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dze] LTV mAAE fFERA,

7] Gz dFN=AgACE fEle Hojx 10 me] Fo Zo]ZE o] wFEA, 40 mol% WA 70 mol%e]
Si0z; 11 mol% WA 25 mol%e] Al,0s; 4 mol% WA 15 mol%2] Ps0s; 13 mol% WAl 20 mol%2] Nas0; % 0 mol% Wi

2 4 mol%2] BOs;E EsFsH, of7]A:
1. A7 €28 EFredgAelE e gFol s, 2
ii. 1.3 < [(Py05 (mol%) + R0 (mol%))/Ms0s3 (mol%)]<2.30]1;

1714, M0; = Al0; + BOzolaL, RO= A7 &2 dFumde7olE Felod EAsh= 17 dol Ashz9

AT 1o lojA,

MgOE B x3sts &z dFu A AlolE fg.

AT 3

HFE 1 mE 20 oA,

A7) el

1.5 < [(Py0s (mol%)+ R0 (mol%))/M05 (mol%)]1<2.08 whE3dls gzl dFn|=AgAolE Fd.
AT 4

A 1 Ee 20 YA,

¢

1 mol% VIR K0 =¥ 1 mol% PIRFY] B0:E US X33t ¢ZE] dFneAdgAoE R,

[

AT 1 Ee 200 JoA,

1 mol% ™WHe] B,Os& Y% EFstes ¢z dFrwedeAlolE {2,

37% 6

AT 1 EE 20 9oiA,

A7) dzke] dRueAgAolE FElE 50 mol% WA 65 mol%e] Si0y; 14 mol% WA 20 mol%e] Al0s; 4 mol%
W] 10 mol% Py05; 2 14 mol% A 20 mol%) Na, 05 E3ste 47 dFn g AolE {3,

A7) gele] TEHE/AE RS %= 410ToA 2.4 x 10 ai/s WA 1.5 x 10 ar/se] #¢]ol, ozha)
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B AAE HEGA Feldd B8 Zloltk. FY FAR R, E JRAE o2 gkl os) HeHow Fsid
£33 el BE Aotk HE FAHeR, B A ol wgd o) duHow Fste lEGd,
il

=4

gige] g
S dst = HA

ZelE A, AFZ T4 (sharp impact)ol]l 7118 &23e dis] uido]l dar, wE o] wglo] 7led &y
g Zu A AolE FaE (alkali aluminosilicate glasses)S AFHETH. A7 F8EL A% 4 mol% PO
& xgsta, ol udH A, Hox oF 7 kgf WA= &4d #4 /Al k% (Vickers indentation crack

initiation load)S& z+&t}.

B 8 8
upeha], Shue] BAHE Aok oF 4%99] POE X FstE &7y RV =AYACE FYE EFetal, VA A
7] &ze GFu=AAcE el AHol® oF 10 mo] Fo Zlo]Z o] uEEHIL, P o7]A:

i. 0.6 < [M03(mol%)/RO(mol%)] < 1.4; B=&=

ii. 1.3 < [(P0s5 + R0)/M05] < 2.30]31;

A714 M0s = AlOs + B0sol™, RO= A7) &zl dFvedeolE fed S8k 171 3 27F Fol2 4t
sh= (cation oxides)®| gelar, RO 7] &z dFr=ideAolE fradd EAsks 17F ol AkshaE 9
Foltk, g F& do glojA, 7] FEE 0.6 < [M0s(mol%) /RO(mol%)] < 1.45 wrEetty, 22 34 o
of oA, 7] FEl= 0.6 < [M0;(mol%)/RO(mol%)] < 1& wkFeheh, 2HE & oo QlojA, 7] fele
1.3 < [(P0; + ROI/M:0;] = 2.3& RESE. gy & ool glojA, 7] Fel= 1.5 < [(P05 + Re0)/Me0s]
< 2,05 WSET. BY R ool] qlojA, A e R =AAClE fel= 1 mol% PIRte] K05 H
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A Ao E F8i= 1 mol% #9he] B0 U £
2bshE2 Li0, Na0, K.0,Rb0, Cs,0, MgO, Ca0, SrO,
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410CollA A

rr

9
k
12
N}
S
>
S
8
kS
e
o
&
&
[
ot
=
I

g2k Al (potassium/sodium interdiffusion

coefficient)E zrotl, W 78 oo glojA, A7 TLE/AE YRS A 410CoA ok 2.4 x 10

aifs WA k1.5 x 10 ar/se] Weloltt. =@ T& ool glojA, 47] Gl Ay el EHonvy =

o] Zlo]2 33t &S (compressive layer)S 7HAH, o714 A7) &S5 Holm oF 300 MPa2l ¢H&F &
sholl k. @ 3a oo QolA], A7) fElE Hojw oF 7 kefo] H]A )

S A7) frEls Aol oF 12 kefo] HA2 obe) 7 A dES 2T}

1B

e AHdE oF 40 mol% WA ¢k 70 mol% SiOy; 9F 11 mol% WA 2F 25 mol% Al.Os; ©F 4 mol% WA <k 15

mol% P0s; 2 <F 13 mol% WA °F 25 mol% Na, 02 ¥3stes &7 dFrwedgdelE s £g3itp, 92

T& ool dojA, A7) d7e] dRueAgAelE FEl= oF 50 mol% WA F 65 mol% Si0:: °F 14 mol% WA

WAl ¢k 10 mol% POy 2 <k 14 mol% WA 2k 20 mol% Na0Z ¥33h}. wd T

AdFH A OlE 8= 1 mol% PINHe] K05 Esheich. ZE Fd ol 2l

AYANE FE= 1 mol% "R B0;S WS xFhett. WE S oo glojA, A
o

=
=
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i. 0.6 < [M03(mol1%)/RO(mol%)] < 1.4; T+
ii. 1.3 < [(P0s5 + RO)/M05] < 2.30]aL;

o714 M0; = Al0; + B0s01™, ROE 7] €78 dFneHdgAolE feld EASE 17F 9 27} ol 4t

o] golal, RO 7] e SFneAdeclE feol EAss 27F ol AtskEe] dhelw; B A
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W0;] < 2,38 wHESTE. "2Y FE dol oA, A7l FEle 1.5 < [(P05 + RO)/M0;] <

2.0& WEATH WP A ool olAl, 37 Do) BFEAAE FLE 1 nolh RS KO I
o B9 PR ool glojA, 3] G GReleAYAoE felt 1 nols vl BOE EB. 03 P
@ ool glold, 7] HEFE AoE oF 300 Wasl F S sel Ak, PR T olo] gold, 4] ol &
WP FEE Ao of 7 kgfe] WAL G FD A HES vk, @R 7@ do] gdolA, B ol w
B e Holw oF 12 kafol HA~ 49} ¥ A AT 2ET

E o e Hojw Aole felg masta, 1714 [0,
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A

(mol%)/RXO(mol%)] < 1.40151, 047]/H MgOg = Aleg + BzOgO]U:], RXO“\_:"
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EAsHE 17 2 27 ol A& Folup. HY
2y 2 deo 9lofA], [M0; (mol%)/ROmol%)] < 1ojth. ZHE T def glojA], 7] 17} Z 27} <ol At
sHES Li0, NasO, K0, RbsO, Cs,0, NgO, Ca0, SrO, Ba0, & Zn0%

aed

P 1 oo glojA], A7 ddE dEn=AgdAolE e oF 40 mol% WA <k 70 mol% SiOx; <F 11 mol%
] 9F 25 mol% Al0s; 2F 4 mol% WA 2F 15 mol% Py0s;; 2 <F 13 mol% WA 2F 25 mol% Na, 05 *g3tch. t}
2 FE o glojA, v dze] dRuAgAcE Fel= o 50 mol% WA 9k 65 mol% Si0x 9F 14 mol%
WAl 2k 20 mol% Al:O3; <F 4 mol% WA ¢F 10 mol% P:0s; 2 <F 14 mol% WA <F 20 mol% Na05 Fg3+c},

N

r

2e 7@ ool QolAl, 7] 2HES 1 nold W] KOB WS EFAT. P A oo goid, 4] =
AES OF 0 mol%el KOE % TPtk 03 7@ oo flolA, 47 ZAES 1 nols #T BOE U
zgrach. 1Y 7Aool old, A7 ZHES ok 0 molsel BOE UE Tt

T el ol maE & Ack. WY FA ool flolH, A7) frelis Holw o 10 me] S| HolR o) & @
gEvy #u E elo] Qol, A7 FEE Aolw of 20 mel Fof Holw o wAHT. tE FA oo
1A, 7] Frelis MOl oF 40 me) Fe) o)z o Tt R T ool oA, 4v] 2zel %
oA E fel 7] frelel EaoRRE Fol dolw FYsE FHFL AN, AV4 A 4F
F& Holm of 300 Wad] %% S Stol Ak, e TE ool YoM, ) dw BE=ALACIE
g 47 fele muoeyy 3o oz HYshe FHFS /AW, /1A A7) dHEFE Helw oF 500
WPasl +% §9 st Atk thE FA ool glolA, A7) Wwel dF=AdAelE FuE fele mHow
B Fe) olw Geh FHSS A, 71 AV HEFe Holm o 750 Waol §HE ¥ ol Ut
Su T ool glolA, A7) ole wakd el deuldeAolE feli Holw of 7 kefe] A2 )
#G AN SEe 2t E e 7R de QoM 7] ole man duY LReednAelE fals A
o F 15 kafl WIAZ S} FA A SEL 2Tk, BE T Ao Qoid, 7] ole maE B ¢
FrleAeAolE frelis Holw oF 20 kefol WAL % FE AN SES etk 2 TR oo QloiA,
7] de] FEvedeslolE )

T OE HHE Aolx oF 4 mol%e] PO et e dRv=AAclE & Awsks d dd. A

7l &ZE dFv=AYAE fEE Aolk oF 10 me T HolRE ol wFHI, oV|A 0.6 <
[Ms03(mo1%) /R0(mo1%) ] < 1.4, 714 M0; = Aly0; + B03013L, RO 7] &2 dFn A oE /3

of EAE s 17 9 27F Yol qslEe] Folry. EE Fd oo oA, 0.6 < [M0; (mol%)/RO(mol%)] < 1
oltf, H@ 1F oo 9o, 0.8 < [M0; (mol%)/RO(mol%)] < 1ojt}. H@A & oo glojA, A7) 17} 2
27} ko]l e ASEL Li0, NaO, K0, Rb.0, Cs,0, MgO, Ca0, SrO, BaO, @ Zn0= o]Fojx TOo=FE XMHg

29 3 dof glojA, 7] el dFEn A ACE 2l oF 40 mol% WA 2F 70 mol% SiO,; 2F 11 mol%
WA 9k 25 mol% AlOs; 9F 4 mol% WA ¢k 15 mol% Ps0s; 2 2F 13 mol% WA F 25 mol% Na05 *3H3ich, t}
2 FE ddl oA, A7) el dRunAdgAcE Fel= oF 50 mol% WA F 65 mol% Si0x: °F 14 mol%
WA 2k 20 mol% Al,Os; 2F 4 mol% WA <F 10 mol% P05 2 2F 14 mol% WA 2F 20 mol% Na,05 *3H3lt},

471

WE
NE
-
r_gg
2
o
30,
2
>
o
N
N
oX
i
o
12
—
=]

(e}

=
=
=2
o
&
(@)
e
nj
Ho
ke
%
)
v
ME
WE
-
(".8&'4
2
2
30,
2
>

71 B 7 e ol wdE g vk, 2Y A& dlell lojA, 7] el Holk= oF 10 me] T
Zol® ol mekEny. HHE d oo glojA, 7] el Aok o 20 me] T o= o] et



10-2306087

s=sq

=
=

ok 300 MPa<] ¢t

= o
a

& Aol

No

=
=

714 2371 st

"

0|
No

<0

)

ok
H

o]% ok 500 MPaY]

750 MPa9] <F

)3
oF

= o
a

o
M
N
)

[N

°F 20 kgfe] B

ey
a

fEle Aol

ar/s®] XENME/AF

-10

= 924 x 10
A

410°C A Ao

el

E

-10

410ClA oF 2.4 x 10

o~
T

-E

eri/s WA ¢k 1.5 x 10" cr/s2] HYolt},

)

4 mol%®] P,0sE E 3}

Aol of

o))

L
T

0.6 < [My03(mo1%)/R0(mol%)] < 1.4;

i.

[0022]

1.3 < [(P05 + RO)/M05] < 2.30]3L;

ii.

[0023]

<

ol

A

17h 2 27} el

s

[0024]

°f 24 A3k

T ool 3lofA,

=
=

0.6 < [My03(mol%)/RO(mol%)] < 1.4

2=

0.6 < [M05(mol%)/RO(mol%)] < 1&

[e]
R

&7

1.3 < [(P0s +

7=

1.5 < [(P05 + R0)/M:05]

[e]
Ri

371

L
L

7]
R:0)/M0s] < 2.3

[e]
R

—Z
s

2.0&

<

frelis

371

1 mol% ™%+ K,0

Y=

E &
1 mol% U] ‘ﬂ'g] BQO';

ol

p
L

S A Aol 5

el o
300 MPa

&7

oA,

o

7= el
oA,

=
]

o}
H

(o)

9

)3
2

= o
a

7 kgfe] WA

E
oF

— O
a

o]
o]

B
oz

frele

12 kgf o] H|#A

= Aok ¢

™
oF

o ol

=
o

ol% 70 mo]

]
&

[0025]

of o]

2 74

sk, o

atoll

=
=]

<o
9

=
]

300 MPas] <t

ok
2

o L R P B e

==
ECH

)3
H

)

& Hoj= o 500 MPa®] %

or=x==
H 1o

H, o714 7]

,50

750 MPa<]

o of

=
7olE fg

o]

7@ el hotA, 7] ol

=
—

9. o

7 kgfe] WA

#oji of

p
.

20 kgfeo] M|

gt Holw of
79

oF

E 410CA Hojx <F 2.4

E

/s WA Sk 1.5 x 10 ai/se] o]t}

410CelA eF 2.4 x 10

pu
o

Ligo, NaZO, Kzo, szo, CSZO,

el

E

[0026]



70 mol%
25 mol%

10-2306087

ok
-
ok

o}
°F 14 mol% W

=]
=

13 mol% WA
A AE FEli= <F 50 mol%

°F 40 mol% WA
o}

ok

=
=
=i
=

o

2]

15 mol% PzOs;
=

)

-

=

=

E

T el delA, 7]

ok
-
e ez ]
NN

1 mol% w]wFe] K0

o

.

°F 0 mol%2] K,0

=

o

.

1 mol% U]UJQ B203

0 mol%2] B,0;2 ©e X

25 mol% AlyQs; ©F 4 mol% WA

7] el AMgE 24 E

=X h

ok

=

[e]

oflell glof A,

k=
il

3

7 7

Si0y; °F 11 mol% WA]
WA 2k 65 mol% Si0y; 2F 14 mol% WA 2F 20 mol% Al.Qs3; 2F 4 mol% WA 2F 10 mol% P0s;

Mg0, Ca0, SrO, BaO, ¥ ZnOZ o]
Al 2F 20 mol% Na,0E *

AEEES L

o~

o]
ok
-

[0027]
[0028]

G R By oW 90 B m S WA ol o o oo o WA
- - T ME TR .o Ty TR o R L TEE
- T gor~ ®wNIXT @ TE T o g oo L
= oo oo E ?H,yﬁﬂBﬂﬂmf ,W%aﬂ W o H
To = O . — =
™ A PORDT med <y P T XX g
- w M E Mwg4E s TR OCRTe wmgp¥ie
el - o m T B T N L
o = @ = M TSP ENTRY w0 T fHME T
o e d FIoBEBakeV T Mg g 4T
2o = TrepR PNl Sedo g9 B
v 2 PIET TRopuwEL 2 wi®D gdat
K - o 2 f J g
) - - e A I oW i
W 5 m N X K =T P NI B Lﬂm
- uE MoV T S Lo ® A o o A
KA m m‘*thﬂV o < T ﬂ\mﬂ_‘rﬂl ﬂ_mvlyé.oq ﬂmﬂoﬂmuaL
E , = R - T
> S24F Ssdzestic Hrwl piEEe
- = T py o R ECIREC = M 2 W X
B — — ol e N | o M ol X oF -~ Wome
g * 5 ™o N B S TET g U_KMMWE
- ~ ! fatig 1»A_| =) s} ‘WL o ﬂ.! -0 &o ﬂof Ins
W o AU wo W e s T
o 5 O N IS B A TR C o T
s Moo o - [ O N TR M N
. ) = < Wy o o X ﬂﬂvl ™ of 1 7 T T B o< =)
S 3 TR w B g om0 IR
ol oo K % B R ol 7o) F No & en I do o X°
. = LN o T MLy TENn ®wEY g
) &~ T W AR o = Loy To o o oor ° . T
T ‘muﬁ = G cm]manvder%drmu_u Mo o ﬂmuo_lmuﬂ
%o Dy TRR ==y ow e < M : R T W T
T - X ok ~ O~ nxj. T~ Ny T No Ay gt
o w @ _M/M7ﬂﬂ ﬂuorE,_/AAElo#ao»mﬂmM o oL N r TR i
oF < d , Bg R LW B o W w T T
= o sPEwx AV _Lwdlwgn ¥ 4 rEd
% ok TS woAR mﬂ%wlegm R 5 %o meE%r ©
X0 JHI] J,o#oux,ﬂ ) ,iﬂ]m? T X JlmﬂJuEaﬂ
ur ¥ o= o RE = oo « B = o T R A q0 o E S U
= BOR To RK ] L= ST = = 5 m S o
5K oo X g ®¥ g - PN om PN T
F ) e = IS S A N e R
@ = S0 B y=® [ FRENE TR T g FH R gy
~ g =5 o) TR — An.,\ml m < m_K]ﬂ_A|,1_ \m‘J|‘O|L ) ~ T
R R T A - e
; w T ° o N P L O TR I T
Mﬂ }ﬁﬂ&o ~ .ﬁwnv_lo%ﬂ__/ ﬂL‘NBMq‘MAﬂﬂl 1%0‘A| /w\aEOM‘Ao wir ‘MEE_.
R ey ST e XK= oW NS = =Ko w2
LS = N o X XO ~ o s T wjr T o = .o
oy W P REGoNE oy LR gwd o M pd ok
~ o o o~ XH - fomt o A N TR = o o B of % T T o) m
= Me Sy YToemuage TILS  xoeTw RS W o
BK T ' o w =LA ¥y _w dwme Ny TET %
: o TGN B S W oam_ 9 Te=_ w2 5T
o B e Bhpw™ o vEEeE TE N B WETH P
T M W4+ WFHER BTMMAISKTERYN ey TRHN
& = = N o) =
(o] o o o o [ag)
=) (=] (=] S (=] =]
=) =) S, S, =) =)

o] Aoz 7|

e AoRA, oY

°

HAES FAHE A

A% grel ofw



10-2306087

s==3

o
y L;Jl ) Ao TR T o N S W
- IEY RSfy TERT O H4¥F O OETL OB AduHTET AMIP
o] & ) o 5 o ' do N ! - = 23 3 =
R R T T S TG T X = W o — T g CEEI
o 3 T o EZowl == Tp® PI baslgaE Ik,
mo B ) @ No o m R RN m 2 B e ] = %o oy~ S (o =
ﬂ,wm H A,W Ea%a, %%W&, 7HEH wo&wﬂ %aﬁﬁ mﬁ@ c,%%hﬁj mﬂwmﬂ
2 - : TR N T o = b ¥ 7o ) < B ~ o S S g
E%oﬂau..% 3 H%ﬁ o X Hooﬂur@_ Jﬂ%w ﬁﬁmo@n &= %Ezpﬂ%ﬁ ST E®
up Al s 2 Mo Ny T oy e o W T Blodo N B o %y I s % C e
KRBy 2L pPE ZHTE A o T SRR [ SE @
= = wr T o M = m s T Y X el < S pa
I N R Ty W RGN I N m® T o ERL %ﬂﬁﬂ#% 2N T
R o8 H ST ey X O o— WENT B oy N _ N SR
R Yodde X LR clbws dEgZ ch® mE SwlIRETh 2 5T g
vl = ) - o o B hS O‘A‘Iﬂ‘l‘urro O_ IKE
G+ - x X = = TE oy w2 g I T oX w2 su _ o ® om0
®oE = p X2 g = T o oo 5 < o ™o N ) S By
B EEan Lo 21% FTREFT priof Ewe® o3 ¥R doThEd 2w
= K L =% ) ° 9 30 wr B ) g o < o ) S - 2
o AN g R nh o o = T g X [EI— N i B3 omo . o T < o)
o - p— m OE o0 W o _Ot - X aﬁ‘woﬂa = o 0 —_ ‘Liw_r_..ﬂ H.ii n_mo - Z\m‘.mlll «,Plv &
—= = AT ; oo T - AR 0 | aAﬂﬂu ~ F BT = s o o ~ T = 5
Boo T ® i_& TR LT BFREgs % | & MW F e Ho ioﬁﬂﬂicﬁ_ Sk = 5
f 0o —_ o N f N _ o - ml ! =T
R = 3 PR L TS T - ofl B R T ox o o= wod oW = TS
poowm o= KT ® oy M WEImpw ®or O R S SR gk E
TR g A o = o ,_Lt W — o wr o o, S AR iy AN g = £
o o= o B oo or = il ~o B oy Eo X ) T = oy o do o= o _ g .©
it " 5 B o T ﬂ;A]Eﬁ = Cle - M Fogoomr W W oG T o#aﬂoaﬂﬁ%ﬂ mlmm
T oWy, - Sy BT LT Wd T SoE M ey, 2 n B UET RN
BN e T A L oo ® Thdr T I r er mliToaT =0y -
- = N Q N = R ! — . — = i . <0 —_— 0]‘_
%@omxﬂﬁ 5w mmgm;a EoTaT dEHe s o P Tl HeE I mw @@zw
ot ™ o= - T ~ K o 3 ] '

I mfi,&n E%, < .L:__@, WMT%MOW a«@ﬁur %Wmﬂwr ﬂﬂmﬂﬂn ux%ﬂ muﬂL%%@_% %%wﬁo
= T — _ f —_— T _ Z i
BTk ¥y Tzl TE TP fivd pFe 2R BTe LLREI L =¥
CR PEOEEIm Tapfa, §FR 0 el $TL TES Hruyim TFSL
N e EIT =y A S~ X KD o X = —_ W =
w oy LR HC BT wmgn%w mmﬁar% o LB RS cxod»® s BEEO
Iy X — = o KO = I, o = £3 b N T -

o NG QMﬁ #ao#aﬂ;ﬂﬂﬂﬁb M Eo%_,obﬁo _@%ioi_ W do of <7 8 o m %%3% maﬂwacl
WMo, o h ﬁodﬂ.oﬂﬂﬂﬁ@ - Em o Mooy 2 o~ o= B ol - T —h S R LtLHA_ﬁ B Oh T
< LA R A R S N SEE wPe TR 4nFETa, @5RE
T o - e < ol L R S A T 3 PWeEaxe®HE (Fa
2o dE W N RPRAL Gy ow _ow o m o= NN I 2 & O N
NI DI B ¥ oo ne PR g o .T s g P T F _ %
o ~o iy AR = w o = = ol Jo = e 7 o — T o B = = 5
<0 o RO g o — w e o N oo AR - S X 55 T Mm B - o X
~oEor =X oW do H mﬂﬂwﬂammuw Mmﬂfﬂ wt TS wﬁ@r 5o wg - Hr & mkaudrdr. ol i %0
mm o R %mﬂwﬁfr@"ﬂ Laimﬂ" o oy @rﬁrﬂ% A WON mmﬂ%wﬂam%gmé.ﬂ
%wa},ﬁ. T T T = 0o . TR TR R g T Amm}p.ﬁ%mo% o 3
w2 e TWE TR L G VI L = X RS Mo R T Mo = W
do < x L - L RoniEr My LT T AT e Tk M TR

= T . T oA BT oz T W oo TR B R om0 T AR T M o= £
_zx " zEHI Az ee mEAEC & Ry o000 oo o c28 = a4l TFkH
L IVEsE Ty T4 To oo F ST T The sas PR gNe P lag
P ELETe wg B oYY o ol i e M A A Q. S NN O (S O DRSS
TRt ok PEHBT LERT P T
— - = T
= ) ) g 3 g g =S
= =) 5N & & = 2 =3 S =2
g : g g S 3 S . =

o



[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

SS=54l 10-2306087

S U zki= (5, 15 kilograms force (kgf)E& s, €2 & oo doiA, 20 kgf & ZHs}+=
A 7 GARE 2E), sstdor sty Iy dFu|eAYAE fEl= F4FoE [(Al0:(mol%) +
B0s(mol%)) /(= 7N&A] AbstE (mol%))] > 1& WEste 2AAES 7HAH, o714 7] AAA s 42
g 2 Ay E eSS xdsitt. olye fEl= ¥ WA "Crack and Scratch Resistant Glass and
Enclosures Made Therefrom"© &, Kristen L. Barefoot et al.o] 23], 2010, 89 18¥o] &UH H|FEF
A12/858,490%. 9 oln] 7]&% A},

rr

l

kel WEAAd Y] PO &7 dFreARACE fEle @ WA "lon Exchangeable Glass with
Deep Compressive Layer and High Modulus"® Dana Craig Bookbinder et al.ol] 93&f, 2010d 11¥ 304 =¥
o 7 ESEY A61/417,941%5¢) on] 7|EHAY. B WAAC 1A fEl= 22 AP0, 2 BPOE

@A) fal AlOs B B0s® wiAE (batch) QIS FHiretar, a7 £A4E HHS weth:

=

0.75 < [(P0s(mol%) + RO(mol%)) / MyOs(mol%)] < 1.39]1L
o] 714 Mx0s = Al,0; + ByOsolth.

2 BAA e ZIAE FE8 de PO €2 dFH=AAClE f7 2, o] e 93 sistyom 7
slel A9, AHo]w= °oF 7 kef, 8, kgf, 9, kgf, 10, kgf, 11 kgf, 12 kgf, 13 kef, 14 kgf, 15 kgf 16 kgf, 17
kgf, 18 kgf, 19 kef, ¥, €2 F& dol oA, o oF 20 kgf2] HAZL #F YAE GASIE, o245
H Azxd AES 2F3E. ol 78 2 F8 AFY &S JoJx= oF 4 mol% P02 7t o3l
"ok, "2 FE oo ojA], 7] WS HoJx oF 5 mol% P0s2 HItel 93 ddETt. 2 FE o
of oA, 7] PO =% ¢F 4 mol% WA 2F 10 mol%e] B9l 2, o2 F& oo JdoAA, < 4 mols WA
oF 15 mol%2] ®9leltt.

2 AN 71" T8 e dWFeR wa 7F 58 &Y Al61/417,941%0 7 AlE 24

space)?] 8] 2 fE AFA FIrh., FrpFHeR ) E A ZIAE fFEE HEE4eRE AMEA
(tetrahedral phosphorus) 7% @93 3lite] o]F-A3 AAE FFste T2 AHAA w9 A4t (PO4 DI,
T

2 FE oo ojA, M0; Wl ZR09 M= o] AE §§ 2%, Ax, E/EE I 2EE 4 FEE

AFeet, "wE 7H o= 8 (M035(mol%)/=RO(mol%)) < 1.408 7]1A" 4 dar, 7]

>~

M0 = Al,0s + ByOs

7| ZROE 7] &7E EFu=AYACE frEd EAg= 17F B 27F Fol AbstEo jfolvh. 4
2 FE dell glolA, & BAAC ZiAE 7] el Rl AlES 4 mol%RIe] POsS EdFekal, o714 4
7] 8] (M05(mo1%)/ ZRO(mol%)) = 1.4 mwke]ar, of 7|4 M0; = AlO; + B.Os0l™, o7]4 ZRO0S A7 &z
dFu A AolE fEld EAE 17 9 27F ol AbstEe] Folvh. HH FFH oo lofA],
(M05(mo1%)/ =R0(mol%))e] Hl= 1.0 mwkelty.  HPA F o] JojA, (M03(mol%)/ZR0(mol%)) ] 1=

1.4, 1.35, 1.3, 1.25, 1.2, 1.15, 1.1, 1.05, 1.0, 0.95, 0.9, 0.85, 0.8, 0.75, W= 0.7 w¥ker}, 2
T&d  del JdoiM, 0.6 < (M03(mol%)/R0(mol%)) < 1.40]t}, g8l g de] QoA 0.6 <
(M05(mo1%) /R0(mo1%)) < 1.20]t}. G & dol] dofA], 0.6 < (M:0s(mol%)/R0(mol%)) < 1ojt}. HH
d ool 2o, 0.8 < (M0s(mol%)/RO(mol%)) < 1.4°]t}. 2yl g del delA, 0.8 <
(Mx03(mo1%) /RO(mo1%)) < 1.20]tk. B & ofo] do]A, 0.8 < (M05(mol%)/RO(mol%)) < 1.00]tF.  HH
T8 ool dolA, Y < (M0s(mol%)/RO(mol%)) < Zolar, o17]A Y& °F 0.6, 0.65, 0.7, 0.75, 0.8, 0.85,

_10_



[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

sS543d 10-2306087
0.9, 0.95, 1.0, 1.05, =& 1.10]3, X& =¢gxo=g ¢ 1.4, 1.35, 1.3, 1.25, 1.2, 1.15, 1.1, 1.05, 1.0,
0.95, 0.9, 0.85, 0.8°]™, ©J7]A X > YoIt}. 131?& F 927k Abske e e w4 AbskE (Li0, Na,
K0, RbO, Cs0), &Ze = A3tE (Mg, Ca0, Sr0, Ba0), 2 Zn0%t 22, e} oo AE A k= o
T4 AteES TEA G, ol AleHA =
g9y 3 oo oA, & BAA Y 7AlE e F524 (inequality) [(Al0s(mol%) + B:03(mol%))/(= 70
A AsHE (mol%))] < 1.08 w3},
2 FE oo dolA, A7l FEle el TR gl s&ske SR POE 7HE A, 9714 POE
7] gzl 4], e FUMAoR ) WPO,E EAgTE. R FF oo QlojA], ol#dk 2= [(P0s (mol%) +
RO (mol%))/Me05 (mol%)] > 1.24¢] nle] sl ]2 4 dar, 7|4 M0s = Al:0s + BOs, POsi= 4 mol% o]
olar, o7]A ROE 7] &Ze dFvi=AeAelE fEjo sk 27F ol AbstE e ffoltk. HH 43
ool ojA, B mAMe A" fEls 4 mole 2o POE EFEa, o71A [(POs(mol%) + RO
(mo1%))/M:05 (mol%)12] W= 1.24 Z3po]w] | o714 My0; = AlOs + Bi0s01aL, ©]7]4 ROE &zbe] &7y
AlE  frelel FEAlgte 27F Fol AbstEe] Feoltk. HY FE ool oA, [(P0s5(mol%) + RO
(mol%))/M05 (mol%) 1ol W= 1.3 Z3oltt. ZR F& oo lojx], A7) Hl= 1.24 < [(P0s;(mol%) + R0
(mol%))/M05 (mol%)] < 2.80]ck. B8l & ool glojA], B gAlMol 71Ad &7 Fe 92 2 AFS 4
mol% %39 PO, X33t ab7] Hl= gt

< [(P0s(mol%) + R0 (mol%))/M:05 (mol%)] < V,

o714 S EgR o= oF 1.5 1.45, 1.4, 1.35, 1.3, 1.25, 1.24, 1.2, =¥ 1.150]1 = =2
2.0, 2.05, 2.1, 2.15, 2.2, 2.25, 2.3, 2.35, 2.4, 2.45, 2.5, 2.55, 2.6, 2.65, 2.7, 2.75, ¥ 2.80|t}.
2 A Z1AE 3] dzE] EFueAdgACE fE 2 AES U 38 4R

10, frEle] MEYA 725 s 7e 7I5e2, FEo Ao 2gdr. 2
A7) el 28 oF 40 WA oF 70 mol% Si0E 2T 4 vk BB E oo gl A7) #e 2=
= 9F 50 WA oF 70 mol% Si0E EFT 4 k. HY 7 el SlelA, F7] FEl 2EEL2 oF 55 WA oF
65 mol% Si0,5 & 4 gltk.  HY & ool oA, A7) Fel 22 oF 40 WA oF 70 mol%, °F 40
WAl 2F 65 mol%, <F 40 WA <F 60 mol%, <F 40 WA 2F 55 mol%, <F 40 WA 50 mol%, <F 40 WA 45 mol%,
50 WA <F 70 mol%, °F 50 WA <F 65 mol%, <F 50 A <F 60 mol%, <k 50 WA <k 55 mol%, °F 55 WX
°F 70 mol%, °F 60 WA <F 70 mol%, °F 65 WA <k 70 mol%k, ¥ 55 WA <k 65 mol%h, == oF 55 WX oF
60 mol% Si0.E X8 = k. HE F& oo oA, 7] FE ZAAES oF 40, 41, 42, 43, 44, 45, 46,

47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, T+ 70
mol% Si0, = ¥383ic}.

o or
L

ALOE, B2 oHE FolA, a) 7P F& 7 A =9 fAsta, b) BF AFE EFEY, T o) W
A4S FFAIE RS ATD F Jdrk. 2E T oo oM, A7) FE 2AEL F 11 WA oF 25 mol%b
ALOE 238t 4 ol 299 FE oo QlojA], A7) fE 2AAES F 14 WA 9F 20 mol% Al0;E ¥Fe
9. 2@E 3 Ao glojA, A F ZAES ok 11 WA oF 25 mol%, < 11 WA °F 20 mol%, °F
11 WA 2F 18 mol%, <F 11 WA <F 15 mol%, <F 12 WA <F 25 mol%, <F 12 WA F 20 mol%, °F 12 x| <F
18 mol%, °F 12 W= 2F 15 mol%, <F 14 WA 2F 25 mol%, <F 14 WA °F 20 mol%, °F 14 WA 2k 18 mol%, °F
14 W] °F 15 mol%, <F 18 WX <F 25 mol%, <F 18 WA 9F 20 mol%, = oF 20 UlX] °F 25 mol% A0S X

ZAES oF 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21

shsk 4= ok, E2E FE oo oA, AT F
22, 23, 24, = 25 mol% Al,0sE X3E & gl
T& ool A B0, EAE WEAAEES AL & AT, T3 4F 7 ke diE /fIaE & o

B A ZAE el Ao R B0;E FrobAl v Ex glak. B3 7 ool 3l oF 0.1,

i



[0060]

[0061]

[0062]

S=54d 10-2306087

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3, =& 4 mol%] B0y &4 & k. ©E & oo 9
ofA, 4, 3, 2, B 1 mol% MW BOs= EAIE & Avk. 2R FE o] SloA, o4 B EAF +
Aok, 2E AHE oo o)A, A7) FEl 2AES oF 0 mol%e B0:E EFT & k. HE E oo glo
A, B0:S e 0.5 mol% ©ldk, 0.25 mol% ©l&F, 0.1 mol% ©]3F, <k 0.05 mol% ©]&F, 0.001 mol% ©]3},

0.0005 mol% ]38}, H+= 0.0001 mol% olsteltt. HH F& oo m=2w, 7] {8 ZAAES oJrdoe=z #H7}
H B.0s7F gltt.

2

P0;2A fElel 14k #H7be &3S iAdska, ol wEkE wWeElskA feve S Hsglt. 2Y
T4 4 oA, A7) FrEldl sl Adike] Hrre, AEFF (FElelA Si0) 7, AL
o]Fox] =, AMAA Y dFulE L ik H/HEE= B4 AAE (BPO) SR o]FojR | &dFulE Ak (AIPO
pol g8 dAEE 25 AT, B gAAe VA" fEle ditEoR 4 mol% 23 P.OE e
g9 7 dof lojA, A7) FEle F 4 WA 9F 15 mol% P05 X = k. HE FE ool QojA, A
71 el 9F 4 WA ¢F 12 mol% POsE 28T 4 k. E2H Fd ool oA, AV FEle oF 4 A oF
10 mol% P05 233 4 k. EE F& oo oA, 7] FEle F 6 WA < 10 mol% PLOE 233 4
ATk, HE FF o oA, A7 fFE 2AAES oF 4 UF] oF 15 mol%, oF 6 WA F 15 mol%, ¢F 8 WA
°F 15 mol%, <2F 10 WA <F 15 mol%, °F 12 WA 2F 15 mol%, °F 4 WA <2F 12 mol%, 2F 4 WA °F 10 mol%,
°F 4 WA °F 8 mol%, °F 4 WA °F 6 mol%, 2F 6 WA 2F 12 mol%, 2F 6 WA] 2F 10 mol%, 2k 6 WA 2F 8
mol%, °F 8 WA ¢F 12 mol%, <F 8 WA <F 10 mol%, <F 10 WA <F 12 mol% P,0sE ¥38Fst 4~ v}, HE

F_EL
-
fo
ofr
B
He,
rO
2
(o
il

A oo oA, 7] FB 2= %4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, E=+= 15 mol% P05 233

A<
T A

Na, 0 TdE feldA ol nesly] 98] AFE 4= k. 2E & oo JojAd, 7] e o 13 WA
ok 25 mol% Na0& Z&dE 4 drt. o T8 oo oA, A7 Fa= oF 13 A <k 20 mol% Na,0S 3
s Q. 2Y 1 dodl oA, ] fE 2AAES 9F 13 WA eF 25 mol%, °F 13 WA ¢F 20 mol%, °F
13 A °F 18 mol%, <F 13 WA 2F 15 mol%, <F 15 WX ¢k 25 mol%, <F 15 WA °F 20 mol%, °F 15 u#] <F
18 mol%, <F 18 WA <F 25 mol%, °F 18 WA <F 20 mol%, X °F 20 1A <&F 25 mol%S X33 4 r}.
g 1 oo 9olAl, A SEl= ok 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, X 25 mol% Na,0

-

A

ot

ROv= dwtd oz dzty] dFn A FolE felo] EAl5te 17F 9 27F Fol AtstES HARGT. 7] A
TH RO 7] frEe o] uEE dd AHES AFTE F Ak, olEe F 9 27) AbstEe 4

& (Li0, NaO, K0, Rb.0, Cs:0), &7 = AbgHE (Mg0, Ca0, Sr0, Ba0), ¥ Zn0¥} 72, 12} o]
AT A =, Ho] T e S TEE AT, olof AlFH A etk 2R d oo oM, AV ZAE
°] RO Y2 (M03(mol%)/ZRO0(mol%)) < 1.402 7l HH F& ool JojA], 7] 24=9 R0 &
2 (M05(mo1%)/ ZRO0(mol%)) < 1.022 7IA®E. DE Fd oo QojA, 7] 2AdENA RO0Y 42 0.
(M05(mo1%)/ =R0(mol%)) < 1.422 7|AH HE A ool oA, A7l 2AENA ROY Fe 0
(M05(mo1%)/ ZRO0(mo1%)) < 1.0L.2 714 HE T ool QlolA, ATl fEl 2AES o 7 WA °F 30

mol%e] AlO;E ¥ & k. B3 & ool oA, 7] F8 2= oF 14 WA °F 25 mol%e] AlOsE

>,

o}
o}

P

EFe Aok, 2R FE dddl QoA Al e 2= oF 7 WA 9F 30 mol%, °F 7 WA °F 25 mol%,
oF 7 WA SF 22 mol%, °F 7 WA 2F 20 mol%, &F 7 WA <F 18 mol%, °F 7 WAl 2F 15 mol%, <F 7 WA <F 10
mol%, °F 10 WA <F 30 mol%, °F 10 WA <F 25 mol%, °F 10 WA <F 22 mol%, °F 10 WA <F 18 mol%, F 10
WA oF 15 mol%, F 15 WA °F 30 mol%, °F 15 WA <F 25 mol%, °F 15 WA °F 22 mol%, °F 15 WA oF 18
mol%, °F 18 WA <F 30 mol%, °F 18 WA <F 25 mol%, °F 18 WA °F 22 mol%, °F 18 WA <F 20 mol%, <F 20
WAl oF 30 mol%, <F ¥

20 WA ¢k 25 mol%, °F 20 WA °F 22 mol%, °F 22 WA °F 30 mol%, <F 22 WA °F 25
mol%, T oF 25 WX oF 30 mol%E ¥ 4 Aok, HE FH dof oA, 7] 8 2H4ES o 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25, 26, 27, 28, 29, "X 30 mol% ROS ¥3}

19
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[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

MOs A7) ZAEAA AL, R BOS F& AW, PW A ool QojAl, AV 2 BABE o 11 ]
Al °F 30 mol% M0, 23S 4 Ak, 2R FE ol dofA, 7] 8 2A4ES F 14 WA 9F 20 mol%
W0, E3S & vk, 2E 4 oo oA, A7) e 2= oF 11 WA ¢F 30 mol%, °F 11 W] oF
25 mol%, <F 11 WA <F 20 mol%, <F 11 WA <F 18 mol%, <F 11 WA <F 15 mol%, <F 12 WA <F 30 mol%, <F
12 WA °F 25 mol%, °F 12 WA 2F 20 mol%, <F 12 WA] <F 18 mol%, °F 12 WA °F 15 mol%, °F 14 WA <F
30 mol%, °F 14 WA <F 25 mol%, °F 14 WA 2F 20 mol%, °F 14 WA °F 18 mol%, °F 14 WA <F 15 mol%, <F
18 W] ok 25 mol%, °F 18 WX ok 20 mol%, T oF 20 WX oF 25 mol% M0: 8 23& 4= g}, 92 3138
el dolA, A7l el 2= oF 1

28, 29, T& 30 mol% M0,5 ¥ 4= Q).

HE 3E oo Qo] K0E o] wES 9] Ag" = AT, 4F SHo die] sEe ¢ Y. "HE
d oo oA, A7 78 2 K07 fld. 7] 78l 2AE2, dF E9, K0 ] 0.5 mol% ©] 3},

0.25 mol% ©]3}, 0.1 mol% ©]3}, <F

3k, ¢F 0.05 mol% ©]3}, 0.001 mol% ©]3F, 0.0005 mol% ©]3}, H= 0.0001 mol%
olstel %, AAH R K07 i

0.
Zolg}, HY FF dof =2, AV F7 ANEs JEFHoR HItE &
& § 9o, g2 Fd 4 9
WA 9F 1 mol% 239 K08 28 4 . ZYE F& oo oA, A7) 8 2=
2 0 WA °F 2 mol%, 0 WA 2F 1.5 mol%, 0 WA 2F 1 mol%, 0 WA 2F 0.9 mol%, O WA 2F 0.8 mol% O W
Al ¢F 0.7 mol%, 0 WA ¢F 0.6 mol%, O WA ¢F 0.5 mol%, 0 WA <F 0.4 mol%, 0 WA 2F 0.3 mol%, 0 WA
°F 0.2 mol%, == 0 WA 9F 0.1 mol%s XS o Job. 2 13 oo JqojA, 7] fF2l= F 0, 0.01,
0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, =+ 1

mol% K05 E3+e = v},

RFAEHQ RS RAHQ o FEe AT A3l Y] ¥l 2B EQE £ vk, AF Bol, ¥4 A
e (B Bol, A7) f2% Adekd A8E §68 A BARYE shay FREY AAZ FA8] 9
W) AAA W/ B SAE o) DA A 99 P oAl e, A fel A9 S
A 8 st olgel BEES T3 4 Avk. 2@ @ ool doA, 47 Kot 3 molk oISkl Tio,,

MI’IO, ZHO, Nb205, MOOg, TaQO5, WOg, ZI'OQ, YQOg, L3203, HfOQ, CdO, SHOQ, F€203, CGOQ, ASQOg, SbgOg, Cl, BI', T
o9 x3Hs e 4 vk, 2R FE ol oA, 47l Frele= 0 WA F 3 mol%, 0 WA SF 2 mol%, 0
WA ok 1 mol%, 0 WA 0.5 mol%, 0 WA 0.1 mol%, 0 WA 0.05 mol%, T+ 0 WA 0.01 mol%<] Ti0,, MnO,
ZHO, Nb205, MOOg, Ta205, WOj, Zr02, Y203, L3203, Hf02, CdO, SHOQ, F€203, CGOQ, ASQO;;, SbgOg, Cl, Br, EE“T:‘ 019]
Z3He S k. 2E 1 o 01/\1 471 frele 0 WA °F 3 mol%, 0 WA °F 2 mol%, 0 WA
°F 1 mol%, 0 WA 2F 0.5 mol%, 0 WA <F 0.1 mol%, 0 WA 2F 0.05 mol%, T== 0 WA 2F 0.01 mol%Y

Ti02, CGOQ 5‘31_ F6203, EE"T:‘ 019] i;ﬂ]-'% i@'?ﬂl— Zl: 9}]\ .

JO %0

& 5o, 471 a7t

o w2

5 vk,

23 R ool oA, 7] frEle AEAOE Shils, As0;, EE ole] x3jte] & F Ao dE £,
= As0p B o) 23S XFE 4 A, AV FEE 0 molhe] Sb0s

o, o= o=m H7lE Sh0s;, As0



[0070]

[0071]

[0072]

[0073]

e g4 5EAS dFeA &3, HUkE 4 v 2YE T 4 2 AEES 98 £dske
71 e Al JdoiAl, 77 old thE AbstEe FAHCRE oF 3 mol%, ¢F 2 mol%, T ¢ 1 mol%E
Z338x] @ o EZAEa, o5 E X3H Tre EAFo=m ok 5 nol%, ¢F 4 mol%, <F 3 mol%, <F 2
mol%, = °F 1 mol% olstelth. HHR s QlojA, ¥ B 4 ded WY Wo= 2AES wAeA &
55 AMEHA e o AEE ¢ Qg Y FE oo mEd, 4] fEle B oulA Ed Addd Z2/%
= 47 F8E Aidsted A" &8, B, 2/EE 344 Arld o FEd E9E o 29ds 239
3]

A E ] 2 AEL oF 40 mol% WA °F 70
WAl 2F 15 mol% Ps0s; 2 °F 11 mol% WA <F 25

2 7 oo dojA, 7] FEl RAES B2 UEAAAS e, 29 FE dd oA, A fE 24
£ 7 kilograms force (kgf) 23] vAA 744 dA#GES Zeth. 29 F4 o dolA, 37 78 =4
F2 12 kgf 239 vAA 7E AAIGE ek, 29 FE def oA, 7] f8 24ES 15 kef 279
HAZ E AAZS zhed. 29 73 dof glojA, A7) { 23] vA2 FE AAF

o p
'—;l—’\___‘

= R aee B o 3 G B IO R B e
19, 20, 21, 22, 23, 24, T 25

TaE el v=ARE o (o714 7] el F7= 0.7 mo
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[0074]

[0075]
[0076]

[0077]

SS=50dl 10-2306087

7 248 9 54
KE: a b ¢ d e f g h i i k 1
Si0, (mol%) 61 59 57 62 60 58 60 60 60 60 60 | 60
B,0; (mol%) 0 0 0 0 0 0 0 0 0 0 0 0
ALO;(mol%) | 155 | 16.5 175 15.5 16.5 17.5 16 16 16 16 16 16
P,0;(mol%) 7 Z 7 6 6 6 5 5 6 6 7 7
Na,O(mol%) | 165 | 17.5 185 16.5 17.5 185 16 16 16 16 16 16
MgO (mol%) 0 0 0 0 0 0 3 0 2 0 1 0
ZnO (mol%) 0 0 0 0 0 0 0 3 0 B 0 1
21 2388 | 2401 | 2412 | 2.393 | 2.406 | 2.416
(g/em?)
=5y 30.41 | 30.43 30.47 | 30.01 30.03 30.08
(cm3/mol)
- ) 615 620 625 633 638 640
o
(01 ‘)é%‘ k3] 675 678 682 693 697 699
°C
A8 963 958 951 973 978 969
°C) _
T200P (°C) 732 708 683 752 720 698
T35000P (°C) 284 274 260 304 289 275
T160000P (°C) | 1195 186 176 215 202 191
T TFEE 775 740 730 770 790 770
(°C)
0.7mm
qdd 2
HE9 A
410°C, 8 hr 665 | FSMS] [ FSM & | FSM & [ FSM 8] | FSM &
¢E5= et TE TE TE IE
|_(MPa) ol ol ol ol ol
410°C, 8 hr 113 |FSM Y [FSM & [FSM & | FSM & [ FSM &
39 29 = = $E TE IE
(um) o] ol o] ol ol
410°C, 1 hr 764 306 366 305 363 922
¢EE=
| (MPa)
410°C, 1 hr 40 38 38 39 37 36
39 2o
(um)
410°C, 4 hr 706 747 304 745 805 | FSM 9]
=89 =
(MPa) ol
410°C, 4 hr 30 82 30 77 77 | FSM 9]
29 2o FE
(microns) ol
410°C, 4 hr >25 >20 >20 >15 >25 >15
HAA 7L
AA &F
of)
470°C.6 min | 736 780 837 778 3836 394
°“§£
= o
| (MPa)
470°C, 6 min 23 23 23 23 23 23
39 20
(um)
(ALOs + 0.94 | 0.94 0.95 0.94 0.94 0.95 084 084 089| 089 004094
B;03)/ R0
(P,05 +R,0) 152 | 148 1.46 1.45 1.42 1.40 15 15 15 15| 154] 15
M;0;
= 578 | 5.65 5.50 5.43 5.16 4.69
EE 9] 410°C
o A K*/Na*
ojg-T¢
e
>~
g ¥
x 10-1%cm?/s)
T e H-AF o (714 A7) 8 FAE 1.0 molthE (o] ugk dHolEd tale], weF Socr}
AgH A &= 85, A" A4S 1.0 m 7 o] 2-ugk §-5 ARRS 3.091) £ 2] 7]AH.
[% 2]

_15_



[0078]

[0079]

o
8 =248 ¢ 54

AN 9 1 3 3 4 5 6 7
mol%E 810, 61.0 59.0 57.0 62.0 60.0 58.0 58.0
mol%E ALO; 155 165 175 155 165 175 174
mol%E P;0s 7.0 7.0 7.0 6.0 6.0 6.0 6.1
mol%E Na,0 16.5 175 18.5 165 175 185 185
mol%E MgO 0.0 0.0 0.0 0.0 0.0 0.0 0.1
mol%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E $n0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E (M;0)R,0 | 094 0.94 0.95 0.94 0.94 0.95 095
mol%E

(R0 +R,0)(M;0) | 152 148 146 145 142 140 141
mol%E.

(P,05+R,0)/(M0,) 1.52 148 146 145 142 140 1.40
W%E Si0, 50.5 485 46.6 51.9 49.9 48.0 48.0
Wi%E ALO; 21.8 23.0 243 220 233 246 244
Wt%E P,0: 13.7 13.6 135 119 118 117 118
Wi%E Na,0 14.1 148 156 142 15.0 158 158
Wi%E MgO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%E 700 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%E $n0; 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 B4 none none none none none none XRF
2 £ (glem’) 2388 2401 2412 2393 2 406 2416 2416
=7y

(cm?/mol) 3041 3043 3047 30.01 30.03 30.08 30.08
4330 615 620 625 633 638 640 640
83 A(C) 675 678 682 693 697 699 699
d33¢0) 963 958 951 973 978 969 969
200PAZM ZE

(°C) 1732 1708 1683 1752 1720 1698 1698
B EEC RS

°C 1284 1274 1260 1304 1289 1275 1275
160kP Z A

2E (°0) 1195 1186 1176 1215 1202 1191 1191
A4 2E(°0) 775 740 730 770 790 770 890
AN AZP) 291E+10 | 8.74E+10 | 440E+11 | 167E+11 | 246E+10 | 2.04E+11 | 7.09E+08
AEE2 3 2E

oC

AEZ 4 EZR

®

S 3T AT

((nm-Mpa-mm-)

_16_

SS=50ol 10-2306087



[0080]

cak

A MY 2E(°0)

675

678

682

693

697

699

795

410°CIr EE58
(MPa)

171

820

881

819

878

938

804

410°C10h %9 Zo
(mm)

40

38

38

39

37

36

43

SS=50dl 10-2306087

410°C1hr H]A A
72 A4 A5 ked

410°C2r 3= 5
(MPa)

410°C2hr 29
29] (mm)

410°C2hr H] A A
22 744 &%
(kef)

410°C3hr =58
(MPa)

410°C3hr 29
2] (mm)

410°C4nr =58
(MPa)

718

760

410°C4hr £ 9
2] (mm)

80

410°C4 hr ] A~
2 WA 3%
(kgf)

>25

410°C8hr F=58
(MPa)

678

410°C8hr %9
29] (mm)

113

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

5.JE-10

6.6E-10

DFSM DOL ~
1.4¥24(Dt)"0.5 at
410°C2hr

DFSMDOL ~
1.4¥2%(Dt)"0.5 at
410°C3hr

DFSM DOL ~
1.4¥2%(Dt)y"0.5 at
410°C4 hr

5.JE-10

6.0E-10

5.7E-10

5.3E-10

5.3E-10

DFSM DOL ~
14¥2X(D1)"0.5 at
410°C8hr

5.7E-10

_17_



[0081]

SS=50ol 10-2306087

A4 9 8 9 10 11 12 13 14
mol%E §i0, 60.0 60.0 60.0 60.0 60.0 60.0 62.0
mol%E ALO; 16.0 16.0 16.0 16.0 16.0 16.0 15.0
mol%E P,0; 5.0 5.0 6.0 6.0 7.0 7.0 50
mol%E Na,0 16.0 16.0 16.0 16.0 16.0 16.0 15.0
mol%E Mg0 3.0 0.0 20 0.0 1.0 0.0 3.0
mol%E Zn0 0.0 3.0 0.0 20 0.0 1.0 0.0
mol%E $n0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E (M,0:)R,0 0.84 0.84 0.89 0.89 0.94 0.94 0.83
mol%E.
(P05 +R,0)(M;0:) | 131 131 138 1.38 1.44 1.44 133
mol%E.
(P,0s+R,0)/(M,0) 1.50 1.50 1.50 1.50 1.50 1.50 1.53
W%E $i0, 51.1 50.2 50.3 498 496 494 53.1
Wi%E AlO; 23.1 27 228 25 25 223 218
Wi%Z P,0; 10.1 99 119 11.8 13.7 136 10.1
Wi%E Na,0 14.0 138 13.8 13.7 13.7 136 133
Wi%E MgO 1.7 0.0 11 0.0 0.6 0.0 1.7
W% E Zn0 0.0 34 0.0 22 0.0 1.1 0.0
Wi%E $n0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
}_*3 ?h.,'/i:i none none fnone none none none none
2T (glem’) 2417 2453 2.406 2428 2393 2404 2423
=579
(cm’/mol) 2921 29.28 29.76 29.83 30.35 30.38 28.95
H33(°0) 643 621 623 619 611 621 680
A8 430 696 681 684 681 675 683 730
A33 () 964 954.3 963.5 9634 965 967.4 989.1
200PAEAAH 2
(°C) 1668 1677 1695 1698 1714 1713 1676
BPRPAZNA 2K
(°Q) 1247 1252 1268 1265 1280 1277 1252
160kP ZTAA
2E(°C) 1162 1166 1181 1178 1193 1190 1167
A4 25(°0) 960 1100
A4 AEDP) 1.85E+07 6.28E+05
EBEEEEEES
o 1240 >1265
traaEE
(P) 39255 <28281
3 ¥ AT
((nm-Mpa*-mm) 3.015 3.132 3.055 3122 2.999
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[0082]

AN 4

10

11

12

13

14

2R MY LE(C

798

754

767

745

778

778

824

0 CI =2
(MPa)

932

963

833

895

817

820

970

410°C1h 9 Zo]
(mm)

32

28

33

32

39

39

33

410°C1hrH] A~
728 A 3Fkeh)

410°C2 =52
(MPa)

901

959

813

874

797

796

959

410°C2hr &9
29| (mm)

44

38

48

46

54

33

44

410°C2hr ] A A
2 A4 3F
(kgf)

>30

>20

>20

>20

>20

>20

>20

410°C3r &=3E
(MPa)

895

949

808

868

787

781

410°C3hr£9
29| (mm)

54

46

57

55

65

65

410°C4hr F=ES3
(MPa)

884

942

792

842

770

772

410°C4hr =9
29| (mm)

63

54

64

63

76

76

410°C4hr 8] A~
22 AA &%
(kgb)

410°C8hr F=SF
(MPa)

410°C8hr £ 9]
29 (mm)

DESM DOL ~
1.4%2%(D)"0.5 at
410°C 1 hr

3.6E-10

2.8E-10

3.9E-10

3.6E-10

54E-10

5.4E-10

3.9E-10

DFSM DOL ~
1.4%2%(D1)"0.5 at
410°C2hr

3.4E-10

2.6E-10

4.1E-10

3.7E-10

5.2E-10

5.0E-10

3.4E-10

DESM DOL ~
1.4%¥24(D)"0.5 at
410°C3 hr

3.4E-10

2.5E-10

3.8E-10

3.6E-10

5.0E-10

5.0E-10

DFSM DOL ~
1.4%2%(D1)"0.5 at
410°C4 hr

3.5E-10

2.6E-10

3.6E-10

3.5E-10

5.1E-10

5.1E-10

DFSM DOL ~
1.4%2%(D1)"0.5 at
410°C8 hr
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[0083]

SS=50dl 10-2306087

AA 4 15 16 17 18 19 20 21
mol%E §$10, 61.0 63.1 61.2 613 60.8 60.9 603
mol%E Al,0; 14.8 13.9 159 15.8 16.0 15.8 15.7
mol%E P,0; 49 5.0 50 49 49 49 55
mol%Z Na,0 153 13.9 15.8 16.0 16.1 15.8 16.0
mol%E MO 38 41 20 2.0 20 25 25
mol%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%Z $n0, 0.0 0.0 0.1 0.1 0.1 0.1 0.1
mol%E Ca0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
mol%E (M,0:)/R,0 0.77 0.77 0.90 0.88 0.88 0.86 0.85
mol%E
(P,05 +R,0)/(M,0,) 1.36 136 130 1.32 131 131 137
mol%=
(P,0: + R.0)/(M,0:) 1.63 1.65 143 145 144 147 1.53
WI%E $i0, 52.5 546 52.0 52.1 517 51.9 51.0
Wi%E ALO: 216 204 23.0 227 23 22.8 225
Wi%E P05 10.0 10.2 10.0 9.8 9.8 98 10.9
Wi%E Na,0 13.6 12.4 13.8 14.0 14.1 13.9 139
Wi%E MO 29 24 11 1.1 1.1 14 14
Wi%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%E S$n0, 0.0 0.0 0.1 02 02 02 0.2
Wi%E. Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Z4 £4 XRF XRF XRF XRF XRF XRF XRF
2T (glem’) 2411 2404 2413 2415 2417 2418 2416
iy

(%m%’mol) 28.98 28.89 2932 29.26 29.28 29.17 29.38
HE4(0) 659 672 631 630 628 630 631
4234 ¢0 709 734 689 687 685 683 685
4320 9803 999 4 9779 9736 969.2 968.2 960.6
200PEZA ZE
(°C) 1695 1711 1704 1699 1698 1691 1687
SPAZIA ZE
(0 1260 1270 1285 1273 1274 1268 1263
160kP A=A
2EZ(°C) 1173 1183 1197 1187 1188 1182 1177
AL LE(0) 970
4 AZ@) 297E+07

EBEECEEESS
°C) >1260
AZZ I IR
@) <52623
=3 ¥ AT
((nm-Mpa'-mm?) 3.095 3.014
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[0084]

SS=50dl 10-2306087

24 49

15

16

17

18

19

20

21

=AM SE(°C)

797

831

787

784

781

775

782

A0 CIrEESS
(MPa)

919

875

918

966

954

410°C1h 29 Z9]
(mm)

36

32

3l

35

35

410°C1hrH] A~
ZE AA 35 keh)

410°C2hr ¢=2 8
(MPa)

917

863

879

906

926

942

912

410°C2hr 59
Z9] (mm)

48

45

47

49

46

48

47

410°C2hr H] A A
22 A4 3%
(kgf)

>20

15-20

>20

15-20

15-20

15-20

15-20

410°C3hr =22
(MPa)

881

855

856

906

924

910

878

410°C3hr %9
Z0] (mm)

56

56

57

59

55

56

55

410°C4hr F=SS
(MPa)

874

854

858

869

898

896

410°C4hr 2 9]
2] (mm)

65

65

66

67

64

65

410°C4hrH| A~
Z2 A4 3%
(kg

410°C8hr F=3 8
(MPa)

410°C8hr 9]
Z9] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

4.6E-10

3.6E-10

4.9E-10

43E-10

43E-10

DFSM DOL ~
1.442%DH)"0.5 at
410°C2hr

4.1E-10

3.6E-10

3.9E-10

4.3E-10

3.7E-10

4.1E-10

3.9E-10

DFSM DOL ~
1.4%2%(D)"0.5 at
410°C3hr

3.7E-10

3.7E-10

3.8E-10

4.1E-10

3.6E-10

3.7E-10

3.6E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4 hr

3.7E-10

3.7E-10

4.0E-10

3.6E-10

3.7E-10

DFSM DOL ~
1.4%2%(D1)"0.5 at
410°C8hr
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[0085]

SS=50dl 10-2306087

AA 9 22 23 24 25 26 27 28

mol%E $i0, 60.3 623 613 60.8 60.5 62.2 62.1

mol%E ALO, 159 14.7 15.7 16.0 15.9 14.6 14.6

mol%E P,0s 55 49 5.0 5.0 51 5.0 5.0

mol%E Na,0 16.2 15.0 16.0 16.1 16.3 15.1 15.2

mol%E MgO 19 2.0 19 2.0 2.0 3.1 0.1

mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 3.0

mol%E $n0O, 0.1 0.1 0.1 0.1 0.1 0.1 0.1

mol%E Ca0 0.0 1.0 0.0 0.0 0.0 0.1 0.0

mol%E (M;0:)/R,0 0.88 0.82 0.87 0.88 0.87 0.80 0.80

mol%E

(P,0; + R,0)/(M,05) 1.36 136 1.34 1.32 135 1.37 138

mol%E

(P,05 +R,0)/(M,0y) 1.48 1.56 1.46 145 147 1.59 1.59

W% E $i0, 50.9 533 52.1 51.6 512 534 524

wt%Z ALO; 22.8 213 22.6 23.0 22.9 g ) 209

Wt%Z P,0s 10.9 10.0 10.0 10.0 10.4 10.1 9.9

wt%E Na,0 14.1 132 14.0 14.1 142 133 132

Wt%E MgO T4 i 1.1 1.1 1.1 18 0.0

Wt%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 34

Wt%Z Sn0O, 02 02 02 02 02 0.2 0.2

wt%Z CaO 0.0 0.8 0.0 0.0 0.0 0.0 0.0

Z4 £4 XRF XRF XRF XRF XRF XRF XRF

2= (g/emd) 2415 2415 2414 2417 2416 2413 2449
E X

(cm?/mol) 2949 29.07 2930 2931 29.40 29.02 29.10

HYA(°Q) 632 644 638 639 636 652 614

a3 A0 688 695 694 696 694 702 671

A33E (0 965.7 980.7 9757 972.1 970.6 9772 950

200P A=A 2

e, 1690 1699 1703 1698 1691 1704 1702

SKPEEOAN 25

(°C) 1267 1267 1278 1275 1269 1263 1253

160kP 2= oA

2E (°0) 1181 1179 1191 1189 1183 1178 1167

RF2E(C0)

EREED)

12-? oI *E

(°C

AEZFI EFE

P

-3 3 AT

((nm-Mpa!-mm1) 3.058 3.045 3.029 3.045 3.041 3.044 3.156
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SS=50ol 10-2306087

AA 9 2 23 24 25 26 27 28
AP 22000 773 795 780 782 769 796 762
HCI =SS
(MPa) 873 901
410°C1h =9 4o
(mm) 33 29
410°C L hr B A~
72 A 8F(keh)
4102 hrF=2 2
(MPa) 900 858 902 906 909 870 862
4110°C2hr 29
2] (mm) 47 A7 47 47 16 47 41
410°C2hr B A~
A8 A 3%
(kaf) >20 15:20 1520 15:20 20 >0 1520
410°C3r =22
(MPa) 896 846 890 906 900 862 880
410°C3r 29
29] (mm) 55 56 56 55 53 53 49
410°Cshr =22
(MPa) 864 870
410°Car 29
20| (mm) 61 54
410°C4hr B A ~
=% 7AA 3%
(kaf) _
40°C8r =22
(MPa)
110°C8hr =9
2] (mm)
DFSMDOL ~
14%2%(Dt"0.5 at
410°C 1 hr 39E10 | 30E10
DISMDOL ~
1.4%24(D0"0.5 at
410°C2 hr 39E-10 | 39E10 | 39E-10 | 39E1D 317E10 | 39E10 | 30E10
DFSMDOL ~

LA¥2HDIN 5 at
410°C3 hr 36E-10 | 37E10 | 37E-10 | 36E-10 | 33E-10 | 36E10 | 28E-10
DFSM DOL ~
LA¥2HDIN S at
410°C4 hr 33E:10 | 26E-10
DFSM DOL ~
L4¥24(D1)M0 5 at
410°C8 hr

[0086]
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[0087]

SS=50dl 10-2306087

A4 o 29 30 31 32 33 34 35
mol%E $i0, 622 60.3 60.0 60.0 599 60.7 60.3
mol%E AlL,O; 148 156 156 158 157 154 15.5
mol%E. P,0; 5.0 5.0 5.0 5.0 5.0 49 54
mol%E Na,0 153 159 16.2 164 16.3 159 15.8
mol%E. MgO 75 3.0 0.0 2.6 2.9 2.9 30
mol%E ZnO 0.0 00 3.1 0.0 0.0 0.0 0.0
mol%E. Sn0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E Ca0 0.0 0.1 0.0 0.0 0.1 0.1 0.1
mol%E (M,0;)/R.0 0.83 0.82 0.81 0.83 0.82 0.82 0.82
mol%=E.
(P,0: + R,0)/(M,05) 137 134 136 135 135 135 137
mol%E.
(P,0s +R,0)/(M;0:) 1.54 1.54 156 152 1.54 1.54 1.56
W%E Si0, 532 514 50.3 51.0 51.0 518 512
Wt%E AlLO; 215 22.5 22.1 22.8 227 224 223
W%E P,0s 10.0 10.1 98 10.0 10.1 10.0 10.8
Wt%E Na,0 135 14.0 14.0 144 143 14.0 13.8
Wt%E MgO 15 1.7 0.0 15 1.7 1.7 1.7
Wt%E Zn0 0.0 00 35 0.0 0.0 0.0 0.0
W%E Sn0, 0.2 02 0.2 0.2 0.2 0.2 02
Wt%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZA4 B4 XRF XRF XRF XRF XRF XRE XRF
ac (gcmi) 2411 2424 246 2423 2426 2422 2422
(?:m?-"mol) 29.12 29.07 29.15 29.17 29.08 29.06 29.20
HYA0) 642 646 618 641 633 630 625
ojd3 A (o) 696 696 674 693 682 681 676
A3 20 9727 9603 9418 960 952.8 9572 950.7
200PAEA ZE
(°C) 1713 1664 1668 1676 1670 1673 1672
SKkPATA 2T
°C) 1271 1240 1238 1246 1243 1250 1241
160kP ZE A
2Z(°0) 1185 1155 1153 1162 1160 1164 1157
A L2E(C) 995 975
A AZP) 6.97E+06 | 1.21E+07

EEEEEESE

43'9 1240 1265
AEZ I EE
® 41251 23823
-3 IS AT
((nm-Mpa'-mm™) 3.05 2938 3.112 3.009 2.994 3.018 3.266
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[0088]

SS=50ol 10-2306087

4A 9

29

30

31

32

33

34

35

=A7HE 2E(°Q)

795

794

749

791

779

TS5

772

410°C1hr F=59
(MPa)

921

927

410°C1h %2 Z09]
(mm)

28

33

410°C1hrH] A
7€ A F(keh)

410°C2hr ¢E35
(MPa)

868

943

921

946

948

890

834

410°C2hr 39
Z 0] (mm)

48

46

41

48

46

44

48

410°C2hr H] A~
+2 A &F
(kgf)

>20

>20

15-20

10-15

10-15

>20

>20

410°C3hr =3
(MPa)

862

895

921

936

885

818

410°C3hr £9]
2 9] (mm)

55

54

47

55

51

55

52

410°C4hr FE3 3
(MPa)

894

924

875

410°C4hr 39
29] (mm)

52

61

63

410°C4hrH] A~
=2 AA &F
(kgf)

410°C8hr F=3
(MPa)

410°C8hr 9
2 9] (mm)

DESM DOL ~
1.4%2%(D)0.5 at
410°C1hr

2.8E-10

3.9E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C2hr

4.1E-10

3.7E-10

3.0E-10

4.1E-10

3.7E-10

34E-10

4.1E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C3hr

3.6E-10

3.4E-10

2.6E-10

3.6E-10

3.1E-10

3.6E-10

3.2E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C4 hr

24E-10

33E-10

3.5E-10

DESM DOL ~
1.4%2%(D)0.5 at
410°C8hr

_25_



[0089]

SS=50ol 10-2306087

AA q 36 37 38 39 40 41 42
mol%E $i0, 60.0 60.4 60.2 62.8 61.3 61.1 60.9
mol%E ALO; 156 156 155 144 15.1 152 153
mol%E P,0; 55 50 49 41 47 48 49
mol%E Na,0 163 164 164 15.6 15.7 15.8 15.8
mol%E MgO 25 2.5 29 3.0 3.0 3.0 3.0
mol%E Zn0O 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%_E $n0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.0 0.0 0.1 0.0 0.0 0.0 0.0
mol%E (M,0:)/R.0 0.83 0.83 0.80 0.77 0.81 0.81 0.81
mol%E
(P,0; ~ R,0)/(M,05) 139 137 138 137 135 135 135
mol%=E
(P,05s + R,0)/(M;0:) 155 1.53 1.57 1.58 1.55 1.55 1.55
W%E Si0, 50.8 514 514 54.5 52.6 523 521
Wt%E ALO; 224 2255 224 21.1 22.0 22.1 222
wt%E P,0s 109 10.1 9.9 8.3 9.5 9.7 9.9
Wt%% Na,O 142 144 144 14.0 139 139 139
Wwt%E MgO 14 14 17 1.7 1.7 1.7 1.7
Wt%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wt%E $n0, 02 02 02 03 03 03 03
Wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Z7 24 XRF XRF XRF XRF XRF XRF XRF
2 E (glem?) 2419 2421 2427 2422 2422 2422 2422
=7
(cm’/mol) 2935 29.17 29.00 28.58 28.92 28.98 29.03
#3730 619 624 632 653 635 634 632
22 2E(°0) 672 677 680 704 685 684 682
433 ¢0) 9542 956.8 9526 9774 963.1 961.8 9574
200PEEA ZE
(°C) 1675 1680 1659 1709 1693 1690 1689
B[RPAZJAZE
(°C) 1246 1255 1229 1263 1257 1256 1254
160 kP 2 oA
2 (°0) 1161 1169 1145 1176 1170 1170 1168
B 2E(°Q) 985 990
A AE(P) 1.00E+07 | 9.03E+06

BRESEEES
(°C) 1260 1240
AZEZ I FE
® 27805 45159
<3 ¥ AT
((nm-Mpa!-mm!) 2.986 3.005 3.008
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[0090]

SS=50dl 10-2306087

AN 9

36

37

38

39

40

41

42

= MF 2ECC

767

768

778

793

773

772

770

410°C1hr F=3
(MPa)

925

979

973

967

967

410°C1h %9 4o]
(mm)

34

30

30

29

29

410°C1hrH|A X~
ZE A 3F(kehd)

410°C2r F=S
(MPa)

903

928

934

980

978

975

948

410°C2hr 59
2] (mm)

46

46

46

42

41

41

41

410°C2hr 9] A~
%%‘ AA 3%

15-20

10-15

15-20

15-20

15-20

15-20

10-15

(kgf) _
410°C3hr F=SF
(MPa)

923

943

930

934

921

925

410°C3hr 59
2 9] (mm)

54

53

53

51

51

54

410°Car =33
(MPa)

920

949

948

943

941

410°C4hr 59
Z9] (mm)

59

59

5%

57

57

410°C4hrH] A~
2 WA 8F
(kgh

15-20

15-20

15-20

10-15

410°C8hr E=33
(MPa)

410°C8hr =9
9] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

4.1E-10

3.2E-10

3.2E-10

3.0E-10

3.0E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

3.7E-10

3.7E-10

3.7E-10

3.1E-10

3.0E-10

3.0E-10

3.0E-10

DESM DOL ~
1.4%2%(Dt)"0.5 at
410°C3hr

3.4E-10

3.3E-10

3.3E-10

3.1E-10

3.1E-10

3.1E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4hr

3.1E-10

3.1E-10

2.9E-10

2.9E-10

2.9E-10
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[0091]

SS=50ol 10-2306087

AA o 43 44 45 46 47 48 49
mol%E $i0, 60.4 60.2 60.1 60.0 59.9 60.1 593
mol%E A0, 155 156 156 156 15.7 15.6 153
mol%E P,0; 5.0 5.0 5.1 5.1 5.1 52 57
mol%E Na,0 159 16.0 16.0 16.0 16.1 16.1 16.5
mol%E MgO 3.0 3.0 3.0 3.0 3.0 29 29
mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E $n0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E (M;0;)/R.0 0.82 0.82 0.82 0.82 0.82 0.82 0.79
mol%=.

(P,05 + R,0)/(M,05) 135 135 135 135 135 137 1.46
mol%=.

(P,0s +R.0)/(M,0:) 1.54 1.55 1.55 1.54 1.54 1.55 1.65
Wt%E Si0, 51.5 513 512 51.1 51.0 512 50.2
Wwt%E ALO; 224 225 226 226 224 225 220
Wt%Z P,0s 10.1 102 102 102 103 10.4 114
Wt%E Na,0 14.0 14.0 14.0 14.1 14.1 14.1 145
Wt%= MgO 1.7 17 1.7 1.7 1.7 16 iz
Wt%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wwt%E $n0, 03 03 03 03 03 03 0.3
Wwt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZAHEA XRF XRF XRF XRF XRF XRF XRF
2 E (glem’) 2423 2424 2.425 2424 2424 2423 2424
=5

(cm’/mol) 29.09 29.10 29.10 29.11 29.14 29.14 2927
#2830 628 629 633 630 629 615 603
4330 680 680 680 681 680 664 651
233 (C 954 952.8 956.5 9533 953 9445 929.6
200PAE A ZE

(°Q) 1684 1678 1676 1681 1678 1681 1665
B[BRPAZAA RE

(°C) 1257 1245 1248 1249 1251 1242 1225
160kP E = A

2% (°Q) 1171 1160 1163 1166 1158 1141
24 25(°0)

A3 EAZE)

AEZ 3T &

oC

AZEZTY FE

(®)

-3 ¥ AT

((nm-Mpa!-mm?)
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[0092]

AA 9

43

44

45

46

47

48

49

770

769

765

770

769

752

737

24T EECO)
410°C1hr 4 =5

(MPa)

975

964

992

410°C1h 59 Z9)
(mm)

29

29

27

410°C1hr 8] A X
72 WA SF (ke

410°C2r ¥ 55
(MPa)

960

955

990

945

948

939

905

410°C2hr &9
Z9] (mm)

41

40

38

38

38

38

39

410°C2hr H] A A
2 A 8F
(kgh)

25-30

25-30

>20

>20

>20

15-20

10-15

410°C3hr =33
(MPa)

930

933

970

410°C3hr =9
Z9] (mm)

50

50

53

410°C4r F=53
(MPa)

948

940

410°C4hr =9
9] (mm)

56

56

410°C4hrH|AX
8 A 8F

25-30

20-25

| (kgf)
410°C8hr F=55
(MPa)

410°C8hr 59
2 9] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

3.0E-10

3.0E-10

2.6E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

3.0E-10

2.8E-10

2.6E-10

2.6E-10

2.6E-10

2.6E-10

2.7E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C3 hr

3.0E-10

3.0E-10

3.3E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C4 hr

2.8E-10

2.8E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at

410°C8hr

_29_

SS=50dl 10-2306087



[0093]

SS=50ol 10-2306087

A A o 50 51 52 53 54 55 56
mol%E $i0, 61.8 56.9 60.1 60.2 60.1 61.1 61.0
mol%E. ALO; 135 134 15.0 154 152 14.6 149
mol%E P,0s 5.0 10.0 6.0 5.4 5471 5.4 55
mol%E Na,0 195 19.6 15.7 15.9 15.9 152 155
mol%E MO 0.0 0.0 3.0 3.0 3.0 35 3.1
mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E $n0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.0 0.0 0.1 0.1 0.1 0.1 0.1
mol%E (M;0:)/R,0 0.69 0.68 0.80 0.81 0.80 0.78 0.80
mol%=E
(P,0: + R,0)/(M,05) 1.82 %91 1.44 1.38 142 141 141
mol%E.
(P,05 + R.0)/(M;0:) 1.82 221 1.64 1.58 1.62 1.65 1.62
wi%E $i0, 529 46.0 50.9 512 50.9 522 51.9
wi%E ALO; 195 184 216 202 219 242 215
Wi%E P05 10.1 19.1 119 10.7 113 10.9 11.0
wi%E Na,0 172 163 13.7 13.9 139 134 136
wi%E MgO 0.0 0.0 1.7 1.7 17 20 17
Wwi%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%E SnO, 0.2 0.2 0.2 0.2 0.2 0.2 0.2
wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZA E4 XRF XRF XRF XRF XRF XRF XRF
uT gf’cm3) 2426 2.408 2413 2419 2416 2415 2415
(Eémi,«'mgl 28.96 30.85 29.45 2923 2934 29.10 2921
EEEIGS) 574 522 626 637 630 649 639
433 (0 625 568 679 688 681 701 689
Aa32 ;C) 872.9 825.1 9473 955.1 949.9 969.4 961
200P A SO &5
(°C) 1651 1587 1686 1679 1684 1678 1698
B[PAZNA ZE
(°Q) 1162 1126 1248 1253 1248 1248 1256
160 kP & =14
2E (°Q) 1075 1040 1162 1169 1163 1163 1172
A 2E(°C) 990 915 1000
BZAEP) 959E+05 | 2.61E+06 | 6.34E+06

BEEEEEESE
(°C) 1235 >1245 1275 >1270 >1300
AEEFT EE
P 11856 <6194 22653 <26470 <15377

FT AT

((am-Mpa!-mm) 3.069 3.107 2.986 3.089 3.064
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[0094]

SS=50dl 10-2306087

24 4

50

51

52

53

54

k]

56

A 7S 2E(°0)

710

650

769

776

769

790

777

410°C1hr =53
(MPa)

850

891

870

852

867

410°C1h %9 Z9]
(mm)

47

37

38

37

38

410°C1hr H| A X
72 A 35 (keh)

410°C2hr =33
(MPa)

501

496

857

873

848

841

829

410°C2hr 59
Z 0] (mm)

90

88

52

49

52

50

50

410°C2hr H| A~
28 WA A%
(kg

>20

>20

20-30

>20

>20

>20

10-15

410°C3r =S
(MPa)

842

863

834

836

832

410°C3hr 9
Z°] (mm)

59

64

63

63

64

410°C4hr ¢=53
(MPa)

828

859

842

826

835

410°C4hr &9
Z°] (mm)

70

72

70

73

72

410°C4hrH] A~
22 A &%
(kgh)

410°C8hr &=53
(MPa)

410°C8hr £
Z 0] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C 1 hr

7.8E-10

4.9E-10

5.1E-10

4.9E-10

5.1E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

1.4E-09

1.4E-09

4.8E-10

4.3E-10

4.8E-10

4.4E-10

4.4E-10

DFSM DOL ~
1.4%2%(Dt)10.5 at
410°C3hr

4.1E-10

4.8E-10

4.7E-10

4.7E-10

4.8E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4 hr

4.3E-10

4.6E-10

4.3E-10

4.7E-10

4.6E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C8hr
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[0095]

SS=50dl 10-2306087

A2 9 57 58 59 60 61 62 63
mol%E §$i0, 60.2 60.2 60.3 60.4 60.3 60.4 60.2
mol%E ALO; 15.0 15.3 15.1 15.5 153 154 15.1
mol%ZE P,0s 5.5 6.0 59 59 59 59 6.0
mol%E Na,0 15.6 154 15.1 154 153 154 152
mol%E MgO 35 3.0 3.6 2.5 3.1 28 34
mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E S$n0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.1 0.0 0.1 0.0 0.1 0.1 0.1
mol%E (M,0:)/R,0 0.78 0.83 0.81 0.86 0.83 0.85 0.81
mol%E
(P,05 + R,0)/(M,05) 141 1.40 139 138 139 138 1.40
mol%=
(P,0: + R.0)/(M,0:) 1.65 1.59 1.63 1.54 1.59 1.56 1.63
wt%E Si0 513 509 5.1 509 51.0 509 509
wt%Z ALO; 217 219 21.7 29 219 22il 217
wi%E P,0; 11.0 119 117 11.8 11.8 118 119
wt%E Na,0 13.8 134 132 134 133 134 133
wt%E MgO 2.0 1.7 20 14 17 16 19
W% E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wt%E Sn0, 0.2 0.2 02 0.2 0.2 02 0.2
wt%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44 £4 XRF XRF XRF XRF XRF XRF XRF
4T (glem?) 242 241 242 241 242 241 241
(%m?«‘mol) 29.13 2949 29.32 29.57 2943 29.50 2941
A3 A0 647 627 634 624 627 625 627
A2 FZE(°0) 697 682 684 680 680 679 679
A32(0) 962.8 952 959.1 954.6 951 9516 9549
200PEE A 2%
° 1677 1728 1679 1693 1685 1687 1673
ER R 2
{°C) 1247 1257 1246 1259 1253 1257 1235
160kP A o[A
2Z(°0) 1163 1173 1160 1173 1168 1171 1151
S EECQ) 1%
A2} AT(P) 6.79E+05
AEZ I 22X
Q) 1265 >1250
AZEZFTEE

% 25644 <27583
-3 FT AT
((nm-Mpa!-mm™?) 3.046 3.092 3.085 3.037
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[0096]

SS=50dl 10-2306087

A 9

57

58

59

60

61

62

63

=AM 2E(C0)

784

776

778

779

779

773

787

410°CIhr =55
(MPa)

883

410°C1h %9 Z 0]
(mm)

37

410°C1hrB] A~
72 WA 3F(ked

410°C2hr F= 35
(MPa)

870

879

910

878

869

885

885

410°C2hr 9]
Z9] (mm)

52

46

45

47

50

46

45

410°C2hrH] A X
#2874 F
(kgf)

>20

30-40

30-40

30-40

20-30

20-30

30-40

410°C3hr F=3F
(MPa)

861

410°C3hrZ9
Z 9] (mm)

63

410°C4hr F=SF
(MPa)

853

410°C4hr 9
Z9] (mm)

71

410°C4hrH) A~
+2 A 3F
(kgf)

410°C8hr 45353
(MPa)

410°C8hr £9
Z 9] (mm)

DEFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

4.9E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C2hr

4.8E-10

3.8E-10

3.6E-10

3.9E-10

44E-10

3.7E-10

3.6E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C3hr

4.7E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C4hr

4.5E-10

DFSM DOL ~
1.4*2*%(Dt)"0.5 at
410°C8hr

_33_



[0097]

SS=50dl 10-2306087

AA 9 64 65 66 67 68 69 70
mol%E $i0, 59.9 60.0 60.1 60.1 60.2 60.2 57.1
mol%E Al,O, 15.5 153 15.5 152 15.4 15.0 175
mol%E P,0s 54 5.3 3.6 5.6 58 5.8 6.8
mol%E Na,0 15.9 15.6 15.5 154 154 152 184
mol%E MgO 3.1 3.6 3.1 3.6 3.0 36 0.1
mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E SnO, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E (M,0:)/R.0 0.81 0.80 0.83 0.80 0.83 0.80 0.95
mol%=.
(P,05 +R,0)/(M,05) 1.38 1.37 1.24 1.38 1.39 1.40 144
mol%=
(P,05+ R,0)/(M;05) 1.58 1.60 1.44 1.61 1.58 1.63 1.45
Wt%E Si0, 50.9 512 53.1 51.1 50.9 51.2 46.8
wWt%E ALO: 223 22.1 23.1 219 22.0 04,4 242
Wt%E P,05 10.8 10.7 7.6 112 . 116 132
Wt%.E Na,O 14.0 13.7 14.1 13.5 13.5 133 15.5
Wt%E MgO 18 2.1 1.8 20 17 2.0 0.0
Wt%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wt%E Sn0, 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A EA XRF XRF XRF XRF XRF XRF XRF
2T (g/em?) 2419 2421 2417 2419 2415 2416 241
T
(cm?*/mol) 29.23 29.12 28.17 29.23 29.43 2929 30.41
HYP A (°Q) 637 640 631 638 629 634 619
S lde) 689 689 683 687 681 684 679
A32(0) 958 962.4 956.3 9624 954.1 959.7 953.7
200PEEZAH ZE
(°C) 1680 1670 1675 1665 1681 1676 1680
[SKPEATA X
O 1253 1249 1245 1240 1253 1247 1246
160kP 2 = A
2% (°C) 1168 1165 1159 1155 1167 1162 1165
B 2E(°O 855
A} AZ(P) 1.99E+09
AEEZIFF 22X
Q) 1225
AEZ A FE

50768
=3 3T AT
((nm-Mpa!-mm) 2.997
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[0098]

SS=50dl 10-2306087

4A4 9

64

65

66

67

68

69

70

778

776

773

774

771

772

776

=AM %Ecc%
°CTr =S

(MPa)

808

410°C1h %9 29]
(mm)

43

410°C1hr 8] A~
=€ A F(kgh)

>50

410°C2hr ¢4553
(MPa)

929

925

914

914

898

900

410°C2hr %9
Z0] (mm)

48

47

49

48

50

48

410°C2hrH] A A
a2 A &%

>20

>20

>20

>20

>20

>20

(kgf) _
410°C3hr &=3
(MPa)

410°C3hr 39
2] (mm)

410°C4hr FE 3
(MPa)

410°C4hr 29
Z 9] (mm)

410°C4 hr 8] A~
'%"é AA BF

(kgf) _
410°C8hr F=3
(MPa)

410°C8hr %9
Z 9] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

6.6E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

4.1E-10

3.9E-10

43E-10

4.1E-10

44E-10

4.1E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C3hr

DFSM DOL ~
1.4¥2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at

410°C8hr
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[0099]

AA 9 71 72 73 74 75 76 77

mol%E $i0, 56.4 55.5 56.2 56.3 574 57.3 56.4
mol%E ALO, 174 174 16.5 145 16.6 14.5 16.5
mol%E. P,0s 8.0 8.9 8.0 7.9 7.0 6.9 7.9

mol%E Na,0 18.1 18.0 18.1 18.0 17.8 18.1 19.0
mol%E MgO 0.1 0.1 1.0 3.1 1.0 3.0 0.0

mol%E. ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0

mol%ZE. Sno, 0.1 0.1 0.1 0.1 0.1 0.1 0.1

mol%E. CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0

mol%E (M;0:)/R,0 0.96 0.97 0.86 0.69 0.88 0.69 0.87
mol%=.

(P,05 + R,0)/(M,0:) 1.50 1.54 1.59 1.79 1.50 1.72 1.62
mol%E

(P,05 + R,0)/(M,0:) 1.50 1.55 1.65 2.00 1.56 1.93 1.62
Wi%E Si0, 456 444 45.8 46.7 473 48.0 459
W% E ALO; 239 23.7 228 204 232 20.6 22.8
Wt%E P,0s 152 16.8 154 1515 13.6 13.8 15.1

wt%E Na,O 15.1 14.9 152 154 152 15.6 16.0
Wwt%E MgO 0.0 0.0 0.6 1ig 0.5 1.7 0.0

Wi%E Zn0O 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Wi%ZE SnO, 0.2 0.2 0.2 02 0.2 0.2 0.2

Wi%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0

243 E4 XRF XRF XRF XRF XRF XRF XRF
2 = (glem®) 241 241 242 243 242 243 242
@nﬁhnon 30.82 31.19 30.54 29.86 30.16 29.49 30.58
HPZE (0 603 591 586 571 601 588 586

A2FE(Q) 661 648 642 619 658 634 642

A53(0) 932.5 916.5 909.5 8774 9283 900.7 906.5
200PEAEAA 2

&) 1653 1660 1641 1603 1660 1616 1644
SKPAZAA 2

(°C) 1227 1224 1214 1171 1233 1183 1212
160 kP @ =o1A

25 (0 1142 1138 1128 1086 1148 1098 1126
AT 2E(°0) 800

AZRAEP) 2.74E+09

A=EZ S &

@) 1265

ASEZ ST A

@ 18914

-3 JFT AT

((nm-Mpa!-mm?) 3.038 3.005 2.998 2.992 2977
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[0100]

AA 9

71

72

73

74

76

77

=1 M EECC

756

742

35

703

TR

734

A0 Clhr E=3
(MPa)

888

734

809

410°C1h %9 Zo)
(mm)

43

44

45

410°C1hrH] A~
72 /A 3 (kef)

40-50

410°C2hr =35
(MPa)

706

706

804

775

410°C2hr 9]
2] (mm)

62

62

60

58

59

68

410°C2hrH] A~
=2 744 3F

>40

>40

>20

30-40

>20

>20

(kgf) _
410°C3hr =35
(MPa)

410°C3 hr = 9)
Z9] (mm)

410°C4hr =35
(MPa)

410°C4hr =9
Z9] (mm)

410°C4hrH] A~
8 74X 3%
(kgf)

410°C8nr F=53
(MPa)

410°C8hr 59
2 9] (mm)

DFSM DOL ~
1.4%2%(Dt)*0.5 at
410°C1hr

6.6E-10

6.9E-10

8.5E-10

7.2E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

6.9E-10

6.8E-10

6.4E-10

5.9E-10

6.2E-10

8.3E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C3 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C8hr

_37_
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[0101]

AA 9 78 79 80 81 82 83 84
mol%E Si0, 563 579 576 504 56.4 55.9 554
mol%E AlLO: 155 16.5 155 19.8 18.1 18.1 18.1
mol%E P,0s 79 69 6.8 938 7.2 7.7 7.7
mol%E Na,0 20.0 19.1 20.0 199 182 182 18.1
mol%E MgO 0.0 0.0 0.0 0.0 0.0 0.0 0.6
mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E S$n0O, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E (M,0:)/R,0 0.78 0.86 0.78 0.99 0.99 0.99 0.96
mol%=

(P05 + R,0)/(M,05) 1.80 1.58 173 1.50 141 143 143
mol%=.

(P,05 + R,0)/(M,0:) 1.80 1.58 1.73 1.50 141 143 1.46
wt%E Si0, 46.1 47.0 47.7 394 45.8 452 44.9
wt%E ALO; 215 23.0 i ) 263 249 24.8 24.8
wt%E P,0s 153 1355 133 18.1 139 14.7 14.7
wt%E Na,0 16.9 16.2 17.0 16.0 152 15.1 158
wt%E MgO 0.0 0.0 0.0 0.0 0.0 0.0 03
Wt%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
wt%Z SnO, 02 0.2 02 0.2 0.2 0.2 0.2
wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 ¥4 XRF XRF XRF XRF XRF XRF XRF
2= (glem?) 242 242 243 242 241 241 242
éhﬁknon 3036 3022 29.94 31.72 30.65 30.81 30.74
HYA(O) 572 601 582 588 617 610 607
A2 BA(C) 624 658 634 644 676 670 664
A820) 8794 9242 888.5 904 951.4 947.1 939.1
200PEEA &

o 1623 1659 1634 1603 1672 1660 1664
B[P AT X
(°C) 1180 1224 1190 1192 1254 1250 1233
160 kP A=A

2E (0 1093 1138 1104 1111 1170 1166 1152
AY 2Z(°C) 865 800

e (1)) J4E+08 | 5.51E+09

AEZ I 2%

°C 1215 1245

AEZ A EFX

_gg%a 69204 38105

53 3T AT
((nm-Mpa!-mm?) 297 2935 2999 3.051 3.028 3.044
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[0102]

AN 4

78

79

80

81

82

83

84

=R MF SECC

692

751

699

716

750

750

740

410°Clhr =5
(MPa)

694

796

909

887

843

410°C1h %9 Z9)
(mm)

64

60

46

41

42

41

410°C1hrB]A X
=28 AA 3F(keh)

30-40

>50

>50

410°C2hr =3
(MPa)

680

751

732

749

837

410°C2hr Z9)
2] (mm)

81

66

75

63

56

410°C2hrH) A A
=28 AA 3F
k

>20

>20

>30

30-40

>40

(kgf) _
410°C3hr FE3F
(MPa)

410°C3hr =9
29 (mm)

410°C4hr FE3F
(MPa)

410°C4hr =9
2] (mm)

410°C4 hrH) A~
28 AA 3F
(kgf)

410°C8hr ¢=53
(MPa)

410°C8hr %9
2 9] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

1.5E-09

1.3E-09

7.5E-10

6.0E-10

6.3E-10

6.0E-10

DESM DOL ~
1.4%2%(D1)"0.5 at
410°C2hr

1.2E-09

7.8E-10

1.0E-09

7.0E-10

5.6E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C3 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C8hr
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[0103]

SS=50dl 10-2306087

AA o 85 86 87 88 89 90 91
mol%E $i0, 583 583 58.6 583 584 58.4 592
mol%E AlLO; 158 15.6 154 15.6 154 15.1 15.3
mol%E P,0s 6.8 6.7 6.7 6.8 6.7 6.7 6.8
mol%E Na,O 159 5.5 152 15.6 154 15.1 155
mol%E MgO 3.1 3.0 3.1 3.5 3.5 3.5 3.1
mol%E ZnO 0.0 0.5 0.9 0.0 0.5 1.0 0.0
mol%E Sn0O, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E (M,0:)/R,0 0.83 0.81 0.80 0.81 0.79 0.77 0.82
mol%=E.

(P,0; + R,0)/(M,05) 143 143 142 1.44 1.44 145 145
mol%=

(P,05 + R,0)/(M,0:) 1.63 1.66 1.68 1.67 1.70 1.75 1.66
Wt%E Si0, 486 48.6 48.9 48.8 48.8 48.9 495
wt%ZE ALO; 224 22.1 219 22.1 2138 25 217
Wt%E P,05 134 132 13.1 134 133 133 134
wt%E Na,0 136 13.5 1811 13.5 133 13.1 134
wt%E MgO 17 17 1.7 20 20 2.0 17
Wt%E ZnO 0.0 0.5 1.0 0.0 0.5 1.1 0.0
Wt%E SnO, 02 0.2 0.2 0.2 0.2 02 0.2
Wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 =4 XRF XRF XRF XRF XRF XRF XRF
2= (glemd) 242 242 243 2.42 242 243 241
(Pémi./mol) 29.81 29.70 29.62 29.72 29.63 29.52 29.78
#3730 612 614 611 615 614 616 612
A2HA(C) 664 666 661 666 663 664 666
A3 (°C) 932.6 935.5 928.4 934 932.5 932.8 942.5
200PAEGA &

Q) 1660 1656 1654 1655 1651 1650 1675
J[PAZAAN 22X

Q) 1235 1231 1226 1232 1227 1220 1244
160kP A T A

2= (°0) 1150 1147 1141 1147 1143 1136 1158
A3 2E(CQ) 975
AZAZP) 1.07E+07
AEZ g 2=

[&°) >1300
AZZ I EE

P <14599
53 F AT

((nm-Mpa--mm) 3.109 3.112 3.069 3.049 3.082 3.021 3.03

_40_



[0104]

AN 4

85

86

87

88

89

90

91

A VY EECQ

153

755

748

754

749

749

758

410°C1hr =39
(MPa)

873

410°C1h 9] Z9]
(mm)

33

410°C1hrH] A~
72 AA 3F(keh)

410°C2hr H= 53
(MPa)

861

862

861

850

881

874

853

410°C2hr £ 9
Z°] (mm)

49

47

46

47

46

45

45

410°C2hrH] A~
2 AA FF
(kgf)

>40

>40

>40

>40

>40

>40

>50

410°C3r ¢E53
(MPa)

410°C3hr £ 9
2 9] (mm)

410°C4hr F=53
(MPa)

410°C4hr £ 9
2] (mm)

410°C4hrH] A~
2 AA 3F
(kg

410°C8hr FE58
(MPa)

410°C8hr £ 9
Z°] (mm)

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C1hr

3.9E-10

DFSM DOL ~
1.4*2*%(Dt)"0.5 at
410°C2hr

43E-10

3.9E-10

3.7E-10

39E-10

3.7E-10

3.6E-10

3.6E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C3 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C8hr
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[0105]

SS=50dl 10-2306087

AA 9 92 93 94 95 96 97 98

mol%E Si0, 592 593 593 593 592 593 58.4
mol%E ALO; 15.0 148 15.1 148 146 15.1 16.0
mol%Z. P,0s 6.8 6.8 6.8 6.8 6.8 6.7 6.8

mol%E. Na,0 152 14.9 15.1 149 14.8 152 159
mol%E MgO 31 3.0 35 3.6 3.6 3.6 50

mol%E ZnO 0.5 1.0 0.0 05 1.0 0.0 0.0

mol%E. $n0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1

mol%E CaO 0.1 0.1 0.1 0.1 0.1 0.0 0.0

mol%E. (M;0:)/R,0 0.80 0.78 0.81 0.78 0.75 0.80 0.86
mol%=

(P,0: + R,0)/(M,05) 146 147 145 146 1.48 145 141
mol%=

(P,0: + R,0)/(M,0:) 1.71 1.74 1.69 1.74 1.80 1.69 1.58
Wwi%E SiO, 496 496 497 498 497 499 487
Wi%E ALO; 213 21.0 215 211 207 5115 227
wi%Z P,0s 134 134 135 134 134 133 133
wit%Z Na,0O 132 129 13.1 129 12.8 132 137
Wt%E MgO 1T 1.7 2.0 2.0 2.0 2.0 15

Wwi%E ZnO 0.6 1.1 0.0 0.6 K 0.0 0.0

Wwi%E SnO, 0.2 0.2 02 0.2 0.2 0.1 0.1

Wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ZAEY XRF XRF XRF XRF XRF XRF XRF
2 £ (glem?) 2.43 241 241 242 243 2411 2414
(g faool) 2961 29.79 2971 29.59 2948 29.64 29.87
#3300 615 613 617 620 620 616 612

EEEERS) 669 663 668 671 669 669 666

4820 9363 9345 939.7 938.2 9425 940.7 9402
200PEZ A ZX

(°C) 1667 1666 1663 1670 1657 1666 1661
B[KPAZOA 22X

°C) 1241 1234 1233 1235 1216 1240 1243
160kP 2 = oA

2E (°Q) 1156 1148 1147 1151 1133 1153 1158
AL 2E(°0)

BF AE(@)

A= 25

()

AE=ZFT TE

P

-3 3T AT

((am-Mpa'-mm) 3.067 3119 3.08 3.115 3.091
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[0106]

AN 4

92

93

94

95

96

97

98

A 7HE 25 (°C

760

751

757

759

756

760

758

410°C1hr F=EF
(MPa)

864

896

410°C1h &9 4o)
(mm)

29

30

410°C1hrH] A~
ZE AA 3F(keh)

410°C2hr F= 38
(MPa)

844

832

850

870

889

410°C2hr 9]
2 0] (mm)

46

44

45

47

44

43

42

410°C2hrH]AA
8 A &F
(kg

>40

>40

>40

>40

>40

40-50

>50

410°C3hr F=359
(MPa)

410°C3hr 9
2 9] (mm)

410°C4hr =35
(MPa)

410°C4hr 59
2 9] (mm)

410°C4hr H] A~
2 AA BF
(kgf)

410°C8hr =58
(MPa)

410°C8hr %9
2 0] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

3.0E-10

3.2E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2 hr

3.7E-10

3.4E-10

3.6E-10

3.9E-10

3.4E-10

3.3E-10

3.1E-10

DFSM DOL ~
1.4%2*(Dt)"0.5 at
410°C3hr

DFSM DOL ~
1.4%2%(Dt)*0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(Dt)*0.5 at
410°C 8 hr
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[0107]

SS=50ol 10-2306087

AA o 99 100 101 102 103 104 105
mol%E Si0, 58.2 594 56.6 56.3 59.9 60.5 60.9
mol%E ALO; 15.6 16.0 16.0 16.1 15.1 15.1 15.0
mol%E P,0s 6.8 6.8 76 %7 6.8 6.8 6.8
mol%E Na,O 15.8 16.0 159 16.2 15.1 15.0 15.1
mol%E MgO 3.6 1.7 357 3.6 3.1 26 2.1
mol%E. ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E SnO, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E. CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E (M;0:)/R,0 0.80 0.90 0.82 0.81 0.83 0.86 0.88
mol%E.

(P,0: +R,0)/(M,05) 145 143 147 1.48 145 144 146
mol%=.

(P,05 + R,0)/(M,0:) 1.68 1.53 1.70 1.71 1.66 1.61 1.59
W%E Si0, 48.7 493 46.8 46.5 50.2 50.7 50.9
Wt%E ALO; 22.1 22.6 2.5 22.6 214 214 213
Wt%E P,0s 134 133 149 15.0 13.5 134 13.5
Wt%E Na,0 136 13.8 136 13.8 13.0 13.0 13.0
Wt%E MgO 2.0 1.0 74 2.0 1.7 14 12
Wt%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%E Sn0O, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZA EA XRF XRF XRF XRF XRF XRF XRF
2 (glem®) 2415 2406 2417 2417 2405 24 2396
=59

(em®/mol) 29.70 30.05 30.04 30.08 29.78 29.87 29.98
HP A (°0) 612 613 596 598 607 607 613
S (o) 664 671 649 652 663 663 671
A3 (°0) 937.7 951.1 918.5 919.9 9452 949 4 955.8
200PEZAH &

(°C) 1658 1698 1631 1637 1682 1695 1709
I[SKPAZTAA 2T

(°C) 1235 1262 1215 1219 1251 1262 1271
160 kP A= o A

2% (°0) 1150 1176 1131 1135 1164 1174 1182

2 EE(Q)
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[0108]

SS=50dl 10-2306087

AA o

99

100

101

102

103

104

105

AL 7 2 E (G

754

767

739

743

758

59

768

310°C1hr ¥=%
(MPa)

895

889

855

853

839

823

817

410°C1h 39 Z9]
(mm)

29

32

28

28

30

31

31

410°C1hrH] A~
72 A 3F(kef)

410°C2hr =33
(MPa)

890

843

865

856

846

820

803

410°C2hr 9
Z19] (mm)

43

49

41

42

44

45

46

410°C2hrH] AL
28 WA 3F
(kgf)

>50

>50

>50

>50

40-50

40-50

40-50

410°C3r E=3
(MPa)

410°C3hr £9
Z1 9] (mm)

410°C4hr =33
(MPa)

410°C4hr = 9]
Z0] (mm)

410°C4hr H] A2~
28 WA 3F
(kg

410°C8hr F=33
(MPa)

410°C8hr =9
Z 0] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

3.0E-10

3.6E-10

2.8E-10

2.8E-10

3.2E-10

34E-10

34E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

3.3E-10

4.3E-10

3.0E-10

3.1E-10

34E-10

3.6E-10

3.7E-10

DFSM DOL ~
1.4%2%(DH)"0.5 at
410°C3hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C8hr
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[0109]

SS=50dl 10-2306087

AA 106 107 108 109 110 111 112 113
mol%E Si0, 56.8 55.8 554 55.9 56.0 55.8 55.8 59.9
mol%E ALO: 17.9 18.0 18.0 18.0 18.0 18.0 18.0 157
mol%E P,0s 7% 78 7:8 7.3 97 77 7.8 54
mol%E Na,0 17.9 16.1 16.3 16.6 16.6 17.0 17.0 16.2
mol%E MgO 0.1 2.0 0.1 15 0.1 13 0.1 26
mol%E ZnO 0.0 0.0 2.0 0.0 14 0.0 19 0.0
mol%E SnoO, 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.1
mol%E (M,0:)/R,0 0.99 0.99 0.98 0.99 1.00 0.99 0.98 0.83
mol%=E

(P,05 + R,0)/(M,05) 1.40 133 1.34 1.35 1.35 137 138 1.38
mol%=

(P,05 + R,0)/(M,03) 141 1.44 145 144 143 144 145 1.55
Wt%E Si0, 463 453 448 453 45.1 453 449 50.7
Wt%E AlLO; 24.7 24.9 24.6 24.8 246 24.8 24.6 225
Wt%E P,0s 13.9 14.9 14.7 148 14.6 14.8 148 10.9
Wt%E Na,0 15.0 13.5 13.5 139 138 142 14.1 142
Wt%E MgO 0.0 1.1 0.0 0.8 0.0 0.7 0.0 15
Wt%E ZnO 0.0 0.0 2.0 0.0 16 0.0 14 0.0
Wt%E SnO, 0.0 0.2 02 0.2 02 0.2 0.2 0.2
Wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
=4 +4 XRF XRF XRF XRF XRF XRF XRF XRF
A% @'cmS) 2.409 2411 2436 2411 2430 2411 2427 2419
(%m%«'mol) 30.63 30.69 30.69 30.71 30.70 30.72 30.74 2934
HE A (°Q) 617 621 609 618 604 617 613 629
33 A(°C) 677 679 666 676 663 676 671 684
A3 (0 956.5 950.7 935.8 9494 939 9495 941.5 953
200PEAE A 2%

(°C) 1673 1651 1650 1655 1659 1661 1681 1681
SKPEZA 25

(°Q) 1259 1247 1238 1247 1242 1250 1256 1256
160kP B = oA

2Z (°0) 1174 1164 1154 1164 1161 1167 1171 1171
HF2E(0)

BFAEP)

AEZ I 25

(@(®)

AEZ ST EE

P

<3 FF AT

((nm-Mpa!-mm?) 3.088 3.118 3.127 3.183 3.036 3.124 3.147
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[0110]

SS=50dl 10-2306087

2A 9

106

107

108

109

110

111

112

=AY 2ECQ

775

751

742

755

736

751

745

775

410°C1hr F=55
(MPa)

869

916

942

921

899

922

969

410°C1h %9 Z0]
(mm)

29

29

32

32

33

32

30

410°C1hrH] A~
ZE A 3F(kehd

410°C2hr F= 35
(MPa)

854

884

895

892

901

868

889

933

410°C2hr 9
Z9] (mm)

59

42

44

46

46

49

49

16

410°C2hr B]AX
8 7A FF
(kgf)

>50

>50

>50

>50

>50

>50

>50

20-30

410°C3hr F= 35
(MPa)

410°C3hr Z9
Z 9] (mm)

410°C4hr =58
(MPa)

410°C4hr 59
Z0] (mm)

410°C4hr 8] A X
2 AA &FF

(kgh) _
410°C8hr F=355
(MPa)

410°C8hr %9
2] (mm)

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C1hr

3.0E-10

3.0E-10

3.6E-10

3.6E-10

3.9E-10

3.6E-10

3.2E-10

DESM DOL ~
1.4%2%(D)"0.5 at
410°C2 hr

6.2E-10

3.1E-10

3.4E-10

3.7E-10

3.7E-10

4.3E-10

4.3E-10

3.7E-10

DFSM DOL ~
1.4%2*(Dt)"0.5 at
410°C3hr

DESM DOL ~
1.4%2%(D)A0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(D)"0.5 at
410°C8hr

_47_



[0111]

SS=50dl 10-2306087

A A o 114 115 116 117 118 119 120
mol%E Si0, 59.2 58.4 57.9 57.1 56.5 56.8 57.4
mol%E AlL,O: 16.1 16.5 16.8 172 17.6 16.8 16.6
mol%E P,0s 5.8 6.2 6.5 6.9 73 71 7.1
mol%E Na,O 16.6 17.0 17.3 i7.7 18.0 171 16.7
mol%E MgO B2 1.7 13 0.9 0.5 2.4 2.1
mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E SnO, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaQ 0.1 0.0 0.0 0.0 0.0 0.0 0.1
mol%E (M,0:)/R,0 0.86 0.88 0.90 0.93 0.95 0.88 0.88
mol%=

(P,0; +R,0)/(M,05) 1.39 1.40 142 143 144 144 143
mol%E

(P,0: + R,0)/(M,0:) 1.53 1.51 1.49 1.48 147 1.56 1.56
Wt%E Si0, 497 48.7 479 46.9 46.0 46.8 474
Wi%ZE ALO; 229 233 236 24.0 244 235 233
Wt%ZE P,0s 115 122 1238 13.5 14.0 13.8 13.8
wt%Z Na,0 14.4 14.6 14.8 15.0 152 14.5 142
Wt%Z MgO 12 1.0 0.7 0.5 0.3 .1 1.2
Wi%ZE ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wi%Z SnO, 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Wt%ZE CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 EY XRF XRF XRF XRF XRF XRF XRF
2 = (g/em?) 2418 2415 2416 2416 2414 2419 2415

3|

=

(cm?/mol) 29.58 29.86 30.07 30.30 30.54 30.14 30.14
HPF A (0 624 618 616 616 615 609 610
B A (0 681 677 675 674 674 666 666
A3 3 g°C) 9549 950.5 9481 9479 9493 930.8 940.6
200PEEM 2

°C 1680 1673 1676 1670 1667 1654 1660
BKPAZNA ZE

(°0) 1257 1253 1254 1250 1249 1235 1240
160kP 2 =9 A

2E (°0) 1171 1168 1169 1166 1164 1151 1156
A 2E(C) 955

AXBE® 2.67E+07

AEZ I 2%

((®)

A=EZ S EE

®

-3 3T AT

((nm-Mpa!-mm) 3.038 3.050 3.080 3.004 3.093
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[0112]

SS=50dl 10-2306087

AA A

114

115

116

117

118

119

120

764

750

745

765

747

746

741

ST 2ECO
410°Clhr =5

(MPa)

942

953

918

899

888

921

900

410°C1h %9 Zo)
(mm)

30

31

34

36

34

34

410°C1hrH] A~
7€ A 3}F(keh)

>50

410°C2hr =35
(MPa)

945

924

901

868

853

913

895

410°C2hr =9
2] (mm)

46

47

50

54

50

46

45

410°C2hrH] A~
2 AA 3F
(kg

20-30

>50

>50

>40

>50

>50

30-40

410°C3hr F=53
(MPa)

410°C3hr 59
9] (mm)

410°C4hr ¢33
(MPa)

410°C4hr 59
Z o] (mm)

410°C4hrH] A~
ZE A 3F
(kg

410°C8hr =58
(MPa)

410°C8hr 9]
Z°] (mm)

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C1hr

3.2E-10

34E-10

4.1E-10

4.6E-10

5.1E-10

4.1E-10

4.1E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

3.7E-10

3.9E-10

44E-10

5.2E-10

44E-10

3.7E-10

3.6E-10

DFSM DOL ~
1.4%2*(Dt)"0.5 at
410°C3 hr

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C8hr

_49_



[0113]

SS=50dl 10-2306087

A A 9 121 122 123 124 125 126 127
mol%E §i0, 57.9 57.0 574 58.0 59.0 58.9 58.9
mol%E AlLO; 16.4 16.7 16.6 16.2 155 15.7 16.0
mol%E P,0s Tl 73 73 74 6.4 6.5 6.4
mol%E Na,0O 16.5 16.7 16.5 16.3 154 15.7 16.0
mol%E MgO 21 20 20 2.0 35 3.0 255
mol%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E S$nO, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E CaO 0.1 0.1 0.0 0.1 0.1 0.1 0.1
mol%E (M,0:)/R,0 0.88 0.89 0.89 0.88 0.82 0.84 0.86
mol%E

(P,05 + R,0)/(M,05) 1.44 143 1.44 1.46 1.41 141 1.40
mol%=

(P,0; + R,0)/(M,0:) 1.56 1.56 1.57 1.59 1.64 1.60 1.56
Wt%E Si0, 478 46.9 472 478 49.6 494 492
Wt%E AL O, 23.0 234 23.1 226 221 224 227
Wt%E P,0s 13.8 142 143 144 12.8 12.8 (P
Wt%E Na,O 14.0 142 14.0 13.8 13.4 13.6 13.8
Wt%E MgO 1.1 1.1 1.1 1.1 2.0 1.7 14
Wt%E ZnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wt%E Sn0, 0.2 0.2 0.2 0.2 0.1 0.1 0.1
Wt%E CaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ZA4EA XRF XRF XRF XRF XRF XRF XRF
2 T (g/em?) 2411 2415 2412 2.409 2415 2414 2413
TE

(em’/mol) 30.16 30.26 30.27 30.26 29.59 29.70 29.79
HP A (°Q) 609 607 607 605 617 612 613
EEREe) 667 663 663 662 669 666 669
A3A(0) 941.6 937.7 936.6 940.1 940.6 9414 948.7
200PEEGA ZE

(°C) 1670 1658 1661 1665 1666 1669 1677
B[KPAZOH ZE

(°C) 1247 1238 1241 1244 1241 1244 1250
160 kP A = o A

2% (°0) 1161 1154 1156 1159 1156 1159 1165
B 2E(°0)

AL AEEP)

AEZ FT &

(@)

AEZ I EE

@)

-3 ¥ AT

((nm-Mpa'-mm-?) 3.056 3.038 3.055
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[0114]

SS=50dl 10-2306087

AA 4

121

122

123

124

125

126

127

742

742

739

730

765

755

754

= 2ECQ)
410°C1hr 55

(MPa)

885

889

876

857

410°C1h 9 Zo)
(mm)

34

35

34

35

410°C1hr B A~
=8 A 3F(ked

410°C2hr F=55
(MPa)

874

870

861

838

907

889

896

410°C2hr £9
Z0] (mm)

46

47

47

47

43

44

45

410°C2hrH] A~
2 WA 3F
(kg

>50

>50

>50

40-50

40-50

30-40

40-50

410°C3hr 4= 3
(MPa)

410°C3hr %9
Z9] (mm)

410°C4hr $=3 5
(MPa)

410°C4hr 9
Z9] (mm)

410°C4hrH) A A~
€ A &F
(kgf)

410°C8hr 4=53
(MPa)

410°C8hr 9
Z9] (mm)

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C1hr

4.1E-10

4.3E-10

4.1E-10

4.3E-10

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

3.7E-10

3.9E-10

3.9E-10

3.9E-10

3.3E-10

3.4E-10

3.6E-10

DFSM DOL ~
1.4%2*(Dt)"0.5 at
410°C3hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at

410°C8hr
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[0115]

SS=50dl 10-2306087

AA o 128 129 130 131 132 133 134
mol%E S0, 58.2 57.8 57.9 56.8 56.9 56.9 56.8
mol%E. AlLO; 16.1 16.5 163 16.5 16.8 17.0 175
mol%E P,0s 6.3 6.5 6.4 6.5 6.4 6.4 6.4

mol%E Na,0 159 16.5 163 16.5 16.8 17.1 17.1
mol%E MgO 35 26 3.0 3.6 3.1 35 2.0

mol%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

mol%E $n0, 0.1 0.1 0.1 0.0 0.0 0.0 0.0

mol%E Ca0 0.1 0.1 0.1 0.0 0.0 0.0 0.0

mol%E (M,0:)R,0 0.83 0.86 0.84 0.82 0.84 0.86 0.91
mol%E

(P,0; + R,0)/(M;0,) 138 139 139 1.40 138 138 134
mol%E

(P,05+ R, 0)/(M;0:) 1.60 155 1.58 1.62 1.56 153 1.46
Wt%E $i0, 488 482 483 475 474 473 47.0
Wt%E ALO; 229 234 23.1 233 238 24.0 246
Wt%E P,05 125 199 12.7 128 125 125 125
Wt%E Na,0 13.7 142 140 142 144 146 146
Wt%E MgO 19 14 1.7 2.0 1.7 14 11

Wi%E Zno 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Wt%E $n0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Wt%E Ca0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ZX4 £4 XRF XRF XRF XRF XRF XRF XRF
2 E (glom?) 2421 2419 2420 2426 2426 2424 2420
e

(cm’/mol) 2958 29.82 29.72 29.64 29.70 2981 30.00
HEA(CQ) 615 616 616 615 615 623 624

ol 23 3(°0) 666 671 670 666 669 679 681

A8 30 93738 9457 9416 930.6 9339 949.7 952.4
200PAESAH ZE

(°C) 1655 1658 1658 1641 1646 1646 1657
B[KPAENH T

(°C) 1235 1236 1236 1224 1233 1236 1246
160 kP A Z o[ A

X (°0) 1152 1154 1154 1141 1151 1152 1162
BT 2E(0)

AR EED

AZZ Y X

(cC)

AEZT AT EE

P

SEFT AT

((nm-Mpa'-mm?) 3.021 3.007 3.015
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[0116]

SS=50ol 10-2306087

AN 4

128

129

130

131

132

133

134

SA 7P 2ECQ

763

743

764

760

760

748

748

410°C1hr =55
(MPa)

410°C1h %9 o]
(mm)

410°C1hrH| A~
=2 A 3F(kgd)

410°C2hr &=53
(MPa)

925

925

927

978

981

975

983

410°C2hr 9
2 9] (mm)

43

45

44

40

40

41

41

410°C2hr B A~
22 A F
(kgf)

20-30

30-40

20-30

>30

>30

>30

>30

410°C3hr ¥=58
(MPa)

410°C3hr 9
2 9] (mm)

410°C4r F=E3F
(MPa)

410°C4hr 9
Z0] (mm)

410°C4hrH) A A~
28 AA 3F
(kgf)

410°C8hr F=3S 5
(MPa)

410°C8hr 59
2 9] (mm)

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C1hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

3.3E-10

3.6E-10

34E-10

2.8E-10

2.8E-10

3.0E-10

3.0E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C3hr

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(Dt)*0.5 at
410°C8hr

_53_



[0117]

SS=50ol 10-2306087

AA 135 136 137 138 139 140 141
mol%E $i0, 578 58.8 55.8 559 55.8 57.8 56.9
mol%E Al,O; 170 16.5 170 18.0 18.1 170 169
mol%E P,0; 6.4 64 76 7.7 77 6.6 70
mol%E Na,0 16.6 162 173 162 16.7 172 170
mol%E Mg0 2.0 20 0.1 0.1 0.1 0.1 0.1
mol%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mol%E $n0, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mol%E Ca0 0.0 0.0 20 2.0 15 12 2.0
mol%E (M;0)R,0 | 091 0.90 0.88 0.98 0.99 0.92 0.88
mol%E
(P,0: +R,0)/(M,0) | 136 137 146 133 135 140 143
mol%E
(P,05+R.0)/(M;0,) 148 149 159 145 144 148 155
W%E. $i0, 48.0 490 45.5 452 45.1 476 46.7
W%E ALO; 239 233 23.5 24.7 248 238 235
W%E P,0s 126 126 147 148 1438 12.8 13.6
wt%E Na,0 142 139 145 135 139 14.6 144
Wt%E MgO 1.1 1.1 0.1 0.1 0.0 0.0 0.1
W%E Zn0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wt%E $10, 0.1 0.1 0.2 0.2 0.2 0.2 0.2
W%E Ca0 0.0 0.0 i3 15 1.1 09 15
24 24 XRF XRF XRF XRF XRF XRF XRF
2 £ (glem’) 2416 2410 2421 2429 2419 2423 2427
=55
(cm®/mol) 29.96 29.93 3046 30.56 30.71 30.09 30.16
HEA(°0) 619 620 623 607 620 622 615
YA A(°0) 676 677 680 660 676 679 669
4830 948 8 957.8 947.1 9169 944 6 946 4 928
200PEEAA ZE
(°C) 1673 1684 1638 1652 1650 1674 1656
SKPETIH 2T
(°C 1254 1261 1214 1238 1242 1248 1230
160 kP 2T A
2E(°0) 1171 1176 1130 1156 1157 1163 1147
3 LE(Q)
I3AEE@)
AEZHY 2%

"CVQ
ASS oy 4T
P
SEFTAT
((nm-Mpa'-mm?)

_54_



[0118]

SS=50dl 10-2306087

24 9

135

136

137

138

139

140

141

754

155

730

753

750

749

753

24717 SECO)
410°Clhr Y55

(MPa)

410°C1h %9 29|
(mm)

410°C1hr B A X
=8 A 3F(ked

410°C2hr $=3 5
(MPa)

953

922

895

898

896

925

906

410°C2hr 9
9] (mm)

42

42

45

43

45

45

410°C2hr H] A~
%‘2 A sF

>30

>30

>30

>30

>30

>30

>30

(kgf) _
410°C3hr =358
(MPa)

410°C3hr 9
Z 9] (mm)

410°C4hr ¢=35¢
(MPa)

410°C4hr 9
Z0] (mm)

410°C4hrB) A~
28 A FF
(kgf)

410°C8hr F=3 5
(MPa)

410°C8hr %9
Z9] (mm)

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C1hr

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C2hr

3.1E-10

3.1E-10

3.6E-10

2.6E-10

3.3E-10

3.6E-10

3.6E-10

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C3 hr

DFSM DOL ~
1.4*2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4*2%(Dt)"0.5 at

410°C8hr

_55_



[0119]

AA o 142 143 144 145
mol%E $i0, 575 58.1 582 58.4
mol%E Al,O, 16.7 16.0 16.0 16.0
mol%ZE P,0s 6.9 6.2 6.2 6.2
mol%E Na,0 16.7 16.0 16.1 16.1
mol%E MgO 0.1 36 34 34
mol%E ZnO 0.0 0.0 0.0 0.0
mol%Z SnO, 0.1 0.1 0.1 0.1
mol%ZE Ca0 2.0 0.1 0.0 0.0
mol%ZE (M,0:)/R.O 0.89 0.81 0.82 0.83
mol%=E
(P,0; + R,0)/(M;0:) 142 139 1.40 140
mol%E
(P,05 + R.0)/(M,05) 1.54 1.62 1.61 1.59
wt%E Si0, 473 48.8 489 490
wt%E AlO; 233 228 278 228
wit%E P,0s 135 124 123 123
wt%E Na,0 142 13.9 14.0 14.0
wi%E MgO 0.1 2.0 1.9 1.7
Wwt%E Zn0 0.0 0.0 0.0 0.0
wt%E Sn0, 02 0.1 0.1 0.1
wt%E Ca0 15 0.0 0.0 0.0
=4 24 XRF XRF b s
ik (%’cmﬂ 2425 2422 2421 2418
(?mixmol) 30.12 29.52 29.54 2961
HEA(°0) 615 621 619 616
ALHE(°0) 669 672 671 670
ko) 930.1 9385 9389 9413
200PEEGAH Z2E
(°C) 1655 1652 1662 1664
SkPAZAN 25
(°C) 1232 1232 1240 1243
160 kP & = oA
2% (°C) 1147 1148 1157 1159
A 2E(°0)
AFAZP)
AZZ oI 2E

Jﬂ%—? I
(P

_56_

SS=50ol 10-2306087



[0120]

[0121]

[0122]

A A] of 142 143 144 145
=A1 7HE 2 E(°0) 750 765 772 770
410°Clhr =235

(MPa)

410°C1h & 2] 7o)
(mm)

410°C1hrd] A~
2 R4 FF(kgh)
410°C2hr =283
(MPa) 902 961
410°C2hr =9]
Z1 0] (mm) 48 40 42 41
410°C2hr 8] A X~
=2 A sF
(kef) >30
410°C3hr =2
(MPa)

410°C3hr =9
Z10] (mm)
410°C4hr =287
(MPa)

410°C4 hr =2]

Z] ©] (mm)
410°C4hrH| A~
<€ AA FF
(kgf) _
410°C8hr =55
(MPa)

410°C8 hr 2]

Z1 0] (mm)

DFSM DOL ~
1.4*2*(Dt)"0.5 at
410°C1hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C2hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C3 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C4 hr

DFSM DOL ~
1.4%2%(Dt)"0.5 at
410°C8hr

953 948

>30 >30 >30

4.1E-10 2.8E-10 3.1E-10 3.0E-10

o
rfo
f
v
nj
W
A
T
t
rlr
nj
L)
rlo
2
N}
ol
4P
o
r

o
%
o
ol

2
o
~N
o,
rfo
=
i
do
g
=
—_&4
fetd
1z
)
10
é
[\

= o

2 1 o

Anes
rfo

N

o o

o %

o — H

2 gAdT. A7) %
o, g7 feldld | 2 ol oE o Ao
AT, WY A ool glolA, A7) AL 3% o

+

a, Ag, 1, Cu', 2 o9} §AFE AT e T2 17}
Aol ahte] Ag 2 Cu'ol 7] el
|

/= FUAAE A8 g& 53

& 1ol Al Wl-AlRE ool flojAM, AFsE fEl AlE (100)2
3

SS=50dl 10-2306087

2 o

ALy
o
2
i
E
ofi
ol
rlr
24
w AR ot
s

riot
rlo
t
N
o
o
o il
=)
=2
b B o o2 offt m

EAHA Fe)E = 19
FA (), S (130),
120, 122)= 7+ ®£¥ o}

gE= (120, 122)

S (130)0l A Q1%
0) el FFS A3,



[0123]

[0124]

[0125]

[0126]

S=54d 10-2306087

2 2 fE AFS Ho® oF 300 MPag] &5 o3 H/EE
=S ol wEE 4 vk, EE T do lojA], & gAA e 7]
o] ¢ g gl/EE Aok oF 40 mo] F5F] Holg ¢

TF ol udkd 4 vk, B Fd oo dojA, A7) frEl= Aol= <F 200, 300, 400, 500, 600,
700, 800, 900, ¥+= 1000 MPa®] &% &¥& YA =F ol nddrt. LZE F& do dolA, A7 7
m, 70 ¢m, 80 m, 90 gm, 100 pm, HE+= 110 um ©] A9

2 UEAA Frtsle, 2 WA ZAE fEE Yske OF S8 £ 2 dudez 2 ATk ¢
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= b 27F Yol AbstEe] Fojtk. Hul Fd ool 9lojA], [M0; (mol%)/RO(mol%)] < 1]
oo ojA, A7) Gy dFn=AYAE F8E 1 mol% mTe] K0S B £33, "wE 7 oo gl
oA, 7] &zl dFreAYAE fEE 0 mol%e] K08 Xt EE 3 oo oA, 7] &z
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