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Solubility Prediction of Gases in Polymers based on Chaotic Self-adaptive
Particle Swarm Optimization Artificial Neural Networks
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Wu, Yan” Ai, Fanrong®
(“ Nanchang University, College of Mechanical and Electric Engineering, Nanchang 330031)
¢ JingDeZhen Ceramic Institute, School of Information Engineering, JingDeZhen 333001)

Abstract  Solubility is one of the most important physicochemical properties of polymer compounds, which determines the
compatibility of blending system. To enhance the performance of artificial neural networks (ANN) and improve the effi-
ciency and correlation of prediction of gas solubility in polymers, in this work, a novel ANN model based on chaos theory,
self-adaptive particle swarm optimization (PSO) algorithm and back propagation (BP) algorithm is proposed, hereafter called
CSAPSO-BP ANN. In the CSAPSO-BP ANN, the conventional PSO algorithm is modified by using chaos theory and
self-adaptive inertia weight factor to overcome its premature convergence problem. Then the CSAPSO-BP ANN trained by
hybrid algorithm which combined the modified PSO and BP algorithm has been employed to investigate carbon dioxide
(COy) solubility in polystyrene (PS), polypropylene (PP) and nitrogen (N,) solubility in PS, respectively. The CSAPSO-BP
ANN model which consisted of three layers with one hidden layer, two input nodes including temperature and pressure, 8
hidden nodes which obtained by heuristics and one output node that is the solubility of gases in polymers was designed. The
model combined the abilities of chaos theory, PSO algorithm and BP algorithm, accelerated the training speed of ANN and
improved the prediction accuracy. Results obtained in this work indicate that the CSAPSO-BP ANN is an effective method
for prediction of gas solubility in polymers in a wide range of pressure and temperature. The comparison between different
neural networks was carried out in detail to reveal the proposed CSAPSO-BP ANN outperforms the traditional BP NN and
PSO-BP NN. The values of average absolute deviation (AAD), standard deviation (SD) and squared correlation coefficient
(R?) are 0.0058, 0.0198 and 0.9914, respectively. The statistical data demonstrate that the CSAPSO-BP ANN model is a
faster, more reliable and accurate method, and has an excellent prediction capability with high-accuracy and has a good cor-
relation between prediction values and experimental data.
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Table 1 Experimental data in this work

Ea AEREK JEJ1/MPa R (g/g) ESITHIE Z7% 30k
338.22~362.50 3.710~24.650 0.03714~0.19110 15 [21]

- co, 372.20~383.22 2.068~42.810 0.01231~0.16056 34 [21~24]
402.51~413.20 5.140~20.036 0.01462~0.20190 16 [21,22]
423.15~473.15 2.159~20.151 0.00688~0.06870 37 [22~24]
170.00~313.20 3.110~69.470 0.00217~0.02144 23 [21, 25, 26]

bs N, 332.20~333.23 3.050~50.110 0.00109~0.02077 21 [21,25]
352.20~373.20 2.989~62.500 0.00106~0.01813 32 [21,22,25]
413.20~453.20 6.452~18.011 0.00334~0.00983 13 [22]
373.15~373.20 2.930~12.550 0.02050~0.10860 21 [6, 71

Pp co, 393.20~423.15 4.120~14.960 0.02260~0.10050 25 [6, 71
432.20~453.20 4.960~24.910 0.03230~0.26170 30 [7,24,25]
464.20~483.70 4.970~24.910 0.03020~0.24290 16 [7,24,25]

Total 170.00~483.70 2.068~69.470 283
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Table 2 Topology studies for optimal ANN configuration

[SEATY 4 AAD R SD & NAR

3 0.0072 0.9053 0.0421 1.21E~04
4 0.0067 0.9134 0.0419 1.10E~05
5 0.0064 0.9216 0.0419 1.34E~06
6 0.0065 0.9117 0.0423 1.10E~06
7 0.0061 0.9821 0.0302 9.99E~06
8 0.0058 0.9914 0.0198 6.11E~07
9 0.0060 0.9842 0.0238 2.00E~06
10 0.0061 0.9801 0.0419 8.99E~06
11 0.0063 0.9775 0.0423 9.91E~06
12 0.0064 0.9647 0.0415 9.89E~05
13 0.0063 0.9505 0.0425 1.16E~05
14 0.0072 0.9222 0.0419 8.98E~04
15 0.0077 0.9157 0.042 8.15E~04
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Figure 1 Prediction values vs. experimental data (PS/CO,)

FEATL N B E S, AT EL &5 SR mT 40, g
& CO,7E PS. N, 7E PS if/2 CO, 7F PP &4, 1Rl HIE
. PSO-BP i /0 £ #R e 1A FIAR - RSP0 L, T

1056  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

0.030

| —— Experimental values
0.025 % Training set

1 O Validation set
0.020

0.015 4
0.010 4

0.005

CSAPSO-BP ANN predicted values/(g-g™")

0.000 —————_——
0.000 0.005 0.010 0.015 0.020 0.025 0.030
Experimental data/(g-g™')

B2 S (e B A PR ) B (PS/N,)

Figure 2 Prediction values vs. experimental data (PS/N,)
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Table 3 Statistical comparison results in this work
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PS/CO, 0.0703 0.9502 0.0976 0.0131 0.9723 0.0684 0.0057 0.9914 0.0201
PS/N,  0.0811 0.9484 0.0998 0.0102 0.9702 0.0701 0.0061 0.9907 0.0213
PP/CO, 0.0678 0.9601 0.0945 0.0125 0.9736 0.0637 0.0055 0.9921 0.0180
P 0.0731 0.9529 0.0973 0.0119 0.9720 0.0674 0.0058 0.9914 0.0198
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