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ABSTRACT

Non-Alkali multicomponent La,05-Al,053-SiO, glasses has been designed and analyzed on the basis of a mixture design experiment
with constraints. Fitted models for thermal expansion coefficient, glass transition temperature, Young’s modulus, Shear modulus and

den51ty are as follows

a(/°C)= 841 x10™ x1+5 72>< 10" x2+2 13 x 10~ x3+1 09>< 107 x4+1 10>< 107 x5+1 15 X 107 x6+2 72x 10° x7+2 41x10° xg—
1.08x 10" x]x2+4 28x 10 x3x7 2.02x10" x3x8 1.60x 10~ x4x5 271x10" x4xg 2.19x 10" x5x6 3.89x 10" x5x7

T ( C)="7.36x,+15.35x,+20.14x3+8.97x,+13.85x5+4.22x4+28.2 17— 1.44x5—0.84x5x3— 0.4 5x,x5— 1.64x,007+0.93x305— 1.04x5x5— 0.4 8x4 x5
E(GPa) 2. O4x1+ 14. 26x2—1 22)63—0 8OX4 2 26x5—1 67x6 1 27X7+3 63xg 0. 24X1X2 0. O7X2Xg+0 l4x~x6 0. 68X3Xg+0 2QX4X75+1 2SX5.7C3
G(GPa)=0.35x;+1.78x,+1.35x3+ 1. 87x4+9 72x5+29.16x5—0.99x7+3.60xg— 0.48x;x5—0. 50x2x5+0 08x3x7—0.66x3x5+0.94 XXy
p(g/em’)=0.09x,+0.51x,—4.94x 10" x3 0.03x4+0.45x5—0.07x5—0.10x7+0.07x5—9.60 x 10~ x1x2 8.20x 10 xx5+2.17x 10~ x3x7—

0.03x3xg+0.05x5xg

The optimal glass composition similar to the thermal expansion coefficient of Si based on these fitted models is 65.53SiO,
-25.00A1,05-5.00La,05-2.07Zr0,-0.70MgO - 1.70SrO.

Key words : Lanthanum aluminosilicate glass, Mixture design, Thermal expansion coefficient, Young’s modulus, Glass transition

temperature
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Table 1. Glass Compositions Determined by Screening Mixture Design

Run Std Block SiO, ALO; La,0; Y,0; 710, CaO MgO SrO

3 1 Block 1 62.831 18.662 8.169 2.792 1.777 1.592 1.592 2.585

5 2 Block 1 62.831 18.662 8.169 2.792 1.777 1.592 1.592 2.585
19 3 Block 1 71 15 5 0 0 0 9 0
12 4 Block 1 62 25 5 0 5 0 3 0
5 Block 1 60 17 20 0 0 3 0 0
6 Block 1 60 15 16 0 0 0 9 0

7 Block 1 62.831 18.662 8.169 2.792 1.777 1.592 1.592 2.585
10 8 Block 1 60 25 5 1 0 2 0 7
17 9 Block 1 60 17 20 0 0 0 0 3
15 10 Block 1 61 25 5 0 0 9 0 0
21 11 Block 1 60 25 7 0 0 3 0
14 12 Block 1 72 15 0 0 0 1 7
6 13 Block 1 60 15 11 0 5 9 0 0
11 14 Block 1 60 15 13 0 5 0 0 7
20 15 Block 1 60 15 5 6 5 0 9 0
7 16 Block 1 60 15 5 13 4 0 3 0
18 17 Block 1 72 15 5 0 5 3 0 0

2 18 Block 1 62.831 18.662 8.169 2.792 1.777 1.592 1.592 2.585
13 19 Block 1 60 15 5 11 0 9 0 0
16 20 Block 1 60 15 5 13 0 0 0 7

1 21 Block 1 62.831 18.662 8.169 2.792 1.777 1.592 1.592 2.585
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Table 2. Measured Properties and Values Predicted from Regression Models
e G B T BB O Ge o
(°C) () (0O (O (GPa) (GPa) (GPa) (GPa) (g/fem) (g/em’)
1 6.64x10° 622x10° 834 833 89 89 69 70 323 3.24
2 6.70x10° 622x10° 833 833 88 89 70 70 321 3.24
3 522x10° 626x10° 824 824 82 82 54 53 2.98 2.98
4 482x10° 450x10° 81 811 84 84 58 58 2.86 2.84
5 8.17x10° 833x10° 834 834 95 95 80 80 3.99 3.98
6 137x107° 137x10° 827 826 86 86 73 73 3.73 3.73
7 6.68x10° 622x10° 830 833 89 89 72 70 327 3.24
8 582x10° 548x10° 855 855 94 94 72 77 3.04 3.04
9 789x10° 7.50x10° 873 873 59 59 50 50 2.69 2.69
10 538x10° 5.03x10° 867 867 95 95 73 72 2.95 2.95
11 6.08x10° 567x10° 846 846 98 98 83 84 325 3.26
12 576x10° 524x10° 824 824 85 85 60 61 3.16 3.15
13 728x10° 6.83x10° 828 829 91 91 77 78 3.51 3.52
14 750x10° 7.05x10° 844 844 91 91 75 75 371 371
15 6.53x10° 6.10x10° 832 832 93 92 72 72 3.19 3.19
16 697x10° 623x10° 865 866 103 103 87 86 3.60 3.60
17 489x10° 4.58x10° 847 846 77 77 54 54 2.84 2.84
18 6.60x10° 622x10° 836 833 89 89 69 70 3.24 3.24
19 7.63x10° 7.19x10° 847 846 93 93 79 79 3.49 3.48
20 748x10° 7.10x10° 850 849 95 95 81 81 3.54 3.54
21 6.66x10° 622x10° 831 833 89 89 68 70 322 3.24
oAz AAITE AR Fgo= WA o] A3 < Table 20 YERRSITH BE EAEY] dSuEc] =
2 dojzl AR ELS v} ) e & xS weln, T3k Fig. 1914 Hol% 4
o(/°’C)=8.41x 10, +5.72x 10 7%, +2.13x 10 x3+1.09x 10"'x, =22r9 2Rz AsAAE AA-L 2= 797 12
+1.10% 10755+ 115 x 10 7% +2.72 x 10,4 2.41 x 10 xg— Moz UERAH, o|ZRE WEs 1:] oBAS =
1.08 x 10,50, +4.28 x 10 53007~ 2.02 x 10305 — 1.60 x 10 x5 23 2= 99}

—2.71x 10™x,505—2.19 % 10 x5x— 3.89 x 10" x5x

Ty(°C)=7.36x,+15.35%,+20.14x3+8.97x,+13.85x5+4.22x,
+28.21x7—1.44x5— 0.84x,x3 — 0.45x,0x05 — 1.64x,x7+ 0.93x3x5 —
1.04x5xg—0.48x6xg

E(GPa)=2.04x, + 14.26x,— 1.22x;— 0.80x,— 2.26x5— 1.67x;
—1.27x7+3.63x5— 0.24x,x,— 0.0 7xoxg + 0.14x3x6 — 0.68x3x5 +
0.29x4x5+ 1.28x5xg

G(GPa)=0.35x;+1.78x,+ 1.35x3+ 1.87x4+9.72x5+29.16x¢
—0.99x;+3.60xg — 0.48x,x5— 0.50x2x5 + 0.08x317 — 0.66x3x5 +
0.94x5xg

p(g/em®)=0.09x, 0.5 Lx,—4.94x 10™x;—0.03x,+0.45x5—0.07x5—
0.10x;+0.07x5—9.60 x 107x x5~ 8.20 x 107x x5 +2.17 x 107 x5,
—0.03x3xg+0.05x5xg
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Fig. 1. Correlations between (a) measured thermal expansion coefficient and predicted thermal expansion coefficient, (b) measured T,
and predicted T,, (¢) measured Young’s modulus and predicted Young’s modulus, (d) measured shear modulus and predicted
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shear modulus, and (e) measured density and predicted density.
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Table 3. Estimated Regression Coeftficients for Thermal Expansion Coefficient

Term Coef. SE Coef. T P VIF
Sio, 34x10° 820x10° * * 3.680
ALO, 34x10° 772%10° * * 3.409
La,0; 92x10° 6.14x10°" * * 3273
Y,0;3 71%x10° 923x10° * * 5.999
710, 72x10°° 223x1077 * * 9.405
Ca0 73x10° 9.82x10° * * 3.225
MgO 9.8x10° 147x107 * * 7359
SrO 78x10°° 1.28x107 * * 4.721
Si0, x Al,O; —43x10° 9.74x107 —4.45 0.004 2.965
La,0;x MgO 1.7x107° 3.63x107 47.18 0.000 3.938
La,0; x StO —8.1x10° 591x107 ~13.65 0.000 5.788
Y,0; xZr0, —-64x107° 6.39x10° -10.02 0.000 4582
Y,0; xSrO ~1.1x10° 4.00x107 271 0.035 4.139
710, x CaO -8.8x10° 8.45x 107 -10.37 0.000 4.929
710, x MgO ~1.6x107 9.63x10” -16.16 0.000 6.800

S=4.553775E-08 R°=99.98% R, =99.94%
Coef: Least square estimator of regression coefficient,
T:Test statistic, P:p-value, VIF:variance inflation factor,
S=JMSE (error mean of squares), R*: coefficient of determination,
2. 5 2
R, :adjusted R

Table 4. Analysis of Variance for Thermal Expansion Coefficient

Source DF Seq SS Adj SS Adj MS F P
Regression 13 7.12x10°" 7.12x10° 1 5.09%10 12 2452.93 0.000
Linear 7 561x10" 1.09x 107" 1.56x 107" 752.29 0.000
Quadratic 6 1.51x10" 1.50x 10! 2.16x10 2 1043.36 0.000
Residual error 7 124x10™ 124x10 ™ 207x10° " - -
Lack of fit 3 8.00x10™* 8.00x10°* 3.80x10 " 0.13 0.881
Pure error 4 1.17x10°"° 1.17x10° 2 292x10° " - -
Total 20 712x107" - - -

DF: Degrees of freedom, SS: Sum of squares
MS: Mean square, F: Test statistic, P: p-value
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Fig. 2. Cox response trace plots for (a) thermal expansion coefficient, (b) T, (c) Young’s modulus, (d) shear modulus, and (e) density.
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