
REFERENCES

Aguado, R., Arrizabalaga, A., Arabiourrutia, M., Lopez, G., Bilbao, J., and Olazar, 
M. (2014) Principal component analysis for kinetic scheme proposal in the 
thermal and catalytic pyrolysis of waste tyres. Chemical Engineering 
Science, 106, 9-17.

Alsobaai, A.M., Zakaria, R., and Hameed, B.H. (2007) Hydrocracking of petroleum 
gas oil over NiW/MCM-48-USY composite catalyst. Fuel Processing 
Technology, 8 8 , 921-928.

Bordoloi, A., Devassy, B.M., Niphadkar, P.S., Joshi, P.N., and Halligudi, S.B.
(2006) Shape selective synthesis of long-chain linear alkyl benzene (LAB) 
with A1MCM-41/Beta zeolite composite catalyst. Journal of Molecular 
Catalysis A: Chemical, 253(1-2), 239-244.

Botas, J.A., Serrano, D.P., Garcia, A., and Ramos, R. (2014) Catalytic conversion 
of rapeseed oil for the production of raw chemicals, fuels and carbon 
nanotubes over Ni-modified nanocrystalline and hierarchical ZSM-5. 
Applied Catalysis B: Environmental, 145,205-215.

Boxiong, ร., Chunfei, พ ., Binbin, G., Rui, พ ., and Cai, L., (2007a) Pyrolysis of 
waste tyres with zeolite USY and ZSM-5 catalysts. Applied Catalysis B: 
Environmental, 73(1-2), 150-157.

Boxiong, ร., Chunfei, พ ., Cai, L., Binbin. G., and Rui, พ . (2007b) Pyrolysis of 
waste tyres: The influence of USY catalyst/tyre ratio on products. Journal of 
Analytical and Applied Pyrolysis, 78(2), 243-249.

Choosuton, A. (2007) Development of waste tire pyrolysis for the production of 
commercial fuels: effect of noble metals and supports. M.s. Thesis, The 
Petroleum and Petrochemical College, Chulalongkorn University, Bangkok, 
Thailand.

De Lasa, H.I. and Al-Bogami S.A. (2013) Catalytic conversion of benzothiophene 
over a H-ZSM5 based catalyst. Fuel, 108,490-501.

Düng, N.A., Klaewkla, R., Wongkasemjit, ร., and Jitkamka, ร. (2009) Light 
olefins and light oil production from catalytic pyrolysis of waste tire. Journal 
of Analytical and Applied Pyrolysis. 86(2), 281-286.



141

Düng, N.A., Tanglumlert, พ., Wongkasemjit, ร., and Jitkarnka, ร. (2010) Roles of 
ruthenium on catalytic pyrolysis of waste tire and the changes of its activity 
upon the rate of calcination. Journal of Analytical and Applied Pyrolysis, 
87(2), 256-262.

Escola, J.M., Aguado, J., Serrano, D.P., Garcia, A., Peral, A., Briones, L., Calvo, R., 
and Fernandez, E. (2011) Catalytic hydroreforming of the polyethylene 
thermal cracking oil over Ni supported hierarchical zeolites and 
mesostructured aluminosilicates. Applied Catalysis B: Environmental, 106 
(3-4), 405-415.

Groen, J.C., Abello, ร., Villaescusa, L.A., and Pérez-Ramirez, J. (2008)
Mesoporous beta zeolite obtained by desilication. Microporous and
Mesoporous Materials, 114(1-3), 93-102.

Eluang, L., Guo, พ., Deng, p., and Li, Z.X.a.Q. (2000) Investigation of 
Synthesizing MCM-41/ZSM-5 Composites. Journal of Physical Chemistry 
EC 104, 2817-2823.

Jia, L., รนท, X., Ye, X., Zou, c., Gu, H., Huang, Y., Niu, G., and Zhao, D. (2013) 
Core shell composites of USY@Mesosilica: Synthesis and application in 
cracking heavy molecules with high liquid yield. Microporous and
Mesoporous Materials, 176, 16-24.

Jiang, T., Qi, L., Ji, M., Ding, H., Li, Y., Tao, z., and Zhao, Q. (2012)
Characterization of Y/MCM-41 composite molecular sieve with high stability 
from Kaolin and its catalytic property. Applied Clay Science, 62-63, 32-40.

Kloetstra, K.R., b, H .w .  z., Jansen, J.C., and Bekkum, H .v .  (1996) Overgrowth of 
mesoporous MCM-41 on faujasite. Microporous Materials, 6 , 287-293.

Ko, C.H., Park, J.G., Han, ร.-ร., Park, J.-H., Soon-Haeng, and Kim, c. J.-N.
(2007) Adsorptive desulfurization of diesel using metallic Nickel supported 
on SB A-15 as adsorbent. Mesostructured Materials, 881-884.

Li, H., พน, H., and Shi, J.-l. (2013) Competition balance between mesoporous self 
assembly and crystallization of zeolite: A key to the formation of mesoporous 
zeolite. Journal of Alloys and Compounds, 556, 71-78.



142

Li, X., Zhou, F., Wang, A., Wang, L., and Hu, Y. (2009) Influence of Templates on 
the Overgrowth of MCM-41 over HY and the Hydrodesulfurization 
Performances of the Supported Ni-Mo Catalysts. Industrial & Engineering 
Chemistry Research, 48, 2970-2877.

Liu, X., Yang, T., Bai, p., and Han, L. (2013) Y/MCM-41 composites assembled 
from nanocrystals. Microporous and Mesoporous Materials, 181, 116-122.

Lugstein, A., Jentys, A., and Vinek, H. (1999) Hydroisomerization and cracking of 
n-octane and C8 isomers on Ni-containing zeolites. Applied Catalysis A: 
General, 176, 119-128.

Lv, Y., Qian, X., Tu, B., and Zhao, D. (2013) Generalized synthesis of core-shell 
structured nano-zeolite@ordered mesoporous silica composites. Catalysis 
Today, 204, 2-7.

Maia, A.J., Louis, B., Lam, Y.L., and Pereira, M.M. (2010) Ni-ZSM-5 catalysts: 
Detailed characterization of metal sites for proper catalyst design. Journal of 
Catalysis, 269(1), 103-109.

Maia, A.J., Oliveira, B.G., Estevesa, P.M., Louis, B., Lam, Y.L., and Pereira, M.M. 
(2011) Isobutane and n-butane cracking on Ni-ZSM-5 catalyst: Effect on 
light olefin formation. Applied Catalysis A: General, 403, 58- 64.

Manchantrarat, N. (2011) Impact of acid zeolites as additives in Pd-loaded 
HBETA and HY catalysts on waste tire pyrolysis Products. M.s. Thesis, 
The Petroleum and Petrochemical College, Chulalongkom University, 
Bangkok, Thailand.

Muenpol, ร., Yuwapornpanit, R., and Jitkarnka, ร. (2015) Valuable petrochemicals, 
petroleum fractions, and sulfur compounds in oils derived from waste tyre 
pyrolysis using five commercial zeolites as catalysts: Impact of zeolite 
properties. Cleaner Technology and Environmental Policy, DOI 
10.1007/s 10098-015-0935-8.

Na, J., Liu, G., Zhou, T., Ding, G., Hu, ร., and Wang, L. (2013) Synthesis and 
catalytic performance of ZSM-5/MCM-41 zeolites with varying mesopore 
size by surfactant-directed recrystallization. Catalysis Letters, 143(3), 267- 
275.



143

Olazar, M., Arabiourrutia, M., Lôpez, G., Aguado, R., and Bilbao, J. (2008) Effect 
of acid catalysts on scrap tyre pyrolysis under fast heating conditions. 
Journal of Analytical and Applied Pyrolysis, 82(2), 199-204.

Ooi, Y.-S., Zakaria, R., Mohamed, A.R., and Bhatia, ร. (2004) Synthesis of 
composite material MCM-41/Beta and its catalytic performance in waste used 
palm oil cracking. Applied Catalysis A: General, 274(1-2), 15-23.

Pang, X., Zhang, L., รนท, ร., Liu, T., and Gao, X. (2007) Effects of metal 
modifications of Y zeolites on sulfur reduction performance in fluid catalytic 
cracking process. Catalysis Today, 125, 173-177

Peng, H.-G., Li, X.-H., Xu, L., and พน, p. (2013) Trimodel hierarchical yolk-shell 
porous materials TS-l@mesocarbon: Synthesis and catalytic application. 
Chinese Chemical Letters, 24(7), 559-562.

Pinket, พ . (2011) Catalytic pyrolysis of waste tire over Rh, Ni and Co supported 
on KL zeolite and their bimetallic catalysts. M.s. Thesis, The Petroleum 
and Petrochemical College, Chulalongkom University, Bangkok, Thailand.

Ren, J., Wang, A., Li, X., Chen, Y., Liu, El., and Elu, Y. (2008) 
Hydrodesulfurization of dibenzothiophene catalyzed by Ni-Mo sulfides 
supported on a mixture of MCM- 41 and HY zeolite. Applied Catalysis A: 
General, 344(1-2), 175-182.

Saeaeh, L. (2012) Investigation of non-noble metals (Ni and Fe) as substitutes of 
noble metals (Pd and Ru) supported on acid zeolites for waste tire pyrolysis. 
M.S. Thesis, The Petroleum and Petrochemical College, Chulalongkom 
University, Bangkok, Thailand.

Saparakpunya, p. (2011) Potential use of Co-supported catalysts as a tire pyrolysis 
catalyst for production of valuable petrochemicals. M.s. Thesis, The 
Petroleum and Petrochemical College, Chulalongkom University, Bangkok, 
Thailand.

Sarda, K.K., Bhandari, A., Pant, K.K., and Jain, ร. (2012) Deep desulfurization of 
diesel fuel by selective adsorption over Ni/A1203 and Ni/ZSM-5 extrudates. 
Fuel, 93, 86-91.



144

Sentorun-Shalaby, c., Saha, S.K., Ma, X., and Song, c. (2011) Mesoporous- 
molecular sieve-supported nickel sorbents for adsorptive desulfurization of 
commercial ultra-low-sulfur diesel fuel. Applied Catalysis B: Environmental, 
101(3-4), 718-726.

Shen, B., พน, c., Wang, R., Guo, B., and Liang, c. (2006) Pyrolysis of scrap tyres 
with zeolite USY. Journal of Hazardous Material, 137(2), 1065-1073.

Subhan, F. and Liu, B.s. (2011) Acidic sites and deep desulfurization performance 
of nickel supported mesoporous A1MCM-41 sorbents. Chemical Engineering 
Journal, 178, 69-77.

Wang, A. and Kabe, T. (1999) Fine-tuning of pore size of MCM-41 by adjusting 
the initial pFI of the synthesis mixture. Chemical Communication, 9, 2067- 
2068.

Wang, ร., Dou, T., Li, Y., Zhang, Y., Li, X., and Yan, z. (2004) Synthesis, 
characterization, and catalytic properties of stable mesoporous molecular 
sieve MCM-41 prepared from zeolite mordenite. Journal of Solid State 
Chemistry, 177(12), 4800-4805.

Wang, Y., Cui, D., and Li, Q. (2011) Synthesis, characterization and influence 
parameters on the overgrowth of micro/mesoporous Y-zeolite-MCM-41 
composite material under acidic conditions. Microporous and Mesoporous 
Materials, 142(2-3), 503-510.

Wehatoranawee, A. (2011) Catalytic pyrolysis of waste tire over Ag-loaded 
catalyst. M.s. Thesis, The Petroleum and Petrochemical College, 
Chulalongkom University, Bangkok, Thailand.

Williams, P.T. and Brindle, A.J. (2003) Aromatic chemicals from the catalytic 
pyrolysis of scrap tyres. Journal of Analytical and Applied Pyrolysis, 67, 143 
164.

Yin, c., Zhao, R., and Liu, c. (2005) Transformation of olefin over Ni/HZSM-5 
catalyst. Fuel, 84(6), 701-706.

Yuwapompar.it, R. (2014) Catalytic pyrolysis of waste tire using Cu- and Zn 
modified Catalysts. M.s. Thesis, The Petroleum and Petrochemical College, 
Chulalongkom University, Bangkok, Thailand



1 4 5

Zhai, S.-R., Zheng, J.-L., พน, D., รนท, Y.-H., and Deng, F. (2005) CTAB-assisted 
fabrication of mesoporous composite consisting of wormlike aluminosilicate 
shell and ordered MSU-S core. Journal of Solid State Chemistry, 178(1), 85- 
92.

Zhang, Y., Liu, Y., and Li, Y. (2008) Synthesis and characteristics of Y- 
zeolite/MCM 48 biporous molecular sieve. Applied Catalysis A: General, 
345(1), 73-79.

Zheng, J., Yi, Y., Wang, พ., Guo, K., Ma, J., and Li, R. (2013) Synthesis of bi
phases composite zeolites MFZ and its hierarchical effects in 
isopropylbenzene catalytic cracking. Microporous and Mesoporous 
Materials, 171, 44-52.

Zeolite Properties. " Tosoh Corporation, Sigapore " March 2013. 22 April 2014 
<http://www.tosoh.com>

Zhou, F., Li, X., Wang, A., Wang, L., Yang, X., and Flu, Y. (2010) 
Flydrodesulfurization of dibenzothiophene catalyzed by Pd supported on 
overgrowth-type MCM-41/HY composite. Catalysis Today, 150(3-4), 218- 
223.

Zhu, G., Qiu, ร., Gao, F., Li, D.. Li, Y., Wang, R., Gao, B., Li, B., Guo, Y., Xu, R., 
Liu, z., and Terasaki, o. (2001) Template-assisted self-assembly of macro
micro bifunctional porous materials. Journal of Materials Chemistry, 11(6), 
1687-1693.

http://www.tosoh.com


APPENDICES

Appendix A Product Distribution

The effect of all catalysts on product distribution and gas composition are 
displayed in below tables.

Table A1 Effect of zeolites on product distribution (wt %)

Catalyst Non-eat HBETA HY HMOR HZSM-5 KL
Gas 11.89 8.84 10.61 9.82 10.83 10.94

Liquid 42.76 41.40 40.89 42.21 42.52 39.42
Soild 45.35 43.43 43.74 44.96 44.18 46.05
Coke 0 .0 0 6.33 4.76 3.01 2.47 3.59

Table A2 Effect of Ni-loaded catalysts on product distribution (wt %)

Catalyst Ni/HBETA Ni/HY Ni/HMOR Ni/HZSM-5 Ni/KL
Gas 8 .6 8 7.79 9.69 1 2 .0 2 13.00

Liquid 38.12 41.58 40.96 39.44 39.04
Soild 43.72 42.39 44.55 44.67 44.76
Coke 9.48 8.24 4.80 3.87 3.20

Table A3 Effect of core-shell composite of HBETA and MCM-41 on product 
distribution (wt %)

Catalyst Non-cat HBETA MCM-41 HB/MCM-41
Gas 11.89 8.84 8.43 8.65

Liquid 42.76 41.40 41.48 42.79
Soild 45.35 43.43 43.61 43.26
Coke 0 .0 0 6.33 6.48 5.30
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Table A4 Effect of core-shell composite of HY and MCM-41 on product
distribution (wt %)

Catalyst Non-cat HY MCM-41 HY/MCM-41
Gas 11.89 10.61 8.43 9.28

Liquid 42.76 40.89 41.48 42.40
Soild 45.35 43.74 43.61 43.07
Coke 0.0 0 4.76 6.48 5.25

Table A5 Effect of zeolites on gas composition (wt %)

Catalysts Non-cat HBETA HY HMOR HZSM-5 KL
Methane 22.92 14.19 17.71 20.40 15.48 21.08
Ethylene 9.06 5.81 8.46 6.79 5.57 9.15
Ethane 16.44 12.15 15.21 17.20 13.60 17.34

Propylene 9.68 8.87 10.46 8.27 7.28 9.67
Propane 8.87 11.69 10.58 15.67 27.46 9.77

Mixed-C4 21.45 33.71 24.47 21.94 22.94 21.53
Mixed-C5 11.59 13.57 13.12 9.72 7.68 11.46

Table A6 Effect of Ni-loaded catalysts on gas composition (wt %)

Catalysts Ni/HBETA Ni/HY Ni/HMOR Ni/HZSM-5 Ni/KL
Methane 16.51 18.24 19.92 16.97 19.96
Ethylene 8.35 8.85 6.53 6.59 10.87
Ethane 14.07 15.92 16.64 14.83 17.04

Propylene 10.70 10 .6 6 8.43 7.74 10.65
Propane 9.21 9.85 11.62 23.51 9.23

Mixed-C4 27.79 23.80 19.57 2 1 . 6 6 2 1 .0 2

Mixed-C5 13.36 12.67 10.50 8.69 11.23
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Table A7 Effect of core-shell composites (HY/MCM-41 and HB/MCM-41) on gas 
composition (wt %)

Catalysts HBETA HY MCM-41 HY/MCM-41 HB/MCM-41
Methane 14.19 17.71 20.13 20.42 18.08
Ethylene 5.81 8.46 8.64 9.51 8.19
Ethane 12.15 15.21 17.81 18.49 15.58

Propylene 8.87 10.46 9.82 7.72 1 1 . 0 1

Propane 11.69 10.58 10.39 7.61 7.19
Mixed-C4 33.71 24.47 21.05 23.45 27.51
Mixed-C5 13.57 13.12 12.16 12.80 12.44
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Appendix B Oil Compositions

The effect of all catalysts on oil compositions are displayed in below tables

Table B1 Effect of zeolites on petroleum fractions (wt %)

Catalyst Non-cat HBETA HY HMOR HZSM-5 KL
Gasoline 7.1 17.0 14.9 14.2 12 .8 16.1
Kerosene 38.2 39.5 45.8 36.4 38.0 39.3
Gas Oil 36.8 31.6 31.6 33.7 37.4 32.3
LVGO 5.0 3.6 2.3 6 .6 4.1 4.1
HVGO 12.9 8.3 5.4 9.1 7.6 8.3

Table B2 Effect of Ni-loaded catalysts on petroleum fractions (wt %)

Catalyst Ni/HBETA NiHY Ni/HMOR Ni/HZSM-5 Ni/KL
Gasoline 28.6 24.0 41.0 41.0 18.9
Kerosene 30.0 25.6 29.6 29.6 39.7
Gas Oil 20.3 2 1 .0 16.7 16.7 30.6
LVGO 13.2 17.4 9.3 9.3 2.8

HVGO 8.1 1 1.9 3.4 3.4 8.0

Table B3 Effect of core-shell composite of HBETA and MCM-41 on petroleum 
fractions (wt %)

Catalyst Non-cat HBETA MCM-41 HB/MCM-41
Gasoline 7.1 17.0 2 0 .1 24.0
Kerosene 38.2 39.5 36.6 38.2
Gas Oil 36.8 31.6 33.9 28.4
LVGO 5.0 3.6 3.0 2.9
HVGO 12.9 8.3 6.3 6.4



150

Table B4 Effect of core-shell composite of HY and MCM-41 on petroleum fractions
(wt %)

Catalyst Non-cat HY MCM-41 HY/MCM-41
Gasoline 7.1 14.9 20 .1 22.65
Kerosene 38.2 45.8 36.6 43.31
Gas Oil 36.8 31.6 33.9 29.18
LVGO 5.0 2.3 3.0 1.85
HVGO 12.9 5.4 6.3 3.00

Table B5 Effect of zeolites on maltene composition (wt %)

Catalyst Non-cat HBETA HY HMOR HZSM-5 KL
Para 2.94 3.00 4.56 4.04 2.64 3.60
ole 8.76 7.62 7.93 9.10 9.14 9.72
nap 16.13 11.92 8.67 10.99 15.07 14.26

mono 48.61 50.27 55.13 53.09 45.60 49.96
di 6.99 10.19 8.20 4.87 6.24 3.21

poly 9.32 10.67 8.25 10.00 13.48 10.94
polar 7.26 6.33 7.26 7.92 7.83 8.31

Para =  Paraffins 
M ono = M ono -a ro m atics  
Polar = P o la r-arom atics

O le =  O lefins 
Di = D i-arom atics

N ap = N ap h th en es  
Poly  =  P o ly -a ro m atics
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Table B6 Effect of Ni-loaded catalysts on maltene composition (wt %)

Catalyst Ni/HBETA Ni/HY Ni/HMOR Ni/HZSM-5 Ni/KL
Para 3.29 4.21 3.70 2.59 3.39
Ole 7.66 7.25 10.06 8.36 13.57
Nap 8.65 8.19 9.82 13.92 14.02

Mono 49.30 47.54 54.71 54.50 52.99
Di 1 1 .0 1 9.70 4.95 5.87 3.33

Poly 1 2 .2 2 15.27 9.34 8.75 5.84
Polar 7.87 7.84 7.43 6 .0 2 6.87

Table B7 Effect of core-shell composite of HBETA and MCM-41 on maltene 
composition (wt %)

Catalyst Non-cat HBETA MCM-41 HBETA/MCM-41
Para 2.94 3.00 4.25 2.96
Ole 8.76 7.71 10.01 7.61
Nap 16.13 11.91 10.92 11.26

Mono 48.61 50.22 52.63 56.08
Di 6.99 10.18 5.10 6.64

Poly 9.32 1 0 .6 6 9.01 9.00
Polar 7.26 6.33 8.07 6.45



152

Table B8 Effect of core-shell composite of HY and MCM-41 on maltene 
composition (wt %)

Catalyst Non-cat HY MCM-41 HY/MCM-41
Para 2.94 4.56 4.25 3.14
Ole 8.76 7.93 10 .0 1 12.57
Nap 16.13 8.67 10.92 1 2 . 1 1

Mono 48.61 55.13 52.63 52.83
Di 6.99 8.2 0 5.10 5.45

Poly 9.32 8.25 9.01 7.30
Polar 7.26 7.26 8.07 6.61
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Appendix c  Petrochemicals in Oils

Petrochemicals in Oils obtained from all catalysts are displayed in below
tables.

Table C l Effect of zeolites on petrochemicals in maltene (wt %)

Catalyst Non-cat HBETA HY HMOR HZSM-5 KL
Ethylbenzene 1.29 2 .0 2 2 .2 0 1.09 1.54 1 .2 0

Toluene 0 .1 0 0.72 0.41 0.38 0.57 0.55
Mixed-
xylenes 0 .0 1 1 . 1 0 1.06 0.63 0.38 0.65
Cumene 0.77 0.00 1 .2 2 0.37 0 .1 0 0.96
Styrene 0.40 1 . 1 0 0.98 1.49 0.06 1.52

Table C2 Concentration of petrochemical in maltene obtained from zeolite (wt %)

Catalyst Non-cat HBETA HY HMOR HZSM-5 KL
Ethylbenzene 1.193 2.238 2.136 1.129 2.058 1.160
Toluene 0.232 1.354 0.962 0.925 3.400 1.301
P-xylene 0.617 1.142 0.936 0.539 0.017 0.546
Cumene 0.659 0.005 1.109 0.354 0.233 0.856

Table C3 Effect of Ni-loaded catalyst on petrochemicals in maltene (wt %)

Catalyst Ni/HBETA Ni/HY NiHMOR Ni/HZSM-5 Ni/KL
Ethylbenzene 1.14 0.90 1.70 2.03 3.37
Toluene 0.06 0.06 1.39 0.85 0.49
Mixed-xylenes 0.50 0.17 0 .6 8 1 .6 6 0.93
Cumene 0.75 0.0 2 1 . 1 1 0.97 2.03
Styrene 0 .6 8 0.15 1.98 0.04 2.52
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Table C4 Concentration of petrochemical in maltene obtained from Ni-loaded 
catalysts (wt %)

Catalyst Ni/HBETA Ni/HY Ni/HMOR Ni/HZSM-5 Ni/KL
Ethylbenzene 1.608 0.838 1.307 2.305 2.782
Toluene 0.206 0 .1 2 0 2.596 2.431 1.070
P-xylene 0.671 0.106 0.410 2.234 0.870
Cumene 0.983 0.0 20 0.788 0.979 1.448

Table C5 Effect of core-shell composite of HBETA and MCM-41 on the 
petrochemicals in maltene (wt %)

Catalyst Non-cat HBETA MCM-41 HB/MCM-41
Benzene 0 0 0 1.78
Ethylbenzene 1.29 2 .0 2 1.97 2.64
Toluene 0 .1 0 0.72 0.48 1.0 0

Mixed-xyler.es 0 .0 1 1 . 1 0 0.34 1.38
Cumene 0.77 0.00 1.07 0.90
Styrene 0.40 1 . 1 0 1.36 0.15

Table C6 Concentration of petrochemical obtained from core-shell composite of 
HBETA and MCM-41 (wt %)

Catalyst Non-cat HBETA MCM-41 HB/MCM-41
Benzene 0 0 0 2.722
Ethylbenzene 1.193 2.238 2.199 2.327
Toluene 0.232 1.354 1.320 2.176
P-xylene 0.617 1.142 0.816 1.057
Cumene 0.659 0.005 1.118 0.735
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Table C7 Effect of core-shell composite of HY and MCM-41 on the petrochemicals 
in maltene (wt %)

Catalyst Non-cat MCM-41 HY HY/MCM-41
Benzene 0 0.00 0.0 0 0.06
Ethylbenzene 1.29 1.97 2 .2 0 4.14
Toluene 0 .1 0 0.48 0.41 1.15
Mixed-xylenes 0 .0 1 0.34 1.06 1.13
Cumene 0.77 1.07 1 .2 2 1.03
Styrene 0.40 1.36 0.98 0.03

Table C8 Concentration of petrochemical obtained from core-shell composite of 
HY and MCM-41 (wt %)

Catalyst Non-cat HY MCM-41 HY/MCM-41
Benzene 0 0 0 0.103

Ethylbenzene 1.193 2.136 2.199 3.803
Toluene 0.232 0.962 1.320 2.494
P-xylene 0.617 0.936 0.816 0.917
Cumene 0.659 1.109 1.118 0.885
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Appendix D Distribution of Sulfur-containing Compound Species in Oils

Distribution of sulfur-containing compounds in oils obtained from all 
catalysts are displayed in below tables.

Table D1 Effect of zeolites on the distribution of of sulfur-containing compounds in 
oils (wt % in maltene)

Catalyst Non-cat HBETA HY HMOR HZSM-5
Th 0.71 0.65 0.56 0.78 0.49
BT 0.95 0.89 0.87 0.82 0.96

DBT 0.05 0.05 0 .0 1 0.04 0.08
NTH 0 .0 1 0.04 0 .0 1 0.01 0.06
BTz 1.30 0 .8 6 0.93 1.07 0.65
ITC 0.60 0.31 0.27 0.33 0.23

Others 0.26 0.07 0 .1 0 0.19 0.27

Table D2 Effect of Ni-loaded catalysts on the distribution of sulfur-containing 
compounds in oils (wt % in maltene)

Catalyst Ni/HBETA Ni/HY Ni/HMOR Ni/HZSM-5
Th 0.65 0.37 0.81 0 .6 6

BT 1.30 1.0 2 0.71 0.76
DBT 0.03 0.04 0.0 2 0 .0 2

NTH 0.03 0 .0 1 0 .0 1 0 .0 1

BTz 1.03 1.39 1.08 0.79
ITC 0.38 0.40 0.46 0.37

Others 0 .1 0 0.23 0.32 0.15
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Table D3 Effect of core-shell composite of HBETA and MCM-41 on the 
distribution of sulfur-containing compounds in oils (wt % in maltene)

Catalyst Non-cat HBETA MCM-41 HB/MCM-41
Th 0.71 0.65 0.84 0.72
BT 0.95 0.89 0.81 0.94

DBT 0.05 0.05 0.03 0 .0 1

NTH 0 .0 1 0.04 0 .0 1 0 .0 1

BTz 1.30 0 .8 6 1.27 0.76
ITC 0.60 0.31 0.75 0 .0 1

Others 0.26 0.07 0.25 0.09

Table D4 Effect of core-shell composite of HY and MCM-41 on the distribution of 
sulfur-containing compounds in oils (wt % in maltene)

Catalyst Non-cat HY MCM-41 HY/MCM-41
Th 0.71 0.56 0.84 0.67
BT 0.95 0.87 0.81 0.70

DBT 0.05 0 .0 1 0.03 0 .0 1

NTH 0 .0 1 0 .0 1 0 .0 1 0 .0 1

BTz 1.30 0.93 1.27 0.72
ITC 0.60 0.27 0.75 0.05

Others 0.26 0 .1 0 0.25 0.16
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Appendix E Sulfur Analysis by Using S-Analyzer

Sulfur distribution on pyrolysis products are displayed in below tables. 

Table El Effect of zeolites on overall sulfur distribution (wt %)

Catalyst Non-cat HBETA HY HMOR HZSM-5 KL
Gas 28.8 25.6 23.9 27.5 26.5 31.7
Oil 20.4 16.9 17.8 18.9 16.5 15.7

Char 50.8 52.3 54.5 50.9 52.4 50.2
Spent catalyst 0.0 5.1 3.7 2 .6 4.7 2.4

* Sulfur content in w h ole tire = 2.02 wt%

Table E2 Effect of Ni-loaded catalysts on overall sulfur distribution (wt %)

Catalyst Ni/HBETA Ni/HY Ni/HMOR Ni/HZSM-5 Ni/KL
Gas 2 0 . 1 2 12.9 18.8 18.7 19.7
Oil 14.24 16.5 15.8 13.3 14.4

Char 53.33 53.5 51.0 52.3 51.5
Spent catalyst 12.31 17.1 14.4 15.7 14.4

* Sulfur content in w h ole tire =  2.02 wt%

Table E3 Effect of core-shell composite of HBETA and MCM-41 on overall sulfur 
distribution (wt %)

Catalyst Non-cat HBeta MCM-41 HB/MCM-41
Gas 28.8 25.6 20.5 27.2
Oil 20.4 16.9 18.2 16.8

Char 50.8 52.3 54.8 51.7
Spent catalyst 0.0 5.1 6.5 4.4

* Sulfur content in w h ole tire = 2.02 wt%
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Table E4 Effect of core-shell composite of HY and MCM-41 on overall sulfur 
distribution (wt %)

Catalyst Non-cat HY MCM-41 HY/MCM-41
Gas 28.8 23.9 20.5 26.0
Oil 20.4 17.8 18.2 17.5

Char 50.8 54.5 54.8 51.7
Spent catalyst 0.0 3.7 6.5 4.9

* Sulfur content in w h ole tire = 2.02 wt%
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Appendix F GCxGC-TOF/MS Chromatograms

GCxGC-TOF/MS Chromatograms obtained from all catalysts are displayed 
in below figures.
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1.5e+006 - 
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500000 T1st Time (ร) 500 
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Figure FI GCxGC-TOF/MS Chromatogram of non-cat.
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Figure F2 GCxGC-TOF/MS Chromatogram of FIBETA.
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Figure F3 GCxGC-TOF/MS Chromatogram of MCM-41.
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Figure F4 GCxGC-TOF/MS Chromatogram of core-shell composite of FIBETA and 
MCM-41.
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Figure F5 GCxGC-TOF/MS Chromatogram of HY.
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Figure F6 GCxGC-TOF/MS Chromatogram of core-shell composite of H Y and 
MCM-41.
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