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[0066] R iARBYHE fu 1k H i SnAE b RICe SE A AL R O 2 P ) 25/ D— i, S Ak W flICe
Eh AT R S S A ) A S — AT B B Ce S A AE X — T 5
HA S Sn A (I AICe A ) — 3 B el i AR B RE h AE Sn s Ak FiCe AL ¥, 7T
TE FE IR YE IR EIE E ], PR e F R BB 5 Sn s M ACe S| b — -
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[0067]  {JL3is MBRARERS G mr 0 )5 T HR & , el 68 T DA o i i 791 )12 4 I Sb,0, 6
b, EARBEEE IS, 0,1 B R0 ~ 0.5 % FUVERE - Sb, 0,/ & i B A 0. 2% DA ik
— 0. 1% DA N VA0, 05 % DL T Rt — 22 0. 02% DL VR BIL A5
£Sb,0,.

[0068]  [iRBEIEH, #H5 MFe,0,, FI 5 H0.5% A N A4 Fe . Fe ) & 5 e, 0, ik
M0.2% VA NV 0. 1% LT b0 0. 05% LA N e A S Fe

[00691  Pb.Cd\AsTFE N IR A=A R M R o, A M A i 6 S N X S Jo

[0070] | aREFIEN TR RIIE BB A, P a0 N7 M A 5 S iR 26 L iR
Eh IR R AR S BRI, SR TR AR R A RS N AR 51401400 ~ 1600 °C )78 FElE
AT IS AR FETE R, B HH 78 40 T 24 T A IR A i B8 s , AT A 4 HH 38 2
A A ARG FR R BE TURHE 1400 ~ 1550 °C A it , K P 20 1 s b i 38 0 5 T At b
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[0071]  <BFEkiyE>
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[0073]  (BFE VAL AR N E)

[0074] 40 | Jri , fic s A SR ARG 5 A B I sk 2 0 T b b A T it AR
B, 20 T IS S RN T REAC SR B = 2% BEL SR T A (R 25 ) 12k B e (O
VEM BHOREC R E , 8 AL il N 2 TR slore sl R 78 i, B A TG R oA
JEARAS A AT SR 1 it A PR A PR , T it AR b T it B SR e
VES 2 AN T, iR BRIV E A i SR (R AR B B A B it B (DA N it “Tg”)
h625°CUA b o 5 B B B A BB A AR B DM 625 °C LA L I vy i AP RO SR P S AT, D
i AR AT AR R O PR M AHE , P ARBIE I TR E T RAAOC R R (L E ST
e AR RETE A ) BOREIC SR A B AR T3R8 , 18 AT LA B85 25 B YA R Rl
AT BRI o IR A AR e Jy630°C LA b BN Jy640°CPA L i —2E 1% 650
°CUA b L1 /9660°CLA I EE iz Jy670°CLA L e — ey 675°C A I i Bk —
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HA RN ST X, FR I E AR FE PRI B 836G LA B I TR AT B
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[0079]  (HEAMIERLED

[0080]  [boii MR B TR DR FE A EC B R Bk LA B TS 2 1 o AR 1L, 26 U 8 X B Y
b EE A BT g/ e’ T A5 2 A8 BT o ML B X AR TE R BEAR 10 7 1 HE &, iR B L
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[0082]  MFE/Efddc s A L A) SE PR RO T T H A, i BRI Bl SR A B AR B B e 10
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[0083]  (HiFasfaiElh)
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HOHDD (BRAEEX Zhas) XEDLSZ B NI O ERES NE FH I 45, nT LB R LG B TR 21
AT SR TN o T B2 IR, AN B B 1 R HE IR IC SR A B ARCR S B - A8 ek
B PRI AT AR FEATG )i A AR

[0091] AN, A —AT5 i, Bl g Ic SR A AR FR I — 35 B 2 R B 20
2 B AR B R 4 N RN S -2 e 20 e rl LA AR R - 5 R 2 i )
FIEA , AEWr 41 A FHE bb 7R (Babinetik) 38R JJBRER . “E 217 & F8 S A0 HOX P i
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[0120]  [Hic P AEREE ]
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[0127]  [5Z)iEf5No. 1 ~No. 47 L il ~ 5. 5441 ]

[0128]  Jfy T3 21K 1A/~ A B B 38, e IR Eh AR Eh S A e S IR A T
PR IR A, TS R Rz & RS N Rl 711400 ~ 1600 °CHITE I TIn#A
fife, AT B S B S AR T T A FP 721400 ~ 1550 ° CORFF6/ININT i, BARIRL RS (kL) 751200 ~
1400°CHITE B PR 4RF L/ NI J e 0 HE A st s, 13- 20 T B iR AN I B GRS SIS Bk
1) .

[0129]  [$FAN 1]

[0130] (1) B EAR T (Te) LRI K 250 ()

[0131] i HHAW U/ #73E B (TMA; Thermomechanical Analysis) JIE & BYES B FE (L4
AR FETgA1100 ~ 300°C I IE K 22 %o

[0132]  (2) MIAsE

[0133] 7 FHIH P o 7R e A BB A B i

[0134]  (3) Lt HEH

[0135] ] FH ISR ik il i & BB I bb

[0136]  (4) LBatf b

[0137]  H Lk ) BRI R (3) 52 H L FE oS LR s AR &

[0138]  (5) By FEfa et

[0139] LR IEIE100g IINEATII R R, £EREIP PN 1 E 2 1250°C k1300 °C I AT A
PN, 4EFR A PR R AS N RO 16/ N (BREFAS I o 225 167N J MU Py
AR B N OB B AL 0 k) i HVE =50, TG B M s & B b 5 Jeah i,
DA N EEHESEA T REAY

[0140] A F DG RAEBERUREL (40 ~ 1005 IF%2) ARAHINEI 455 -

[0141]  B. R 't DA UM ZL (40 ~ 100151952 w255 , {5 B A ZLHfR A A
EERTTR

[0142]  C. HAUMELHINR 255, .

[0143]  (6) B AR AT

[0144] M ARG BI R BE R EE BE 21 . 2mmi B M GREAR AR o BB 4
T B2V I HF AT 62 RS M 8 106 B B PN B A T IBOR W2 (40 ~ 10075 (1%
) TS AR 0. 03mmi1 0 (WA M faid o “Sa”) 8 TS A0 A 20
DA S TR R DX B I B I ST &, RS 2 OE A D IR .

[0145]  ARJEFI AR J5 R SR B, LASZ ~ PPN St BE 5 2. FUAT
KIS/ kg TS LA R SR A AL VOB N2 /kgbA M IS LA EN
A B RS RS 2/ kg H/NT 10 /kg IS DLPFANT B s ¥ o 104 /kg LA |
H/NT20 /kg MBS C s BB B 204 /kg DA H/NT507 /kg L oA
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[0146] DL FEERURTERL (1-1~381-6) .

(01471  [F1-1]
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[0148] I No.1 [No.2 [No.3 |No.4 [No.5 |[No.6 |No.7 [No.8 |[No.9 |No.l0
AR mol% [mol% |mol% |mol% |[mol% |[mol% |mol% |mol% |mol% [mol%
§i0, 54.90 |54.83 |54.62 |54.50 |54.97 |55.89 |54.83 |54.75 |54.96 |54.75
A1,0, 12.87 [12.85 [12.85 [9.90 [12.98 [12.94 [13.93 [12.95 [12.96 |9.96
B,0, 2.97 [2.96 |3.92 |4.95 |1.00 |0.00 |0.00 |0.00 |0.00 |1.00
MgO 20.80 |20.85 |22.25 |25.80 |22.00 |21.95 |21.95 |22.89 |21.94 |21.95
Ca0 0.00 [3.95 |1.47 |0.00 |3.00 |3.00 {3.00 {3.00 |4.00 |3.00
Sr0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00
Ba0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00
Zn0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00
7r0, 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00
Li,0 3.00 {0.00 |0.00 |0.00 |3.00 |3.00 {3.00 {3.00 |3.00 |3.00
Na,0 1.00 |[3.95 [3.92 [3.96 [1.00 |[1.00 |[1.00 |[1.00 |[1.00 |[1.00
K,0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00
110, 3.96 [0.00 |0.00 |0.00 [2.00 |2.00 [2.00 [2.00 |2.00 |4.96
Y,0, 0.00 [0.00 |0.00 |0.00 [0.00 ]0.00 |0.00 [0.00 |0.00 |0.00
P,0. 0.00 [0.00 |0.00 |0.00 [0.00 ]0.00 |0.00 [0.00 ]0.00 |0.00
$no, 0.00 [0.25 ]0.73 |0.73 [0.05 |0.15 [0.15 [0.25 |0.09 [0.25
Ce0, 0.50 [0.35 |0.24 |0.17 |0.01 ]0.08 [0.14 [0.16 |0.05 [0.13
At 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
§i0,+A1,0, 67.77 |67.68 |67.47 |64.40 |67.95 |68.83 |68.76 |67.70 |67.92 |64.71
Ba0+Sr0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
MgO+Ca0+Sr0+Ba0 20.80 |24.80 |23.72 |25.80 |25.00 |24.95 |24.95 |25.89 |25.94 |24.95
Li,0+Na,0+K,0 4.00 |3.95 {3.92 |3.96 [3.99 |4.00 [4.00 |4.00 |4.00 |4.00
11,0/ (Li,0+Na,0+K,0) 0.75 [0.00 ]0.00 |0.00 [0.75 ]0.75 [0.75 [0.75 |0.75 [0.75
Na,0/ (Li,0+Na,0+K,0) 0.25 |1.00 |1.00 |1.00 |0.25 |0.25 |0.25 |0.25 |0.25 |0.25
$n0,+Ce0, 0.50 |0.60 |0.97 |0.90 |0.06 |0.23 |0.29 |0.41 |0.14 |0.38
(Mg0+Ca0) / (Mg0+Ca0+Sr0+Ba0) |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00
Mg0/ (MgO+Ca0+Sr0+Ba0) 1.00 |0.84 [0.94 |1.00 |0.88 [0.88 |0.88 |0.88 [0.85 |0.88
Tg (°C) 667 694 |696 689 [680 |689 |689  |687 |685 |664
a(x107/°C) 50.0 [52.3 |51.5 |54.3 [50.2 |52.1 |[51.3 |[51.9 |53.3 [53.3
R 2.588 [2.568 |2.557 [2.539 [2.626 |2.632 [2.640 [2.643 |2.636 [2.640
M (GPa) 97.1 |91.1 [90.3 |90.1 |99.6 [99.1 |101.2 |101.0 [100.8 |98.7
FEaip it (MNm/kg) 37.5 |35.5 |[35.3 |35.5 |37.9 |[37.7 [38.3 |[38.2 [38.2 |37.4
TR I1300°C16hr A A A A A A A A A A
{RFEERI1250°C16hr A A A C A A A A A A
S, B S A A A A S S A S

[0149]  [3&1-2]

[0150] SIS No.11 [No.12 [No.13 [No.14 [No.15 [No.16 [No.17 [No.18 [No.19 |No.20
B R mol% [mol% |mol% |mol% |mol% |[mol% |[mol% [mol% |mol% |mol%
§i0, 54.90 |52.80 |50.92 |54.68 |55.32 |53.55 |58.64 |59.82 |59.80 |59.92
AL, 12.96 [13.93 [14.91 [13.90 [14.05 [12.80 [16.98 |14.93 [14.90 |14.98
B,0, 0.00 |0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
MgO 22.00 |22.95 |22.90 |22.89 |23.01 |24.70 |10.00 |9.95 |9.94 |9.98
Ca0 3.00 {3.00 {3.00 |3.00 |0.00 |0.00 |10.00 |9.95 |9.94 |9.98
Sr0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
Ba0 0.00 |0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
Zn0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
710, 0.00 |0.00 |0.00 |0.00 |0.40 |0.00 {0.00 |0.00 |0.00 |0.00
Li,0 3.00 |4.00 |4.97 |4.00 |4.00 |0.00 |0.50 |0.00 |4.95 |2.50
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Na,0 1.00 [1.00 |[1.00 |[1.00 [1.00 |5.40 |[2.98 |[4.96 [0.00 [2.50
K,0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.50 |0.00 |0.00 |0.00
110, 2.00 [2.00 |2.00 |0.00 |2.00 |1.57 |0.00 |0.00 |0.00 |0.00
Y,0, 0.00 [0.00 |0.00 |0.00 [0.00 ]0.98 |0.00 [0.00 |0.00 |0.00
P,0, 1.00 {0.00 [0.00 |0.00 |0.00 [0.00 |0.00 {0.00 [0.00 |0.00
Sno, 0.09 [0.20 |0.20 |0.36 [0.15 |0.63 |0.30 [0.25 ]0.30 |0.09
Ce0, 0.05 [0.12 ]0.10 |0.17 [0.08 ]0.37 [0.10 [0.14 |0.18 [0.05
&k 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.01 | 100.00
§i0,+A1,0, 67.86 |66.73 |65.83 |68.58 |69.37 |66.35 |75.62 |74.75 |74.70 |74.90
Ba0+Sr0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
MgO+Ca0+Sr0+Ba0 25.00 |25.95 |25.90 |25.89 |23.01 |24.70 |20.00 |19.90 |19.88 |19.96
Li,0+Na,0+K,0 4.00 |5.00 |5.97 |5.00 |5.00 |5.40 |3.98 |4.96 |4.95 |5.00
11,0/ (Li,0+Na,0+K,0) 0.75 |0.80 |0.83 |0.80 |0.80 |0.00 |0.13 |0.00 |1.00 |0.50
Na,0/ (Li,0+Na,0+K,0) 0.25 |0.20 |0.17 |0.20 |0.20 |1.00 |0.75 |1.00 |0.00 |0.50
$n0,+Ce0, 0.14 |0.32 |0.30 |0.53 |0.23 |1.00 |0.40 |0.39 |0.48 |0.14
(Mg0+Ca0) / (Mg0+Ca0+Sr0+Ba0) |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00
Mg0/ (Mg0+Ca0+Sr0+Ba0) 0.88 |0.88 |0.88 |0.88 |1.00 |1.00 |0.50 |0.50 |0.50 |0.50
Tg (°C) 685 |669 |663 |680 |683 |713  |751 725 685  |689
a(X107/°C) 52.0 |55.2 |58.4 |53.2 |51.8 |54.5 |52.2 |56.7 |55.6 |52.0
R 2.608 |2.652 |2.659 |2.617 |2.624 |2.618 |2.610 |2.581 |2.576 |2.579
M (GPa) 96.9 |102.2 [103.2 |100.3 |101.3 [93.8 |90.1 |89.5 |[94.6 |92.7
PRt (MNm/kg) 37.2 |38.5 |[38.8 [38.3 [38.6 |[35.8 |34.5 |34.7 [36.7 [35.9
{REFRI1300°C16hr A A A A A A A A A A
{RFEFRII1250°C16hr A A A A A A A A A A
SRR A S S S A A S A S A

[0151]  [3&1-3]

[0152] S No.21 [No.22 [No.23 [No.24 [No.25 [No.26 [No.27 [No.28 [No.29 |No.30
R4S AR mol% [mol% |mol% |mol% |mol% |[mol% |[mol% [mol% |mol% |mol%
§10, 59.74 |53.91 |60.27 |58.56 |59.20 |48.77 |63.91 |64.09 |66.49 |54.93
AL, 13.01 [16.97 [14.97 |8.56 [14.75 [17.11 [9.97 |[5.21 |[7.88 |[9.98
B,0, 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
MgO 9.95 |9.95 |6.84 [12.36 |9.81 |17.11 |12.47 |6.50 |6.54 |25.94
Ca0 9.95 [9.95 |12.40 |16.28 |8.70 |10.00 |9.50 |12.50 |9.87 |3.00
Sr0 0.00 |0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |1.93 |0.00
Ba0 0.00 {0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
Zn0 0.00 |0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
710, 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |2.00 |2.00 |0.00
Li,0 0.00 |0.00 |0.00 |2.50 |6.91 |0.00 |1.00 |2.00 |0.00 |3.00
Na,0 6.95 [8.98 |4.95 |1.00 |0.00 |6.95 |3.00 |3.30 |4.34 |1.00
K,0 0.00 |0.00 |0.00 |0.50 |0.00 |0.00 |0.00 |4.18 |0.00 |0.00
110, 0.00 {0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |2.00
Y,0, 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
P,0, 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00
$no, 0.25 |0.15 |0.37 |0.25 |0.50 |0.06 |0.15 |0.07 |0.65 |0.00
Ce0, 0.15 |0.08 |0.20 |0.00 |0.13 |0.00 {0.00 |0.15 |0.30 |0.15
G 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Si0,+A1,0, 72.75 |70.88 |75.24 |67.12 |73.95 |65.88 |73.88 |69.30 |74.37 |64.91
Ba0+Sr0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |0.00 |1.93 |0.00
MgO+Ca0+Sr0+Ba0 19.90 [19.91 [19.24 [28.64 [18.51 [27.11 [21.97 [19.00 |18.34 |28.94
Li,0+Na,0+K,0 6.95 |8.98 |4.95 |4.00 |6.91 |6.95 |4.00 |9.48 |4.34 |4.00
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11,0/ (Li,0+Na,0+K,0) 0.00 |0.00 |0.00 |0.63 |1.00 |0.00 |0.25 |0.21 |0.00 |0.75
Na,0/ (L.i,0+Na,0+K,0) 1.00 [1.00 |[1.00 |0.25 [0.00 |[1.00 |0.75 |0.35 |[1.00 |0.25
Sn0,+Ce0, 0.40 |0.23 |0.57 |0.25 |0.63 |0.06 |0.15 |0.22 |0.95 |0.15
(Mg0+Ca0) / (Mg0+Ca0+Sr0+Ba0) [1.00 [1.00 [1.00 [1.00 [1.00 |1.00 [1.00 [1.00 ]0.89 [1.00
Mg0/ (Mg0+Ca0+Sr0+Ba0) 0.50 [0.50 |0.36 |0.43 [0.53 |0.63 |0.57 [0.34 |0.36 |0.90
Tg (°C) 695 692 725 |726 |675 |692 |693 |628 |685 |676
a(X107/°C) 63.9 |68.8 |56.7 |53.2 |[58.6 |69.0 |54.0 [78.0 |57.0 |54.0
R 2.575 [2.598 |2.581 |2.600 [2.576 |2.600 [2.560 [2.610 |2.610 [2.650
P (GPa) 88.0 |89.0 |[89.5 [91.0 |94.6 [94.0 |90.0 |85.0 [87.0 |102.0
Fha R INm/kg) 34.2 |34.3 |34.7 |35.0 [36.7 |[36.2 |35.2 |32.6 [33.3 [38.5
PRFFASII1300°C 16hr A A A A A A A A A A
SRFERI1250°C 16hr A A A A A B A A A C
S EER S A S B S B B A A B

[0153]  [#1-4]

[0154] SR No.31 |No.32 [No.33 [No.34 [No.35 [No.36 [No37 [No.38 [No.39 [No.40
e s mol% [mol% |mol% |mol% |[mol% |mol% |mol% |[mol% |mol% |mol%
Si0, 63.98 |53.84 |53.77 |53.83 |53.90 |55.92 |55.91 |53.89 |53.89 |53.44
AL, 5.16 [16.92 |16.93 |16.93 [16.97 |16.97 [16.97 |16.98 |16.97 [16.80
B,0, 0.00 [0.00 |0.00 |0.00 [0.00 ]0.00 |0.00 [0.00 ]0.00 |0.00
MgO 6.47 |9.95 |9.95 [9.95 [9.95 [9.95 [9.95 [9.95 |9.95 |12.78
Ca0 12.39 [9.95 [9.95 |[9.95 [9.95 |[9.95 [9.95 |[7.98 [5.99 [2.95
Sr0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
Ba0 0.00 |0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
7Zn0 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
7r0, 2.96 [0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
Li,0 2.00 |0.50 |1.00 |1.50 |2.00 |0.50 |1.00 |0.00 |0.00 |0.00
Na,0 5.24 |7.95 |6.93 |5.96 |5.00 |5.99 |5.00 [8.98 |8.98 |8.87
K,0 0.00 |0.50 |1.00 |1.50 |2.00 |0.50 |1.00 |0.00 |0.00 |0.00
110, 1.20 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |[2.00 |[4.00 |[3.94
Y,0, 0.00 |0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
P,0, 0.00 |0.00 |0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
$no, 0.35 |0.20 |0.30 |0.25 |0.15 |0.15 |0.15 |0.15 |0.15 |0.87
Ce0, 0.25 |0.20 |0.17 |0.13 |0.07 |0.07 |0.07 |0.07 |0.07 |0.35
&t 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
$i0,+A1,0, 69.14 |70.76 |70.70 |70.76 |70.87 |72.89 |72.88 |70.87 |70.86 |70.24
Ba0+Sr0 0.00 |0.00 {0.00 |0.00 |0.00 |0.00 {0.00 |0.00 |0.00 |0.00
MgO+Ca0+Sr0+Ba0 18.86 [19.90 [19.90 [19.90 [19.91 [19.91 [19.91 [17.93 [15.94 [15.73
L1,0+Na,0+K,0 7.24 |8.94 [8.93 [8.96 [9.00 |6.99 |6.99 [8.98 [8.98 |8.87
11,0/ (Li,0+Na,0+K,0) 0.28 |0.06 |0.11 |0.17 |0.22 |0.07 |0.14 |0.00 |0.00 |0.00
Na,0/ (L i,0+Na,0+K,0) 0.72 |0.89 |0.78 |0.67 |0.56 |0.86 |0.72 |1.00 |1.00 |1.00
$n0,+Ce0, 0.60 |0.40 |0.47 |0.38 |0.22 |0.22 |0.22 |0.22 |0.22 |1.22
(Mg0+Ca0) / (Mg0+Ca0+Sr0+Ba0) |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00
Mg0/ (Mg0+Ca0+Sr0+Ba0) 0.34 |0.50 |0.50 |0.50 |0.50 |0.50 |0.50 |0.56 |0.62 |0.81
Tg (°C) 639 682 |677 |668 |653 |704 |696 |696 |690 |692
a(X107/°C) 68.0 |68.7 |67.1 |66.5 |64.8 |62.4 |58.8 |66.1 |67.4 |63.5
R 2.650 |2.608 |2.606 |2.609 |2.611 |2.603 |2.610 |2.601 |2.587 |2.568
ML (GPa) 90.0 90.9 [91.3 |92.5 |93.3 |91.8 |92.4 |87.7 |[87.8 |[88.3
FEA PR R (MNm/kg) 34.0 |34.9 |[35.0 |35.5 |35.7 |[35.3 [35.4 |33.7 [33.9 |[34.4
FREFEIN1300°C 1 6hr A A A A A A A A A A
FREFEIN1250°C16hr A A A A A A A A A C
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[0155]
[0156]

[0157]

| oy s s s s o Ja o o Ja a
[%1-5]
S G5 No.41 |No.42 |No.43 [No.44 |No.45 |No.46 |No.47
A4 R mol% |mol% |mol% |[mol% |[mol% |mol% |mol%
Si0, 53.75 |59.89 [59.95 [59.73 [59.91 |59.95 |60.52
AL,0, 16.98 [14.96 |15.00 |14.90 |14.96 [15.16 [15.20
B,0, 0.00 |0.00 [0.00 [0.00 |0.00 |0.18 0.18
Mg0 9.92 19.97 [9.98 [9.94 [9.98 |9.83 9.85
Ca0 4.95 19.97 [9.98 [9.94 [9.98 |9.57 |9.35
Sr0 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
Ba0 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
Zno 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
7r0, 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
Li,0 1.00 [0.00 [0.00 [4.94 [4.97 |4.19 |[3.78
Na,0 8.94 [4.98 [4.99 [0.00 [0.00 [0.00 |0.00
K,0 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
Ti0, 3.96 (0.00 [0.00 [0.00 [0.00 |0.78 |0.78
Y,0, 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
P,0, 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
Sno, 0.15 [0.15 [0.07 ]0.45 |0.12 |0.21 |0.21
Ce0, 0.35 |0.08 [0.03 |0.10 |0.08 |0.13 [0.13
it 100.00{100.00{100.00{100.00|100.00|100.00|100.00
Si0,+A1,0, 70.73 |74.85 |74.95 |74.63 |74.87 |75.11 |75.72
Ba0+Sr0 0.00 [0.00 [0.00 [0.00 [0.00 [0.00 |0.00
MgO+Ca0+Sr0+Ba0 14.87 [19.94 [19.96 |19.88 |19.96 [19.40 [19.20
Li,0+Na,0+K,0 9.94 [4.98 [4.99 [4.94 [4.97 |4.19 |3.78
Li,0/ (Li,0Na,0+K,0) 0.10 [0.00 [0.00 [1.00 [1.00 [1.00 |1.00
Na,0/ (Li,0+Na,0+K,0) 0.90 |1.00 [1.00 [0.00 |0.00 [0.00 [0.00
Sn0,+Ce0, 0.50 [0.23 [0.10 [0.55 [0.20 |0.34 |0.34
(Mg0+Ca0) / (Mg0+Ca0+Sr0+Ba0) |1.00 [1.00 [1.00 [1.00 |1.00 [1.00 [1.00
Mg0/ (Mg0+Ca0+Sr0+Ba0) 0.67 [0.50 [0.50 [0.50 |0.50 |0.51 [0.51
Tg(°C) 673 725 725 685 685 700 706
a(X107/°C) 66.1 |56.7 |56.7 |55.6 |55.6 |49.4 |48.2
B 2.593 |2.581 |2.581 [2.576 [2.576 |2.590 |2.590
MCiEE (GPa) 89.3 [89.5 [89.5 |94.6 |94.6 |95.2 [94.2
Pt R (MNm/kg) 34.4 |34.7 |34.7 [36.7 [36.7 [36.7 |36.4
{RFFFMI1300°C16hr A A A A A A A
{FFFM1250°C16hr A A A A A A A
SR A A A S S A A
[551-6]
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Ee RIS R S Eeiefl 1| bl 2 | Headl 3 | b 4| bl 5| 236 1
B, 45 mol% mol% mol% mol% mol% mol%
Sio, 671 | 598 | 633 | 689 | 70.15 | 53.97
Al,0, 152 | 174 | 1341 16 | 1526 | 17.15
B,0, 0 0 0 0 0 0.0
MgO 115 | 1841 9.9 1.6 209 | 12.84
Ca0 3.5 1.8 7.7 1.2 0 3.00
SrO 0 0.3 0 0 0.63
BaO 1.1 0.2 1.7 0 0
ZnO 1.6 0.48
Zr0, 0.6 0.53
Li,O 8.7 9.36
Na,0 3.2 08 | 063 | 9.00
K,0
TiO, 0.80 4.00
Y,0; 1.2
P,0, 0.7 0.5 0 0
Sn0, 0.2 0.5 0.2 03 | 002
[0158] CeO, 0.6 0.6 0.4 057 | 0.00
ait 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 99.98
Si0,+Al,04 8230 | 77.20| 76.40| 84.90| 8541 | 71.12
BaO+SrO 110 050| 170| 000| 063| 0.0
MgO+Ca0+SrO+Ba0 16.10 | 2040 | 1930 | 280| 272| 1584
Li,0+Na,0+K,0 000| 000| 320| 950| 999| 900
Li,0/(Li,0+Na,0+K,0) | "] oo00| 092| 094| 000
Na,0/(Li,0+Na,0+K,0) | "] 100| o008| o006| 100
Sn0,+CeO, 080| o050| 060| o060| 087| 002
(MgO+Ca0)/(Mg0Q+Ca0+SrO+Ba0) 0.93 0.98 0.91 1.00 0.77 1.00
MgO/(MgO+Ca0+SrO+Ba0) 0.71 0.89 0.51 0.57 0.77 0.81
Tg (°C) 802 go5| 738| 703 717 690
@ (x107/°C) 348| 395 419| 452 472 632
HE 2579| 20655/ 2604 248 2465 2.564
BEiER (GPa) 926 982| 864 879] 875 881
HeggiEa (MNm/kg) 359| 370 332 354/ 355 344
{#5+8 1300°C 16hr C C B B B A
¥ 1250°C 16hr c C ¢ C c o]
SHBESR A B A A E

B
[0159] AR AOZE R AT LA EY, S B 1% 10 5 A1 AR B R P4 2 i P4V R AT
VRO EEHAR BT @ P I AR B HIs R Ve 5+

[0160]  SCFIERSE VL, AR a5 i A T RO PRSI, BARAO TR B P4 £l R Bk
9f, R AR AEHOE LAATT 285 5 B , o eI s At FE A T e o RIS AT e AL T, i
UG RE R AR PR B S5 B B A BRI P ) o o SR At s L P LA VSR
HTB o0 T, st FE RGBS - S50, 25 RE SR R AL B2, I REE S R B A Tk
R, IRl 0 e AT A3 A S IR RN A T A A
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[0161] 55—y, b EAFI L R e R T 3 T B 8 H AT H ARFJ172010-64921 50k (%
FISCHRL) B S HEBIOMI ALK  EE B9 2 A sie A B A B A 12 A 4 S 911181
BN LU B3R AT BT AR T B 38 FAT 12 A R ST I2 7 R 2H Ak B e 514 1 i %
oA B B A 12 A i BB 31299 2 A LB BB R0 R A B S B 3 A 1%
ORI S FI S0 2 AR « EL B RO RZE I SR A o Al T B B8 R S 10, F1TATL 0, 1) B & v i, L
B AR BB e 5T AR T B R Fh S 10, 1) 25 1 DA K S10,M1A T, 0, 1R S5 Ft ok o b
AN, PB4 P B A5 AR 1 55 A T A FH B B v i = SR A i S B D SR, BE il
~ 3[R KA BB A B SIS R A e« st B A eI & /b Sz b i
~ BIRAIC A BRI B )2 P Ik A8k BBt 2.

[0162] 534N, ARAAINE], 1 P Se (91 B 1) = 2 FE SR 5 S VAT B, 104t T
T A .

[0163]  AEXS T 1kE, S’ AL HICe AL MR B 2 A 10 0551 & % IS B AL IR 1L SR A
Jo AR B, AR A A B 2 (OB SR ONE) .

[0164]  [RAICFA BEEARIHITE]

[0165] (1) FEMRERHIHIE

[0166]  NIEA I MR TR A BRIV ERI A RIS} S ah , FHAEFE 753, lA320
P EREAC S AR 5 B B R B M B k]

[0167]  (J57kA)

[0168] (T  F b o )bl ST B Jos ke 35 DA — 8 et M HH A e, TRl T s
HR T R N BT, A8 DAL FUDE) )RR Hi R s Rl st 3 VO , AT 214002 Bt 11 Jos il
PRSI OR T BRI RS Sy MR BN N s, RS MR B BRI
1L, H il Bl ZRh A2 6 6mm - J5E R L . 2mm )y BE [ ISR o o e 1 sl 2R v A S AT T
AL A AT 1R K, 15 BIEAROR} T S , R R a2 PELK
T HH RO A I BB R K S 2R A (R R T AR ok«

[0169]  (J57kLB)

[0170] Ry B e 1ok S (9 s st s A S S 213 [l A R B
FURIT A B B AL , B 2R AR , BB ALA N EH o B B P B AR ke, il
M2 & DIFIN AL S5 [EAE S EE BT 17 DA— & R B B s T O R o1, PR AR )
Mkt

[0171] TR S, ARG R ] T _FaR T3 5A B AEAE R EEAR M EEAR AR il
T, R RC DT G AN, Nk 7 1EC DY - R 10 55 B A= 25 v F Bl s [ B
BRSO EE A1 .

[0172]  (J57%0)

[0173] K¢ Lo STHB A9 s B o 2 2 b, b 2R R Bl G iyl )
FeEIH TR K, 2 n B R IR IR B o tR IR IR O B s , Mt AT DA B 38 kY .

[0174]  (J574D)

[0175]  FFigim D hrk Ga i) B bk ST fa mila 1 sl 20k AR B 5, dE1 TR
K BeE R IR 2 27 R IR IR B , Wit vl DS 2 B p Akt

[0176]  (2) BEIsEARIMHIfE

21



N 115072991 B W OB P 19/20 B

[0177) FERI ] b3 %5 A5 B FEARR A F Dl B AL , FEAT A A P JA R 1
T R 1 A2 T I (BEIT I DT, bR T B L 265mm . 50 . 8mm )i 4%
BEHEEEAR - S3 o0, AR5 12 , R T AR R0 S5 P A2 8 RS TR B (A B e
A SR P A R T B R ) o

[0178]  FIAfSRIM BRI . TI5TiE 96 RESRIR (H,S1F) /KIRR - 3536 1 TR % 1Y)
AR BRI O TR R, 6 PRSI e IR T8 0 S B B i VR S AR R e i
PHATOREE , G5 RN B R RS, 2 IR .

(01791 [REICFA Tt (D) HOHIAE]

(01801 i DA 512, 78 Hh S eI ) BB 45 2 O BB B AR 1) 2 R T EARVOIE I B =
R JWACRE RPE IR R

o811 E e, AU JTIEAT T HhTT A IO IR B, M) TIDCRE Fs WA A AE AT U PR B 5
J2 B EMIRE 10 B

[0182]  hiNy, I THIE R, B M L 20nm ) E T Cr T 25 2, G FHCe TR A T
P P, o B /e 1S B PR IR 1, A2 A UV A DO AR B S D B TR
JE I HCrRuA K 10nm/Z R = S8, S TR 2, 4 I B B2 10nm iR FePt i CoP t /=11
T35, 1 FHF eP t B CoP tHEA PRI 400 °C HET T

(01831 RE5E A T 2 WA SR = R B PR 25 MBS e 5 8 = A P, EA TR 2k o 1R
KIS TR DR N TR B 180650 ~ 700°CIYTE -

[o184] 135, MIIVA S M MR =UARII CVDI  JE R i S ARG I 3nm R R AP 2 i
B RS TE T M IPFPE (A9 2808 11 e = o T = (R D Lnm.

[o185]  yiliid b fiits T Fe i RS - REFIT T 2 AR A 15 81 s DFIAT U O B 3 8K 5
wor CYATR B 2 8nm) |, AEREA A3 I sk XA, ABE 1P 5 3 20 TR0 10 %
HIRICKHE S, SRR RIS SR R RTINS (R o

[o186]  HRIEA KI5 2, AT AR B inadi & T B BT SR R SR AT BT

[0187]  fJEonf bk &y AT R4S

[o188]  ARAE— 52, SR PP IC A AR B , HOW AR A S B, £E1%
ARSI A B, LUBEIR 9% 0K, S10,/05 i 45 ~ 68 % A1,0,[1 5 it 5 ~ 20%
$10,5A1,0, /1 E A (S10,+A1,0,) 60 ~ 80 % B,0,11 & FE N0 ~ 5% MgOff) &t Jy3 ~ 28 %
CaOffJ 2 He M0 ~ 18 % BaOFISTOf 5t (Ba0+ST0) O ~ 2% ik 1 4 I S Mo B o
(Mg0+Ca0+Sr0+Ba0) Jy12 ~ 30 % B B\ AL L5 & (L1 ,04Na,04K,0) 43.5~15% , 10
Bt H H Sn i AL ANCe AL AL I AL R (R 2 /D — M, St RN Ce S (UM IR L 251ty
0.05~2.00% , Z ARSI A BRI B AR ) 625°CLA_F IR BT R ) 83GPa
PLEEBEEA2. 8500 F L 100 ~ 300°CHI VIR R ECh48 X 1077 /°CPA E.

(01891 Sioh ARIE—AJ5 2, SR P MR SR A B BB TR , H ARSI AL
WO , A2 ARSI E A B Hh , ABEZR % 201, S10, /01t 45 ~ 68 % AL,0, 1 25 it
5 ~20% S10,5A1,0,0 A (S10,+A1,0,) 960 ~ 80 % B,0, /15 H 10 ~ 5% MgOf 5
3 ~ 28% CaORI 2 B 90 ~ 18 % BaOFISTOfALEL A B (Ba0+Sr0) 0 ~ 2% i+ 4B Ak
(1R e (Mg0+Ca0+Sr0+Ba0) 212 ~ 30 % fif < B e I S 25 B (Li,0+Na,04K,0) 435 ~
15% , (5128 F H Sn e (LM ACe S WA T 4 HR IR 22 /D —Fif, Sl AL MU AN Ce S LT L
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P N0.05 ~2.00% , 1ZARS S I A B BN BEE L AR B 625°CPA I IR
83GPall I [LH M2, 85PL F  H100 ~ 300°CH E- 2R MRk 2 %ich48 X 10 7 /°CPL [

[0190] oA i sk A T AR B A i SAE AN NI AR 5= L ARG P 1@ T AR ik &
B H AT B R A S B AR e o SR T SR AR 2R B T B R e R

[0191]  — Ay, FaR S B FEIIL 1,000 5 M0 ~ 8JEE/R % Na, 05 &t M0 ~ 10E
IR % « HK O/ £ B0 ~ 5EE/R %

[01921  —AJ5 s, RS S AT Snsa e AICe S D o

[0193] )y H, RSB s b AR T T <6 S A 1 S 2 & Mg OAICa0 1)
SR R EE { (Mg0+Ca0) / (Mg0+Ca0+Sr0+Ba0) } 50.75~1.00.

[0194] A5, PRSI AN TS & A e B2 & L1, 08 W R
kb {Li,0/ (Li,0#Na,0+K,0) } 0.4 ~ 1.

[0195]  —AJ5 s, Rl S B R AN T & A ) B 2 &, Na, 02 S 1 BE K
Lt {Na,0/ (Li,0+Na,0+K,0) } H0.4~ 1.

[0196] '*A7Tﬁ$.£LﬁMK%Wﬁwmmdm BE N2~ 15%

[0197]  AR#E— T 50, TRt — P e & PRI A T RAIE A TR o

[0198] ATy, R RIS SR AT SRR 2 T A PN B I 2 RS2 Y BT

[0199] AT, R SR TR AR AT 2 1 (1300 sk 4B FoAT B 1 3c =

[0200]  AREE—5 R R —FiE_FiRRAC R B E AR R ER R R AT
[0201] IR T S5 AR T AT 5 T2 800 , B2 A I BRI A A B Y O
e FAR U R 12 AR SR PR, s AR R A 55 1 2 SCHTE N I AT
AAH,

[0202] i, w et 0F b AR BB s B EE A b A T i B A FRC R ALl A 32, BRAE I MEAS
KA J7 U RGeS T B BB RG0S A 2 v T B s R B

[0203] 5341, AR LU A3 R s O B A E DS L ey s FRL T ic a8t A AL Sl A T
EEHE.
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