Expandable Polystyrene

Styrene -Butadiene-Sty-
rene Block Copolymer

Mechanical Strength

Artificial Neural Net-
works

Investigation of Influence of Styrene-Butadiene-
Styrene Block Copolymer on the Properties of
Expandable Polystyrene and Simulation of Laboratory
Data via Artificial Neural Networks

Amir Mehralizadeh?, Fahimeh Derakhshanfard™, Zohreh Ghazi Tabatabaei?

1 Department of Chemical Engineering, Ahar Branch, Islamic Azad University,
Ahar, Iran
2 Department of Chemical Engineering, Ahar Branch, [slamic Azad University,
Ahar, Iran
3 Department of Applied Chemistry, Ahar Branch,Islamic Azad University, Ahar,

Iran

Research subject: Expandable polystyrene (EPS) has many applica-
tions. This polymer is prepared by the radical polymerization. This ma-
terial has many uses in packaging and insulation industries. Some of the
properties of this polymer like low mechanical strength caused its ap-
plications to be limited. By adding some materials, these properties can
be improved. Styrene-butadiene-styrene (SBS) block copolymer is one
of these the materials that can improve quality of the EPS.

Research approach: In this research, EPS having different percentages
of SBS (0, 0.01, 0.02, 0.03) in different conversion percentages (0.6, 0.63,
0.66, 0.69) has been prepared. Different tests like impact test, modu-
lar melt flow test, Vicat softening temperature test, Tensile at break
test, K-value test, Rochwell hardness test and elongation at break test
were done on the prepared polymer. Laboratory gained data has been
simulated by multi-layer perceptron (MLP) method of artificial neural
networks (ANN) and the simulated data covers the laboratory data per-
fectly.

Main Results: Investigating the tests showed that in constant percent-
ages of SBS in EPS with increase in conversion percentage of EPS, the
numerical amount of the tests increases except MFI test (low MFI num-
ber means better quality). By increasing SBS percentage in the EPS, the
properties of polymer increases. In addition, the results of simulation
showed that the laboratory data covers the simulated data perfectly.
The data obtained from the results of this research can be used for pre-
dicting the data for the points which has not been tested. Adding SBS
in different weight percentages of polystyrene in different conversion
percentages has been used for the first time in this research in order to
increase the properties of polystyrene. Laboratory data results in points
which has not been tested has been acquired by applications of ANN.
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Table 1 List of used materials along with their sources

Material Source

Deionized water Tabriz Petrochemical Company (TPC)
Styrene monomer Tabriz Petrochemical Company (TPC)
Styrene-butadiene-styrene (SBS) Arak Petrochemical Company

block copolymer

Tricalcium phosphate Merck

Alkylbenzene sulfonate sodium soap | Merck

Dibenzoyl peroxide Merck

Tertiary-butyl perbenzoate Merck

Polyvinyl alcohol Merck

Hydroxyethyl cellulose Merck

Antioxidants Merck
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Table 1 Amounts of materials used

material formulation amount (g- %wt)
Deionized water H,0 510-59.81
Styrene monomer CHy 309-36.2
SBS block copolymer C,H, 3.1-0.36
Tricalcium phosphate Ca,(PO,), 12 -1.407
Alkylbenzene sulfonate sodium soap | C, H,.NaO,S 8.184 - 0.95t
Dibenzoyl peroxide C,H,0, 0.45-0.05
Tertiary-butyl perbenzoate C,H,O, 1.21-0.14
Polyvinyl alcohol (C,H,0), 0.26-0.03
Hydroxyethyl cellulose C,,H,,0,, 0.195-0.02
Antioxidants | smemeemeeeee 0.33-0.34
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Figure 1: Reactor used for production of EPS in laboratory scale
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Figure 5: Results of Tensile at break in different percentages of SBS in EPS in different conversion percentages of EPS
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Figure 6: Results of K-value in different percentages of SBS in EPS in different conversion percentages of EPS
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Figure 7: Results of Rochwell Hardness in different percentages of SBS in EPS in different conversion percentages of
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Figure 8: Results of Elongation at break in different percentages of SBS in EPS in different conversion percentages of
EPS
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Figure 10: Results of simulation of Modular Melt Flow Test in different conversion percentages of PES and
different percentages of SBS/EPS
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Figure 11: Results of simulation of Vicat Softening Temperature Test in different conversion percentages of PES and
different percentages of SBS/EPS
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Figure 12: Results of simulation of Tensile at Break Test in different conversion percentages of PES and different
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Figure 13: Results of simulation of K-value Test in different conversion percentages of PES and different percentages
of SBS/EPS
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