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Abstract: A statistical modeling approach to modeling glass composition (C) — structure (S) — property (P) is intro-
duced based on glass property response to the glass network structure. This paper first reviewed some of the limita-
tions of the C-P statistical modeling approach, then followed by complementary benefit identified from using S-P sta-
tistical modeling approach. Furthermore, S-P modeling is not limited by a narrower composition space as seen in the
C-P modeling case, which benefits glass composition fine-tuning and design optimization, such as in the chemical sta-
bility experiment for Nd: phosphate laser glass, the S-P models perform much better than the C-P models. The proce-
dure of C-S-P modeling was illustrated, and how to use C-S and S-P models inverse the composition of glass was also
detailed. Except for the regular properties, C-S-P modeling methodology can provide more accurate predictions on la-
ser glass emission properties, chemical durability, etc., which are often difficult by using the C-P modeling approach
alone. Our effort on C-S-P modeling is to explore a general methodology that can provide researchers with an alterna-
tive method to facilitate glass design with higher efficiency, fast turn-around, and high accuracy and precision.
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Table 1 Number of glass samples and their properties

n, 01300“f'6 .
Sample | em?) M4 Mx1070 <10 s T/C
esu) K™
BL 1.29 1.50466 1.05 12.51 493.1
S 0.89 1.50574  0.99 12.75 471.9
Sy 1.07 1.50650  0.99 12.56 471.6
S; 1.30 1.50600 0.98 12.62 482.7
S4 1.11 1.50554  0.99 12.27 486.1
B, 0.65 1.50734 1.00 12.53 471.1
B, 1.04 1.50708 0.99 12.58 472.8
B, 0.67 1.50841 0.99 12.48 476.8
B, 1.11 1.50814 1.01 12.04 492.2
L, 0.79 1.50836  0.99 12.80 466.5
L, 0.70 1.51001 1.03 12.48 476.8
L, 0.65 1.51165 1.06 12.60 480.4
Ly 0.69 1.51332 1.08 12.32 484.4

*WL=Weight Loss
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Fig. 1 Raman spectra of BL glass and SiO, modified glasses,
comparing the measured and the simulated spectra (a) along

with the corresponding error in detail curve fitting results for
BL glass (b), and the fitting detail of gridlines (c) in Fig.1(a)
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Fig. 2 Effect of SiO,. B,0; and La,0; on Raman spectra of
BL glass

*®2 RBAEMENERETIENFRT EIR(A=Area)
Table 2 Integral area of Raman bands derived from the
Raman curve fitting (A=Area)

No. Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All
BL 3.6 290 69 82 135 19 153 87 63 43 25
S1 44 276 8.1 92 13.1 0.0 142 9.1 7.7 43 24
S2 33 368 6.6 63 142 0.0 125 93 51 42 19
S3 42 281 7.6 74 149 0.0 13.0 105 7.5 48 2.0
S4 34 192104 6.8 13.0 3.1 188 80 93 52 2.7
Bl 3.7 276 7.8 74 134 28 127102 59 72 1.1
B2 3.7 290 6.7 80 13.6 1.8 153 86 64 42 2.6
B3 3.6 29.110.7 46 163 2.8 154 108 51 69 0.9
B4 3.5 284 80 35 164 23 178 74 57 50 1.7
L1 3.7 271 74 88 123 25 135 11.1 58 58 1.9
L2 3.7 274 74 85 123 24 128 11.5 57 65 1.7
L3 38 271 74 93 112 24 162 100 63 42 22
L4 50 235 94 93 11.0 2.7 13.7 114 6.1 6.7 14
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Fig. 4 Predicted and experimental results of the chemical stability for the modified BL glass based on S-P modeling
Fz 3 C-S-PREFUMA B 5 &R MR
Table 3 Compositions and properties of the glass predicted by C-S-P model
M2/(X WL/ . CTE . o o La,03 * /e 10 w0, ALO; N .
10713, esu) (mg'cm,z) Tg/ C /(X 1076’ Kfl) SlOz/WtA) B203/WtA) Jwit% RO*/wt% Rzo /wt% JwWit% P205/Wtﬂ) ObJ
1.029 0.90 486.9 12.18 2.16 2.81 0.91 13.59 10.74 11.58 59.17 0.99
1.023 0.92 486.7 12.28 1.93 2.96 1.08 13.61 10.77 11.60 59.27 0.99
1.027 0.88 487.0 12.26 1.89 3.04 1.27 13.59 10.74 11.58 59.15 0.98
1.024 0.94 488.0 12.21 2.05 2.97 0.89 13.60 10.75 11.59 59.21 0.98
1.027 0.90 487.4 12.22 2.19 2.95 1.08 13.57 10.73 11.56 59.09 0.98
1.027 0.93 486.0 12.28 2.03 2.78 1.21 13.62 10.77 11.60 59.30 0.98
*RO and R,O represent specific alkaline earth metals and alkali metal oxides, respectively
2.2 BEBIRE LIRS IE M R MR #4 PSHBMER
SALS Table 4 Properties of PS glass
IRt P £
N S g AT ‘ . Yb** (ICPY/
SCRRTIOTEANAUE T GeOs MPEMIBHE gt teio® ) oogomt gy Sk
— NN I SN . 2 emt ¢ splittin
AR BT P AT T T 5 OB A B R, ions-cm ) e
T CARE A 45 1 2k DR R AUME i D HEAT B2 A B PSO 240 0.50 477 639
B R G AER TGS L BT 7T . 1X HLEL C-P ALY PS2 238 0.48 441 651
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