
REFERENCES

Âlvarez-Rodriguez, J., Guerrero-Ruiz, A., Rodriguez-Ramos I., and Arcoya-Martm, 
A. (2005) Modifications of the citral hydrogenation selectivities over 
Ru/KL-zeolite catalysts induced by the metal precursors. Catalysis Today, 
107-108, 302-309.

Aylôn, E., Murillo, R., Fernàndez-Colino, A., Aranda, A., Garda, T., Callén, M.S., 
and Mastral, A.M. (2007) Emissions from the combustion of gas-phase 
products at tyre pyrolysis. Journal of Analytical and Applied Pyrolysis. 79(1- 
2), 210-214.

Bilgili, E., Arastoopour, H., and Bernstein, B. (2001) Pulverization of rubber 
granulates using the solid state shear extrusion process Part II. Powder 
characterization. Powder Technology. 115(3), 277-289.

Chianelli, R.R., Berhault, G., Raybaud, p., Kasztelan, ร., Hafner, .1., and Toulhoat, H.
(2002) Periodic trends in hydrodesulfurization: in support of the Sabatier 
principle. Applied Catalysis A: General. 227(1-2). 83-96.

Choi, K.H., Sano, Y., Korai, Y., and Mochida, I. (2004) An approach to the deep 
hydrodesulfurization of light cycle oil. Applied Catalysis B: Environmental 
53(4), 275-283.

Cunliffe, A.M., and Williams, P.T. (1998) Composition of oils derived from the 
batch pyrolysis of tyres. Journal of Analytical and Applied Pyrolysis. 44(2), 
131-152.

de la Puente, G., Souza-Aguiar, E.F., Zotin, F.M.Z., Camorim, V.L.D., and Sedran, 
บ. (2000) Influence of different rare earth ions on hydrogen transfer over Y 
zeolite. Applied Catalysis A: General, 197(1). 41-46.

Ding, L., Zheng, Y., Yang, H., and Parviz, R. (2009) LCO hydrotreating with Mo- 
Ni and W-Ni supported on nano- and micro-sized zeolite beta. Applied 
Catalysis A: General. 353(1), 17-23.

Düng, N.A., Wongkasemjit, ร., and Jitkarnka, ร. (2009) Effects of pyrolysis 
temperature and Pt-loaded catalysts on polar-aromatic content in tire-derived 
oil. Applied Catalysis B: Environmental. 91(1-2), 300-307.



70

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

Fameth, W.E., and Gorte, R.J. (1995) Methods for Characterizing Zeolite Acidity. 
Chemical Reviews, 95(3), 615-635.

Fung, s .c . (2001) Deactivation and regeneration/redispersion chemistry of Pt/KL- 
zeolite. In J.J. Spivey, G.w. Roberts, and B.H. Davis (Eds.), Catalyst 
Deactivation. Netherlands: Elsevier Science, (pp. 399-401).

Garcîa-Cruz, I., Valencia, D., Klimova, T., Oviedo-Roa, R., Martinez- 
M agadan, J.M., Gômez-Balderas, R., and Mas, F. (2008) Proton affinity 
of S-containing aromatic compounds: Implications for crude oil
hydrodesulfurization. Journal of Molecular Catalysis A: Chemical. 281(1-2), 
79-84.

Giraldo, S.A., Pinzôn, M.H., and Centeno, A. (2008) Behavior of catalysts with 
rhodium in simultaneous hydrodesulfurization and hydrogenation reactions. 
Catalysis Today. 133-135, 239-243.

Hossain, M.M. (2006) Influence of noble metals (Rh, Pd, Pt) on Co-saponite 
catalysts for HDS and HC of heavy oil. Chemical Engineering Journal. 
123(1-2), 15-23.

fshihara, A., Dumeignil, F., Lee, J., Mitsuhashi, K., Qian, E.W., and Kabe, T. (2005) 
Hydrodesulfurization of sulfur-containing polyaromatic compounds in light 
gas oil using noble metal catalysts. Applied Catalysis A: General. 289(2), 
163-173.

Jacquin, M., Jones, D.J., Rozière, J., Albertazzi, ร., Vaccari, A., Lenarda, M., 
Storaro, L., and Ganzerla, R. (2003) Novel supported Rh, Pt, Ir and Ru 
mesoporous aluminosilicates as catalysts for the hydrogenation of 
naphthalene. Applied Catalysis A: General. 251(1). 131-141.

Jitkamka, ร., Chusaksri, B, Supaphol, p., and Magaraphan, R. (2007) Influences of 
thermal aging on properties and pyrolysis products of tire tread compound. 
Journal of Analytical and Applied Pyrolysis. 80(1), 269-276.



71

Kim, J.H., Ma, X., Song, c., Oyama, s.T., and Lee, Y.K. (2003) Kinetic Study of 
4,6-Dimethyldibenzothiophene Hydrodesulfurization over Ni Phosphide, 
NiMo and CoMo Sulfide Catalysts. Fuel Chemistry Division Preprints, 
48(1), 40-41.

Kresnawahjuesa, O., Heussner, R., Lee, C.C., Kuehl, G., and Gorte, R.J. (2000) An 
examination of acid sites in H-LTA zeolites. Applied Catalysis A: General, 
199, 53-60.

Lappas, A.A., Valla, J.A., Vasalos, I.A., Kuehler, c., Francis, L, O’Connor, p., and 
Gudde, N.J. (2004) The effect of catalyst properties on the in situ reduction 
of sulfur in FCC gasoline. Applied Catalysis A: General, 262(1), 31-41.

Lecrenay, E., Sakanishi, K., and Mochida, I. (1997) Catalytic hydrodesulfurization 
of gas oil and model sulfur compounds over commercial and laboratory-made 
CoMo and NiMo catalysts: Activity and reaction scheme. Catalysis Today, 
39(1-2), 13-20.

Lee, L, Ishihara, A., Dumeignil, F., Qian, E.W., and Kabe, T. (2004) Novel 
hydrodesulfurization catalysts derived from a supported rhodium carbonyl 
Complex-Effect of the support on the catalytic activity and the sulfur 
behavior. Journal of Molecular Catalysis A: Chemical, 213(2), 207-215.

Li-hua, L., Di, L., Bin L., Guang-ci, L., Yun-qi, L., and Chen-guang L. (2011) 
Relation between the morphology of M0 S2 in NiMo catalyst and its 
selectivity for dibenzothiophene hydrodesulfurization. Journal of Fuel 
Chemistry and Technology, 39(11), 838-843.

Lin, L., Khang, S.J., and Keener, T.c. (1997) Coal desulfurization by mild 
pyrolysis in a dual-auger coal feeder. Fuel Processing Technology, 53(1-2), 
15-29.

M ’Kombe, C.M., Dry, M.E., and O’Connor, C.T. (1997) Influence of preparation 
variables on the dispersion of platinum on zeolite KL. Zeolites, 19,(2-3), 
175-179.

Myrstad, T., Seljestokken, B., Engan, IT, and Rytter, E. (2000) Effect of nickel and 
vanadium on sulphur reduction of FCC naphtha. Applied Catalysis A: 
General. 192(2), 299-305.



72

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(3-4), 173-177.

Pawelec, B., Navarro, R., Fierro, J.L.G., Cambra, J.F., Zugazaga, F., Güemez, M.B., 
and Arias, P.L. (1997) Plydrodesulfurization over PdMo/FIY zeolite 
Catalysts. Fuel, 76(1), 61-71.

Pinket, พ ., and Jitkarnka, ร. (2011) Catalytic Pyrolysis of Waste Tires over Rh, Ni 
and Co Supported on KL. Paper presented at The 17th PPC Symposium on 
Petroleum, Petrochemicals, and Polymers, Bangkok, Thailand.

Rang, H., Kann, J., and Oja V. (2006) Advances in desulfurization research of 
liquid fuel. Oil Shale, 23(2), 164-176.

Rodriguez-Castellôn, E., Jiménez-Lôpez, A., and Eliche-Quesada, D. (2008) Nickel 
and cobalt promoted tungsten and molybdenum sulfide mesoporous catalysts 
for hydrodesulfurization. Fuel, 87(7), 1195-1206.

Rogner, Fl-H. (1997) An assessment of world hydrocarbon resources. Annual 
Review of Energy and the Environment, 22, 217-262.

Saeaeh, L., and Jitkarnka, ร. (2012) Investigation of Nickel as a Metal Substitute of 
Palladium Supported on HBeta Zeolite for Waste Tire Pyrolysis. 
International Journal of Chemical and Biological Engineering, 6, 257.

Sampanthar, J.T., Xiao, H., Dou, J., Nah, T.Y., Rong, X., and Kwan w.p. (2006) A 
novel oxidative desulfurization process to remove refractory sulfur 
compounds from diesel fuel. Applied Catalysis B: Environmental, 63(1-2), 
85-93.

Sebor, G., Blazek, J., and Nemer M.F. (1999) Optimization of the preparative 
separation of petroleum maltenes by liquid adsorption chromatography. 
Journal of Chromatography A, 847(1-2), 323-330.

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

Sidhpuria, K.B., Parikh, P.A., Bahadur, p., and Jasra, R.v. (2008) Rhodium 
Supported Hp  Zeolite for the Hydrogenation of Toluene. Industrial & 
Engineering Chemistry Research, 47, 4034-4042.



73

Sidhpuria, K.B., Patel, H.A., Parikh, P.A., Bahadur, P., Bajaj, H.C., Jasra, R.v.
(2009) Rhodium nanoparticles intercalated into montmorillonite for 
hydrogenation of aromatic compounds in the presence of thiophene. Applied 
Clay Science, 42(3-4), 386-390.

Song, c ., (2002) New Approaches to Deep Desulfurization for Ultra-Clean
Gasoline and Diesel Fuels: An Overview. Fuel Chemistry Division Preprints, 
47(2), 438-444.

Sugioka, M , Sado, F., Matsumoto, Y., and Maesaki, N. (1996a) New 
hydrodesulfurization catalysts: noble metals supported on US Y zeolite. 
Catalysis Today. 29(1-4), 255-259.

Sugioka, M., Tochiyama, c ., Sado, F., and Maesaki, N. (1996b) Preparation of 
highly active zeolite-based hydrodesulfurization catalysts: zeolite-supported 
Rh catalysts. In M. Absi-Halabi, J. Beshara, H. Qabazard, and A. Stanislaus 
(Eds.), Catalyst in Petroleum Refining and Petrochemical Industries. 
Netherlands: Elsevier Science, (pp. 551-558).

Sullivan, D. (2004) The Role of the Merox™ Process in the Era of Ultra Low 
Sulfur Transportation Fuels. Paper presented at Proceedings of the 5th 
EMEA Catalyst Technology Conference, Cannes, France.

Takasaki, ร., Araki, Y., and Nakaoka, c . (2010) FCC Gasoline Desulfurization 
Reducing Octane Number Loss. Paper presented at Proceedings of the 20th 
Annual Saudi-Japan Symposium Catalysts in Petroleum Refining & 
Petrochemicals. Dhahran, Saudi Arabia.

Tang, X.L., and Shi, L. (2011) Study of the Adsorption Reactions of Thiophene on 
Cu(I)/HY-A1203 by Fourier Transform Infrared and Temperature- 
Programmed Desorption: Adsorption, Desorption, and Sorbent Regeneration 
Mechanisms. Langmuir. 27. 11999-12007.

Treacy, M.M.J. (1999) Pt agglomeration and entombment in single channel 
zeolites: Pt/LTL. Microporous and Mesoporous Materials. 28(2), 217-292.

Unapumnuk, K., Keener, T.C., Lu, M., and Liang, F. (2008) Investigation into the 
removal of sulfur from tire derived fuel by pyrolysis. Fuel. 87(6), 951-956.



74

Villarroel, M., Baeza, P., Escalona, N., Ojeda, J., Delmon, B., and Gil-Llambias, F.J.
(2008) Mq//Mo and Mp//W [ M d = Mn, Fe, Co, Ni, Cu and Zn] promotion 
via spillover hydrogen in hydrodesulfurization. Applied Catalysis A: 
General. 345(2), 152-157.

Williams, P.T., and Bottrill, R.p. (1995) Sulfur-polycyclic aromatic hydrocarbons 
in tyre pyrolysis oil. Fuel. 74(5), 736-742.

https://commons.wikimedia.Org/wiki/File:Vulcanization.svg, 25 Jul 2010. 11 May 
2012.

https://commons.wikimedia.Org/wiki/File:Vulcanization.svg


APPENDICES

A p p en d ix  A  T e m p e ra tu re  P rofiles

T ab le  A1 Pyrolysis conditions: Non-catalyst, Tire = 30.006 g, N2 flow = 30 ml/min, 
Catalytic Temperature (Tl) = 350 °c, Pyrolysis Temperature (T2) = 500 °c

T i m e
( m in ) T l T 2 T i m e

( m i n ) T l T 2 T i m e
( mi n) T l T 2 T i m e

( mi n) T l T2

2 26.4 25.0 32 387.6 578.2 62 335.5 501.2 92 335.7 499.4
4 36.1 36.7 34 399.0 565.0 64 336 .7 499.7 94 335.4 498.8
6 52.8 57.9 36 402.9 556.1 66 335 .9 502.0 96 335.1 501.1
8 76.1 86.8 38 400.1 538.1 68 336 .6 500.7 98 334.5 500.2
10 106.6 124.8 40 395.1 524.5 70 337.1 501.5 100 334.0 500.0
12 143.4 169.3 42 381.8 504.1 72 336.7 499.3 102 333.3 499.7
14 185.4 218.6 44 356.3 501.9 74 337.8 498.4 104 333.1 499 .6
16 230 .2 273.4 46 355.2 502.6 76 337.8 500.2 106 332.8 500.5
18 279 .9 337.4 48 351.8 501.8 78 337.8 500.9 108 332.4 499.2
20 307 .2 409.2 50 346.3 497 .7 80 337.1 500.6 110 331.6 500.8
22 277 .6 421.3 52 341.0 490.2 82 336.5 498.9 112 330.4 500.1
24 268.5 354.8 54 334.9 500.7 84 336.1 500.0 114 330.1 500.1
26 298.1 388.6 56 337.4 501.1 86 336.8 499.3 116 329.7 499 .9
28 312 .7 407 .6 58 336.9 497 .7 88 336.5 500.5 118 329.2 500.2
30 339.7 570.0 60 335.7 499 .6 90 335.6 499.4 120 328.8 500.4

Figure Ai Temperature profiles of non-catalytic pyrolysis.
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T a b le  A 2  Pyrolysis conditions: KL catalyst, Tire = 3 0 .0 0 0 5  g, KL = 7 .5 0 0 2  g, N2

flow = 3 0  ml/min, Catalytic Temperature (Tl) = 3 5 0  ๐c ,  Pyrolysis Temperature (T2)
=  500  ° c

T i m e
( mi n) T l T 2 T i m e

( m i n ) T l T 2 T i m e
( mi n) T l T2 T i m e

( m i n ) T l T2
2 39.2 56.4 32 361.7 493.8 62 344.4 498.7 92 340.1 500.0
4 71.2 111.4 34 363.7 484.9 64 344.9 500.6 94 340.6 499.8
6 101.8 158.1 36 360.1 480.5 66 343.1 499.5 96 339.9 500.7
8 134.9 204.2 38 366.0 477.4 68 342.6 499.5 98 340.0 500.0
10 169.8 251.7 40 365.6 496.9 70 341.3 499.9 100 339.9 500.1
12 217.8 358.9 42 366.4 505.1 72 340.7 501.0 102 338.8 499.9
14 243.6 381.1 44 371.6 501.3 74 339.8 499.9 104 338.6 500.0
16 260.2 457.2 46 376.4 502.9 76 338.8 499.7 106 336.2 499.7
18 255.7 464.1 48 376.1 495.9 78 336.7 500.1 108 338.9 499.8
20 277.7 470.4 50 373.4 496.5 80 336.8 499.6 110 349.8 499.4
22 291.1 523.6 52 369.2 499.4 82 336.8 501.1 112 356.4 503.2
24 317.7 517.1 54 359.8 498.9 84 334.7 501.0 114 355.6 501.9
26 331.6 510.0 56 353.6 499.7 86 334.0 500.1 116 352.5 500.1
28 343.8 500.6 58 351.1 499.4 88 333.6 499.6 118 350.0 499.4
30 355.0 504.8 60 346.8 498.7 90 337.2 500.0 120 345.9 499.5

F ig u r e  A 2  Temperature profiles of waste tire pyrolysis with using KL catalyst.
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T a b le  A3 Pyrolysis conditions: HY catalyst, Tire = 3 0 .0 0 1 5  g, HY = 7 .5 0 3 6  g, N2

flow = 30  ml/min, Catalytic Temperature (Tl) = 3 5 0  ° c ,  Pyrolysis Temperature (T2)
=  500  ° c

T i m e
( mi n) T l T2 T i m e

( mi n) T l T 2 T i m e
(mi n) T l T2 T i m e

( m i n ) T l T2
2 27.5 28.0 32 344.7 504.2 62 344.0 499.5 92 349.5 499.4
4 37.3 44.7 34 347.0 497.5 64 341.8 500.2 94 350.3 500.5
6 44.5 58.1 36 362.0 487.6 66 340.2 500.1 96 349.7 499.8
8 62.2 88.7 38 361.1 479.4 68 338.6 499.3 98 350.6 501.0
10 86.3 131.8 40 361.8 470.2 70 337.4 500.6 100 348.9 498.9
12 116.4 180.4 42 371.3 460.9 72 336.3 499.9 102 348.0 500.8
14 150.5 230.1 44 374.7 471.5 74 336.6 500.0 104 347.5 499.6
16 194.0 291.1 46 374.7 496.3 76 336.8 499.4 106 347.6 500.4
18 229.7 352.3 48 365.5 504.4 78 335.4 500.2 108 345.5 499.8
20 293.1 414.0 50 354.7 499.4 80 335.2 500.<i ■ 110 344.4 500.2
22 280.1 457.8 52 355.2 502.2 82 339.0 499.3 112 343.3 500.8
24 274.6 501.5 54 354.2 492.9 84 347.3 501.6 114 342.8 499.7
26 293.1 514.3 56 353.5 497.4 86 347.6 500.2 116 342.3 500.8
28 304.3 503.9 58 348.9 500.2 88 350.2 499.4 118 342.5 500.2
30 328.5 497.3 60 345.3 498.6 90 350.4 500.0 120 341.3 499.9

F ig u r e  A3 Temperature profiles of waste tire pyrolysis with using HY catalyst.
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Table A4 Pyrolysis conditions: 
7 .5 0 0 5  g, N2 flow = 3 0  ml/min, 
Temperature (T2) = 5 0 0  °c

HBETA catalyst, Tire = 3 0 .0 0 0 3  

Catalytic Temperature (Tl) = 3 5 0

g, HBETA = 
° c ,  Pyrolysis

T i m e
(mi n) T l T2 T i m e

( m i n ) T l T 2 T i m e
( mi n) T l T2 T i m e

( m i n ) T l T2
2 25.0 23.1 32 344.8 493.8 62 347.3 503.5 92 344.4 500.3
4 30.9 31.5 34 358.7 485.5 64 343.5 499.6 94 340.3 498.0
6 52.9 60.0 36 373.0 478.6 66 345.1 498.6 96 342.2 500.5
8 74.8 93.1 38 367.5 464.6 68 344.8 500.2 98 341.7 498.7
10 96.2 124.0 40 344.1 452.6 70 340.7 499.4 100 343.4 500.1
12 112.0 146.6 42 345.1 444.0 72 341.8 501.1 102 342.5 500.2
14 145.8 195.8 44 334.1 437.3 74 343.1 499.4 104 342.6 500.3
16 185.1 251.0 46 339.6 430.5 76 344.1 500.2 106 341.8 499.7
18 243.9 317.5 48 338.6 427.3 78 347.0 499.2 108 341.2 500.1
20 308.4 405.7 50 340.2 425.6 80 345.7 501.9 110 340.8 498.8
22 272.7 434.7 52 340.3 448.1 82 347.1 498.6 112 340.1 500.1
24 256.5 482.7 54 338.9 471.2 84 341.8 499.0 114 339.4 500.2
26 294.3 495.0 56 343.5 500.7 86 343.1 500.0 116 339.5 500.0
28 312.2 507.3 58 351.6 507.0 88 343.5 501.7 118 338.5 500.4
30 324.7 500.4 60 352.0 497.3 90 344.4 498.5 120 338.8 499.7

0 20 40 60 80 100 120

T i m e  (min)

F ig u r e  A 4  Temperature profiles of waste tire pyrolysis with using HBETA catalyst.
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T a b le  A5 Pyrolysis conditions: 0 .2 5 %  Rh/KL catalyst, Tire = 3 0 .0 0 2 5  g, 0 .2 5 %

Rh/KL = 7 .5 0 3 2  g, N2 flow = 30  ml/min, Catalytic Temperature (Tl) = 3 5 0  ° c ,

Pyrolysis Temperature (T2) = 500  ° c

T i m e
( mi n) T l T 2 T i m e

( mi n) T l T 2 T i m e
(mi n) T l T2 T i m e

( mi n) T l T2
2 27.4 25.0 32 363.7 514.1 62 353.5 496.8 92 342.0 499.6
4 33.1 33.6 34 383.7 499.7 64 353.4 500.5 94 343.4 500.8
6 45.7 51.1 36 373.4 489.3 66 353.1 499.3 96 356.2 500.8
8 64.4 75.4 38 356.6 485.9 68 352.6 499.3 98 352.4 499.0
10 91.3 109.7 40 344.1 502.9 70 351.3 499.6 100 350.8 499.4
12 125.6 151.8 42 346.5 505.6 72 351.4 500.2 102 347.2 499.9
14 163.5 202.4 44 354.1 496.6 74 350.6 500.4 104 343.8 500.8
16 201.8 258.4 46 349.1 484.0 76 350.1 501.3 106 352.6 499.5
18 242.5 316.2 48 350.0 483.3 78 349.6 500.9 108 355.0 499.8
20 297.2 382.6 50 348.5 499.1 80 348.7 500.6 110 353.3 498.5
22 314.2 434.3 52 351.0 505.3 82 347.2 499.3 112 352.3 499.2
24 286.9 447.6 54 352.5 497.4 84 346.0 499.6 114 351.2 502.2
26 283.9 492.0 56 353.2 505.5 86 344.3 499.8 116 351.8 499.6
28 298.0 522.8 58 353.4 500.1 88 343.8 499.7 118 351.3 499.1
30 333.7 518.2 60 353.6 494.2 90 343.4 499.2 120 350.9 499.7

0  2 0  40 60 80 1 0 0  12 0

T i m e  (min)

F ig u r e  A5 Temperature profiles of waste tire pyrolysis with using 0.25% Rh/KL
catalyst.
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T a b le  A 6  Pyrolysis conditions: 0.25% Rh/HY catalyst, Tire = 30.0002 g, 0.25%
Rh/HY = 7.5025 g, N2 flow = 30 ml/min, Catalytic Temperature (T l) = 350 °c,
Pyrolysis Temperature (T2) = 500 °c

T im e
(m in) T l T 2 T im e

(m in) T l T2 T im e
(m in) T l T 2 T im e

(m in) T l T2
2 27 .4 2 6 .9 32 355.3 499.5 62 353.4 50 0 .7 92 35 4 .5 498.4

4 33.5 3 9 .7 34 36 5 .9 492.1 64 35 2 .7 4 9 8 .5 94 34 9 .2 500.2

6 45 .7 61 .8 36 37 9 .6 49 7 .8 66 351.8 49 9 .5 96 346.3 499.3

8 63.8 92 .8 38 38 4 .9 506.7 68 351.0 50 0 .6 98 34 8 .2 49 9 .9

10 87.6 133.0 40 37 4 .4 496.1 70 350.3 50 0 .9 100 354.5 502.1

12 117.5 178.9 42 35 5 .2 502.3 72 348.5 50 0 .2 102 35 5 .4 498.4

14 153.7 2 2 9 .8 44 34 9 .9 49 6 .4 74 347.8 4 9 9  7 104 352.5 49 8 .9

16 176.9 2 8 2 .7 46 35 0 .0 499.9 76 347.2 4 9 9 .9 106 34 8 .2 501.1

18 211.1 3 4 2 .2 48 35 0 .7 500.1 78 346.1 50 0 .8 108 34 4 .9 500.7

20 292.1 4 1 1 .0 50 352.5 500.0 80 345.2 50 0 .0 110 344.8 500.1

22 25 1 .6 4 5 8 .9 52 35 3 .6 500.0 82 344.4 50 0 .3 112 35 2 .9 500.8

24 26 0 .3 492.1 54 35 3 .6 500.2 84 342.7 4 9 9 .4 114 35 7 .0 499.3

26 29 4 .7 509.3 56 35 3 .8 499.8 86 343.7 5 0 0 .2 116 355.5 499.7

28 31 4 .4 4 9 7 .6 58 35 3 .6 500.7 88 351.3 499.1 118 352.5 500.6

30 33 3 .8 50 6 .2 60 35 3 .9 500.0 90 355.3 50 1 .8 120 34 9 .4 501.7

0 20 40 60 80 100 120
Time (min)

F ig u r e  A 6  Temperature profiles of waste tire pyrolysis with using 0.25% Rh/HY
catalyst.
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Table
0.25% 
350 °c

A7 Pyrolysis conditions: 0.25% Rh/HBETA catalyst, Tire = 30.0131 g,
Rh/HBETA = 7.5018 g, N2 flow = 30 ml/min, Catalytic Temperature (Tl) =
, Pyrolysis Temperature (T2) = 500 °c

T im e
(m in) T l T2 Tim e

(m in) T l T2 T im e
(m in) T l T2 T im e

(m in) T l T2
2 26 .0 26 .4 32 35 0 .0 494.5 62 36 3 .7 50 0 .3 92 346.1 501.2

4 32 .9 41.1 34 35 1 .0 505.8 64 354.5 4 9 9 .8 94 346.1 499.6

6 45 .9 65 .7 36 343.8 497.4 66 361.9 50 0 .9 96 344.3 49 9 .2

8 65.1 100.6 38 350.1 502.9 68 361.8 5 0 1 .0 98 343.5 500.5

10 92.4 145.5 40 348.3 495.4 70 361.0 50 0 .7 100 34 3 .2 500.4

12 128.0 2 0 4 .6 42 35 3 .4 497.7 72 360.5 50 1 .0 102 34 2 .2 49 9 .2

14 157.5 2 5 1 .6 44 34 4 .8 49 9 .0 74 359.2 50 0 .0 104 341.1 501.4

16 196.5 316.1 46 34 5 .4 49 9 .9 76 357.5 500.3 106 340.3 500.4

18 249.3 4 1 4 .0 48 34 7 .0 499.3 78 356.7 4 9 9 .9 108 345.5 49 9 .7

20 30 8 .7 4 5 5 .4 50 34 4 .4 499.7 80 354.8 50 0 .4 110 353.3 500.9

22 33 9 .2 50 8 .5 52 34 8 .8 49 9 .7 82 353.9 5 0 0 .7 112 357.3 502.2

24 33 5 .2 501.1 54 349.1 500.9 84 352.9 50 0 .7 114 35 5 .9 49 9 .4

26 33 8 .9 4 9 7 .9 56 359.5 501.5 86 351.1 50 0 .8 116 35 2 .2 49 7 .9

28 335.5 4 9 9 .9 58 35 4 .0 500.6 88 349.7 501.1 118 34 8 .8 499.8

30 345.3 4 8 8 .0 60 356.1 500.8 90 348.8 4 9 8 .7 120 346.1 499.5

0 20 40 60 80 100 120
Time (min)

F ig u r e  A7 Temperature profiles of waste tire pyrolysis with using 0.25%
Rh/HBETA catalyst.
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T a b le  A 8  Pyrolysis conditions: 1% Rh/HBETA catalyst, Tire = 30.0008 g, 1%
Rh/HBETA = 7.5012 g, N2 flow = 30 ml/min, Catalytic Temperature (Tl) = 350 °c,
Pyrolysis Temperature (T2) = 500 °c

T im e
(m in) T l T 2 T im e

(m in) T l T2 T im e
(m in) T l T2 T im e

(m in) T l T2
2 24.1 25.1 32 36 5 .6 502.5 62 353.7 4 9 9 .7 92 34 5 .2 49 8 .2

4 30 .7 40.1 34 37 0 .0 49 4 .0 64 352.7 49 9 .3 94 34 5 .9 502.4

6 42.5 63.1 36 36 4 .7 48 3 .7 66 352.8 50 0 .2 96 34 5 .4 49 8 .7

8 62.4 9 5 .7 38 34 5 .0 46 8 .0 68 352.5 49 9 .8 98 345.1 501.8

10 88.2 136.2 40 34 2 .6 485.2 70 352.1 501.1 100 34 4 .7 500.8

12 120.1 182.9 42 343.3 497.2 72 352.4 50 0 .7 102 34 4 .0 502.0

14 156.5 2 3 8 .0 44 34 6 .2 502.6 74 351.6 501.3 104 34 2 .9 49 6 .2

16 193.1 2 9 3 .4 46 34 7 .4 504.5 76 351.5 50 0 .9 106 34 1 .2 49 9 .9

18 23 7 .4 3 4 9 .9 48 348.5 494.3 78 350.4 50 0 .5 108 34 0 .9 500.2

20 29 8 .6 4 2 8 .4 50 34 9 .6 49 9 .9 80 350.1 5 0 1 .7 110 34 0 .6 49 9 .8

22 32 9 .7 4 5 0 .7 52 35 1 .0 500.2 82 348.6 4 9 9 .8 112 340.1 49 9 .6

24 27 8 .7 4 6 6 .8 54 35 2 .2 501.4 84 348.2 500.5 114 33 9 .2 498.2

26 292.3 50 7 .3 56 353.2 500.0 86 347.2 50 0 .7 116 33 8 .7 502.5

28 30 7 .4 4 9 2 .2 58 35 3 .7 500.0 88 347.7 50 0 .0 118 33 6 .8 502.3

30 34 1 .4 511.3 60 353.5 500.0 90 346.5 500.1 120 335.5 502.1

0 20 40 60 80 to o  120

Time (min)

F ig u r e  A 8  Temperature profiles of waste tire pyrolysis with using 1%  Rh/HBETA
catalyst.
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T a b le  A 9  Pyrolysis conditions: Spent NiMoS/Al2 0 3  catalyst, Tire = 30.0024 g,
Spent NiMoS/AhCh = 7.5040 g, 1ร2 flow = 30 ml/min, Catalytic Temperature (Tl) =
350 °c , Pyrolysis Temperature (T2) = 500 °c

T im e
(m in) T l T2 T im e

(m in) T l T2 T im e
(m in) T l T2 T im e

(m in ) T l T2
2 2 5 .0 24 .9 32 365.0 495.1 62 35 4 .0 49 9 .2 92 342.0 499.3

4 32 .2 38 .7 34 362.9 4 8 2 .9 64 355.3 500.9 94 339.2 499.1

6 47 .5 65.5 36 320.7 4 8 6 .9 66 355.1 499.3 96 338.1 500.6

8 63 .2 89.9 38 351.2 50 2 .2 68 352.5 501.1 98 336.7 50 1 .7

10 103.5 152.4 40 343.7 49 8 .8 70 35 4 .0 500.2 100 334.8 49 9 .7

12 145.6 21 4 .2 42 356.1 50 3 .8 72 352.1 500.6 102 336.1 501.2

14 189.6 27 8 .8 44 370.4 498.1 74 350.2 501.1 104 335.7 500.0

16 2 1 2 .8 31 0 .9 46 369.2 49 4 .9 76 35 0 .4 499.5 106 333.7 49 9 .6

18 239.1 34 8 .5 48 379.1 496.3 78 34 9 .6 49 9 .9 108 333.7 501.2

20 28 7 .3 42 3 .5 50 338.1 50 0 .4 80 348.5 500.2 110 332.8 49 9 .7

22 2 8 3 .7 45 9 .8 52 348.5 49 7 .6 82 34 6 .4 50 0 .9 112 331.9 49 8 .2

24 2 5 6 .4 48 5 .6 54 361.9 50 0 .8 84 346.3 499.8 114 330.6 499.3

26 2 9 4 .4 51 0 .2 56 367.0 500.1 86 345.5 49 9 .2 116 329.3 49 9 .8

28 333.1 50 1 .2 58 346.5 500.3 88 34 2 .7 49 8 .2 118 327.1 50 0 .0

30 354.1 502.7 60 351.4 49 9 .6 90 342.4 500.8 120 325.9 500.2

0 20 40 60 80 to o  120

Time (min)

F ig u r e  A 9  Temperature profiles of waste tire pyrolysis with using Spent
NiMoS/AhCh catalyst.
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Table A10 Pyrolysis conditions: 
C0 M0 S/AI2O3 = 7.5021 g, N2 flow = 
๐c , Pyrolysis Temperature (T2) = 500

C0 M0 S/AI2O3 catalyst, Tire = 30.0009 g, 
30 ml/min, Catalytic Temperature (Tl) = 350
°c

T im e
(m in) T l T2 T im e

(m in ) T l T2 T im e
(m in) T l T2 T im e

(m in ) T l T2
2 3 4 .0 42 .4 32 359.8 509.3 62 34 8 .9 501.8 92 34 8 .6 49 2 .5

4 4 5 .2 64 .0 34 373.8 486.2 64 34 8 .2 49 6 .0 94 34 7 .4 49 6 .4

6 63 .6 99 .5 36 359.2 492.0 66 347.1 50 6 .0 96 347.3 49 7 .3

8 81.9 142.1 38 35 1 .7 506.6 68 34 6 .8 49 8 .6 98 34 7 .2 49 8 .7

10 105.6 190.1 40 346.1 500.5 70 34 7 .9 505.2 100 347.1 49 9 .8

12 146.6 26 1 .6 42 346.8 487.3 72 34 6 .5 49 4 .0 102 34 7 .0 49 9 .6

14 162.5 316.4 44 347.1 49 3 .9 74 34 5 .2 500.1 104 346.3 49 9 .4

16 2 0 0 .7 36 4 .0 46 348.3 500.0 76 34 5 .9 505.2 106 346.5 500.1

18 2 5 9 .9 41 9 .0 48 349.5 503.1 78 344.1 502.6 108 34 5 .6 500.2

20 32 9 .8 45 3 .6 50 35 0 .0 501.8 80 34 3 .9 501.3 110 345.0 500.4

22 305.3 501.3 52 349.8 49 8 .7 82 34 2 .7 49 3 .9 112 344.5 500.5

24 3 1 1 .7 49 3 .7 54 349.5 497.4 84 34 2 .5 506.7 114 344.3 50 0 .7

26 32 4 .8 512.5 56 350.0 498.3 86 34 6 .9 501.2 116 34 4 .0 500.8

28 332.3 51 1 .0 58 34 9 .6 49 9 .0 88 348.3 505.3 118 343.8 49 9 .9

30 3 3 8 .4 51 9 .0 60 348.5 49 9 .2 90 348.3 502.7 120 343.6 49 9 .8

F ig u r e  A10 Temperature profiles of waste tire pyrolysis with using C0 M0 S/AI2 O3

catalyst.
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A p p e n d ix  B  Y ie ld s  o f  P y r o ly s is  P r o d u c ts

Table B1 Product distribution obtained from pyrolysis

Effect Catalyst Yield (%)
Gas Liquid Solid Coke

Non-catalyst Non-catalyst 18.57 41.87 39.57 0 . 0 0

Support
KL 19.68 39.47 40.23 0.63
HY 23.06 30.37 38.46 8 . 1 2

HBETA 23.39 32.90 39.42 4.29

Metal loading

0.25% Rh/KL 18.66 36.13 39.87 5.34
0.25% Rh/HY 17.98 33.47 38.85 9.71

0.25% Rh/HBETA 24.86 23.96 38.57 12.61
1% Rh/HBETA 19.39 30.90 38.82 10.89

Commercial
catalyst

NiMoS/Al20 3 21.42 32.70 38.90 6.98
C0 M0 S/AI2O3 22.55 36.07 39.84 1.54

Table B2 Amount of coke in spent catalysts obtained from TG/DTA

Spent catalyst % Coke in spent 
catalyst g coke/ g catalyst

Non-catalyst 0 0

KL 14.9 0.149
HY 27.0 0.270

HBETA 27.2 2.272
0.25% Rh/KL 19.7 0.197
0.25% Rh/HY 27.4 0.274

0.25% Rh/HBETA 34.5 0.345
1% Rh/HBETA 30.1 0.301
NiMoS/AECL 35.6 0.356
C0 M0 S/AI2O3 31.4 0.314
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Table B3 Amount of asphaltene separated from maltenes

Spent catalyst Asphaltene (g)
Non-catalyst 0.0105

KL 0.0042
HY 0.0069

HBETA 0.0052
0.25% Rh/KL 0.0037
0.25% Rh/HY 0.0064

0.25% Rh/HBETA 0.0046
1% Rh/HBETA 0.0037
NiMoS/Al20 3 0.0053
C0 M0 S/AI2O3 0.0039
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Table C l Gas compositions obtained from waste tire pyrolysis

A p p e n d ix  c  G a s  Y ie ld  ( % )

C ata lysts C om ponent
M eth ane E th y len e E thane P ropylene P ropan e C4 C5

N on- C ata lyst 20 .32 14.02 13.58 11.10 6.68 18.60 15.70

K L 18.86 11.60 14.14 9.89 7.75 18.59 19.17

H Y 19.84 11.15 14.97 10.55 9.09 2 0 .1 4 14.27

H B 14.81 8.05 10.82 8.88 8.64 29 .8 4 18.97

0 .25R h K L 20 .00 12.17 14.92 10.30 8.05 18.83 15.73

0 .25R h H Y 19.58 11.04 14.80 10.28 8.90 20 .23 15.17

0 .25R h H B 16.91 8.47 12.84 8.73 9.12 27 .1 4 16.80

lR h H B 16.52 8.73 12.67 9.04 8.92 2 6 .8 4 17.27

N iM oS /A 1 203 19.99 11.48 15.63 10.21 9.13 19.76 13.80

C 0M 0S/AI203 20 .4 7 13.61 15.32 10.00 8.35 18.07 14.19

บริ"ô๐
t/>03DJD

M e th a n e  E th y le n e  E th a n e  P r o p y le n e  P r o p a n e

F ig u r e  C l  Gas compositions obtained from waste tire pyrolysis.
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Table D1 Chemical composition of maltenes obtained from waste tire pyrolysis

A p p e n d ix  D  L iq u id  Y ie ld  ( % )

C ata lysts C om position
Sat. H C M ono-aro . D i-aro. Poly-aro. P olar-aro.

N on- C ata ly st 54 .0 4 2 0 .1 9 11.73 8.85 5.19

K L 35 .83 2 1 .8 9 12.56 22.82 6.90

H Y 4 2 .7 9 2 3 .9 9 13.78 10.86 8.59

H B 50 .6 2 14.14 16.13 5.96 13.15

0 .2 5R h K L 35 .75 27 .6 2 14.77 15.21 6.65

0 .25R h H Y 36 .53 27 .4 0 14.22 13.92 7.93

0 .25R h H B 3 7 .5 4 17.80 13.95 22 .85 7.86

lR h H B 2 9 .2 9 25 .83 15.44 18.76 10.68

N iM oS /A 1 2 0 3 3 3 .2 9 26 .93 13.34 21 .57 4.86

C 0M 0S/A I203 41 .0 5 27 .1 7 11.57 15.73 4.48

GaไรรG
oN

S a tu r a te d
H y d r o c a r b o n s

M o n o -
a r o m a t ic s

D i
a r o m a t ic s

P o ly 
a r o m a t ic s

P o la r -
a r o m a t ic s

F ig u r e  D 1  Chemical compositions of maltenes obtained from waste tire pyrolysis.
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Table D2 Petroleum fractions of derived oils obtained from waste tire pyrolysis (1)

C ata lysts
F raction s

Full range  
n ap hth a K erosene L ight gas 

oil
H eavy  gas 

oil
Long

R esidue
N on -C ata lyst 39 .74 19.52 12.91 13.89 13.94

K L 39.65 19.18 13.10 13.15 14.92
HY 47 .52 19.10 10.76 10.65 11.97
H B 45 .26 20.41 14.90 9.41 10.01

0 .25R h K L 40 .49 19.24 13.81 14.28 12.18
0 .25R h H Y 42 .40 17.30 12.67 13.25 14.38
0 .25R h H B 50.83 15.99 10.26 11.63 11.28

lR h H B 41 .59 20.60 13.18 12.25 12.38
N iM oS /A l20 3 42 .78 17.49 12.71 13.26 13.75
C oM oS/A120 3 38.23 20.96 14.51 14.30 12.00
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R e g e n e r a t e d  N i M o S / A ^ O j  
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K e r o s e n e  L ig h t  g a s  o il H e a v y  g a s  o il L o n g
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F ig u r e  D2 Petroleum fractions of derived oils obtained from waste tire pyrolysis (1).
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Table D3 Petroleum fractions of derived oils obtained from waste tire pyrolysis (2)

C ata lysts
F ractions

G aso lin e K erosene G as oil L V G O H V G O
N on -C ata lyst 15.19 38 .45 27 .56 5.02 13.78

K L 17.25 35 .6 4 27 .56 4 .8 0 14.75

H Y 2 2 .7 6 38 .4 6 23 .14 3.81 11.84

H B 2 2 .8 9 35 .8 2 28.43 2.90 9.97

0 .2 5R h K L 16.77 36 .8 7 29 .26 5.10 12.00

0 .25R h H Y 2 0 .1 4 34 .1 7 26 .66 4 .8 0 14.22

0 .25R h H B 24.21 38 .2 7 22.03 4 .3 6 11.13

lR h H B 19.13 36 .7 9 27 .59 4 .2 6 12.23

N iM oS /A l20 3 2 2 .2 0 32 .3 6 27.13 4.73 13.59

C 0M 0S /A L O 3 15.92 36 .88 30 .44 4.93 11.83
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Figure D3 Petroleum fractions of derived oils obtained from waste tire pyrolysis (2).
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Table D4 Yield of pyrolysis products (The weight of asphaltenes is neglected)

C o m p o s it io n
N

o
n

-

C
a

ta
ly

s
t

- I5 >
X

fflas

0.2
5R

hK
L

0.2
5R

hH
Y

0.2
5R

hH
B

lR
hH

B 1 ๐  
z  <

eg ท

ร  J?
O <

บ

G as 18.57 19.68 2 3 .0 6 23.39 18.66 17.98 2 4 .8 6 19.39 2 1 .4 2 22.55

L iq u id 41 .8 7 39 .47 30 .3 7 32.90 36 .13 33.47 2 3 .9 6 30 .90 32 .7 0 36.07

F u ll range 
naphtha

16.64 15.65 14.43 14.89 14.63 14.19 12.18 12.85 13.99 13.79

Kerosene 8.17 7 .5 7 5 .8 0 6.72 6 .9 5 5.79 3.83 6.37 5.72 7.56

L ig h t gas o il 5.41 5.17 3 .2 7 4.90 4 .9 9 4.24 2 .4 6 4.07 4 .1 6 5.23

Heavy gas o il 5.81 5.19 3.23 3.10 5 .1 6 4.43 2 .7 9 3.79 4 .3 4 5.16

Residue 5.83 5.89 3.63 3.29 4 .4 0 4.81 2 .7 0 3.83 4 .4 9 4.33

S o lid 39 .57 40.23 38 .4 6 39.42 3 9 .8 7 38.85 38 .57 38.82 3 8 .9 0 39.84

C o k e 0.00 0.63 8.12 4 .2 9 5.34 9.71 12.61 10.89 6.98 1.54
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Figure D4 Distribution of sulfur compounds in petroleum fractions.
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Table E l The prominent mono-aromatics molecules in pyrolysis oils from using Rh 
supported catalysts

Appendix E Mono-Aromatics Found in Pyrolysis Oils

N am e % A rea
0 .25R h K L 0.25R h H Y 0 .2 5R h H B lR h H B

Benzene, 1 -m e th y l-2 - (  1 -m e th y le th y l) - 2 .1113 2.9 286 0 .0 9 4 9 1.6508

B enzene, l-m e th y l-3 - ( l-m e th y le th y l) - 0 .3 300 0.3261 1.5219 0.2 774

B enzene, l - m e th y l-3 - ( l-m e th y l-2 -  

p ro p e n y l)-
0 .8585 - 0 .1 835 1.4096

Benzene, 1 -b u ty n y l- 1.9496 1.3074 - 2 .1 876

Benzene, (2 -c y c lo p ro p y le th e n y l) - 1.6455 0.5205 - -

B e n z o c y c lo h e p ta tr ie n e - - 3 .8273 -

B ic y c lo [4 .2 .0 ]o c ta -1,3 ,5 -tr ie n e , 7- 

is o p ro p y l-
0 .4 026 1.1504 1.1372 0 .1 567

E th y lb e n ze n e 2.0 462 1.9314 1.0494 1.1010

S tyrene 1.5713 1.0625 0 .5 0 8 0 0.9 502

m -X y le n e 1.5584 1.6993 0.7481 1.1741

N a p h th a le n e , 1,2 -d ih y d ro - 1.0914 0.0 712 0 .0 3 3 2 1.4032

1H -In d e n e , 1 -e th y lid e n e - 1.2542 1.7358 2 .1 0 5 9 3.0 318

1H -In de ne , 2 ,3 -d ih y d ro -4 -m e th y l- - 1.4481 1.4824 -

Table E2 The top 15 mono-aromatics species of 0.25% Rh/KL experiment 
rearranged by area percentage

P e a k # N am e F orm ula A rea A rea %
205 B enzene, 1 -m e th y l-2 - (  1 -m e th y le th y l) - C lO H  14 3 2 7 8 4 4 5 0 2.1113

65 E th y lb e n ze n e C 8 H 1 0 3 1 7 7 2 8 4 4 2 .0 4 6 2

300 Benzene, 1 -b u ty n y l- C l  O H 10 3 0 2 7 2 4 5 2 1.9496

411 Benzene, (2 -c y c lo p ro p y le th e n y l) - C l 1 H 12 2 5 5 5 0 6 2 0 1.6455

89 S tyren e C 8 H 8 2 4 3 9 9 3 1 2 1.5713

71 m -X y le n e C 8 H 1 0 2 4 1 9 8 7 5 7 1.5584

420 1H -In d e n e , 1 -e th y lid e n e - C 1 1 H 1 0 19474853 1.2542

307 N a p h th a le n e , 1 ,2 -d ih y d ro - C l  OH 10 16946633 1.0914

215 Indane C 9 H 1 0 1518 02 29 0 .9 7 7 6 2

291 1 H -In d e n e , 2 ,3 -d ih y d ro -5 -m e th y l- C l  OH 12 14186980 0.9 136 5

251 B enzene, 1 -b u te n y l- , (E )- C lO H  12 14061213 0 .9 055 6

459 B enzene, ( l,2 ,3 - t r im e th y l-2 -c y c lo p ro p e n - l- y l) -  C 1 2 H 1 4 13693619 0 88188

327 B enzene, 1 -m e th y l-3 - (  1 -m e th y l-2 -p ro p e n y l) -C 1 1 H 1 4 13329833 0 .8 584 5

299 B enzene, 1 -m e th y l-2 - (2 -p ro p e n y l)- C l  OH 12 1318 13 17 0 .8 4 8 8 9

181 Benzene, 1 ,2 ,3 -tr im e th y l- C 9 H 1 2 13081893 0 .8 4 2 4 9
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Table E3 The top 15 mono-aromatics species of 0.25% Rh/HY experiment 
rearranged by area percentage

P e a k  # N a m e F o rm u la A re a A re a  %

202 B enzene, 1 -m e th y l-2 - (  1 -m e th y le th y l) - C 10H 1 4 9 2 6 9 7 5 4 2 .9 286

60 E th y lb e n z e n e C 8 H 1 0 3 2 4 9 3 6 1 7 1.9314

407 1 H -In d e n e , 1 -e th y lid e n e - C 1 1 H 1 0 2 9 2 0 2 4 2 2 1.7358

66 m -X y le n e C 8 H 1 0 2 8 5 8 9 4 2 4 1.6993

295 1 H -In d e n e , 2 ,3 -d ih y d ro -4 -m e th y l- C 1 0 H 1 2 2 4 3 6 3 0 0 2 1.4481

29 6 B enzene, 1 -b u ty n y l- C 1 0 H 1 0 2 1 9 9 4 7 6 0 1.3074

248 B enzene, 1 -b u te n y l- , (E )- C l  OH 12 2 0 0 5 2 2 6 0 1.1919

175 B enzene, 1 ,2 ,3 - tr im e th y l- C 9 H 1 2 19390021 1.1525

322 B ic y c lo [4 .2 .0 ]o c ta - l,3 ,5 - tr ie n e ,  7 - is o p ro p y l-  C l  1H 14 19353718 1.1504

81 S tyren e C 8 H 8 17875721 1.0625

28 9 1 H -In d e n e , 2 ,3 -d ih y d ro -5 -m e th y l- C 1 0 H 1 2 16938583 1.0068

211 Indane C 9 H 1 0 16471248 0.9 790 5

356 B enzene, (1 -e th y l-1 -p ro p e n y l) - C 1 1 H 1 4 15756845 0 .9 365 8

330 1 H -In d e n e , 2 ,3 -d ih y d ro -1,6 -d im e th y l- C 1 1 H 1 4 14934413 0 .8 877 0

227 B enzene, (2 -m e th y lp ro p y l) - C lO H  14 13511115 0 .8 0 3 1 0

Table E4 The top 15 mono-aromatics species of 0.25% Rh/HBETA experiment 
rearranged by area percentage

P e a k  # N a m e F o rm u la A re a A re a  %

241 B e n z o c y c lo h e p ta tr ie n e C 1 1 H 1 0 2 5 5 3 1 1 9 9 3.8273

249 1 H -In d e n e , 1 -e th y lid e n e - C 1 1 H 1 0 14048227 2 .1 0 5 9

100 B en zen e , 1 -m e th y l-3  - (  1 -m e th y le th y l) - C l  OH 14 10152493 1 5219

156 1 H -In d e n e , 2 ,3 -d ih y d ro -4 -m e th y l- C l  OH 12 9 8 8 8 8 0 9 1.4824

176 B ic y c lo [4 .2 .0 ]o c ta - l,3 ,5 - tr ie n e ,  7 - is o p ro p y l-  C l 1H 14 7 5 8 6 0 7 7 1.1372

183 111-Indene, 2 ,3 -d ih y d ro -1,6 -d im e th y l- C 1 1 H 1 4 7 4 34 01 5 1.1144

127 B enzene, 1 -b u te n y l-, (E )- C 1 0 H 1 2 70 8 1 4 1 9 1.0615

30 E th y lb e n z e n e C 8 H 1 0 7000281 1.0494

157 C y c lo p ro p [a ]in d e n e , 1,1 a ,6 ,6 a -te tra h yd ro - C l  OH 10 65 9 3 9 8 0 0 .9 884 7

151 1 H -In d e n e , 2 ,3 -d ih y d ro -5 -m e th y l- C lO H 12 6252401 0 .9 3 7 2 7

200 B enzene, (1 -e th y l-1 -p ro p e n y l) - C 1 1 H 1 4 6 1 2 1 7 7 7 0 .9 1 7 6 9

34 m -X y le n e C 8 H 1 0 4 9 9 0 5 9 2 0 .7 4 8 1 2

163 B enzene, ( 1 -m e th y le n e -2 -p ro p e n y l)- C l  OH 10 4 7 2 4 3 4 3 0 .7 0 8 2 0

83 B enzene, 1 ,2 ,3 - tr im e th y l- C 9 H 1 2 4 6 2 4 0 5 0 0 .6 9 3 1 7

106 Ind ane C 9 H 1 0 4 3 9 9 6 5 2 0.6 595 3
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Table E5 The top 15 mono-aromatics species of 1% Rh/KL experiment rearranged 
by area percentage

P e a k # N am e F orm ula A rea A rea %
385 1 H -In d e n e , 1 -e th y lid e n e - C 1 1 H 1 0 6 7 9 1 1 2 5 4 3.0 318

253 B enzene, 1 -b u ty n y l- C lO H  10 4 9 0 0 1 7 0 7 2 .1 8 7 6

163 B enzene, 1 -m e th y l-2 - (  1 -m e th y  le th y l) - c 1 OH 14 3 6 9 7 7 4 7 0 1.6508

282 B enzene, 1 -m e th y l-3 - (  1 -m e th y l-2 -p ro p e n y l) -C 1 1 H 1 4 3 1 5 7 4 0 5 4 1.4096

26 0 N a p h th a le n e , 1 ,2 -d ih y d ro - C 1 0 H 1 0 3 1 4 3 2 2 9 6 1.4032

48 m -X y le n e C 8 H 1 0 26 2 9 9 2 2 5 1.1741

138 B enzene, 1 ,2 ,3 - tr im e th y l- C 9 H 1 2 2 5 0 0 8 5 2 6 1.1165

44 E th y lb e n ze n e C 8 H 1 0 2 4 6 6 1 2 4 7 1.1010
322 B enzene, (1 -e th y l-1 -p ro p e n y l) - C 1 1 H 1 4 2 3 8 9 4 2 8 2 1.0667

60 S tyren e C 8 H 8 21 2 8 4 3 5 3 0 .9 502 0

341 1 H -In d e n e , 1 ,3 -d im e th y l- C 1 1 H I2 2 0 8 0 7 4 7 5 0.92891

290 1 H -In d e n e , 2 ,3 -d ih y d ro -1,6 -d im e th y l- C 1 1 H 1 4 2 0 5 2 7 4 8 5 0.91641

350 1 H -In d e n e , 2 ,3 -d im e th y l- C 1 1 H 1 2 2 0 2 3 2 0 2 9 0 9 0 3 2 2

245 1 H -In d e n e , 2 ,3 -d ih y d ro -5 -m e th y l- C lO H  12 20083481 0 .8 9 6 5 9

205 B enzene, 1 -b u te n y l- , (E )- C 1 0 H 1 2 19058440 0.8 508 3
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Appendix F Sulfur Contents in Pyrolysis Products

Table FI The weight of sulfur in the products

Experiments
weight of sulfur (พร)

Tire Char Oil Gas Spent
catalysts

Non- Catalyst 45.9 28.5 17.0 0.37 0
KL 45.9 22.4 11.5 10.6 1.31
HY 45.9 21.0 7.87 12.8 4.27
HB 45.9 21.2 8.11 11.0 5.62

0.25RhKL 45.9 21.8 9.25 10.8 4.10
0.25RhHY 45.9 17.9 8.68 10.0 9.27
0.25RhHB 45.9 18.4 5.41 13.9 8.24

lR hH B 45.9 22.5 7.00 9.43 7.00
NiM oS/Al20 3 45.9 21.7 5.91 10.4 7.91
C0M 0 S/AI2O3 45.9 19.5 5.98 13.4 7.06

Table F2 The weight of the products recorded from waste tire pyrolysis

Experiments
weight of product (Wp)

Tire Char Oil Gas Spent
catalysts

Non- Catalyst 30.0 11.9 12.6 5.57 0
KL 30.0 12.1 11.8 5.90 7.69
HY 30.0 11.5 9.11 6.92 9.94
HB 30.0 11.8 9.87 7.02 8.79

0.25RhKL 30.0 12.0 10.8 5.60 9.11
0.25RhHY 30.0 11.7 10.0 5.39 10.4
0.25RhHB 30.0 11.6 7.19 7.46 11.3

lR hH B 30.0 11.6 9.27 5.82 10.8
NiM oS/Al20 3 30.0 11.7 9.81 6.43 9.60
CoM oS/A120 3 30.0 12.0 10.82 6.77 7.96
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Table F3 Distribution of sulfur in the products

Experiments
% weight of sulfur in product (Sp)

Tire Char Oil Gas Spent
catalysts

Non- Catalyst 1.53 2.40 1.36 0.07 0
KL 1.53 1.86 0.98 1.80 0.17
HY 1.53 1.82 0.86 1.84 0.43
HB 1.53 1.79 0.82 1.57 0.64

0.25RhKL 1.53 1.82 0.85 1.93 0.45
0.25RhHY 1.53 1.54 0.86 1.85 0.89
0.25RhHB 1.53 1.59 0.75 1.86 0.73

lR hH B 1.53 1.93 0.76 1.62 0.65
NiM oS/Al20 3 1.53 1.86 0.60 1.62 0.82*
C0 M 0 S/AI2O3 1.53 1.63 0.55 1.98 0.89*

* S u lfu r  fro m  t ire  (n o t in c lu d in g  s u lfu r  in  c a ta ly s t s truc tu re )

The amount of sulfur in gas product can be calculated as the following equations;

พร = The mass weight (g) of sulfur in products represented the sulfur distribution 
พ p = The mass weight (g) of pyrolysis product
Sp = The weight percent (%) of sulfur in products obtained from S-Analyzer
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S p e n t  c a t a l y s t

sulfur distribution in pyrolysis products.
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Table G1 Sulfur species found in oil obtained from non-catalytic pyrolysis

A p p e n d ix  G  S u l f u r  S p e c ie s  F o u n d  in  P y r o ly s is  O ils

Peak Name Formula Area %
980 1 ,3 ,5 -T rith ia n e C 3 H 6 S 3 0 .0 0 1 6 1 1 9

T o ta l ( < C 5 ) 0.0016119
71 T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 0 .0 1 1 7 1 6

88 B e n z e n e th io l C 6 H 6 S 0.0 0 2 5 7 8 9

160 T h io p h e n e , 2 -(  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 0 6 1 6 0 6

219 T h io p h e n e , 2 -m e th y I-5 -p ro p y l- C 8 H 1 2 S 0 .0 0 5 5 9 0 9

242 T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 0 .0 1 5 1 8 0

252 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 .0 0 7 3 0 0 8

272 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0 .0 0 6 3 8 7 9

285 B e n z e n e th io l, 3 -m e th y l- C 7 I18S 0 .0 040 78 3

416 T h io p h e n e , 2 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.0 0 8 7 9 8 5

620 B e n z o [b ]th io p h e n e C 8 H 6 S 0 .0 2 8 3 2 9

670 4 - Is o p ro p y lth io p h e n o l C 9 H 1 2 S 0 .0 053 09 3

680 2 -B e n z o th io p h e n e  # C 8 H 6 S 0 .0 0 0 7 4 0 2 7

915 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0 .0 4 9 9 4 2

945 B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8 S 0 .0 1 8 6 7 4

959 B e n z o [b ]th io p h e n e , 4 -m e th y l- C 9 H 8 S 0.051471

T o ta l (C 5 -C 9 ) 0.22225747
812 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.0 1 0 4 6 8

1195 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .0 4 0 8 5 6

1218 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0 .0 454 33

1250 B e n z o [b ]th io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0 .1 1 3 7 7

1282 B e n z o [b ]th io p h e n e , 3 ,6 -d im e th y l- C 1 0 H 1 0 S 0.030021

1283 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0 .0 136 98

1298 S u lfid e , 1 -b u ty n y l p h e n y l C 1 0 H 1 0 S 0 .0 2 2 6 6 4

1373 B enzene, 1 -m e th y l-4 - [ (m e th y lth io )e th y n y l] - C 1 0 H 1 0 S 0 .0 0 2 0 1 0 9

1402 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0.0 0 2 4 2 9 5

1491 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y i- C 1 1 H 1 2 S 0 .0 6 0 5 9 0

1509 T h io p h e n e , 2 - (p h e n y lm e th y l) - C 1 1 H 1 0 S 0 .0 1 7 0 2 2

1520 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0 0445 87

1558 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0 .0 0 7 7 2 6 8

1596 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0.0 0 4 4 3 4 8

1650 B e n z o fb ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0 0079 04 3

1668 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0.0 4 6 3 0 7

1845 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0.0 0 2 0 2 7 3

1932 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -p ro p y I- C 1 3 H 1 6 S 0.0 0 6 8 2 9 3

2063 D ib e n z o th io p h e n e C 1 2 H 8 S 0 .0 1 4 3 8 0

2120 N a p h th o [2 ,1 -b jth io p h e n e C 1 2 H 8 S 0 .0 0 6 2 0 6 2

2303 4 -M e th y ln a p h th o [  1,2 -b ]th io p h e n e C 1 3 H 1 0 S 0.0 126 03

2317 T h io x a n th e n e C 1 3 H 1 0 S 0 .0 0 4 3 9 0 4

2334 1 -M e th y ld ib e n z o th io p h e n e C 1 3 H 1 0 S 0 .0 0 7 8 6 5 2

2390 D ib e n z o th io p h e n e , 4 -m e th y l- C 1 3 H 1 0 S 0 .0 0 2 3 6 9 4
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T a b le  G 1 S u lfu r sp ec ies  fo u n d  in oil o b ta in ed  from  n o n -ca ta ly tic  p y ro ly sis  (con t.)

T o ta l (C 1 0 -C 1 3 ) 0 .5265931

24 18 3 -E th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 0 1 7 2 0 0

24 32 2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n e C 1 4 H 1 2 S 0.0 0 6 1 6 3 4

24 73 2 ,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 222 06

2 5 0 4 2 ,6 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0056 86 3

2 5 2 0 1,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 144 53

2545 3 ,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 0 9 1 1 9 2

2655 l-P ro p e n e -2 - th io l,  1,1-d ip h e n y l- C 1 5 H 1 4 S 0 .0 059 79 2

26 69 P h e n a le n o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0.0061401

2 6 8 0 B enzene, 1,1 '- [(m e th y lth io )e th e n y lid e n e ]b is - C 1 5 H 1 4 S 0.0092741

28 28 l-M e th y lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0.0 0 1 5 6 9 4

2 9 4 9 B e n z o [b ]n a p h th o [2 ,1 -d ]th io p h e n e C 1 6 H 1 0 S 0.0 0 3 4 5 2 7

29 82 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 9 ,1 0 -d ih y d ro -7 -m e th y l- C 1 7 H 1 4 S 0.0 015 66 5

3033 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 8 -m e th y l- C 1 7 H 1 2 S 0.0 0 3 3 0 9 4

30 50 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 -m e th y l- C 1 7 H 1 2 S 0.0020993

3069 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 -m e th y l- C 1 7 H 1 2 S 0.0 0 4 4 3 2 6

3137 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 ,8 -d im e th y l- C 1 8 H 1 4 S 0 .0 026 59 5

31 46

T o ta l

B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 ,8 -d im e th y l-  

(C 1 4 -C 2 0 )

C 1 8 H 1 4 S 0.0 0 3 7 5 9 9

0 .1 0 3 5 9 0 6

Table G 2 Sulfur species found in oil obtained from using KL catalyst

Peak Name Formula Area %
63 T h io p h e n e , te tra h y d ro -2 -m e th y l- C 5 H 1 0 S 0 .0 0 0 4 8 9 8 5

89 T h io p h e n e , 2 -e th y l- C 6 H 8S 0 .0 090 24 4

93 T h io p h e n e , 3 -e th y l- C 6 H 8S 0.0055931

99 3 ,4 -D im e th y lth io p h e n e C 6 H 8S 0.0049 33 5

128 T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8S 0.0023223

129 T h io p h e n e , 2 ,5 -d im e th y l- C 6 H 8S 0 001 1656

141 B e n z e n e th io l C 6 H 6 S 0.0 0 5 1 2 5 6

253 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0.0 0 3 5 9 8 7

265 T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 0 .0 1 8 1 7 6

27 7 T h io p h e n e , 2 -e th y l-5 -m e th y l- C 7 H 1 0 S 0 .0 0 9 8 5 8 4

279 T h io p h e n e , 2 -e th e n y l- C 6 H 6 S 0.0 0 2 9 1 9 0

<72 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0 .0 0 5 1 3 8 7

384 T h io p h e n e , 3 -(  1 ,1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 1 3 3 6 7

451 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0.043583

45 2 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0.021283

475 T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 0.0 359 05

483 T h io p h e n e , 2 -(  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0.0060 71 5

506 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 .0 057 93 8

510 B e n z e n e th io l, 2 -m e th y l- C 7 H 8 S 0.0025 84 8

571 T h io p h e n e , 3 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0 0 0 66 15 9

572 2 H -C y c lo p e n ta [b ]th io p h e n e , h e x a h y d ro -, c is - C 7 H 1 2 S 0 .0 027 33 2

579 T h io x y le n o l C 8 H 1 0 S 0.0 0 4 0 6 6 6
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T a b le  G 2  S u lfu r  sp ec ie s  fo u n d  in  oil o b ta in ed  from  u s in g  K L  ca ta ly s t (con t.)

625 T h io p h e n e , 3 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.0 069 66 5

626 T h io p h e n e , 2 ,4 -d im e th y l- C 6 H 8 S 0 0 0 4 7 7 8 0

647 T h io p h e n e , 2 -e th y l-5 -p ro p y l- C 9 H 1 4 S 0 0 2 4 7 3 0

804 B e n z o [b ]th io p h e n e C 8 H 6 S 0.0 5 5 1 2 9

879 B enzene, (p ro p y lth io ) - C 9 II1 2 S 0 .0 0 4 8 4 8 6

936 2 ,6 -D im e th y lb e n z e n e th io l,  S -m e th y l- C 9 H 1 2 S 0 .0 037 58 6

1059 B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8S 0.0 7 1 9 4 6

1084 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0 .0 306 50

1097 B e n z o [b ]th io p h e n e , 6 -m e th y l- C 9 H 8 S 0.0 413 95

1127 B e n z o [b ]th io p h e n e , 5 -m e th y l- C 9 H 8 S 0 .0 0 0 9 1 2 3 7

1307 2 ,2 '-B ith io p h e n e C 8 H 6 S 2 0 .0 0 0 9 0 0 3 6

T o ta l (C 5 -C 9 ) 0.45636338
301 T h io p h e n e , 2 -e th y l-5 - is o p e n ty l- C 1 1 H 1 8 S 0 .0 2 6 7 2 2

354 2 -U n d e c a n e th io l, 2 -m e th y l- C 1 2 H 2 6 S 0.013071

570 T h io p h e n e , 2 -e th y l-5 - (2 -m e th y lp ro p y l) - C 1 0 H 1 6 S 0.0 104 13

641 T h io p h e n e , 2 -h e p ty l- C 1 1 H 1 8 S 0.0059661

918 T h io p h e n e , 2 -b u ty l-5 -e th y l- C 1 0 H 1 6 S 0 .0 039 49 5

974 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.0 106 95

1288 B e n z o [b ]th io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0 .0 4 0 0 7 7

1306 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0.0 209 45

1320 T h io p h e n e , 2 -p h e n y l- C 1 0 H 8 S 0.0 118 15

1332 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0.11891

1344 T h io p h e n e , 3 -p h e n y l- C 1 0 H 8 S 0.0 033 95 3

1359 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .0 1 2 7 6 9

1432 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0 .0 0 4 0 6 4 4

1463 B e n z o [b ]th io p h e n e , 3 ,6 -d im e th y l- C 1 0 H 1 0 S 0.0015 87 3

1477 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0 .0 0 2 1 8 4 7

1569 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y l- C 1 1 H 1 2 S 0.0 2 6 0 2 2

1606 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0 0 1 8 1 9 9

1638 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0 .0 0 3 3 9 3 6

1695 B e n z o [b ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0.0050901

1710 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0 .0 3 0 4 5 6

1864 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0.0015121

2039 D ib e n z o th io p h e n e C 1 2 H 8 S 0.0 051 81 3

2094 N a p h th o [2 ,3 -b ]th io p h e n e C 1 2 H 8 S 0.0 017 85 5

2206 T h io x a n th e n e C 1 3 H 1 0 S 0 .0 0 6 3 9 0 9

2245 1 -M e th y  ld ib e n z o th io p h e n e C 1 3 H 1 0 S 0.0 062 67 3

2270 T h io x a n th e n e C 1 3 H 1 0 S 0.0 0 6 5 3 1 8

2316 M e th a n e th io n e , d ip h e n y l- C 1 3 H 1 0 S 0 .0 0 0 7 4 4 1 2

T o ta l (C 1 0 -C 1 3 ) 0.39813802
2350 2 ,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 023 44 5

2374 B e n z e n e m e th a n e th io l, à -m e th y l-à -p h e n y l- C 1 4 H 1 4 S 0.0036311

2396 D ib e n z o th io p h e n e , 4 ,6 -d im e th y l- C 1 4 H 1 2 S 0.0 0 7 8 0 1 7

2416 N a p h th o [2 ,3 -b ]th io p h e n e , 4 ,9 -d im e th y l- C 1 4 H 1 2 S 0.0090 68 3

2435 1,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 0 7 9 9 2 2

2488 B en zen e , 1,1 '- [(m e th y lth io )e th e n y lid e n e ]b is - C 1 5 H 1 4 S 0 .0 0 3 2 3 2 0

2535 l-P ro p e n e -2 - th io l,  1 ,1 -d ip h e n y l- C 1 5 H 1 4 S 0.0 0 2 9 5 9 8
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T a b le  G 2  S u lfu r sp ec ies  fo u n d  in o il o b ta in ed  fro m  u s in g  K L  ca ta ly s t (con t.)

2539 P h e n a le n o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0 .0 0 1 5 0 8 2

2803 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 8 -m e th y l- C 1 7 H 1 2 S 0.0 00 4 0 5 6 3

2813 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 -m e th y l- C 1 7 H 1 2 S 0 .0 0 0 4 7 4 9 2

2827 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 -m e th y l- C 1 7 H 1 2 S 0 .0 0 1 0 7 3 7

2859 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0 0 1 0 4 8 0

T o ta l (C 1 4 -C 2 0 ) 0.04154005

Table G3 Sulfur species found in oil obtained from  using H Y  catalyst

Peak Name Formula Area %
471 T h io p h e n e , te tra h y d ro - C 4 H 8 S 0 .0 0 0 7 3 3 3 0

910 1 ,3 ,5 -T rith ia n e C 3 H 6S 3 0 .0 0 0 4 6 6 2 2

Total ( < C 5 ) 0.00119952
20 T h io p h e n e , 3 -e th y l- C 6 H 8 S 0 .0 0 0 4 9 9 9 0

134 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0 .0 0 1 9 8 2 9

151 T h io p h e n e , 2 - ( l -m e th y le th y l) - C 7 H 1 0 S 0 .0 0 4 6 0 9 0

160 B e n z e n e th io l C 6 H 6 S 0 .0 017 02 3

220 2 -C y c lo p ro p y lth io p h e n e C 7 H 8 S 0 .0 0 1 2 4 5 2

224 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0 .0 0 0 5 6 5 1 4

231 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 .0 1 3 3 8 9

249 B e n z e n e th io l, 3 -m e th y l- C 7 H 8S 0 .0 1 4 9 2 0

308 T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 0 .0 1 0 5 5 4

312 2 -(2 -M e th y lv in y l) th io p h e n e C 7 H 8S 0 .0 0 2 8 0 0 9

317 T h io p h e n e , 3 -(  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 1 3 9 3 0

329 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0 .0 189 93

344 B e n z e n e th io l, 4 -m e th y l- C 7 H 8S 0 .0 0 2 6 6 8 4

385 T h io p h e n e , 3 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.0 0 2 7 1 9 8

395 T h io p h e n e , 2 -e th y l-5 -p ro p y l- C 9 H 1 4 S 0 .0 0 9 5 1 4 9

399 2 H -C y c lo p e n ta [b ]th io p h e n e , h e x a h y d ro -, c is - C 7 H 1 2 S 0 .0 0 1 5 3 5 0

451 T h io p h e n e , 2 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0 .0 0 4 4 2 6 2

542 T h io x y le n o l C 8 H 1 0 S 0 .0 0 7 0 4 5 9

554 T h io p h e n e , 2 -e th e n y l- C 6 H 6 S 0.0 0 4 6 6 1 8

555 B e n z o [c ]th io p h e n e , 1 ,3 -d ih y d ro - C 8 H 8 S 0 .0 0 0 6 9 0 3 8

575 4 - ls o p ro p y lth io p h e n o l C 9 H 1 2 S 0.0 0 2 9 1 5 8

607 T h io p h e n e , te tra h y d ro -2 -m e th y l- C 5 H 1 0 S 0 .0 0 3 4 5 1 9

620 B e n z o [b ]th io p h e n e C 8 H 6 S 0 .0 7 5 4 6 2

650 T h ie n o [3 ,2 -b ]th io p h e n e C 6 H 4 S 2 0 .0 0 0 2 2 7 7 2

668 C y c lo p e n ta [b ]th ia p y ra n C 8 H 6 S 0 .0 0 0 5 5 3 6 0

757 B e n z o [b ]th io p h e n e , 2 ,3 -d ih y d ro - C 8 H 8 S 0.0 0 1 9 4 7 8

831 B e n z o [c ]th io p h e n e , 1 ,3 -d ih y d ro - C 8 H 8 S 0 .0 0 0 4 1 8 3 7

843 B e n z o [b ]th io p h e n e , 6 -m e th y l- C 9 H 8 S 0 .0 773 43

871 B e n z o [b ]th io p h e n e , 2 ,3 -d ih y d ro -3 -m e th y l- C 9 H 1 0 S 0 .0 0 1 9 8 1 7

883 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0 .1 042 8

896 B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8S 0 .0 1 1 3 6 7

919 B e n z o [b ]th io p h e n e , 4 -m e th y l- C 9 H 8 S 0 .0 0 1 2 5 6 2

956 2 H - 1 -B e n z o th io p y ra n , 3 ,4 -d ih y d ro - C 9 H 1 0 S 0 .0 0 0 7 2 2 6 6
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Table G3 Sulfur species found in oil obtained from  using HY catalyst (cont.)

1061 3 ,3 '-B ith io p h e n e C 8 H 6 S 2 0 .0 009 29 18

1272 2 ,2 '-M e th y le n e d ith io p h e n e C 9 H 8 S 2 0 .0 00 7 5 7 9 0

1319 T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0.0010 85 8

T o ta l (C 5 -C 9 ) 0.40315435
295 T h io p h e n e , 2 -e th y l-5 -h e p ty l- C 1 3 H 2 2 S 0.0096 09 8

626 T h io p h e n e , 2 -e th y l-5 - (2 -m e th y lp ro p y l) - C 1 0 H 1 6 S 0.0075091

685 T h io p h e n e , 2 ,5 -d ip ro p y l- C 1 0 H 1 6 S 0 .0 045 70 6

766 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.0039433

839 B e n z e n e th io l, 4 - (  1,1 -d im e th y le th y  1)- C 1 0 H 1 4 S 0.0017 28 8

917 B enzene, (b u ty l th io ) - C 1 0 H 1 4 S 0 .0 042 19 0

1018 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0 .0 038 13 9

1042 B e n z o [b ]th io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0.0 349 18

1060 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0 .0 445 60

1088 T h io p h e n e , 2 -p h e n y l- C 1 0 H 8 S 0 0127 52

1097 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0.1 341 6

1100 T h io p h e n e , 3 -p h e n y l- C 1 0 H 8 S 0 .0 075 41 4

1139 T h io p h e n e , 2 - (p h e n y lm e th y l) - C 1 1 H 1 0 S 0 .0 008 39 58

1191 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0.0046 05 8

1205 B e n z o [b ]th io p h e n e , 2 -p ro p y l- C 1 1 H 1 2 S 0 .0 010 95 0

1207 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .0 022 15 9

1226 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0 .0 064 30 0

Î 284 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y l- C 1 1 H 1 2 S 0.0 892 12

1347 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0.0 0 4 8 0 6 4

1361 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0.0056 87 3

1410 B e n z o [b ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0.012261

1439 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0 .0 130 34

1465 1 - (3 '- Is o p ro p y lp h e n y lth io )p ro p -1 -yne C 1 2 H 1 4 S 0.0 189 48

1506 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0 0041 62 7

1552 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -p ro p y l- C 1 3 H 1 6 S 0 .0 048 06 6

<703 D ib e n z o th io p h e n e C 1 2 H 8 S 0.0072771

1737 N a p h th o [2 ,3 -b ]th io p h e n e C 1 2 H 8 S 0 .0 032 64 0

1779 N a p h th o [ 1,2 -b ]th io p h e n e C 1 2 H 8 S 0 .0 0 0 5 1 8 2 9

1839 D ib e n z o th io p h e n e , 4 -m e th y l- C 1 3 H 1 0 S 0 .0 1 0 7 8 9

1924 1 -M e th y ld ib e n z o th io p h e n e C 1 3 H 1 0 S 0.0 0 2 3 5 8 2

2625 2 ,2 ':4 ',2 "-T e rth io p h e n e C 1 2 H 8 S 3 0 0 0 04 41 82

T ota l (C 1 0 -C 1 3 ) 0.46207859
1986 2 ,6 -D im e th y  [d ib e n zo th io p h e n e C 1 4 H 1 2 S 0.0 182 25

2009 2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n e C 1 4 H 1 2 S 0 .0 282 49

2045 1,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 031 82 4

2121 l-P ro p e n e -2 - th io l,  1,1-d ip h e n y l- C 1 5 H 1 4 S 0.0058743

2128 B enzene, 1,1 '- [(m e th y  lth io )e th e n y lid e n e ]b is - C 1 5 H 1 4 S 0 .0 018 97 4

2132 P h e n a le n o l 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0 .0 019 68 7

2209 D ib e n z o [b ,d ]th io p h e n e , 1 ,3 ,6 ,7 -te tra m e th y l- C 1 6 H 1 6 S 0.0021 03 2

2234 1-M e th y  lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0 .0 011 15 4

2491 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 9 ,1 0 -d ih y d ro -7 -m e th y l- C 1 7 H 1 4 S 0.0 0 0 6 4 0 4 7

2551 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 -m e th y l- C 1 7 H 1 2 S 0.0010 20 8

25 76 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 8 -m e th y l- C 1 7 H 1 2 S 0.0014 04 2
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Table G 3 Sulfur species found in oil obtained from  using H Y  catalyst (cont.)

2604 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 -m e th y l- C 1 7 H 1 2 S 0 .0 017 39 5

26 82 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0029 55 3

2701 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0 0 1 5 5 4 4

T o ta l (C 1 4 -C 2 0 ) 0.07193007
20 80

T o ta l

C y c l ic  o c ta a to m ic  sulfur S8 0 .00030531

0.00030531

Table G 4 Sulfur species found in oil obtained from  using H B ETA  catalyst

Peak Name Formula Area %
1060 1 ,3 ,5 -T rith ia n e C 3 H 6 S 3 0.0027381

T o ta l ( < C 5 ) 0.0027381
91 T h io p h e n e , 2 -e th y l- C 6 H 8 S 0 .0 1 2 7 1 6

101 3 ,4 -D im e th y lth io p h e n e C 6 H 8 S 0 .0 0 8 0 1 7 0

116 T h io p h e n e , 2 ,4 -d im e th y l- C 6 H 8 S 0 .0 0 2 3 7 8 7

126 T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 0 .0 0 5 4 5 3 9

135 T h io p h e n e , 2 -e th e n y l- C 6 H 6 S 0 .0 0 4 4 2 5 6

240 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0.0 0 3 9 4 0 5

251 T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 0 .0 4 9 3 4 2

256 T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0 .0 053 31 5

25 7 B e n z e n e th io l C 6 H 6 S 0.0 0 4 4 7 4 8

265 T h io p h e n e , 2 -e th y l-5 -m e th y l- C 7 H 1 0 S 0 .0 1 2 5 7 9

343 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0 .0 1 0 7 5 0

356 T h io p h e n e , 3 -(  1, 1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 2 5 0 2 0

373 2 -(2 -M e th y lv in y l) th io p h e n e C 7 H 8 S 0.0 0 3 4 1 9 5

41 9 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0.033711

42 0 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0 .0 1 7 4 2 6

421 T h io p h a n e , p ro p y l- C 7 H 1 4 S 0 .0 0 7 1 5 9 0

44 6 T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 0 .0 3 0 1 9 4

44 7 2 -C y c lo p ro p y lth io p h e n e C 7 H 8 S 0 .0 0 4 1 6 1 7

46 9 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 .0 2 6 2 5 0

471 B e n z e n e th io l, 3 -m e th y l- C 7 H 8 S 0 .0 0 4 6 2 5 2

522 T h io p h e n e , 2 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0 .0 0 3 3 3 5 6

575 2 -(2 ,2 -D im e th y lv in y l) th io p h e n e C 8 H 1 0 S 0 00 2 1 8 6 7

592 T h io p h e n e , 2 -e th y i-5 -p ro p y l- C 9 H 1 4 S 0 0 1 8 4 6 6

739 B e n z o [b ]th io p h e n e C 8 H 6 S 0 .0 4 3 1 7 5

755 C y c lo p e n ta [b ]th ia p y ra n C 8 H 6 S 0 .0 0 3 1 8 9 7

900 B e n z o [b ]th io p h e n e , 2 ,3 -d ih y d ro - C 8 H 8 S 0 .0 0 1 5 7 3 7

971 B e n z o [c ]th io p h e n e , 1 ,3 -d ih y d ro - C 8 H 8 S 0 .0 0 0 8 5 7 6 2

999 B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8 S 0 .0 5 8 9 1 5

1012 B e n z o [b ]th io p h e n e , 2 ,3 -d ih y d ro -3 -m e th y l- C 9 H 1 0 S 0 .0 0 4 7 4 8 5

1027 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0 .0 2 4 6 8 2

1043 B e n z o [b ]th io p h e n e , 6 -m e th y l- C 9 H 8 S 0 .0 4 4 2 4 5

1071 B e n z o [b ]th io p h e n e , 4 -m e th y l- C 9 H 8 S 0 .0 0 0 9 5 1 6 4

T o ta l (C 5 -C 9 ) 0.47770186



T a b le  G 4  S u lfu r sp ec ie s  fo u n d  in  o il o b ta in ed  from  u s in g  H B E T A  ca ta ly st (con t.)

281 T h io p h e n e , 2 -e th y l-5 - is o p e n ty l- C 1 1 H 1 8 S 0 .0 395 25

764 T h io p h e n e , 2 -b u ty l-5 -e th y l- C 1 0 H 1 6 S 0 .0 036 72 5

909 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0 0099 72 6

1173 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -p ro p y l- C 1 3 H 1 6 S 0 .0 0 3 1 3 9 9

1221 B e n z o [b ]th io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0 031603

1255 T h io p h e n e , 3 -p h e n y l- C 1 0 H 8 S 0 .0 108 13

1267 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .1 0 6 8 0

1282 2 -N a p h th a le n e th io l C 1 0 H 8 S 0.0 0 2 1 0 2 7

1296 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0.0 1 5 2 3 2

1297 S u lfid e , 1 -b u ty n y l p h e n y l C 1 0 H 1 0 S 0.035761

1311 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0.013031

1318 T h io p h e n e , 2 -e th y l-5 -h e x y l- C 1 2 H 2 0 S 0.0 042 23 5

1401 Benzene, 1 -m e th y l-4 - [(m e th y  lth io )e th y n y l] - C 1 0 H 1 0 S 0 0 0 12 65 0

1412 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0.0028931

1477 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y l- C 1 1 H 1 2 S 0.0 4 2 5 0 7

1489 T h io p h e n e , 2 -(p h e n y lm e th y l) - C 1 1 H 1 0 S 0.0 1 4 2 6 2

1499 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0.029751

1526 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0 .0 2 0 3 5 4

1.620 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0.0 5 5 6 4 6

1657 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0 .0 0 5 7 3 5 9

1672 B e n z o [b ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0.0 076 74 5

1 698 1 - (3 '- Is o p ro p y lp h e n y lth io )p ro p -1 -yne C 1 2 H 1 4 S 0.0 1 2 3 9 8

1940 D ib e n z o th io p h e n e C 1 2 H 8 S 0 .0 0 9 6 5 8 0

1989 N a p h th o [2 ,1 -b jth io p h e n e C 1 2 H 8 S 0 .0 036 28 3

2096 D ib e n z o th io p h e n e , 4 -m e th y l- C 1 3 H 1 0 S 0 .0 0 8 6 0 5 2

2132 T h io x a n th e n e C 1 3 H 1 0 S 0 .0 0 8 9 5 4 2

2153 D ib e n z o th io p h e n e , 3 -m e th y l- C 1 3 H 1 0 S 0 .0 0 8 3 8 1 7

T o ta l (C 1 0 -C 1 3 ) 0.5075901
2221 3 ,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 027 70 3

2241 N a p h th o [2 ,3 -b ]th io p h e n e , 4 ,9 -d im e th y i- C 1 4 H 1 2 S 0 .0 0 5 6 1 8 4

2276 2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n e C 1 4 H 1 2 S 0 .0 1 2 8 9 6

2339 Benzene, 1,1 '- [(m e th y lth io )e th e n y Iid e n e ]b is - C 1 5 H 1 4 S 0 .0 0 2 5 0 5 6

2378 P he na leno [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0.0 0 1 5 4 1 5

2450 l-M e th y lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0 .0 0 0 5 1 9 9 6

2524 B e n z o [b ]n a p h th o [2 ,1 -d jth io p h e n e C 1 6 H 1 0 S 0 .0 015 19 5

T ota l (C 1 4 -C 2 0 ) 0.02737126

T a b le  G5 Sulfur species found in oil obtained from  using 0.25%  Rh/KL catalyst

Peak Name Formula Area %
963 1 ,3 ,5 -T rith ia n e C 3 H 6 S 3 0 .0 0 0 5 0 3 8 9

T o ta l ( < C 5 ) 0.00050389
9 T h io p h e n e , 2 -m e th y l- C 5 H 6 S 0.0 0 1 3 5 2 0

96 T h io p h e n e , 2 -e th y l- C 6 H 8 S 0 .0 2 9 6 9 9

100 T h io p h e n e , 3 -e th y l- C 6 H 8 S 0 .0 0 2 5 5 0 2
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T a b le  G 5  S u lfu r sp ec ies  found  in  o il o b ta in ed  fro m  u s in g  0 .2 5 %  R h /K L  cata lyst
( c o n t . )

115 3 ,4 -D im e th y Ith io p h e n e C 6 H 8 S 0.0081883

133 T h io p h e n e , 2 ,5 -d im e th y l- C 6 H 8 S 0 .0 063 26 0

136 T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 0.0013 89 8

250 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0 0071621

277 T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 0.0029625

278 B e n ze n e th io l C 6 H 6 S 0.0009 10 29

299 T h io p h e n e , 2 -e th y l-5 -m e th y l- C 7 H 1 0 S 0 017273

335 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0 .0 027 24 6

336 2 -C y c lo p ro p y lth io p h e n e C 7 H 8 S 0 0036 20 7

346 T h io p h e n e , 3 - ( l , 1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 387 57

407 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0.026253

408 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0 .0 233 98

42 9 T h io p h e n e , 2 -(  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 104 36

442 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 0124 19

443 B en ze n e m e th a n e th io l C 7 H 8 S 0 .0 006 01 68

450 B e n z e n e th io l, 4 -m e th y l- C 7 H 8 S 0.0 0 1 0 7 4 7

487 T h io p h e n e , 2 -(2 -b u te n y l) - , (E )- C 8 H 1 0 S 0 0060693

532 2 - (2 -M e th y lc y c lo p ro p y l) th io p h e n e C 8 H 1 0 S 0.00046041

545 4 -E th y lth io p h e n o l C 8 H 1 0 S 0 0025 80 7

553 T h io p h e n e , 3 -(2 -b u te n y l) - , (E )- C 8 H 1 0 S 0.010301

617 T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0 .0 191 44

662 4 -Is o p ro p y lth io p h e n o l C 9 H 1 2 S 0 0026498

702 B e n z o [b ]th io p h e n e C 8 H 6 S 0 053948

752 2 -B e n z o th io p h e n e  # C 8 H 6 S 0.00070931

919 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0 .0 6 1 7 6 0

937 B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8 S 0 .0 601 95

975 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0.0 0 0 6 4 2 3 0

1292 2 ,2 '-M e th y le n e d ith io p h e n e C 9 H 8 S 2 0.00064161

T  ota l (C 5 -C 9 ) 0 .4 161 99 3

496 T h io p h e n e , 2 -e th y l-5 - (2 -m e th y lp ro p y l) - C 1 0 H 1 6 S 0.0075 48 5

840 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.0066 03 3

972 Benzene, (b u ty lth io ) - C 1 0 H 1 4 S 0.0 0 5 8 6 7 0

1062 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0 .0 029 05 7

1085 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .0 1 9 2 8 0

1096 B enzene, 1 -m e th y l-4 - [ (m e th y lth io )e th y n y l] - C 1 0 H 1 0 S 0 .0 350 18

1116 T h io p h e n e , 3 -p h e n y l- C 1 0 H 8 S 0 .0 168 25

1126 B e n z o [b ]th io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0.1 018 5

1129 T h io p h e n e , 2 -p h e n y l- C 1 0 H 8 S 0 .0 049 92 0

1165 T h io p h e n e , 2 - (p h e n y lm e th y l) - C 1 1 H 1 0 S 0 .0 006 84 26

1210 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0 .0 028 48 7

1220 B e n z o [b ]th io p h e n e , 2 -p ro p y l- C 1 1 H 1 2 S 0.0014 50 3

1222 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0.0 011 13 7

1240 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y l- C 1 1 H 1 2 S 0.0 021 94 0

1291 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0.0 636 85

1309 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0.0 072 26 0

1355 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0.0 0 3 0 2 2 2
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Table G5 Sulfur species found in oil obtained from  using 0.25%  R h/K L catalyst 
(cont.)

1361 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0.0010464

1388 B e n z o [b ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0.0042 82 2

1428 1 - (3 '- Is o p ro p y lp h e n y lth io )p ro p -1 -yne C 1 2 H 1 4 S 0.0033693

1477 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0.0016 80 9

1644 D ib e n z o th io p h e n e C 1 2 H 8 S 0.0040 90 4

1674 A z u le n o (2 ,1 -b )th io p h e n e C 1 2 H 8 S 0.0008 86 37

1685 N a p h th o [2 ,1 -b ]th io p h e n e C 1 2 H 8 S 0.00076133

1774 D ib e n z o th io p h e n e , 4 -m e th y l- C 1 3 H 1 0 S 0.0049 93 0

1798 1 -M e th y  Id ib e n z o th io p h e n e C 1 3 H 1 0 S 0.0040 78 4

1837 T h io x a n th e n e C 1 3 H 1 0 S 0.0050 97 4

T o ta l (C 1 0 -C 1 3 ) 0.31339936
151 B ic y c lo [3 .2 .1 ]o c ta -2 ,6 -d ie n e , 4 - (p h e n y lth io )- C 1 4 H 1 4 S 0.0 152 97

1922 2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n e C 1 4 H 1 2 S 0.0036 54 8

1950 3 ,7 -D im e th y  Id ib e n zo th io p h e n e C 1 4 H 1 2 S 0.0030 14 2

1986 1,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0065 11 7

20 06 2 ,6 -D im e th y  Id ib e n zo th io p h e n e C 1 4 H 1 2 S 0.0037 90 6

20 99 P he na len o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0 .0 010 18 9

21 0 9 Benzene, 1,1 '- [(m e th y lth io )e th e n y lid e n e ]b is - C 1 5 H 1 4 S 0.0041993

21 84 D ib e n z o [b ,d ]th io p h e n e , 1 ,3 ,6 ,7 -te tra m e th y l- C 1 6 H 1 6 S 0 .0 012 29 6

22 49 1-M e th y  lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0 .0 001 01 17

2395 B e n z o [b ]n a p h th o [2 ,1 -d ]th io p h e n e C 1 6 H 1 0 S 0.00069041

24 22 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 9 ,1 0 -d ih y d ro -7 -m e th y l- C 1 7 H 1 4 S 0 .0 004 32 89

2460 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 -m e th y l- C 1 7 H 1 2 S 0.0 0 0 6 1 5 9 7

24 74 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 8 -m e th y l- C 1 7 H 1 2 S 0.0005 75 86

2494 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 -m e th y l- C 1 7 H 1 2 S 0.00076031

2 5 3 9 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0023255

25 49 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0011 82 0

T o ta l (C 1 4 -C 2 0 ) 0.04540021

Table G6 Sulfur species found in oil obtained from  using 0.25%  R h/H Y  catalyst

Peak Name Formula Area %
726 1 ,3 ,5 -T rith ia n e C 3 H 6S 3 0 .0 011 33 4

T o ta l ( < C 5 ) 0 0011334
62 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0.0013 42 8

68 T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 0 .0 114 76

80 B e n z e n e th io l C 6 H 6 S 0.00082151

91 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0.0022 95 8

145 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 0056 80 9

180 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0.0029 96 4

191 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0.0081 11 2

204 T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 0 .0 117 12

209 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0.0077 37 5

23 2 B e n z e n e th io l, 4 -m e th y l- C 7 H 8 S 0.0018191
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T a b le  G 6  S u lfu r sp ec ies  found  in  o il o b ta in ed  fro m  u sin g  0 .2 5 %  R h /H Y  cata ly st
( c o n t . )

257 4 -E th y lth io p h e n o l C 8 H 1 0 S 0.0032001

277 Benzene, 1 -m e th y l-4 - (m e th y lth io ) - C 8 H 1 0 S 0 0014 38 8

313 T h io p h e n e , 2 - (2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.0 0 2 8 0 4 0

373 T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0 .0 1 4 9 1 4

466 B e n z o [b ]th io p h e n e C 8 H 6 S 0.062111

509 C y c lo p e n ta [b ]th ia p y ra n C 8 H 6 S 0 .0 005 37 95

585 B e n z o [c ]th io p h e n e , 1 ,3 -d ih y d ro - C 8 H 8 S 0.0 0 0 6 9 5 4 0

663 B e n z o [b ]th io p h e n e , 4 -m e th y l- C 9 H 8 S 0 .0 3 0 1 9 6

700 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0.1 381 5

734 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0.0 0 0 5 6 7 7 7

1090 2 ,2 '-M e th y le n e d ith io p h e n e C 9 H 8 S 2 0 .0 0 0 4 3 5 3 9

1631 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0.0 0 3 1 1 9 9

T o ta l (C 5 -C 9 ) 0 .3 1 2 1 6 3 5 2

443 T h io p h e n e , 2 -e th y l-5 - (2 -m e th y Ip ro p y l) - C 1 0 H 1 6 S 0.0 0 1 5 3 6 6

513 T h io p h e n e , 2 ,5 -d ip ro p y l- C 1 0 H 1 6 S 0 .0 0 2 2 3 2 7

573 T h io p h e n e , 2 -h e p ty l- C 1 1 H 1 8 S 0 .0 0 2 0 4 9 6

592 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0 .0 0 7 2 4 0 0

732 Benzene, (b u ty l th io ) - C 1 0 H 1 4 S 0 .0 0 4 5 0 6 6

824 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0.0 0 3 9 7 3 4

852 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .0 3 4 1 7 2

869 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0 .0 3 7 3 1 4

896 B e n z o [b ]th io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0 .2 152 5

897 T h io p h e n e , 2 -p h e n y l- C 1 0 H 8 S 0 .0 4 2 0 0 7

949 Thiophene, 2 - (p h e n y lm e th y l) - C l 1H 10S 0 .0 0 0 5 5 4 7 0

951 T h io p h e n e , 2 -e th y l-5 -h e x y l- C 1 2 H 2 0 S 0.0 0 3 2 2 4 0

1008 Benzene, 1 -m e th y l-4 - [ (m e th y lth io )e th y n y l] - C 1 0 H 1 0 S 0.0 0 3 1 5 3 9

1020 B e n z o [b ]th io p h e n e , 2 -p ro p y l- C 1 1 H 1 2 S 0 .0 0 1 3 0 9 0

1022 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0.0015471

1043 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y l- C l 1H 12S 0 .0 0 3 7 6 1 5

1059 B e n z o [b ]th io p h e n e , 2 -p ro p y l- C 1 1 H 1 2 S 0 .0 0 4 7 5 8 7

1069 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0 .0 5 5 2 0 8

1089 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0 .0 916 83

1114 T h io p h e n e , 2 - (p h e n y lm e th y l) - C 1 1 H 1 0 S 0.018431

1170 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0.0 0 8 2 6 4 7

1215 B e n z o [b ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H I4 S 0 .0 148 55

1233 T h io p h e n e , 2 - (p h e n y lm e th y l) - C l  l i n o s 0 .0 0 1 4 4 1 2

1241 1 - (3 '- Is o p ro p y lp h e n y lth io )p ro p -1 -yn e C 1 2 H 1 4 S 0 0 2 9 0 4 4

1248 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0 .0 2 1 3 2 6

1316 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0 .0 0 6 6 3 6 7

1512 D ib e n z o th io p h e n e C 1 2 H 8 S 0.0 0 8 0 2 9 9

1541 N a p h th o [2 ,1  -b ]th io p h e n e C 1 2 H 8 S 0.0 0 3 3 6 5 8

1647 4 -M e th y ln a p h th o [ 1,2 -b ]th io p h e n e C 1 3 H 1 0 S 0.0 0 7 3 6 9 7

1669 D ib e n z o th io p h e n e , 4 -m e th y l- C 1 3 H 1 0 S 0.0 0 6 6 2 6 7

1705 D ib e n z o th io p h e n e , 3 -m e th y l- C 1 3 H 1 0 S 0.0 0 9 5 6 5 9

1735 1 -M e th y ld ib e n z o th io p h e n e C 1 3 H 1 0 S 0.0014541
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Table G6 Sulfur species found in oil obtained from  using 0 .25%  Rh/H Y  catalyst 
(cont.)

T o ta l (C 1 0 -C 1 3 ) 0.6518925
1776 N a p h th o [2 ,3 -b ]th io p h e n e , 4 ,9 -d im e th y l- C 1 4 H 1 2 S 0.0 0 2 3 8 2 2

1796 2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n e C 1 4 H 1 2 S 0 .0 068 63 3

1822 2 ,6 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 0 3 9 8 0 4

1832 2 ,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 126 63

1852 1,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 0 3 1 2 3 7

1868 D ib e n z o th io p h e n e , 4 ,6 -d im e th y l- C 1 4 H 1 2 S 0 .0 0 1 2 7 3 7

1951 P he na len o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0.0 0 1 4 8 1 2

1977 Benzene, 1,1 '- [  1 - (e th y lth io )p ro p y lid e n e ]b is - C 1 7 H 2 0 S 0.0 2 4 8 9 0

2051 l-M e th y lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0.00086601

2251 B e n z o [b ]n a p h th o [2 , l-d ]th io p h e n e C 1 6 H 1 0 S 0.00074251

2320 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 -m e th y l- C 1 7 H 1 2 S 0.0 00 6 8 8 7 7

2337 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 -m e th y l- C 1 7 H 1 2 S 0.0 00 9 2 5 9 9

2361 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 8 -m e th y l- C 1 7 H 1 2 S 0.0 0 1 0 7 2 9

2406 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0 0 2 3 1 0 8

2414 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 ,8 -d im e th y l- C 1 8 H 1 4 S 0 0 0 12 33 4

T  ota l (C 1 4 -C 2 0 ) 0.06449788
1902 C y c lic  o c ta a to m ic  s u lfu r S8 0 .0 006 50 33

T o ta l 0.00065033

Table G7 Sulfur species found in 
catalyst

oil obtained from  using 0.25% R h/H BETA

Peak Name Formula Area %
656

T o ta l

T h io p h e n e , te tra h y d ro -

( < C 5 )

C 4 H 8 S 0 .0 0 1 0 1 0 6

0.0010106
13 T h io p h e n e , 2 -m e th y l- C 5 H 6 S 0.0 0 1 4 4 9 5

101 T h io p h e n e , 3 -e th y l- C 6 H 8 S 0 .0 078 63 3

109 T h io p h e n e , 2 -e th y l- C 6 H 8 S 0 .0 0 1 9 1 8 7

112 T h io p h e n e , 2 ,4 -d im e th y l- C 6 H 8 S 0 .0 0 4 6 9 8 5

129 T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 0 .0 0 4 7 0 5 9

145 3 ,4 -D im e th y lth io p h e n e C 6 H 8 S 0 .0 1 5 7 1 2

ร่ 49 T h io p h e n e , 2 ,5 -d im e th y l- C 6 H 8 S 0 .0 0 2 2 6 5 4

266 T h io p h e n e , 2 -e th y lte tra h y d ro - C 6 H 1 2 S 0 .0 0 1 5 0 2 9

277 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0.019221

305 T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 0 0 3 1 4 1 6

307 B e n z e n e th io l C 6 H 6 S 0 .0 0 2 2 2 5 9

332 T h io p h e n e , 2 -e th y l-5 -m e th y l- C 7 H 1 0 S 0 .0 1 8 0 9 7

346 2 -C y c lo p ro p y lth io p h e n e C 7 H 8 S 0 .0 0 4 1 1 8 8

382 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0.0098761

390 T h io p h e n e , 2 -(  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 1 7 0 6 8

417 2 - (2 -M e th y lv in y l) th io p h e n e C 7 H 8 S 0 .0 0 4 3 6 3 2

471 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 .0 247 53

491 T h io p h e n e , 2 ,5 -d ie th y i- C 8 H 1 2 S 0 .0 350 53
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T a b le  G 7  S u lfu r sp ec ies  found  in  o il o b ta in ed  fro m  u s in g  0 .2 5 %  R h /H B E T A
cata ly st (co n t.)

509 T h io p h e n e , 3 -(  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0.0 237 73

510 B e n ze n e m e th a n e th io l C 7 H 8 S 0 .0 0 0 2 0 7 3 4

521 B e n z e n e th io l, 4 -m e th y l- C 7 H 8 S 0 .0 036 07 8

565 4 -E th y lth io p h e n o l C 8 H 1 0 S 0 .0 062 06 8

572 T h io p h e n e , 2 -e th y l-5 -p ro p y l- C 9 H 1 4 S 0.0044231

579 2 H -C y c lo p e n ta [b ]th io p h e n e , h e xa h yd ro -, c is - C 7 H 1 2 S 0 0025 29 0

633 T h io p h e n e , 3 -(2 -b u te n y l) - , (E )- C 8 H 1 0 S 0.0052 60 3

634 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0 0041 64 8

64 9 2 - (  1 -M e th y lc y c lo p ro p y l) th io p h e n e C 8 H 1 0 S 0 0 0 0 6 7 8 8 0

717 T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0 0 1 19 06

742 4 -E th y lth io p h e n o l C 8 H 1 0 S 0 0054 74 9

743 B e n z e n e th io l C 6 H 6 S 0 0 0 84 98 2

744 B e n z o [c ]th io p h e n e , 1 ,3 -d ih y d ro - C 8 H 8 S 0 0009 19 53

765 4 - Is o p ro p y lth io p h e n o l C 9 H 1 2 S 0.0 0 1 8 7 4 7

796 T h io p h e n e , te tra h y d ro -2 -m e th y l- C 5 H 1 0 S 0.0016 52 3

811 B e n z o [b ]th io p h e n e C 8 H 6 S 0.091141

836 T h ie n o [3 ,2 -b ]th io p h e n e C 6 H 4 S 2 0 0 0 0 2 4 3 0 6

861 C y c lo p e n ta [b ]th ia p y ra n C 8 H 6 S 0 .0 0 0 3 6 4 3 4

873 B enzene, l- (e th y lth io ) -4 -m e th y l- C 9 H 1 2 S 0 .0 0 2 2 0 9 4

961 B e n z o [b ]th io p h e n e , 2 ,3 -d ih y d ro - C 8 H 8 S 0.0 0 1 7 9 6 7

1030 B e n z o [c ]th io p h e n e , 1 ,3 -d ih y d ro - C 8 H 8 S 0 .0 0 0 3 1 0 9 0

1042 B e n z o [b ]th io p h e n e , 6 -m e th y l- C 9 H 8 S 0 .0 4 5 7 3 9

1043 T h ie n o [2 ,3 -b ]th io p h e n e ,2 -m e th y l- C 7 H 6 S 2 0 .0 0 0 0 7 5 9 0

1044 T h io p h e n e , 2 -e th y lte tra h y d ro - C 6 H 1 2 S 0 .0 015 69 4

1079 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0.1 360 5

1109 B e n z o [b ]th io p h e n e , 5 -m e th y l- C 9 H 8 S 0 .0 0 1 1 3 8 9

! 122 B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8 S 0 .0 0 0 5 3 3 8 7

1159 B e n z o [b ]th io p h e n e , 2 ,3 -d ih y d ro -3 -m e th y l- C 9 H 1 0 S 0 .0 0 0 4 5 0 2 9

1250 T h io p h a n e , p ro p y l- C 7 H 1 4 S 0 .0 0 0 8 6 5 7 9

1266 2 ,2 '-B ith io p h e n e C 8 H 6 S 2 0 .0 0 0 7 2 7 2 8

1490 2 ,2 '-M e th y le n e d ith io p h e n e C 9 H 8 S 2 0 .0 005 54 03

20 72 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0.0 0 3 2 4 4 6

T o ta l (C 5 -C 9 ) 0 .5 7 4 4 9 9 2 3

752 T h io p h e n e , 2 ,5 -d ip ro p y l- C 1 0 H 1 6 S 0.0 0 3 8 8 1 7

756 1,3 -D ith io la n e , 2 -b e n zy  1 -2 -m ethy l- C 1 1 H 1 4 S 2 0 0019 62 5

789 T h io p h e n e , 2 -b u ty l-5 -e th y l- C 1 0 H 1 6 S 0.0 0 1 6 6 4 2

906 T h io p h e n e , 2 -b u ty l-5 -e th y l- C 1 0 H 1 6 S 0.0040 33 3

967 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.0 0 2 8 3 6 0

1140 T h io p h e n e , 2 -e th y l-5 - is o p e n ty l- C 1 1 H 1 8 S 0.0 0 2 1 7 9 0

1222 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0.0 0 3 4 3 5 9

1235 B e n z o [b ]th io p h e n e , 2 -e th y l- C 1 0 H 1 0 S 0 .0 0 1 8 5 8 4

1247 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .0 2 4 9 1 2

1275 B e n z o [b ]th io p h e n e , 7 -e th y l- c  10111 OS 0 .0 288 55

1292 B e n z o [b ]th io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0 .0 9 3 8 9 8

1327 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0 .0 3 0 4 1 2

1340 T h io p h e n e , 2 - (p h e n y lm e th y l) - C 1 1 H 1 0 S 0 .0 0 0 7 5 4 5 4
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T a b le  G 7  S u lfu r sp ec ies  found  in  o il ob ta in ed  fro m  u sin g  0 .2 5 %  R h /H B E T A
cata ly st (co n t.)

1392 B enzene, 1 -m e th y l-4 - [ (m e th y lth io )e th y n y l] - C 1 0 H 1 0 S 0 .0 046 67 3

1405 B e n z o [b ]th io p h e n e , 2 -p ro p y l- C 1 1 H 1 2 S 0.0 00 9 2 8 0 3

1407 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0 .0 015 09 3

1416 2 -B e n z o th io p h e n e , 1,3 -d ih y d ro -5 ,6 -d im e th y l- C 1 0 H 1 2 S 0 .0 0 0 2 1 9 9 5

1430 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0 .0 046 44 3

1465 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0.0 2 5 0 7 9

1500 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y l- C 1 1 H 1 2 S 0 .1 001 0

1558 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0.0 0 5 5 7 6 0

1569 2 -N a p h th a le n e th io l C 1 0 H 8 S 0.0 1 4 1 5 2

1612 B e n z o [b ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0 0 0 95 11 5

1646 C y c lo h e p ta [c d ][2 ]b e n z o th io p h e n e , 2 ,6 ,7 ,8 ,9 ,9 a -h e x a h y d ro - C 1 2 H 1 4 S 0 .0 0 4 9 6 6 6

1659 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0 0 0 32 63 2

1721 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0 0 0 5 3 9 5 0

1921 B enzene, 1,1 '- [  l- (m e th y lth io )e th y lid e n e ]b is - C 1 5 H 1 6 S 0.0 135 13

1929 D ib e n z o th io p h e n e C 1 2 H 8 S 0 .0 0 8 4 8 9 0

2088 D ib e n z o th io p h e n e , 4 -m e th y l- C 1 3 H 1 0 S 0 .0 0 9 4 3 0 7

2109 D ib e n z o th io p h e n e , 3 -m e th y l- C 1 3 H 1 0 S 0.0 0 8 2 9 5 5

2146 4 -M e th y ln a p h th o [ 1,2 -b ]th io p h e n e C 1 3 H 1 0 S 0 013291

2181 T h io x a n th e n e C 1 3 H 1 0 S 0 .0 028 21 3

29 72 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0 0017131

Total (C 1 0 -C 1 3 ) 0.43824832
2203 3 -E th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 0 3 2 6 9 2

2213 2 ,6 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0082641

2238 2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n e C 1 4 H 1 2 S 0.0 1 5 5 4 7

2268 1,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 1 4 9 5 0

2289 N a p h th o [2 ,3 -b ]th io p h e n e , 4 ,9 -d im e th y l- C 1 4 H 1 2 S 0 .0 0 6 5 8 1 7

23 67 l-P ro p e n e -2 - th io l,  1 ,1 -d ip h e n y l- C 1 5 H 1 4 S 0 .0 0 1 4 9 9 9

24 00 Benzene, 1,1 '- [(m e th y lth io )e th e n y lid e n e ]b is - C 1 5 H 1 4 S 0 .0 0 7 3 5 3 9

2403 P h e n a le n o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0.0 0 2 1 9 4 3

24 99 l-M e th y lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0 00 1 4 2 7 7

2522 D ib e n z o [b ,d ]th io p h e n e , 1,3 ,6 ,7 -te tra m e th y l- C 1 6 H 1 6 S 0 00 3 0 9 1 9

25 40 l-M e th y lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0 .0 0 0 4 0 6 0 2

26 19 4 ,4 '-B is (m e th y ls u lfa n y l)b ip h e n y l C 1 4 H 1 4 S 2 0.0010071

2661 N a p h th a le n e , l- (p h e n y lth io ) - C 1 6 H 1 2 S 0 .0 0 1 9 4 4 9

2712 B e n z o [b ]n a p h th o [2 ,1 -d jth io p h e n e C 1 6 H 1 0 S 0 .0 0 1 8 0 9 7

2734 B e n z o [b ]n a p h th o [ 1,2 -d ]th io p h e n e C 1 6 H 1 0 S 0 .0 0 0 6 0 6 3 5

27 54 2 -N a p h th y l-p - to ly l s u lfid e C 1 7 H 1 4 S 0 .0 0 0 5 4 2 2 3

27 70 A n th ra (  1,2 -b )th io p h e n e C 1 6 H 1 0 S 0 .0 0 0 2 8 5 4 6

2785 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 9 ,1 0 -d ih y d ro -7 -m e th y  1- C 1 7 H 1 4 S 0 .0 0 1 9 2 9 9

2821 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 -m e th y l- C 1 7 H 1 2 S 0 .0 0 0 9 8 2 8 6

2848 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 8 -m e th y l- C 1 7 H 1 2 S 0 .0 0 1 4 6 1 6

2882 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 -m e th y l- C 1 7 H 1 2 S 0 .0 0 3 9 1 5 4

2965 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 ,8 -d im e th y l- C 1 8 H 1 4 S 0 0 0 2 9 4 9 2

29 86 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 ,8 -d im e th y l- C 1 8 H 1 4 S 0 0 0 2 9 1 7 0

T o ta l (C 1 4 -C 2 0 ) 0.08493742
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T a b le  G 7  S u lfu r sp ec ies  found  in  o il o b ta in ed  fro m  u sin g  0 .2 5 %  R h /H B E T A
cata ly st (co n t.)

Table G8 Sulfur species found in oil obtained from  using 1% R h/H B ETA  catalyst

Peak Name Formula Area %
68 T h io p h e n e , 3 -e th y l- C 6 H 8 S 0.0076001

74 T h io p h e n e , 2 -e th y l- C 6 H 8 S 0 .0 0 1 4 8 6 6

79 3 ,4 -D im e th y lth io p h e n e C 6 H 8 S 0 .0 1 0 5 1 4

94 T h io p h e n e , 2 ,5 -d im e th y l- C 6 H 8 S 0 .0 0 3 2 6 0 6

104 T h io p h e n e , 2 ,4 -d im e th y l- C 6 H 8 S 0.0 0 9 5 1 4 4

107 T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 0.0015371

215 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0 .0 1 1 1 3 7

223 T h io p h e n e , 2 -e th y l-5 -m e th y l- C 7 H 1 0 S 0 .0 3 0 4 2 9

234 T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 0 .0 188 65

236 B e n z e n e th io l C 6 H 6 S 0 .0 013 92 3

300 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0 .0 0 4 5 1 4 5

309 T h io p h e n e , 2 -(  1,1 -d im e th y le th y  1)- C 8 H 1 2 S 0.0 1 3 2 6 8

330 B e n z e n e th io l, 3 -m e th y l- C 7 H 8 S 0.0 092 07 3

372 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0 .0 3 6 3 0 0

373 T h io p h e n e , 3 - ( l , 1 -d im e th y le th y l) - C 8 H 1 2 S 0 .0 1 6 2 3 2

390 2 -(2 -M e th y lv in y l) th io p h e n e C 7 H 8 S 0.0 0 4 9 3 5 2

396 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0 .0 1 9 1 4 2

414 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0 .0 1 7 2 5 0

425 B e n z e n e th io l, 4 -m e th y l- C 7 H 8 S 0 .0 0 2 7 9 9 2

461 T h io p h e n e , 3 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0 .0 0 3 3 4 0 9

485 Benzene, 1 -m e th y l-4 - (m e th y  lth io ) - C 8 H 1 0 S 0 .0 0 1 1 1 7 6

526 4 -E th y lth io p h e n o l C 8 H 1 0 S 0 .0 0 1 8 0 8 0

534 T h io p h e n e , 2 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0 .0 0 4 4 5 9 0

558 T h io p h e n e , 2 -e th y l-5 -p ro p y l- C 9 H 1 4 S 0 .0 3 3 8 2 9

616 T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0 .0 1 8 0 1 6

649 B e n z o [c ]th io p h e n e , 1 ,3 -d ih y d ro - C 8 H 8 S 0 .0 0 2 4 8 5 0

723 B e n z o [b ]th io p h e n e C 8 H 6S 0 .0 8 8 8 0 0

740 C y c lo p e n ta [c ]th ia p y ra n C 8 H 6S 0 .0 0 2 7 0 9 9

747 4 -Is o p ro p y lth io p h e n o l C 9 H 1 2 S 0 .0 0 1 2 7 4 2

754 T h ie n o [3 ,2 -b ]th io p h e n e C 6 H 4 S 2 0 .00030561

776 2 -B e n z o th io p h e n e  # C 8 H 6S 0 0 0 0 6 5 3 6 6

874 B e n z o [b ]th io p h e n e , 2 ,3 -d ih y d ro - C 8 H 8S 0 .0 007 67 93

946 B e n z o [b ]th io p h e n e , 6 -m e th y l- C 9 H 8S 0 .0 4 5 8 1 7

988 3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 0 .1 6 1 4 0

1029 B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8 S 0 .0 0 1 0 1 6 9

1380 2 ,2 ’-M e th y le n e d ith io p h e n e C 9 H 8 S 2 0 .0 0 0 5 2 2 6 7

1418 T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0 .0 0 1 8 3 7 6

1942 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0 .0 0 2 9 8 9 0
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Table G8 Sulfur species found in oil obtained from using 1% R h/H B ETA  catalyst 
(cont.)

T o ta l (C 5 -C 9 ) 0.59253427
341 1,3 -D ith io la n e , 2 -b e n z y l-2 -m e th y l- C 1 1 H 1 4 S 2 0.0 102 35

465 2 -U n d e c a n e th io l, 2 -m e th y l- C 1 2 H 2 6 S 0.0009 48 13

69 9 T h io p h e n e , 2 -e th y l-5 - (2 -m e th y lp ro p y l) - C 1 0 H 1 6 S 0.0020 25 7

829 T h io p h e n e , 2 -b u ty l-5 -e th y l- C 1 0 H 1 6 S 0.0025 49 8

879 T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.0 038 00 7

1025 Benzene, (b u ty l th io ) - C 1 0 H 1 4 S 0.0044051

1135 5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0.0 032 33 7

1160 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0.0 487 42

1176 B e n z o [b ]th io p h e n e , 7 -e th y l- C 1 0 H 1 0 S 0 .0 387 99

! 205 T h io p h e n e , 2 -p h e n y l- C 1 0 H 8 S 0.013181

1212 B e n z o fb jth io p h e n e , 2 ,7 -d im e th y l- C 1 0 H 1 0 S 0.1 664 6

1214 T h io p h e n e , 3 -p h e n y l- C 1 0 H 8 S 0.0 074 25 7

1309 B e n z o [b ]th io p h e n e , 2 -p ro p y l- C 1 1 H 1 2 S 0.0 0 1 9 2 4 9

1311 B e n z o [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 0 0021848

1331 B e n z o [b ]th io p h e n e , 7 -e th y l-2 -m e th y l- C 1 1 H 1 2 S 0.0055 02 5

1356 B e n z o [b ]th io p h e n e , 2 -e th y l-5 -m e th y l- C 1 1 H 1 2 S 0.0 318 85

1378 B e n z o [b ]th io p h e n e , 2 ,5 ,7 - tr im e th y l- C 1 1 H 1 2 S 0 .1 378 6

1399 T h io p h e n e , 2 - (p h e n y lm e th y l) - C 1 1 H 1 0 S 0 .0 173 80

1443 B e n z o [b ]th io p h e n e , 2 -e th y l-7 -m e th y l- C 1 1 H 1 2 S 0 .0 025 43 4

1503 B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 1 0 H 1 0 S 0.0 137 34

1504 B e n z o [b ]th io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0.010081

ร539 1 - (3 '- Is o p ro p y lp h e n y lth io )p ro p -1 -yne C 1 2 H 1 4 S 0.0 180 85

1555 B e n z o [b ]th io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 0.0042 16 8

1618 B e n z o [b ]th io p h e n e , 2 -e th y l-5 ,7 -d im e th y l- C 1 2 H 1 4 S 0.0067 19 5

1739 2 H -N a p h th o [ 1,8 -b c ]th io p h e n e , 2 -m e th y l- C 1 2 H 1 0 S 0.0 0 1 0 6 1 7

1812 D ib e n z o th io p h e n e C 1 2 H 8 S 0.0 103 25

1843 N a p h th o [2 ,3 -b ]th io p h e n e C 1 2 H 8 S 0 .0 040 23 9

1890 N a p h th o [2 ,1 -b ]th io p h e n e C 1 2 H 8 S 0 .0 0 0 7 1 2 4 2

1955 D ib e n z o th io p h e n e , 4 -m e th y l- C 1 3 H 1 0 S 0.010701

1982 D ib e n z o th io p h e n e , 3 -m e th y l- C 1 3 H 1 0 S 0 .0 094 56 9

2 0 1 7 T h io x a n th e n e C 1 3 H 1 0 S 0 .0 137 69

20 35 T h io p h e n e , 2 ,5 -b is ( 1,1 -d im e th y le th y l) - C 1 2 H 2 0 S 0.0 0 2 8 8 3 6

2 0 5 2 1 -M e th y ld ib e n z o th io p h e n e C 1 3 H 1 0 S 0 .0 018 32 8

T o ta l (C 1 0 -C 1 3 ) 0.60868905
20 9 2 2 ,6 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 100 47

2 1 0 0 3 -E th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 018 36 9

2 1 1 7 2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n e C 1 4 H 1 2 S 0 .0 092 22 4

2 1 4 6 1,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.0 227 02

2 1 6 7 2 ,7 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 0041371

2 1 8 6 2 ,6 -D im e th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0 .0 040 68 6

21 95 B enzene, 1, l '- [ (m e th y lth io )e th e n y lid e n e ]b is - C 1 5 H 1 4 S 0 .0 049 47 0

2 2 1 9 l-P ro p e n e -2 - th io l,  1,1-d ip h e n y l- C 1 5 H 1 4 S 0 .0 096 33 6

2 2 6 7 P h e n a le n o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0 .0 023 05 2

2281 B enzene, 1,1 ’- [  1 - (e th y  lth io )p ro p y lid e n e ]b is - C 1 7 H 2 0 S 0.0 094 94 8
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T a b le  G 8  S u lfu r sp ec ies  fo u n d  in  oil o b ta in ed  from  u s in g  1%  R h /H B E T A  cata lyst
( c o n t . )

2 3 7 4 l-M e th y lp h e n a n th ro [4 ,5 -b c d ]th io p h e n e C 1 5 H 1 0 S 0.0019142

2 3 7 9 D ib e n z o [b ,d ]th io p h e n e , 1 ,3 ,6 ,7 -te tra m e th y l- C 1 6 H 1 6 S 0.0036062

2583 B e n z o [b ]n a p h th o [2 ,1 -d ]th io p h e n e C 1 6 H 1 0 S 0 0014415

2 6 2 2 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 9 ,1 0 -d ih y d ro -7 -m e th y l- C 1 7 H 1 4 S 0.0013997

2 6 7 4 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 8 -m e th y l- C 1 7 H 1 2 S 0.0012728

2 6 8 6 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 -m e th y l- C 1 7 H 1 2 S 0.0017403

2 7 0 4 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 -m e th y l- C 1 7 H 1 2 S 0.0024965

27 63 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 7 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0029622

2 7 7 6 B e n z o [b ]n a p h th o [2 ,3 -d ]th io p h e n e , 6 ,8 -d im e th y l- C 1 8 H 1 4 S 0.0033053

T o ta l (C 1 4 -C 2 0 ) 0 .0985333

Table G9 Sulfur species found in oil obtained from  using spent NiM oS/AECE 
catalyst

Peak Name Formula Area %
1058 1 ,3 ,5 -T rith ia n e C 3 H 6 S 3 0 .0 003 69 12

T o ta l ( < C 5 ) 0.00036912
5 T h io p h e n e , 2 -m e th y l- C 5 H 6 S 0.0002 62 55

11 T h io p h e n e , 3 -m e th y l- C 5 H 6 S 0.0021 40 6

79 T h io p h e n e , 2 ,3 -d ih y d ro -5 -m e th y l- C 5 H 8 S 0.00059785

110 T h io p h e n e , 3 -e th y l- C 6 H 8 S 0.015507

119 T h io p h e n e , 2 -e th y l- C 6 H 8 S 0.0091 49 9

123 T h io p h e n e , 2 ,4 -d im e th y l- C 6 H 8 S 0.012101

136 3 ,4 -D iin e th y lth io p h e n e C 6 H 8 S 0.015392

140 T h io p h e n e , 2 ,5 -d im e th y l- C 6 H 8 S 0.0052375

147 5 - T h ia t r ic y c lo [4 .1,0 .0 (2 ,4 )]h ep ta ne s C 6 H 8 S 0.0018686

163 T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 0.0034 85 9

26 0 B e n ze n e m e th a n e th io l C 7 H 8 S 0.010932

27 6 T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0.022722

285 T h io p h e n e , 2 -e th y l-5 -m e th y l- C 7 H 1 0 S 0.052295

303 T h io p h e n e , 2 - ( l -m e th y le th y l) - C 7 H 1 0 S 0.020632

305 B e n z e n e th io l C 6 H 6 S 0 .0 009 22 22

372 T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0.0044642

381 T h io p h e n e , 3 -(  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0 047018

4 3 4 T h io p h e n e , 2 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.0031 41 6

445 T h io x y le n o l C 8 H 1 0 S 0.0026 37 7

4 5 7 T h io p h e n e , 2 -m e th y l-5 -p ro p y l- C 8 H 1 2 S 0.0 394 06

45 8 T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0.0 450 56

4 7 0 T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 0.011558

4 7 9 T h io p h e n e , 2 - (  1,1 -d im e th y le th y l) - C 8 H 1 2 S 0.013464

501 T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0.014356

51 0 B e n z e n e th io l, 4 -m e th y l- C 7 H 8 S 0.0022952

55 6 T h io p h e n e , 3 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.0035176

578 2 -(  1 -M e th y lc y c lo p ro p y  l) th io p h e n e C 8 H 1 0 S 0.0011 10 0
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T a b le  G 9  S u lfu r sp ec ie s  fo u n d  in  oil o b ta in ed  fro m  u s in g  sp en t N iM o S /A ^ C b
ca ta ly s t (co n t.)

590 3,4-Dimethylthiophenol C8H10S 0.0014157
601 2-(2-Methylcyclopropyl)thiophene C8H10S 0.00085993
620 Thiophene, 2-(2-butenyl)-, (E)- C8H10S 0.0050317
631 2-(2,2-Dimethylvinyl)thiophene C8H10S 0.0015881
641 Thiophene, 2-ethyl-5-propyl- C9H14S 0.011516
692 Thiophene, 2-pentyl- C9H14S 0.013716
722 Benzenethiol C6H6S 0.0041541
723 Benzo[c]thiophene, 1,3-dihydro- C8H8S 0.00068167
779 Benzo[b]thiophene C8H6S 0.061265
805 Thieno[3,2-b]thiophene C6H4S2 0.00025804
830 2-Benzothiophene # C8H6S 0.00031846
887 2-(2,2-Dimethylcyclopropyl)thiophene C9H12S 00025871
915 Benzo[c]thiophene, 1,3-dihydro- C8H8S 0.00051360
994 3-Methylbenzothiophene C9H8S 0.038682
1018 Benzo[b]thiophene, 2,3-dihydro-3-methyl- C9H10S 0.0014785
È 033 3-Methylbenzothiophene C9H8S 0.16573
1071 Benzo[b]thiophene, 2-methyl- C9H8S 0.0013909
1199 3,3'-Bithiophene C8H6S2 0.0014933
1420 2,2'-Methylenedithiophene C9H8S2 0 00079150
Total (C5-C9) 0.67474202
334 3-(Benzylthio)propene C10H12S 0.0078844
564 2-(l,4,4-Trimethylcyclohex-2-enyl)[l,3]dithiane C13H22S2 0.0024387
637 2-Undecanethiol, 2-methyl- C12H26S 0.019935
849 Thiophene, 2,5-dipropyl- C10H16S 0.0015770
920 Thiophene, 2-hexyl- C10H16S 0.0032480
1154 Benzo[b]thiophene, 7-ethyl- c 1OH 1 OS 0 0042320
1180 Benzo[b1thiophene, 2,7-dimethyl- C10H10S 0.027853
■ 213 5-Ethylbenzo[b]thiophene C10H10S 0.052867
1229 Thiophene, 3-phenyl- C10H8S 0.014374
1240 Benzo[b]thiophene, 2,5-dimethyl- C10H10S 0.089749
1255 Benzo[b]thiophene, 3,5-dimethyl- C10H10S 0.016679
1272 Benzo[b]thiophene, 2-ethyl- C10H10S 0.025324
1282 Thiophene, 2-(phenylmethyl)- C11H10S 0.00079000
1333 Benzene, 1 -methyl-4-[(methylthio)ethynyl]- c 10111 OS 0.0041025
1344 Benzo[b]thiophene, 2-propyl- C11H12S 0.00099795
1346 Benzo[b]thiophene, 3,6-dimethyl- C10H10S 0.0024473
1368 Benzo[b]thiophene, 2-ethyl-7-methyl- Cl 1H12S 0.0039013
1391 2-(2-Methyl-propenyl)-indan-1 -thiol C13H16S 0.0069641
1406 Benzo[b]thiophene, 2-ethyl-5-methyl- C11H12S 0.020435
1432 Benzo[b]thiophene, 7-ethyl-2-methyl- C11H12S 0.054737
1495 Benzo[b]thiophene, 2,5,7-trimethyl- C11H12S 0.011644
1535 Benzo[b]thiophene, 2,3-diethyl- C12H14S 0 0074629
1580 Benzo[b]thiophene, 2,7-diethyl- C12H14S 0.0070633
1630 Benzo[b]thiophene, 2-ethyl-5,7-dimethyl- C12H14S 0.0040792
1672 Benzo[b]thiophene, 7-ethyl-2-propyl- C13H16S 0.0023731
1685 1 -(3 '-Isopropy lpheny lthio)prop-1 -yne C12H14S 0.0090654



T a b le  G 9  S u lfu r sp ec ies  found  in  o il o b ta in ed  fro m  u sin g  sp en t N iM o S /A l203
ca ta ly st (co n t.)

1747 2H-Naphtho[ 1,8-bc]thiophene, 2-methyl- C12H10S 0.00079436
1834 Dibenzothiophene C12H8S 0.0086282
1875 Naphtho[2,3-b]thiophene C12H8S 0.0027125
1914 Naphtho[l,2-b]thiophene C12H8S 0.00035304
1987 Dibenzothiophene, 4-methyl- C13H10S 0.0075697
2010 4-Methy lnaphtho[ 1,2-b]thiophene C13H10S 0.0080582
2052 Thioxanthene C13H10S 0.010969
Total (C10-C13) 0.44130915
2121 3-Ethyldibenzothiophene C14H12S 0.0033243
2134 2,8-Dimethyldibenzo(b,d)thiophene C14H12S 0.0058773
2151 3,7-Dimethyldibenzothiophene C14H12S 0.0066894
2186 Naphtho[2,3-b]thiophene, 4,9-dimethyl- C14H12S 0.014013
2208 1,7-Dimethyldibenzothiophene C14H12S 0.0044250
2234 Dibenzothiophene, 4,6-dimethyl- C14H12S 0.0025535
2245 l-Propene-2-thiol, 1,1-diphenyl- C15H14S 0.0030275
2326 Phenaleno[ 1,9-bc]thiophene C14H8S 0.0024647
2355 Benzene, 1,1 '-[(methylthio)ethenylidene]bis- C15H14S 0 0050820
2435 l-Methy!phenanthro[4,5-bcd]thiophene C15H10S 0.0013908
2442 Dibenzo[b,d]thiophene, 1,3,6,7-tetramethyl- C16H16S 0.0017610
2612 Naphthalene, l-(phenylthio)- C16H12S 0.0013844
2673 Benzo[b]naphtho[2,3-d]thiophene C16H10S 0.0011965
2694 Benzo[b]naphtho[ 1,2-d]thiophene C16H10S 0.00027566
2714 Benzo[b]naphtho[2,3-d]thiophene, 9,10-dihydro-7-methyl- C17H14S 0.0010293
2721 Benzo[b]thiophene, 3,5-dimethyl- C10H10S 0.00096558
2782 Benzo[b]naphtho[2,3-d]thiophene, 6-methyl- C17H12S 0.00099009
2803 5-Methylbenzo[b]naphtho[2,l-d]thiophene C17H12S 0.0017905
2834 Benzo[b]naphtho[2,3-d]thiophene, 7-methyl- C17H12S 0.0027645
2859 Benzo[b]naphtho[2,3-d]thiophene, 8-methyl- C17H12S 0 00048610
2909 Benzo[b]naphtho[2,3-d]thiophene, 6,8-dimethyl- C18H14S 0.00050048
2943 Benzo[b]naphtho[2,3-d]thiophene, 7,8-dimethyl- C18H14S 0.0031860
Total (C14-C20) 0.06517761
2255 Cyclic octaatomic sulfur S8 0.017949
Total 0.017949

T ab le  G 10 Sulfur species found in oil obtained from using C0 M0 S/AI2O3 catalyst

Peak Name Formula Area %
69 Thiophene, 2-ethyl- C6H8S 0.025016
77 Thiophene, 3-ethyl- C6H8S 0 0016959
82 3,4-Dimethylthiophene C6H8S 0.014243
97 Thiophene, 2,5-dimethyl- C6H8S 0.0054216
n o Thiophene, 2,3-dimethyl- C6H8S 0.0015300
236 Thiophene, 2-(l-methylethyl)- C7H10S 0.069501
252 Thiophene, 2-ethyl-5-methyl- C7H10S 0 0031885
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T ab le  G 10 Sulfur species found in oil obtained from using C0M 0S/AI2O3 catalyst 
(cont.)

253 Benzenethiol C6H6S 0.010266
278 Benzenethiol C6H6S 0.0035736
286 Thiophene, 2-ethenyl- C6H6S 0.0014479
318 Thiophene, 2,3,4-trimethyl- C7H10S 0.0028056
356 Benzenethiol, 3-methyl- C7H8S 0.015210
3 9 3 Thiophene, 2 - ( l , 1 -dimethylethyl)- C8H12S 0.0027680
403 Thiophene, 2,5-diethyl- C8H12S 0.027372
418 2-(2-Methylvinyl)thiophene C7H8S 0.0044115
427 Thiophene, 3-( 1,1 -dimethylethyl)- C8H12S 0.017941
447 Thiophene, 3,4-diethyl- C8H12S 0.018003
1 5 9 Benzenethiol, 4-methyl- C7H8S 0.0014085
465 Thiophene, 2-(2-butenyl)-, (E)- C8H10S 0.0016297
500 2-(2,2-Dimethylvinyl)thiophene C8H10S 0.0023489
510 Thiophene, 3,4-diethyl- C8H12S 0.0021920
513 2H-Cyclopenta[b]thiophene, hexahydro-, cis- C7H12S 0.0056000
567 Thiophene, 3-(2-butenyl)-, (E)- C8H10S 0.0044401

ไ 00 Thiophene, 2-ethyl-5-propyl- C9H14S 0 012661
6 3 3 Thiophene, 2-pentyl- C9H14S 0.017720
724 Benzo[b]thiophene C8H6S 0.047997
744 Thieno[2,3-b]thiophene C6H4S2 0.00022913
'65 Benzene, (propylthio)- C9H12S 0.0035759

767 Cyclopenta[b]thiapyran C8H6S 0.00025088
805 4-Isopropylthiophenol C9H12S 0.0026528
8 3 9 Benzo[c]thiophene, 1,3-dihydro- C8H8S 0.00063746
8 9 9 Benzo[b]thiophene, 2-methyl- C9H8S 0.020220
919 2-(Cyclopent-l -enyl)-thiophene C9H10S 0.00049472
940 3-Methylbenzothiophene C9H8S 0.091271
971 Benzo[b]thiophene, 5-methyl- C9H8S 0.00061746
! ! 10 3,3’-Bithiophene C8H6S2 0.00047170
Total (C5-C9) 0.44081285
274 Thiophene, 2-ethyl-5-isopentyl- C11H18S 0.015376
707 Thiophene, 2-ethy!-5-(2-methyIpropyl)- C10H16S 0.0015467
728 Thiophene, 2-butyl-5-ethyl- C10H16S 0.00581 17
783 Thiophene, 2,5-dipropyl- C10H16S 0.0039738
831 Thiophene, 2-hexyl- C10H16S 0.0079479
847 Thiophene, 2-isohexyl- C10H16S 0.0034042
1067 5-Ethylbenzo[b]thiophene C10H10S 0.0011077
1093 Benzo[b]thiophene, 2,5-dimethyl- C10H10S 0.040087
1109 Benzo[b]thiophene, 7-ethyl- C10H10S 0.027976
1131 Thiophene, 2-phenyl- C10H8S 0.016243
1138 Benzo[b]thiophene, 2,7-dimethyl- C10H10S 0.14519
1140 Thiophene, 3-phenyl- C10H8S 0.0047805
1174 Thiophene, 2-(phenylmethyl)- C11H10S 0.00065949
1181 Thiophene, 2-ethyl-5-hexyl- C12H20S 0.0019716
1242 Benzo[b]thiophene, 3,6-dimethyl- C10H10S 0.0017664
1257 Benzo[b]thiophene, 2-ethyl-7-methyl- C11H12S 0.0025090
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1304 Benzo[b]thiophene, 7-ethyl-2-methyl- C11H12S 0.050937
1328 Benzo[b]thiophene, 2,5,7-trimethyl- C11H12S 0.047366
1425 Benzo[b]thiophene, 2-ethyl-5,7-dimethyl- C12H14S 0.0074716
1465 Benzo[b]thiophene, 2,3-diethyl- C12H14S 0.013164
1477 Benzo[b]thiophene, 2,7-diethyl- C12H14S 0.0032058
1668 2H-Naphtho[l,8-bc]thiophene, 2-methyl- C12H10S 0.00074066
1748 Dibenzothiophene C12H8S 00077977
1779 Naphtho[2,3-b]thiophene C12H8S 0.0020111
1892 Dibenzothiophene, 4-methyl- C13H10S 0.0056251
1912 4-Methylnaphtho[ 1,2-b]thiophene C13H10S 0.0044778
1945 1 -Methy Idibenzothiophene C13H10S 0.0080392
1981 Dibenzothiophene, 3-methyl- C13H10S 0.0018329
Total (C10-C13) 0.43301985
1985 Thiophene, 2-ethyl-5-octyl- C14H24S 0.00082828
2016 2,7-Dimethyldibenzothiophene C14H12S 0.0081014
2050 2,8-Dimethyldibenzo(b,d)thiophene C14H12S 0.0067739
2079 1,7-Dimethyldibenzothiophene C14H12S 0.013286
2102 Naphtho[2,3-b]thiophene, 4,9-dimethyl- C14H12S 0.0056672
2120 3,7-Dimethyldibenzothiophene C14H12S 0.0011464
2155 Benzenemethanethiol, à-methyl-à-phenyl- C14H14S 0.0044283
2193 l-Propene-2-thiol, 1,1-diphenyl- C15H14S 0 0035467
2202 Phenalenof 1,9-bc]thiophene C14H8S 0.0021408
2206 Benzene, 1,1 '-[(methylthio)ethenylidene]bis- C15H14S 0.0057052
2289 l-Methylphenanthro[4,5-bcd]thiophene C15H10S 0.0010500
2459 Benzo[b]naphtho[ 1,2-d]thiophene C16H10S 0.0010516
2525 Benzo[b]naphtho[2,3-d]thiophene, 8-methyl- C17H12S 0.00084435
2541 Benzo[b]naphtho[2,3-d]thiophene, 7-methyl- C17H12S 0.0014087
2606 Benzo[b]naphtho[2,3-d]thiophene, 6,8-dimethyl- C18H14S 0.0017825
2613 Benzo[b]naphtho[2,3-d]thiophene, 7,8-dimethyl- C18H14S 0 0016566
Total (C14-C20) 0.0594179



T a b le  G i l  S u lfu r sp ec ies  fo u n d  in  o il fro m  all e x p e rim e n ts

Compounds Formula
Area (%)

Non-
Catalyst KL HY HB 0.25RhKL 0.25RhHY 0.25RhH B lR hH B NiM oS/

AI2 O 3

C oM oS/
AI2O 3

Thiophene, 2 -(l-  
methylethyl)- C7H10S 0.0117 0.0182 0.0046 0.0493 0.003 0.0115 0.0314 0.0189 0.0206 0.0695
Benzo[b]thiophene C8H6S 0.0283 0.0551 0.0755 0.0432 0.0539 0.0621 0.0911 0.0888 0.0613 0.048
Benzo[b]thiophene, 2- 
methyl- C9H8S 0.0187 0.0719 0.0114 0.0589 0.0602 - 0.0005 0.001 0.0014 0.0202

Benzo[b]thiophene, 6- 
methyl- C9H8S - 0.0414 0.0773 0.0442 - - 0.0457 0.0458 - -
3-
Methylbenzothiophene C9H8S 0.0499 0.0307 0.1043* 0.0247 0.0618 0.1382* 0.1361* 0.1614* 0.16573* 0.0913
Benzo[b]thiophene,
2,5-dimethyl- C10H10S 0.0409 0.1189* 0.1342* 0.1068* 0.0193 0.0342 0.0249 0.0487 0.0897 0.0401
Benzo[b]thiophene,
2,7-dimethyl- C10H10S 0.1138* 0.0401 0.0349 0.0316 0.1019* 0.2153* 0.0939 0.1665* 0.0279 0.1452*
Benzo[b]thiophene, 2- 
ethyl-7-methyl- C11H12S 0.0606 0.026 0.0892 0.0425 0.0022 0.0038 0.1001* 0.0025 0.0039 0.0025
Benzo[b]thiophene,
2,5,7-trimethyl- C11H12S 0.0446 0.0034 0.0057 0.0029 0.003 0.0917 0.0056 0.1379* 0.0116 0.0474
Benzo[b]thiophene, 7- 
ethyl-2-methyl- C11H12S 0.0077 0.0022 0.0064 0.0298 0.0637 0.0552 0.0046 0.0055 0.0547 0.0509
Benzo[b]thiophene,
2,7-diethyl- C12H14S 0.0463 0.0305 0.013 0.0556 0.001 0.0213 0.0033 0.0042 0.0071 0.0032
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A p p en d ix  H  P hysica l P ro p e rtie s  o f C a ta ly s ts

T ab le  H I  Catalyst properties obtained from surface area analyzer

Sample Sample mass 
(g)

Specific 
surface area 

(m2/g)

Pore specific 
volume 
(cm3/g)

Median pore 
width (Â)

Maximum  
pore width

(A )_____
KL 0.2729 239.9368 0.2672 6.677 6.67
HY 0.2790 547.6857 0.4376 7.788 7.656

HBETA 0.2564 525.7468 1.0115 8.040 8.100
0.25RhKL 0.2546 209.2667 0.1902 7.219 8.069
0.25RhHY 0.2824 531.0768 0.4151 7.927 7.795
0.25RhHB 0.2645 518.1262 0.5646 7.969 7.978

lRhHB 0.1114 500.0587 0.9308 7.705 7.095
NiM oS/Al20 3 0.2685 198.7473 0.4224 8.855 7.961
C0M0S/AI2O3 0.2417 213.8820 0.4339 8.107 5.067
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