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L —MERNKE-BE CEELRTEBEENEEERME, 7 25-300
CHEREBENTEMMEKEL CTE X 22-32 x 107/C, LELYHERT 4%
HRBEE-EEREF U THAB: 60-75 Si0, . 8-20 ALO; . 2-10 ZnO . 1-6
MgO. 1-10 TiO;. 0-6 ZrO,. 0-3BaO. EEBATHLE T 5.5 9 ZnO+MgO .
LR EBRTHETFH 484 TiO+Zr0, .

2. WANFER | TR B IE-ME, HMAESAKT 850 C.

INAHER | TR BR-F%, H CTE X 25-30 x 107/C,

WANFBER 3 TR -8, ENESAAKXT 875 C.

ALK ZR 3 TR - %, HEEEAKTF 900 C,

WMAFER | iR EEE-E, o ZnO+MgO R B/ N TH 10EE%.

7. MFER | FRMHEHE-HE, CRESEL—MEEMNEASTESE
P, Y,0;. P,0s. Rb,O. WO;, CaO. SrO. Nb,Os. AlF;. B,0;.
CeOy. MEREMEIIYHAES, HASETRBILSEE%.

8. UMM TR 1 iR TEIB-ME, EEEHEH Li,0. Nay0. CaO. S0
MK0 FH —RME AL, XBHIWESBITIEES.

9. —MAFEE, HFEETEE -TEFONFER | FRNHEE-BE
HRRIEF .

10, — ¥ HREREKE, RFTETEE - IMEEURFER | IR0 BE-
R N E- Y

1. —HBERETKE, HREETEE - TRBFURFER | FrRe 8-
M EHMBES.

12. IAHEKR 1 rREE-BE EUEBESSTAHEARRE: 65-75
Si0,. 10-15 ALO;. 3-7ZnO. 2-5MgO. 4-8 TiO,. 0-4 ZrO,. 0-2 BaO. i
BATHEFTLH 6K ZnO+MgO . BB AT HETH 4 8y TiO+Zr0,.

13. I0ACHIESR 12 ik -, HMAESA KT 850 C.

14, AR TR 12 FrAM B B-MWE, H CTE 4 25-30 x 107/C,

15, INALHESK 14 FriR BB 5 - %, HMNASAAKTFT RIS C.

16. TIALFI R 14 iR B E-lE, HAuEFS4KF 900 C.

17. MAHER 12 iR B-BE, K ZnO+MgO W EBHA/NF I0EE

A
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18. WAER 12 TRAMBEBE-WE, TLAESEL—MEENEaTES
BEAY. Y;0;. P,0s. Rb,0. WO;. CaO. SrO. NbOs. AlF;. CeO,.
it B8 b 0 7 1k 0 21 4 EEBBIHIESEEY%.

19. MBHER 12 IBRMHE-WE EELEEL —F{EHM%EE Cs,0 .
Bi03. Tay03. Ga0;. PbO 8 La)O; U4y, HESBARBT S ER Y%,

20. WMAER 12 FIRMEB-WE EEEESE LL0. Na,0. Ca0. SO
K0 FH—MBEMAES, XEHESWEEENTIEES.

21, —MAFRE, ANEETEHE—TEAFINAESR 12 FRMsE-
BHRMER.

22. —HFREFKE, AN EETEE - EAEORHFER 12 iR EE
-P & 2H AR .

23, ~HBMESKE, ANTETEE - EEONFIER 12 FROTE S
-FEEARBER.
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1997 % 3 A 31 HRZMER “HH-WE” #EEL A 8F 09/030,863 (K
RIARABTERLTSIASE) AR THEIESRLREEENER WM.
09/030,863 SHIFATH EHKE-WEMNHAEFTSE AR, THEESBEL &M
BEHENESHEREEKER. 09/030,863 SHEATFHTEE-FEHNEKR
BEESEHMMAEKECTE X 32-42 x 107/CYEY LR,

mEREEARHNESHARERSEAE S4B AN EE-5
. 7£25-1000 CHIBERE ARBEMKEETL 32 x 107/CH AR ST 850
CHER-MRERTHEATEHAR SR ERTEAREEFAEIMEEKE
&N AR S A3 - P .

FREH—TFTHBREANEE-WE, CTERGAEIETENELME,
FEEMEAMBNELE. M-BEKEG. p-AREBEERGERLE, DEky
HEET T, AREE-BEEETHAES: 60-75Si0,. 8-20 ALO;. 2-10
ZnO. 1-6 MgO. 1-10 TiO,. 0-6 ZrO,. 0-3 BaO. BEAATFRET 551
ZnO+MgO . B EAKT 4 8 TiO+Zr0;.

AiE “EHE” BTN AKX (400-700nm), 1.1mm EH A % T RE-[g
BRRIAHKT 85 % BEHFE., XNTHEHAR XBEFMBIFEERFIHIEKE
B—ERES R, FIINLE 350-400nm R B BT 50 %.

SHENER-BEMEMEL, FEHASHNRREEEE-BEAF TSN
M. Bin, 72 25-300 CHRENEAXEHB-BRABEIKRES R 22-32 =
107/C, #3FH 25-30 x 107/C, FHMAFS#ET 850 C, BIFHBT875C, £
Wit 900 C. 7EXEM KRB AEREER TEMNLRH.

PR S 53 6 3 3 - Pl 8 R A 1R T RO A 8, 7E 900 C IR E T BEAR 3 24 /B AN
1000 CHYBREE T BEARRE 8 NP MASH M. TH, AARSKESHE. X
SRR EEN (BERE—R) SRMRREEBEEEZ, Mg)ALO,, REE
SEAEHMEMECERM, WEhE. Mg BEKA. p-AEBE B A MgTi0s,
BEARSX EAEMERESERHER. RiE “FTEEHRHE BREXSERMELHEE
HLELEREELA 75 KR% BIFEDH 5 BH%, RTFES g 95 &K%,
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AEREBE-HELRRTRAEELA20ER Y% WERHEI B ERBEF R,

FRURB-HERALEBOLERAE. ENHOEELNF 2.70g/cc.

A 3CRT A B BT IR B v] 7€ 1575-1650 CHBE T, HTREAY M RE
FE (EERE. EWMELS) . SEEETURAEMNEHAREREA (X
HAESLH) , ERXEMMESHERBAH. SIS EEEMAL, NS
ERERE (HEREEXT 12 « 10%si, WEEE>10 x 10%psi ), Frbl BB
BHE S T HIEEEM A A,

FERAREKENHRER-BETHTAEAZEEE (INEEERES
R4 (AMLCD’s)) MIER EENEUBOTH (IEES) MEMERE. B
BHESERNERFAT AMLCD A&, BA/ERS R TEEEFiRES
XBEERAAN T AEE., XEFBWNAESE, FUERBEST 850 CHEET
HITHE. A RAFEZAMHMERTENAE SFEFBRTELEMESR,
PR FRE (N FARE/REE. KFAREEM. CEEMERE) FEREH.

REERIEFBUBEARR _SAMBESENEBAAERNELE
B, BRENDRFEAFEOEHE HEEHLUMNKERL 1000 EEL
T 5000 IHAVMRSHE., REBE-MEMNNEAL 850 CHIRE, MTFERREH
BREMRAZEER XSRS S-S ENMBEELER XMTELH
ERA Y.

FRAGREVHRBAEHE-WE, THORBRERSN 2232 x 107/
C, MARBIEA850C, EXEMBFIENHABEERE—NERHERRS
A B % (Zn, Mg)(Al, Ti),0,.

KE-MENEHEERBEEERTAUEFAS AR A &E, @
EHATEEEEFHRNEEENSRIEHEN, Fi, BrEERNEREE
RIECRHEITEAL, REEBEELHNEMNAENNEEREERABERE RIS
ERABE. A X ROATERHSRAEAGAENEE-BEIMIEE B ER
B, TR E R T A& RLMAR AR H . BT BAREETE R
MEB-BHEAERNTITEATHEASCL BT EETR)TER:

SiO, 60-75 Zr0, 0-6
ALO; 8-20 BaO 0-3
ZnO 2-10 (ZnO+MgO)  >5.5%
MgO 1-6 (TiO+Zr0;)  24%

TiO, 1-10
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WELE, TEAEXFROEBEHSYFTMABER, W As,058 Sb,0;.
Aok, MALE, THARE S »WETEAYRELY, W RbO. WO,.
NB;Os. AlF;. B;0;. CeO,. Y,0;H P,0;#/3 &3k 8 % ) Cs,0. Bi,0;.
Ta;03. Gay03. PbO EX La;0;. K,0. Na,O. Li;O. CaO # SO MmMAERR
FREERBILI %, BFAE, ERFXZVUFEH-BELASHEHRETF.

WR SO K EERT 60 %, RFASHEWBEHLE LF, SHAEKE
BOEM. ALO; BAREBA (Zn, Mg)ALO4(1 BE/R(ZnO, Mg0)5 1 EE/R ALO, &8)
AV DR . B, 1R ALO; /NF 8 %, FERMAREA KD, HEkKER
PR, R ALO, H3F 20 %, AR (liquidus temperature) F 7+, 4R 31
MELLF AT I

MgO Ml ZnO 5 ALO; —HHRARFAEREMTEASS. HIt, XFHEHMW
—MERERELNFETEE-HEHSYF. Zn0 M HALREARENERE
RARHEER, FEHTEHIOASTROMERER. X T EAEN MR Zn0
ELTFE2%. InOBRFHNANT 10ER%, UABIEE RS EREBEEL
fl. REMTGHESERHEAMALONKN B E-BE, HE MgO &{E#ELER
(I Mg-EE KA. B-ARMMgTi,05) £K, XBERERESESHET
e, AHER MgOBEHG6 %,

(ZnO+MgO)Z MR FE L H 55 EE %, DITFERELRGHITS & B ENT
RIGTTRIERE. (TIOAZrO)RIF EL KR 4 %, AHWERMAEEIEMEHE.
FHREZ LT ERBAERHREN, ANNEREARENETEHS.
REBMPEE. B ENERXFREYHRESYEEX IR A HERE
H, BEMNEEFRNSE, EMAECERERRSE RN, BHE4AELE
WKEOBABEAE LA, HERBEAKERLSE, FUBKTEESANRE.
FHBFHSHENBER-BENERE, NTFEHEREIRAGEN. B4, £
RESMENEES, EERAAREFOEMSES TEMLE. MBEREEHRLT
HWXTR AN, EZABREEASELENEBES4p- 0 HEEBEM Mg-15
BRA, MAFERBOAXNERFELBREA SHIAEGERMEKER, &
RERPHE-EEEMS BN, FEEBREBOAGETESTR. A4YWhaLeE
MEERE, FIFHELKMAERRRE, UERASHIREEHEEE. REE
TERRFAHEEYT S M TIO, REBMN, EREMO SBAKRT LERY%
HAEYF, FEAFE ZrO, MEXK Tio, —BE L 7.5%.

BE-BEONTARFEYHERTHNAEBNNESEE, BEIER
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FHBEHARBET RO BER, FREHE ( ERE-WE P MBI S8R
"B ) TRYBMEN LLAT R R MBS, ENIZBBIEE <E . &
EFXFROEE-BE REEFRFNREEESAXEN e, S
WERSHE S/ AE AL, MME N SBT 850 C, BIFHET 875 C,
BBt 900 C.

BHFHIE, AidHBENMEAEE-BEFSAREIEHMTHENER ©
MEREYEET 54N

Si0, 60-75 Zr0, 0-6
AlyO; 8-20 BaO 0-3
ZnO 2-10 (ZnO+Mg0O) =25.5%
MgO 1-6 (Ti0,+2Z2r0,)  >4%
TiO, 1-10

BIFRIR, MAEBEMBELAHB-BREFSARNTESTIESER, &
MFEANYEER T B4

Si0, 65-75 710, 0-4
AlLO; 10-15 BaO 0-2
ZnO 3-7 (ZnO+Mg0O)  >6%
MgO 2-5 (TiO+Z10;)  >4%
TiO, 4-8

STEM BB A R, A XHRFHEHHEB-WEFHLARE R ENERY
475200 A ( 7.5-20nm ) . FABRTXEHBFHRERTRERYN, TER
R ZS 0T AT LR Y6 AUTE 2 BOK * 2 KM R TE R X B A R E R Ra)/NTF 10
A, MERELRIEE-WREUSHERFXMREEBEE. |

FEEMH AL AERNERARARE L (ERELS) #iTss, B
HEEHEHIEE REAFIEEM R FIRERBEAIENRELEM. B4k, 55
BEUESE SR, HEE R R R 15 by 40 v a0 M 2 H 88 A T 41 4
EHERREMERBNECTFREREBHES.

A A% AR B 2 AL R T R B G R K, B R BB E
B-WE. EMTTUHA—- S48 E E—SRFERGEES, ATREEKY
BE FREIFZ 875-1050 C.

B T I — &R — R R R, XA ETIHEmMIETER
RV EAHFITEMBE. T HAET-RIAUELDEREHHTHOBEZASY,
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WHAZANERSH. BTEESNABIEEEF 100, T LhRE R
IR T M BIER A B R TN, SEMERESES T REAYR (SeR
HEALGY)  SHSHCENEMEHE-RBEN SR TRAENELY, &5
M EFEIE S8 L.

FERRENIRESBHIEE | IRANER-E. BEBERARE REXE
1600-1650 C RYSHIH IR P& 4-16 /AT, ZESIRR L BEER 577 % 67° x 0.5 89/h .
B /N TE 725-750 CIBA 1 /06, BESRHIE. MEE/NE 415,
RIEME (HTIFFRA—SRES DL BLEEERBEL. AEHEFBETE
775-800 C 4% 1-2 /MBS, BEJSFE 950-1050 C %583 2-4 /BT, i AR HERY B R X-
HEMHAEARNEHB-WEFFEMNE R, EXENROFTE SRS, E—
FIEMEBAERRRT B E(s.s.).

XERH-BEHARTEEAIEEREY% ) 60-75 Si0, . 8-20 ALO;. 2-10
ZnO. 1-6MgO. 1-10 TiO, 1 0-6 ZrO,. MIABMMER(<3%, W BaO 5 Cs,0)H
BT RERBAIBEME. (ZnOtMgO)Z MM E/LH 5.5%, HIRREEHESH
i (TIOHAZrO)Z MR E DK 4 %, FHEMBRELI. As,0s £ HENEHY
BEA.

KR BECRIBRE, 7F 1600-1650 C BISAHIR P14 4-16 /NBT, RISTESR L
GRENBE/NR. BEBE/ANKETE 725-750 CTFiBA 1 /AN, BERHTKR. N
BAREUIH R, RARI AN —SRBSBEEEEEL. XEHEE
F T 775-800 T A% 1-2 /hBE, SRISTE 950-1050 C 45 8% 2-4 /ML, {8 FIARME X-5¢
AMHALANEHE-BEFRE LA, [ ARET SN EE RN E 25°- 300
[OF:0FY 7 F g8

AT AT sb R g ERRGAREE, 8 B AR 2 ks B o ) B - R
FHMAER, BB (EXHELTHER-EE) OHEARBTE /NG R
NMAWEFHEMEBE, THENEXREBMGEN 10 BHOEE. REMEH
RAERREN—FHERNTE BEBREEENLNESE S0 CHIEE.

RIFIHTRARENEE-BEASYNEBT S HR. EX B AMFAXL
EFlF, —FENERHREREABEREG.s). F 1 EFHTREFREBEARH
HHLTT B A8 Y 45 R I I BE - B B A0 JL ML T SR M BR300, AR IS R B
FEEMENZ SR AS (FCER) .. ERBKTRIE 25-300 C B ETER®
LK AB(C.T.E), BEL glem® FR.

RIFERIIBTHAEEOBEARENS —EAENEERE, SEKHEE
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BE. BAREMBIAE N 108, 108, 10%90. 1058 6B K. SRsEs
BERSEHMRE, REANEREVRIFMNEHHT RS, ExRmm-gsgan
ERERNEBTNEERAMHEREGE, XEREREASEMSE LS
TR (A EMEBENTLRZELSN) .

KRR ESEEENAE R TR B SEE, Y
HEHFERB RO MBIER, 5B (TEH - % h W8 A & 85
“EHT ) FHBEN AT ERE P OBEN D, BB ERES B . 4
EARAXFRMEE-WE, REBEEFHRBFEESHEXEN ZHILRE80%),
AT 3 7 3F 25 881 900 T,

B0 38 0 R 40 SR 0 A0 408 R BT 5 R (O LR L 461 ) 0 A7 46 3 (o 18 S s
BREETHEREAMY. ENSHBEALL, REMEEFESSE (BEEELT 12
< 10°psi, WIBMEE>11 x 10°psi ) FFLL LBV B AR50 Sl v Sl 4G 1 1

BEFRASYFAEEER. N SEMBEEEELERIFNOME. =1 55
BT LB R IE LS 4(C.T.E=30 x 107/C). EMH 6(C.T.E.=28 x 107/C).
SEHEH) 9(C.T.E=27 x 107/C)MSLHES 11(C.T.E=25 x 107/TC)

XEMEREE-HEEATEEERBS BT B MR AR s
HENFUEHMEMEF L.

RERTRAME O EZAHT T IEBHR, BENEE, XHIEMEE
WEEDRLY, ERRBEERZBIMAHERBESFEE NIRRT, &0
AR TR N R ST HE AL,



BEE%
SiO;
AL O,
Zn0

BaO
Ti0,
Zr0O,
NH/NO;
As,0;

H.T.

CTE(x 107/C)

R RR(C)

B AR(T)

I (g/em®)

FE: W
3181 8 (10° psi)
AR E(C)

AR ERMNBE

7E 10° JHEHEIRE(C)
7E 10* JART A IR BE(C)
£ 10° 158 MR EE(C)
¥E 10°JH BT B IR BE(C)

1 2 3 4 5 6 7
64.8 63.4 66.3 67.0 65.8 68.7 70.7
15.8 17.3 15.5 15.7 15.4 14.1 12.9
7.5 6.4 5.8 3.9 7.0 5.2 4.8
2.1 3.2 2.8 3.9 2.2 2.6 2.4
1.7 1.7 1.6 1.6 1.6 1.4 1.3
5.0 5.0 5.0 5.0 5.0 5.0 5.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.5 0.5 0.5 0.5 0.5 0.5 0.5

800/1 800/1 800/1 800/1 800/1 800/1 800/1
1000/2 1000/2 1000/2 1000/2 1000/2 1000/2 1000/2
31.3 32.7 30.2 30.4 30.9 28.3 27.3
910 903 924 898 907 902 908

988 982 1000 990
2.62 2.59 2.64 2.59 2.56
2.55 2.59 2.54 2.52
12.8 12.9 12.6
1480 1450 1485 1485 1490 1490 1475
1800 1500 2500
1530 1518 1572
1363 1353 1395
1242 1235 1270
1149 1146 1176



HE% 8 9 10 11 12 13 14
Si0, 72.4 713 702 716 724 732 716
ALO; 11.9 13.0 128 127 119 13.0 127
Zn0 44 32 58 44 44 44 43
MgO 22 32 18 21 22 22 21
BaO 1.2 1.3 1.3 1.2 1.2 1.2 -
B,0; - - - - 1.0 - -
Cs,0 - - - - - - 2.2
TiO, 50 S50 50 50 50 4.0 5.0
Zr0, 30 3.0 30 3.0 30 20 20
NH,NO, 1.0 10 10 1.0 1.0 1.0 1.0
As;0s 05 05 05 05 05 05 0.5
H.T. 800/1 800/1 800/1 800/1 800/1 800/1 800/1
1000/2 1000/2 1000/2 1000/2 1000/2 1000/2 1000/2
CTE(x 107/C) 25.2 273 267 252 263 247 253
MAEE(TC) 909 908 916 938 878 929 910
1Bk H(T) 991 988 997 1014 1006 993
% B (g/cm’) 2.54 254 257 254 253 252 254
FE: W 2.50 250 2.53  2.50 2.47 249
AR E(C) 1485 1480 1475 1480 1490 1440
A ERT AR E 6500 15500
£ 10° YA AT B9 IR (C)
£ 10* Ja B BYIBE(C) 1449 1470
7 10° JHET BB EE(C) 1316 1327

7 10°JARTAYIREE(C) 1222 1217
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