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The Effects of Zeolite-Type Catalysts on the Pyrolysis Reaction of PP to Produce Fuel-oil
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Abstract — The effects of zeolite-type catalysts addition on the thermal decomposition of the PP resin have been stud-
ied in a thermal analyzer, a Pyrolyser GC-mass, and a small batch reactor. The zeolite type catalysts tested were natural
zeolite, used FCC catalyst, and ZSM-5. As the results of TGA experiments, the pyrolysis starting temperature for PP
varied in the range of 330~360 °C according to the heating rate. Addition of the zeolite type catalysts in the PP resin
increased the pyrolysis rate in the order of used FCC catalyst> natural zeolite> ZSM-5 > PP resin. Adding the used FCC
catalyst in the PP reduced most effectively the pyrolysis finishing temperature. In the PY-G.C. mass experiments, addi-
tion of zeolite type catalysts decreased the molecular weight of pyrolyzed product. In the batch system experiments, the
mixing of used FCC catalyst enhanced best the initial yield of fuel oil, but the final yield of fuel oil was 2% higher in the
case of mixing of natural zeolite. Also in the carbon number analysis, used FCC catalyst was the most useful one in this
experiments for fuel oil.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Analysis conditions of G.C.

Contents Condition

Injection split 10: 1,360 °C, 1 uL.

Carrier gas He, constant flow 2.2 mL/min

Oven program 40 °C to 340 °C at 5 °C/min, 340 °C for 10 min
Detector FID, 340 °C

Sample 1% in CS,

AP ABAE] |ATE BA51] flste] GC. (HP 6890y7F AR
Atk AR AH-E zebron ZB-1 (30 m x 0.32 mm x 0.25 pm)°|
v B2 278 Table 13} 2t} 322 2= RESTEK D 2887
calibration mix (Ce~C,,)8 AHE3ISITE.
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Fig. 2. TGA curves for PP resin at various heating rates.
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Fig. 3. Effects of zeolite type catalysts on the pyrolysis reaction of
PP in TGA.
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Fig. 4. Output curves of PY-G.C. mass for PP.
Table 2. Composition of degradation products over various catalysts in PY-G.C. mass
PP PP+zeolite PP+used FCC PP+ZSM-5
No. ID Formula M. W.
Area%
1 3-Methyl-1-Hexene - - 0.41 15.71 C,Hy, 98
2 Tetrahydro-2-Methoxy-2H-Pyran - - - 0.34 C¢H;,0, 116
3 1-Nonanol - - - 0.68 CyH,,0 144
4 Octylester-2-Propenoic acid - - 0.22 - C11Hy0, 184
5 3-Octyl acetate - - 0.26 - CoH50, 172
6 1-Heptene - - - 4.06 C,Hyy 98
7 4-Nonene - 1.51 - - CoHyg 126
8 Methyl-Cyclooctane - - 8.06 237 CoHyg 126
9 3-Penten-1-ol - - - 12 CsH,,0 86
10 1-(1-Ethoxyethoxy)-1-Propene - - - 1.20 C,H,,0, 130
11 2-Octene - - - 0.22 CgHyg 112
12 1,2-Dimethyl-Benzene - - - 8.44 CgHy, 106
13 Butyl-Cyclopentane - - 3.08 - CoHyg 126
14 p-Xylene - - - 3.38 CgHy, 106
15 1,3-Dimethyl-Benzene - - - 3.59 CgHy, 106
16 4-Nonene - - 1.13 - CoHyg 126
17 2-Pentyn-1-ol - - - 0.36 CsHgO 84
18 3-Undecene - 0.89 - - CyHy 154
19 5-Undecene - - 0.54 - CyHy 154
20 1-Octene 0.03 - 498 - CgHy 112
21 1-Tetradecene - 0.34 - - C4Hog 196
22 2,2-Dimethyl-3-decene - - - 3.95 C,Hyy 168
23 6-Tetradecene - 0.46 - - C 4 Hag 196
24 1-Octadecanol - - - 8.21 C,sH;50 270
25 7-Methyl-2-Decene 0.84 6.51 - - C;Hy, 154
26 7-Tetradecene - - 13.36 C4Hog 196
27 1,2,3-Trimethyl-Cyclohexane 1.86 - - - CoHyg 126
28 Tridecanol - 24 7.87 - C3H,50 200
29 2,7-dimethyl-Naphthalene - - - 2.94 C,H), 156
30 9-Octadecene - - - 1.45 C gHs6 252
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Table 2. Continued

PP PP+zeolite PP-+used FCC PP+ZSM-5
No. ID Formula M. W.
Area%

31 1-Octadecene - 59 5.50 - C,gHse 252
32 2-(1-methylethyl)-Naphthalene - - - 1.87 C3Hyy 170
33 (cis)-2-Nonadecene - 1.42 - 0.64 CioHsg 266
34 7-methyl-1-Undecene 2.5 - - - C,Hyy 168
35 1-Pentyl-2-Propyl-Cyclopentane 1.08 11.64 322 222 Ci3Hy 182
36 1-Tridecanol - 7.22 9.85 1.08 C3H,50 200
37 3,7,11,15-Tetramethyl-1-Hexadecanol - - 3.68 - C,oH,0 298
38 3-Heptadecene - 0.51 - - C7Hsy 238
39 3-Tetradecene - - 10.02 - C4Hog 196
40 2,2,5,5-Tetramethyl-3-Hexene - - - 2.57 CioHso 140
41 9-Eicosene - - - 1.64 C;31H3,N,O4 496
42 2-Nonenal - - - 2.69 CoH;40 140
43 (2-Hexyloctyl)-Cyclopentane - - - 1.93 CioHsg 266
44 Bacchotricuneatin 3.63 - - -

45 1-Butyl-2-Propyl-Cyclopentane - 291 527 - C,Hyy 168
46 2-Methyl-1-Hexadecanol 1.5 7.06 - - C,;H;0 256
47 1,2,4-Trimethyl-Cyclohexane 10.09 - - - CoHyg 126
48 1-Ethyl-2-Propyl-Cyclohexane 1.93 - - - CyHpy 154
49 10-Heneicosene - - - 0.96 CyHyy 294
50 3-Eicosene - 2 - - CyoHyo 280
51 1-Hexadecanol - 1.33 - - C,6H5,0 242
52 1-Docosene - 0.47 - 2.55 CyHy, 308
54 1-Tricosene 0.36 2.66 1.29 - Cy3Hye 322
55 1-Heptadecene - 0.31 - 1.05 Ci7Hzy 238
56 1-Heneicosanol - 3.25 - - C,Hyu,O 312
57 1,2-Diethyl-Cyclooctane - - - 0.98 C,Hyy 168
58 2-Hexyl-1-Decanol, - - - 1.21 C,6H5,0 242
59 Tetrahydro-4-methyl-2-2H-Pyran 0.81 - - - C,oH;30 154
60 1-Nonadecene - 3.73 - - CoHsg 266
61 Cyclooctacosane - 1.06 - - CygHse 392
63 2-(Octadecyloxy)-Ethanol - - 0.75 - C,oHy0, 314
64 1-Hexadecene - 1.02 - - Ci6Hsp 224
65 4-Methyl-Octadecane, 1.87 - - - CioHyp 268
66 1-Butyl-2-Pentyl-Cyclopentane - 436 - -

67 13-Cyclohexyl-Pentacosane - 1.19 - - C;,Hg, 434
68 1-Pentacosanol 0.59 - - - C,sHs,0 368
69 3-Cyclohexyl-Decane 2.90 - - - Ci6Hsp 224
70 Tetrone-1,2-Binaphthalene 2.17 - - - C,,H,,04 374
71 Cyclopentyl-Dodecane 2.69 - - - CysHyg 348
72 Docosane 3.34 0.57 - - CpHye 310
73 1-Docosanol 0.16 - - - C,HyO 326
74 5,14-di-n-Butyloctadecane 2.11 - - - CyeHsy 366
75 1-Hexacosene 0.78 - - - CysHs, 364
76 17-Pentatriacontene 3.48 1.31 - - CssHyg 490
77 9-Octylheptadecane 3.14 - - - Cg3H7605 352

3-2. 2|24 EEoll 1S HESOlA 71A1sE #- 2°C 210 WA W s det
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A AgeolE A7) Al 22%% UERITH HE 241888 pp dtoltt. ZSM-5 Fl| 271 Al @A Hghgo] ‘;%L AL 7V A3
83.4%, T FCC =1} 471X 83.2%, ZSM-5 Z1j| 37} 2] 47.2%, F o] thF A HER 2 AHSE-2 G| el Aoltt. Sakata S512]
A AlEefolE H7IA] 85.8%% LRI o714 2.dolgt dis) = A7h-adFuuke} ZSM-5 19} mesoporous silica S-S ARS-
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