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BILIUB KPUCTAJNISALNAHOI 3IATHOCTI CTEKOJI CHCTEMH
N2,0 - Ca0 - ZnO - TiO, - ALO; - P,0s — B,0; ~ Si0, HA IX TKJIP

B cTaTTi DOCAINKEHO BASHB KPHCTAMAAUINHOI 30ATHOCTI cTekon cuctemt NayO — CaO — Zn0O - TiO; —
AlLO; — P05 - B0y — Si0; Ha ix TKJIP. Busnavero, 110 ans 3a6esneuets BUCOKH#X ekcrnyaTauiiHux
XapakTEPHCIHK TIOXPHBHHMX CKNOEManeH HeoDXiIHOK ymosolo € 3aGesneuenna ix TKJIP B mexax
100 - 125-10rpan’', 30kpema, 32 paxyHox KpHCTanizaLii PocdaTiB KamBiliio Ta THTAHATIB UAKKY.
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[image: image2.png]B cTaThe paccMOTpEHO BAHSHKE KPHCTANNMIAUWOHHOA crocobHOCT crexen cucrembl Na,0O — CaQ -
Zn0 - TiO; — ALO; - P05 — B;Oy — Si0; wa ux TKJIP. Onpeneneno, wto Ana 00ECEUeHHS BLICOKHX
IKCTNYATAUHOHKBIX XAPAKTCPUCTHK TIOKPOBHEIX CTEKNOIMANCH HEOOXOSHMbIM YCIOBHEM ABIAETCH
obecnevenue ux TKIIP B npesenax 100 - 12510 rpan”, B uactHOCTH, 33 cueT KpuCTAnNHIAUHH GOCHE-
TO® KQbLUA ¥ THTAHATOB UWHKA.

The influence of crystallization ability on CTE of glasses in system Na;0 — CaO ~ ZnO - TiO; - ALO; -
P,0; - B;O; - Si0; were researched. It was determined that the essentiat condition to the provision of
high performance properties of cover enamels a necessary condition is their maintenance CTE within
100 - 125-107 °C" in particular, at the expense of calcium phosphates and aluminium titanates crystatlisa-
tion.

Beryn.

CTBOpEHHA CY4acHO! TEXHIKW BAMArac BHKODACTAHHA GaratodyHKIOHANb-
HHX MatepianiB HOBOTO MOKOJIHHA 3 BUCOKMMM eKCIUTyaTauiiHHMH XapaKTepHc-
THKAMH. 3aBIAKH OEJHAHHIO BUCOKHX ENIEKTPHYHMX, MEXAHIYHHX Ta TePMidHHX
BJIACTHBOCTEH LIMPOKOr0 3aCTOCYBaHHA HalyIH CIIIOKPHCTANIMHI MaTepiaiH — cu-
Tal# Ta NOKPHTTR Ha iX ocHoBi [1]. Haf6inbll BaXUMBHM i3 FPyNH TepMIiYHUX
BIIACTHBOCTEH € TEIUIOBE PO3LIMPEHHA, OCKLUIbKH BOHO BIUIABAE Ha (HILi XapakTe-
PHCTHKH CHTaNiB i Biftirpac BEJHKY po/ib NpH IX NpaKTHYHOMY 3acTOCYBaHHi. [1pu
onepkaHHi NOKPHBHHX CKIOKPHCTAIMHHX MOKPHTTIB BANUIMBOIO € BifNoBinHicTh
TemneparypHoro koediniesty ninilinoro posmmpenns (TKJIP) noxpupHoro no-
KpHTTA Ta IpyHTY. IIpu Tpanuuiiniit TexHonoril eMamonanta 2 wapn / 2 sunany
JUIS IONEPe/DKEHHA NOSBH B NOKPHTTI HAlpyr CTHCHEHHSA, HeobXiaHo, wob TKJIP
NOKPHBHOTO Liapy GyB menmm#i TKJIP rpynty wa (3 — 4) 107 rpan’ [2). Onnak,
npy niadopi TKJIP HeoOxiano BpaxoByBaTW, IO B YMOBaX BMMATY 3a PAXYHOK
posuHHenna i3 crani Fe;O; i #foro nepexofy B mapH rpyutosoi emani TKIIP
OCT2HHBOT 36UTbLIYE. V 3B'A3KY 3 MM, Ha npakTuui Ans 3abeaneveHns pianosin-
Hocti TKJIP 3HadeHHs UBOro NOKA3HHKY JUTA TIOKPHBHOIO MIaPy eMalli 10 BHOAmy
mosxe GyTH nexinbka euttiium, aHix TKJIP rpyHToBOrO Hiapy eMani.

Jins cknokpHCTATiYHHX MaTepianiB pezyneTyiounit TKIIP 3anexuTs sif kins-
kicHoro crirsinHOLIEHHA (a3 i, 30KpeMa, BiZt KinbkoCTi cxionoaibHol dasy, mo
3anuunutacd B cHtant. KpiM Toro, Ha TemmepaTypHy 3MiHy Lboro koedillieHTy
BIUTHBAIOTH NONiMOPGHiI neperBopedrs. CymapHuil koeilliEHT TemoBoro pos-
TDINPEHHA NONKPHCTANIYHOTO MaTepiany € ycepeIHEeHOH BeIHINHOW Bia anrefpa-
1gHoro gopasanuA TKJIP pizuMx ¢as, saki cknanaoTs wo cucreMy. Hanpuinan,
pHucTaniuni $asy KBapuy 3uayHo nizpumyoTh TKIIP, Tak SK MalOTh NOCTATHLO
Bucoki snatenns TKJIP 112107 rpan’, pymwn mae mnacwmit TKJIP 6aussko
78107 rpan’', a amomoruTanar — -19-107 rpan”, BaTiO, — 35-107 (3], rinpoxcia-
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[image: image3.png]narur — 138:107 rpan’’ [4]. ®ocdathi cTekna xapaKrepH3yloTsCs GLTBII BHCOKH-
MH noka3nukamu TKJIP, adix cunikaTHi crexna.

Bennunna TKJIP 06yMOBIOETbCA TEMNEPATYPOIO, XiMi4HMM CKIAJOM CHTa-
Nlip, IOMiUIKaMH Ha NOMeN NpH NpHroTysaHHi uinikepy a6o nopouwkis. HaiGiny-
wimi BrnuB Ha BennuuHy TKIIP BUABRAIOTH JTyXHI OKCHAM: yum Ginbumil X BMicT
B TOKPHTTI, ThM BHWe 3HaveHHs TKIIP. 36inbwenna TKIJIP nos’sa3aHo 3i 3MeH-
IIEHHAM CTYNEHA 3B’A3aHOCTI CTPYXTYpH f;, T2 NOABOIO B CUCTEMi MEHII MillHUX
3B's3kiB Si—O0—Al 12 Si—O-—-Si. Jlyxuo3eMennHi ioH#H cRpUIOTH 30iNbLICHNIO
CTyNeHs 3B’SA3yBaHHA CTPYKTYPHOT CiTKM CKJIa i MaioTh GLIbII BHCOKY €HEpriio
A—O , HiX iOHM JTyXXHHIX METaNiB, WO NPH3BOIAMTH A0 3MeHweHns TKIIP ckia. 3a
pesynbtaTamyu BusueHHS 3MiHH TKJIP JTyKHOATIOMOCHIIKATHHX CTEKON BCTAHOB-
JICHO, IUO YHM BHLIHI BMICT JIy>KHUX OKCHIIB, THM GLIbLINI BIUTHB OKCHIY mo-
MiHilo Ha sMerweHHs TKJIP cxna [5].

Meroio 1aHoi poGoTd € NOCHIKEHHs BIUIMBY KPUCTanizaiftHoi 3jarHocTi
Ha TKJIP nokpuBHHX CKAOKPHCTANUHMX eMaiell Ha OCHOBI CTEKOJ CHCTEMH
Na,0 - Ca0 - ZnO - Ti0, — ALO; - PO — B0, — Si0,.

MeToanka eKcepUMEnTY.

HasBHiCTb  KpHCTani9Hoi ¢as¥ B JAOCALAHMX CTekiax MiCIs BHTANY
6yno BCTAHOBJIEHO 32 NONOMOIOK PEHTTeHO(a30BOrO aHanily Ha yCTaHOBLI
«JIPOH-3M». BitHOCHE NOROBXKEHHA Matepialy npH HarpisadHi At, — t, BH3Ha-
HanM Ha BEPTHKANBHOMY KBAPUOBOMY AHNATOMETPI.

TepMiunnii koedinienT ninifinoro posumpenns o - 107, (rpax’') pospaxory-
10Th JUIRt KOXHOTO TEMIIEPaTYPHOTO iHTeprany t, — t,, [ie t, — NOHaTKOBa TeMnepa-
Typa 3pasky, °C abo Temneparypa npUMillleHHS; t, — KiHLEBa TeMIIepaTypa 3pasKy,
°C npu novatkosil JOBXHHI 3pa3ky /,, (MM), aGCOMOTHOMY MONOBKEHHIO HOro
Alt, - t,, (MM) Ta nonpasi a0 npuiany K, (u-mm™) 3a dopmynoso 2:

100041, _, +K-ly

1, —’K
OO0 Ry !
St = 1000+ (t, ~1)-1p M

BigsocHe NOAGBIKEHHS MaTepiany, AKe BUPAKEHE B BICOTKAX, NPH THX Xe
3HAYEHHSIX 1, 1, I, Alt, —t, Ta K po3paxosyroTs 3a popMynoo |:

100041,
otk 101,

+K-1y

A (0]
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[image: image4.png]EKcnepHMEHTaNLHI pe3yabTaTH Ta ix o6roBopenns. B poSoti npu su-
BYEHHI CIUIOYTBOpEHHA B cuctemi N2,0 — CaO — ZnO - TiO; — ALO; — P,Os —
B,0; - SiO, 6yno chxtesosano 12 monensuux cinanis 4-L{P —~ 10-3-LI 8 obnac-
Ti THTAHBMIHLYIOYHX KaJIbUifusHKCHIiKOPOChaTHUX cTekon, 3 BMICTOM ZnO y Ki-
NbKOCTI Bi 2 Ao 12 mMon. % Ta 4 Mogeabtux cknaan 15-11d ~ 22-1® & obnacti
THTRHBMILIYIOYUX UMHKCHAiKodochaTHUX cTekon 3 BMicToM ZnO B Mexax 12 —
22 mon. %. 3 Merolo inTencndikauii npoiecis 06’ emnoi kpucTanizauil Synu cuu-
Te3o0BaHi iHBepTHi cTexna 10-4-11®, 10-5-Lid, 10-6-Lid Ta 24-L1P 3 emictom R0
8ia 12,5 no 13 mon. %.

Kansuifuunkcunikoocdatsi crewna 2-1{® — 8-L{® BiAHOCATBCA 10 BUCOKO-
kpemHe3seMHCTOl 0bnacTi Si0; + B,O; > 50 Mon. %, w0 CBIAYMTL UPO 3HAUHMA
CTyniHb noiMepH3ai CiTku ckna,

Bucoki nokasuuki £, Ta Bsenenna CaO ta ZnO crpuae 3HaYHOMY 3HHKEHHIO
TKIP 8 crexnax 5-L® — 7-L1P (Tabn.). InteHcusna xpuctagizauia Cas(PO,)F,
NaCaPO, ta ksapuy 8 crexnax 2-Ld ta 4-L® 1a 3uwxkenna smicty TiO; no
2,5 mon. % y ckni 8-Li® nosHavaeTbea Ha ninsHiuenui nokasuukis TKJIP gaHux
CTEKOII.

Jina kanpuifiuuEkcHikogochaTHi cTexon 3 BMicToM Bia 9 zo 12 mon. % ZnO
3Hauerna TKJIP BiapisumoTecs B 3anekHOCTI Big iX KpHCTanizauifinol 3paTtHoCTi.
OnHovacte 3HWKeHHA BMicty SiO; + B,O; = 50 mon. % Ta «pHCTanisauis
Cas(PO,);F Ta kpapuyy B crexnax 9-L®, 10-L® — 10-3-LIP icTOTHO No3nauacThCA
Ha niasuuienHi TKJIP. HasgHictb pyTHIy B JaHHX CTEKIAX HECYTTEBO BIUIMBAE HA
TKJIP wa siaminy Bia cxna 12-1-L{d B axoMy kpuctanizaiia TiO, npu3eoauTs 20
3umkeHns TKJIP ciota. 3miokensa TKIIP B nawiii rpymi crekon crioctepiraeTbes y
ctekon 10-4-L1P — 10-6-11d i noscHioeThCA KpHUCTANi3aLi€lO TUTaHATIB LMHKY. Ha
migeuwenns 3Hadenb TKJIP gis cxna 12-2-LHP srusae 3sHwkexuaM eMicty TiO;
Ta KpHcTanizauia ¢ropanarury.

Ins iHBEPTHHX cTekoa uMukcHaikodocdatroi obmacti 20-Lid Ta 24-LD
sumkenns TKJIP Takox 110B°43aHO 3 iHTEHCHBHOO KPHCTaNi3aLli€l0 THTAHATIB 1H-
HKY.

Kpucranisauisa ksapiy 8 crexnax 15-11®, 18-Li® rta 22-11d nawoi obnacri,
HaBNaKH, CNPHAE MABHIIEHHIO koMY miasuiennio TKIIP.

Jina NOCATHEHHA BHCOKHMX EKCILTyaTauifiHHX BAACTMBOCTEH CKIOKpHCTAMiY-
HHX NOKPHTTIB HA OCHOBI JOCNIAHHX CTEKON HeoOXiNHOI YMOBOIO € 3abe3neueHns
ix 3Havens TKJIP B Mexax 100 — 125-107 as sinnosinsocti 3i 3nauenusmu TKITP
A rpyutosof emani ECT-21, axuit ciotanae 115~ 125-107 rpax”’.
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[image: image5.png]Tabauus
Tepmiunuit KOeGILIEHT NIHIAHOTO POIWIMPCHAA MOARTbHIX cTexon LD

Moaensne cxiio LI 2 4 5 6 7 8 9

o107, rpan” 118,5 | 98,75 | 5806 | 53,55 | 53,23 | 11583 | 139,88

Moaenehe cxno 11 10 10-1 10-2 10-3 10-4 10-5 10-6

107, rpan” 140,42 | 1399 | 141,04 | 1389 | 1044 | 1076 | 1034

Moncnwse cioo UP | 121 122 15 18 20 22 24

o107, pan” [ 123,88 | 124,07 | 135,09 | 123,70 | 114,40 | 130.40 | 112,90
BucuoskH.

Ormke, W1A JOCMAHMX CIJIOKPHCTANIYHWX MaTepianiB Benuuuua TKJIP
3HAXONMTHCH B MeXax Bif 53 go 140-107 rpax’ i 3amexuTH Bifl KiBKICHOTO
cniBBiaHOWENHS (a3,

B obnacTi BHCOKOKPEMHE3EMHCTHX KanblifitmHkcwtikodocdaTHHX cTekon
pucoki nokasnuky TKJIP Bu3HauaoThca BMiCTOM Kpuctaniuaux ¢as Cas(PO4)sF,
NaCaPO, ta xBapuy

Jas isBepTHHX cTekon uuHKcHnikodoc-gatHol oGnacti 3Hmwkenns TKJIP
TOB’#32HO 3 IHTEHCHBHOIO KPUCTANI3ALIEI0 THTAHATIB LIMHKY.

Jns  omepkaHHA AKICHOTO CKJIOEMANIEBOTG NOKPHTTS  Heob-ximmum €
3abeaneyenns signosizHoctri TKJIP noxpusHOro 1uapy emalni B MeXax
100 - 125-10” rpan’’.
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