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Abstract − Oil formation rate, composition of crude oil and formation of side products such as α-methyl styrene, ethyl ben-

zene, benzene, toluene, dimer and trimer on thermal degradation of polystyrene were affected by various factors. Especially,
melting temperature and melting time gave an important influence on formation of oil and composition of crude oil. Also, com-

position of formed crude oil showed a siginificant difference on reaction time. These results were caused by changes of aver-

age molecular weight of degraded polystyrene. Decrease of molecular weight by cracking gave a decrease of yield of styrene

and an increase of formation of α-methyl styrene, ethyl benzene, benzene, toluene. Reaction kinetic study and degradation

mechanism to styrene on polystyrene were also briefly discussed.
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Fig. 1. Apparatus for the catalytic degradation of polystyrene.

Table 1. Effect of reaction temperature on the pyrolysis of polystyrene

Reaction temperature(oC)  350 360 370 380 390

Formation of oil(ml/min) 0.84 1.32 2.88 4.19 6.86
Product oil(%) 66.5 77.5 85.0 89.0 95.0
Residue(%) 32.0 20.6 13.7 9.3 3.5
Carbon(%) 1.5 1.9 1.3 1.7 1.5

Chemical composition of oil(wt%)

Styrene monomer(wt%) 67.37 67.74 70.30 71.07 70.68

α-methyl styrene(wt%) 3.87 3.45 2.84 2.60 2.29
Toluene(wt%) 4.29 3.77 2.46 2.77 1.96
Benzene(wt%) 0.24 0.23 0.19 0.16 0.21
Ethylbenzene(wt%) 1.90 1.68 1.09 0.92 0.78
Others(wt%) 22.33 23.13 23.22 22.48 24.08
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Fig. 2. Formation of oil on reaction time at a pyrolysis of waste EPS.

Fig. 3. First order equation for reaction temperatures at the pyrolysis
of waste EPS.

Table 2. Composition of pyrolyzed oil formed from thermal degradation
of polystyrene at 380oC

Reaction time(min) 30 60 90 120 150

Styrene monomer(wt%) 73.8 67.8 63.8 59.6 57.2

α-methyl styrene(wt%) 1.25 1.47 1.92 2.62 4.21
Toluene(wt%) 1.70 1.67 1.60 1.72 2.42
Benzene(wt%) 0.09 0.14 0.09 0.10 0.08
Ethylbenzene(wt%) 0.15 0.50 0.15 0.06 0.32
Others(wt%) 23.0 28.4 32.4 35.9 35.7

Fig. 4. Changes of average molecular weights for reaction time.

Fig. 5. Changes of average molecular weight on melting temperature.
HWAHAK KONGHAK Vol. 41, No. 3, June, 2003



380 ����������	�
���
��

32

ch-

al-

m

l-

ac-

 of

o,

lid

f

00
(ß XY �$� ¡P sp  ̂���X 380oC� �-&ªÀ�w ï (4)

� +Ì�X �� ªÀÅ�¸�> Fig. 7� WØ(. Fig. 7�w l> y

� W� ªÀÅ�> �$� ¡� ��-�Ô 134,000�w c+û!

^ 4ü (. � a�> �-& ªÀ� q$7 ci -�Ô� !*%

��7(.

S7 ��-�Ô� (ß �$� ¡P ���X �;Ò �-& �K

Lt� Table 3� W� 2� (ß uÄP 4üÐÜ(. Fig. 7� W�

134,000� ��-�Ô�w �K�> @Q� � ¡���� �Ô� c

+ûP l·!" úý(b.p)� q�7 ,þLj �¼ÿ�� ¥�Ý¼�

 ¡� �Ô� c�ûP l·(. 

�� a��� �5-�5 a�� �� Q;4� © Í � ¡� �K

� Ò³�P lXË" -�Ô� "�� � ¡� �K�¶� ù:�"

-�Ô� ®5F�� ,þLj �¼ÿ�, ¥�Ý¼� ¡� �K� �

� ù:�·(.

� a�^,² �-&� �& �$� ¡!^,² � ¡� -&ªÀ

� Å�¸� k1� k2� ú& 2� �]^ ËEªÀ� Fig. 8� W� Carniti

V[12]� ̀ g7y� W� �-&� �& �-�Ô� �$�¼¡!^ Ò

³7 Í &���; � ¡���� �K!^ Ò³�P lX	(.

4. � �

(1) �$� ¡� �-&ªÀ�w �KL^ �;0> � ¡���>

ªÀBC� u��� �� ®5�·!" ,þL^ �;0> �¼ÿ�,

¥�Ý¼� ¡, ÿ�, ���� ù: �·(. 

(2) �$� ¡� -�Ô� �ß ªÀK r � ¡ �¶� �� ��

% l·!" 130,000� ��-�Ô�w c+� ªÀK� �¼¡ �¶

� c+� ûP l·(.

(3) �$� ¡� �-&ªÀ!^,² �;0> �¼¡� �¶� �

$� ¡� �-�Ô!^ �/Ê Í -�Ô� �� �$� ¡ �C�

^,² � ¡� �K�> ¤!^ #hÊ(.

�

�

1. Williams, V., Symposium of Waste Plastic Recycle, Tokyo, 21-

(1993).

2. Ministry of Science and Technology, “Perspectives in recycling te

nology of waste materials,” 38-41(2000).

3. Shun, D. W., Han, K. H. and Son, J. E., “A Status on Pyrolysis Tech-

nology of Waste Plastics in Japan,” Chemical Industry and Technology,

14(4), 371-378(1996).

4. Liebman, S. A. and Levy, E. J., “Pyrolysis and GC in Polymer An

ysis,”  MARCEL DEKKER, Inc., 149-154(1980).

5. Nishizima, H., Sakakibara, M. and Yoshida, K., “Oil Recovery fro

Atatic Polypropyrene by Fludized Bed Reactor,” Nippon Kagaku

Kaishi, 1989-1995(1977).

6. Kim, J. S., Kim, S. J., Yun, J. S., Kang, Y. and Choi, M. J., “Pyro

ysis Characteristics of Polystyrene Wastes in a Fludized Bed Re

tor,”  HWAHAK KONGHAK, 39(4), 465-469(2001).

7. Shun, D. W., Ghim, Y. S., Cho, S. H. and Son, J. E., “Pyrolysis

Polystyrene in a Fludized Bed Reactor,”Korea Solid Wastes Eng.

Sci., 10, 195-201(1993).

8. Zhang, Z., Hirose, T., Nishio, S., Morioka, Y., Azuma, N. and Uen

A., “Chemical Recycling of Waste Polystyrene into Styrene over So

Acids and Bases,” Ind. Eng. Chem. Res., 34(12), 4514-4519(1995).

9. Shertukde, P. V., Marcelin, G., Sill, G. A. and Hall, W. K., “Study o

Fig. 6. Comparison between cracking and formation of styrene for
reaction temperature.

Table 3. Effect of molecular weight on the pyrolysis of waste EPS at 380oC

Average molecular weight 94,000 119,000 134,000 150,000 164,000 180,000 189,000 195,0

Styrene monomer(wt%) 66.70 66.41 69.19 67.85 64.57 62.96 61.97 61.02
α-methyl styrene(wt%) 4.63 3.85 2.47 3.61 3.87 4.03 4.47 4.59
Toluene(wt%) 1.98 2.82 0.95 1.67 1.71 2.00 3.36 3.61
Benzene(wt%) 0.11 0.12 0.12 0.12 0.15 0.13 0.12 0.12
Ethylbenzene(wt%) 1.56 1.50 0.34 0.86 1.05 1.15 2.25 2.76
Others(wt%) 25.02 25,30 26.95 26.00 24.66 24.73 27.84 27.91

Fig. 7. Reaction constants on various melting temperatures.

Fig. 8. Reaction pathways on the formation of styrene monomer from
thermodegradation of polystyrene.
���� �41� �3� 2003� 6�



����� ������� ��� ��  !" 381

ly-

io,

l-
the Mechanism of the Cracking of Small Alkane Molecules on HY

Zeolite,” J. Catal., 136, 446-457(1992).

10. Connel, G. and Dumesic, J. A., “The Generation of Bronsted and

Lewis Acid Sites on the Surface of Silica by Addition of Dopant

Cations,” J. Catal., 105, 285-291(1987).

11. Jellinek, H. H. G., “Thermal Degradation of Polystyrene and Po

ethylene. part III ,” J. Polym. Sci., 4(1), 13-36(1949).

12. Carniti, P., Beltrame, P. L., Armanda, M., Gervasini, A. and Audis

G., “Polystyrene Thermodegradation 2. Kinetic of Formation of Vo

atile Products,” Ind. Eng. Chem. Res., 30(7), 1624-1629(1991).
HWAHAK KONGHAK Vol. 41, No. 3, June, 2003


	폴리스틸렌 열분해반응에서 분자량 변화의 영향
	김유미·윤병태·김성보·이상봉·최명재†
	한국화학연구원 화학기술부 환경자원기술연구팀 305-600 대전시 유성구 장동 100 (2

	Effect of Variation of Molecular Weight for the Pyrolysis of Polystyrene
	Yu Mee Kim, Byoung Tae Yoon, Seong Bo Kim, Sang Bong Lee and Myoung Jae Choi†
	Advanced Chemical Technology Division, Korea Research Institute of Chemical Technology, 100 Jang-...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	4. 결  론
	참고문헌



