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g Al A

F799)

AT 1

37.0 mol% ©]% WA 57.5 mol% ©]3}2] SiOs;

15.0 mol% ©]% WA 31.2 mol% ©]&}2] Aly0s;

1.3 mol% o] WA 25.9 mol% ©]3F2] By0s;

0 mol% o1’ WA 7.7 mol% ©]&ke] Cal;

0.35 mol% ©]% WA 0.5 mol% ©]3}29] K0;

1.7 mol% o1& WA 21.0 mol% ©]3Fe] MgO;

2.0 mol% ©]%F WA 9.0 mol% ©]3}e Na,O; 2

4.0 mol% ©] WA 11.9 mol% ©]3}9 Li 05 ¥ 33l=, ZAE.
AT 2

AT 190 dofA,

7] 2/dE-E 1000 Poise WRFe] A HEE b=, 2AE.
A+% 3

B 1 Ee 200 oA,

7] 24E2 0.75 WPavm o]de] v A& e, 2=
3T% 4

278 1 WA 3 F o= g &l oA,

A7) Z2AEL 0.78 WPavm o]Ae] 13 AAS zh=, FA

i

AT 5
A1E 1 YA 4 = ol 3 g 9ojA],

A7 2445 80 GPa o)A WA 120 GPa ©)3te] AES zte=

15 mol% =3 WA 32 mol% ©]3}2] Al.0s;
Bo0Os;

K:0;

PN
o,
il
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ANA, A7) FZAEL 0.75 MPaym o)A+ 3k <14, 2 80 GPa ©]A WA 120 GPa o3ty HES ZE, A4
=.
A4 8

BT 7l SlolA,

Ca0E U5 =3et=, AHE

A7 9

AT 7 T 8l glojA,

37.0 mol% ©]%F WA 57.5 mol% °]ate] Si0E EFate, £HE.
A7% 10

A3E 7 YA 9 F o] 3 3o o)A,

15 mol% ©1’d WA 30 mol% °l3ste] AlOsE EFsts, 4%

oL

AT 11

278 7 WA 10 T o= g el glojA,

1.3 mol% ©1%F WA 25.9 mol% ©]3}e] B0,3 E3tel=, £AE.
AT 12

A 7 WA 11 T o= g Fel glojA],

0 mol% ©]’ WA 7.7 mol% ©]3te] Ca0E XEF3l=, ZAHE.
A7 13

BT 7 WA 12 T o= g el glojA,

0.35 mol% °14 WA 0.5 mol% °]ste] K05 %3

f
QL
rr
BN
oX
i

379 14
BTG 7 UA 13 F o= & Pl YoiA,

1.7 mol% ©]4F WA 21.0 mol% ©]ste] Mg0E T isl=, A

3A7% 15
A7 7 WA 14 F o= g o] lojA],

2.0 mol% °1’¢ W= 9.0 mol% ©lste] Na,0& 23

F
rr
n
2,
o

AT% 16
A3 7 YA 15 2 o] 3+ dof glojA,

4.0 mol% ©1’d =] 11.9 mol% °]3}e] Li 08 xE3tste, 2A4E
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AT 17

A7 7 WA 16 T o= g el 9lolA,

A7) ZRES 0.78 WPav m oo B QA& ZkE, 2AHE.
A7 18

AT 7 WA 17 F o= g el glojA,

A7 2A4EL 0.82 MPavm o9 I3 QIS 2, A E.

A8 7 YA 18 & o]x 3t o] oA,

A7) 245 1000 Poise TRkl HMAM A E zhe
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e
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1.3 mol% o] WA 25.9 mol% ©]3+2] By0s;

0 mol% o1’ WA 7.7 mol% ©]ske] Cal;

0.35 mol% °]% WA 0.5 mol% ©]3}9] K.0;

1.7 mol% o1& WA 21.0 mol% ©]3Fe] MgO;

2.0 mol% ©]%F WA 9.0 mol% ©]3}9 Na,0; 2

4.0 mol% ©]’d =] 11.9 mol% ©]3}9] Li0& xE3she, F8-A =%.
3T% 22

e 20 T 210 9lojA,
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o17] % HoE dhe] Holm A= HFE 20 A 23 F o= g o fE-A
EES X3k, AR dA) AlE.

AT% 25

Fre]-A 718 o] WIANA FE-A EF0 FWOERE hF Zo7hA dAAdEe 4F &Y 995 29
st FE-A EEFS 34AE, o uE dAE xFst;

A7, 7] A 718

37.0 mol% ©]% WA 57.5 mol% ©]3}2] SiOs;

15.0 mol% ©]% WA 31.2 mol% ©]&}2] Al,0s;

1.3 mol% o] WA 25.9 mol% ©]3F2] By0s;

0 mol% ©]’¢ WA 7.7 mol% °l3}<] Ca0;

0.35 mol% ©]% WA 0.5 mol% ©]3}2] K.0;

1.7 mol% ©]&F WA 21.0 mol% ©]3Fe] MgO;

2.0 mol% ©]% WA 9.0 mol% ©]3}9 Na,0; =

4.0 mol% o]’ WA 11.9 mol% olste] Li.08 E3sh=, W,

3T% 26

Fref-Al 7S o] wIAA FE-Al B ZWoRNH HH9 ok Adste 4E Y d9S EF
3t FE-A EEFS 3AAE, o uE gAE xsta;

A71A, 7] Fel-Al 71382 0.75 MPavm o’de] 3] <14, 9 80 GPa o] WA 120 GPa ©]ste] FES 7HA
o, A7 FeE-A 718

Sis0;

15 mol% %3} WA 32 mol% ©]&}Fe] Al,0s;

B.0s;

K503

MgO;

Na)0; %

Li,0& x2&sh=, Wy

AT 27

AR 25 = 26 T o= 3 el SlojA,

A7) ol w3 WA=, FE-A VIRE UEF 2 ZES FRste §8Y fxo =E:AUE WAE
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s
F<] MgO; 2.0 mol% ©]%F Ul
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3+9] Si0y; 15.0 mol% ©]7F Ul

3]
1000 Poise ™%k
Hu o qQ7)A, A7 &

B el e

ar
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o

.

3+e] By0s; 0 mol% o] WA 7.7 mol% ©]

ttel feEl7k AlsEE, o71M, 27

ttel 27k Al

bob. mebA

[e)

o

o

-

o]
o]

MPavm °]’¢2] 13 1A (fracture toughness)S ZH=Th.

bob. webA,
z

Aol w4

(¢}
1 37.0 mol% ©] WA 57.5 mol% ©]

3ol K0; 1.7 mol% ©]AF WA 21.0 mol% ©]

4.0 mol% o] WA 11.9 mol% ©]

Aol vk
[s}

s},

=

1o Al,Os; 1.3 mol% ©]%F WAl 25.9 mol% ©]
=i

277} £
}‘94 NaZO;

o

A
e

ke)

1

ggo] g

Ao fd T
A (Dl w

Al 31.2 mol% ©]

)

SU

72 5F

of
pul

A (@0l mEY, w4 (D] fe7t AsET, 71N, 7] 24=

Ca0; 0.35 mol% ©]% WA 0.5 mol% ©]

w3 (3l mEw, A3 (1) WA
3 (el mEd, #d (D) WA

Al 9.0 mol% ©]
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w3 Gl mEd, By (D) WA Adsd 33 T o= sy fEv AlgEm, oM, 47l 2= 80
GPa ©]/¢ Al 120

B (6l WEE, FH (D) WA AEF B F ol sl fesk AwEn, oA, A7) 2HEE 6.2
GPa o] WA 7.7 7 P

24 (Dol w2, fel= A 47 felE: Si0; 15 mol% 23 WA 32 mol% ©l3kel ALy By K.O;
MgO; Na0; 2 Li. 08 Edtals 2AES 7=t} A7) f8% 0.75 MPavm ©]4+9 33 <14, 2 80 GPa ]
Ul 120 GPa ©l8te] FEE zhi=tt.

#H (9o w=d, #AF (7) WA A=t A9 F
mol% ©]3}2] Si0, = E3H3i}.

H
i)
N
2
-
QL
i
o
o

g7 AFE™, 37.0 mol% o] WA 57.5

#4 (10)0] u}h

2d, 33 (7)) WA ded 33§ ol skl #FEvk AleE™, 15 mol% ©1%d A 30 mol%
olske] AlOE 23

g

4 (1Dl w2, B (1) WX A& #d F o= s FEl7F AFE, 1.3 mol% o] WA 25.9
mol% ©]3}9] B,0sS ¥ &3},

¥ (12)e mEd, #y (7) A dEd B T o= sk ek AeEH, 0 mol% ol WA 7.7 mol%
13te] CalE i?ﬁ&f/}.

od (13)e)] w=
mol% ©]3}e K05 X33t}

[}

shbel ezt AFE™, 0.35 mol% © WA 0.5

" s}
r <
sy
3
=
N,
)
>
rob
r 4
=
oy
2
r

#d (1)el 2w, B4 (7)) WA Ass
mol% ©]3}9] Mg0E ¥t}

rJ
sy
oy
2
r

sthute] Fe7h AlTET, 1.7 mol% ol WA 21.0

4H (15 wazd, #Ad (7)) WA A&
mol% olste] Na0& *Fstct.

r
o
ofy
2
Ir

shte] 27 AeEH, 2.0 mol% ©] WA 9.0

A (16)e w2z, Td (7) WA A A" F o= e fEvk AFE™, 4.0 mol% o4 WA 11.9
mol% ©]38te] Li, 08 ZFsic),

ol
2
I

B (Dol H2W, BH (D) WA AEw shpel fel7h ATHY, o714, A7) RS 0.78
Wavm ol4be] h3] Q14§ ZHevh

4H (18)°] w=
WPaym oSl s 942 Z=vh

B (19)e] WEm, B (7) A A5d Bd = oln sl w7t ATHM, a7H. A7 2B 1000
Poise "|Rke] off L@_ Ars zher)

stukel fej7h AleE, 7M. A7 2= 0.82

o)
=
)
=
N
[
e
o
)
ety
of\
2
i

w3 (20l wE", fFo-A 2F2 Aedd. 7] Fe-A 252 fFE-A 71es o) wEAA FAd.
A7 FEl-A EE2, A =Ee BHeERY 459 oA AREe ¢ £Y d9E 2FET. A
7] A 71Ee AEd AHE T ool sl wE f2E g &

A @D w29, F8-A 252 AgEg. 7] FE-A 252, Fe-A EEe suoRRy dFe #
o7k AFEHE= 4F 58 d9S st AV fE-A 259 FAlA 2AE2: 37.0 mol% °l’d WA
57.5 mol% ©]3F2] Si0y; 15.0 mol% ©]%F WA 31.2 mol% ©]3F] Al 05 1.3 mol% ©]AF WA 25.9 mol% ©]s}2]
B:0s; 0 mol% o] WA 7.7 mol% ©]3}¢] Cal; 0.35 mol% ©]A WA 0.5 mol% ©]3}<] K0; 1.7 mol% ©]AF WA

21.0 mol% ©]13F9] MgO; 2.0 mol% ©]’d WA 9.0 mol% ©l8ke] Na,0; 2 4.0 mol% ©]’F WA 11.9 mol% ©]3he]

WA (22)el waEM, #3 (20) WA ded #d T ol st FEl-A =Fo] AleET, o7, 7]

Hy
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55.0 mol% ©]4F, 56.0 mol% ©]AF, TE 57.0 molh ©]A+e] o= @t‘%}. 299 FHAeA, F7 2L
Si0,2 57.0 mol% ©]3}, AW, 56.0 mol% ©]3}, 55.0 mol% ©]3}, 54.0 mol% ©]8}, 53.0 mol% ©]&}, 52.0
mol% ©]3F, 51.0 mol% ©]3}, 50.0 mol% ©]3}, 49.0 mol% ©]3}, 48.0 mol% ©]3F, 47.0 mol% ©]3}, 46.0 mol% ©]
3}, 45.0 mol% ©]3}, 44.0 mol% ©]3}, 43.0 mol% ©]38}, 42.0 mol% ©]3}, 41.0 mol% ©]3}, 40.0 mol% ©]3},
39.0 mol% ©]3}, T 38.0 mol% ©lste] o= xghsit, FadoA, A7 WY F o= shues dof o&
meel 23" ¢ gJojA, F8 FAEC Si0E 37.0 mol% ©o]4F WA 57.0 mol% ©]8F, 38.0 mol% o] XA
56.0 mol% ©]3F, 39.0 mol% ©]*F WA 55.0 mol% ©]3}, 38.0 mol% ©]%F WA 54.0 mol% ©]3}, 39.0 mol% ©]%F
=] 53.0 mol% ©]13}, 40.0 mol% ©]”F WA 52.0 mol% ©]3}, 41.0 mol% ©]%F =] 51.0 mol% ©]3}, 42.0 mol%
o]AF WA 50.0 mol% ©]3}, 43.0 mol% o] WA 49.0 mol% ©]a}, 44.0 mol% o] WA 48.0 mol% ©]3}, 45.0
mol% o1 WA] 47.0 mol% ©l3}, B A& e Alolo] BE HE F AMH-w19)9] & XFst= AR o]
Sojof st}

ZAAES ALOE XFTTE. ALOE, Si0eF A4S, 8 UESZ FAZA 988 & & 3
o AlLOsE 8] RAEERREH Y 8 &8SolA ole APAA wi9(tetrahedral coordination) W&ol

#9 2B HEE T/ 5 o), A0S Fol UF BE AS, frel 24RO 4PN gaAUG.
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o, 15.5 mol% ©]%, 16.0 mol% ©]%F, 16.5 mol% ©], 17.0 mol% ©]A, 17.5 mol% ©]A, 18.0 mol% ©]A,
18.5 mol% ©]%, 19.0 mol% ©]%F, 19.5 mol% ©]AF, 20.0 mol% ©]AF, 20.5 mol% ©]7%F, 21.0 mol% ©]AF, 21.5
mol% ©]4, 22.0 mol% ©]%, 22.5 mol% ©]%, 23.0 mol% ©]%, 23.5 mol% ©]AF, 24.0 mol% ©]%, 24.5 mol% ©]
AF25.0 mol% oA, 25.5 mol% ©]AF, 26.0 mol% ©]AF, 26.5 mol% ©]AF, 27.0 mol% ©]A, 27.5 mol% ©]4F,
28.0 mol% ©]%F, 28.5 mol% ©]A, 29.0 mol% ©]%F, 29.5 mol% ], 30.0 mol% ©]%, 30.5 mol% ©]%, =
31.0 mol% o]/de] oz xgetct. B FHA oA, fg] 2= ALOE 32 mol% °]3t, oA7d], 31.5 mol%

o]&}, 31.0 mol% ©]3}, 30.5 mol% ©]3}, 30.0 mol% ©]3}, 29.5 mol% ©]&}, 29.0 mol% ©|3}, 28.5 mol% ©]3},
28.0 mol% ©]3}, 27.5 mol% ©]sF, 27.0 mol% ©]3}, 26.5 mol% ©]3}, 26.0 mol% ©]3}, 25.5 mol% ©]3}, 25.0
mol% ©|3}, 24.5 mol% ©|3}, 24.0 mol% ©]3}, 23.5 mol% ©]3}, 23.0 mol% ©]3}, 22.5 mol% ©]3}, 22.0 mol% ©]
b, 21.5 mol% ©]3}, 21.0 mol% ©]3}, 20.5 mol% ©]3}F, 20.0 mol% ©]3F, 19.5 mol% ©]3F, 19.0 mol% ©]3},
18.5 mol% ©]3}, 18.0 mol% ©]3}, 17.5 mol% ©]3}, 17.0 mol% ©]3}, 16.5 mol% ©]3}, 16.0 mol% ©]3}, H+=
15.5 mol% ©]a}e] o2 Egsitt. Fddox, A7 B T o= e 49 vE ¥ =3/ +F o]
A, frE 2AEC] ALOE 15.0 mol% ©1% WA 32.0 mol% ©]3}, dl#dl, 15.0 mol% ©]%F WA 31.5 mol%
o]&}, 15.5 mol% ©]% WA 31.0 mol% ©]3}, 16.0 mol% ©]’F WA 30.5 mol% ©]3}, 16.5 mol% ©]’d WA 30.0
mol% ©]3}, 17.0 mol% ©]A WA 29.5 mol% ©]3}, 17.5 mol% ©]%F WA 29.0 mol% ©]3}F, 18.0 mol% ©]A WA
28.5 mol% ©]&}, 18.5 mol% ©]*F WA 28.0 mol% ©]3}, 19.0 mol% ©]F WA 27.5 mol% ©]3}, 19.5 mol% ©]%+
WA 27.0 mol% ©]3F, 20.0 mol% ©] WA 26.5 mol% ©]3}, 20.5 mol% ] WA 26.0 mol% ©]3}, 21.0 mol%
o] WA 25.5 mol% ©]3}, 21.5 mol% ©]AF WA 25.0 mol% ©]3}, 22.0 mol% ©]% WA 24.5 mol% ©]3}, 22.5
mol% ©]%F WA 24.0 mol% ©]3}, 23.0 mol% ©]% WA 23.5 mol% ©]3d}, B A3k FheE Alolo] BE W %
AE-H9e] & EFsh= AR o] oo g},

Si0, 2 ALOsSF wI7FAIZ | B0 WESZ FHAZ Fa S H7b=Ea, oo <3|
4 2 ARAAES AT webA, BOsE oldd EAS HESHA AARAVIA Ee de
Frel 2AEC B0;o EFE of7]e VA" we T A4 @S JbeetAl stk FEdedA, fE
1.3 mol% ©1”d<] B,0; WA 25.9 mol% ©l3te] B.0;, ¥ #A&=3dt e Alele BE 9 9 AB-§

B0 2 33 ¢ k. FAAONA, frEl 2AES BO0E 0 mol% 23, AW, 1.5 mol% ©]4F, 2.0 mol%

o], 2.5 mol% ©]7%F, 3.0 mol% ©]%, 3.5 mol% ©]A, 4.0 mol% ©]A, 4.5 mol% ©]%, 5.0 mol% ©]*, 5.5
mol% ©]%, 6.0 mol% ©]A, 6.5 mol% ©]A, 7.0 mol% ©]7, 7.5 mol% ]2, 8.0 mol% ©]7, 8.5 mol% ©]%,
9.0 mol% ©]A, 9.5 mol% ©]%, 10.0 mol% ©]%F, 10.5 mol% ©]%F, 11.0 mol% ©]%F, 11.5 mol% ©]%, 12.0 mol%
o]4}, 12.5 mol% ©]%A, 13.0 mol% ©]%F, 13.5 mol% ©]%F, 14.0 mol% ©]AF, 14.5 mol% ©]2%, 15.0 mol% ©]7%,
15.5 mol% ©]%, 16.0 mol% ©]%, 16.5 mol% ©]%, 17.0 mol% ©]7, 17.5 mol% ©]%, 18.0 mol% ©]%F, 18.5
mol% ©]%F, 19.0 mol% ©]%F, 19.5 mol% ©]&F, 20.0 mol% ©]%F, 20.5 mol% ©]%F, 21.0 mol% ©]7, 21.5 mol% ©]
AF,22.0 mol% ©]AF, 22.5 mol% ©]AF, 23.0 mol% ©]&F, 23.5 mol% ©]%F, 24.0 mol% ©]%F, 24.5 mol% ©]7F,
25.0 mol% ©l’F, HEi= 25.5 mol% °]de] ¥o= e & vk, FaAdelA, 8 2= B0:E 25.5 molb

ola}, dAW, 25.0 mol% ©]3}, 24.5 mol% ©]3}, 24.0 mol% ©]3}, 23.5 mol% ©]3}, 23.0 mol% ©]3}, 22.5 mol%
o]&}, 22.0 mol% ©]3}, 21.5 mol% ©]3}, 21.0 mol% ©]3}, 20.5 mol% ©]3}, 20.0 mol% ©]3}, 19.5 mol% ©]3},
19.0 mol% ©]3}, 18.5 mol% °]3}, 18.0 mol% ©]3}, 17.5 mol% ©]3}, 17.0 mol% ©]&}, 16.5 mol% ©]s}, 16.0
mol% ©]&}, 15.5 mol% ©]3}, 15.0 mol% ©]3}, 14.5 mol% ©]3}, 14.0 mol% ©]3}, 12.5 mol% ©]3}, 13.0 mol% ©]
3}, 12.5 mol% ©]3&}, 12.0 mol% ©]3}, 11.5 mol% ©]3}, 11.0 mol% ©]3}, 10.5 mol% ©]&}, 10.0 mol% ©]3}, 9.5
mol% ©]3}, 9.0 mol% ©]3}, 8.5 mol% ©]3}, 8.0 mol% ©]3}, 7.5 mol% ©]3}, 7.0 mol% ©]3}, 6.5 mol% ©]3},
6.0 mol% ©]3}, 5.5 mol% ©]3}, 5.0 mol% ©]3}, 4.5 mol% ©]3}, 4.0 mol% ©]3}, 3.5 mol% ©]3}, 3.0 mol%
o]3t, 2.5 mol% ©]3t, 2.0 mol% ©]3t, Fi= 1.5 mol% olate] Fo& xS = QUrk. T, 7] M9 F
o b= Qlefol vhE Wt x3E F oA, 8l 2AEC] B0;E 1.5 mol% ©l%d WA 25.5 mol% ©ldt,
AW, 2 mol% ©]7% WA 25.0 mol% ©]3}, 2.5 mol% ©]7d WA 24.5 mol% ©]3}, 3.0 mol% ©]%F WA 24.0
mol% ©]3}, 3.5 mol% ©]%F WA 23.5 mol% ©]3}, 4.0 mol% ©]%F WA 23.0 mol% ©]3}, 4.5 mol% ©]% WA
22.5 mol% ©]3}, 5.0 mol% ©]’ WA 22.0 mol% ©]3}, 5.5 mol% ©]% WA 21.5 mol% ©]3}F, 6.0 mol% ©]% W
A 21.0 mol% ©|3}F, 6.5 mol% ©]%F WAl 20.5 mol% ]38}, 7.0 mol% ©]”d WA 20.0 mol% ©|3}, 7.5 mol% ©]7
WA 19.5 mol% ©]3F, 8.0 mol% ©]% WA 19.0 mol% ©]3}, 8.5 mol% ©]%F WA 18.5 mol% ©]3}, 9.0 mol% ©]
A WA 18.0 mol% ©l3F, 9.5 mol% ©]4 WA 17.5 mol% ©]3}, 10.0 mol% ©]% WA 17.0 mol% ©]3}, 10.5
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mol% ©]A WA 16.5 mol% ©]3F, 11.0 mol% ©] WA 16.0 mol% ©]3}, 11.5 mol% ©]%F WA 15.5 mol% ©]3},
12.0 mol% 0]” WAl 15.0 mol% ©]sF, 12.5 mol% ©] WA 14.5 mol% ©]3}, 13.0 mol% ©]%F WA 14.0 mol%
olst, & H=3t FHE Alolo] BE HY L ME-HY 9 4& ¥l Ao o] o]ok s},

8 2AE Li09 232, o] wE FAS o & AT 5 Ja, FEl AHE g o], /89
Az 7FsAd (manufacturability)S =9 & Ath. 8 ZAHE9 Li09 EAE =3 ¥ 54 e &8 =7

S 7FssHAl stk FEdO A, fE] 2A4ES dWrE o 4.0 mol% 2 WA 11.9 mol% °lak, 2
Atolo RE W9 9 MBE-He] oz Li0E XS, 2Y FdA oA, FE 2AAES LilE
4.5 mol% ©o]A, oA, 5.0 mol% ©]A, 5.5 mol% ©]%, 6.0 mol% ©]%, 6.5 mol% ©]AF, 7.0 mol% ©]A, 7.5
mol% ©]A, 8.0 mol% ©]%F, 8.5 mol% ©]%, 9.0 mol% ©]A, 9.5 mol% ©]%F, 10.0 mol% ©]A, 10.5 mol% ©]%,
11.0 mol% ©]/, H& 11.5 mol% o]/ o= xgsct. ©9 FddA, 72 24ES Li.0E 11.5 mol%b
o3}, oA, 11.0 mol% ©]3}, 10.5 mol% ©]3}, 10.0 mol% ©]3}, 9.5 mol% ©]3}, 9.0 mol% ©|3}, 8.5 mol% ©]
3}, 8.0 mol% ©]3}, 7.5 mol% ©]3}, 7.0 mol% ©|3}, 6.5 mol% ©]3}, 6.0 mol% ©]3}, 5.5 mol% ©]3}, 5.0 mol%
013} EE 4.5 mol% olske] o= xFpsitl. FAdoA, A7) B F ol sty doje] thE Heeh 23

F dolA, fre =AEC] Li0E 4.5 mol%k o4 WA 11.5 mol% ©l&F, <AW, 5.0 mol% o] WA 11.0
mol% ©]3}, 5.5 mol% ©]%F WA 10.5 mol% ©]3}, 6.0 mol% ©]A WA 10.0 mol% ©]3}, 6.5 mol% ©] WA 9.5
mol% ©]3}, 7.0 mol% ©]% WA 9.0 mol% °©]3}, 7.5 mol% o] WA 8.5 mol% ©]3}, & A&3k FEE Afolo] &

o

E HS 2 AE-H9Y FS xFskE 3oz olgEofof g,

oo M2, f8 2AAES 3 Na 08 XS} NaOv F8 2= o w3 E =91, 3 {7
2= AR 4 oo wE Az ThsAS MAAIT. 2y, Na07F frE] 2AEC WS wel H7FHW,
AT (CIE) = U5 vrobd o= Qlar, 8642 UF =okd 5 dvk. g A E) Na0o] =3 B3 o]
= wE A3tE T =S FF Y @l @4EHE AL vhsEA @k FddelA, fE 2EAES dukde
2 2.0 mol% ©]Ae] o=

Na0 WA 9.0 mol% ©]3ke] Na0, 2 =3 ghE Aleld EE A9 2 AE-H99] &
Na, 02 ¥&3ich, 2 Ao A, 8 ZAHAEL Na0Z 2.5 mol% ©)4, AW, 3.0 mol% )4, 3.5 mol% ©]

A 4.0 mol% ©]%F, 4.5 mol% ©]%, 5.0 mol% ©]%4, 5.5 mol% ©]AF, 6.0 mol% ©]%, 6.5 mol% ©]%, 7.0 mol%
12, 7.5 mol% ©]%F, 8.0 mol% o], T 8.5 mol% o]AFe] %oz Eghsirt, W FLE oA, F8 RAELS
Na0Z 8.5 mol% ©]s}, oA, 8.0 mol% ©|3}, 7.5 mol% ©]3}, 7.0 mol% ©]3}, 6.5 mol% °]3}, 6.0 mol%

(]

°]3}, 5.5 mol% ©l3}, 5.0 mol% ©]&F, 4.5 mol% ©l3}, 4.0 mol% ©]3F, 3.5 mol% ©]3}, 3.0 mol% ©|3}, T
2.5 mol% olske] Feom I3tk FAdelA, 7] WM T o= e ol e Welsk x3E o 3o
A, 8 2AE] Na0E 2.5 mol% ©]%F WA 8.5 mol% ©]3}, olZAth, 3.0 mol% ©]% WAl 8.0 mol% ©]3}, 3.5
mol% °]%d WAl 7.5 mol% °l3l, 4.0 mol% o]+ WA 7.0 mol% ©]3k, 4.5 mol% ©]’% WA 6.5 mol% ©l3}, 5.0
mol% oI’ WA 6.0 mol% ©lsk, B =3k gts Abolell = W9 R B0 S E3sh= Aom ol y]
ofoF gt

Na0S PRI R, K% ole wEe %715 ¥l 2ol (00 E 57

L, g ey ]
AlZek. 28y, K0E H7Eebd, CIEZE U stobd = glar 883 Uy wobd & vk, fre] 2AES K0
S xFsith. f8 2AE K09 23, o] wd] o] AHE FE EFolA 2 4F &Y ~viola
718 ZolZ 7MssA 3tk P A, K0 0.35 mol% o] WA 0.5 mol% ©]38k, o] 0.4 mol% ©]4F W
A 0.45 mol% ©]8F, 0.40 mol% ©]4 WA 0.50 mol% ©]3}, @ HA%d FE Atolo] BE W9 2D HB-Hee]
For fg 2= EAT F k. TN, e 2AES KQOE 2.0 mol% ©]3}, <17, 1.9 mol% ©I

b, 1.8 mol% ©]3}, 1.7 mol% ©]3}, 1.6 mol% ©]3}, 1.5 mol% ©]3}, 1.4 mol% ©]3}, 1.3 mol% ©]3}, 1.2 mol%
o1, 1.1 mol% °I3k, 1.0 mol% |3}, 0.9 mol% olak, 0.8 mol% |3}, 0.7 mol% °I3k, 0.6 mol% °l3F, 0.5
mol% ©]3}, %= 0.4 mol% ©]3te] Fo = FHE 4 A}, FAHdolA, F8 2= KO0E 0 mol% =3, o7

d, 0.1 mol% ©]%, 0.2 mol% ©]A, 0.3 mol% ©]%, = 0.4 mol% ©]7de] o= {3 4 9
el e vtdlES Eeth. Mg0o] X3 fEle AEE BFo], fEl YA Ax JtsAS FIANAE F
ATk, el ZAAEA Mg09 EE2 F3k fE 2AAEY Wy 9 JES JNAAT A, E fEY ol uE
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Se AAAR S Atk e, Ng07h frel ARl UT gol ArkEW, fl 2YRe] WE 9 CEE F
ol MEAA Bu. el 9%l R U0, Ao RAen, o/l A4 e ) A8 a8
el Bk FRdelA, f¥ ZABES 1.7 mol% o4 YA 21.0 molk oI}, W A& S Aol BE

He 2 AHE-99 =R Mg0E 4§8LE}. g9y FHdo A, F7 2AE2 Ng0E 2.0 mol% o7, o4zidl,
2.5 mol% ©]%F, 3.0 mol% ©]%, 3.5 mol% ©]%, 4.0 mol% ©]%, 4.5 mol% ©]%, 5.0 mol% ©]%, 5.5 mol%
o], 6.0 mol% ©]%, 6.5 mol% ©]%, 7.0 mol% ©]%, 7.5 mol% ©]%F, 8.0 mol% ©]%, 8.5 mol% ©]A, 9.0
mol% ©]A, 9.5 mol% ©]%F, 10.0 mol% ]2, 10.5 mol% ©]4, 11.0 mol% ]2, 11.5 mol% ©]%F, 12.0 mol% ©]
AF,12.5 mol% ©]AF, 13.0 mol% ©]AF, 13.5 mol% ©]AF, 14.0 mol% ©]AF, 14.5 mol% ©]4F, 15.0 mol% ©]4F,
15.5 mol% ©]%, 16.0 mol% ©]%, 16.5 mol% ©]AF, 17.0 mol% ©]AF, 17.5 mol% ©]7%F, 18.0 mol% ©]A, 18.5
mol% ©]7, 19.0 mol% ©]%F, 19.5 mol% ©]%F, 20.0 mol% ©]7d, =& 20.5 mol% o]de] oz xsteir}, Hdl
TFddANA, F8 ZAES Mg0E 21 mol% ©ls), oA, 20.5 mol% ©]3}, 20.0 mol% ©|3}, 19.5 mol% ©]3},
19.0 mol% ©]3}, 18.5 mol% ©]3}, 18.0 mol% ©]3}, 17.5 mol% ©]&F, 17.0 mol% ©]3}, 16.5 mol% ©]s}, 16.0
mol% ©]3}, 15.5 mol% ©]3}, 15.0 mol% ©]3}, 14.5 mol% ©]3}, 14.0 mol% ©]3}, 13.5 mol% ©]3}, 13.0 mol% ©]
3, 12.5 mol% ©]3}, 12.0 mol% ©]3}, 11.5 mol% ©]3F, 11.0 mol% ©]3}, 10.5 mol% ©]a}F, 10.0 mol% ©]3}, 9.5
mol% ©]3}, 9.0 mol% ©|3}, 8.5 mol% ©]3}, 8.0 mol% °]3}, 7.5 mol% ©]3}, 7.0 mol% ©]3}, 6.5 mol% ©]3},
6.0 mol% ©]3}, 5.5 mol% ©]3F, 5.0 mol% ©]3}, 4.5 mol% ©|3}, 4.0 mol% ©]3}, 3.5 mol% ©|3}, 3.0 mol%
olgt, 2.5 mol% ©l3F, EE 2.0 mol% olste] o= XFct. FAdAA, 7] He F o= shvte A9
g2 1ot 23¢E 5 oA, fE 2AE] Ngd0E 2.0 mol% ©]4F WA 20.5 mol% ©]3k, AW, 2.5 mol%
o] WA 20.0 mol% ©]&F, 3.0 mol% ©]’ WA 19.5 mol% ©]&}, 3.5 mol% ©]% WA 19.0 mol% ©]3}, 4.0
mol% ©]% WA 18.5 mol% ©]3}, 4.5 mol% ©]A WA 18.0 mol% ©]3dF, 5.0 mol% ©]%F WA 17.5 mol% ©]3},
5.5 mol% ©]A& WA 17.0 mol% ©]3}, 6.0 mol% ©]%F WA 16.5 mol% ©]3}, 6.5 mol% ©]%F WA 16.0 mol%
o]3}, 7.0 mol% ]’ WA 15.5 mol% °]3}, 7.5 mol% ©]%F WA 15.0 mol% ©]3}, 8.0 mol% ©]A WA 15.5
mol% ©]3}, 8.5 mol% ©]% WA 15.0 mol% ©]3}, 9.0 mol% ©]%F WA 14.5 mol% ©]3}, 9.5 mol% ©] WA
14.0 mol% ©]3}, 10.0 mol% ©]*F WA 13.5 mol% ©]3F, 10.5 mol% ©]A WA 13.0 mol% ©]3}, 11.0 mol% ©]AF
WA 12.5 mol% ©]3t, 11.5 mol% ©]4 WA 12.0 mol% °la}, @ A& s Alold e HY H AH-H99
& xFetE o ol oo} gt}

=

g 2= Ca0s EFE & At Ca09 e FEld HEE W3], 434, ¥ 2 9&58 7
b sES NAAZE k. ey, fE 2AEE Ca07t UF Bl HUMEYW, 8 2dEY 9
% CIE= S7keth. FaldelA, fal 2AES I o= 0 mol% o WAl 15.80 mol% o]k, 3 =3k
E Alolo] e WY H AHE-HYY vERE Ca0g XETr. FdddA, F8 2AEES Ca0F 0.1 mol% ©]
, A, 0.5 mol% 14, 1.0 mol% ©1/, 1.5 mol% ©14F, 2.0 mol% ©]4, 2.5 mol% ©]%, 3.0 mol% ©]4,
3.5 mol% ©]%F, 4.0 mol% ©]7%, 4.5 mol% ©]%, 5.0 mol% ©]%, 5.5 mol% ©]%, 6.0 mol% ©]%, 6.5 mol%
o]k, 7.0 mol% ], 7.5 mol% ©]A, 8.0 mol% ©]A, 8.5 mol% ©]7, 9.0 mol% ©]%, 9.5 mol% ©]A, 10.0
mol% ©]4, 10.5 mol% ©]%F, 11.0 mol% ©]%F, 11.5 mol% ©]%, 12.0 mol% ©]A, 12.5 mol% ©]%, 13.0 mol% ©]
A, 13.5 mol% ©]7d, 14.0 mol% ©]%F, 14.5 mol% ©]%, 15.0 mol% ©]7, T+ 15.5 mol% o9 oz ¥ g3k
ok, FadolA, 78 FAEEL Ca0E 15.5 mol% ]38}, oA, 15.0 mol% ©]3}, 14.5 mol% ©]3}, 14.0 mol%
o]3}, 13.5 mol% ©]3}, 13.0 mol% ©]3}, 12.5 mol% ©]3}, 12.0 mol% ©]s}, 11.5 mol% ©]3}, 11.0 mol% ©]3},
10.5 mol% °]3}, 10.0 mol% °]3F, 9.5 mol% ©]3}, 9.0 mol% ©]3}, 8.5 mol% ©]3}, 8.0 mol% ©]s}, 7.5 mol% ©]
3, 7.0 mol% ©]3}, 8.5 mol% ©]3}, 8.0 mol% ©|3}, 7.5 mol% ©]d}, 7.0 mol% ©]3}, 6.5 mol% ©]3}, 6.0 mol%
o]s}, 5.5 mol% ©]3}, 5.0 mol% ©|3}, 4.5 mol% ©]3}, 4.0 mol% ©]3}, 3.5 mol% ©]3}, 3.0 mol% ©]3}, 2.5
mol% ©]3}, 2.0 mol% ©]3}, 1.5 mol% ©]3}, 1.0 mol% ©|3}, = 0.5 mol% ©]ste] o= Essic). 13 o
A, A7 W F ol shvbe o e WY 23E ¢ A, F8 24 EC] Ca0E 0.1 mol% o]’ WA
15.5 mol% ©]3}, <A, 0.5 mol% ©]% WA 15.0 mol% ©]3}, 1.0 mol% ©]%F WA 15.5 mol% ©]3}, 1.5 mol%
o] WA 14.0 mol% ©]3}, 2.0 mol% ]’ WA 13.5 mol% ©]3}, 2.5 mol% ©]% WA 13.0 mol% ©]3}, 3.0
mol% ©] WAl 12.5 mol% ©]3}, 3.5 mol% o] WA 12.0 mol% ©]3sF, 4.0 mol% ©]%F WA 11.5 mol% ©]3},
4.5 mol% ©]A& WA 11.0 mol% ©]3}, 5.0 mol% ©]%F WA 10.5 mol% ©]3}, 5.5 mol% ©]%+ WA 10.0 mol%
o3}, 6.0 mol% ©]A WA 9.5 mol% ©]3}, 6.5 mol% ©]% WA 9.0 mol% ©]3}, 7.0 mol% ] WA 8.5 mol%
o|3}, 7.5 mol% ©]%F W= 8.0 mol% ©l3F, B HA=d s Alelol BT ® 2 AMBE-HY & xFst= A
o7 olgEojof g, FEAAA, 7] 2HES Ca07F AAA o2 ALY & + ATt
2 g

AL 918 5 stk oiZlolM AHEE uksh e, ol A

ox B KT R Jo

=

TN A, 28 2SS Ti07F ™oz
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FHANA, F8 £HES 2007 Mo QAG 9 F Atk o 2R 20,9 EFL, Hojw By

4
Hoz, felol A 2109 %e gHAEE Aal, felol verAs ge A=mvolel Y4 ART 5 Ak,

deid oz sy ol e HAAE X 5 vy, €Y

Ak, ol#ek Fdd A, Sn0,=, 0.2 mol% ©]sl, oA

mol% ©]3}, 0 mol% ©]’F WA 0.1 mol% 13}, 0 mol% ©]AF WA 0.05 mol% ©]3}, 0.1 mol% ©]% WA 0.2 mol%

olal, ¥ W&t e Aol BE W9 W AH-HPS] oz { 2AAE EAT & vk, 22 Fd o9
Pz

A, FEl 2AE2 S0t 2EHer gy B gle 5 Ao

= e
)

TR, FE 22 WA B dEE T sy e = 57 2E4er fle ¢ du. e
TEeol A,
TR,
A5 FF EAstH, Ao fo wfjAod H4FHoR HIHA &L Aol 7] VA fel 2dE
A

g Q. oy 5 WA AR B
S7MAZICE, o7l S8 s viel e gof "l A FE AE"S, A0, NMg0, Li0, Zr0,, Lag;,
s AR, el & AA A= AEY s v wtod, fEe 4de niEA
I 4L gAHA FS 7 Avk. FUHHoR, fEldA & dA A AR
=7 UF oW, felo Alx shede wEEs AU TadelA, e 2EE
AL, 05HMg0+L 1204 Zr0:4La:054Y,0: 5 22.0 mol% %3 WA 45.0 mol% vl7h, 2 A&E3 FE Alolo] ZE HY 2

B-wee] T ¥3d 4 Q. 2 FEHA A, Y] FE8 ZAAES ALONgOHL1,0+Zr04La0:+Y.0:5 22.5

o
L)
Lo,
o Lo
ox

=
ShAl @A FFawal, s

ol
s
i)

e}

>

mol% o]+, oA, 23.0 mol% ©]4F, 24.0 mol% ©]%+, 25.0 mol% ©]4F, 26.0 mol% o], 27.0 mol% o]+, 28.0
mol% ©]%, 29.0 mol% ©]%F, 30.0 mol% ©]%F, 31.0 mol% ©]%F, 32.0 mol% ©]%F, 33.0 mol% ©]7, 34.0 mol% ©]
AF, 0 35.0 mol% ©]AF, 36.0 mol% ©]A, 37.0 mol% ©]&F, 38.0 mol% ©]%F, 39.0 mol% ©]%, 40.0 mol% ©]7F,
41.0 mol% ©]7F, 42.0 mol% ©]4F, 43.0 mol% ©]%F, Hi 44.0 mol% °o) A9 sLr= ¥ = o, 2P +3
ool A, 2] ZAHELS Al0sMO+Li:0+7r0x4La0s+Y,0s2 45.0 mol% o]k, <A, 44.0 mol% ©]3}, 43.0 mol%

o]&}, 42.0 mol% ©]3}, 41.0 mol% ©]3}, 40.0 mol% °]3}, 39.0 mol% ©]3}, 38.0 mol% ©|3}, 37.0 mol% ©]3},
36.0 mol% ©]3}, 35.0 mol% ©]3}, 34.0 mol% ©]3}, 33.0 mol% ©]3}, 32.0 mol% °]3}, 31.0 mol% °]3}, 30.0
mol% ©]3}, 29.0 mol% ©]3}, 28.0 mol% ©]3}, 27.0 mol% ©]3}, 26.0 mol% ©]3}, 25.0 mol% ©]3}, 24.0 mol% ©]
3k, 23.0 mol% ©]3F, & 22.5 mol% ©|3te] 52 X 4 vk, FdNA, 7] "9 F o= e 9
oo g2 Weet x23E 5 oM, fal RAEC] ALOMNEOLi0+7r0ptLa0:4Y:0,5 22.5 mol% o] WA 44.5
mol% ©Js}, A, 23.0 mol% ©]% WA 44.0 mol% ©l3}, 24.0 mol% ]’ WA 43.0 mol% ©l3}, 25.0 mol% ©]
A WA 42.0 mol% ©l3F, 26.0 mol% ©]% WAl 41.0 mol% ©]3F, 27.0 mol% ©]7 WA 40.0 mol% ©]3s}, 28.0
mol% ©]A WA 39.0 mol% ©]3}, 29.0 mol% ©] WA 38.0 mol% ©]3}, 30.0 mol% <]+ WA 37.0 mol% ©]3},
31.0 mol% ©]%+ WA 36.0 mol% ©]3}, 32.0 mol% ©]7% WA 35.0 mol% ©]3}, 33.0 mol% ©]AF WA 34.0 mol%

olst, W A%F E Atelo] HE W W Ap-wsle ¥ TP Ao olsslolo} Bk,
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PRl wE fol 2YBE e A3 A4 itk delo) By clgedl FEAL A& WAL WA,
Fo o) Age e 2B ANE 9F 45 $oI@ £ Ak o/ldA BEHE sk 2o, w4
e K @b AR, AnE w3 Ol Sl SHAT. K @

vl (e}
£ E v} 9 (chevron notched short bar metho
E v}(CNSB) W2, Y#,9] Bubsey, R.T. et al., "Closed-Form

Expressions for Crack-Mouth Displacement and Stress Intensity Factors for Chevron-Notched Short Bar
and Short Rod Specimens Based on Experimental Compliance Measurements," NASA Technical Memorandum
83796, pp. 1-30 (October 1992)2] ®A2 55 Al&3ste] A" AL A|9)stals, Reddy, K.P.R. et al,
"Fracture Toughness Measurement of Glass and Ceramic Materials Using Chevron-Notched Specimens," J.
Am. Ceram. Soc., 71 [6], C-310-C-313 (1988)cll 7HAI&o] At}. FrbH o= Ko #h&, frel EFS o2 uwdh

3t7] el K #hS A3 AR Zo], AsHA g2 fE A dE ST, o7 =99 K #h2,
HEZ HAIFEA e 3, MPaVymle®E HiuFc),

TRAANA, e ZAHEL, 0.750 MPavm ©]4F, oA, 0.755 MPavm ©]4F, 0.760 MPavm ©]%F, 0.765 MPa+
m ©]A, 0.770 MPaym ©]A, 0.775 MPaym ©]AF, 0.780 MPavm ©]4, 0.785 MPa+m ©]%}, 0.790 MPavm ©]%,
0.795 MPa~vm ©]4F, 0.800 MPavm ©]4+, 0.805 MPavm ©]+, 0.810 MPavm ©]%4+, 0.815 MPavm ©]%F, 0.820
MPa+'m ©]4F, 0.825 MPavm ©]4F, 0.835 MPavm ©]4F, 0.845 MPavm ©]4F, 0.855 MPavm ©]4}, 0.860 MPa+m
o)A}, 0.865 MPavm ©]%F, 0.870 MPa+m ©]4F, 0.875 MPavm ©]4F, 0.880 MPavm ©]4F, 0.880 MPavm ©]4,
0.885 MPaym ©]%F, 0.890 MPavm ©]4, Ii= 0.895 MPavm ©]4¢] Ko 7S YeERT. Fd oM, F2 24

E2, 0.750 MPavm ©]AF WA 1.00 MPavm ©]3}, o7, 0.76 MPaym ©]A WA 0.99 MPaym ©]3}, 0.77 MPa
Nm o] WA 0.98 MPavm ©]3}, 0.78 MPavm ©]7 WA 0.97 MPaym ©]3}, 0.79 MPavm ©]% WA 0.96 MPa
Nm ©]&F, 0.80 MPavm ©]%F WA 0.95 MPavm ©]3}, 0.81 MPavm ©]7 WA 0.94 MPavm ©]&}, 0.82 MPa+m
o] YA 0.93 MPavm ©]&}, 0.83 MPavm ©]%F WA 0.92 MPavm ©|3}, 0.84 MPavm ©]’¢ WA 0.91 MPa+m
o]3}, 0.85 MPavm ©]% WA 0.90 MPavm ©]3}, 0.86 MPavm ©]/ WX 0.89 MPavm ©|3}, 0.87 MPavm ©]7
WA 0.88 MPavym o]3l, B Aw=3t 75 Alolo] e W P AME-HH K S YERATE. o7]dl 71AE &
g 2AAEY w2 T QA4 & dig fo WAds SR

TFaoANA, FE ZAAES A @EE 1000 P ©o]3}, oA, 950 P ©]3}, 900 P ©]&}, 850 P ©|3}, 800 P
o]3}, 750 P o]3}, 700 P ©]3}, 650 P ©]3}, 600 P ©]s}, 550 P ©]3}, T 500 P olslelt}. & oo A,
fre] 2AESY A Hx==, 500 P o]* ol 7d], 550 P o]/}, 600 P o]/, 650 P ©]’d, 700 P ©]4, 750 P
o]}, 800 P o]/, 850 P o], 900 P o]/, W= 950 P oldeltt. FaAelA, A7 WS F o= shve 99
o & WYet z3d F glojA, A HE7) 500 P ol WA 1000 P o]k, elAT, 550 P o4} WA 950
kP ©]3}, 600 P oA WA 900 kP ©]3}, 650 P o] W#] 850 kP ©]&}, 700 P o] WA 800 kP ©]3}, ¥ H<=
g e Abolel RE W9 2 AME-RLN Ao g ol oo g, G M v Wl o5 A4 Ert.
WA, 219 A X+, WAo] "Standard Practice for Measurement of Liquidus Temperature of Glass
by the Gradient Furnace Method"<¢l, ASTM C829-81(2015)¢] wlg} =AFHtt. tp&oz  NAM oA F2]9
HE+=, WAo] "Standard Practice for Measuring Viscosity of Glass Above the Softening Point"<l, ASTM
€965-96(2012)°l we} =4 H .

rlo

1|«

o

1“H:L

TEHANA, 8 ZHEY JE(E)S, 75 GPa o] WA 125 GPa ©]3}, oxAd, 80 GPa ©]%F WA 120 GPa ©]
3}, 81 GPa °]4 WA 118 GPa ©|3}, 82 GPa ©]4 WA 117 GPa ©]|3}, 83 GPa ©]%F W#] 116 GPa ©]|3}, 84 GPa
o]’ WA 115 GPa ©|3}, 85 GPa ©]/ Wl#] 114 GPa °]s}, 86 GPa ©]’ WA 113 GPa ©]3}, 87 GPa ©]d WA
112 GPa ©]3}, 88 GPa ©]% WA 111 GPa ©]3}, 89 GPa ©]%F WA 110 GPa ©]3}, 90 GPa ©]% WA 109 GPa ©]
3}, 91 GPa ©]/ WA 108 GPa ©]3&}, 92 GPa ©]’F WA 107 GPa ©]3}, 93 GPa ©]* WA 106 GPa ©]3}, 94 GPa
o] WA 105 GPa ©|3}, 95 GPa ©]’ WA 104 GPa ©]|3}, 96 GPa ©]’ W#] 103 GPa ©]3}, 97 GPa ©]d WA
102 GPa ©]3}, 98 GPa ©]% WAl 101 GPa ©]3}, 99 GPa ©]% W] 100 GPa ©|3}, ¥ HA&3 ks Alold &
He =@ AME-HAY 4 Qltk, B Al dA" AE Fh2, WAHo] "Standard Guide for Resonant Ultrasound
Spectroscopy for Defect Detection in Both Metallic and Non-metallic Parts"<l, ASTM E2001-13¢] AM<=%
duk Ebe] 39 253 B3l o SAHE 2 s AT
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FEol A, fEl 2AES, 30 GPa o] WA 35 GPa |3}, <#d], 31 GPa o] WA 34 GPa ©]3}, 32 GPa
o’d WAl 33 GPa °l3f, B e e Alold EE W9 9 AME-He Ad sAAAFGE M ¢ .
B Aol dAE A eAAIS g, WA o] "Standard Guide for Resonant Ultrasound Spectroscopy for
Defect Detection in Both Metallic and Non-metallic Parts"<9l, ASTM E2001-13¢] A&® ddt Elde] 39 =
=k gl o3 S4E U= s XA

FEaol A, 2] 2=, 0.2 o] UlA 0.26 o]k, didl, 0.21 o4 ul#] 0.25 o]}, 0.22 o] A
0.24 o]3t, 0.23 o]}, B A& ghs Atolo] BE W9 B ABE-HL o Folf H(v)E 7H F Ak & A
Aloll dAFE Folg Ml Fk2, W AHo] "Standard Guide for Resonant Ultrasound Spectroscopy for Defect
Detection in Both Metallic and Non-metallic Parts"<l, ASTM E2001-13¢] A <% 49t g}l ¥4 X839 &
FHe o SAE W2 ks XA,

FAool A, FE 2AES, 6.2 GPa ], oA, 6.3 GPa ©]4, 6.4 GPa ©]%, 6.5 GPa ©]4, 6.6 GPa
o]k, 6.7 GPa ©]%, 6.8 GPa ©|%F, 6.9 GPa ©]4F, 7.0 GPa ©]4F, 7.1 GPa ©]%F, 7.2 GPa ©]%F, 7.3 GPa ©]%,
7.4 GPa o], 7.5 GPa, & 7.6 GPa o] AEE 71 = vk, FEAAA, 8 2HES, 6.2 GPa ©)%
WA 7.7 GPa ©l&}, <A, 6.3 GPa ©]%F WA 7.6 GPa ©]3t, 6.4 GPa ©]% WA 7.5 GPa ©|&}, 6.5 GPa ©]4
W= 7.4 GPa ©]38}, 6.6 GPa ©]%F WA 7.3 GPa ©]a}, 6.7 GPa ©]4 WA 7.2 GPa ©]a}, 6.8 GPa ©]4

7.1 GPa ©]3}, 6.9 GPa ] WA 7.0 GPa ©]3}, ¥ d&3d #E Alold BE ¥ 2 AH-E ARE 2=
o}, AEE= wW238]% € (Berkovich tip) & Y9+ (nanoindentation)®l] ¢]3] =X},

Do
gi o

o~

rox

A7) 2AAEREE, FdA o2 f7 252 doo A el o8 FAdE 4 k. FEddlA, fE
ZAEL 53 FAH(rolling processes)o] o8] A= 4 Ut}

8 2A4E 9 o]2HEH Alxd EF2 ol ¥A4E & v WS EAHom & F Q. dF 59, 7
ZAEL ZEFE-AIN(S, EEFTE T4 g8 ) v S-A4FAH(E, BFH T4 g8 S
Exdo=z 3 4 u).

Mg vMATEE e 44 w: 244

st ofdel FAdlAM, o7lel Tl frEl 2=
= 2] ATk, ©Al EaA, ool ZAlE FeE] =

(crystallites)7} AdHo=2 ¢glS F A&

[}
&
BAERFYH IAE fe 252 Fa-Agy =2S HiA

AelA AFs wkel o], FdA A, 7] 7|AE F7 ZHEL,

2~Zdo] AWMt &, Ty old ATHA ek, HEE sl UEdA
T 18 F=xshd, fy ¥ ¥WozYyE 459 2ol (D00)7HA AFEE &

o], = 194 Al 2 A2 ¢F5(120, 122)) 2 DOCEFE 2 %9 T4 = UF o
FeE BE 4 FEECDsk de A2 49 (dE 59, ® 19
t}. of7)e] AR Hpe} S DOCE frE] EE o] o] ¢ A
S DOCel A, SEe (9hF) SHoRYYH H() Ho® wAsta, wEhA, 09 & e vehdt.

o
>

(o

Aol S em AbgE = dee wa=w, 45 w2 4F
P &ES F0G0) sHer FAdHY. Ty, 2 AAE Y

o o 1

KeX
- =, A7l EAE vpef o], €S = [ CS| oItk $F5 S (0SS frEl EFo xdd

(d)7HA A€, Zggatd, olgd AaHEE f8 E3E(100)Y 4= == (SZ Ao},
3le) 4% 23S, Orihara Industrial Co., Ltd.(g¥)o

ARgste] W 39 SAHVI(FSWe o3 534 : ,
d, 538 #F AF(S00)e] A ZAHd &y, S0CE AHA oz wAo] "Standard Test Method for
Measurement of Glass Stress—Optical Coefficient"<l, ASTM X+ C770-16°] 7A€ Az} C(F8 y=3a W
el wel SAHEY, ol W& I AL oJvle FEE THE.

THd A, &8 BF2 (SE, 400 MPa o4 WA 1200 MPa ©]&}, oA, 425 MPa ©]4 Wx] 1150 MPa ©]3},
450 MPa ©]%F WA 1100 MPa ©]a}, 475 MPa o] W] 1050 MPa ©]&}, 500 MPa ©]”F =] 1000 MPa ©]&}, 525
MPa ©]%F WA 975 MPa ©]3}, 550 MPa o]+ WA 950 MPa ©]3}, 575 MPa o]+ WA 925 MPa ©]3}, 600 MPa ©]
A W= 900 MPa ©]8}, 625 MPa ©]4+ =] 875 MPa ©]3}, 650 MPa o]+ WA 850 MPa ©]3}, 575 MPa o]+ WA

ot
ofo
(<0
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825 MPa ©]3F, 700 MPa ©]/¢ <] 800 MPa ©|3l, 725 MPa ©]% W=l 775 MPa °]3}, 750 MPa °l/d, X &%
fhE Abolell EE W9l B ME-Hgolu,

sub ol el FAolA, Na' R K o2 e BEOE maHm, Na o] K olentt &
3

Ef = Fol gk DOCHE Tt virt. ZHE DOL-2,
CS 547 #dste] dsd wkel o], &4 A3k AG(S00) ¢ B f:ﬂ' 7ol 9]&3}=, Orihara Industrial
Co HLog o] 7hsd FSi-6000 W &3 SA7Iek &8 2u ¥ 547
£ Abgste] SAET. ZF DL o5 53 2ute]Ae] 2ol (D0Ly) & Aol o i, o714, &3 ZTzad
-7 g2 ZE gqor Mt d2 JdH9S ~zto]a9 BiE (bottom) S
. el %9 DLy, 5 m o] WA 30 m olak, dAh, 6 m o] WA

m ©l8k, EE 9 yum o]’ WA 11 i ©]3F, 10 um

LS s RERCE
2RE 4E9 2

BN
o
X
>
ot jo
2
R}

F o ZU(E 1914 110, 112)9 5 982 18 EF9 TF 99(130)d0 AdE F=Hol o] 43S olE
o Hd 4 F=EEC 2 DC #ES FEAd A" AEd H3F7I(SCALP) 71eS AbEste] 5449 F
att. =49 H-AYGRNF) Y == SCALPE 8] %9 9 ZERdS A4sted A4 4 Utk RNF
WHo] S8 ZeudS SAs=Y F8Es 45, SCALP 98] AFE = ol CT 32 RNF oA ggw
ot 53], RNFell 93] 24 € 8 ZEIYS 3o #3E& o|Fil, SCALP F4 3 AldH= Hd CT g
2 HAFECG, RNF WYL, Aol "Systems and methods for measuring a profile characteristic of a glass

sample"Ql, W=y
RNF WL 7]
HA4E (orthogonal polarizations) AbeloA A3k

= ‘ﬂ/‘@/\]ﬂi A fﬁ%—ﬂﬂﬂ 3 “‘4 ﬁE—:‘.%E

E3] A8,854,62350] 7|AEHo] lom, olF o]e HAT FEEA 7] EHET. 57,
= (reference block)ol <17 0}74] 8 EES wixsteE @A, 1Hz WA 50Hz9] =2 A
+ AF-A3d F F(polarization—switched light beam)
= v WA 2 HE-A%E Ve JsE TAATIE &
Al pagay H oAgZFe A2 50% ojulelth. A7) WHS, TE zlold
& 7+ %% 2 e AES F9 Jj%—ﬁ%‘r% %L s 8 AE U2 dSA7IE 94, 1 o8, dsd
A el

o] #F8 A]~El(relay optical system)S AF&3dle] A3 F7HEE7](signal

Tt =
photodetector)2 | oJAI7]= GAIE S Xgsin, A7 A5 A&7 #3438 2E7] AsE 24
Ak, A7) S 3 AEV] AEE VE AR BEee] AqtstE AEV] A5E dAATE B 94
9 A7) Aatstd HJE7] ASERE f8 Ao Laud 5EAS AAsE dAE xgelit.

T, FEl EFS, 20 MPa ©]A, oA, 25 MPa ©o]4F, 30 MPa ©]4F, 35 MPa ©]4F, 40 MPa o|4F, 45
MPa ©]%F, 50 MPa ©]%F, 55 MPa ©]4F, 60 MPa ©]%F, 65 MPa o], 70 MPa o], 75 MPa ©]/4+, 80 MPa °]%F, 85
MPa ©]4F, 90 MPa ©]%+, 95 MPa ©]4F, 100 MPa ©]4F, W+ 105 MPa o, B H&g FE Alold EE W
AE-Ee AW (12 714 & . 92 734 W, fre]l E52, 110 MPa ©]3f, o}, 105 MPa ©]3},
100 MPa ©]&}, 95 MPa ©]&}, 90 MPa °l&}, 85 MPa ©]&}, 80 MPa ©]8}, 75 MPa ©]s}, 70 MPa ©|a}, 65 MPa
o3}, 60 MPa ©]&}, 55 MPa ©]s}, 50 MPa ©]&}, 45 MPa ©]&}, 40 MPa ©]&}, 35 MPa ©]&}, 30 MPa ©]&}, ==
25 MPa ol3t, ® A&t ghE Aol EE RS 2 AE-RAY A CTE 7HE & dvk. FddelA, 47 H
= o= sive doe tE Wk 23¥E & oA, 8l EFol 20 MPa o] WA 110 MPa ©]3t,
oA, 25 MPa o] WA 105 MPa ©]&}, 30 MPa ©]%F W% 100 MPa ©]3}, 35 MPa ©]%+ W#] 95 MPa ©]a}, 40
MPa ©]4F WA 90 MPa ©]3}, 45 MPa ©]%F %] 85 MPa ©|a}, 50 MPa ©]%+ WA 80 MPa ©]3}, 55 MPa o]+ WX
75 MPa 016} 60 MPa ©] WA 70 MPa ©l3}, ¥ M=k @E Alold BE W 2 AE-H99 HAd (T&€ 7H4
T Ae A= o] oo g},

q7lo Z1AE FE 2AAESY & 39 I #E T3 JIdE dS ThssA & 4 k. o7ldd ZIAlE
g ZAES 839 AxE 8 B9 FH dx(frangibility limit)e Fox FEHoZ 3] Ao
ojEgtt. o] d ol f =, o7l Z|AE F7 £AEY T2 Ty IS, B o A Wy ouATt o
25 P4E F EF FAAAA Fa Foy

= AL beed @ 2 g, frl x5 8l
A W\ duyA e S7hE 2, e 2w 9ot des Tl #2E 5 e, SV ek (fracture
resistance) = 2 &%l Uetlle A& 7hsatA dok. FHoRY =t 3k 14 Abolol #AE, 2019 94

10422 Y9, HAo] "Glass—based Articles with Improved Fracture Resistance"Ql, w= E3 =< A
16/565,8995. ¢ Z]A=o] lom, o]e] HAZAQ &2 o7l Fx=A Eddd. I AGH dat 45 A
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olo A=, 20199 5¢Y 29UAE HUH, WAHo] "Glass with Improved Drop Performance"¢l, W= E3] =
d A16/425,2175 71AE ] Qo | oo HAHQ W& of7]d HEEA EYPHT.
34

el A AFE kel o], DOCE FAA TAE Ak |FVI(SCALP) 7]%S AHgste]l SAE T DOCE ¢17]
oMol dh FddelA fEl EF FAH)Y dFEA AFHT. FAAA, FE EFS, 0.15t o] WA
0.25t ofa}, oz, 0.18t o] WA 0.22t °]s}, Ei= 0.19t °]4 W] 0.21t °]s, & A=
2E WY 2 B b5 el (D00 E 7HE Ut

3]

4= SHEITE FEUE ol uF §do w=E:AA fEo FAHE & vk, FHAA, o] uF LA §§
H AAEd 4 k. 2 oA, o] wsk fAe &F KNO;, &8 NaNO;, =& olE9 =3¢ 4 A}
54 FddolA, o] g gAe  oF 95¢ wvke] &g KNO;, oA, oF 90% wwke] &-8F KNO;, °F 80%

=)
rﬂ
o,
ofo
ao
e
=
=
&
2
)
(e}
=
=)
rﬂ
o,
ofo
ao
i
Z

05, 2F 60% wlwke] &% KNO;, T oF 50% vRke] &8 KNOsZ
2 4 Advk. §F g, o] ud &AL, Holwm oF 5%°] &§ NaN0;, oIZd], Holm= °F 10%°] &

ok °F 20%°] &-& NaNO;, #oJk= °F 30%9] &8& NaNO;, =+ Aol oF 40%¢] &8 NaNOsE X
g 4 Atk e FEdelA, ol wk gofe ., oF 956 8§ KNO; H oF 5%°] 8§ NaNOs, °F 94%°] 8§
KNO; 2 oF 6%2] 8- NaNOs, oF 93%2] &8 KNO; 2 oF 7% &8 NaNO;, oF 90%2] &8 KNO; 2 oF 10%2] &&
NaNO;, °F 80%°] &8 KNO; H °F 20%°] &8 NaNO;, °F 75%¢] &8 KNO; H °F 25%°] &-& NaNOs, °F 70%°] &
& KNO; 2 oF 30%2] &8 NaNO;, oF 65%2] &8 KNO; 2 <F 35%2] &8 NaNO;, i oF 60%2] &-§ KNO; 2 <F
40%°] &8 NaNOs, B =3 ghs Atolol EE W9 % AB-Y9E xFS & Aok, F&dolA, dE 591,
YEF Ev ZF ofdAald, Qe BE 3y 22 & YEFEY 9 ZFFL o2 ud S0 AEH

=, v

= E =
7 Ao, Tl , o] wd &AL, LiNgst 22, ZEde 28T 4 3UH.

fre] 2AES, frel 2AEE Axd e 78S o2 wd &9 Sxo @y, o2 uE {5 f{e
FRER Axd fy 71F Zol EFsAY, Be e WHoR ol ud &aS fy ZAEENH Axd
el 7ol e em =RAA o2 wEk g w=Fd & glo] o2 wd f BES 4. 79
2AE wE:A], o] wE &AL, FEHo] MEW, 360T o] WX 500T o]st, Ay, 370C °]d WA
490C o]s}, 380C o] WA 480TC o]sf, 390C o] W] 470C o]3}, 400C o]’ WA 460C ©]sf, 410C
ol A 450T olst, 420C o] WA 440T o]sf, 430T ol F, R A=d s Abolel B= e B AHH-Y

e

99 2=d F ok, T, FE 2EES, 4AZE o] WA 4B8AIZE olet, o], 8AIZE o] A 44
AlZE ols}, 12413 o] WA 40A17E o]&}, 1641t o] WA 3641 o]st, 20413t o] WA 32413t o],

ol wE FAHL, dEF Eof, 1 A} FE2A or|o ==, ul= T 53] A12016/0102011%00 A
A oupel 22 A" 4% £ ZEadS Aysts 4 248 o2 weg oA Fygd 4 vt Y
TEHA A, o] 3 FAHL, I AAZ} FER2EA 7] EQHE, v F/ 53] A2016/01020145. 0 7] A
H 5y Z2udy 2o fo BN TEAY $8 Z2udS A EE HAEE 4 qdu

o] gk Aol FY F ol wIH Hy BEFo FHAA 2AHEL FAPA-UR 8 7B (F, o]
wa FAHS AX] Al F7 7lW)e] 2B B Ao o Hojof #T}. o], ¢ So], Li L Na
o e, FAH-g R g J|wAA F B e F& o]Lo] 27t dF Sof, Na i K9 e, o
2 &7 54 ol2o® UiAE Adeltt. oy, f8 EFY Zoly Fol e 1 ZA dve FE =24
52, FHdoAM, JH3] FE EES A E8ue dAPE-URe v-ol2 ndE e v|He] 2AE
S 7HE Zolt}.

7)o MAE FE EFL, OiaAZgolE z2te EE(EE faZiyo] EE)(A9E o, FUE, HEYD AF
B, Aol Alz=gl, F oje} FARSE RS XFshE, AnAF AR AFE), AEFES BE, 258 EF(AdE E
o, AF=k, 712k, dg7), AMdk 5, Jbd EF e A5 FHE Y-23HXA, R e olEe 2
ol A3k dojo EF e I g EF UYE EYE = A or)d AAE K8 EF F ok UE
Folale EAQ EES % 23 2 2be] YERL, FAFHORE ) T 22 E 2bE, AW(204), IWH(206), ¥ =
H(208)& ZteE 394 (202); 7] SF9-A UlFd Holx FEXHoZ HE 47| 39A dd AAHeZ



[0082]

[0083]

[0084]

[0085]
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A=, Wzy, @ A7) 3949 ddd EE Add <143 g o] (210)= ﬁﬂﬂ—t— A7) FAH8A(=
A=A ) R A Elé%—ﬂﬂcﬂ AEE &Aoo Ao e HAA Yo JE AH(212)E E3sE LHA
A} %*ﬂ(zoo)?— vEbdTE, Fadel A, AW (212) B 39 (202) F A% st QO%E Y= 7] 7]
AE f2 B T o= oth z bt 4 Q.
A4
FdA e s7] AAldel o8] © WEad Aojth. ol AAde HAEH FHAE AIA B o ol
F oo} ghu},
el ZAES Az B9y, 249 fE 2AES 7] E 19 EAE AES 7Y, d5FH §8 A
3 wio] o8] AxEr. F 104, BE RS moldelx, Fd £AEL K 37 A, Folk Hl(v), 9%
(B), At &AAF(G), 2 AN dArs B gaAd AAd il we 39
F 1
ZAE 1 2 13 |4
Si0, 43.43 40. [44. |42.71
76 |58
AL,04 27.72 28.126.126.05
10 |15
B:0; 13.36 13.]13. [13.57
50 |55
Mg0 2.02 4.012.0(4.00
6 |6
Ca0 0.04 0.0]0.0{0.06
6 |4
Lis0 3.97 4.004.0(4.06
3 |1
Na,0 8.97 9.019.1{9.06
1 |1
K20 0.42 0.4]0.4]0.44
3 |4
Sn0, 0.05 0.0]0.0{0.05
5 |5
Fe,0; 0.01 0.0]0.0{0.01
1 |1
ZAE 1 2 13 |4
Kic (MPa+ m) 0.810.8(0.821
45 |20
& (GPa) 80.3 81.177.(79.0
3 18
A ghAd Al 4= (GPa) 32.1 32.(31.[31.6
5 13
ol 1] 0.250 0.210.2]0.248
51 |43
MNAFA A= (Poise)
ZAE 5 6 |7 |8
Si0, 39.89 43.142.140.72
91 |54
AL,0s 25.90 15.27.(28.05
30 |98
B,0, 12.99 12. 13.|13.40
71 |69
Mg0 8.03 15. (2.0 (4.04
10 |3
Ca0 0.08 0.110.0{0.05
1 |4
Lis0 3.91 3.919.219.28
0 |4
Nas0 8.76 8.5(3.9(3.95
6 |7
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K50 0.39 0.3(0.4(0.44
5 |4

Sn0, 0.05 0.0(0.0(0.05
5 |5

Fes0; 0.01 0.0(0.0]0.01
1 1

ZAE 5 6 |7 |8

Kic (MPay m) 0.710.8]0.893
88 |95

4 & (GPa) 81.7 80. [84.(85.8
1 |7

At e A4 (GPa) 32.5 32.(33.[34.2
1 |8

SFols vl 0.256 0.210.2(0.254
47 |52

N A= (Poise) <63 |<3572487

4

ZA4E 9 10 |11 |12

Si0, 44,62 42.138.142.03
62 |72

Al,0; 26.10 26.026.(15.04
14 |15

B0, 13.44 13.113.]13.63
37 |37

Mg0 2.04 4.0(8.0[15.28
7 |6

Ca0 0.04 0.0(0.0]0.11
5 |8

Lis0 9.28 9.319.219.38
2 |3

Nas0 3.98 3.9(3.9(3.99
4 |1

K50 0.44 0.4(0.4]0.46
3 |2

Sn0, 0.05 0.0(0.0(0.06
5 |5

Fe.0; 0.01 0.0(0.0(0.01
1 |1

ZAE 9 10 [11 |12

Kic (MPa~ m) 0.8]0.8]0.876
75 |97

A% (Poise) 82.3 83.(86.187.8
6 |0

At g A4 (GPa) 33.0 33.134.(35.0
3 |3

SFold vl 0.247 0.210.210.252
55 |52

MM A= (Poise) <9391

A= 13

Si0, 40.83

Al504 29.76

By0s 13.59

Mg0 2.05

Ca0 0.04

Lis0 9.19

Nas0 4.03

K0 0.46

Sn0, 0.05

Fes0s 0.01

_20_
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ZAE 13
Kic (MPa+/ m)

4 & (GPa)

At g A4 (GPa)
Folk ]

MAAH A= (Poise)

[(0086] 37 20] AAW ¥ R FFsh AN fel 2Ee ArEc RAHY fE 2B ABHQ
#2) B4 PEel o8l AxHh, & 2014, BE YL nolkeli, frel 2B FBE) 2L AR B PA
Aol AAE el wet S,

2

[0087] ZAE 14 15 16 17 18 19 20 21
Si0, 39.48 39.62 42.41 44.59 38.57 45.11 41.82 38.63
A1,04 31.19 30.85 26.18 26.14 25.56 25.47 25.04 24.91
B.0; 13.50 13.50 9.79 13.50 13.50 13.50 12.00 13.50
Mg0 2.34 2.53 8.12 2.27 8.87 2.42 7.65 9.47
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lis0 9.00 4.00 9.00 9.00 9.00 4.00 9.00 4.00
Na,0 4.00 9.00 4.00 4.00 4.00 9.00 4.00 9.00
K20 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
ZAE 14 15 16 17 18 19 20 21
2 & (GPa) 97.388 94.24 98.28 93.00 96.92 88.31 96.44 93.42
74 & (GPa) 7.21 7.07 7.23 6.98 7.24 6.78 7.07 7.13
x=AE 22 23 24 25 26 27 28 29
Si0, 44.21 54.00 41.22 43.63 45.95 40.61 43.05 45.39
A1,0; 24.87 24.71 23.89 23.75 23.61 22.72 22.61 22.49
B,0; 8.46 6.00 14.23 10.63 7.18 16.50 12.82 9.31
MgO 8.95 1.70 7.16 8.49 9.76 6.68 8.02 9.31
Ca0 0.00 1.09 0.00 0.00 0.00 0.00 0.00 0.00
Liy0 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00
Naz0 4.00 3.00 4.00 4.00 4.00 4.00 4.00 4.00
K50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
x=AE 22 23 24 25 26 27 28 29
% & (GPa) 99.15 93.69 94.73 95.34 96.81 93.75 94.38 94.93
A= 30 31 32 33 34 35 36 37
Si0, 47.63 41.03 43.46 45.78 48.01 39.99 54.00 49.41
Al504 22.39 21.90 21.81 21.71 21.62 21.54 21.41 21.39
B,0; 5.94 16.76 13.09 9.59 6.23 18.79 6.00 13.50
MgO 10.54 6.81 8.14 9.42 10.65 6.18 1.71 2.20
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 4.38 0.00
Liy0 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00
Naz0 4.00 4.00 4.00 4.00 4.00 4.00 3.00 4.00
K50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
A= 30 31 32 33 34 35 36 37
% & (GPa) 97.41 92.85 93.83 94.59 95.78 89.11 93.00 85.73
7 % (GPa) 7.34 6.99 7.07 7.23 7.39 6.64 7.42 6.73
A= 38 39 40 41 42 43 44 45
Si0, 49.27 43.45 42.88 45.22 50.13 47.47 |137.75 39.37
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AL,0; 21.20 20.92 20.65 20.58 20.55 20.52 [20.48 20.35
B.0; 4.74 13.50 15.31 11.73 13.50 8.31 |13.50 21.10
Mg0 11.29 8.62 7.67 8.97 2.32 10.21 |14.77 5.68
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00
Li0 9.00 9.00 9.00 9.00 4.00 9.00 [9.00 9.00
Na,0 4.00 4.00 4.00 4.00 9.00 4.00 |4.00 4.00
K;0 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
ek 38 39 40 41 42 43 44 45

2 & (GPa) 97.00 92.02 91.90 93.69 83.89 95.12 [98.78 87.70
73 %= (GPa) 7.42 7.04 6.97 7.14 6.62 7.26 |7.36 6.61
By 46 47 48 49 50 51 52 53
Si0, 41.87 43.81 48.75 54.00 50.85 37.76 |44.66 46.93
A1,0, 20.28 20.11 20.11 20.07 20.05 19.69 [19.44 19.40
B,0; 17.28 13.50 6.79 6.00 3.58 13.50 |13.90 10.41
MgO 7.06 9.08 10.86 6.40 12.02 15.56 [8.51 9.76
Ca0 0.00 0.00 0.00 1.03 0.00 0.00 10.00 0.00
Li0 9.00 4.00 9.00 9.00 9.00 4.00 9.00 9.00
Nay0 4.00 9.00 4.00 3.00 4.00 9.00 |[4.00 4.00
K50 0.50 0.50 0.50 0.50 0.50 0.50 [0.50 0.50
By 46 47 48 49 50 51 52 53

% E(GPa) 88.97 88.57 96.50 94.22 96.32 96.14 [92.07 93.05
73 %= (GPa) 6.75 6.91 7.41 7.50 7.37 7.29 17.00 7.17
A= 54 55 56 57 58 59 60 61
Si0, 38.74 41.27 43.69 48.22 50.35 52.39 |57.50 57.50
AL,0; 19.14 19.10 19.06 19.00 18.97 18.94 [18.88 18.70
B.0; 23.45 19.56 15.83 8.86 5.58 2.45 6.00 6.00
Mg0 5.18 6.58 7.92 10.43 11.60 12.73 |4.56 4.74
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00
Li0 9.00 9.00 9.00 9.00 9.00 9.00 |10.56 10.56
Na,0 4.00 4.00 4.00 4.00 4.00 4.00 |2.00 2.00
K;0 0.50 0.50 0.50 0.50 0.50 0.50 [0.50 0.50
A= 54 55 56 57 58 59 60 61

2 & (GPa) 85.47 87.40 88.50 94.65 95.15 94.97 |85.54 88.44
73 %= (GPa) 6.39 6.57 6.66 7.27 7.33 7.38 16.76 6.76
By 62 63 64 65 66 67 68 69
Si0, 57.50 57.50 57.50 57.50 57.50 57.50 |57.50 57.50
A1,0; 18.69 18.52 18.51 18.51 18.33 18.33 [18.33 18.32
Bs0s 6.00 6.00 6.00 6.00 6.00 6.00 16.00 6.00
MgO 4.56 4.92 4.74 4.56 5.10 4.92 |4.74 4.56
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00
Liy0 10.75 10.56 10.75 10.93 10.56 10.75 {10.94 11.12
Naz0 2.00 2.00 2.00 2.00 2.00 2.00 |2.00 2.00
K50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
By 62 63 64 65 66 67 68 69

% E(GPa) 87.56 85.03 86.24 86.37 86.56 85.64 |85.89 84.87
73 %= (GPa) 6.73 6.69 6.72 6.75 6.71 6.77 16.69 6.64
ek 70 71 72 73 74 75 76 77
Si0, 46.39 57.50 57.50 57.50 57.50 57.50 |57.50 54.00
AL,0; 18.26 18.21 18.20 18.20 18.20 18.15 |18.13 18.09
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B,0; 12.54 6.00 6.00 6.00 6.00 6.00 16.00 6.00
MgO 9.31 5.17 4.98 4.80 4.62 5.29 14.56 1.71
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 10.00 7.70
Li0 9.00 10.63 10.81 11.00 11.18 10.56 [11.31 9.00
Naz0 4.00 2.00 2.00 2.00 2.00 2.00 |2.00 3.00
K50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
By 70 71 72 73 74 75 76 77

% E(GPa) 92.97 85.92 86.38 86.67 85.46 86.41 |85.23 96.69
73 %= (GPa) 7.08 6.77 6.78 6.76 6.74 6.74 16.68 7.66
ZAE 78 79 80 81 82 83 84 85

Si0, 57.50 57.50 57.50 57.50 57.50 57.50 |57.50 38.10
AL,0; 18.02 18.01 18.01 17.96 17.95 17.95 |17.95 17.91
By0s 6.00 6.00 6.00 6.00 6.00 6.00 16.00 25.83
Mg0 5.17 4.98 4.80 5.48 5.29 4.74  14.56 4.66
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00
Li0 10.82 11.00 11.19 10.56 10.75 11.31 {11.50 9.00
Na,0 2.00 2.00 2.00 2.00 2.00 2.00 12.00 4.00
K;0 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
ZAE 78 79 80 81 82 83 84 85

2 & (GPa) 85.05 85.13 84.99 85.07 86.25 85.22 |82.48 82.69
73 %= (GPa) 6.74 6.77 6.74 6.70 6.72 6.79 16.72 6.24
By 86 87 88 89 90 91 92 93

Si0, 40.66 43.11 45.45 47.69 49.84 51.90 |53.88 57.50
A1,0; 17.90 17.89 17.89 17.88 17.87 17.86 [17.85 17.82
B,0; 21.85 18.06 14.43 10.95 7.61 4.42 |1.35 6.00
MgO 6.09 7.44 8.74 9.99 11.18 12.32 [13.42 5.17
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00
Li0 9.00 9.00 9.00 9.00 9.00 9.00 ]9.00 11.01
Naz0 4.00 4.00 4.00 4.00 4.00 4.00 |[4.00 2.00
K50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
By 86 87 88 89 90 91 92 93

% & (GPa) 85.64 88.97 89.41 92.47 94.83 95.19 [95.06 86.66
73 %= (GPa) 6.47 6.71 6.81 7.19 7.28 7.41 |7.47 6.75
A= 94 95 96 97 98 99 100 101

Si0, 57.50 57.50 57.50 57.50 57.50 57.50 |57.50 57.50
AL,0; 17.82 17.76 17.76 17.76 17.76 17.76 |17.76 17.63
By0s 6.00 6.00 6.00 6.00 6.00 6.00 16.00 6.00
Mg0 4.98 5.67 5.48 5.29 4.92 4.74 14.56 5.17
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00
Li0 11.19 10.56 10.76 10.95 11.32 11.50 |11.69 11.20
Na,0 2.00 2.00 2.00 2.00 2.00 2.00 12.00 2.00
K;0 0.50 0.50 0.50 0.50 0.50 0.50 [0.50 0.50
A= 94 95 96 97 98 99 100 101

25 (GPa) 85.96 86.64 85.77 85.96 85.12 85.22 |84.50 84.98
73 %= (GPa) 6.76 6.71 6.69 6.71 6.76 6.70 16.70 6.78
By 102 103 104 105 106 107 108 109

Si0, 57.50 57.50 57.50 57.50 57.50 57.50 |57.50 57.50
A1,0; 17.57 17.57 17.57 17.57 17.57 17.56 [17.56 17.56
Bs0s 6.00 6.00 6.00 6.00 6.00 6.00 16.00 6.00
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Mg0 5.87 5.68 5.49 5.30 5.11 4.93 [4.74 4.56
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 [0.00 0.00
Li.0 10.57 10.76 10.95 11.14 11.33 11.51 |11.69 11.88
Nas0 2.00 2.00 2.00 2.00 2.00 2.00 [2.00 2.00
K0 0.50 0.50 0.50 0.50 0.50 0.50 [0.50 0.50
ZAE 102 103 104 105 106 107 108 109

9 E(GPa) 85.20 86.22 85.66 88.65 85.94 87.60 |86.77 88.29

7 %= (GPa) 6.54 6.67 6.64 6.81 6.76 6.89 |6.75 6.75
ZAE 110 111 112 113 114 115 116 117
Si0, 54.00 53.96 48.07 42.43 54.75 54.00 [37.01 48.58
AL, 16.96 16.90 16.54 16.20 16.03 15.96 |15.87 15.70
B,0; 6.00 13.50 13.50 13.50 13.50 6.00 |13.50 13.50
Mg0 6.42 2.14 8.39 14.38 2.23 10.57 [20.12 8.72
Ca0 4.12 0.00 0.00 0.00 0.00 0.97 10.00 0.00
Lis0 9.00 9.00 9.00 9.00 4.00 9.00 [9.00 4.00
Naz0 3.00 4.00 4.00 4.00 9.00 3.00 [4.00 9.00
K0 0.50 0.50 0.50 0.50 0.50 0.50 [0.50 0.50
ZAE 110 111 112 113 114 115 116 117

4 E(GPa) 93.61 81.41 87.68 95.58 78.66 94.77 [103.82 82.72

7 % (GPa) 7.55 6.56 6.89 7.34 6.40 7.55 |7.68 6.67
ZAE 118 119

Si0, 42 .67 36.98

ALL0; 15.38 15.08

B,0; 13.50 13.50

Mg0 14.95 20.94

Ca0 0.00 0.00

Li.0 4.00 4.00

Nas0 9.00 9.00

K0 0.50 0.50

ZAE 118 119

& (GPa) 89.86 99.18

7 %= (GPa) 7.02 7.53
ZI1E 1 19 RAER FAHIL, YT ol ndHo Ui EFE A 7l 0.8 me FAE zte=
o}, o] wFe F7] ¥ 39 R A B VEES £§F &xd X T HAE Xt 9 &x=
90 wt% KNO; 2 10 wt% NaNO;& X &3sl3, &5 460°Co|th. Hu o= 2=€(CS), AFo)a =9 o] (D0Lg),
2 FHY FA A (D)2 of7lol 7" o wet A4, & 3o Raud

Z 3

A A B C D E F G H
ZAE 7 8 9 10 7 8 9 10
282 25(1) 460 460 460 460 460 460 460 460
AlZHAD) 16 16 16 16 32 32 32 32
£2 ZAE(K/Na) 90/10 90/10 90/10 90/10 90/10 90/10 90/10 90/10
CS(MPa) 597 583 553 580 526 561
DOLgp( am) 6.8 7.6 8.5 7.7 11 8.5
CT(MPa)

A Ao I J K L M N 0 P
A= 7 7 7 7 8 8 8 8
‘8z 2%(7T) 460 460 460 460 460 460 460 460
A ZHAD 4 8 32 16 4 8 16 32
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&% A E(K/Na) 90/10 90/10 90/10 90/10 90/10 90/10 90/10 90/10
CS(MPa) 553 602 581
DOLSP(MH)

CT(MPa) 50.23 67.03 105.97  |91.13 49.37 68.58 90.89 107.23
2] A] o] Q R S T U i W X
A5 9 9 9 9 10 10 10 10
2z 2E(0) 460 460 460 460 460 460 460 460

A ZHAD 4 8 32 16 4 8 16 32
2% A E(K/Na) 90/10 90/10 90/10 90/10 90/10 90/10 90/10 90/10
CS(MPa) 524 577 560
DOLsp(zm)

CT(MPa) 58.24 74.4 97.21 93.85 49.84 68.12 87.67 104.93
A A4l Y 7 AA BB cC DD EE FF
ZAE 11 11 11 11 12 12 12 12
8z 22 (1) 460 460 460 460 460 460 460 460

A ZAD 4 8 16 32 4 8 16 32
&% A E(K/Na) 90/10 90/10 90/10 90/10 90/10 90/10 90/10 90/10
CS(MPa)

DOLSP(MH)

CT(MPa) 41.25 56.25 80.54 105.41  |24.81 30.09 42.06 45.58

[0090] 2 gAaMe 7" BE 2 FAAE, T, D vls, 3R Ago] gl 3 molbE AT, & WA A
MAE BE WH9E, B87F AMAEY] A BE o galdoz Agse] A ofFo #IAGle]l P
MALE Heol o8] X&F = oo 9 BE WY 2 AMEHAE ¥},

[0091] Aad FAL A D HFEE "oy gka, of7ld Z|AE TGS dis] dkd WA 2 A3y} o] Fo
F e FAANA wuE Aotk weEkA, B gGAAE o7 7" tdd RO Ee] WAy W W
xgbstar, olge WA E Wgst HEE A7 2 ole] #5Ee ¥F Ul &3l oz rFHu),
=g
=2

100
120 BO
L
d1\[ )
7 /
120 /
P> t
d L Z
2*{
)
1
1
g 12
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