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Abstract — The effect of aluminium addition to MCM-41 on product yield and carbon number distribution was inves-
tigated in the catalytic cracking of a polymer mixture, LDPE, LLDPE, and EVA copolymer, with a composition similar
to that found in real agricultural film wastes. AI-MCM-41 catalyst synthesized by post-synthetic grafting method (Al-
MCM-41-P) as well as AI-MCM-41 catalyst synthesized by direct sol-gel (AI-MCM-41-D). The catalytic cracking of poly-
mer mixture was carried out in vapor phase contact as well as in liquid phase contact. The amount of acid sites increased with
aluminium addition by post method as well as direct method, which was seemed to be due to Lewis acid sites. In liquid phase
catalytic cracking, the yield of light hydrocarbon fraction increased with aluminium addition. The effect of aluminium addition
on production of Cs-C,, hydrocarbons over AI-MCM-41-P catalysts was greater than that over AI-MCM-41-D catalysts. In the
case of vapor phase catalytic cracking, the effect of aluminium addition was smaller than that of liquid phase catalytic crack-
ing. The selectivity to C,5-C;, hydrocarbons was smaller in vapor phase catalytic cracking.
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Fig. 1. Experimental set-up for catalytic pyrolysis (vapor phase contact).
1. Notrogen 8. Furnace
2. MFC sensor 9. Condenser
3. MFC read-out 10. Cooling water-In
4. Pyrolysis reactor 11. Cooling water-Out
5. Furnace 12. Liquid product
6. Heating line 13. Gas flow Meter
7. Fixed bed reactor 14. Gas product
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Table 1. BET surface area of catalysts

Catalysts BET surface area (m?/g)

MCM41 932.7
Al-MCM41-D-60 875.4
Al-MCM41-D-30 1183.0
Al-MCM41-D-15 937.5
Al-MCM41-P-60 966.4
Al-MCM41-P-30 922.4
Al-MCM41-P-15 997.8
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Fig. 2. XRD patterns for the catalysts.
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Fig. 3. Effect of aluminium addition on NH; temperature programmed
desorption over MCM41.
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Fig. 4. Effect of aluminium addition on FT-IR spectra MCM41 (350 °C,
107 torr).
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Fig. 5. Effect of desorption temperature on FI-IR spectra of adsorbed
pyridine over AI-MCM41-P-30 (150 °C, 10° torr).
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Fig. 6. Effect of aluminium addition on FT-IR spectra of adsorbed pyri-
dine over MCM41 (150 °C, 10 torr).

Table 2. Effect of aluminium addition to MCM-41 on product distributions
of polymer mixture pyrolysis by liquid phase contact

Yield (wt%)
Catalyst -
C~C, Cs~Cyy C;3~C5,  Residue

18.8 213 58.3 1.5
MCM41 11.6 44.0 42.6 1.6
Al-MCM41-D-60 153 53.1 31.2 0.4
Al-MCM41-D-15 21.8 429 34.7 0.6
AI-MCM41-P-60 10.7 71.8 17.1 0.4
Al-MCM41-P-30 8.5 79.7 10.6 1.2
Al-MCM41-P-15 18.9 712 9.9 0.0

Feed: LDPE 1.25 g, LLDPE 1.25 g, EVA copolymer 2.5 g
Catalyst/polymer: 1/10
Pyrolysis temperature: 460 °C
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Table 3. Effect of aluminium addition to MCM-41 on product distributions
of polymer mixture pyrolysis by vapor phase contact

Yield (wt%)
Catalyst -
C~C, Cs~Cpy Ci3~Cypy Residue

- 187 212 582 1.5
MCM41 11.6 44.0 426 1.6
Al-MCM41-D-60 21.0 70.5 6.6 2.0
Al-MCM41-D-30 314 60.7 8.0 0.0
Al-MCM41-D-15 56.8 349 5.7 2.6
Al-MCM41-P-60 10.3 73.8 129 32
Al-MCM41-P-30 312 59.3 83 1.2
Al-MCM41-P-15 244 71.1 38 0.8

Feed: LDPE 1.25 g, LLDPE 1.25 g, EVA copolymer 2.5 g
Catalyst/polymer: 1/10

Pyrolysis temperature: 460 °C

Fixed catalyst bed temperature: 500 °C
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Fig. 7. Effect of aluminium addition (direct) to MCM-41 on product
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(feed: LDPE 1.25 g, LLDPE 1.25 g, EVA copolymer 2.5 g; cat-
alyst/polymer: 1/10; pyrolysis temperature: 460 °C).
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Fig. 8. Effect of aluminium addition (post) to MCM-41 on product
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tact (feed: LDPE 1.25 g, LLDPE 1.25 g, EVA copolymer 2.5 g;
catalyst/polymer: 1/10; pyrolysis temperature: 460 °C).
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Fig. 10. Effect of aluminium addition (post) to MCM-41 on product
distributions of polymer mixture pyrolysis by vapor phase con-
tact (feed: LDPE 1.25 g, LLDPE 1.25 g, EVA copolymer 2.5 g;
catalyst/polymer: 1/10; pyrolysis temperature: 460 °C; fixed
catalyst bed temperature: 500 °C).
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