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Decomposition of HDPE over HZSM-5 Catalyst Modified with Si, P and Mg for
Recycle of Waste Plastics
Eui Yeon Yu - Sang Chai Kim *

Research Institute of Catalysis, Chonnam National University - *Department of Environmental Education, Mokpo National University

ABSTRACT : Catalytic decomposition over HZSM-5 was carried out in semi-batch reactor to recover gasoline from waste plastics(HDPE).
To enhance the liquid yield with a molecule range of gasoline, the properties of catalytic decomposition were investigated over a com-
mercial Si/ZSM-5 catalyst and HZSM-5 catalysts modified with P and Mg. Optimum loadings of P and Mg on HZSM-5 were 0.5 wit%
and 2.0 wt%, respectively, based on conversion and liquid yield. NH;-TPD profile indicated that strong and weak acid sites totally decreased
in P loading on HZSM-5 catalyst, strong acid sites moderately decreased and weak acid sites sharply reduced in Mg loading on HZSM-5
catalyst. In the case of Si/ZSM-5 catalyst, all acid sites almost disappeared, subsequently, catalytic decomposition significantly decreased, and
little liquid product was produced. When HZSM-5 catalyst was modified with P and Mg, the carbon distribution of liquid product was shifted
to lower carbon number and its all components was within a molecular range of gasoline(Cs-Ci). Especially, over Mg(2.0 wi%)/ZSM-5 catalyst,

55.8% of liquid yield with 100% of a molecular range of gasoline, was obtained at 400°C, suggesting it as a promising catalyst for recycle
of waste plastics.
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Fig. 1. Typical gas chromatogram of the liquid products.
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Fig. 2. Typical gas chromatogram of the gaseous products.

Table. 1. Physicochemical properties of the catalyst

property Catalyst HZSM-5
Si02/ALLO; ratio 31.8
BET Surface arca [m%/g] 320

Pore size (A) 53-56

Total acidity [mmol NHs/g-cat] 1.9807
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Fig. 3. Conversion and liquid yield according to P loading
on HZSM-5 catalyst in the degradation of HDPE at
4207C Reactant/Catalyst =20 g/0.5 g.
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Fig. 4. TPD profiles of HZSM-5 modified with P.

+ A8 A5 47 39.1%9) 23.7% olstolith w
B Agsgds & A A9 AAF] 05 wnd o
Ho 2 dse dele ¢ F AR

Fig. 49] HZSM-5 Zulo] Q& 0.5 wi%, 1.0 wt% 281
20 wi% 71 Zuje) 4B Folny) Hsjel gEo}
<2 22(TPD) AFL & 474F vehigioh J9 AAZH
o] 71 @42 ¢EUo} TPD Fd9o zv|le Zastrh
Beh Qo] 0.5 wi% AAHAE @ HZSM-59 o) 3
B oz FIHo dadem QA difo] Ve
29 BEajutgo] o ol AAHA FotA AqFgEo] F7
3 Aoz AAHY, 1.0 wi% o] AA HPYLS de A
goteA FaHol Bavhe 449 iz P o
Aegol Zade A= 4Fdrth

Ueno 52 Zdgue] A% 88 w3oiA #|Se}o)
EE HES A shdFuu, MFI AlggolE 5§ At &
o o)gjo] @Aer, A3} mlavs, 4k ofd B3 T2 I
A 299 HSELS 2AEN, 97148 E9dlAEs MFI
Zuj9 22 42 P EZo| A9 AAHA ¢, TEFS
galeist 7hx g ggdsart F2 Addvta Basry
o wehd G714 EuE @o] ALSHI Bas whgo
#40] Q= mtlE e 0.5 wi%, 1.0 wt%, 2.0 wt% 1)
I 40 wit%E g sty HZSM-5 ZEuflo] A|AA|AH 1 B4
Fotugit.

120
1001—0—0 L 4 @
—e&— Conversion ‘
~ 80 —e—Liguid yield :
®
H
® 80 S, )
[
>
2 40<>/e/e/v
(8]
20
0
0 1 2 3 4
Weight [%]

Fig. 5. Conversion and liquid yield according to Mg loading
on HZSM-5 catalyst in the degradation of HDPE at
420°C Reactant/Catalyst =20 g/0.5 g.
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Fig. 6. TPD profiles of HZSM-5 modified with Mg.
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Fig. 7. Conversion in the degradation of HDPE over HZSM-5
and Si, P and Mg modifying HZSM-5 catalysts at
400C Reactant/Catalyst =20 g/0.5 g.
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Fig. 8. Liquid yield in the degradation of HDPE over HZSM-5
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Fig. 10. Composition of gaseous product from the degradation
of HDPE over HZSM-5 and Si, P and Mg modified
HZSM-5 catalysts at 400C.
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Nomenclatrues
wt% : weight percent[%)]
C/S ratio : Catalyst/Sample ratio
Abbreviations
M., : weight average molecular weight
HDPE : High density polyethylene
GPC : Gel permeation chromatography

BuEd

1. Kim, K. K., Chun, S. C., and Ryu, K. O., “Resources
Recovery from Pyrolysis of Waste Plastics,” Journal of
Korea Solid Wastes Engineering Soczely, 13(4), 504~
513(1996).

2. Moskolczi, N., Bartha, L., and Deak, Gy. “Thermal
Degradation of Polyethylene and Polystyrene from the
Packaging Industry over Different Catalysts into Fuel-
like Feed Stocks,” Polymer Degradation and stability,
91, 517~526(2006).

3. Kim, J. R, Yoon, J. H., and Park, D. W,,
Recycling of the Mixture of Polypropylene and Poly-
stylene,” Polymer Degradation and stability, 76, 61~
67(2002).

4. Songip, A. R, Masuda, T., Kuwahara, H., and Hashi-

“Catalytic

J. of KSEE / Vol. 28, No. 9, September, 2006

10.

11.

12.

13.

14.

15.

17.

18.

19.

moto, K., “Test to Screen Catalysts for Reforming Heavy
Oil from Waste Plastics,” Applied Catalysisz: Environ-
mental, 2, 153 ~164(1993).

Songip, A. R., Masuda, T., Kuwahara, H., and Hashi-
moto, K., “Kinetics Studies for Catalytic Cracking of

Heavy Oil from Waste Plastics over REY Zeolites,”

Energy & Fuels, 8, 136~140(1994).

Uddin, M. A., Koizumi, K., Murata, K., and Sakata, Y.,
“Thermal and catalytic degradation of structurally di-
fferent types of polyethylene into fuel,” Polymer Degra-

dation and stability, 56, 37~44(1997).

Ay, AFE, 434, “83 29 A &4 2 ALE
71€ W =8t Ta(1994).

Axg, &238, &2, “d&9 ALY A& 7
g%cg:,” et 3 A7 &, 14(4), 371 ~378(1996).
AstA, “Zuj/ME”, +HY, 380~381(1992).

£F%, AY4E, “ALTPoEY dLFrwH Sugd)
BEW =53, 34~41(1988).

A9, A, K99, “Ed2H AV1E ALES A
& GRS HZSM-5FA 9 Sa gafuhg,” et
4353 A, 23(9), 1537 ~1545(2001).

Zhao, X. and Roberie, T. G., “ZSM-5 Additive in Fluid
Catalytic Cracking. 1. Effect of Additive Level and Tem-
perature on Light Olefins and Gasoline Olefins,” Ind. Eng.
Chem. Res., 38(10), 3847 ~3853(1999).

Erdogan, K. and Gillham, J. K.,
Weight Chromato-graphy: A New On-line System for

“Pyrolysis-Molecular

Analysis of Polymer. II. Thermal Decomposition of Poly-
olefins: Polyethylene, Polypropylene, Polyisobutylene,”
J. Applied Polymer Science, 20, 2045~2068(1976).
AFY, A7, BFE A2, “Hbeta Ageto] EA
Folgd g2e Ag SMRAWS” HAFAIA,
36(3), 447~452(1998).

Tynjala, P. and Pakkanen, T. T., “Modification of ZSM-5
zeolite with trimethylphosphite part 1. structure and acidity,”
Microporous and Mesoporous Materials, 20, 363 ~369
(1998).

CAEA, CAZHE FujoA nEA B2 I &9

2 ghA} e =2, A g S al(1999).

Ueno, A., Suzuki, H., and Kotera, Y., “Particle-size Dis-
tribution of Nickel Dispersed on Silica and its Effects
on hydrogenation of Proplonaldehyde,” J. Chem. Soc.,
Faraday Trans, 1, 79, 127~131(1983).

Hu, Z., Wei, L., Dong, J., Wang, Y., Chen, S., and
“Modification of the external surface of ZSM-5
by a metal surfactant,” Microporous and Mesoporous
Materials, 28(1), 49~55(1999).
Raphael, C. M., Roy, F., and John, D.,
low density polyethylene catalysed by zeolites,” Journal
of Analytical and Applied Pyrolysis, 29, 45~ 55(1994).

Peng, S,

“Thermolysis of



