) OT AHTPEHCKOM
n Hosoanrpenckoit TOC 3a 40 ner nakonuiauck 6onee 200 MIIH. TOHH, T€M CaMbIM OKa3bIBas
HEraTUBHOE BIIMSHHUE HA OKPYKAIOIIYI0 Cpedy W HKOJOTHYECKYI) OOCTaHOBKY MPHIIETaroIINX
tepputopuii. C 1eNbI0 BTOPUYHOTO HCIIOJI30BAHUS 30JIbI M TOJHOW YTHUIIM3AIMH OCTaBIIUXCS
MPOAYKTOB  ObLIa pazpaboTaHa TEXHOJOTHS TIO TMPOU3ZBOACTBY HMIOPTO3aMEHSIOIIETO
WHHOBAIIMOHHOTO CTPOUTEIHLHOTO MaTepuajia — 30JI00€TOHA C TOJOBOM YTHJIM3AIMer 30161 110 1
MiH. ToHH. Co3/laHa TEXHOJOTHsI TO TPOU3BOJACTBY 30JI00CTOHHBIXSI OJOKOB SYEUCTHIX, TJE
OCHOBHBIM KOMITOHEHTOM SIBJIsIeTCS 300m1n1ak - ot 50 1o 65 %, nemeHT -20-25 %, u3BecTh - oT 8-15
%, amomunueBas nacta 0,02 — 0,04 %, xayctuueckas coga 0,02 — 0,04 %, 6a3anbTOBOE BOJIOKHO,
Bona 25%. IlpownsBenensl 1abopaTopHbIC NCCIEIOBAHMS OMBITHRIX 00PA3IOB HA: MOPO30CTOMKOCTb,
BJIQXKHOCTh, TEIUIOM3OJISIINIO, IIIYMOW3OJSIIIMIO W JApPYyrue cBoicTBa. McciemoBaHus IMOKaszamu
XOpOIlIe pe3yJabTaThl IO CPAaBHEHHWIO C JIPYTHMU aHAJIOTHYHBIMHA MaTepuajiamMHu, KOTOPHIC
UMITOPTUPYIOTCS B Hally cTpany u3 apyrux ctpan CHI. VYBepeHHO MoXeM ckas3aTb, 4TO 0Opasilbl
HE YCTyMalT MO KaueCTBY M HAaMHOTO JICIIEBJIE MMIIOPTHBIX, a TaKKe JICIIEBIIE BCEX BHJIOB
CTPOUTENLHBIX MaTepUajoB JaHHOTO THIA, MPOU3BOJUMBIX B Hamlel cTtpane. Ha ocHoBe aHanmza
BBIITYCKAEMBIX B PECITYOIMKE CTPOUTEIIBHBIX MaTepHaIOB MOXHO CKa3aTh, YTO JIAHHAS MMPOTYKITHS
SIBIISIETCS. MHHOBAIIMOHOW. B X0/1e M3yueHus: MpUMEHEHUS 30JI0IIIAKOBBIX OTXO/IOB, BRISIBIICHO, YTO B
V36ekucrane npumensiercs Bcero 5% 3110 npu npousBoactse nementa. B I'epmanuu u Jlanuu B
MIPOU3BOJICTBE CTPOUTENIbHBIX MaTrepuanoB ucnonb3yercs 10 100% rogosoro 31110. B I'epmanuu B

90


https://doi.org/10.1016/j.cej.2014.09.059
https://doi.org/10.1016/j.jhazmat.2011.02.078
mailto:dilrabosaidmuratova@gmail.com

& https://doi.org/10.5281/zenodo.11216200

HACTOsIIIIEe BpeMs 3alpeuieH0 UMETh 30J00TBajbl. [10 pe3yapTaToM HCCIEIOBAaHUSA —SYEHCTOrO
30a0eToHa oOHapyXeHa NPEUMYILECTBEHHO BBICOKHE TEIIO3AIllMTHBIE CBOMCTBA, a TAaKKe B
mopax BO3AYX NPUBOIAWT K HUCKIIOYUTEILHOMY TEIUIOM3OJSIIMOHHOMY 3ddekty. B mporecce
SKCIUTyaTaluy 3[JaHuil U3 OJIOKOB U3 SYEHCTOro OETOHA PACXO/Ibl HA OTOIIEHUE CHUXKAIOTCS Ha 20-
30, Tak KaK B Mopax MaTepHajia OCTAeTCs BO3/YX, UTO SIBJISETCS XOPOIIUM TEIIOU30JIALIMOHHBIM
MatepuaioM. KpoMe TOro cCHuaeT AOPOroCTOSINEro MaTrepuana, a MPOYHOCTh Marepuaia IMpu
3TOM He yMeHbInaercs. [lorydeHHbIe JaHHbIe TPUBEICHBI B Ta0IHIIe 2.

Tabnuma 2
Pe3ynbrarhel npoBeieHNs UCTIBITAHUN (M3MEpEHU)
HaunmeHnoBanue nmapamerpos 3HaveHue MapaMeTpoB CoOoTBeTCTBHE MTAPAMETPOB
(TpeboBaHumii) (TpedoBanuit) (TpeboBanmit)
ITo HJL dakTHYeCcKu

Knacc Getona mo mpounoctd B ¢
Tpebyemoii mpouHocThio R,, MIla:
IIpounocts Ha cxxatue, MIla:
-oOpaszer Nel 3,66

CootserctByer I'OCT 18105-
-oOpasery Ne2 B2,5 3,71

2018 IlpmmoxxeHne A. Tabmuma
-oOpaszerr Ne3 R.= 3,57 3,59 A3
-oOpaser; Ned 3,49 ’
-o0paserr Ne5 3,48
-o0pasery Ne6 3,51
Cpenmnee; 3,573
Cpennsis IJIOTHOCTb, Kr/M°,
(Mapka): 501
-o0paszer Nel 499

Cootsercteyer I'OCT 21520-
-o0pasery Ne2 480

89 nynkr 1.2.1.4
-o0Opazery Ne3 490 (D500) 478

I'OCT 27005-2014 Ttabmuna 3,
-oOpaser Ned4 469

myHKTEI 4.1 1 8.1
-o6pazer Ne5 471
-o0paser; Ne6 483
Cpennee;
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