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Prediction of Original Ingredients of Portland Glass and Research into Subclassification
Methods Based on Machine Learning

WANG Zhihao', ZHAO Xingwei', LI Zhiqun', GUO Ming', XIAO Wanyue', LIU Zhijan
(1. Marine Electrical Engineering College, Dalian Maritime University, Dalian 116026, Liaoning, China; 2. Marine Engineering
College, Dalian Maritime University, Dalian 116026, Liaoning, China)

Abstract: Glass as a material has existed in China for a long time, but the related studies on ancient glass in China started relatively
late due to the long-term confusion of name and texture, leading to a lack of research on the weathering and composition of ancient
silicate glass. Some previous studies on ancient glass mainly discussed the artistic character and development laws of glass with
respect to cultural exchange and chemical analysis from the perspective of dynastic succession. A few work established the related
mathematical model and used the intelligent algorithm for qualitative quantification of weathering silicate glass original composition
prediction and subclassification method. This paper was to use multiple groups of weathered and unweathered silicate glasses and
collect/extract the data on their chemical composition content, ornamentation and color. The relations among the patterns, color, types
of glass and surface weathering were analyzed by the Spearman coefficient. The decision tree for a rough classification and neural
network to predict the main chemical composition of glass before its weathering was given, and the classification basis of silicate
glass was summarized. Besides, the subcategorization at the optimal quantity of categories to conduct subclass classification was
established, and a reasonable amount of barium glass and high potassium glass was selected. The results show that the type of glass
has an influence on the surface weathering, and there are silicon dioxide, aluminum oxide, lead oxide, barium oxide and phosphorus
pentoxide involved in the weathering process. Moreover, the amount of silicon dioxide decreases and lead oxide increases sharply in
lead barium glass, while vice versa in high potassium glass after weathering.
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Fig. 1 Application of various machine learning methods in scientific research in the field of materials
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Table 1 Comparison table of chemical composition and
serial number

Sample No. Component Sample No. Component
0 Si0, 7 CuO
1 Na,O 8 PbO
2 K0 9 BaO
3 CaO 10 P,0s
4 MgO 11 SrO
5 AlLO; 12 SnO,
6 Fe, 04 13 SO,
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Note: + is High lead-lead barium glass, @ is High silicon-lead barium glass,
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Fig. 7 Schematic diagram of subclassification of lead-barium
glass
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Note: + is K-high potassium glass, @ is Si-high potassium glass, m is Al-high
potassium glass.
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Fig. 10 Schematic diagram of subclassification of high potassium
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Table 2 Prediction results of mass fraction of chemical composition of lead barium glass before weathering wW/%
Sample No. Surface weathering SiO,  Na,O K,O CaO MgO ALO; Fe,0O3 CuO PbO BaO P,05 SrO SnO, SO,
Al Unweathering 78.45  0.00 0.00 6.08 1.86 7.23 2.15 2.11 0.00 0.00 1.06 0.03 0.00 0.51
A2 Weathering 37.75  0.00 0.00 7.63 0.00 2.33 0.00 0.00 3430 0.00 1427 0.00 0.00 0.00
A3 Unweathering 31.95  0.00 1.36 7.19 0.81 2.93 7.06 0.21 39.58  4.69 2.68 0.52 0.00 0.00
A4 Unweathering 35.47 0.00 0.79 2.89 1.05 7.07 6.45 0.96 24.28 8.31 8.45 0.28 0.00 0.00
AS Weathering 64.29 1.20 0.37 1.64 2.34 12.75 0.81 0.94 12.23 2.16 0.19 0.21 0.49 0.00
A6 Weathering 93.17 0.00 1.35 0.64 0.21 1.52 0.27 1.73 0.00 0.00 0.21 0.00 0.00 0.00
A7 Weathering 90.83  0.00 0.98 1.12 0.00 5.06 0.24 1.17 0.00 0.00 0.13 0.00 0.00 0.11
A8 Unweathering 51.12  0.00 0.23 0.89 0.00 2.12 0.00 9.01 2124 1134 146 0.31 0.00 2.26
*3 SEWBRILETRE S B F M2 TUNE
Table 3 Prediction results of mass fraction of chemical composition of high potassium glass before weathering  wW/%
Mass fraction chemical composition
Sample No.
SiO, K,O CaO ALO; Na,0O MgO Fe,04 CuO PbO BaO P,0Os SrO SnO, SO,
7 76.26 11.73 4.58 7.08 0 0.54 0.2 1.54 0 0 0.36 0 0 0
9 77.91 11.89 4.04 7.14 0 0 0.17 3.24 0 0 0.61 0 0 0
10 78.96 11.99 3.64 7.17 0 0 0.32 1.55 0 0 0.35 0 0 0
12 77.79 11.88 4.01 7.13 0 0 0.26 0.84 0 0 0 0 0 0
22 77.85 12.16 5.33 7.42 0 0 0.29 1.65 0 0 0.15 0 0 0
27 76.56 11.88 4.84 7.21 0 0.64 0.35 0.55 0 0 0.21 0 0 0
F 4 SLUIREE 2 MMLBE I R MR R FPRRETRI, FHRB—HFHEIRE 6, A

Table 4 Comparison table of two machine learning methods

R? for lead barium glass

Algorithm
Component
Linear Neural network
SiO2 -7.2215 0.965 5
BaO 0.808 1 0.998 0
ALO; -0.0610 03195
CuO 0.688 4 0.9212
P>0s —0.084 1 0.679 6
PbO —0.157 8 0.997 4

FERT R TAE T QA3 3] 1 i B DR A A 5
(17> Fhrite, AT LA MR AR 73 R IR £h 3 2t

TR, 15312 7 Hodfe

k5 DRI 2 MULEFESE R MR

Table 5 Comparison table of two machine learning methods

R? for high potassium glass

Algorithm
Component
Linear Neural network
SiO, -22.1824 0.947 2
K,0 0.981 4 0.999 2
ALO; 0.033 2 0.003 3
CaO 0.764 8 0.997 8
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Table 6 Chemical composition content of silicate glass to be predicted W/%
Mass fraction of chemical composition
Sample No.
Si02  ALOs CuO PbO BaO P20Os Na2O K20 CaO MgO Fe203 SrO SnO2 SO2
2 50.26 2.80 0.19 24.60 5.49 0.24 0 1.05 2.34 1.18 1.86 0.19 0 0
8 64.30 2.05 1.86 21.38 10.64 0 0 0 1.48 0 0 0.37 0 2.58
11 53.23 4.08 2.30 21.10 9.35 1.47 0 0.21 3.51 0.71 0 0.37 0 0
19 51.30 4.38 0.70 24.52 9.09 0 0 0 2.93 0.59 1.33 0.19 0 0
26 65.63 2.51 1.76 21.57 10.66 0.11 0 0 1.44 0 0 0.45 0 1.96
34 57.86 4.21 0.65 22.72 6.81 0.53 0 0.25 0.78 0 0.47 0.22 0 0
36 57.07 4.34 0.41 21.79 5.21 1.04 2.22 0.14 0.37 0 0.32 0.22 0 0
38 57.55 3.28 0.71 23.35 7.20 0.32 1.38 0 0.68 0 0.29 0.41 0 0
39 59.87 3.33 2.70 27.25 10.24 1.30 0 0 1.11 0 0 0.61 0 0
40 58.36 3.95 2.63 30.54 10.96 0.87 0 0 1.87 0 0.19 0.68 0 0
41 48.38 1.88 0.65 22.99 8.07 0 0 0.44 4.96 2.73 1.79 0.47 0 0
48 48.76 5.30 5.79 22.69 8.16 5.12 0.80 0.32 2.82 1.54 1.03 0.25 1.31 0
49 47.75 2.58 0 22.00 7.13 0.11 0 0 4.58 1.47 2.74 0.46 0 0
50 52.01 2.65 0.88 23.17 8.53 0 0 0 3.19 0.47 0.33 0.66 0 0
52 53.63 2.79 1.03 23.53 8.32 0.65 1.22 0 2.27 0.55 0.23 0.44 0 0
54 54.23 2.43 1.27 26.41 9.23 0.18 0 0.32 3.19 1.28 0 0.88 0 0
56 56.11 2.97 0.20 21.83 7.09 0.45 0 0 1.21 0 0 0 0 0
57 57.10 3.79 0.51 22.37 8.58 0 0 0 1.31 0 0 0 0 0
58 51.86 3.99 0.54 2341 8.46 0.24 0 0.34 3.49 0.79 0.86 0.24 0 0
08 (Serious) 56.80 2.36 0.62 22.40 3.81 0.38 0 0 3.19 0 0 0.53 0 15.03
26 (Serious) 58.88 3.09 0.28 21.81 3.11 1.42 0 0.40 3.01 0 0 0.62 0 15.95
43 (1) 51.58 5.67 2.79 27.05 11.18 0.06 0 0 5.24 0.89 0.76 0.64 0 0
43 (2) 47.82 2.95 0.38 25.20 8.75 0.05 0 0 6.40 0.95 1.39 0.47 0 0
S51(1) 49.40 2.49 0.18 22.84 7.82 0 0 0 3.58 1.19 1.19 0.39 0.47 0
51(2) 46.76 2.74 0.36 25.61 8.64 0.23 0 0 5.13 1.45 0.42 0 0 0
54 (Serious) 49.43 2.27 0.72 30.31 9.07 0.22 0 0 0 1.11 0 1.12 0 0
F71 WNSEERLER
Table 7 Summary of forecast classification results
Code of
artifact Al A2 A3 A4 AS A6 A7 A8
Result K-high potassium  Lead-barium Lead-barium Lead-barium Lead-barium K-high potassium  K-high potassium Lead-barium

glass glass glass glass

glass glass glass glass
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