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STUDY OF THE STRUCTURE OF GLASS IONOMER CEMENTS
DEVELOPED BASED ON GLASS SYSTEM

SiOz"’Ale 5~CaO~ZnO~P20 5"’CaF2

Tatyana NAM (taty.nam22@gmail.com)
Mastura ARIPOV A (aripoval 95 7@yandex.com)
Ripsime MKRTCHYAN (assori@yandex.ru)

Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

The goal was to study the structure of glass ionomer cements (GIC) developed on the basis of glasses of the SiO2-41203-CaO-ZnO-P205-
CaF?2 system. Glass powders with sizes less than 50 um were sealed with a 40% solution of, Ipolyacrylic acid and after 72 hours, electron microscop-

ic examination was carried out on a JSM-IT200 scanning microscope (JEOL, Japan). Al
glass particles surrounded by glass elements that have entered into an acid-ion interaction wit

Samﬁles demonstrate a cellular structure consisting of
polyacrylic acid in a polymer matrix. GIC-4 and

GIC-6 show the most finely dispersed, and GIC-2 the least cohesive structure.

Keywords: glass ionomer cement, polyacrylic acid, structure, glass systems SiO,-Al,03-CaO-ZnO-P,0s-CaF,

HCCAEAOBAHHNE CTPYKTYPbl CTEK(IONMOHOMEPHBIX LEMEHTOB,
PASPABOTAHHbBIX HA OCHOBE CTEKO({ CHCTEMbI

SiO 2"’Al 20 5~CaO~ZnO~P20 5"’CaF2
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Llenvio agnsanocs ucciedosarue cmpykmypbl CmeKkiouoHomepHuix yemenmos (CHUL]), gaspaﬁomaﬂﬂbzx Ha ocHose cmekon cucmemol SiO2-

AI203-CaO-ZnO-P205-CaF?2. Ilopowxu cmexon, pasmepamu meree 50 mxm, sameopsiau 40
Yaca ocywecmsisiiu d1eKmpoHHO-MUKPOCKONUYECKoe UCCIe008aHue Ha cKanupyouem mukpockone JSM-IT200 (.

% pacmeopom nmuayrwzoeoﬁ Kuciomol u ltgpes’ 72
'EOL, Anonus). Bce obpasybi

OeMOHCIPUPYIOM. SUEUCIYIO CIPYKIMYPY, COCIOSIUYIO U3 YACIULY, CTEKNA OKPYIICCHHbIX 60WEOULX 6 KUCTOMHO-UOHHOE 63aumooeticmete C no-
JUAKPUNOBOLL KUCTOMOU dleMeHmoe cmekia, 8 noaumeprom mampuxce. CUL-4 u CHUL]-6 demoncmpupyrom Haubonee monkooucnepcryio, a CULl

-2 — Haumenee C6A3HYI0 CMPYKIYPY.

Ki1roueBblie ¢J10Ba: CTCKJIOMOHOMEPHbIH LIEMEHT, MOJMAKPHIOBAs KUCIOTA, CTPYKTYpa, cTekia cucteMsl Si0>-AL03-Ca0-ZnO-P,0s-CakF,

SiOz'Ales'CaO'ZnO'P 205-CaF 2 SHISHA TIZIMI ASOSIDA ISHLAB
CHIQILGAN SHISHA IONOMER SEMENTLARNING TUZILISHINI

O'RGANISH

Tatyana NAM (taty.nam22@gmail.com)

Mastura ARIPOVA (aripoval 957@yandex.com)

Ripsime MKRTCHYAN (assori@yandex.ru)
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Ishning magsadi SiO,-Al,0;-CaO-ZnO-P,0s-CaF, tizimi shishalari asosida ishlab chiqgilgan shisha ionomer Sementlarning (ShiS)
tuzilishini o'rganishdan iborat. O'lchamlari 50 mkm dan kam bo'lgan shisha kukunlari poliakril i.s‘lotanin?f 40% eritmasi bilan ta’sirlash-

titrildi va 72 soatdan so'ng JSM-IT200 skanerlash mikroskopi (JEOL, Yaponiya) da elektron mikroskopik te

shiruv o'tkazildi. Barcha namu-

nalar polimer matritsasida poliakril kislota bilan kislota-ion ta'siriga kirgan shisha elementlar bilan o'ralgan shisha zarralaridan iborat
uyali strukturani namoyish etadi. ShIS -4 va ShIS -6 eng mayin dispersli, ShIS -2 esa eng kam biriktiruvchi tuzilmani ko'rsatadi.

Kalit so'zlar: shisha ionomer sement, poliakril kislota, struktura, SiO,-Al,05;-CaO-ZnO-P,0s-CaF, tizimining shishalari

BBenenue

Crexnononomepusie  nementsl  (CHL,
CTEKJIOMOHOMEDEI, MOJHATKEHATHBIE, CTEKJIONOIH-
AJKEHATHBIE [IEMEHTHI) — IEJbIi KJIACC COBPEMEH-
HBIX CTOMATOJIOTHYECKUX MaTepHUaliOB, CO3JaHHBIX
MyTeM OOBEIUHEHHUS CBOWCTB CHIIMKATHBIX W TIO-
TUAKPUIOBBIX cucteM. CTEKIOMOHOMEpHBIE —Iie-
MEHTHI ITOCTEIICHHO BBITCCHSIOT M3 CTOMATOJIOTH-
YEeCKOW TPaKTUKH IHMHK-PocdaTHble W IUHK-
MOJINKapOOKCHIIATHBIE TIEMEHTHI [ 1-5].

C tex mop, KaK CTEKJIOMOHOMEPHI BIIEPBBIC
MOSIBWJIMCH Ha phIHKE B 1976 T., OHHM TIpeTeprienu

DOI: 10.34920/cce202344

MHOKECTBO M3MEHEHHH M YCOBEPIICHCTBOBAHUH,
YTO MO3BOJIMIIO UM CTaTh OYSHb Ba)KHOW COCTaBJIs-
I0IIel COBpeMEeHHOM cTomaTonoruu [6]. OHu nipu-
MEHSIOTCS KaK IJIOMOWPOBOYHBIE MaTepUAITBI, KaK
MaTepHanbl JUJIi HM3TOTOBJICHUS TPOKIAJOK WIN
0a3bl (3amenieHne o0bEMa JEHTHHA), NIl LIEMEH-
TUPOBAHUA KOPOHOK U MOCTOBUIHBIX MPOTE30B [7]
WIN B Ka4ecTBE OOHIMHTA MEXIy TBEPIbIMU TKa-
HSMH 3y0a M JPYTMMH PECTaBPAIlMOHHBIMH MaTe-
pHUaaMH.

CTeKIIONOHOMEPHI BO3HUKIIU KaK pPE3yiib-
TaT pa3pabOTOK MO 3aMEIICHUIO CHUIIMKATHBIX IIe-

20

IMY O

va kimyo texnologiyasi

4'2023



MATERIALS SCIENCE AND ENGINEERING

MATEPHAIOBEAEHHE W TEXHOIOI'MA
MATERIALSHUNOSLIK VA TEXNOLOGIYAI

MEHTOB, KOTOPBIE HCHOJIH30BAJIMCH B CTOMATOJO-
ruu yxe mouru 100 mer [8].

CTEKIIONOHOMEPHBIH  [IEMEHT  SIBIISIETCS
BeCbMa TPUBJIEKATEIBHBIM MaTEpHAIOM, TPEXKJe
BCEro MOTOMY, YTO Ha €r0 OCHOBE HUMEETCSI BO3-
MOYKHOCTh TIOJYYHTh OTPOMHOE pPa3HOOOpazne
BapHaHTOB COCTaBa, U 3TUM OH INPHHIHUIHAIHHO
oTIMYaeTcss OT OUHK-pochaTHOTO memenrta. Oc-
HOBHBIMH KOMITOHEHTaMH CTEKJIOMOHOMEPHOTO
[IEMEHTa SBISIOTCS CTEKJIO, BOIHBIA PacTBOpP CO-
moMMepa MOTUKApOOHOBBIX KUCIOT (aKpHIOBOM,
WTaKOHOBOH, MaJEeMHOBOW) C J00aBKOH H30Mepa
BHHHOU KUCJIOTHI [9-11].

CUL] sBAstoTCS TPEANOYTHTSIBHBIMA PE-
CTaBpaIlMOHHBIMH MaTepHajiaMu Oiarojapsi mpo-
CTOTE HWCIONL30BaHUS U YHUKaIbHOU OWOCOBMeE-
CTUMOCTH CpeIH TMpsAMBIX pecTaBpanuil. OmgHaKo
XPYIKOCTh OTPAaHUYMBAET WX HCIIOJIIb30BaHUE B
obOnactu, Hecymied Harpy3ky. Huszkas ycroitum-
BOCTh K UCTHPAHWIO M HU3Kas MPOYHOCTH, yIap-
Has BS3KOCTh W YCTAJIOCTHBIC XapaKTEPHCTUKU B
HACTOsIIEee BpeMsi HEYIOBJICTBOPUTENbHBI. Jlena-
FOTCS TIOTIBITKU YIYYIIUTh MEXaHUYECKUE MOKa3a-
TEW BCE eIlle HAaXOASTCA B CTaJIUU pa3pabOTKH, U
HEKOTOphIE MPOTHO3HPYIOT MHOTroobemnaroriee
oyaymee mius CUIL kak mioMOMpOBOYHOrO Marte-
puaja ¢ pacupeHHBIMHA TTOKa3aHusMu [ 12].

Crekina, ucrnonmssyemeie B CHUILl, umeror
CIIO)KHYIO CTPYKTYpy M COCTOSIT B OCHOBHOM W3
okuaa kpemuus (Si0,), okcuaa amomunus (Al,O;),
okcuya kansims (CaO) u dpropuna xansims(Cak,)
[13-15]. Kpome Toro, oHr yacto comepkat ¢ocdar
(P,Os) u oxcun Hatpus (NaO) [9, 16].

CTEeKJIOMOHOMEPHBIC LIEMEHTHI HCIIONbB3Y-
1oTcs yxke 6onee 50 JeT U moKa3bIBalOT MHOT000e-
IIArOIINE PE3yJbTAThI B JIENe ATbHEHIIETO pa3By-
THS OOUIMPHBIX TPHIOKEHUH, OXBATHIBAIOIINX
CTOMATOJIOTHIO, OPTOIIEANIO ¥ TPaBMaTOIOTHI0. B

noclieJHee BpeMsl pacTeT MHTEpeC K HM3YyUYCHHIO
notenimaira CHUI[ B kauectBe Marepuana-
3aMCHHTENS KOCTH OJjlarojaps ero yHUKaJbHBIM
CBOMCTBaM M OMOCOBMECTHUMOCTH NMPH KOHTAKTE C
KocThio [17].

Crpemnenue yiay4dmmuTh cBoiictBa CUL]
OTpa)KaroTCs B MHOTOYUCIICHHBIX HCCIIEIOBAHMSIX
HaIpaBIEHHBIX Ha Pa3pabOTKy HOBBIX COCTaBOB
crekoJ, Brrovaromux Sr, Zn, Ge, Ti, Fe, Ga [18-
26], a taxxke uckimouaromux Al m3 cocraBa [27-
29].

Pa3zpaboransr CUI] Ha ocHOBE CTEKON CH-
creMbl S10,-Al,05-Ca0-ZnO-P,05-CaF, u uccie-
JIOBaHbI UX MMPOYHOCTHBIE cBoiicTBa [30].

Ilenpi0 mAaHHOTO HCCIEAOBAHME SBIISETCS
nccnenoBanue ctpykrypel CULL paspaboTanHOTo
Ha OCHOBE cTekoia cucTteMbl S10,-Al,03-Ca0-ZnO
—PzOs-Can.

MeToabl uccaea0BaAHUS

UccnenoBanbl CTPyKTYpHBIE OCOOCHHOCTH
CTEKJIONOHOMEPHBIX IIEMEHTOB, TMOJNYYEHHBIX Ha
OCHOBE CTEKOJI, CHHTE3UPOBAHHBIX B CHCTEME
Si02-A1203-Ca0-ZnO-P205-CaF2.  Ilopomku
CcTeKos, pasmepamMu MeHee 50 MKM, 3aTBOPSUTH
40% pacTBOPOM TOJIHMAKPUIIOBOH KHUCJIOTHI M 4e-
pe3 72 dYaca OCYHICCTBIISIIM  3JEKTPOHHO-
MUKPOCKOITMYECKOE HCCIIeJ0BaHUE Ha Tpudope
JSM-IT200 (JEOL, SAnonus).

Pe3yabTaThl M 00Cy:KAeHHE

DJIEKTPOHHO-MUKPOCKOTTNYECKHE CHUMKH
obpazuoB CHUILI, monmydeHHBIE Ha CKaHUPYIOIIEM
MHUKpPOCKOIIE TIpeACTaBIeHbl Ha puUCYyHKax [-4.
Bce o0pasiubl JeMOHCTPHPYIOT SYEHUCTYIO CTPYK-
TYpY, COCTOSIIYIO U3 YACTHI] CTEKJIa OKPYKEHHBIX
BOILE/IINX B KHCIOTHO-MOHHOE B3aUMOJICHCTBUEC
C MOJIMAKPUIOBOM KUCIIOTON JIEMEHTOB CTEKIA, B

Pucynok 1. 71eKTPOHHO0-MHKPOCKONMYECKUH CHUMOK 00pa3na CHIIL-6.
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Pucynok 4. D71eKTPOHHO-MHKPOCKONIHYeCKHii CHUMOK odpasuna CHUII-6.

IMG1(1st) C-K 0-K

EC-K HO-K MF-K MA-K MSi-K P-K Ca-K
In-K

Pk

1 20um

Pucynok 5. Pacnpenenenne sjieMeHTOB 1o pesyiabTaram aHajauza J/1C CUII-1.

1 20um [ 20pm
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IMG1(1st)

BCK HMOK NFK BALK mSi-K P-K Ca-K
Zn-K

3 Sum

F-K Al-K
P-K Ca-K Zn-K

C-K

3 Sum 3 5um

3 5um 3 Sum

3 5um ) Spm

Pucynok 6. Pacnpenesnenne 3j1eMeHTOB 110 pe3yJabTaTam aHaan3za JJ1C CUIL-2.

- TS AT e 3 S O,
v ot
Y B B
i\:‘ A c

BCK MOK WFK =W Si-K mP-K
Zn-K

0 Sum

P-K Ca-K Zn-K
O Sum ) Spm

Pucynok 7. Pacnpenesenne 3JieMeHTOB 10 pe3yJbTaTam anaausa J/1C CUIl-4.

IMG1(1st)

WCK WOK WFK WA-K WS-k mpPK Ca-K

InK

3 Spm

[s) C i
P-K CaK Zn-K

0K

3 Spm 3 Sum

Pucynok 8. Pacnpesesienue 31eMeHTOB 10 pe3ybratam aHaiu3a J/1C CULI-6.

nonumepHoM matpukce. CUI-4 u CULI-6 nemon-
CTpUpYIOT Haubojee TOHKoaucnepcHyto, a CULI-
2 — HaMEHEE CBS3HYIO.

Pesynprarer 9JIC ananus3oB pacnpexpene-
HUSL DJIEMEHTOB IPE/ICTaBICHB] HA PUCYHKaX 5—8.

[IpuBeieHHBIE CHUMKH JE€MOHCTPUPYIOT
pacripenenenue kpeMHus, hocdopa BOKpyT sapa
HEMPOpearupoBaBIIero CTekiIa, (Top cocpeaoTo-
YEH B flIpe, a AIOMHUHUMI, KalbUUA U IIUHK — BO-
KpYT si/ipa U MEXIy SApaMUd B COOTBETCTBHH C UX
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POJIbIO CUIMBAOIINX areHTOB.

B mponecce oTBepikIeHUs LIEMEHTa Mpo-
HCXOIUT TIONEPEYHOE CIIMBAHUE MOJICKYJ IOJH-
MEpPHBIX KHCJIOT MOHAMH AFOMHHHUSA, KaJbIHA H
[IMHKA SKCTPAarupoBaHHBIMU U3 cTekia. [Ipu atom
oOpa3zyercs  TpexMmepHass  IPOCTPaHCTBEHHas
CTPYKTypa IOJIMMEpa, a Ha MOBEPXHOCTH HENpO-
pearupoBaBIIMX YacCTHIl CTeKJa oOpasyercs 000-
JIOYKA U3 CUJIMKATels.

Taxkum 00pa3oM, OKOHYATEIbHAS CTPYKTY-
pa 3aTBEpIEBIIETO HEMEHTa MPEICTABISAET COOOM
KOMITO3UT, COCTOSIINN W3 HETPOpearupoBaBIINX
CTEKJIIHHBIX YacCTUYEK, OKPYKEHHBIX KpEeMHH-
CTBIM TeJlieM, NOTPY>KEHHBIM B MaTpHILy, COCTOS-

IIYI0 U3 COJIM MOJUKUCIOTHI [31, 32].

3akiaoueHune

PesynpTaTel HCCIENOBaHHUS CTPYKTYpPBI
CUII, pa3paboTaHHOTO Ha OCHOBE CTEKOJ CH-
cremel Si02-A1203-Ca0-Zn0O-P205-CaF2, me-
TOJAMH DJICKTPOHHOW MHKPOCKOTHH IOKa3aiIH
THMMYHYI0 KapTUHY, MPUCYIIYI0 CTEKIOHWOHO-
MepHBIM 1eMeHTaM. CTpyKTypa 3aTBepAeBIIETO
MEMEHTa MpeacTaBiaseT COOOW KOMITO3UT, CO-
CTOHHII/Iﬁ n3 HEIIpOopCarupoBaBIIUX CTCKIISITHHBIX
YaCTUYCK, OKPYXKCHHBIX KPEMHUCTBIM T€JICM,
IIOTPY>KEHHBIM B MATPUIY, COCTOSINYIO U3 COJIU
IIOJIUKHUCIIOTHI.

REFERENCES

McLean J.W., Powis D.R., Prosser H.L., Wilson A.D. The use of glass-ionomer cements in bonding composite resin to dentine. Brit. Dent.
J., 1985, 158/11, 410-414.

2. McLean J.W. Glass-ionomer cements. Brit. Dent. J., 1988, 164/9, 293-300.

3. Bowen R.L. Dental composites/glass ionomers: the materials. Adv. Dent. Res., 1992, 6, 44-49. DOL: 10.1177/08959374920060011601

4. Shu X. Stekloionomernyye tsementy (tendentsii razvitiya) [Glass ionomer cements (development trends)]. Novosti stomatologii. 1996, 1/1,
26-32.

5. Bidenko H.B. Stekloionomernyye tsementy v stomatologii [Glass ionomer cements in dentistry]. Kiyev, 1999. 118.

6. Mount G.J. Restoration with glass ionomer: requirements for clinical success. Oper. Dent., 1981, 6, 59-65.

7. Knibbs P.J. Glass-ionomer cement: ten years of clinical use. J. Oral. Rehab., 1988, 15, 103-115.

8.  Wilson A.D. A hard decade’s work: step in the invention of glass-ionomer cement. J. Dent. Res., 1996, 75, 1723-1727.

9. Wilson A.D., McLean J.W. Glass-ionomer cements. Quintessence Publ Co., Chicago, 1988.

10. Mitra S. Curing reactions of glassionomer materials. in: Glass-ionomers: the next generation. Processing of the 2nd. Symposium on Glass-
ionomers. Ed. P Hunt, Philadelphia 1994, 13-23.

11. Nicholson J.W. Chimestry of glassionomer cements: a rewiew. Biomaterials, 1998, 19, 485-494.

12. Lohbauer U. Dental Glass Ionomer Cements as Permanent Filling Materials? — Properties, Limitations Future Trends. Materials (Basel),
2010, 3/1, 76-96. DOL: 10.3390/ma3010076

13. Wilson A.D., Crisp S., Prosser H.J., Lewis B.G., Merson S.A. Aluminosilicate glasses for polyelectrolyte cements. Ind. Eng. Chem. Prod.
Res. Dev., 1980, 19, 263-270.

14. Forsten L. Fluoride release and uptake by glass-ionomers and related materials and its clinical effect. Biomaterials, 1998, 19, 503-508.

15. Momoi, Y.; McCabe, J.F. Fluoride release from light-activated glass ionomer restorative materials. Dent. Mater. 1993, 9, 151-154.

16. Guedes O.A., Borges A.H., Bandeca M.C., Nakatan M.K. Chemical and Structural Characterization of Glass Ionomer Cements indicated for
Atraumatic Restorative Treatment. The Journal of Contemporary Dental Practice, 2015, 16/1, 61-67. DOI: 10.5005/jp-journals-10024-
1636

17. Tuygunov N., Zakaria M.N., Noor Azlin Yahya N.A., Aziz A.A., Cahyanto A. Efficacy and bone-contact biocompatibility of glass ionomer
cement as a biomaterial for bone regeneration: A systematic review. Journal of the Mechanical Behavior of Biomedical Materials, 2023,
146, 106099. DOLI: 10.1016/j.jmbbm.2023.106099

18. Khader B.A., Peel S.A.F., Towler M.R. An Injectable Glass Polyalkenoate Cement Engineered for Fracture Fixation and Stabilization. J.
Funct. Biomater.2017, 8, 25. DOI: 10.3390/jfb8030025

19. Darling M., Hill R. Novel polyalkenoate (glass-ionomer) dental cements based on zinc silicate glasses. Biomaterials, 1994, 15, 299-306.

20. Boyd D., Towler M.R. The processing, mechanical properties and bioactivity of zinc based glass ionomer cements. J. Mater. Sci. Mater.
Med., 2005, 16, 843-850.

21. Hurrell-Gillingham K., Reaney I.M., Brook I, et al. In vitro biocompatibility of a novel Fe203 based glass ionomer cement. J. Dentist,
2006, 34, 533-538.

22. Valliant E.M., Gagnier D., Dickey B.T., et al. Calcium polyphosphate as an additive to zinc-silicate glass ionomer cements. J. Biomater.
Appl., 2015, 30, 61-70.

23. Clarkin O., Boyd D., Towler M.R. Strontium-based glass polyalkenoate cements for luting applications in the skeleton. J. Biomater. Appl.,
2010, 24, 483-502.

24. Wren A.W., Coughlan A., Placek L., et al. Gallium containing glass polyalkenoate anti-cancerous bone cements: glass characterization and
physical properties. J. Mater. Sci. Mater. Med., 2012, 23, 1823—1833.

25. Wren A.W., Kidari A., Cummins N.M., et al. A spectroscopic investigation into the setting and mechanical properties of titanium containing
glass polyalkenoate cements. J. Mater. Sci. Mater. Med., 2010, 21, 2355-2364.

26. Shahid S., Hassan U., Billington R.W., Hill R.G., Anderson P. Glass ionomer cements: Effect of strontium substitution on esthetics, radio-
pacity and fluoride release. Dent. Mater., 2014, 30, 308-313.

27. Dickey B., Price R., Boyd D. Exploring the unexpected influence of the Si:Ge ratio on the molecular architecture and mechanical properties
of Al-free GICs. Journal of Biomaterials Applications, 2016, 31/5. DOI: 10.1177/088532821667

28. Wren A.W., Cummins N.M., Mark R. Towler M.R. Aluminium-Free Glass Polyalkenoate Spinal Cements. 2011 IEEE 37th Annual North-
east Bioengineering Conference, NEBEC 2011, 5778596. DOI: 10.1109/NEBC.2011.5778596

29. Wren AW, Coughlan A, Laffir FR, et al. Comparison of a SiO(2)-CaO-ZnO-SrO glass polyalkenoate cement to commercial dental materi-
als: glass structure and physical properties. J. Mater. Sci .Mater. Med., 2013; 24: 271-280.

30. Nam T., Aripova M. Prochnostnyye svoystva novykh stekloionomernykh tsementov [Strength properties of new glass ionomer cements].
Chemistry and Chemical Engineering, 2022, 4, 9-12. DOI: 10.34920/cce202242

31. Wilson A.D., Crisp S., Ferner A.J. Reactions in glassionomer cements: IV. Effect of chelating comonomers on setting behavior. J. Dent.
Res., 1976, 55, 489-495.

32. Coutinho E., Yoshida Y., Inoue S., Fukuda R., Snauwaert J., Nakayama Y., De Munck J., Lambrechts P., Suzuki K., Van Meerbeek B. Gel
phase formation at resinmodifi ed glass ionomer/tooth interfaces. J. Dent. Res., 2007, 86, 656—661.

24 I MY O 4'2023

va kimyo texnologiyasi



	STUDY OF THE STRUCTURE OF GLASS IONOMER CEMENTS DEVELOPED BASED ON GLASS SYSTEM SiO2-Al2O3-CaO-ZnO-P2O5-CaF2
	Recommended Citation

	STUDY OF THE STRUCTURE OF GLASS IONOMER CEMENTS  DEVELOPED BASED ON GLASS SYSTEM  SiO2-Al2O3-CaO-ZnO-P2O5-CaF2

