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SS50dl 10-2235722

gol 49 (16)S Egdddh. 7t 4% 85 (12 2 14) 59 o] DOL (5, 27 DOL, 2 DOL,) S X383},
% 19 oelA, DOL& DOL,2F H¥&ta, DOL, © DOL,2 2l AE (1009 7 "T"9] 25% nuto s T oA
Hoh, &5 §95 (12)9 ¥ ¢45 492 5% 9% (149 Z¥A 4= 3493 st
fEl AES 4 ®Wo] EgFor ZE3 A w=EFE 4 Jdt A T2 H2Y LA, Ao T
Hg g2 o2 stetdow Zsle o ZWS z2e Zo] feF + dvk. & A&dA, fEle 24 e %
Hol Zstel TS 2t Zo] vpEAE = vk, ® & A&A, fEl AlES FA e Hojk Ay 7]
z3 FE9 sty e F Zwldel DOLe FAE ZHste Aol ulEAE 4 9tk o] wEH f AES
3D 93 (contours)e.® W FAsd HW 7|9 E£E= 7)9Y & 9t
shike] AR ool A, A HEAel A, vighA g e o]HE 9% TS ZloldA A3 4F §HES ATt
= A A FEH FHE o|F7] A g AL fE AEY T FAE HE 7 v B e AA
ool A, w9 ok 25 AT A8 fE AE < xWol gty oz Py AS a7 FS 3
A, e fE7 AIES o] muvte] f7 AES] e xW oo w AsHe= s 8% vk dE
Eo], olyd g AEE AFH, FUE B HERN 22 Az gaEee] FAE AW fEEA AeE F
dar, o714 A7) A3 fEls daZde] dde A wiXEAY e RAEa, uebd 4] 23 f2
o v ywvke] FH A =FHTH thE AA oA, Y] frE]l ANEE S EBE AR ZPAAE
TE 7Y £33 £E 5 393 28, 08 g d359 5 dn. ® g2 Ao, oA s g9
2, A B 55 BE e 7 E- ASE g 1¥e] 9§ A w=E:HA ¥7] wi, oL
g ek Y, e e dEY o & AL Aok o wiHEr. weks, 2 A A 2 HdgA
qo2 ol wey fg 7|ge] WA W, 9 HF 7)ol #e e
L2 HgiAA e o2 wEE {7 7|¢ (2009 AR Y] dHEE At 7 7R (2002 A7)
g 719 (2009 AIRW (24)e25Y A7) Fy 718 FAE Fste] F-E AFsteE Al 45 $8F (22)
= st fE 719 (2002 A7) fFE 7% (2009 A2EW (28) o E2RE AV frE] 71w F4S sk
T2 dFsteE A2 45 495 (200 uS EFe. T zole A4 Al 2 A2 45 9%, =,
DOL;, % DOL, ZH7r3} Akt 7] gl 713k "' dA FAE zZeth. vekd vkel Ze], DOL2 DOL,7

th2ar, & 2014 o AlE wpel o], DOL; DOLE Z7abw, 7|4 DOL 2 7% (20)9] 7 "T"9] 25%
S 298l oz oAEaL, DOL= el 719 (2009 FA "T"] 25% mvkl Aoz dAjEm, o
S8 ZRAS Atk < 49 (300 A1 9 A2 ¢F S=HIT Alolol] wixHa, fE
5 AAgtt. =, A% 99 (30)9] T77ﬂ de= T - (DOL, + DOLQ)OM T 26 TAH

& T Zojok e HEWA, HW (24)2, vt SH A= QN A wEHE x|

=
Lo,
o,
o

Al A delA], el W, EW (24) who] o] wFE 4 AL, DOL,E wBEHA FErh. A
v % 1090 oAETE = 106 Y% o AlE wpel o], DL frEl 71k (2009 FA TV 25%E = &
ATH. o AlE wkel ZFo] . DOLiS 2l 71 (2009 FA "T"9] 30%°lth. thE AA] eelA, DOLS e 719
= < 90%e] WY (A= Eo, 26%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%,
90%) L + Ak, Mgk wpe o], HY HA] oA, 7@ 0.3m ©l&F, °F 0.2m ©]3F, 0.1m °]3s}, =
g Z & 2AEY T FoE 7AE 7 AL, Aq7A

ofj =

flo 4
N
_LL4
o
i
N

[ rﬁ
flo
ook

T OE AA dddA, = 29 A o9} o], = 112, 8 71 (20)°] 7 (
Z3atE= DOLy 2 HE 719 (2008 FA "T"e) 25% 1wkl DOL,E AASIEE v H o g
= s dAsth. E 1194, DOL2 fE 713 (2009 FA "T"Y 30%%0 RS2 dAIFHAL, DOl frEl 7%

(2009 F7 "T"¢] 20%¢] Ao & dAlEct. = 12¢] dAlE, T thE AA] dolA, fE 7]
(20)¢] A "T"9] 25%5 Z3sle DOL; 2 A8 71 (2009 74 "T"9 25%E =33k DOL.E AAtst

=

L
Ao ol wekd 4 vk = 12914, DOLi 2 718 (2009 F7 "T"e] 50%%] ALR ofAl¥aL,
DOL.= el 718k (20)8] 7 "T"9] 30%%) Ao oAdrt.

E 139 AAIE, = oE FA doA, 2 713 (20)2 DOL9F Y3 DL Al EE oz o] 1l
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[0031]

[0032]

[0033]

[0034]

[0035]

S=50l 10-2235722

e 4= lar, 971 Zhzke] DOLy, 2 DOL.+= f2l 71 (20)9] A "T"9 25%5 Z33hch. = 13914, Zhzthe]
DOL; @ DOL,E &2 719 (2009 FA "T"¢] 35%6¢] AR oA},

2 WA A o] mEA, o] wFke] A4t
a, 37l EAE ukek 2L g 5
o2 FFo] fitk. 7 A" Ho
Al mrEbA] AW fFEE AFSE 5 Y.
shube] A el A, A7 & dFH=AACE fElv dFY 9S4 AsE S Hox sy, 2 o
ZE w5 st 9 47 % = 5 Aox stUE xEFetar, o714 -15 mole® < (RO + R'O -
Al0s = Zr0y) - B0 < 4 mole%o]al, o37]4 RE Li, Na, K, Rb, % Cs & 3h}oln, @ R'S Mg, Ca, Sr, ¥

Ba & 3sfutelty. 29 FA| oA, 7] &z dFH=HdACE fEe: ¢F 62 moleh WA F 70 mole%
Si0z; 0 mole% WAl <2F 18 mole% Al,0s; O mole% WA 2F 10 mole% Bs0;; Omole% WA <F 15 mole% Li0; 0

2
o
ﬂH

mole% WA <F 20 mole% NaO; O mole%h WA 2F 18 mole% Ki0; O mole% WA <F 17 mole% MgO; 0 mole% WA
°F 18 mole% Ca0; = 0 mole% WA °F 5 mole% ZrO, 5 XEFHeTh. 7] fEl=, 20079 11€ 2994 S<€ #|
= 7F 53&9 A161/004,6775.9 $HHE T35k, Matthew J. Dejneka ol o3, 2008 119 25Uz}l
g o] o] "Glasses Having Improved Toughness and Scratch Resistance,"Z Z&9® V3 53] &9 A
12/277,573%. AW, ole] AAALN WL of7]el FE= Eidr.

g2 A deA, dr] &Z2E] dFueAdAClE fE &= ¢F 60 molet WX F 70 mole% Si0; <F 6 mole%
WA oF 14 mole% Al0;; 0 mole% WAl F 15 mole% Bi0s; 0 mole% WA ¢F 15 mole% Lis0; 0 mole% WA <F 20
mole% NasO; 0 mole%® WA F 10 mole% K:0; 0 mole% WA 2F 8 mole% MgO; 0 mole% WA 2F 10 mole% CaO; 0
mole% WA <F 5 mole% ZrOs;; 0 mole%® WA F 1 mole% SnO,; O mole% WA 2F 1 mole% CeOy; F 50ppm W] wF]
Asy03; 2 ¢F 50ppm WRFS] Sh,0;E ¥gHsbar; o37]A 12 mole% < Li0 + Na0 + K0 < 20 mole% 2 0 mole%

< Mg0 + Ca0 < 10 mole%°]t}. A7 8, 2008 29 26Uxbo) &HH, v= 7} E3&Y #61/067,130%
o] XA S FA3sle], Sinue Gomez o 93, 2012 49¥9 179A}ol], o] wWAo] "Fining Agents for
Silicate Glasses"=, &% vl 53 &9 AI8,158,543% 0l 7|A=™, o]e] A4 W& FxEA o7

of Ed¥t.
EorE A delM, A7l @] dFv=AYAelE fEl= oF 1 seed/ar MIRRY] A= F (seed

concentration)E 7FA™, 60-72 mole% SiOy; 6-14 mole% Al,05; 0-15 mole% B,0s; 0-1 mole% Lin0; 0-20 mole%
Na,0; 0-10 mole% K;0; 0-2.5 mole% CaO; 0-5 mole% ZrO,; 0-1 mole% SnOs; 2 0-1 mole% Ce0,S ¥3Fs}ar, ¢
717 12 mole% < Li0 + Nay0 + K,0 < 20 mole%o]aL, 9174 7] AelAClE 2l 50ppm H R As,0:& E
ghate}. oh2 A olelA, ] AelFAlelE Rl 60-72 mole%h Si0y; 6-14 mole% Alx0s; 0.63-15 mole% BOs;
0-1 mole% Lis0; 0-20 mole% NasO; 0-10 mole% K.0; 0-10 mole% Ca0O; 0-5 mole% ZrOs;; 0-1 mole% SnO,; 2 0-1
mole% Ce0,E X3$3FaL, 7|4 12 mole% < Li0 + Na0 + K0 < 20 mole%olt). T T2 A oA, 7] A
A E F8=: 60-72 mole% SiOy; 6-14 mole% Al,0s; 0-15 mole% BsOs; 0-1 mole% Lis0; 0-20 mole% Na)O; 0-
10 mole% Ky0; 0-10 mole% CaO; 0-5 mole% Zr0Os; 0-1 mole% SnOy; X 0-1 mole% CeO. & XEZF3}aL, 7|4 12
mole% < Li0 + Na)0 + K0 < 20 mole%o]™, 3714 0.1 mole% < SnO, + CeQ, < 2 mole%ho]al, 37|14 A7)
A A E F8= Ao sl A3t A A (oxidizer fining agent)ES E335t= wjx] = 95 =2 =25H
FET. 37l Fels, 2008 24 2607kl E9E, = 7F 53 =9 A161/067,130% 0] AAS 81,
Sinue Gomez S° <93, 2013d 49 30<Ae, WwHo] wAHo] "Silicate Glasses Having Low Seed

o=, 9% n= 53] A18,431,5025 ¢ 7] E™, ole] AAA &2 FxE 7] TYdH

Concentration

=
E e A oA, 4]

A7ty dFu =AY AoE FE+= Si0; ¥ Na 0 E3}star, o7|M A7) Fd= &+
2]7} 35 kilo poise (kpoise)d HEE Zt= 2 S

E Tyes 7HAIH, oA7)A4 K 2Fo] 3= 7r0, 2L
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[0036]

[0037]

[0038]

[0039]

SEE5] 10-2235722

/Kéfg}}‘_:__ %E Tbreakdown}\—:—_ TSSkp% —?—T’}’iﬂ—‘;}- E;ﬂé :rLjﬂ Gﬂoﬂ/ﬂ7 /2)]‘7] OEL;ELF/] OEL_EF‘D]—‘T-/KE]F/]H]O‘IE %1:'/]}\_:_‘ O_]l: 61
mol% WA <k 75 mole% SiO,; F 7 mol% WA 2F 15 mole% AlsOs; O mole®% WA 2F 12 mole% ByOs; ©F 9 mol%
WA °F 21 mole% Na0; 0 mol% WA °F 4 mole% K;0; O mole%d WA <F 7 mole% MgO; ® 0 mole% WA <F 3
mole% Ca0E XF3Th. 7] 21, 20099 9€ 29¢xtel &4, vl= 7} 53 &9 #161/235,7625<] S
S FA3&e], Matthew J. Dejneka ol 98, 201003 8¢ 10¥xAfo], wHge]l wW o] "Zircon Compatible
Glasses for Down Draw"® &UH, "= 53 &9 #12/856,840%. 9 7]A=H, o]e] AAH] Y& Fx=
ol 7]d £,

T g2 34 oA, A7) &y dFneAgAelE faE FolE 50 moleh Si0, E &y F4 AtE U
Gy B F4 AStERZ o]Fo To2HE AYE Hom e JfEAE Edsta, o714 [(Al0;
(mole%) + Bx0s(mole%)) /(S 28] 55 /MEA (mole%))] > 1o]t). B A doA, 7] &l dFred
HAE F8+=: 50 mole® WA 2F 72 mole% Si0y; ©F 9 mole® WA 2F 17 mole% Al.0s; <F 2 mole% WA <F

ps)

12 mole% B,0s; 2F 8 mole% WA 2F 16 mole% NaO; 0 mole® WA <F 4 mole% K05 ¥gHstc}. AV f#8+=,
2009 89 21dxo] EUHE w= 7} E3F] &Y A61/235,76759 $HAAE FH38Fo], Kristen L. Barefoot %
o o3, 2010 8& 18YUA}ell, W] WAo] "Crack And Scratch Resistant Glass and Enclosures Made
Therefrom" .2, Z9E W3 53] &9 #12/858,490& ¢ 714%™, o2 AAHd & FFZ o7]d &
A},

T g2 FA4 oA, v €28 dFu e AClE fEl= Si0, Al0;, PO, ¥ Aox sl &7 &
ﬂ'ﬂ'% (RQO)% E@'—B}l, 0117]/H 0.75 < [(PQO5(mole%) + RZO(mole%))/ M203 (mole%)] < 1.2013, 05’7]}‘_1 M203
= ALO; + B0selth. 2 A oA, 7] &7 dFu A AE = 2F 40 moleh WA 2F 70 mole%
Si02; 0 mole% WA °F 28 mole% By0s;; 0 mole% WA ©F 28 mole% AlOs; ©F 1 mole% WA 2F 14 mole%h P,05; 2
°F 12 mole% WA 2F 16 mole% R0; &, oWl A ool A, <F 40 WA F 64 mole% Si0y; O mole% WA <F 8
mole% B.0s; ©F 16 mole% WA] 2F 28 mole% Al0s; <F 2 mole% WA ¢F 12% P0s; 2 <2F 12 mole% WA <2F 16

o e

A

mole% R0E X3}, A7) fal, 20103 11€ 304xte] 9% vl= 71 E3& Y #161/417,941%52 44
S F7%3to], Dana C. Bookbinder 5ol 23], 2011d 11 28UA}el], 2rgo] o] "lon Exchangeable Glass
with Deep Compressive Layer and High Damage Threshold"®, &% nl=r 3] &9 #]13/305,27159] 7] A%
W, ol AAHS Y& FxE r]d dH.

3] v A oA, 7] gFE dFH=AAE {FE= HoE F 4 moleh PO XTI, 7|4
(M05(mole%) /R,0(mole%)) < 1o]™, o714 M0; = Al0; + BOs0]3L, 99714 RO= A7) &Ze] dFu e

E fol EAsE drF 2 o)7F ol Folrh. EE FA| oA, Fr] 47t F o7t Yol AbstEe
Li0, Nas0, K0, Rby0, Csy0, MgO, CaO, SrO, BaO, % Zn0Z o]Fojx FozRE MEgch ZFE FA) oo A,
371 frElE 0 mole® BOsE XS, 7] fE&, 20119 11¥€ 16940l &dd vl 71 53 &9 A

61/560,4343 9] $-XAE F43to], Timothy M. Grossel <&, 2012:d 119€ 15UAe] ¥ eol 3ol "lon
Exchangeable Glass with High Crack Initiation Threshold"Z, U4 v= £3 &9 #|13/678,0135. ¢ 7]A)
HH, o]e] AAAQ Y& FxE o7]o JHT).

s

oE A oelA, A7 e 4F

g Xgstar, 7] obF §9& Hojm oF 9o0MPacltt. R A ool A, 7] frEls ALOs B B0, K0, MgO
2 7m0 F Ho= s Egst

(MgO + Zn0) = 0 mole%olth. EA A dolA, A7 Fa=: 2F 7 moled WA 2F 26 mol% Al,05; 0 mol% WA
°F 9 mole% By0s; ©F 11 mole% WA <F 25 mole% NaO; 0 mole% WA <F 2.5 mole% K.0; O mole®% WA °F 8.5

A A E 8= HolE oF 50 mol% Si0, X HoJE oF 11 mol% Nas0

13
o

, 9714 =340 + 27.1-Al0s - 28.7 - B,0; + 15.6 - Nas0 - 61.4 - K0 + 8.1~

o
k!

mole% MgO; 2 0 mole% WX °F 1.5 mole% CaO0E X3t 7] FeEle, 2011d 7€ 1d#bd 949 v= 7}
E3 &9 A61/503,734% 2] $-4A8E F3sle], Matthew J. Dejneka 5ol 98], 20123 69 262 Ao, 22
WA o] "lon Exchangeable Glass with High Compressive Stress"Z, 9% n= E3 &9 #|13/533,298% 9]
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[0040]

[0041]

[0042]

[0043]

[0044]

SS=50dl 10-2235722

ZIA =, o]e] AAAQ] W& of7le] FxE Y.

2y A Aol A, 37 el Hol®E 9F 50 mole® Si0:; Ho%E eF 10 mole% R0, 714 ROE Na & X3,
A0 F B03& 238, o714 BOs - (RO - Al03) = 3 mole®e|th. o A oA, 7] frale: Ao
% 9k 50 mole% SiOy; 2F 9 mole% WAl 2F 22 mole% AlO;; 2F 3 mole% WA €F 10 mole% ByOs; 2F 9 mole% Wi

rr

Al 2F 20 mole% NasO; 0 mole% WA <F 5 mole%h K,0; Fo]= <F 0.1 mole%] Mg, Zn0, TEx o]o] %3, of7]|A

0 <MgO =6 % 0 =< 7Zn0 =< 6moletr; H, AeHom, ok (a0, Ba0, # Sr0 5 & EFhataLl, o7
A0 mole% < Ca0 + SrO + Ba0 < 2 mole%o|t}. o] nH A5, A7) e, 22 74 doli, Hojx
ok 10 kgf9 ®IAXA #49 /MA AAZ (Vickers crack initiation threshold)S zteth. o]#3k 8, 2012
d 59 3197bd 99 v= 7} 5 &9 A161/653,489%5 2] AL F43te], Matthew J. Dejneka Sol 2

3, 201333 5¢Y 28Uxfoll, el WAo] "Zircon Compatible, Ion Exchangeable Glass with High Damage
Resistance"2, &UH v 538 &Y #113/903,433% 0 71AEH, o] AAA] W& F2ZA 7] &
FIR2N=

2 A oellA], A7) frEle: Aol® oF 50 mole% Si0; AHol%E ©F 10 mole% R0, 1714 ROE Na0& £
Al,03, 91714 0.5 mole% < Al0; (mole%) - RO (mole%) < 2 mole%; R B0, 5 &3, 714 B0; (mole%)
- (R0 (mole%) - Al0; (mole%)) = 4.5 mole%oltt. thE FA| doA], 7] FE& FEl7F <F 40 kPoised %
e RS 2te 229 5Y3 A2FE B 225 2o, 2 Hojx oF 50 mole% Si0x; H= °F 10 mole%
R0, 1714 RO Na0& 2F; AlOs; 2 B0yS 2333, o714 BOs(mole®) - (RO(mole%) - AlOs(mole%))

= 4.5 mole®olth. th& FA oolA, &7 frEle ol nEE L, Aok oF 30 kgfo] H|AL #E MA A
e A, = Holx ¢k 50 mole% SiOy; A °k 10 mole% R0, 1714 ROS Na 0= E3FH; Al0s, ©17]1A4

-0.5 mole%h < Al,0; (mole%) - RO (mole%) < 2 mole%; % B,0sE ¥3Fslar, o174 BO; (mole%) - (RO
(mole%) - Al,0s (mole%)) = 4.5 mole%olth. o]21dr fral, 2012 59 3194kl =99 = 71 B3 =4

A61/653,485%.2] $-AHS F435, Matthew J. Dejneka 5ol <&, 2013 59 28U x}ol], wye] w3 o]
"Zircon Compatible, Ion Exchangeable Glass with High Damage Resistance"®, &% vz £33 =9 A
13/903,398% ] 71A =, o]9] AAAQ &2 Fx2 of7]o] EJHT}.

o n
or
o

HE A eellA, ded &2y dFv=AddAelE fel= dE, §4, v, 2EEF, HATA, QHEE,
gk

[e]
=~
9 oW F A sk Addom g (5, 0 noled F). TSol, W FA doln, 7] FFr|na

ACE F2 ZAES > 12 mole% Na,0E T & r}.
A7 #F YT AL "B, AA, &5, BE ole fAkg Aol 93 ded &89 §x9 77 VwE
HEAA A2 7 dom, FA 5, fe 73] 9§ = U 99 o o ZL ol &8¢ &x
2R ¥ 927 (LE e g 2 goleow oA wi: wdlEo] Ay 9% mi o o] & o
FolwA], (o] o] WA A k=) 7] frEle] uH dgeo] FEetdd vk, V¥ A 88U HF
S doA o9 S Aise e WHe X Jbseith. 8% Sx4 HE AL, 889 %, ¥
A Fret e 21 o5 $9T (o] wFo] WA= oW d9)dA niEAe DOL B CSE 243 ¢
d =42 5 do
A2A, A7 &+F SYTol FAEE W s AL o2 uES FI 4F FHS Fosr] H8 o
308 A oF 24A17Fe] W wob ok 380C (degrees Celsius) WA oF 460C9] &%XoA KNO--3H &89 &
Zo fe 71wE FAAATIE GAE Fursth. olefg AdolA, 7] KNO-FHr 89 x5 A 2=Z KNO
2 849 ¢ A 7] KNO-gF 889 &x5, dE 59, $8%9 &2 34, ol 24, 3= 24, ®
= ole} Ak AL BFEFANE o] wg FAA BEA FUhHA ARERE ol o] nIe 3}
v o7 4 ARoFE KNOE 28 = IAY; Exe A7) KNO-FF &89 &x2% KNO; B o] uds 53
3 A2 e vE ARS XY ¢ A, B Y] &xE dYHoR o wE FAHNA EZAGolAT, 4
5o, 889 &x oA, pil 22, AE 2d, T o9 FAE AL BEE Hr1Hd RS ¥

-
2
AU
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