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Research on computer neural network-aided design of insulating glass
formulation and coating properties

CAI Haoran'**’, CHEN Caiming'®, LONG Shengfeng'***, DING Jing'**,
ZHU Guisheng'***, XU Huarui'***, XIE Wangqing'

(1. a. School of Materials Science and Engineering; b. School of Information and Communication,
Guilin University of Electronic Technology, Guilin 541004, China; 2. Electrical Information Materials and
Devices Engineering Research Center of Education, Guilin 541004, China;

3. Guangxi Key Laboratory of Information Materials, Guilin 541004, China)

Abstract: Thick-film heating has become a key thermal-management solution for new-energy vehicles. To meet the relevant
application demands, it is necessary to develop dielectric slurries for aluminum-based thick-film heating elements. This
study utilized the built-in machine learning model of the Inorganic Glass Engineer System for property prediction to assist in
the development of dielectric insulating glass formulations for aluminum-based thick-film heating elements, and conducted
experimental verification. The results show that the insulating glass prepared by the optimal formula can be sintered at
580°C, with a thermal expansion coefficient of 18.8x10°¢°C™". When the dielectric-layer thickness exceeds 110 um, it has a
breakdown voltage over 1.29 kV and a leakage current less than 0.21 mA, which can meet the usage requirements of the
medium layer of aluminum-based thick-film heating elements.

Key words: dielectric slurry; insulating glass; aluminum-based thick-film heating element; machine-learning
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Table I Glass formulations for aluminum substrate

dielectric layer

%

FEfL Si0, Na,O TiO, V,0, KO0 Sb0o, Hif
NI 358 154 154 82 158 45 4.9
N2 342 170 154 82 158 45 4.9
N3 326 186 154 82 158 45 4.9
N4 310 202 154 82 158 45 4.9
N5 294 218 154 82 158 45 4.9
N6 278 234 154 82 158 45 4.9
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Table 2 The predicted thermal properties of the glasses

FE i 7,/C a/(x10°°°C™
NI 475 16.74
N2 461 16.88
N3 444 18.24
N4 434 18.47
N5 418 19.61
N6 411 19.74
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Fig.2 Preparation process of glass powder and dielectric layer
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Table 3 Characteristic temperatures and coefficients of

thermal expansion of the samples

K T/C T/C T/C AT/C  a/(x10°C™)
N1 477 — — — 16.2
N2 460 571 — 111 16.8
N3 450 546 — 96 17.4
N4 423 529 — 108 18.2
N5 395 496 — 101 18.8
N6 370 455 537 85 17.1
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Table 6 Insulation performance of the dielectric layer

PR B /um G0 H/Q R T/mA o 7 RV

38 >10° 0.29 0.71
2 71 >10° 0.26 0.83
3 110 >10° 0.21 1.31
4 145 >107 0.18 1.76
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