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A glass composition includes: S1,0, greater than 0 mol% to less than or equal to 24 mol% Al»Ox,

B»,03, K5O, greater than or equal to 10 mol% to less than or equal to 38 mol% MgQO, Na»O, and L1»,O. The

glass composition may have a fracture toughness of greater than or equal 0.80 MPa,/ m and a Young’s
modulus of greater than or equal to 80 GPa to less than or equal to 120 GPa. The glass composition 1s

chemically strengthenable. The glass composition may be used 1n a glass article or a consumer electronic

product.
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A glass composition includes: 51,0, greater than O mol% to less than or equal to 24

mol% Al,O;, B,0Os, K,O, greater than or equal to 10 mol% to less than or equal to 38

mol% MgO, Na,O, and L1,0. The glass composition may have a fracture toughness of

greater than or equal 0.80 MPa,/ m and a Young’

s modulus of greater than or equal

to 80 GPa to less than or equal to 120 GPa. The glass composition 1s chemically

strengthenable. The glass composition may be used 1n a glass article or a consumer

electronic product.
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KicET HEE ~amit (v ) ~BEKE=ZE (E) ~ U B =
(G )M EMHGBIEEGRGIEE XRHEZF R &8V H A2 K H &
7o 1% 1
ZH A 1 ) 3 4 5 6
Si05 4545 14321 |38.78 [41.59 (3964 |36.76
Al,O4 2.06 4.17 8.34 2.04 4.25 4.27
B,0; 12.21 12.15 1229 [12.19 |11.58 | 11.40
MgO 27.92 [28.15 |2831 3198 |32.66 |36.03
CaO 0.08 0.09 0.09 0.09 0.10 0.11
[.1,O 3.99 3.98 3.95 3.91 3.94 3.93
Na,O 8.04 8.02 8.02 7.97 7.67 7.38
K,O 0.24 0.23 0.22 0.22 0.16 0.11
Fe, O, 0.01 0.01 0.01 0.01 0.01 0.01
ZH 7] 1 p) 3 4 5 6
Kic
(MPay/ m ) -- 0.818 0.818 0.821 0.802 -
IR =
(GPa) 89.6 89.4 88.5 02.3 02.4 04.9
BUTJFA =
(GPa) 35.9 35.6 354 36.7 36.8 37.8
JAFALE 0247 0254 0247 (0256 |0254 |0.255
/ﬁﬂﬁg ' $£§ 26 - L _ _ —
(’H)
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=1 (48 )
ZH A7) 7 ] 9 10 11 12
Si0, 44.44 | 43.47 |37.99 |4021 |37.08 | 34.96
Al,Os 2.00 4.30 8.15 2.01 3.99 3.91
B,O; 13.55 | 12.09 |13.27 |1294 |13.02 |13.32
MgO 26.44 | 27.63 [27.18 |32.00 |32.75 |34.45
CaO 0.18 0.19 0.19 0.21 0.21 0.22
Li,O 9.02 8.67 8.99 8.88 8.87 8.79
Na,O 3.97 3.42 3.88 3.70 3.72 3.90
K,O 0.40 0.20 0.34 0.03 0.35 0.42
Fe, O 0.01 0.01 0.01 0.02 0.02 0.01
ZH A7) 7 ] 9 10 11 12
Kic B B B B B B
(MPay/ m)
IR =
. - . 101.1 . .
(GPa) 96.7 97.8 0 99.6 99.8
S 38.7 39.0 40.1 394 394
(GPa) » - » » » »
JHFALE 0.249 | -- 0.253 |0.26 0264 | 0.265
BB | ¢ 33 23 17 19 8
®=D.
[0079] f My EBAH B G EFE BEE BBV XX FI1I
N B 97 o dE R E H ¥R B RE LR K B B MY 0 3 EE 4H pL
Y o FEFRIIE » B A7 E DL E H % F o 0 1 3 2H B )
iz tEE (E) HE T FZREE NS HEZEF &R~ H LK M
=
e 11
2H ) 13 14 15 16 17 18 19 20
Si0, 4595 1 4693 |[53.36 |[47.69 |[53.83 4747 |49.12 |48.22
Al,O4 2361|1940 |9.67 17.88 | 9.01 20.52 | 13.65 | 19.00
B,O; 7.18 | 1041 |13.50 |1095 |13.50 |8.31 13.50 | 8.86
MgO 9.76 | 9.76 9.97 9.99 10.16 | 1021 |1023 |10.43
CaO 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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L1,O 9.00 | 9.00 9.00 9.00 4.00 9.00 9.00 9.00
Na,O 4.00 | 4.00 4.00 4.00 9.00 4.00 4.00 4.00
K>O 0.50 | 0.50 0.50 0.50 0.50 0.50 0.50 0.50
2H Y371 13 14 15 16 17 18 19 20
I =
06.81 | 93.05 83.06 02.47 79.71 05.12 84.82 04 .65
(GPa)
B 7.29 | 7.17 6.8 7.19 6.64 7.26 6.73 7.27
(GPa)
11 (48 )
2H V7] 21 22 23 24 25 26 27 28
S10, 47.63 | 49.60 54.00 54.00 48.01 54.00 54.00 48.75
Al,Ox 22.39 | 12.85 15.96 13.00 21.62 4.04 1.01 20.11
B,0Os 5.94 13.50 6.00 6.00 6.23 6.00 6.00 6.79
MgO 10.54 | 10.55 10.57 10.61 10.65 10.70 10.73 10.86
CaO 0.00 0.00 0.97 3.89 0.00 12.76 15.76 0.00
1,0 9.00 4.00 9.00 9.00 9.00 9.00 9.00 9.00
Na,O 4.00 9.00 3.00 3.00 4.00 3.00 3.00 4.00
K>O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
2H V7] 21 22 23 24 25 26 27 28
A=
07.41 | 82.58 04.77 03.21 05.78 101 103.78 | 96.5
(GPa)
b 7.34 6.66 7.55 7.62 7.39 8.1 8.37 7.41
(GPa)
11 (48 )
2H V7] 29 30 31 32 33 34 35 36
S10, 49.84 | 49.27 50.35 54.00 54.00 54.00 50.85 51.90
AlOx 17.87 | 21.20 18.97 10.81 7.89 4.94 20.05 17.86
B-,O; 7.61 4.74 5.58 6.00 6.00 6.00 3.58 4.42
MgO 11.18 | 11.29 11.60 11.91 11.94 11.98 12.02 12.32
CaO 0.00 0.00 0.00 4.78 7.67 10.58 0.00 0.00
L1,O 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00
Na,O 4.00 4.00 4.00 3.00 3.00 3.00 4.00 4.00
K>O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
L% 29 30 31 32 33 34 35 36
=L S =W=A
PR ELE 04.83 | 97 95.15 06.83 06.23 08.65 06.32 05.19
(GPa)
hEE B 7.28 7.42 7.33 7.83 7.76 7.94 7.37 7.41
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109140698 FH Gi9% A0202

1093353605-0




2021204438

| (GPa) |
=11 (& )
ZH T 37 38 39 40 41 42 43 44
510, 52.39 | 59.03 58.88 55.07 55.36 53.88 54.00 |[42.43
Al>,Os 18.94 | 1.03 1.13 4.62 4.24 17.85 12.28 16.20
B,0; 245 1350 |13.50 |13.50 |[13.50 [1.35 |6.00 13.50
MgO 12.73 | 12.95 [13.00 |[1332 |13.40 |13.42 |[1431 |14.38
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.00
L1,0 9.00 4.00 9.00 9.00 4.00 9.00 9.00 9.00
Na»O 4.00 9.00 4.00 4.00 9.00 4.00 3.00 4.00
K>O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
SHECY 37 38 39 40 41 42 43 44
P 94.97 | -- 82.1 82.17 78.67 95.06 94.69 95.58
(GPa)
E)E’é,a) 738 | - 736|718 |689 |747 |756 |7.34
=11 (& )
ZH YT 45 46 47 48 49 S50 51 52
S10; 54.00 37.775 42.67 51.97 52.27 54.00 54.00 37.776
Al>,Os 0.96 20.48 15.38 5.78 5.33 10.22 7.45 19.69
B-,0O; 6.00 13.50 13.50 13.50 13.50 6.00 6.00 13.50
MgO 14.47 14.777 14.95 15.25 15.40 15.48 15.52 15.56
CaO 12.08 0.00 0.00 0.00 0.00 1.81 4.53 0.00
L1,0 9.00 9.00 4.00 9.00 4.00 9.00 9.00 4.00
Na,O 3.00 4.00 9.00 4.00 9.00 3.00 3.00 9.00
K>O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
2B 45 46 47 48 49 S50 51 52
PN 102.69 | 98.78 39.86 37.64 82.22 96.42 95.79 96.14
(GPa)
B 8.38 7.36 7.02 7.1 6.85 7.77 7.68 7.29
(GPa)
=11 (& )
ZH YT 53 34 35 56 S7 58 59 60
S10; 54.00 54.00 | 47.89 48.21 43.59 43.85 54.00 54.00
AlL,Os 4.67 1.87 9.48 8.84 13.38 12.60 8.97 6.29
B->O; 6.00 6.00 13.50 13.50 13.50 13.50 6.00 6.00
MgO 15.56 15.61 15.63 15.95 16.04 16.55 17.66 17.771
PITW-34603 5 45 HEEHERHS)
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CaO 7.27 10.02 0.00 0.00 0.00 0.00 0.87 3.50
1,0 9.00 9.00 9.00 4.00 9.00 4.00 9.00 9.00
NayO 3.00 3.00 4.00 9.00 4.00 9.00 3.00 3.00
K>0O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Z2H ] 53 34 35 56 57 58 59 60
PN 100.96 | 101.21 | 88.97 836.23 39.06 39.19 97.02 96.54
(GPa)
E)fjé@ 809 814 |694 [693 |701 |7 781 |78
=11 (& )
Z2H ] 61 62 63 64 65 66 67 68
S10, 54.00 | 54.00 53.81 53.67 50.70 50.87 37.01 46.76
Al,Os 3.61 0.90 1.01 1.11 2.22 2.03 15.87 5.67
B»,0O; 6.00 6.00 13.50 13.50 13.50 13.50 13.50 13.50
MgO 17.75 | 17.80 18.18 18.23 20.08 20.11 20.12 20.57
CaO 6.14 8.79 0.00 0.00 0.00 0.00 0.00 0.00
1,0 9.00 9.00 4.00 9.00 9.00 4.00 9.00 9.00
Na»O 3.00 3.00 9.00 4.00 4.00 9.00 4.00 4.00
K->O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Z2H ] 61 62 63 64 65 66 67 68
LN 99.72 | 102.27 | -- 87.37 91.26 836.85 103.82 | 90.88
(GPa)
ﬁ’("é&) 811|828 |- 755  |745 |727 |768 |7.18
=11 (& )
Z2H AT 69 70 71 72 73 74 75 76
510, 54.00 | 54.00 46.97 54.00 36.98 42.62 42.80 38.28
Al,Ox 5.98 342 5.24 0.86 15.08 9.30 3.67 13.11
B-0O; 6.00 6.00 13.50 6.00 13.50 13.50 13.50 13.50
MgO 20.69 | 20.75 20.80 20.80 20.94 21.08 21.53 21.62
CaO 0.83 3.33 0.00 5.84 0.00 0.00 0.00 0.00
1,0 9.00 9.00 4.00 9.00 4.00 9.00 4.00 9.00
Na»O 3.00 3.00 9.00 3.00 9.00 4.00 9.00 4.00
K>,O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Z2H A 69 70 71 72 73 74 75 76
PN 99.56 | 99.68 88.74 102.67 | 99.18 95.73 92.12 100.3
(GPa )
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heE [EE
(GPa) 7.95 8.06 7.16 8.34 7.53 7.41 7.21 7.63
<11 (48 )
2H V7] 77 78 79 80 81 82 83 84
S10, 38.32 | 48.77 48.65 54.00 54.00 4474 44 .89 40.64
Al»,Os 12.36 | 0.99 1.09 3.26 0.82 4.45 4.09 7.97
B>Ox 13.50 | 13.50 13.50 6.00 6.00 13.50 13.50 13.50
MgO 22.32 | 23.24 23.27 23.45 23.51 23.82 24.02 24 .40
CaO 0.00 0.00 0.00 0.79 3.18 0.00 0.00 0.00
1L.1,O 4.00 4.00 9.00 9.00 9.00 9.00 4.00 9.00
Na,O 0.00 9.00 4.00 3.00 3.00 4.00 0.00 4.00
K»,O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
2H V7] 77 78 79 80 81 82 83 84
H ol =
P EE 04.26 | -- 03.25 101.21 | 101.88 | 97.61 04.13 104.89
(GPa)
heE [EE
(GPa) 7.35 -- 7.69 8.09 8.28 7.73 7.595 8.07
11 (48 )
2H V7] 85 86 87 88 89 90 01 02
S10, 40.74 | 36.33 36.30 54.00 43 .81 43.90 39.85 39.93
Al,O; 7.41 11.67 10.96 0.78 1.07 0.97 4.36 4.02
B->0O; 13.50 | 13.50 13.50 6.00 13.50 13.50 13.50 13.50
MgO 24.85 | 25.00 25.774 25.96 28.13 28.13 28.78 29.05
CaO 0.00 0.00 0.00 0.76 0.00 0.00 0.00 0.00
L.1,O 4.00 9.00 4.00 9.00 9.00 4.00 9.00 4.00
Na,O 9.00 4.00 9.00 3.00 4.00 9.00 4.00 9.00
K»>O 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
2H V7] 85 86 87 88 89 90 01 02
TR =
100.69 | 107.84 | 103.04 | 105.9 101.68 | -- 107.73 | 101.2
(GPa )
heE [EE
(GPa) 7.8 8.04 777 8.48 8.08 -- 8.21 7.84
=11 (&)
2H Y7 03 04 05 06 97 08 99 100
S10» 35.771 35.68 | 39.13 39.19 35.14 35.13 34.62 34.62
Al,O; 7.82 7.28 1.05 0.96 4.29 3.96 1.03 0.94
B,0Ox 13.50 13.50 | 13.50 13.50 13.50 13.50 13.50 13.50
PITW-34603 = 47 H(EEHERBHE)
109140698 FH Gi9% A0202
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MgO 20.47 30.04 |32.82 [32.86 |33.57 3392 |3735 |37.44
CaO 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00
Li,0O 9.00 4.00 |9.00 4.00 9.00 4.00 9.00 4.00
Na-O 4.00 9.00 | 4.00 9.00 4.00 9.00 4.00 9.00
K>O 0.50 0.50 | 0.50 0.50 0.50 0.50 0.50 0.50
ZH A7) 93 04 95 96 97 08 99 100
P R &
10954 | 104.95|112.15 | 105.82 | 116.32 | 11029 | 1233 | 117.66

(GPa)
b 8.25 795 | 8.57 8.2 8.65 .42 9.12 8.67

(GPa)
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