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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)
block copolymer

Arak Petrochemical Company

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 C.H, 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 Cc,H,0, 0.45-0.05
Tertiary-butyl perbenzoate C,H,0, 1.21-0.14
Polyvinyl alcohol (C,H,0), 0.26 -0.03
Hydroxyethyl cellulose C,,H.,0,, 0.195-0.02
Antioxidants | ememeemeeeee 0.33-0.34
ck12 e 0.195

oy = (oo (o 6075 Sa gl (o Ay o (A9 (oole alilad A


https://arcpe.modares.ac.ir/article-38-48533-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-12 ]

555 3 STl G lis slacilé Ly o g
O] ! olws g o oolaiwl ASTM D-785 90!
g Ve ++ WILSON ROCKWALL-Series &S & &l
-BP Jus imiaw59,51,5 oy Ladiges K-value |lo_zs
5 0 (g =S o3lail a_il,d Normandia-labo el YY
o5l SUNPOR 7.2.4 (DIN EN ISO 1628-1) s, ;|
LI ymerhy Jodome (59,515 Cumad gy ] 5o 0t
P99 59515 An glg 50 (e 70 L il (ke
Ol e Sl 9 35S0 =Sejluil o>
K-value 5o Slwloe 093 o oolai il K-value

Ivlceal (1) adoles ansly

1.51gn,—1+ /1+(%+2+1.51g‘qr)1.51g1}r M)
k —

o 150+300¢

and Kvalue=1000 x k

Comas T, 5 (Glem") ;ody Jodmo il € adolan ] jo
t o] 0 aS oot ek detlts &g ot &S (59,5l,5
o=y adgd 5l ey Jsdoe (25,5 Ol ley Do
oI Plo ooz gl ot g miwsy S

]

OB g, Y-
oab ool las ) JSi o a s SQMLQ}] alol_us
Ok 09, ol slaiad ;o 9 5551, ailes an ol
3 e=STy 50 Gla—o Yo slws ;o Lo 04 o0 0a—Jle
ke OV STy J Sl ay o, Sae lasay
) SledoundS 65 25 VY s g 00 aslol Ol
S S o 5 Jn BIY 5 (Gl Jle
Ceelws o S Ay g 00 03558l o Dlsdlg
rosysS 90 00y e Fee TPM o0 L 5en Lo
slaisiy ame)yd ) o plimak ol pliwl lasks
) o Yo Sl (/oY e /oY /e ) (L
Ol =51 5 YT Jlahe g oo Jo oyl
MalS L5 ol 000 (yj—ed Lo wgd g ouds adlsl ol 4
Lol 551, J5o an byl g 093 J o] 50
Yo ol 5 slw a0 AN LS 58T slwd 093 oo
S5l ol 3o il ampo B iy (e, 5 8 09, e
AN s Lo oy g 09— oo a3l ,5 ST | Sl oy
a0 M A Los 85 0wy o0 ol S lw a0
0d STy oS 5,5 N0 Hlade oy ol )5 sl
Dl sha ¥ 3 S CRIY (s o L o1 5L
Celw g0 48 05 oo adlal Ho ST a4 cul oo >
VP Gl am ol ,5 sl a0 AN a o 5l o
Celw dw 09 g0 a8lal (IS Joing) b —=d e
gl (g ploez (S mig s o951 5l o
So-bes oy 89y e I 4 ol oz g 0ad

wopoligrm o plinl glaskd oilyoS 530 o)

GYL; J._JA.J A0 50 ‘Slol_«.w.J QJJL*—AAJ“SJQ o UJJLA—AMl
7=l o n 052 990 plosl (blal o pliul b
Ao Hlade ol ol b8l L a5 o e o lid
b S Olis e asls 5l 2 4 Layges]

3 Sl oy G 35 Y Sl ot (ol 99—

7

el 009 b5_> u‘).—w ua;.ﬁ“a

=Y
é‘g.c \—T
Ol by Y-Y

45 s S it 5o ST (e ek sl
plox> J2ls o a S oo b oola wl el ¥, hily o, §
OSeS 3l o9y 005 S selateds o )ls 18 (2
ol 3l phaloys gl 5 (les pas gl (B
g g0 oolaiwl plox> b slaaly) LSl o,
g 42,0 YO ansly Lo lopan g9 5l a3 S0 ()5
b 2B 50 L ho, g0 Sijad oYg b iz
IPM sy o oS 09 L] HEIDOLPH &5 i el
sl 0 S g 59 STy B o o eolaiwl e -

855815 69y 4m Ol 0 tee 9 g Slesliil Lo
aslas aS cwl adles (e sl hgm e ol e 0ols
oad 43S LA o e adie 8,5 13 (6l (i
Laailas 51 S 5lead o)ls mmiwles 5l eolaiwl Ly .ol
0 gladiles w b oo J S HeSTy Sl slos
oot 3,5 5,0 e K28l 5 olae Aliél (sl
P 6)-ij oK (6}.0.—.«&.04‘ )L&é 59) o
258 CSlis gl sladigal Ay sl a8, 5 4
G5 s 1 5o 4 05 g Sl Ly g ail b
YV LA o lod g )LV cas )y Las g L7
Pl M7 3,5 abogoms o ol Sl 42 )3
Gl il S e 8l YO B e 5 S
b (s raely by e s (a5l 050 cny
VP Joao Sdg; olwo I ASTM D1238 o lusl!
oS sl a0V glos o 0 Sl D aije s
by Lo oy atads g, Sojlail cgo 0 ool
S oo 31 ASTM D1525 o jlaibwl 5-b (5 oy
59 <) 5o A 0 eolaiwl Ses Ve asye L LI
DS oo dgai ashad o e L ) ojlaslha o last
4 ASTM D256 o ,Jaibwl 5—do 59501 gla o el
Ve oA oslasl o eads 3,3 Glalad gq, i Lyl G
A ploul LJLSI Ceast oSiws lawgs ,io Lo ¥ 0
ool = dloyd LR10K oo lawgi —iuiS o925
= = e O LS S o Ly ASTMD638 o sl
Aol ey (gl S g o ploul agds
pdd g Sl adady yo Job slojl ase g S
Slrdises v S (6,5 o3ll gl ol oolaiul

Yo Q ool - oo (st 2, sl Ao (sl Ak o (Shpg R (oole aolilad


https://arcpe.modares.ac.ir/article-38-48533-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-12 ]

el plisl slankad jalysS 306 o)

o]
PREINTEN 6L.m..\.,o)o)¢¢.g,éog.,oﬂ@__llx¥‘ Js—
a2 o ol_is |y EPS ;0 SBS o Lz loos,s
OS5 a8l L cl s i Jogei jlaS 5 biles
Ol 0uSTyy g (S 5L rlidl eely 5 SBS

oS silw a0 Y. a5 STy J b glos a sl s
u_)] LJ)—AJJ 03 4_J7u)9_~s‘) 0._4‘_;9.*?:.0 O S 3
o=l 3l e oo St el 5 5 0ud oold g digiand
09_..:‘5& ools! U5‘°)T Fl-‘z;‘ d“)_; Aged dmy A d._l>).c

ST s 55 bl bl b 55 93T, g ) S

Figure 1: Reactor used for production of EPS in laboratory scale
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