Res. Reports Asahi Glass Co., Ltd., 59 (2009)

UDC : 519.65 : 666.1.01

3. HT ADHBERET

Design of Glass Compositions

[J—l 2"‘1‘@ IV

Hiroshi Yamamoto

HT ADRBEHFHIB VT, TFEOBRBEMEICKE A, ik EomEWE ORI IR
Lwﬂmﬁ##éioktofétoitéﬁ@ﬁ%ﬁﬁhﬁﬁtf\%ﬁkﬁﬁﬁék
i B 25, HNET2MMON T A% R RT3 HEMOBEEIEFICH T - T
o L2L. HT AL NSBIEWICIZ100% 8 2 2 HESHFEL. Lab, 7Tuh)
REMNR, FYBBRELREFEHELHARDILHAONTEY ., FEETHT I AZ&KFT 5
WIXRAD D2 HLFETH L, T Lok, ¥ A0WMHESHEM ORI L., HERE D
WA DBH T AMEOH S HIOWEZ O H 5 AME %2 kit T 2B OB IIEB TH
HEWZ D, WAL L3RR EoRENG &, IERENREO =2 —-F L 1 v
b — 2 FEERRERE L. RIS, B RZWEHEERE T, B L 5 Pk 2 il
BT A2 HEERT LY AT LOMEERITo 72, VAT A DREHEIZIE, %k&m&@
WREEOH» S HROBFN CTHRPIERTE, I ALFOMBEZMHBIEATE S, #
BT NVT) XL ZH VT2 WRETHEHTFIAL LTIIEET L AMONEST T A2
FiF7=,

With the recent environmental problem, it is gradually difficult to use lead or other
toxic metal oxides for glass compositions. In addition, we are now facing the serious
issue of drying up resources. Therefore, it is very important to design the glass
composition with cheap and abundant oxides. For such substitution problems, it is hard
to get proper composition by trial and error, because of resource diversity. There are
more than 100 kinds of oxides for producing glass, giving rise to so many possibilities of
choosing these kinds and amounts. Moreover, there are some non-linear phenomena, for
example, mixed alkali effect, or boric oxide anomaly. With these situations, much
attention has been paid on the importance of computer aided material design system
these days. One of the most popular multivariate analyses of non-linear phenomena is
Artificial Neural Networks (ANNs) for estimating glass property as a key technique.
The constructed prediction system using ANNSs for several glass properties in this study
made it possible to estimate them easily. As the next step, the obtained system was
applied to the construction of automatic search system for the optimum composition of
the target properties, while giving the design of optical glass. Genetic Algorithm (GA) is
adopted for the multiple target optimization of Tg (glass transition temperature), RI
(refractive index) and Abbe number as important factors.
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Fig.1 Top claim values of Abbe number and
Refractive Index in the patents.
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Fig. 2 The correlation of experimental glass
transition temperature (Tg) with multiple
regression calculation result.
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Fig. 3 The correlation of experimental glass

transition temperature (Tg) with Neural
Network calculation result.
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Fig. 4 Schematic view of multiple regression
and Neural Network.
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Fig.5 The correlation of experimental
Refractive Index and Neural Network
calculation result.
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Table 1 Prediction ability of Neural Network.

Tg RI Abbe
NN MR NN MR NN MR
Maxum Error 187 165.6 0.381 0.205 18.1 17.5
Average Error  24.3  30.4 0.0209 0.0284 1.95 2.68
R factor 0957 091 0962 0.96 0.971 0.955
NN: Neural Network, MR: Multiple Regression
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Fig. 7 Schematic view of Genetic Algorithm.
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Table 3 Compositions in Patents.

Si02 8203 ZnO La203 Gd203 Ta205 Nb205
Fujinon 47 222 268 26.1 0 7.2 8
Ohara 5.5 124 6 39 7.5 19.5 1
NEG 5.9 11.7 225 23 128 174 0
NEG 3.3 127 196 234 141 104 0
HOYA 3 22 23 32 0 5 6
Konica 4 20 12 20 12 6 9
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Fig. 8 Initial pane of Optical Glass Developing
System
Table 2 Performance Check for the System.
GlassNo Si02 B203 MgO BaO Li20 K20 ZnO ZrO2 VVO3 Y203 La203 Gd203 GeO2 Nb205Ta205 Tg Rl Abbe
GP40-156203 7.5 18.0 2.0 15.0 9.0 3.0 36,5 70 2.0 540,0 1.814 404
GA-95 16.4 12.2 3.0 15.1 3.4 324 87 9.0 563.9 1.818 41.2
GP10-252577 4.0 18.0 2.0 19.0 8.0 20,0 15,0 2.0 12.0 530,0 1.800 40.7
GA-158 182 4.2 31 194 00 62 253 83 55 9.7 556.0 1.801 39.6
GP10-226322 4.0 194 2.0 195 3.7 3.9 33,8 20 50 6.5 527,01.810 40.9
GA-72 19.1 3.3 203 5.1 31.7 45 58 10.2 562.5 1.817 39.1
GP10-226327 6.0 19.7 1.0 185 3.7 7.2 33,8 6.0 40 561,01.810 40.3
GA-88 19.5 33 208 02 16 49 319 14 59 10.4 5559 1.810 40.0
GP40-223519 59 19.8 1.0 165 3.7 7.2 33.8 6.0 6.0 561.0 1.810 40.3
GA-63 19.8 34 210 03 26 48 301 14 6.0 10.6 553.8 1.808 39.7
GP10-221962 4.0 21.0 0.8 220 4.0 5.0 34.0 52 4.0 545.0 1.810 40.6
GA-277 20.9 36 223 9.1 31.8 5.9 6.4 549.8 1.792 40.9
GP10-252573 1.0 21.0 2.0 200 40 7.0 27.0 8.0 20 8.0 522.0 1.810 41.0
GA-182 21.0 00 36 223 03 274 7.8 6.4 11.2 551.9 1.793 40.2
GP10-221959 3.0 22.0 1.0 230 20 59 32.0 6.0 5.0 5350 1.810 40.5
GA-251 21.9 232 00 6.8 54 339 21 6.6 555.0 1.812 41.7




Table 4 Composition Searched by GA(1).
Si02 Al203 MgO BaO WO3 Y203 La203 Nb205 Yb203

289 00 129 00 385 24 7.7 3.3 6.2
277 00 124 00 369 23 148 0.0 5.9
224 0.0 100 251 298 1.9 6.0 0.0 4.8
214 0.0 96 264 286 1.8 57 1.9 4.6
349 82 0.0 0.0 465 29 0.0 0.0 7.5
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Fig. 9 Constrain pane.
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Table 5 Composition Searched by GA(2).

B203 AI203 MgO CaO Na20 SrO Ce02 WO3 Y203 La203 Gd203 TeO2

157 04 00 00 31 00 00 26 125 87 03 567
144 19 00 133 00 00 00 36 52 80 L7 519
174 37 00 00 00 00 27 10 00 9.7 24 630
154 18 143 00 00 00 00 45 00 85 02 554

150 49 00 102 00 00 00 37 00 83 38 541

163 03 00 00 00 113 00 10 00 91 3.1 589
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Fig. 10 Oxide limitation pane.
Table 6 Composition Searched by GA(3).

Al203 MgO CaO BaO TiO2 WO3 Gd203 Nb205 Ta205 Yb203

7.3 0.0 144 473 0.0 0.9 0.0 29.9 0.0 0.0
0.0 9.6 13.7 4438 0.0 0.8 0.9 29.5 0.0 0.0
0.0 122 13.7 447 0.0 0.8 0.0 28,4 0.0 0.0
0.0 18.7 3.6 11.2 0.0 41.9 0.4 0.0 23.4 0.0
0.0 174 3.3 13.1 0.0 38.5 0.4 0.0 21.5 5.9
0.0 17.5 3.4 15.1 0.0 39.3 2,8 0.0 21.9 0.0
0.0 18.0 8.5 8.8 52 40,4 1.6 0,0 226 0.0
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