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Abstract: Thermal characteristics of catalytic pyrolysis of polystyrene (PS) were investigated. Polystyrene was decomposed in a thermogravimetric
analyzer (TGA) at non-isothermal heating conditions (10 K/min, 20 K/min, 30 K/min, or 40 K/min) within 323~1073 K range under the nitrogen
atmosphere. The powder of BaO, FexO; or HZSM-5 (Si/AI=30) was used as a catalyst. Activation energy and reaction order of the catalytic
pyrolysis of the PS were estimated by employing various methods, such as Kissinger, Freeman-Carroll, Chatterjee-Conrad, Friedman, or Coats-
Redfern method. The analysis methods were evaluated with regard to their accuracy and ease of interpretation of the kinetics of catalytic thermal
decomposition of PS.

As a result of this study, it was found that the reaction order of catalytic pyrolysis of PS was 05~1.0. The addition of HZSM-5 was most
effective to decrease the apparent activation energy of the pyrolysis of PS, and FexOs or BaO could also decrease its activation energy.
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Figure 1. Typical TGA curves with various heating rate for
the thermal treatment of PS and PS+BaO.

Table 1. Experimental Conditions for TG Measurement

Item Conditions

Scan Temp. Room temp. ~ 1073 K

10, 20, 30, 40 K/min

leating rate

purge gas Ns
purge gas rate 30 mL/min
Sample weight 10 mg
BaO 2150 um
Catalyst Fe:05 $ 856 um

[IZSM-5(Si/A1=30) © 160 um

Table 2. Ultimate Analysis and Calorific Value of Polystyrene

Element(wt%) Calorific
Carbon |Ilydrogen |Nitrogen| Sulfur |Oxygen| value(cal/g)
PS | 9160 807 - 0.15 0.18 9632
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Figure 2. Conversion rate with various heating rate for the
thermal treatment of PS and PS+BaO.
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Figure 3. Kinetic analysis for the pyrolysis of PS
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Table 3. Activation Energy Determined by Using Kissinger's
Method (E : kJ/mol)

Material PS PS+Ba0 PS+Fe03 | PS+HIIZSM-5
E 199 161 158 146
Comrelation | -, g9 0.968 0997 0.979
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Figure 4. Kinetic analysis for the pyrolysis of PS and PS+BaO
by using Freeman-Carroll's method.

Table 4. Kinetic Values Determined by Freeman-Carroll's Method

Materal | 1eating rate, | Reaction order, | Activation energy,
BK/min) n B(k]/mol)
10 0.25 206
20 0.45 174
PS
30 0.28 164
40 0.34 151
10 0.37 218
2 0.36 213
PS+BaO
30 046 221
40 0.51 225
10 0.32 170
20 0.37 170
PS+T'ex0s
30 0.39 150
40 0.36 126
10 046 96
- 20 0.52 99
PSIIZSM-5
30 041 12
40 046 121

=l

o Eooelel AN v

Al F& Table 491 YEIAT. Table 4914 =

/\%\:

A4 Erie] § - 2R opfel bl

SRS Wal Bk WALt BATUAS g TR WAES
o 4 Uk ol2l@ ol AR ERAAE ezt Aol
B AR R obd Rajere] HA Ra 94 A4



FE A

Eldle] ) EF

=T

El

Table 5. Kinetic Values Determined by Using Chatterjee-Conrad’s Method
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Activation energy, E(k]/mol)
Reaction PS P5+Ba0 PS+Ie03 PS+IIZSM-5
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Figure 5. Kinetic analysis for the pyrolysis of PS with and
without catalyst by using Chatterjee-Conrad’s method.
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Figure 6. Kinetic analysis for the pyrolysis by with and without
catalyst by using Friedman's method.

Table 6. Kinetic Values Determined by

Using Friedman's

Method
Fractional Activation energy E(k]/mol)
Weight loss PS PS+Ba0 | P$+TFe0s | PSHIIZSM-5
01 2415 2212 2207 1639
02 192.1 1513 1659 1748
03 179.7 1779 1733 1749
04 1785 1695 1571 174.1
05 1789 1685 1386 1540
06 1602 1066 1126 1586
07 1611 1207 93.2 1483
08 1746 1187 1006 1666
09 1685 1231 177 1505
7] Wl o] g miy e b de ol4HI gle
W, o 7P°ﬂ"~E°ﬂH o] A¥ghes ol&ste WhE Ageh qlofe]
Ao A g EAFNUAE 78 F o AdE 7R A
Figure 62| 7ld719} b7k Ago A A& AR A
#& Table 69 YA Table 6014 &

WS ARG Aol M

e A 7 AL IR

BRIl 1

& SADER I vpREx
VHER SU T Bg
&9 F7tel mel X=0772 38 JA7}L 7as
¥ oAl F7betE AEE WERISIT

A%, Fnedman
15

L
e A8

= 4%
we g A%

J. Karean Ind. Eng. Chem,, Vol. 15, No. 2, 2004



192

1.30 1.35 1.40 1.45 1.50
UTx 10’
o PS ® PS+BaO
A PStFe0, W HZSM-5(Si/Al=30)

Figure 7. Kinetic analysis for the pyrolysis of PS with and
without catalyst by using Choats-Redfern’s method.

Table 7. Kinetic Values Determined hy Using Coats-Redfern’s
Method

) Activation energy, L(k]/mol)
. Reaction
Material order 1 10 20 30 40
" (K/min) | (K/min) | (K/min) | (K/min)
. 05 322 305 301 210
’ 10 347 27 297 238
05 250 237 205 19
PS+Ba0O
10 296 202 237 206
05 209 185 194 197
PS+Fe0s
10 25 216 207 231
|05 160 150 180 172
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Table 8. Kinetic Parameters Reported in the Literature for the

Pyrolysis of Polystyrene

T E

Authors K X n (KJ/mo)
Westerhout and coworkers [6] |638~673/0.7~09 1 204
Bockhorn and Kniimann [16] |473~873| 0~05 1.1 310
Sato and Kaneko [17] 373~873 075 177
Wu and coworkers [18] 640~760 05 173
Tlornung [19]* 613~713 104 172
Kim and coworkers [20] 473~873 1 %6

PS 623~743|0.1~09|0.25~1.0| 161 ~347

This study PS+BaO 623~743|0.1~09|0.36~1.0| 118~308

PS+FeOs 653~753]0.1~0.9(0.52~10 93~291

PS+HZSM-5 623~773|0.1~09|041~1.0| 100~273
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