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ABSTRACT

as polystyrene (PS) and expandable polystyrene (EPS) is known as one of

the most important environmental issues. Pyrolysis is one of the strategic
and suitable methods for recycling of non-degradable polymeric wastes to fuels
and useful chemicals. Therefore, investigation of pyrolysis kinetic of polystyrene
waste, especially for available materials in Iran, is an essential issue for their use
in industries. Obtaining the polystyrene pyrolysis kinetic can be used in designing
industrial reactors and where it has economic credibility, styrene monomers can be
produced in an industrial scale from polystyrene wastes.
Methods: Polystyrene (PS) and expandable polystyrene (EPS) samples that are
available in Iran were collected, and their TGA analysis was performed in a nitrogen
atmosphere in the temperature range of 25 to 6000C, at heating rates of 5, 10, 15,
Keywords: and 20 K/min, and sample mass changes were measured. The activation energy of
pyrolysis was estimated by the Coats Redfern (CR), Ozawa Flynn Wall (OFW),
Kissinger Akahira Sunose (KAS), Augis Bennetis (AB) and Vyazovkin methods.
Findings: The Vyazovkin model can predict the experimental data better than the
other models, and therefore this model was used to estimate the activation energy.
The activation energies of PS and EPS were calculated in the range of 158-201 kJ/
mole and 182-195 kJ/mole, respectively. Furthermore, the pre-exponential factors
of PS and EPS were estimated by Vyazovkin approach as 3.08x10'? and 1.05%10'5,
respectively. The results of kinetic analysis of polystyrene (PS) and expandable
polystyrene (EPS) pyrolysis of samples in Iran can help simulate waste recycling
processes and consequently reduce the environmental problems.

Hypothesis: The increasing production of non-degradable polymer wastes such
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Table 1. Kinetic models used to investigate pyrolysis of polystyrene (PS) and expanded polystyrene (EPS).
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Fig. 1. TGA and DTG curves at different thermal rates for various samples: (a) polystyrene and (b) expanded polystyrene.
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Fig. 2. Fitting experimental data with CR model in different degrees of conversion for various samples: (a) PS and (b) EPS.

Vyazovkin oo
3BEV0 BV B=0 ,3EPS 5PS & ses 55 6l TGA Osejl
el o glast = slad 3l eslanal S el B,~Y+K/min
Vyazovkin Jus LEPS 53PS b S o 55 Sanw giled e
s o 3bd e ol S sdalisay slaosls ulul 5 5 A ol
EPS ;5 ((\Y) Wsles) PS wgai 53 ¢l ol S oo i8Iy
25 JKaa £000C B YOC sles ensdows 3 ((VF) diles)

da -169x10°
& 30849 %10 exp (o) @ (1- o) o)
dt x10%exp (— ) (-0)

5
((11—0;=104.493x1013exp(%)a0-7(1_ VTR

P E ol 52 IS8 ssa b do/dt) STy co e Ol oS
3PS Gl Ko e IS s el sl esls LS Y IS
EPS 3PS sl o A s s )13 +/8 5+ /¥A oo s 5 54 EPS
‘-".’.J”J Ls‘f Ecx J.L.)u./z RGN \/'OX\"D 9 Y’/~/\><\~" ;,zjjjm
EPS e é‘f B Y+\ kJ/mol G \OA kJ/mol 63 g0 4 PS
E, oslis Sle .ol 140 kJ/mol G VAY kJ/mol 63 i s
el VAY/Y kJ/mol 5 VP4V 5 54 EPS 3PS o 55 (¢l
5 S Ol Gl ST s S oLl VAT 0L 5 Viyazovkin
E, o&T sl YooY 5l S B o Kle LE, olis 3l
Slp 5l LE, Blas 5 iSlas Ole OS] .ol ot 3l Jixwe

EPS s PS b S o 55 copl plo dizea Yo7 5l S e &S

Sl Sl el pasis ol s St gls byl L]
SlpE, slie Lledal ¥ Jgds 55 KAS Jue b b (glaesls
o 55 5l 510V kI/mol B VYN kI/mol 6350w 45 PS o 5
53PS gl o A .ol VO kI/mol b AS kJ/mol 63 sde 5 EPS
Y/AYS) T o5 5dmes 53 EPS (gl o 5 VY)Y 0 B V/VAXY ¢ 7 03 g
5l S KAS Jus lotslcawsa A 5B slis .ol VOAXY G
ool w3 R? .l OFW 5 CR Jue 53 o 5l edalowsas pislie
Joe 51 Jols glaslaie 51 2aS 45ed 53 ,a gl KAS Jus 5l
PS I Jiw SKIEPS (¢l gsledle 550 .ooel OFW 5 CR

TE ] Sl PS 5 Soslie oS EPS cdas s 0L S 03

Augis-Bennetis (AB) o

s PS LS s sl /1000 ws ,s In(B/T-T)) 0 L
03 &S del Cewsas glajls s AB Jde L Laesls 551, 5 EPS
JRFES gt 3 (Sam Lo el Lol esls OLS 0 IS
oo v Jsdr 53 KAS Jue b o5 slaesls sl 51 Jeol>
G YY) kJ/mol essds ;5 PS o 55 (gl o B olés . leis
G VY0 kJ/mol es3d>s ;3 EPS o 55 (¢l » 5 VY kl/mol
ST B VO e sdee 13 PS (gl 2 A Ll 100 kJ/mol
E, nalie .ol O/FOXY " B Y/¥AXY 0" o3 gue 3 EPS (4l
R> .ol CR Jde 53 o Sl edalowsas pslie 5 zaS sdalowsa
5 CR Jue 3l Jol> jlade 350> 53 4505 35 8 5l AB Job
el 2o KAS 5 OFW slade 3l ol Slaie i

Ve 53557 B 0 jlasd (o pliagoms Ul rash 5391955 9 poke cpale Ala &Y?



AL blunssl oyl s 9 O paianl s Sleslid (ko 3 s p505 ki

EPS 3PS slawisal gl 020 Glaesls sl 0wl 5 calisis (gladie sdldiaculoe (gla el ;L =Y 5

Table 2. Calculated parameters of different models based on fitting with experimental data for PS and EPS samples.

Conversion
Model | Mater | Parameter
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
E, (kJ/mol) 173 179 178 175 173 170 171 174 175
PS A(sT) 2.10x10° | 6.71x10° | 6.35x10° | 4.12x10° | 2.89x10° | 1.84x10° | 2.20x10° | 3.46x10° | 3.81x10°
CR R? 0.68 0.92 0.97 0.99 0.99 1.00 1.00 1.00 0.98
E_ (kJ/mol) 173 175 175 170 162 172 174 173 169
EPS A(sTh) 3.30x10° | 539x10° | 6.23x10° | 2.55x10° | 7.39x10° | 4.82x10° | 7.96x10° | 7.10x10° | 3.96x10°
R? 0.98 0.97 0.96 0.95 0.94 0.96 0.97 0.97 0.97
E, (kJ/mol) 112 140 119 122 121 162 121 133 114
PS A(sT) 6.88x10% | 1.29x10° | 1.89x10° | 2.30x10° | 2.10x10° | 3.91x10° | 130x10° | 473x10° | 2.23x10?
R? 0.50 0.79 0.78 0.83 0.85 0.97 0.87 0.90 0.77
OFW E, (kJ/mol) 167 108 146 130 118 115 116 160 127
EPS A 1.49x10% | 6.18x10% | 1.42x10° | 1.81x10* | 1.01x10° | 8.63x10* | 8.55x10* | 1.35x10° | 2.63x10°
R? 0.96 0.73 0.86 0.81 0.77 0.76 0.76 0.92 0.82
E, (kJ/mol) 133 121 139 155 149 150 145 149 157
PS A(sh) L.18x10* | 6.46x10° | 1.53x10% | 1.39x10% | 1.50x10% | 1.48x10% | 1.37x10° | 1.38x10* | 1.39x10
KAS R? 0.58 0.75 0.88 0.95 0.96 0.97 0.96 0.96 0.94
E, (kJ/mol) 86 137 143 137 136 138 153 139 140
EPS A(sT) 2.82x10* | 1.58x10% | 3.91x107 | 1.35x10% | 2.47x10" | 2.48x107 | 1.48x10% | 1.53x10° | 1.36x10°
R? 0.68 0.87 0.87 0.86 0.86 0.87 0.92 0.88 0.89
E, (kJ/mol) 131 139 138 137 135 136 134 137 143
PS A 4.13x10° | 1.12x10"° | 6.69x10° | 4.61x10° | 2.82x10° | 2.62x10° | 1.51x10° | 1.85x10° | 3.67x10°
AB R? 0.71 0.93 0.96 0.98 0.98 0.99 0.99 0.99 0.98
E, (kJ/mol) 145 147 149 151 151 151 153 149 155
EPS A(s?) 523x10'0 | 44410 | 536x10' | 545x10" | 537x10 | 4.02x10' | 523x10' | 2.39x10" | 5.23x10'"
R? 091 0.89 0.88 0.89 0.89 0.89 0.90 0.89 0.91

5l slie EPS @sal sle S o 5 St (ol S5 0LLE LS
gl 58 3 S PS gladls 51 G s Ole 53 (el PS 45 503
u")"'ﬁu@-?f QQL;Q)LE‘CAM‘W¢L)\JJJ>.-}QTEPS
Jhor 3 oslidlpls 58 oS 5 5 S wile pland 5 (S5
ol S PS gladils & ool SRae |y A3l atils s
j&ﬁ)\ﬁ@)@%]@\ﬁ&ﬂ)ﬁc“b@wb
%ﬁﬁ)bﬁ)g@.&aﬂ‘L;}Q‘)JL;KAAUO{‘&)JA{.M\{OMW
OF 5l e |25 EPS gl 4 53 5 PS lawils LS
S sl lesl 5o 5 5o slaesls L 4L PS ulul Kl 5 o
Gadie ledslnst g3ledled 6551 (Saols [VY] 558 s

&Yy Ve 53-)3T D o)lash (e )l JUs rols 539I9iSS 9 pole polc alzmo

ladde anslie 53 [Ya] Conl (Gl 0 ST 2iST5 005 50 5 o
CAY Sl e R e |say CR Jie g ol aals OLaS A3
S EPS 3PS sladised ol S o 5 lp |y 55l o i
Vyazovkin Jus (das oo 0L amat opl ol odal Comsay +/AY

g_,.’fﬁ )tﬁj Lf?’u:”-’l C».“Juu coJ...IrL;w)ﬁ 6LQJJ~A J.iL.N )‘Jl.g_:
J)‘)‘)EPS)PSL;LAﬁ

s (514w B 4o




AL oLl sl ks 9 O paiawl s Slaslid (ko )5 s p505 ki

32 32
= 01-PS = 0.1-EPS
3.0 A e 02-PS 3.0 - .
4 03-PS .
2.8 1 v 04-PS 2.8 4 v
0.5-PS
2.6 A < 06-PS 2.6 A
> 0.7-PS
2.4 ® 08Ps @ 2.4
T 221 0TS £ 22
2.0 1 2.0 1
1.8 1 1.8 1
1.6 1 1.6 A
1.4 T T T T T 1.4 T T T T
1.36 1.40 1.44 1.48 1.52 1.58 142 1.46 1.50 1.54 1.58
1000/T (K1) 1000/T (K1)
(a) (b)

EPS (b) 5 PS (a) 1 slite ot yod 5l s cibien L5 slaar s 55 OFW Jue b s o0 slaesls i3l Y s

Fig. 3. Fitting experimental data with OFW model in different degrees of conversion for various samples: (a) PS and (b) EPS.
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Fig. 4. Fitting experimental data with KAS model in different degrees of conversion for various samples: (a) PS and (b) EPS.
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Fig. 5. Fitting experimental data with AB model in different degrees of conversion for various samples: (a) PS and (b) EPS.
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Fig. 6. Reaction rate (do/dt) versus o for PS and EPS pyrolysis based on Vyazovkin model.
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