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Abstract

Al-MCM-48 was used as a’ catalyst to decompose high density polyethylene(HDPE). Catalytic activity of Al-MCM-48 was
compared with those of AI-MCM-41, Beta, and ZSM-5. Catalytic decomposition rate over AI-MCM-48 was much higher than
that of non-catalytic pyrolysis only. Compared to other catalysts, AI-MCM-48 revealed the little higher activation energy value.
The progressive deactivation behavior of the catalysts has also studied. ZSM-5 and AI-MCM-48 showed slower deactivation
rates than AI-MCM-41 and Beta. Pyrolysis coupled with gas chromatographic separation and flame ionization detection (Py-GC/
FID) was also performed to assess the characteristics of pyrolysis products. ZSM-5 gave a higher fraction of gaseous products
(C4-C4). AI-MCM-41 and Beta produced mainly Cs-C;, products. The selectivity to oil product (Cs-C,y) obtained with Al-
MCM-48 is higher than that with the other catalysts employed in this study.
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Table 1. Physical properties of catalysts
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Fig. 1. Analytical flow diagram of Py-GC/FID. (a) Sample cup; (b) Pyrolysis furnace; (c) Interface heater; (d) GC Injector; (e)
Microjet tube; (f) Column; (g) FID detector; (h) Liquid N,.
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Fig. 2. TG Curves of pyrolysis only and catalytic
decomposition of HDPE.
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Fig. 3. DTG Curves of pyrolysis only and -catalytic
decomposition of HDPE.
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Fig. 4. Activation energy values of pyrolysis only and
catalytic decomposition of HDPE.
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Table 2. Comparison of coke levels deposited by thermo-
gravimetric analysis
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Fig. 5. DTG curves of catalytic decomposition of HDPE during consecutive experiments adding fresh polymer to the coked
catalyst.
Table 3. Peak temperatures of catalytic decomposition of HDPE during consecutive experiments adding to the coked catalyst
Peak Peak Peak Peak
Catalyst No. Temp.(K) Catalyst No. Temp.(K) Catalyst | No. Temp.(K) Catalyst | No. Temp.(K)
1 658 1 667 1 661 1 654
2 668 2 667 2 668 2 655
Al-MCM-41| 3 671 Al-MCM-48! 3 672 Beta 3 674 ZSM-5 3 657
4 679 4 673 4 670 4 659
5 683 5 675 5 676 5 660
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Fig. 6. Py-GC/FID plots for pyrolysis only and catalytic decomposition of HDPE.

J. of Korean Inst. Resources Recycling Vol. 15, No. 5, 2006




TGA ¢} Py-GC/FID &

o183 Al-MCM-48/delx] HDPE o] Bt #o#f 23

1000 <, 1. Benzene
2. Toluene
3. Ethyl benzene
800 4. om-xylene
g 5. p-xylene, Styrene
T 600
-
1
E 00
200
o T T
° 40
Retention time{min}
(d) Beta
1000 4 Cy 1. Benzene
2. Toluene
Ce 3. Ethyl benzene
800 4. o,m-xylene
s 5. p-xylene, Styrene
[
T 600
)
b 1
E 400 -
4
0 2
4 G . ,
[
° 1 e " M 45 19 A‘ . b :
[ 10 30 '}
Retamtion time{min)
(e) ZSM-5
Fig. 6. Continued.
4 Arh. 284 Bezeneo|\; Toluene®} 72 WaE3) 100
R HOPE
%-’] T8 \o_ u]u]?ﬂ- Afo](}d‘:}. EZER HDPE + A-MCM-41
80 4 R HDPE + AI-MCM-48

Al-MCM-48(Fig. 6¢)2] 73-f-olle DdEalol »a)
2] X% 3132 (alkadiene, alkene, alkane)®] =& 7t
sl WAESREY £80] FVRlen 4k WIS
BBIE Qoliw AFs] W may) FEE HeZ Hel
isoalkane®|t} isoalkene®} 72+ 8lekEe] &% 433
71 Aog . a2} 84 AEo=Re A
T "ojRe o= BYth. AI-MCM-41(Fig. 6b)9]
A9E AFMCM-483} A8 28 FFY BPE 2
2 ®ch ¥, Beta(Fig. 6d- ZSM-5(Fig.6e)2] 7
ol C4018ke] 7HAdEe) 89 719t Toluenest
Xylene?} 72H& WgkE slgtE 29| 2 AHLE Ho
= 54& Ve

Fig. 72 Pyro-GCEHE & Y429 Basp
2 Z47F vebd Zolt}l. HDPE dedEse] 759
T ¥ 2YrEE RYov AREXE FIA|7} o

l‘>

5ud

=

{1 HDPE + Beta
W HDPE + ZSM-5

60

40 4
| _
E .
20 4 |
] ? | - . :

c1-c4 cs-C11 C12-C22  C23-C40  C40-C51

Selectivity(wt%)

Carbon number

Fig. 7. Cartbon number distributions of the products
obtained by pyrolysis only and catalytic decom-
position of HDPE.

e FEAPE(CorCspd Fol 82% o1de AN
t}, ZSM-52 ARSSE 7399 ].AHE,’_(CINCA)Q,] Jo]

ZAdEe1Z A 158 A 53, 2006



24 - BHR - S7KE - FSYE -

40%2 333 T2 Aot} ¥ Betat} Al-MCM-
418 ARESE ASolle 80% ool 7KEE HH(Cs-
C; )0l 3ZAT ALMCM-48% ARE3E 7392 o<
£& 96% ooz o tFEo] st&Ed WY
(Cs~C1)%F H HH(CCp)E YT ol Al
MCM-48%] HDPE E83)| Er|2X9] HErta40] &
=2 AAREE ot

I e

4.2 E

Zeolite Beta, ZSM-5, AI-MCM-41, AI-MCM-48
Zullell o3t HDPEER3] WA stelvAle] HaEgh
2 Z¥z} 89 kJ/mol, 95 ki/mol, 103 kJ/mol, 112 kJ/mol
o|9it}. oJAE AI-MCM-48e tlE Zu|E(Al-MCM-
4], Beta, ZSM-3)EUT} T & A3 JuiRzks
A 2 Apelzk QAR ol £ A&z mjngt
50|32 HDPE THegEse] A$-Eohe dASHA @
< gk 7H3o =2 HDPEERS Fr)zAe) 7hsAlo)
ZEslcty gotdct, $§ coked AL Eulo) )
AREoZ Qg vEslE vwd B Z3, A-MCM-
483 ZSM-5&1l7} Al-MCM-413} BetaZmj Bt} &2
3 Zlo= el

Py-GCE o] &3] d&s 44ES 24 A5,
HDPE ©rEE3= A8 249 7IA7F QoA g2
ARo] Bo] FAET ZSM-5&12] AHS$odE 7R
o] F&°] &3}, Betatlt AI-MCM-41& AM83F A
ol 80%°)/de] ol 71&d HWH(C~Cpell a3
t}, £3], ALMCM-482 ZAHF HHY(Cs~Cr)l 3F
e 24 Ui AHEr} 96%elde® 71 =9t

olg|gt AFE n)Fo] Bol AI-MCM-48Zvf= 7
T4 e SR g o} Fuje] AALE-
o= Q% vggs A f213 BA4E Byt &
3|, AAE F AR HFsle LUARY 8] 7}
2 &8 ZAog wFo] Hol HDPES #73l 44
Rl A Fafz A

it

=8

1. 3R EARE, 2001-2004: A= H7)E 2 2 A7
3,

2. AEE, 2002: HLBENZ o83 Hojge AEE 7
&0 A, YR B,

3. v, AR, H78, A, Ao, AsT, AR,

J. of Korean Inst. Resources Recycling Vol. 15, No. 5, 2006

10.

11.

12.

13.

16.

RHWG - 2HEIH

734, 2003 E2k29 Zn) RS} dig 1d, =
H71E83]A], 20(6), pp.565-584.

. Park, D.W., Hwang, E.Y,, Kim, J.R., Choi, J.K., Kim,

Y.A. and Woo, H.C, 1999: Catalytic degradation of
polyethylene over solid acid catalyst, Polymer Degradation
and Stability, 65, pp.193-198.

. Aguado, J., Serrano, D.P., Escola, J.M., Garagorri, E. and

Fernandez, J.A., 2000: Catalytic conversion of poly-
ethylenes into fuels over zeolite beta, Polymer Degradation
and Stability, 69, pp.11-16.

e, A%, 99, Xingfan, W37, S5, 2003: &
Ad FF 270049 n-Tetradecane®] F¥3)] w354
o et A7, 3= 71E83)R], 20(4), pp.404-414.

. Gobin, K. and Manos, G, 2004 : Thermogravimetric study

of polymer catalytic degradation over microporous
materials, Polymer Degradation and Stability, 86, pp.225-
231,

. Marcilla, A.; Beltran, M 1., Hernandez, F. and Navarro, R.,

2004: HZSMS5 and HUSY deactivation during the catalytic
pyrolysis of polyethylene, Applied Catalysis A: General,
278, pp.37-43.

Lin, L.H,, Yang, M.H., Yeh, T.F. and Ger. M.D., 2004:
Catalytic degradation of high density polyethylene over
mesoporous and microporous catalysts in a fluidsed-bed
reactor, Polymer Degradation and Stability, 86, pp.121-
128.

Aguado, J., Serrano, D.P., Romero, M.D. and Escola, J.M.,
1996: Catalytic conversion of polyethylene into fuels over
mesoporous MCM-41, Chem. Commun., pp.725-726.
Aguado, J., Sotelo, J.L., Serrano, D.P.,, Calles, J.A. and
Escola, .M., 1997: Catalytic conversion of polyolefins
into liquid fuels over MCM-41: Comparison with ZSM-5
and amorphous SiO,-AlLO;, Energy Fuels., 11, pp.1225.
Seddegi, Z. S., Budrthumal, U., Al-Arfaj, A. A., Al-Amer,
A. M. and Barri, S. A. 1, 2002: Catalytic cracking of
polyethylene over all silica MCM-41 molecular sieve,
Applied Catalysis A: General, 225, pp.167-176.

Kim, JM., Kwak, J.H,, Jun, S. and Ryoo, R., 1995: lon
exchange and thermal stability of MCM-41, J. Phys.
Chem., 99, pp.16742-16746.

. Ryoo, R, Jun, S., Kim, JM. and Kim, M.J., 1997:

Generalized route to the preparation of mesoporous
metallosilicate via post-synthetic metal implantation,
Chem. Commun., pp.2225-2226.

. Kim, S. and Park, J.K. 1995: Characterization of thermal

reaction by peak temperature and height of DTG curves,
Thermochimica Acta, 264, pp.137-156.

ASTM D 2887: Standard Test Method for Boiling Range
Distribution of Petroleum Fractions by Gas Chromatog-
raphy



TGA 9} Py-GCFID E ©183F AIMCM-48/dl] HDPE 9| i 245t 25

17. Lin, YH., Hwu, W.H., Ger, M.D., Yeh, T.F. and Dwyer J.,

2001: A combined kinetic and mechanistic modelling of & ® R
the catalytic degradation® -of polymers, Journal of
Molecular Catalysis A: Chemical, 171, pp.143-151. +2005 st A =HF8h =9

18. Bartholomew C.H., 2001: Mechanisms of catalyst deac-
tivation, Applied Catalysis A: General, 212, pp.17-60.

& & # IS I -
+ 1995 Pl 2 E 358 At o EA) MeAF SR ST 2
+1997-8A) sty FEA2H T ws - 238352 4138 15 32

& ®m B 2 85 H
1999 SH=7a7|e shskst WAl - dA) F5iska SehE et 2w
*2001-2005 o}FthEan 5-8-5h87} 2wy - 2337 A3 13 F=

-2005-84) AZBUSE Hakn Fas

(Z 1) & 2N B ASE istey EeATAR £o) vl

* EARTH ’93 Proceeding(1993) 457%, & 1 20,0009
(The 2th International Symposium on East Asian Recycling Technology)
« Ao Z ] AA|(1994) 400%, fEifs : 15,0009
*FX TR L IO I, 1V, V, VI B £ 40,0008, 50,0009B13)4)

1: 59 AE~A10ZE, I1: 548 A1E~A20ZF, 1 54 A215~A30%, IV: EH A31-4403,
v: B4 A4135-A505, VI: B A515-46035)

* 3 . ARRAEN ) ZFHFTFH AT =R (1996) 483%, & 30,0009

* 3 - oo SR TN AN =R (1996) 174%:, {BiE : 15,0009

« 2Hd 2Rl ZY FA1(1997d 19) 311F, 1B : 18,0009

*'97 W3 AR EE7 1A ZAK19979) 107Z, &% : 15,0004

* B8] 2ol E EE(1998 19)395%, B1E £ 22,0009, 23] 05t
* EARTH 2001 Proceeding (2001) 788%, 8% 100,000

(The 6th International Symposium on East Asian Resources Recycling Technology)
* o Age] AHEAF o) FH 712003 2¢) 312F, % :20,0009, 2aH-MyuTio)

+ 2o S (A -84, 19993) 4402, Et% 15,0009, A ot
* ZMpo] A (A GG WA, 20049), 578%, B 1 27,0009, LA -

AgEelEd A 1598 A 53, 2006



