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I''TAYKOHUTCOAEPKAIIASA BCKPBIIIHA S IIOPOJA -
HEPCIIEKTHUBHOE CBIPBE JIJI151 CUHTE3A CTEKO.JI
PA3JIMYHOI'O HABHAYEHMUW A

AnnoTtanus. [IpuBeneHs! pe3yIbTaThl HCCISAOBAHMS 10 MPUMEHEHHIO TI1ay KOHUTCOAEPIKAIINX BCKPHIIIHBIX Topo Ho-
BOJIBOPCKOT'O MECTOPOXKIeHUsI 6a3anbsToB U Ty(oB [InHCKOTO paiiona bpecTckoit o6macTw i MOTYUYESHUs CTEKOI PA3JINIHO-
ro Ha3Ha4yeHus. Pa3paboTaHbl COCTaBBI CHIPEEBBIX KOMIIO3HIUN B CHCTEME INIAYKOHUTCOAEPIKAIas II0pOaa—MeI—OKCH ]I JKe-
Je3a—KaJlbIIMHUPOBAHHAS COJA, ONTHMMU3UPOBAHBI IPEIEIbl MAaCCOBOTO KOJMYECTBA CHIPHEBBIX KOMIIOHEGHTOB ILIMXTHI
M OCHOBHBIX OKCHJIOB B CTEKJIaX. YCTAHOBJIEHO, YTO INIABHBIM KPUTEPUEM MOJIyUCHHUS KaUeCTBEHHBIX CTEKOJ SIBJISCTCS palli-
OHAJIPHOE COYETAaHHE TYTOMJIABKHMX M JIETKOIUIABKMX OKCHIOB, YTO 00ECIEYHBAET OJHOPOAHOCTH CTEKOJ, BBIPAOOTOUHYIO
BSI3KOCTb, CIIOCOOHOCTB ()OPMOBATHCS Pa3IMYHBIMU CHOCOOAMHM, OTCYTCTBHE CKJIOHHOCTH K KPUCTAJJIM3aLUH, YCPHbIH [[BET
B Macce, a TAKXKe KOMIUIEKC yJOBIETBOPUTEIIBHBIX (PU3NKO-XMMHUYECKUX CBOMCTB. Pe3ynbraThl HCCIICOBAHUS TOATBEPANIN
NEPCHEKTUBHOCTH HCIIOJIB30BAHUSA TJIAYKOHUTCOACPIKAIIMUX BCKPBINIHBIX MOPOA AJI CUHTE3a CTEKOJI pas3JIMIHOTO Ha3Ha4e-
HUS, 4TO OyJIeT CIocoOCTBOBAThH PALIMOHAIBHOMY HCIIOJIB30BaHHIO TIOJIE3HBIX M OIY THBIX HCKomaeMbIx HoBoiBopckoro me-
cTopoxaeHus 6azansToB U Tydos PecriyOnuku benapyce, a Takyke yiaydIICHHIO SKOJIOIHYSCKOH CHTyalluy MPHJIETaoInX
K MECTOPOXKJICHUIO PETHOHOB.

KuioueBble c10Ba: TIayKOHUTCOJEpIKaIIas IIOPOAA, JEHIPOrpaMMa KJIACTepU3alliy, MUHEPaIIbl, ChIpbeBasi KOMIIO3H-
IHs], CTEKJIO, TEXHOJIOTHYECKHE XapaKTePUCTHKH, (PU3NKO-XMMUYECKHE CBOIICTBA

Jast nuTupoBanus. [J1ayKOHUTCOIEpIKallas BCKPBIIIHAS II0OPOJia — MEPCIICKTUBHOE ChIPhE JIsi CHHTE3a CTEKOJ pas-
nuyHoro HasHadeHus / C. E. bapanuesa [u ap.] / Bec. Han. akan. HaByk bemapyci. Cep. xim. HaByK. — 2023. — T. 59, Ne 2. —
C. 169-176. https://doi.org/10.29235/1561-8331-2023-59-2-169-176
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GLAUCONITE-CONTAINING OVERBURDEN IS A PROMISING RAW MATERIAL
FOR THE SYNTHESIS OF GLASSES FOR VARIOUS PURPOSES

Abstract. The results of a study on the use of glauconite-containing overburden rocks of the Novodvorskoye deposit of
the Pinsk district of the Brest region to produce glasses for various purposes are presented. The compositions of raw materials
in the system «glauconite-containing rock — chalk — iron oxide — soda ash» have been developed, the limiting amount of the
raw components and basic oxides in glasses have been optimized. It has been established that the main criterion for obtaining
high-quality glasses is a rational combination of refractory and low-melting oxides, which ensures the homogeneity of glasses,
working viscosity, the ability to form in various ways, the absence of a tendency to crystallization, black color in the mass, as
well as a complex of satisfactory physical and chemical properties. The results of the study confirmed the prospects of using
the glauconite-containing overburden for the synthesis of glasses for various purposes, which will contribute to the rational
use of natural resources and associated minerals of the Novodvorskoye deposit of the Republic of Belarus, and will improve
the environmental situation in the areas adjacent to the deposit.
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Benenue. OTkpbiTOC MeCTOpOXKIeHUE 0a3aibToB U Ty(hoB HoBonsopckoe [TuHckoro paiiona bpect-
ckoil oonactu Pecriybnuku benapych xapakTepu3yeTcs cIeAyIONIMM TeoJOrHUYeCKM pa3pe3oM: B BEpX-
HEl YacTH BCKPBIIIHBIC MTOPOABI IPEACTABICHBI CTPOUTEIBHBIMU MECKAMU C TPUMECHIO T'PABUS, B HUXK-
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HEl — TJIAyKOHUTCACPKAIUMH TeCKaMH, alleBPUTaAMHU M aJIEBPOJIUTAMU; HUXKE 3aJIeTal0T 0a3aibThI
U canoHutcoepkamnue Typsl. OCHOBHBIMH TOJIE3HBIMU UCKOMAEMBIMH SBIISIOTCS 0a3allbThI U TY(]HI,
a IOy THBIMH — TJ1ay KOHUTCOJEPKAIIHE TTOPOIBL.

bazaneTel U Ty(PBI 2TOrO MECTOPOXKIECHUS M3YyYCHBI JOCTATOYHO MoApoOHO [1] ¥ moaTBepskacHA
MIEPCTIEKTUBHOCTD TOIYYSHHS MTMPOKON JIMHEHKHN CHJIMKATHBIX MaTEPHUAJIOB, B YACTHOCTH TOPUCTHIX
TCILJIOU3O0JIAIIMOHHBIX, KEPAMUUYCCKHX, 4 TAKKEC MUHEPAJIbHBIX BOJIOKOH, CTEKJIOKPUCTAJINIINYCCKUX Ma-
TEPpHUAJIOB 1 KAMCHHOT'O JIUThA.

rﬂayKOHI/ITCOI[ep)KaHH/Ie BCKPBIIITHBIC TOPOABI JJI CUHTE3a CTCKOJI pa3JIMYHOr0 Ha3HAYCHUA — apXu-
TEKTYPHO-CTPOUTEIIBHOTO, XYI0KECTBCHHOTO JIM3aiiHa, OKPAILICHHOTO B MacCe, paHee HE TPUMCHSIIHCH,
[03TOMY CBEJICHUS B JINTEpAType BechbMa orpaHuucHbl. ONMUCAHO JUIIL UCTOIB30BAHUE ITUX TOPOJ
Y TIEPCTIEKTUBBI TOTYUSHUS TEIJION30JISIMOHHBIX TTOPUCTHIX MaTepUAJIOB, CHIPhEBhIC KOMIIO3HUITUU KO-
TOPBIX COZIEPKAT B KAYECTBE OCHOBHOT'O KOMIIOHEHTA TJIayKOHUTCOJIEPIKAIIHE 0Ca09YHbIE BCKPBIIIHEIE
ropoasl HoBogBOpCKOTo MeCTOPOXKACHHS [2].

Lens nccnenoBanms — pa3paboTKa PelenTyphl CHIPhEBBIX KOMIO3UIIMHM M TEXHOJIOTMYECKUX Mapa-
METPOB TIOJIYYCHHUS CTEKOJI C MCIIOJIB30BAHUEM TTIayKOHUTCOJEepKAIUX mopos; HoBogBopckoro mecro-
POXIACHUSA, KOTOPBIC ITO CBOEMY XMMHWYECKOMY U MUHEPAJIBHOMY COCTABY SABJIAIOTCSA erMHHﬁCOHCp)Ka-
MM KOMIIOHCHTOM, IPUTOAHBIM JJI UX IMOJTYUCHU .

MeToauka uccienoBanus. M3sectHo [4], 4TO HAa OCHOBE CO3JIaHUS CTPYKTYPhI pa3BUTHUS KIIacTepa
(menaporpaMmbl) oOBeIHHSETCS 00ast TPYIIa OOBEKTOB WIIH SBJICHUN, KOTOPBIE COCTABISIOT €UHOE
1esnoe. DTO MOXKET YCIIENTHO TPUMEHSITHCS U JIISI pEIeHUs] TEXHOJIOTHYecKuX 3a1ad. [Ipu mpoBeneHmnu
HCCIICIOBAHMH IS pa3BUTHS KJacTepa UCIOIb30BaH AepeBo Iienei (puc. 1), mpeacrapistomniee coOoit
CTPYKTYPHPOBaHHBIN HEPAPXUUECKUN MepedeHb, B KOTOPOM IeIH 00jiee HU3KOTO YPOBHS IMOTYNHEHBI
neJtsiM 0oJiee BHICOKOTO YPOBHS M CITYIKAT JIJISI JIOCTHXKEHHS TeHePaTbHOW 1IeITH, B HAIIIEM CiTydae Mojy-
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Fig. 1. Dendrogram of clustering
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Tao6numna l. KadecTBeHHBIN MAHEPAJbHBII COCTAB INIAYKOHUTCOAEP KaLIeil BaJOBOH BCKPBIIIHOI MOPOABI

Table 1. Qualitative mineral composition of glauconite-containing bulk overburden

MuHepabl HOPOJIbI CTpyKTypHast XUMH4ecKas popmyiia
Ksapn Sio,
[nayKoHUT K(Fe¥', AL, Fe?*, Mg), [A1Si;0,,](OH), nH,0
[loneBrle mImaThl: ambOHUT, AHOPTHUT, OPTOKIIA3 Na[AlSi;O4], Ca[AlLSi, O], K[AISi;Oq]
Kaoauuaut Al,[Si,0,,](OH),
MyckoBut KAL[AISi;O,(](OH),
Cupnepur FeCO,
Docdarsr (CH;0),P(O)(OH),,

YeHHs 00pa3IoB M3 CTEKJIa Pa3INYHOI0 HA3HAUCHHUS C 33JJAHHBIMU XapaKTEPUCTUKAMU C UCTIOJIb30Ba-
HUEM TIJ1ayKOHUTCOAepKaIlel OpOIbI.

Crekna cuntesupoBanu npu tremneparype (1450+10) °C u Beiaep)xkke B TeueHue | 4 U3 MUXT, NpH-
TOTOBJICHHBIX B COOTBETCTBUH C pa3pabdOTaHHOH peuentypoi, oO0pasubl U3rOTaBIMBAIH OTJIHWBKOH
B ()OPMBI UJTM HA METAJUINYECKYIO TUTUTY, a TAKXKE BBITATUBAHUEM M3 paciljlaBa ¢ IOCIEYOMINM OTKH-
roM npu temnepatype (500£10) °C B Teuenue | 9 1151 CHATUS BHYTPEHHUX HANPSKECHUN U COXPAHEHHUS
WX IIEJIOCTHOCTH.

XHUMHUYECKUI OKCHIHBIN COCTaB TJIAyKOHUTCOAEPIKAIIETO CHIPhS U CTEKJIa ONTHMAaJIEHOTO COCTaBa
OTIPENEIISIIA C TIOMOIIBIO CKAHUPYIOMIETO EeKTpoHHOT0 MuKpockoma JEOL JSM-5610 LV, ocnamen-
HOT'O0 CHCTEMOM JIOKaIbHOTO XuMudeckoro anainuza EDX JED-2201 JEOL (Slmonwus). Pacuet coctaBoB
CTEKOJI ¥ ONpe/ieieHHe KOMIIIeKca NX (PU3MKO-XMMHUYECKUX CBOMCTB ITPOBOJIIIIN COTJIACHO METOMKaM [3].

JKcnepuMeHTAJIbHAsA YacTh. OCHOBHBIMH KPUTEPUSMHU, 00CCIICUNBAIOUIMMHE MOJTYyUYEHHE CTEKOI
C 3aJ]aHHBIMU (PU3UKO-XMMHUYECKMMHU CBOMCTBAMHU, SIBIISIFOTCS XMMUYECKUN U MUHEPAIBHBIN COCTaB I10-
poxbl. Bekpeiinas nopoaa, 3aneratomas Hag O0a3aibTaMu U Ty(QaMu, IpeacTaBlIeHa TPeMsl TIaCTaMu:
raJTyKOHHTCOACPKAIUMH ajieBpuTaMu (TiacT 1), KBapleBHIM IMECKOM (TIACT 2) W aJeBPOIIUTAMH
(mmacT 3), KOTOpBIE XapaKTEePU3YIOTCS OJU3KUM XUMHYECKHM COCTaBOM, TIODTOMY HCITOJIb30BAJIH BaJO-
BYIO TIpO0Yy, 9TO TIpW TPOMBIIIJIEHHONH pa3pabOTKe MECTOPOXKIEHUS He MOTpedyeT WX CeIeKTHBHOU
J00bIuM. YCpeAHEHHBIH COCTAB BaJOBOM MOPOJIBI, KOTOPOH mprucBoeH uHaeke «OBy, mpencrasieH clie-
AyromuMH okcuaamu, mac.%: SiO, 74,75; Al,O, 8,11; TiO, 0,77; FeO 7,10; CaO 1,19; MgO 1,75; K,O
1,92; Na, O 0,33; MnO 0,14; Ag,0 0,28; CuO 1,74; . . . 1,90.

XUMHUYECKUI COCTAB ITIayKOHUTCOACPKAIIETO ChIPhS Xa-
paKTepu3yeTcs BHICOKHM COJICPKAHUEM OKCHJIOB KPEeMHUS
W QTIOMHUHUSA, 9TO CBHAETEINHCTBYET O BO3MOKHOCTH €T0
UCIIONIb30BaHUS B KAYECTBE KOMIIOHEHTA ChIPhEBBIX KOMIIO-
3UIIMI CTEKOJ Pa3IM4YHOr0 HasHadeHHs. KauecTBEeHHBIN
W yCPEIHEHHBIH KOJMYECTBEHHBI MHHEPAIBHBIH COCTAB ‘
BaJIOBOH SKCIIEPUMEHTAIBHOM TTPOOBI IIPEACTaBICH B Ta0II. 1 |'

u Ha puc. 2 [5]. Ll

Hcxonst 13 XMMHYECKOTO COCTaBa BCKPBILIHOM TIIayKo-
HUTCOJISPKAIIeH TIOPOJIbI, @ UMEHHO ITPUCYTCTBHSI OKCH/IA HKe-
Jie3a, MPeAroNarajoch MoIydeHHe OKPaIIeHHOTO B Macce
CTEKJIa YepHOTO 1IBETa THITa MapOIIUT.

IlepBast yacTh HccIeOBaHMS MOCBSAIIEHA CHHTE3Y MO-
JenbHBIX cTekon B cucteMe Si0,—-Al,0,—Fe,0,—Ca0—-Na,O. Puc. 2. Jlnarpamma KOJTHYECTBEHHOTO
VCTaHOBIIEHO, YTO ONTHMAJIbHAS 00JACTh TEXHOJIOTMYHBIX ~ PACTPCACHCHIA MITHEPAIBHEIX COCTABIIAIONIHX

TJ1ayKOHUTCO/IEP KAIIMX BCKPBIIIHBIX IOPOJT
CTEKOJ, Oy YeHHBIX MPH Temreparype Bapku (1450+20) '°C, HOBOZBOPCKOTO MECTOPONICHH
HaXOJMTCS B MPEENAX COAEPKAHUs OKCHIOB, Mac.%: SiO, Fig. 2. Circle diagram of the quantitative
65-70, A1203 5-10, Fe,0; 5-10 mpu nocrosHHoM conepsxa- distribution of mineral components
auu CaO u Na,O B konuyecTBe 5 M 15 COOTBETCTBEHHO of glauconite-containing overburden rocks
(puc. 3). of the Novodvorskoye deposit

Kaonunut

MNonesble wnatol




172  Proceedings of the National Academy of Sciences of Belarus, Chemical series, 2023. T. 59, Ne 2. C. 169-176

AHanu3 u3y4eHHBIX cTekoa cucTeMbl Si0, —Al,O;—
Fe,0, -Ca0-Na,O noxkasan, uto o6pasusl crekon Ne 1, 2,
4, 7 u 11 OGecuBETHBI U3-32 OTCYTCTBUS OKCHJA XKele3a,
OIIHAKO HE TOJTHOCTBIO OCBETIISIOTCS W IIPOBAPUBAIOTCS,
TTOCKOJIBKY CyMMapHOE COJICpKaHUE TyTOIJIABKUX OKCHIIOB
coctaBisieT 80 % u coOXpaHSETCs 3a CUET PKBUBAJIICHTHOTO
ymenbienus SiO, U yBenuueHus: oqHospeMeHHo Al,O;.
Crexia Ne 10, 14 u 15 oTnu4arTCs MOBBIILIEHHON CKJIOH-
HOCTBIO K KPHCTAJUTU3AINH, TPOSBISIONICHCS 00pa3oBa-
HHUEM Ha MOBEPXHOCTH CJETKa HUPPUBUPYIOIIECH MaTOBOU
mieHkn. Ctekia Ne 12 u 13 oTiandaroTcss MEHBIIIEH TEXHO-
JIOTUYHOCTBIO, CBSI3aHHOM C TIOBBIIIEHUEM UX BI3KOCTH I10
Mepe YBEITUUCHUS KOJTMISCTBA BBOIUMOTO OKCHIA aJTFOMH-
uusi. Hanboree TeXHOJOrMYHBIMU SIBJISIOTCS CTEKJIa COCTa-
BoB Ne 3, 5 1 6, 04HAKO C UCIIOJIb30BaHUEM B JIajIbHEHIIIEM

ALO3 3 10 15 20 Fe:03

Puc. 3. OGpasisl sKCIEPUMEHTATBHBIX CTEKOI
mozenbHol cucremsl Si0,—Al,0,-Fe,0,-CaO—

Na,O B Ka4€CTBE OCHOBHOI'O KOMIIOHEHTA BaJIOBOM INIAyKOHMT-
Fig. 3. Samples of experimental glasses of the COZepIKaIeH TOPOABI HE NPENCTABIACTCS BOSMOKHBIM CO-
model system SiO,~Al,0;-Fe,0,-CaO-Na,O XPaHUTb UX OKCUIHBIM COCTAB M3-3a CIOXKHOCTHU XMMHU-

YeCKOro coctaBa Mopoisl. TakuM oOpazom, MO Hamemy
MHEHHUIO, ONTHMAJIbHBIA COCTAB CTEKIIAa MOXKET OBITh CAHTE3UPOBaH B 00;1acTu cucteMsl Si0, 6065 %,
Al, 05 5-10 %, Fe,04 5-10 % npu nocrosuaom cozxepxanun CaO u Na,O B konmuuectse 5 u 15 %
COOTBETCTBEHHO.

s Gonee KOHKPETHOTO YTOUHEHHUS COACP)KaHMS OKCHIHBIX KOMIIOHEHTOB, MCXOIS M3 yCTaHOB-
JICHHBIX TpezesioB (puc. 3), ObLI MpoBeieH cuHTe3 cTekos Ne 16 u 17, cocTaBbl KOTOPBIX MPE/CTABIICHBI,
mac.%: Si0, 66,5; Al,O; 6,75; Fe, 0, 6,75 u Si0, 67,0; Al,O, 2,5; Fe,0, 10,5 cOOTBETCTBEHHO IIPU HOCTOSHHOM
conepkanuu CaO u Na,O B komuyectse 5 u 15 mac.%. Crekiia Xopolo IIpOBAPUBAIOTCS M MOTYT CIIYXKHTh
OCHOBOM /7151 IIepexojia U3 OKCHIHOM MOJIEIbHOW CUCTEMBI Ha CBIPBEBYIO KOMITOZUIMIO C HUCIIONB30BAHUEM
[JIay KOHUTCOIEPKAIIeH BCKPBIIITHOM OPOIBIL.

Bropast acTh uccienoBaHus MOCBSAIICHA PEHICHUIO BOIPOCA MEPEX0/a OT ChIPbEBBIX KOMITO3UIIHMA
crexon monensHon cuctembl SiO,—Al,05-Fe,0,—Ca0-Na,O Ha ChIpbeBbIE KOMIO3HIUH, COACPIKALINE
MIPUPOTHBIE KOMIIOHEHTHI, BKITIOYAIOIIIE BAJIOBYIO TIIayKOHUTCOAEepKamTyto mopoxy (OB), nomomur, coxy
KaJIBIIMHUPOBAHHYIO, MEJI, a TAK)Ke TIECOK KBapueBbId, okcua xkenes3a (I1I) u rmmrozem. CuHTE3 CTEKOB-
HBIX IIHUXT MPOBOAMIIM MO TPAJULIMOHHON TEXHOJIOTHH, BAPKy CTEKJIAa OCYIIECTBISJIN B ra30BOM meun
MIePUOUUECKOTO NercTBus (TemmepaTrypa Bapku 1450—1470 °C, Beiaepkka 1 4). [lociaenoBaTeasHOCTH
rpoliecca ONTUMH3ALUN COCTABOB CTEKOJI C UCTIOIb30BAaHUEM TJIayKOHUTCOEepkKalllel BCKPBIIIHON Mo-
POIIBI 3aKJTF0YAIach B BApUAIIUU COJICPKAHUS UCXOIHBIX CHIPhEBBIX KOMIIOHEHTOB cepuu «C» (Tadi. 2).
PacyeTHBIN OKCHIHBIN XMMHYECKHI COCTaB CTEKON cepuu «Cy» mpuBe/eH B Ta0I. 3.

Ta6numa?2. CocTaBbl CHIpbeBbIX KOMMIO3HIUI cepuul «C» ¢ HCMOJIBL30BAHNEM IJ1ay KOHUTCOAePKAaLIeit
BaJIOBON NOPOJbI

Table?2. Compositions of raw compositions of the «C» series using glauconite-containing bulk rock

Kommnonentsl, mac.%
Hupexc cocrasa
OB JIOJIOMHT Men cozta HIECOK KBapIIEBhIN OKCHJI XKelle3a TIIMHO3EM
1C 70 5 5 20 — — —
2C 65 10 5 20 — — —
3C 65 5 10 20 — — —
4C 60 15 5 20 — — —
5C 60 10 10 20 — — —
6C 60 5 15 20 — — —
7C 72,65 — 5,75 20,6 — — 1,0
8C 33,25 — 7,0 21,5 32,5 5,75 —
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T a6 numa 3. PacueTHslii OKCHAHBIN cocTaB cTeKoJ cepun «C»

T able3. Calculated oxide composition of glasses of the «C» series

CozepxaHue OKCHJIOB, Mac.%
Wunexe Hep 108,

cocTaBa

Si0, | ALO, | Fe,0, | CaO | MgO | MnO | CuO | TiO, | Ag,0 | K,0 | Na,0 Y

1C 58,40 | 7,07 9,61 535 | 2,26 | 0,18 | 1,41 | 0,52 | 0,23 | 1,44 | 13,52 100
2C 55,94 | 6,86 9,16 7,21 | 345 | 0,18 | 1,38 | 0,50 | 0,23 | 1,23 | 13,86 | 100
3C 55,76 | 6,80 9,14 8,68 | 2,23 | 0,18 | 1,38 | 0,50 | 0,23 | 1,23 | 13,87 100
4C 53,25 | 6,62 8,69 9,16 | 472 | 0,17 | 1,30 | 0,47 | 0,21 | 1,17 | 14,24 | 100
5C 53,07 | 6,56 8,68 | 10,67 | 3,47 | 0,17 | 1,30 | 0,47 | 0,21 | 1,17 | 14,23 100
6C 52,93 | 6,50 8,67 | 12,13 | 2,22 | 0,17 | 1,30 | 0,47 | 0,21 1,17 | 14,23 100
7C 60,50 | 7,17 9,82 | 4,06 | L11 0,19 | 1,47 | 0,53 | 0,21 | 1,32 | 13,61 100
8C 65,68 | 245 9,31 4,90 | 0,67 | 0,17 | 0,98 | 0,30 | 0,08 | 0,74 | 14,71 100

AHanmm3 pe3ynbTaToB ONMPEENeHNs] CBOUCTB CTeKO cepur «C», CHHTE3UPOBAHHBIX C WCIOJIh30Ba-
HHUEM FﬂaYKOHHTCOHer(aHIeﬁ BaJIOBO IopoJbl, 1 UX TEXHOJIOI'MYCCKUX XaPAKTCPUCTUK (CTeHeHI/I Oo1-
HOPOJIHOCTH paciliaBa, OTCYTCTBHS HEIPOBapa, BEIPAOOTOUHOM BSI3KOCTH, CIIOCOOHOCTH (hOPMOBATHCS)
MOJITBEPIAJIN MPAKTUYECCKYIO aHAJIOTHUIO CO CBOMCTBAMU CTEKOJI OIITUMAJIBHOM 00J1aCTH MOJICJIBHOM CH-
cteMel (puc. 3), Mpu 3TOM HauboJiee MePCIeKTUBHEIM siBJsieTcsi cocTaB 8C.

st obnerdeHust mpoiecca OCBETICHHS, TOMOT@HU3AIMU paciuiaBa U obecriedeHnss HeoOX0IMMOM
BBIPa0OTOYHON BSI3KOCTH CTEKOJI B COCTaBe ChHIPhEBOW KoMIO3uiuu 8C BapbUPOBANH COACpIKAHHE
MIEI0YHOT0 KOMITOHEHTA B CTOPOHY €T0 YBEIWYESHHS, BBOJMMOTO KaJbIIMHUPOBAHHON o0 (Tald. 4).
PacueTHBIN OKCHIAHBIA COCTAaB CTEKOJI C BapUAaTUBHBIM YBEJIMUYCHHEM KoinudecTBa Na,O mnpuseneH
B Ta0I. 5.

Tao6numad4. CocraBbl CbIPbEBbIX KOMIIO3UIIHIi ¢ BApUAaTUBHBIM COAEP)KAHUEM LICJIOYHOI0 KOMIIOHEHTA

T able4. Compositions of raw compositions with a variable content of the alkaline component

KommnouenTsl, mac.%
Wuneke cocraBa
OB MEII coma TIECOK KBapHeBHﬁ OKCH [ KEJIe3a
8C1 38,5 8,11 27,95 38,4 5,9
8C2 38,5 8,11 30,5 38,4 5,9
8C3 38,5 8,11 33,05 38,4 5,9

Tab6numa5. PacueTHbIil OKCHIHBINH COCTAB CTEKOJ C BADUATHBHBIM COAEP:KAHHEM LIeJT0YHOT0 KOMIIOHEHTA

TableS. Calculated oxide composition of glasses with variable contents of the alkaline component

CozepxkaHue OKCHIOB, Mac.%
Huyexc cocrana
Sio, AlO, Fe,04 CaO MgO MnO CuO TiO, Ag,0 K,0 Na,O 2
8C, 63,42 3,10 9,88 4,72 0,71 0,05 0,20 0,29 0,08 0,71 16,84 | 100
8C, 61,84 3,03 9,65 4,61 0,69 0,04 0,19 0,28 0,07 0,70 18,89 100
8C, 60,26 2,95 9,40 4,49 0,67 0,04 0,18 0,27 0,07 0,68 | 20,97 | 100

YcTaHOBIIEGHO, YTO B NPOLIECCE BAPKH BBIILCTIPUBEACHHBIX CTEKOJ M UX BBIPAOOTKH OTMEYaJOCh
YIIyUIIeHHe TEXHOJIOTHYECKHX XapaKTePUCTHK U CIocoOHOCTH (pOopMOBaThCs 0€3 CKIOHHOCTH K KpH-
CTaJUIM3AllMU B PAAY YBEIMYCHHUS COAEPKAaHMs IIEIOYHOIO KOMIIOHEHTAa B cocTaBax crTekon 8C,—
8C,—8C; (Tabm. 5).

Texnonornueckue cpoiicTa cTexon coctaBos 8C,;, 8C, n 8C; HEMOCPEACTBEHHO CBA3AHBI C COMEP-
JKaHUEM HICJIOUYHOI0 KOMIIOHEHTA, KOTOPBIU OKAa3bIBACT CYHICCTBCHHOC BJIUAHNC HA CTOMMOCTD HIUXTHI.
B cBs13u ¢ 5TUM [T JasibHeHIe onTHMU3aIuH IMIay KOHUTCOJIEPKAINX ChIPhEBBIX KOMIO3UIINI BEIOpaH
cocras crekna 8C,, comepxamuii 18,89 mac.% Na,O, nns Beenenus koroporo Tpebyercsa 30,5 mac.%
KaJIbIUHUPOBAHHOM COJIBI.

CrnenyeT OTMETUTB, YTO TIPH BEIOOpE W 0OOOCHOBAaHWHU TEPCIEKTUBHBIX COCTABOB K JaJbHEHIIIEMY
arpoOUPOBAaHUIO CIEAYET YUUTHIBATh HanOoee parioHabHBIN SKOHOMHYECKHH (haKTop, 3aKIF0Yato-
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LIUICS TaKXKE B CTPEMJICHHH K MAKCMAJIEHO BO3MOXKHOMY COJICPYKAHUIO B CHIPbEBOM KOMITO3HUIIMH TJIay-
KOHHUTCOJEPKAIICH BCKPBIITHON MOPOJIBbI, KOTOpas SIBJISCTCS MOMYyTHBIM TOJNE3HBIM HcKomaeMbiM Ho-
BOJIBOPCKOT'O MECTOPOXKJICHHS. DTO OOCCIECUYUT HApSAAY C HCIOIb30BAHHEM OCHOBHOIO IMOJIE3HOTO
HCKOITaeMoro — 0a3aIbToB B Ty(PoB Hanbdoee 3 PeKTUBHYIO MPOMBIIIUIEHHYIO Pa3paboTKy MOPOA U UX
ucrosib3oBanue. COCTaBbl CHIPHEBBIX KOMITO3HIIHIA M PACUYETHBIC OKCHJIHBIE COCTABBI CTEKOJ ITPUBEICHBI
B Tabm. 6 u 7.

Tabnu Ima 6. CocTaBbl CbIPbEBLIX KOMH03ﬂlll/lﬁ CTEKOJI ¢ BADUATUBHLIM COACPKAaHUEM
rJlayKounTconep)Kameﬁ mopoabl H KBApueBoro necka

T able 6. Compositions of raw compositions of glasses with variable content of glauconite-containing rock
and quartz sand

HanmenoBanue CBIPBEBBIX KOMIIOHEHTOB U UX COAECPIKAHUE, I’

Cocrapbl
OB Fe, 0,4 Men cona HEeCOoK
8Cy10 42,34 59 8,11 30,5 34,56
8C, 00 46,18 59 8,11 30,5 30,72
8C,4 50,02 59 8,11 30,5 26,88
8C,40 53,86 59 8,11 30,5 23,04
8C,50 57,70 59 8,11 30,5 19,20

Tabnumna7. PacueTHbIii OKCHAHBI COCTAB CTEKOJI C BADHATHBHBIM COJepP:KaHHEM BaJI0OBOI MOPObI
U KBapIleBoro necka

T able?7. Calculated oxide composition of glasses with variable content of bulk rock and quartz sand

ConepixaHue OKCHI0B, Mac.%

CocTtaBbl

Sio, Al,04 TiO, FeO CaO MgO K,0 Na,O MnO Ag,0 CuO
8Cy 10 62,74 3,30 0,31 9,35 4,70 0,71 0,78 17,23 0,06 0,11 0,71
8C, )50 61,78 3,60 0,34 9,69 4,75 0,78 0,85 17,25 0,06 0,12 0,77
8Cy50 60,82 3,90 0,37 10,04 4,80 0,84 0,92 17,28 0,07 0,13 0,84
8C, 40 59,86 4,20 0,40 10,38 4,85 0,91 0,99 17,30 0,07 0,14 0,90
8C,/50 58,89 4,50 0,43 10,72 4,89 0,97 1,07 17,33 0,08 0,16 0,97

Ha puc. 4 mpuenens! Gpororpadun 3KCIIepuMEHTATBHBIX 00pa3I0B CTEKOJ C SKBUBAJICHTHOH 3ame-
HOW KBapLEBOTO MecKa Ha IayKoHUTcoaepkamryto mopoxay (OB) B ceippeBbIX KOMIO3UIUsIX. OOpasiisl
crekna 8C, ;, OTIIMYAIOTCA OTCYTCTBMEM KPUCTAIUIM3ALUMY IIPU BEIPAOOTKE U HauboJee KayeCTBEHHOM
[TOBEPXHOCTBHIO.

8C230

Puc. 4. DxcnepuMeHTaNbHbIE 00pa31ibl CTEKOJI C 3KBUBAJICHTHOH 3aMEHON KBAapLEBOr'0 1eCKa Ha IIay KOHUTCOJIECPIKALILY 10
nopozy (OB) B cbIpbEeBEIX KOMITO3UIIHSX

Fig. 4. Experimental samples of glasses with equivalent replacement of quartz sand with glauconite-bearing rock (OM)
in raw compositions
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O1ieHKa TEXHOJIIOTHYECKUX CBOMCTB CTEKOJ U BU3yaJIbHbBIC XapaKTEPUCTUKH MOTYUYSHHBIX 00pa3IoB
(OZTHOPOTHOCTh, COCTOSTHUE TIOBEPXHOCTH U €€ 3ePKATbHOCTh, OTCYTCTBHE BKIIOUCHUN U CKIOHHOCTH
K KpUCTAJIJTH3AI[MH, YePHBIH [IBET B Macce, MPO3PAuyHOCTh B TOHKOM CKOJIE M €0 0JIATOPOIHBIH 3eJIeHO-
BaTO-0y THUIOYHBIH LIBET) IO3BOJIMJIM MIOATBEPAUTH ONTUMAIBHOCTH cTekaa 8C, 5, (puc. 5).

a

Puc. 5. ®ororpadum 06pa3ioB cTeKIa ONTHMANBHOTO cocTaBa 8C, 5 @ — MOHOJIUTHBIE 00pa3Lbl CTEKA; b — MpO3padHble
HHUTeoOpa3Hbie 00pasisl quamerpom 0,3—1,0 MM, OJIyYeHHBIC METOIOM BBITSATHBAHMS U3 PACIIIABA; ¢ — OCKOJIOYHAS
¢paxmus crexna (1-3 Mm)

Fig. 5. Photographs of glass samples of optimal composition 8C, 5,: @ — monolithic glass samples; b — transparent filamentous
samples with a diameter of 0,3—1,0 mm obtained by drawing from the melt; ¢ — fragmented glass fraction (1-3 mm)

Xumuueckuii coctas crekna 8C, 5, Mac.%: Si0, 65,70; Al,O5 3,18; FeO 5,10; Na,O 22,10; K,0 0,73;
CaO 2,64; TiO, 0,56 B 1OCTaTOYHOl CTENEHU COITIACOBAHHOCTH KOPPEIUPYET C PACUETHBIM COCTABOM,
MPUBEICHHBIM B Ta0J. 7. TexHomornueckne XxapakTepUCTHKH M TOKa3aTenn (pu3NKO-X MMHUECKIX CBOHCTB
crekna 8C, 5, IPUBEIEHHBIE B Ta0/. 8, CBUAETENbCTBYIOT O BO3MOKHOCTH €r0 HIMPOKOIO HCIOJIb30-
BaHUS B CTPOUTEIBLCTBE, XyI0KECTBEHHOM JIM3aiiHE U APYyTHX 00aacTsX [6].

Tabonuma8. OU3MKO-XHMHYECKHE CBOIICTBA CTEKJIA ONITHMAJIBLHOI0 COCTABA

T able 8. Physical and chemical properties of glass of optimal composition

CoiicTBa Ioxaszarens
Texnonoeuuecxue
Temmeparypa Bapku crexina, °C 1450-1470
Temnepatypa BeipaboTKH, °C 1210-1230
Temnepatypa orxkura, °C 500-510
Dusuro-xumuieckue

WnTepsan pasmsruenus, °C 530-550
III0THOCTB, KT/M° 2400-2500
TemmnepaTypHEIii KodGGUIHEHT TuHEHOTo pacimupenns, o-107 K! 7075
TepmocToiikocTs, °C 85-90
I'maponutnueckast CTORKOCTD 111 knacc (TBepable anmapaTHbIe CTEKIa)

3akiouenue. TakuM 00pazoM, MPOBEACHBI AKCIIEPUMEHTAJIBEHO-TEOPETHUECKUE UCCIEIOBAHUS T10
CHHTE3Y CTEKOJI C MCIIOJIb30BAaHHEM ITIayKOHUTCOACPKAIIUX BCKPBIIIHBIX TOPOA, pa3paboTaHbl cOCTa-
BBI CBIPBEBBIX KOMIIO3HIINI B CUCTEME ITIay KOHUTCOIEPIKAIIast MOpO1a—MeNI—OKCH ] Kelle3a—KalbIIMHU-
poBaHHasi coJa M CHUHTE3HPOBAHBI CTEKJA, COOTBETCTBYIOIIME OCHOBHBIM TPEOOBAHMSIM HaydHO-
TEXHUYECKON JOKYMEHTALlNH. YCTaHOBIICHBI ITPEAEIIBI MACCOBOT'O COAEPIKAHMS CHIPEBBIX KOMITIOHEHTOB
LIMXThl, OCHOBHBIX OKCUJIOB CTEKOJI, IIPH 3TOM IJIABHBIM KPUTEPHUEM IOITYUYECHHS KAYECTBEHHBIX CTEKOJ
SIBJSIETCSI IPUCYTCTBUE LIEJIOYHOIO KOMIIOHEHTA, OT KOTOPOI'O 3aBUCAT UX TEXHOJOTMUECKUE XapaKTe-
PHUCTUKH U PU3UKO-XUMHUYECKHE CBOHCTBA.

PesynbraThl nccnenoBaHus NOATBEPAUIN MEPCIEKTUBHOCTh UCIIOIb30BAHUS INIAyKOHUTCOAEpXKa-
HIMX BCKPBILIHBIX Iopoa HoBoaBopckoro mectoposkaenus Pecnyonuku benapych, KOTOpBIE MO T€0JI0T0-
CTPYKTYPHOM MO3ULIMN, XUMHUECKOMY 1 MUHEPAIbHOMY COCTABY SIBJIAIOTCSA MPUEMIIEMBIM OTEUECTBEH-
HBIM CBIPBEBBIM KOMIIOHEHTOM JUJIsI CUHTE3a CTEKOJ PAa3JIN4YHOro Ha3HaueHUus. IIpu mpoMbIIIeHHON
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pa3paboTKe MECTOPOXKICHHS OyAeT 00CeCIeunBaThCsS PAIMOHANILHOE HCIIONB30BAaHHE KaK ITOJIC3HBIX
(6a3anbThI ¥ TY(DBI), TAK U MOMYTHBIX (BCKPBIIIHBIC MIAYKOHUTCOACPIKAIINE MECKH, AIEBPUTHI U aJICB-
POJUTHI) HCKOMAEMBIX, YTO MO3BOJMT BHECTH CYIICCTBEHHBIN BKJIAJ] B yIyYIICHUE YKOJIOTHYECKON CH-
TyalHH TPUJIETAIOIINX K MECTOPOXKICHUIO PETMOHOB U3-32 MUHUMHM3AIIMH KOJIMYEeCTBA 00Pa3yOIIIXCSI
IpY JOOBIYE OTXOMOB.

Cnucok ucnoJjib30BaHHBIX HCTOUHHUKOB

1. Ucnonb3oBaHue MarMaTHueckux nopoxa PecnyOnuku Benapych 1 cHHTE3a CTEKOJ, NETPOCUTAIUIOB H KAMEHHOT'O
nuthst / C. E. bapannesa [u ap.] / Ctexiio u kepamuka. — 2019. — Ne 7. — C. 31-36.

2. Tern1on30AINOHHBII TOPUCTHIH MaTepua Ha OCHOBE IIayKOHUTCOJIEPIKAIINX ITIeCKOB U aneBpuToB HoBogBOpCKOTO
mectopoxaeHus Pecmyonuku Bemapycs / C. E. bapanuesa [u ap.] / Bec. Han. akan. HaByk bemapyci. Cep. XiM. HaByK. —
2021. —T. 57, Ne 4. — C. 463—471. https://doi.org/10.29235/1561-8331-2021-574-463-471

3. bo6koBa, H. M. XumMmuueckass TEXHOJOTHsI CTEKJIa M CUTAIIOB: yueb. mocobue / H. M. bobkora, JI. ®. [Tanko. —
Mumnck: BI'TY, 2005. — 196 c.

4. JBopumH, M. [I. TexHommHammka: OCHOBBI Teopuu (HOPMUPOBAHUS M PA3BUTHS TEXHOIOTHYECKUX CHCTEM /
M. A. Asopuun, B. H. FOcum. — M.: {uken, 1993. — 317 c.

5. I'mayxonuTconepxarine mopoas nouckosoro yuyactka [Tunckuii (benapycs) / O. @. Ky3emenkosa [u ap.] // 'eonorns
1 MHUHEpPaIbHO-CHIPEEBBIE pecypchl 3anajsa BocTouno-EBponelickoil niuarhopMel: MpoOIeMbl N3ydeHHs] U PAI[HOHAIBEHOTO
ncnonb3oBanusa. — MuHck: CrpoitMeanallpoexkr, 2017. — C. 172-176.

6. Crekiio: cnpaBounuk / mog ped. H. M. IMasnymkuna. — M.: Crpoiiuzaar, 1973. — C. 154-158; 390—409.

References

1. Barantseva S. E., Poznyak A. 1., Klimosh Yu. A., Gundilovich N. N. Use of Igneous Rock from Belarus for Synthesis of
Glasses, Petrositalls, and Cast Stone. Glass and Ceramics, 2019, vol. 76, no. 7-8, pp. 265-269. https://doi.org/10.1007/s10717-
019-00180-9

2. Barantseva S. E., Pazniak A. L., Klimosh Y. A., Azaranka I. M., Hundzilovich N. N., Pospelov F. V. Heat-insulating
porous material based on glauconite-containing sands and aleurites of the Novodvorskoye deposit of the Republic of Belarus.
Vestsi Natsyyanal 'nai akademii navuk Belarusi. Seryya khimichnyh navuk = Proceedings of the National Academy of Science
of Belarus. Chemical series, 2021, vol. 57, no. 4, pp. 463—471 (in Russian). https://doi.org/10.29235/1561-8331-2021-57-4-463-471

3. Bobkova N. M., Papko L. F. Chemical technology of glass and glass-ceramics: workbook. Minsk: BSTU, 2005. 196 p.
(in Russian).

4. Dvortsin M. D., Yusim V. N. Technodynamics: Fundamentals of the theory of formation and development of techno-
logical systems. Moscow: Diksi Publ., 1993. 317 p. (in Russian).

5. Kuz’menkova O. F., Strel’tsova G. D., Minenkova T. M., Lappo G. A., Kachanko G. B., Laptsevich A. G., Lugin V. G.,
Mankevich S. S. Glauconite-bearing rocks of the Pinsky prospect (Belarus). Geologiya i mineral’no-syr’evye resursy zapada
Vostochno-Evropeiskoi platformy: problemy izucheniya i ratsional 'nogo ispol’zovaniya = Geology and Mineral Raw Materi-
als of the West of Eastern European Platform: Problems of Rational Nature Management Study. Minsk: StroyMediaProekt
Publ., 2017, pp. 172176 (in Russian).

6. Pavlushkin N. M. (ed.). Glass. A Handbook. Moscow: Stroyizdat Publ., 1973, pp. 154—158; 390—409 (in Russian).

HNudopmanus o6 aBTopax Information about the authors

bapanyesa Ceemnana Eezenvesna — KaHA. TEXH. HAyK,
JIOLEHT, CT. Hay4. COTPYAHUK. benopycckuil rocynapcTBeH-
HBIIl TexHoNornueckuit yausepcuteT (yi. CrepiuioBa, 13a,
220006, Munck, Pecy6nnka bemapycs). E-mail: svetlana.e.
barantseva@gmail.com

Knumow FOpuii Anexcanopoéuy — KaHI. TEXH. Hayk,
JIOIIEHT, JIeKaH. beropycckuil rocy1apCTBEHHBIH TEXHOJIO-
rudeckuit yausepentet (yir. Cepasiosa, 13a, 220006, MuHCK,
Pecny6mnuka bBenapycs). E-mail: klim-aspir@mail.ru

ITocnenos Anopeii Bradumuposuy — M. Hayd. COTPY/I-
HuK. LIeHTp (QHU3MKO-XMMHYECKHX METOJOB HCCIEIOBAHHUS,
benopycckuii rocyiapcTBeHHbINH TEXHOJOIMYECKUH YHUBEP-
cutet (yn. Ceepanosa, 13a, 220006, Munck, Pecrybnauka
benapyce). E-mail: Andrei29088@mail.ru

Asapenxo Upuna Muxatinosna — MI1. Hayd. COTPYAHHUK.
benopycckuii rocyiapcTBeHHbINH TEXHOJOIMUYECKUH YHUBEP-
cutet (yn. Ceepanosa, 13a, 220006, Munck, Pecrybnuka
Benapyce). E-mail: ir_az@mail.ru

Kypunosuu Mapus Anopeeena — cTaxep MiL. HAy4. COTPY/I-
HHUKa. benopycckuii rocy1apcTBEHHbIH TE€XHOJOTHUECKHUI
yHuBepcurer (yin. Csepanosa, 13a, 220006, Munck, Pecriy6-
nuka benapycs). E-mail: kurilovich.maria@mail.ru

Barantseva Svetlana E. — Ph. D. (Engineering), Associate
Professor, Senior Researcher. Belarusian State Technological
University (13a, Sverdlov Str., 220006, Minsk, Republic of
Belarus). E-mail: svetlana.e.barantseva@gmail.com

Klimosh Yuri A. — Ph. D. (Engineering), Associate Pro-
fessor, Dean. Belarusian State Technological University
(13a, Sverdlov Str., 220006, Minsk, Republic of Belarus).
E-mail: klim-aspir@mail.ru

Pospelov Andrey V. — Junior Researcher. Belarusian
State Technological University (13a, Sverdlov Str., 220006,
Minsk, Republic of Belarus). E-mail: Andrei29088@mail.ru

Azaranka Irina M. — Junior Researcher. Belarusian State
Technological University (13a, Sverdlov Str., 220006, Minsk,
Republic of Belarus). E-mail: ir_az@mail.ru

Kurylovich Maryia A. — Trainee Junior Researcher.
Belarusian State Technological University (13a, Sverdlov Str.,
220006, Minsk, Republic of Belarus). E-mail: kurilovich.
maria@mail.ru



