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APPENDICES
A PPEN D IX  A. T E M P E R A T U R E  P R O F IL E S  

T able  A1 P y ro ly s is  c o n d i t io n s :  N o n -c a ta ly s t  

T ire  =  3 0 .0 6 6 6  g , N 2 f lo w  =  3 0  m l/m in  

C a ta ly t ic  T e m p e ra tu re  ( T l )  =  3 5 0  °c 
P y ro ly s is  T e m p e ra tu re  (T 2 )  =  5 0 0  ๐c

Time
(min) Tl T2 Time

(min) Tl T2 Time
(min) Tl T2 Time

(min) Tl T2
2 28.4 26.9 32 344.8 535.8 62 351.1 500.3 92 343.5 500.0

4 39.3 40 .9 34 354.8 523.3 64 348.7 500.3 94 339.9 500.8

6 56.4 63.9 36 343.5 508.6 66 349.6 499.7 96 339.8 499.7

8 79.5 94.7 38 360.1 499.5 68 349.4 500.4 98 339.7 499.3

10 111.2 136.9 40 363.3 504.2 70 347.6 500.9 100 338.1 500.8

12 148.2 183.4 42 365.2 498.7 72 348.0 499.6 102 338.0 499.2

14 190.5 236.1 44 359.4 500.3 74 348.3 500.5 104 337.3 500.7

16 235.0 293.5 46 350.7 491.1 76 347.4 499.9 106 337.6 500.2

18 269.6 357.2 48 348.5 500.5 78 348.0 499.7 108 337.0 500.1

20 322.4 412.5 50 349.1 501.0 80 346.8 501.4 110 335.7 500.7

22 265.7 407.6 52 347.0 499.9 82 346.5 499.9 112 335.5 499.6

24 289.7 458.8 54 347.9 499.1 84 344.9 499.6 114 336.2 500.0

26 311.4 511.5 56 348.4 499.8 86 344.6 499.1 116 335.8 499.8

28 326.7 468.4 58 348.3 501.2 88 344.6 499.9 118 332.7 500.3

30 325.3 544.8 60 349.4 498.8 90 342.7 499.8 120 333.0 500.4

60 0 .0  

500 .0  

~  40 0 .0  

I  3 ๓ . 0

Q.E 2๓ .0 £
1๓ .0

0 .0

/■ ■ ■1\ j  ■ ■ *■ ■ *■ ■ ■ ■ ■ «■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ « ■  *
f .  j)J********++*+*+**+*+*+*+++**++++*4+*+**m+m

/ " /Vup T1
M  - " - T 2

2 0 40 60

Time (min)
80 1๓ 1 20

Figure A1 T em p era tu re  p ro files  o f  non-cata ly tic  pyro lysis case.
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T a b le  A 2 P y ro ly sis  cond itions: H B ETA
Tire = 30.0015 g, N 2 flow = 30 ml/min 
Catalytic Temperature (Tl) = 350 °c  
Pyrolysis Temperature (T2) = 500 ๐c

Time
(min) Tl T2 Time

(min) Tl T2 Time
(min) Tl T2 Time

(min) Tl T2
2 24.2 24 .4 32 391.3 506.6 62 365.5 500.1 92 353.8 499.8

4 29.9 37.1 34 397.7 501.3 64 364.9 499.1 94 353.8 499.8

6 39.6 55.5 36 383.9 472.9 66 364.2 499.1 96 350.2 500.0

59.1 87.7 38 372.2 458.4 68 363.6 499.8 98 350.0 500.0

10 90.6 168.1 40 366.5 466.5 70 364.8 501.5 100 350.1 500.2

12 107.7 173.3 42 364.2 494.4 72 363.7 499.9 102 351.8 500.4

14 135.1 218.1 44 365.1 504.3 74 363.6 499.9 104 351.0 500.3

16 182.0 290.1 46 367.0 497.4 76 360.4 501.3 106 347.6 500.1

18 265.7 401.2 48 365.4 503.0 78 358.4 500.7 108 348.9 500.0

20 281.3 415.0 50 365.1 495.5 80 357.6 500.5 110 348.6 500.0

22 313.2 448.8 52 365.5 498.7 82 356.8 500.5 112 350.0 500.0

24 260.7 49 4 .9 54 365.7 500.0 84 356.5 500.4 114 350.1 499.8

26 310.1 509.6 56 365.5 500.0 86 354.3 499.7 116 349.9 499.7

28 344.5 505.6 58 365.6 500.1 88 353.8 499.7 118 349.8 500.1

30 375.2 498.8 60 365.4 500.1 90 353.9 499.8 120 348.9 500.3

6 ๓ .0

5 ๓ . 0

4 ๓ . 0 f

I  3 ๓ . 0

Q. J
§  2 ๓ . 0 - ... .... ...........
t—

T i

1 ๓ . 0 ....... I j t
พ

J i*

■ **■ **̂ «•■ *■ ■ •■ ■ ■ ■ »**■ •*»■ ■ *■ ■ ■ *»

พ.«พ̂**พ!- ^

T2

0 .0
20 40  60

Time (min)
80 1๓ 1 2 0

F ig u r e  A 2 T em p era tu re  p ro files o f  w aste tire  pyro lysis w ith  H B E T A  cata lyst.
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T a b le  A 3 P yro lysis cond itions: 5N i/H B E T A
T ir e  =  30.0009 g , N 2 T o w  =  30 m l/m in  
C a ta ly t ic  T e m p e r a tu r e  ( T l )  =  350 °c 
P y r o ly s is  T e m p e r a tu r e  ( T 2 )  =  500 °c

T i m e
( m i n ) T l 1 2 T i m e

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

( m i n ) T l T 2

2 2 7 . 3 2 6 . 1 3 2 3 1 9 . 4 4 9 7 . 8 6 2 3 4 8 . 2 4 9 6 . 8 9 2 3 4 4 . 3 4 9 9 . 8
4 3 1 . 4 3 4 . 6 3 4 3 2 3 . 4 4 9 1 . 9 6 4 3 5 1 . 0 4 9 9 . 2 9 4 3 4 6 . 7 4 9 9 . 3
6 4 2 . 7 5 4 . 4 3 6 3 2 7 . 8 4 8 7 . 0 6 6 3 5 1 . 1 4 9 8 . 7 9 6 3 4 4 . 2 4 9 7 . 4
8 6 1 . 4 8 3 . 8 3 8 3 3 2 . 6 4 7 3 . 8 6 8 3 5 2 . 0 4 9 9 . 1 9 8 3 4 3 . 8 5 0 0 . 6

10 9 3 . 8 1 2 8 .1 4 0 3 4 3 . 9 4 6 2 . 1 7 0 3 5 0 . 4 5 0 0 . 9 1 0 0 3 4 6 . 7 5 0 0 . 4
12 1 1 5 . 4 1 6 0 . 5 4 2 3 4 4 . 9 4 5 9 . 7 7 2 3 4 9 . 1 5 0 0 . 3 1 0 2 3 4 6 . 8 5 0 0 . 5
14 1 5 3 . 3 2 2 2 . 9 4 4 3 4 8 . 0 4 4 7 . 3 7 4 3 4 7 . 9 4 9 9 . 1 1 0 4 3 4 5 . 4 5 0 0 . 3
16 1 8 4 . 6 2 7 7 . 8 4 6 3 4 7 . 4 4 4 1 . 6 7 6 3 4 7 . 3 4 9 9 . 2 1 0 6 3 4 5 . 0 4 9 9 . 9
18 2 2 1 . 2 3 5 2 . 4 4 8 3 4 7 . 4 4 4 5 . 0 7 8 3 4 6 . 5 5 0 0 . 4 1 0 8 3 4 4 . 4 4 9 9 . 7
2 0 2 8 9 . 5 4 1 3 . 8 5 0 3 4 6 . 0 4 8 0 . 7 8 0 3 4 3 . 2 4 9 9 . 8 1 1 0 3 4 4 . 2 5 0 0 . 0
2 2 3 1 0 . 9 4 6 7 . 3 5 2 3 4 6 . 6 4 9 7 . 1 8 2 3 4 3 . 0 4 9 8 . 2 1 1 2 3 4 2 . 8 5 0 0 . 4
2 4 3 3 3 . 7 5 1 0 . 3 5 4 3 4 8 . 7 5 0 7 . 7 8 4 3 4 4 . 4 4 9 8 . 2 1 1 4 3 4 2 . 6 5 0 0 . 3
2 6 3 3 7 . 6 5 1 0 . 8 5 6 3 4 6 . 8 4 9 7 . 4 8 6 3 4 1 . 1 4 9 8 . 1 1 1 6 3 4 0 . 7 5 0 0 . 5
2 8 3 1 6 . 4 5 0 0 . 2 5 8 3 5 1 . 6 5 0 1 . 0 8 8 3 4 2 . 4 4 9 8 . 3 1 1 8 3 4 0 . 0 5 0 0 . 8
3 0 3 1 2 . 6 5 0 6 . 0 6 0 3 4 8 . 2 4 9 5 . 6 9 0 3 4 5 . 2 4 9 9 . 7 1 2 0 3 3 9 . 6 5 0 0 . 2
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T a b le  A 4 P yro lysis cond itions: 5N ilO M o/H B E T A
Tire = 30.085 g, N2 flow = 30 ml/min 
Catalytic Temperature (Tl) = 350 ๐c  
Pyrolysis Temperature (T2) = 500 °c

Time
(min) Tl T2 Time

(min) Tl T2 Time
(min) Tl T2 Time

(min) Tl T2
2 25.4 25.3 32 352.0 509.7 62 354.8 500.5 92 341.7 500.2
4 34.2 35.3 34 379.8 503.9 64 353.7 500.7 94 342.4 500.3
6 56.8 64.5 36 347.5 497.4 66 354.3 500.4 96 340.8 500.4
8 75.3 89.7 38 350.8 504.8 68 352.0 500.9 98 337.8 500.3
10 106.1 127.1 40 372.0 496.9 70 351.7 501.7 100 336.9 499.4
12 144.2 172.1 42 353.3 495.7 72 351.4 501.3 102 338.4 499.7
14 185.4 223.9 44 355.9 499.3 74 350.8 500.8 104 339.7 499.3
16 230.6 280.8 46 358.3 500.4 76 350.5 502.6 106 340.6 499.3
18 282.0 339.7 48 351.1 497.9 78 348.2 500.7 108 339.2 499.7
20 305.8 419.0 50 351.8 501.8 80 347.7 498.8 110 338.8 499.5
22 306.2 446.8 52 352.4 500.8 82 348.4 499.7 112 338.4 499.3
24 258.5 479.1 54 352.8 500.6 84 348.0 499.8 114 338.3 499.8
26 273.0 509.4 56 351.9 501.0 86 346.7 497.6 116 337.7 499.7
28 298.0 490.4 58 354.5 501.2 88 345.4 498.3 118 337.5 500.4

JO 330.7 515.7 60 355.4 500.5 90 342.8 500.4 120 337.3 500.6
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T a b le  A 5 P yro lysis cond itions: 5N i20M o/H B E T A
l ire = 30.0014 g, N2 How = 30 ml/min 
Catalytic Temperature (Tl) = 350 °c 
Pyrolysis Temperature (T2) = 500 °c

Time
(min) Tl T2 Time

(min) Tl T2 Time
(min) Tl T2 Time

(min) Tl T2
2 24.2 23.9 32 307.8 499.3 62 338.5 499.7 92 340.7 499.6
4 35.5 43.8 34 320.8 504.8 64 338.2 500.2 94 338.5 500.4
6 44.3 60.4 36 337.1 495.9 66 339.6 500.3 96 336.3 500.3
8 66.6 96.9 38 342.0 498.7 68 340.2 500.4 98 335.4 500.0
10 89.8 130.1 40 336.7 498.2 70 338.7 500.0 100 334.3 500.2
12 118.3 177.4 42 334.0 500.6 72 336.2 500.6 102 336.8 500.3
14 158.5 234.0 44 335.7 500.4 74 338.4 499.8 104 338.4 500.0
16 204.0 294.1 46 338.9 499.4 76 339.3 499.8 106 339.2 500.0
18 253.4 371.9 48 337.9 500.5 78 340.2 500.1 108 339.6 500.2
20 299.8 416.7 50 341.6 500.4 80 342.4 500.0 110 338.2 500.7
22 280.4 453.7 52 344.5 499.6 82 340.5 499.8 112 339.4 500.4
24 288.8 497.3 54 344.3 499.7 84 340.7 499.8 114 340.3 500.3
26 301.1 501.1 56 342.2 499.7 86 343.3 500.0 116 338.6 500.5
28 296.9 496.5 58 342.7 500.4 88 340.6 500.1 118 337.4 500.6
30 299.6 503.4 60 340.6 500.3 90 340.5 499.4 120 336.0 500.7
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Table A6 P yro lysis con d itio n s: 5Ni 1OW /HBETA
Tire = 30.0019 g, No Bow = 30 ml/min 
Catalytic Temperature (Tl) = 350 ๐c  
Pyrolysis Temperature (T2) = 500 °c

Time
(min) Tl T2 Time

(min) Tl T2 Time
(min) Tl T2 Time

(min) Tl T2
2 25.7 25.2 32 333.7 499.6 62 352.5 499.8 92 350.5 500.6
4 31.5 36.3 34 344.1 506.1 64 350.6 498.3 94 349.8 500.5
6 43.4 56.2 36 353.4 502.2 66 351.2 499.5 96 349.7 500.4
8 63.6 88.0 38 356.2 503.4 68 350.8 499.7 98 348.6 500.3
10 89.5 127.5 40 354.3 500.0 70 352.4 499.6 100 346.2 500.9
12 124.3 174.2 42 354.0 502.4 72 353.3 499.5 102 347.3 500.0
14 164.6 229.8 44 353.8 503.5 74 350.6 499.7 104 348.2 501.2
16 204.5 281.8 46 353.9 502.6 76 350.5 499.8 106 346.4 501.3
18 251.2 335.7 48 351.7 501.7 78 350.4 499.9 108 345.3 501.1
20 298.6 410.3 50 350.0 500.8 80 350.2 499.6 110 342.0 500.8
22 299.2 450.4 52 350.3 500.9 82 350.0 500.0 112 343.5 500.0
24 267.9 484.7 54 350.4 500.5 84 349.9 500.5 114 344.6 500.5
26 276.4 481.2 56 350.0 500.4 86 349.8 500.3 116 341.7 500.4
28 307.0 527.7 58 352.8 500.5 88 348.7 500.5 118 340.6 500.4
30 307.8 513.7 60 354.6 499.7 90 348.5 500.7 120 339.7 501.1
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Figure A6 T em p era tu re  p ro files o f  w aste  tire pyrolysis w ith 5Ni 1 OW /HBETA.
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T a b le  A 7 P yro lysis co n d itio n s: 5N i20W /'H B E T A
l ire = 30.0003 g, N2 flow = 30 ml/min 
Catalytic Temperature (Tl) = 350 °c 
Pyrolysis Temperature (T2) = 500 °c

Time
(min) Tl T2 Time

(min) Tl T2 Time
(min) Tl T2 Time

(min) Tl T2
2 26.8 27.0 32 322.9 519.5 62 346.7 500.0 92 342.7 499.8
4 35.8 46.5 34 332.2 502.7 64 340.3 500.0 94 343.5 499.7
6 46.1 61.9 36 333.2 506.2 66 340.2 500.2 96 344.8 499.9
8 70.3 100.6 38 333.9 501.6 68 340.7 500.4 98 342.6 500.0
10 91.4 131.5 40 346.9 494.5 70 341.5 500.6 100 341.7 500.0
12 128.8 183.9 42 348.1 498.2 72 342.6 500.7 102 343.4 499.9
14 162.2 232.9 44 348.5 500.5 74 342.2 500.0 104 347.8 499.7
16 209.4 291.1 46 350.3 498.8 76 342.0 500.4 106 346.5 499.4
18 257.5 346.2 48 352.8 499.1 78 341.3 500.3 108 346.9 499.3
20 303.8 419.4 50 350.3 500.5 80 340.4 500.1 110 347.8 499.2
22 328.5 444.0 52 353.5 499.2 82 340.7 500.2 112 348.4 499.5
24 262.4 484.0 54 353.8 499.9 84 340.9 500.4 114 346.5 499.6
26 275.6 471.3 56 353.6 499.0 86 342.4 500.3 116 345.3 499.5
28 291.2 522.0 58 350.8 498.8 88 343.5 500.0 118 344.4 499.5
TO 311.2 529.4 60 350.9 499.7 90 343.9 500.3 120 344.8 499.4
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Table A8 Pyrolysis conditions: 5 C0 /HBETA
T ire = 30.0013 g, N2 flow = 30 ml/min 
Catalytic Temperature (Tl) = 350 °c 
Pyrolysis Temperature (T2) = 500 ๐c
1 Time 
1 (min) Tl T2 Time

(min) Tl T2 Time
(min) Tl T2 Time

(min) Tl T2
2 39.7 50.0 32 353.1 484.9 62 348.2 502.6 92 347.6 500.8

4 57.1 76.9 34 353.1 473.5 64 349.7 500.8 94 347.4 500.6

6 94.6 128.1 36 356.5 464.2 66 348.6 501.6 96 346.9 500.5

8 114.1 152.5 38 355.3 473.9 68 347.5 500.7 98 346.8 500.4

10 145.3 196.6 40 355.4 477.6 70 346.8 499.8 100 345.0 499.6

12 198.0 274.8 42 355.9 484.4 72 346.3 499.9 102 346.3 499.8

14 233.6 330.6 44 350.6 500.3 74 345.9 499.4 104 346.7 500.5

16 298.2 407.5 46 343.9 506.3 76 346.7 500.4 106 346.5 500.4

18 239.5 438.6 48 347.8 507.4 78 348.3 500.3 108 346.8 499.8

20 291.8 485.1 50 348.2 505.2 80 349.6 500.0 110 347.2 500.9

22 281.8 509.5 52 347.5 504.8 82 350.3 502.4 112 345.4 499.8

24 298.6 503.3 54 348.6 504.7 84 350.0 502.8 114 344.3 500.2

26 324.8 503.2 56 349.7 503.6 86 348.5 501.9 116 342.1 500.1

28 342.0 503.9 58 348.6 502.9 88 347.6 501.5 118 341.7 499.9

351.5 488.0 60 347.3 503.0 90 346.8 501.4 120 340.6 499.7
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Figure A8 Temperature profiles of waste tire pyrolysis with 5 C0 /HBETA.
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Table A9 Pyrolysis conditions: 5Co20Mo/HBETA
Tire = 30.0666 g, N2 flow = 30 ml/min 
Catalytic Temperature (Tl) = 350 °c 
Pyrolysis Temperature (T2) = 500 ๐c

Tim 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 26.8 25.8 32 361.6 487.7 62 358.5 500.3 92 348.5 499.9

4 33.1 36.6 34 353.7 477.9 64 357.4 500.2 94 347.6 500.2

6 46 .7 57.1 36 349.1 483.3 66 355.3 500.2 96 346.5 499.8

8 64.9 86.0 38 346.9 506.3 68 352.0 500.0 98 346.4 499.7

10 91.6 128.6 40 344.6 499.7 70 350.0 499.8 100 346.4 500.0

12 118.4 170.9 42 349.3 505.4 72 349.9 499.7 102 345.0 500.1

14 164.8 237.1 44 355.5 497.0 74 349.8 499.7 104 347.3 500.2

16 206.7 290.5 46 353.9 494.4 76 348.5 499.9 106 346.2 500.2

18 271.8 387.5 48 356.6 498.4 78 350.3 500.3 108 345.4 500.1

20 315.9 404.5 50 359.7 500.3 80 350.2 500.2 110 343.3 499.9

22 333.7 458.0 52 359.8 500.2 82 350.1 500.3 112 342.8 499.9

24 350.9 499.1 54 360.0 500.6 84 350.0 500.6 114 342.5 499.8

26 357.0 505.4 56 360.3 500.5 86 350.2 500.5 116 342.7 499.9

28 359.5 500.5 58 361.1 500.4 88 350.4 500.4 118 342.3 500.0

30 361.0 501.4 60 359.5 500.7 90 351.0 500.3 120 342.0 500.1
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Figure A9 Temperature profiles of waste tire pyrolysis with 5Co20MO/HBETA.
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Table A10 Pyrolysis conditions: 5Co20W/HBETA
Tire = 30.0015 g, N2 flow = 30 ml/min 
Catalytic Temperature (Tl) -  350 °c 
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 43.8 30 .4 32 314.2 544.6 62 354.4 499.5 92 346.3 499.9

4 59.7 35 .9 34 340.2 530.4 64 353.8 499.7 94 347.2 499.8

6 68.7 43.3 36 366.7 512.2 66 353.7 499.9 96 347.5 499.8

8 88.4 60.2 38 364.3 510.4 68 352.7 500.0 98 347.6 499.7

10 119.7 90 .7 40 361.8 505.8 70 350.4 500.2 100 347.3 499.8

12 150.0 124.9 42 358.7 500.3 72 348.9 500.4 102 347.8 499.9

14 182.3 170.0 44 357.6 500.2 74 347.6 500.3 104 347.9 500.0

16 228.7 228.0 46 355.4 500.4 76 346.5 500.3 106 348.4 500.0

18 271.7 28 0 .4 48 353.2 500.7 78 344.3 500.3 108 347.3 500.2

20 307.1 342.3 50 350.7 499.8 80 344.0 500.4 110 347.6 500.3

22 325.4 40 6 .0 52 354.3 499.6 82 343.1 500.5 112 348.5 500.4

24 343.5 444.3 54 353.7 499.5 84 343.0 500.3 114 348.6 500.4

26 320.6 476.1 56 353.0 499.7 86 344.7 500.1 116 349.3 500.3

28 - 323.4 48 5 .9 58 353.8 500.3 88 345.4 500.1 118 349.6 500.3

30 311.5 520.7 60 354.0 500.7 90 345.5 500.0 120 350.3 500.2
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Figure A10 Temperature profiles of waste tire pyrolysis with 5Co20W/HBETA.
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Appendix B Yields of Pyrolysis Products

Table B1 Weight percentage of pyrolysis products obtained from Ni/HBETA and 
NiMo/HBETA catalysts

P rod u ct N o n -c a t H B E T A 5 N i/  H B E T A 5 N i l0 M o /

H B E T A

5 N i2 0 M o /

H B E T A

Gas 23 .7 26.5 18.2 19.6 26 .5

L iq u id 36.3 30 .2 33 .2 32.5 30 .0

S o lid 40 .0 4.02 39 .0 38 .9 37 .7

C o ke 0.0 0 3.11 9.63 8.9 5.71

G /L  ra tio 0.65 0.88 0.55 0.60 0.88

Table B2 Weight percentage of pyrolysis products obtained from Ni/HBETA and 
NiW/HBETA catalysts

P rod u ct N o n -c a t H B E T A 5 N i/  H B E T A 5 N Ü 0 W /

H B E T A

5 N i2 0 W /

H B E T A

Gas 23 .7 26 .5 18.2 20 .7 24 .8

L iq u id 36.3 30.2 33 .2 31.2 29 .6

S o lid 40 .0 4.02 39.0 39.3 39.3

C o ke 0.00 3.11 9.63 8.80 6.29

G /L  ra tio 0.65 0.88 0.55 0.66 0.84

Table B3 Weight percentage of pyrolysis products obtained from modified 
Co/HBETA catalysts

P rod u ct N o n -c a t H B E T A 5 C o / H B E T A 5 C o 2 0 M o /

H B E T A

5 C o 2 0 W /

H B E T A

Gas 23.7 26.5 27 .2 25 .2 25 .7

L iq u id 36.3 30 .2 25 .4 26 .2 28 .9

S o lid 40 .0 4 .0 2 39.0 41.3 38 .9

C oke 0.00 3.11 8.43 7.32 6.52

G /L  ra tio 0.65 0.88 1.07 0.96 0.89
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Appendix c  The Pyrolysis Gas Compositions

Table Cl Weight percentage of gas products obtained from Ni/HBETA and 
NiMo/HBETA catalysts

Gas
composition

Catalysts

Non Cat. HBETA 5Ni/HBETA 5NilOMo/
HBETA

5Ni20Mo/
HBTEA

M e t h a n e 2 1 . 5 1 1 5 . 7 7 1 5 . 9 4 1 7 . 6 7 1 9 . 1 4

E t h y l e n e 1 4 . 6 4 8 . 4 6 8 . 9 0 1 0 . 4 2 1 0 . 8 8

E t h a n e 1 4 . 2 1 1 1 . 3 8 1 1 . 5 9 1 3 . 4 0 1 4 . 3 6

P r o p y l e n e 1 1 . 6 6 9 . 3 7 9 . 2 3 1 0 . 0 4 9 . 7 7

P r o p a n e 7 . 0 4 9 . 1 5 7 . 6 4 8 . 2 7 8 . 3 2

M i x e d  C 4 1 5 . 1 4 2 7 . 0 4 2 9 . 1 4 2 2 . 6 0 1 9 . 7 2

M i x e d  C 5 1 5 . 8 0 1 8 . 8 4 1 7 . 5 3 1 7 . 5 9 1 7 . 8 1

Table C2 Weight percentage of gas products obtained from the NiW/HBETA and 
modified Co/HBETA catalysts

Gas
composition

Catalysts

5NilOW/
HBETA

5Ni20\V/
HBETA 5CO/HBETA 5Co20Mo/

HBETA
5Co20W/
HBTEA

M e t h a n e 1 7 . 6 3 1 9 . 4 6 1 8 . 7 3 1 9 . 8 0 1 8 . 4 5

E t h y l e n e 1 0 . 4 4 1 1 . 5 9 9 . 8 3 1 1 . 0 1 1 1 . 6 2

E t h a n e 1 2 . 9 0 1 3 . 8 5 1 3 . 7 2 1 4 . 2 7 1 3 . 5 7

P r o p y l e n e 9 . 7 2 1 0 .2 1 9 . 6 6 1 0 . 0 4 1 0 . 3 9

P r o p a n e 7 . 9 2 7 . 5 9 8 . 5 0 8 . 0 1 7 . 6 4

M i x e d  C 4 2 3 . 0 7 1 9 . 8 4 2 3 . 4 9 1 9 . 7 4 2 0 . 5 9
M i x e d  C 5 1 8 . 3 2 1 7 . 4 5 1 6 . 0 7 1 7 . 1 3 1 7 . 7 5
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Appendix D Amount of Asphaltene in Pyrolysis Oils

Table D1 Amount of asphaltene in pyrolysis oils

Catalysts Asphaltene (wt%)
N o n -c a t 0 .4 70

H B E T A 0.2 5 0

5 N i/H B E T A 0.015

5 N Ü 0 M O /H B E T A 0.011

5 N i2 0 M o /H B E T A 0.011

5 N Ü 0 W /H B E T A 0.0 18

5 N i2 0 W /H B E T A 0.0 22

5 C O /H B E T A 0.0 38

5 C o 2 0 M o /H B E T A 0.0 1 4

5 C o 2 0 W /H B E T A 0.023

Appendix E Chemical Compositions of Maltenes

Table E l Chemical compositions of maltenes obtained from Ni/HBETA and 
N1M0/HBETA catalysts

^ C a ta ly s t  com ponent 

C hem ica l c o m p o s i t io iT ' ' ' ' - \ ^ ^

Non Cat. H B E T A 5 N i/H B E T A
5 N ilO M o /

H B E T A

5N i20 M o/

H B E T A

S atu ra ted H C . 44 .9 4 45 .05 41.61 47 .2 8 48.58

M o n o -a ro m a tic 19.01 18.95 13.8 2 0 .3 4 23.45

D i-a ro m a tic 12.91 12.89 9.55 10.03 7.65

P o ly -a ro m a tic 12.73 12.72 2 2 .2 9 13.47 12.28

P o la r-a ro m a tic 10.41 10.39 12.75 8.88 8.04
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Table E2 Chemical compositions of maltenes obtained from NiW/HBETA and 
modified Co/HBETA catalysts

Catalyst component 

Chemical c o m p o sit io n ''^ -^ ^

5NÜ0W /
HBETA.

5Ni20 พ /  
HBETA 5CO/HBETA 5Co20M o/

HBETA
5Co20W/
HBETA

S atura ted H C . 45 .4 9 47 .6 2 45.1 52 .1 2 63.84

M o n o -a ro m a tic 19.44 19.34 18.04 2 0 .4 4 13.75

D i-a ro m a tic 7.64 8.63 10.26 7.55 5.84

P o ly -a ro m a tic 19.1 16.37 18.35 9 .7 6 7.91

P o la r-a ro m a tic 8.33 8.04 8.24 10.13 8.66

Appendix F Petroleum Fractions of Derived Oils

Table FI Petroleum fractions of derived oils obtained from Ni/HBETA and 
NtMo/HBETA catalysts

\ C a t a l y s t
F r a c t i o n ~ " ' \

Non C at. H B E T A SN i/H B E T A
5N Ü 0M O /
H B E T A

5N i20M o/
H B E T A

N a p h th a 45 .48 34.48 45 .77 40.23 47.4

K erosene 14.85 20.56 16.37 21 .29 16.87

L ig h t  Gas O il 11.39 15.37 13.07 13.01 12.51

H e a v y  Gas O il 12.26 13.09 13.96 11.92 12.44

Residues 16.03 16.5 10.83 13.55 10.78

Table F2 Petroleum fractions of derived oils obtained from NiW/HBETA and 
modified Co/HBETA catalysts

C a ta lyst 5NH0W / 5Ni20YV/ 5CO/HBETA 5Co20Mo/ 5Co20W/
F r a c t i o i i ' ' ' ' \ _ ^ HBETA. HBETA HBETA HBETA
N a p h th a 45 .48 45 .8 48 .53 52.17 47.82

K erosene 14.85 19.59 18.17 15.3 21 .95

L ig h t  Gas O il 11.39 12.4 11.63 11.03 13.18

H e a v y  Gas O il 12.26 11.28 11.83 11.47 10.41

R esidues 16.03 10.93 9.84 10.03 6.64
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Appendix G Sulfur in Derived Oils and Sulfur deposition on Spent Catalysts

Table G1 Sulfur in derived oils and sulfur deposition on spent catalysts

C ata lysts Su lfu r in oil
(% w t)

S u lfu r  on  
sp en t cat 

(% w t)
N o n -c a t

1.36 0

H B E T A
1.27 0 .3 74

5 N i/H B E T A
1.016 0.8675

5 N ilO M o /H B E T A
1.205 0.7 77

5 N i2 0 M o /H B E T A
0.8165 0.2675

5 N Ü 0 W /H B E T A
1.195 0.715

5 N i2 0 W /H B E T A
0.9635 0.915

5 C 0 /H B E T A
1.0565 0.715

5 C o 2 0 M o /H B E T A
0.558 0.79

5 C o 2 0 W /H B E T A
0.51 0.445

Appendix H Sulfur distribution

Table HI Sulfur distribution (%wt) in the pyrolytic products obtained from using 
each catalyst

C a ta lyst G as O il C h ar C oke
N o n -c a t

32.3 20.2 47 .6 0

H B E T A
25.1 22 .8 45 .2 6 .8 8

5 N i/H B E T A
22 .0 0.99 57.3 19.7

5 N ilO M o /H B E T A
25 .6 21.1 37.8 15.6

5 N i2 0 M o /H B E T A
24.4 15.9 43 .9 15.8

5 N Ü 0 W /H B E T A
16.0 55.1 23.5 5.37

5 N i2 0 W /H B E T A
18.6 18.2 44 .4 18.7

5 C O /H B E T A
17.5 23.2 43 .6 15.6

5 C o 2 0 M o /H B E T A
9.55 9.44 64.3 16.7

5 C o 2 0 W /H B E T A
9.63 18.3 62 .9 9 .1 7
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APPENDIX I Carbon Number Distribution of polar-aromatics

Table II Carbon Number Distribution of polar-aromatics obtained from Ni/HBETA 
and NiMo/HBETA catalysts

N o .C arb on N on -cata ly tic H B E TA 5N i/H B E T A 5N ilO M o/
H B E T A

5N i20M o/
H B E TA

1 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000
4 0.000 0.002 0.003 0.009 0.015

5 0.007 0.023 0.036 0.084 0.140

6 0.023 0.034 0.053 0.112 0.179

7 0.058 0.048 0.074 0.144 0.221

8 0.116 0.066 0.100 0.179 0.265

9 0.194 0.086 0.131 0.217 0.311

10 0.287 0.111 0.168 0.258 0.358

11 0.384 0.139 0.209 0.301 0.405

12 0.4 77 0.171 0.257 0.345 0.453

13 0.560 0.206 0.309 0.392 0.500

14 0.629 0.245 0.366 0.439 0.546

15 0.684 0.288 0.428 0.487 0.592

16 0.725 0.333 0.495 0.536 0.637

17 0.752 0.383 0.565 0.585 0.680

18 0.7 69 0.435 0.639 0.635 0.722

19 0.7 77 0.491 0.716 0.686 0.763

20 0.778 0.550 0.795 0.737 0.801

21 0.773 0.612 0.874 0.789 0.835

22 0.765 0.678 0.953 0.842 0.865

23 0.754 0.748 1.028 0.896 0.888

24 0.741 0.822 1 096 0.950 0.902

25 0.728 0.898 1.154 1.003 0.902

26 0.713 0.977 1.196 1.054 0.887

27 0.698 1.058 1.218 1.098 0.853

28 0.682 1.139 1.216 1.130 0.799

29 0.6 67 1.216 1.187 1.141 0.728

30 0.651 1.286 1.132 1.120 0.644

31 0.635 1.342 1.054 1.058 0.553

32 0.619 1.380 0.958 0.951 0.462

33 0.602 1.391 0.851 0.806 0.377

34 0.585 1.370 0.740 0.644 0.302

35 0.566 1.314 0.632 0.487 0.238

36 0.547 1.224 0.532 0.352 0.186

37 0.526 1.108 0.442 0.247 0.144

38 0.504 0.973 0.364 0.170 0.111
39 0.4 80 0.832 0.297 0.116 0.085

40 0.4 54 0.695 0.241 0.079 0.066

41 0.426 0.569 0.195 0.054 0.050

42 0.3 96 0.458 0.156 0.037 0.039

43 0.363 0.363 0.125 0.025 0.030



70

44 0.327 0.285 0.099 0.018 0.023
45 0.288 0.220 0.078 0.012 0.017
46 0.245 0.167 0.060 0.008 0.013
47 0.197 0.121 0.045 0.006 0.010
48 0.144 0.082 0.031 0.004 0.006
49 0.084 0.046 0.017 0.002 0.004
50 0.017 0.009 0.003 0.000 0.001

T ab le  12 Carbon Number Distribution of polar-aromatics obtained from 
NiW/HBETA and modified Co catalysts

N o.C arbon
i

5N Ü 0 W /
H B E T A .

5N i20W /
H B E TA

5C O /H BETA
5C o 20 M o/

H B E T A
5C o20W /
H B E T A

1 0.000 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.000 0.000
4 0.000 0.001 0.013 0.008 0.014
5 0.007 0.020 0.126 0.080 0.142
6 0.023 0.051 0.163 0.110 0.202
7 0.058 0.103 0.202 0.144 0.273
8 0.116 0.174 0 245 0.183 0.354
9 0.194 0.258 0.289 0.226 0.442
10 0.287 0.349 0.334 0.274 0.532
11 0.384 0.436 0.380 0.324 0.618
12 0.477 0.515 0.427 0.378 0.695
13 0.560 0.582 0.474 0.433 0.758
14 0.629 0.636 0.521 0.490 0.802
15 0.684 0.676 0.567 0.547 0.826
16 0.725 0.703 0.613 0.604 0.830
17 0.752 0.721 0.658 0.659 0.817
18 0.769 0.729 0.703 0.711 0.789

1 19 0.777 0.731 0.747 0.760 0.750
20 0.778 0.728 0.791 0.803 0.704
21 0.773 0.721 0.835 0.839 0.655
22 0.765 0.711 0.878 0.868 0.604
23 0.754 0.699 0.920 0.888 0.554
24 0.741 0.687 0.960 0.899 0.506
25 0.728 0.673 0.993 0.900 0.461
26 0.713 0.660 1.015 0.890 0.420
27 0.698 0.646 1.017 0.870 0.381
28 0.682 0.632 0.991 0.842 0.346
29 0.667 0.618 0.925 0.805 0.314
30 0.651 0.605 0.817 0.761 0.285
31 0.635 0.591 0.677 0.712 0.258
32 0.619 0.576 0.525 0.659 0.234
3 3 0.602 0.562 0.383 0.605 0.212
34 0.585 0.546 0.268 0.550 0.192
35 0.566 0.530 0.181 0.496 0.174
36 0.547 0.513 0.120 0.444 0.157
37 0.526 0.495 0.079 0.395 0.142
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38 0.504 0.475 0.052 0.3 49 0.128

39 0.480 0.453 0.034 0.3 06 0.115

40 0.4 54 0.430 0.023 0 .2 6 7 0.1 02

41 0.4 26 0.404 0.015 0.231 0.091

42 0.396 0.376 0.010 0.1 99 0.080

43 0.363 0.346 0.007 0.1 70 0.0 70

44 0.327 0.312 0.005 0.143 0.061

45 0.288 0.275 0.003 0.118 0.051

46 0.245 0.234 0.002 0.095 0.0 42

47 0.197 0.188 0.002 0.073 0.033

48 0.144 0.138 0.001 0.052 0.0 24

49 0.084 0.081 0.001 0.0 30 0.014

50 0.017 0.017 0.000 0.0 06 0.003
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APPENDIX J Distribution of sulfur compounds in petroleum fractions

Table J1 Distribution of sulfur compounds in petroleum fractions from Ni/HBETA 
and NiMo/HBETA catalysts

N on cat H B E T A 5N i/H B E T A 5N ilO M o/H B E T A 5N i20M o/H B E T A
G aso line

C 5 -C 9 33.8 47 .3 55.3 43 .8 45.0

K erosene

C 1 0-C 1 3 55.6 50 .0 44.3 53 .4 45.1

Gas o il C 1 4 -

C 20 10.6 2 .7 0 0.34 2 .8 4 8.35

L V G O  C 2 1 - 

C23 0 0 0 0 0

H V G O  C 2 4 - 

C 50 0 0 0 0 0

Table J2 Distribution of sulfur compounds in petroleum fractions from 
NiW/HBETA and modified Co/HBETA catalysts

5N Ü 0 W /
H B E T A .

5N i20W /
H B E T A

5CO /H BETA
5C o 20 M o/

H B E T A
5C o20W / H B E T A

G a so lin e

C 5 -C 9 20 .9 36.8 41 .6 59.3 53.3

Kerosene

C 1 0 -C 1 3 70.4 60.3 31.3 39 .7 44.3

Gas o i l  C 1 4 - 

C 20 8.68 2.81 27.1 0.99 2.33

L V G O  C 2 1 - 

C23 0 0 0 0 0

H V G O  C 2 4 - 

C 50 0 0 0 0 0
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APPENDIX K Sulfur compounds in oils from all catalysts.

Table K1 Sulfur compounds in oil from the non-catalytic case
N am e F o rm u la r A re a  %

T h io p h e n e , 2 - ( l -m e th y le th y l) - C 7 H 10 S 1.3839

B e n ze n e th io l C 6 H 6 S 0.30196

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 0.72133

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 0.65462

T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 1.7774

T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 0.85483

T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 0.74795

j B e n z e n e th io l, 3 -m e th y l- C 7 H 8 S 0.47752

T h io p h e n e , 2 - (2 -b u te n y l) - ,  (E )- C 8 H 10 S 1.0302

B e n z o [b ]th io p h e n e C 8 H 6 S 3.317

4 - Is o p ro p y lth io p h e n o l C 9 H 1 2 S 0.62165

2 -B e n z o th io p h e n e C 8 H 6S 0.0 866 77

T h ioph en e, 2 -h e x y l- C 1 0 H 1 6 S 1.2257

3 -M e th y lb e n z o th io p h e n e C 9 H 8S 5.8476

B c n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8S 2.1865

B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8S 6.0267

B e n z o [b ]th io p h e n e , 2 ,5 -d im e th y l- C 3H 6S 3 4.7837

B e n z o fb jth io p h e n e , 7 -e th y l- CT OH 1 OS 5.3197

; 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 13.322

B e n z o fb jth io p h e n e , 3 ,6 -d im e th y l- C 1 0 H 1 0 S 3.5151

5 -E th y lb e n z o [b ] th io p h e n e C 1 0 H 1 0 S 1.6039

J S u lfid e , 1 -b u ty n y l p h e n y l C 1 0 H 1 0 S 2.6537

Benzene, l-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 0.23545

B e n z o fb jth io p h e n e , 3 ,5 -d im e th y l- C 1 0 H I0 S 0.2 844 6

B e n z o fb jth io p h e n e . 2 -e th y  1 -7 -m e thy l- C 1 1 H 1 2 S 7.0944

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 2 S 1.9931

B e n z o fb jth io p h e n e , 2 ,5 ,7 - tr im e th y l C 1 1 H 1 2 S 5.2206

B e n z o fb jth io p h e n e , 7 -e th y l-2 -m e th y l- C l  1H 12S 0.9 047 2

B e n z o fb jth io p h e n e , 2 -e th y  1 -5 -m e thy l- C 1 1 H 1 2 S 0 .5 192 7

B e n z o fb jth io p h e n e , 2 ,3 -d ie th y l- C 1 2 H 1 4 S 0.92551

B e n z o fb jth io p h e n e , 2 ,7 -d ie th y l- C 1 2 H 1 4 S 5.422

B e n z o fb jth io p h e n e , 2 -e th y  1-5,7 -d im e th y l- C 1 2 H I4 S 0.2 373 7

B e n z o fb jth io p h e n e , 7 -e th y l-2 -p ro p y l- C 1 3 H 1 6 S 0.79963

D ib e n z o th io p h e n e C 1 2 H 8 S 1.6837

N a p h th o [2 , l-b ]  th io p h e n e C 1 2H 8 S 0.7 266 7

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 1.4757

T h io x a n th e n e C 1 3 H 1 0 S 0.5 140 7
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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 0.92092

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 0.27743

3 -E th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.20139

2 ,8 -D im e th y ld ib e n z o (b ,d ) th io p h e n C 1 4 H 1 2 S 0.7 216 6

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 2.6001

2 ,6 -D in ie th y ld ib e n z o th io p h e n e C 1 4 H 1 2 S 0.6658

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 1.6922

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 1.0677

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 0.7001

P he na len o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0.7 189 4

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 1.0859

l-M e th y lp h e n a n th ro [4 ,5 -b c d ]th io p h e n C 1 5 H 1 0 S 0.18375

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 0.40427

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 0.18342

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 0.3 874 9

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 0.2458

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 0.519

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 0.3114

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 0.4 402 4

Table K2 Sulfur compounds in oil from the HBETA
N am e F o rm u la r A re a  %

’ T h io p h e n e , 2 -e th y l- C 6 H 8 S 1.2523

3 ,4 -D im e th y lth io p h e n e C 6 H 8 S 0.7 895 4

3 ,4 -D im e th y lth io p h e n e C 6 H 8 S 0.2 342 6

T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 0.53712

T h io p h e n e , 2 -e th e n y l- C 6 H 8 S 0.4 358 4

; T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 0.3 880 7

T h io p h e n e , 2 - ( l-m e th y le th y l) - C 7 H 1 0 S 4.8 594

T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 0.52506

B e n z e n e th io l C 6 H 6 S 0.4 406 9

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 1.2388

T h io p h e n e , 2 -e th y l-5 - is o p e n ty i- C 1 1 H 1 8 S 3.8925

T h io p h e n e , 2 -e th y l-5 - is o p e n ty l- C 7 H 1 0 S 1.0587

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 2.4641

2 -(2 -M e th y lv in y l) th io p h e n e C 7 H 8 S 0.3 367 6

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 3.32

T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 1.7162

T h io p h a n e , p ro p y l- C 7 H 1 4 S 0.7 050 4

Thiophene , 2 -b u ty l- C 8 H 1 2 S 2.9 736

2 -C y c lo p ro p y lth io p h e n e C 7 H 8 S 0.4 098 6
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T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 2.5851

B e n z e n e th io l, 3 -m e th y l- C 7 H 8 S 0.4555

T h io p h e n e , 2 - (2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.3285

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 0.21536

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 1.8186

B e n z o [b ]th io p h e n e C 8 H 6 S 4.252

C y c lo p e n ta [b ]th ia p y ra n C 8 H 6 S 0.31413

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 0.36168

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 0.15498

T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.98213

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 0.084461

B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8 S 5.8021

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 0.46764

3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 2.4307

B e n z o [b ]th io p h e n e , 6 -m e th y l- C 9 H 8 S 4.3 574

1 ,3 ,5 -T rith ia n e C 3 H 6 S 3 0.26965

B e n z o [b ]th io p h e n e , 4 -m e th y l- C 9 H 8 S 0.09372

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 0.30923

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 3.1123

T h io p h e n e , 3 -p h e n y l- C 1 0 H 8 S 1.0649

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 10.518

2 -N a p h th a le n e th io l C 1 0 H 8 S 0.20708

)3 e n zo [b ]th io p h e n e , 3 ,5 -d im e th y l- C 1 0 H 1 0 S 1.5001

S u lfid e , 1 -b u ty n y l p h e n y l C 1 0 H 1 0 S 3.5218

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 1.2833

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 0.41594

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 0.12458

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 0.28492

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 IH 1 2 S 4.1862

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 1.4046

B e n z o [b ]th io p h e n e , 7 -e th y  1 -2 -m ethy l- C 1 1 H 1 2 S 2.93

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 2.0045

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 5.4802

B e n z o [b ]th io p h e n e , 2 -e th y  1-5,7 -d im e th y l- C 1 2 H 1 4 S 0.5 648 8

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 0.75581

l- (3 '- ls o p ro p y lp h e n y lth io )p ro p - l-y n e C 1 2 H 1 4 S 1.2209

D ib e n z o th io p h e n e C 1 2 H 8 S 0.9 511 4

N a p h th o [2 , l-b ] th io p h e n e C 1 2 H 8 S 0.35733

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 0.8 474 6

T h io x a n th e n e C 1 3 H 1 0 S 0.8 818 4

! 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 0.82545

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 0.27283
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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 0.55332

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 1.27

Benzene, l, 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 0.24675

P he na len o [ 1,9 -b c ]th io p h e n e C 1 4 H 8 S 0.15181

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 0.051208

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 0.14965

Table K3 Sulfur compounds in oil from the 5Ni/HBETA
N a m e F o rm u la r A re a  %

T h io p h e n e , 3 -e th y l- C 6 H 8 S 1.7596

T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 1.0605

Thiophene , 2 -e th y l- C 6 H 8 S 0.95381

3 ,4 -D im e th y lth io p h e n e C 6 H 8 S 3.8054

T h io p h e n e , 2 -e th e n y l- C 6 H 8 S 0.4838

T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 3.3226

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 3.8432

T h io p h e n e , 2 -m e th y l- C 5 H 6 S 1.0738

T h io p h e n e , 2 - ( l -m e th y le th y l) - C 7 H 1 0 S 4.5751

T h io p h e n e . 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0.71607

T h io p h e n e . 3 ,4 -d ie th y l- C 8 H 1 2 S 3.0513

T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 3.7543

T h io p h e n e , 3 -( 1,1 -d im e th y le th y l) -  ร C 8 H 1 2 S 0.23458

T h io p h e n e , 2 - (2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.4 147 6

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 1.9101

T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 2.2997

B e n z o [b ]th io p h e n e C 8 H 6 S 5.9478

T h io p h e n e , 2 -h e x y l- C 1 0 H 1 6 S 0.85554

B e n z o [b ]th io p h e n e , 4 -m e th y l- C 9 H 8 S 8.0273

3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 3.3749

B e n z o [b ]th io p h e n e , 2 -m e th y l- C 9 H 8 S 4.73

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 4.0408

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 4.3055

T h io p h e n e , 2 -p h e n y l- C 1 0 H 8 S 1.4734

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 10.665

Benzene, [ (2 -m e th y le n e c y c lo p ro p y l) th io ]- C 1 0 H 1 0 S 1.5189

5 -E th y lb e n z o [b ]th io p h e n e C 1 0 H 1 0 S 0.75248

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 2.0 977

S u lfid e , 1 -b u ty n y l p h e n y l C 1 0 H 1 0 S 3.6283

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 1.5614

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 5.7761
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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 1.41

B e n z o [b ]th io p h e n e , 7 -e th y  1 -2 -m e thy l- C 1 1 H 1 2 S 1.6927

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 0.66887

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 2.7722

D ib e n z o th io p h e n e C 1 2 H 8 S 0.54115

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 0.55795

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 0.34362

Table K4 Sulfur compounds in oil from the 5NilOMo/HBETA
N am e F o rm u la r A re a  %

T h io p h e n e , 3 -m e th y l- C 5 H 6 S 0.065908

T h io p h e n e , 3 -e th y l- C 6 H 8 S 0.24339

T h io p h e n e , 2 -e th y l- C 6 H 8 S 0.45417

T h io p h e n e , 2 ,5 -d im e th y l- C 6 H 8 S 0.70518

T h io p h e n e , 2 ,3 -d im e th y l- C 6 H 8 S 0.47666

3 ,4 -D im e th y lth io p h e n e C 6 H 8 S 0.0 439 39

T h io p h e n e , 2 -p ro p y l- C 7 H 1 0 S 1.3565

T h io p h e n e , 2 - ( l -m e th y le th y l) - C 7 H 1 0 S 2.8534

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 1.9022

2 -C y c lo p ro p y lth io p h e n e C 7 H 8S 0.082358

T h io p h e n e , 2 ,3 ,4 - tr im e th y l- C 7 H 1 0 S 0.28026

T h io p h e n e , 3 ,4 -d ie th y l- C 8 H 1 2 S 1.0848

T h io x y le n o l C 8 H 1 0 S 0.1 149 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 1.7651

T h io p h e n e , 2 ,5 -d ie th y l- C 8 H 1 2 S 1.0163

T h io p h e n e , 2 -b u ty l- C 8 H 1 2 S 0.76882

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 1.0377

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 0.85651

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 5.225

2 -(2 ,2 -D im e th y l v in y l) th io p h e n e C 8 H 1 0 S 0.15685

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 0.035463

T h io p h e n e , 2 -(2 -b u te n y l) - ,  (E )- C 8 H 1 0 S 0.33586

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 1.1911

T h io p h e n e , 2 -p e n ty l- C 9 H 1 4 S 1.9079

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 0.1 409 6

B e n z o [b ]th io p h e n e C 8 H 6 S 4.7727

C y c lo p e n ta [c ]th ia p y ra n C 8 H 6 S 0.0 365 22

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 0.045425

B e n z o [b ]th io p h e n e , 6 -m e th y l- C 9 H 8 S 5.5181

3 -M e th y lb e n z o th io p h e n e C 9 H 8 S 8.6978

B e n z o [b ]th io p h e n e , 5 -m e th y l- C 9 H 8 S 0.0 758 19
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T h i o p h e n e ,  3 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 2 9 6 4 5
B e n z o [ b ] t h i o p h e n e ,  2 - m e t h y l C 9 H 8 S 0 . 0 8 1 0 7 3
5 - E t h y l b e n z o f b l t h i o p h e n e C 1 0 H 1 0 S 0 . 2 5 4 4 7
B e n z o f b ] t h i o p h e n e ,  2 , 5 - d i m e t h y l - C 1 0 H 1 0 S 4 . 1 7 5 8
2 , 3 ' - B i t h i o p h e n e C 8 H 6 S 2 0 . 0 6 2 9 6
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 3 . 2 7 2 2
T h i o p h e n e ,  3 , 5 - d i m e t h y l - 2 - ( m e t h y l t h i o ) - C 7 H 1 0 S 2 0 . 5 1 2 1 9
T h i o p h e n e ,  3 - p h e n y l - C 1 0 H 8 S 1 . 5 7 9 6
B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i m e t h y l - C 1 0 H 1 0 S 8 . 7 9 4 7
B e n z o f b l t h i o p h e n e ,  3 , 6 - d i m e t h y l - C 1 0 H 1 0 S 2 . 9 1 8 5
B e n z o [ b ] t h i o p h e n e ,  2 - p r o p y l - C 1 1 H 1 2 S 0 . 1 1 7 6 1
B e n z o [ b ] t h i o p h e n e ,  3 , 5 - d i m e t h y l C 1 0 H 1 0 S 0 . 1 3 5 3 2
B e n z o f b l t h i o p h e n e ,  7 - e t h y l - 2 - m e t h y l - C 1 1 H 1 2 S 0 . 6 2 8 8
2 - ( 2 - M e t h y l - p r o p e n y l ) - i n d a n - l - t h i o l C 1 3 H 1 6 S 1 . 8 6 1 4
B e n z o f b l t h i o p h e n e ,  2 - e t h y l - 5 - m e t h y l - C 1 1 H 1 2 S 9 . 4 5 5 5
B e n z o f b l t h i o p h e n e .  2 , 5 , 7 - t r i m e t h y l - C 1 1 H 1 2 S 7 . 1 9 2 3
2 , 2 ’- M e t h y l e n e d i t h i o p h e n e C 9 H 8 S 2 0 . 0 4 4 8 5 1
B e n z o f b l t h i o p h e n e ,  2 - e t h y  1 - 7 - m e t h y l - C 1 1 H 1 2 S 0 . 6 8 1 4 8
B e n z o f b l t h i o p h e n e ,  2 , 3 - d i e t h y l - C 1 2 H 1 4 S 0 . 5 3 4 9 3
T h i o p h e n e ,  2 - ( p h e n y l m e t h y l ) - C l  1H 1OS 0 . 1 8 6 1 5
B e n z o f b l t h i o p h e n e ,  2 , 7 - d i e t h y l - C 1 2 H 1 4 S 1 . 3 2 8 7
1 - ( 3 ’- I s o p r o p y l p h e n y l t h i o ) p r o p - 1 - y n e C 1 2 H 1 4 S 1 . 1 2 5 5
B e n z o f b l t h i o p h e n e ,  2 - e t h y  1 - 5 , 7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 6 0 5 3
B e n z o f b l t h i o p h e n e ,  7 - e t h y l - 2 - p r o p y l - C 1 3 H 1 6 S 0 . 6 5 5 5 9
D i b e n z o t h i o p h e n e C 1 2 H 8 S 0 . 6 8 3 9 6
N a p h t h o [ 2 , 3 - b ] t h i o p h e n e C 1 2 H 8 S 0 . 2 7 2 5 8
D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 0 . 5 6 5 0 5
T h i o x a n t h e n e C 1 3 H 1 0 S 0 . 9 0 0 2
D i b e n z o t h i o p h e n e ,  3 - m e t h y l - C 1 3 H 1 0 S 0 . 0 9 6 0 9 6
3 - E t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 2 9 1 5 4
2 , 6 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 5 4 8 7 2
2 , 8 - D i m e t h y l d i b e n z o ( b , d ) t h i o p h e n e C 1 4 H 1 2 S 0 . 4 9 8 4 7
1 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 1 . 9 4 9 8
B e n z e n e m e t h a n e t h i o l ,  à - m e t h y l - à - p h e n y l - C 1 4 H 1 2 S 0 . 7 4 7 0 8
3 , 7 - D i m e t h y I d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 2 1 4 2 1
B e n z e n e ,  1 ,1  ' - [ ( m e t h y l t h i o ) e t h e n y l i d e n e ] b i s - C 1 5 H 1 4 S 0 . 3 4 0 2 9
P h e n a l e n o f  1 , 9 - b c l t h i o p h e n e C 1 4 H 8 S 0 . 1 5 3 2 1
1 - P r o p e n e - 2 - t h i o l ,  1,1 - d i p h e n y l - C 1 5 H 1 4 S 0 . 6 3 5 2 2
D i b e n z o f b . d j t h i o p h e n e ,  1 , 3 , 6 , 7 - t e t r a m e t h y l - C 1 6 H 1 6 S 0 . 1 8 7 1 5
l - M e t h y l p h e n a n t h r o f 4 , 5 - b c d l t h i o p h e n e C 1 5 H 1 0 S 0 . 0 9 8 7 3 2
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e C 1 6 H 1 0 S 0 . 0 7 1 6 6 5
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  9 , 1 0 - d i h y d r o - 7 - m e t h y I - C 1 7 H 1 4 S 0 . 0 9 3 4 9 4
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B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  8 - m e t h y l - C 1 7 H 1 2 S 0 . 0 7 8 4 8 9

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

B e n z o [ b l n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  7 - m e t h y l - C 1 7 H 1 2 S 0 . 1 9 7 1 8

1 0 - M e t h y l p h e n a n t h r o [ 2 , l  - b ] t h i o p h e n e C 1 7 H 1 2 S 0 . 0 5 1 0 1 6

B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  7 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 2 5 9 1 7

B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 1 5 0 2 6

Table K5 Sulfur compounds in oil from the 5Ni20Mo/HBETA

N a m e F o r m u l a r A r e a  %

T h i o p h e n e ,  3 - m e t h y l - C 5 H 6 S 0 . 2 8 6 2 8

T h i o p h e n e ,  2 , 3 - d i h y d r o - 5 - m e t h y l - C 5 H 8 S 0 . 0 4 4 2 0 5

T h i o p h e n e ,  2 - e t h y l - C 6 H 8 S 0 . 3 7 4 4

3 , 4 - D i m e t h y l t h i o p h e n e C 6 H 8 S 0 . 7 1 7 7 5

T h i o p h e n e ,  2 , 5 - d i m e t h y l - C 6 H 8 S 1 . 3 3 8 4

T h i o p h e n e ,  2 , 3 - d i m e t h y l - C 6 H 8 S 0 . 4 7 7 6

T h i o p h e n e ,  2 , 4 - d i m e t h y l - C 6 H 8 S 0 . 1 1 9 1 1

B e n z e n e m e t h a n e t h i o l C 7 H 8 S 0 . 3 2 3 8 5

T h i o p h e n e ,  2 - p r o p y l - C 7 H 1 0 S 1 . 3 6 9 8

T h i o p h e n e ,  2 - (  1 - m e t h y l e t h y  1)- C 7 H 1 0 S 5 . 6 6 8 4

T h i o p h e n e ,  2 - e t h e n y l - C 6 H 6 S 0 . 1 8 0 9 6

B e n z e n e t h i o l C 6 H 6 S 0 . 2 2 6 1 3

2 - C y c l o p r o p y l t h i o p h e n e C 7 H 8 S 0 . 1 6 4 6 3

T h i o p h e n e ,  2 , 3 , 4 - t r i m e t h y l - C 7 H 1 0 S 0 . 2 7 5 2 1

T h i o p h e n e ,  3 - (  1,1 - d i m e t h y l e t h y l ) - C 8 H 1 2 S 3 . 2 0 3 2

B e n z e n e t h i o l ,  2 - m e t h y l - C 7 H 8 S 0 . 4 8 3 9 3

T h i o p h e n e ,  2 - m e t h y l - 5 - p r o p y l - C 8 H 1 2 S 2 . 7 1 3 7

T h i o p h e n e ,  2 , 5 - d i e t h y l - C 8 H 1 2 S 1 . 6 5 9 3
2 - ( 2 - M e t h y l v i n y l ) t h i o p h e n e C 7 H 8 S 0 . 3 3 2 9 5
T h i o p h e n e ,  3 , 4 - d i e t h y l - C 8 H 1 2 S 0 . 9 7 3 5 6

B e n z e n e t h i o l ,  4 - m e t h y l - C 7 H 8 S 0 . 1 2 6 3 3

4 - E t h y l t h i o p h e n o l C 8 H 1 0 S 0 . 2 2 0 0 1

T h i o p h e n e ,  3 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 2 2 6 1 8

2 - U n d e c a n e t h i o l ,  2 - m e t h y l - C 1 2 H 2 6 S 1 . 3 8 8 6
T h i o p h e n e ,  2 - e t h y l - 5 - p r o p y l - C 9 H 1 4 S 0 . 8 4 1 9 4
2 H - C y c l o p e n t a [ b ] t h i o p h e n e ,  h e x a h y d r o - ,  c i s - C 7 H 1 2 S 0 . 1 3 2 9 6
2 - ( 2 , 2 - D i m e t h y l v i n y l ) t h i o p h e n e C 8 H 1 0 S 0 . 0 4 6 1 6 1
2 - ( 2 - M e t h y l c y c l o p r o p y l ) t h i o p h e n e C 8 H 1 0 S 0 . 1 0 0 4 7
T h i o p h e n e ,  2 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 4 7 7 8 6
T h i o p h e n e ,  2 - ( 3 - m e t h y l b u t y l ) - C 9 H 1 4 S 2 . 2 3 9 8

B e n z e n e t h i o l C 6 H 6 S 0 . 4 5 6 8



8 0

B e n z o [ c ] t h i o p h e n e ,  1 , 3 - d i h y d r o - C 8 H 8 S 0 . 0 4 8 4 6 2
4 - I s o p r o p y l t h i o p h e n o i C 9 H 1 2 S 0 . 1 5 5 1 5
T h i o p h e n e ,  2 - b u t y l - 5 - e t h y l - C 1 0 H 1 6 S 0 . 1 9 8 0 5
B e n z o f b j t h i o p h e n e C 8 H 6 S 4 . 3 3 5 3
C y c l o p e n t a [ c ] t h i a p y r a n C 8 H 6 S 0 . 1 1 4 2 6
( 1 -  ( M e t h y  l t h i o ) p r o p y l ) b e n z e n e C 1 0 H 1 4 S 0 . 1 5 8 8 9
T h i e n o [ 3 , 2 - b ]  t h i o p h e n e C 6 H 4 S 2 0 . 0 3 0 5 7 5
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - C 1 0 H 1 0 S 0 . 2 5 0 7 5
2 - B e n z o t h i o p h e n e C 8 H 6 S 0 . 0 1 4 0 3 4
T h i o p h e n e ,  2 , 5 - d i p r o p y l - C 1 0 H 1 6 S 0 . 2 8 3 0 5
T h i o p h e n e ,  2 - b u t y  1 - 5 - e t h y  1- C 1 0 H 1 6 S 0 . 4 9 2 8 5
B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i h y d r o - C 8 H 8 S 0 . 0 5 7 8 5
T h i o p h e n e ,  2 - h e x y l - C 1 0 H 1 6 S 0 . 3 3 1 9 1
3 - M e t h y l b e n z o t h i o p h e n e C 9 H 8 S 2 . 2 1 0 5

! T h i o p h a n e ,  p r o p y l - C 7 H 1 4 S 0 . 1 0 0 3 6
B e n z o [ b ] t h i o p h e n e ,  2 - m e t h y l - C 9 H 8 S 3 . 2 9 8 4
B e n z o [ b ] t h i o p h e n e ,  4 - m e t h y l - C 9 H 8 S 7 . 8 1 2 7
B e n z o [ b ] t h i o p h e n e ,  6 - m e t h y l - C 9 H 8 S 0 . 1 0 8 7 5
1 , 3 , 5 - T r i t h i a n e C 3 H 3 S 3 0 . 0 5 6 4 0 6
B e n z e n e ,  ( b u t y l t h i o ) - C 1 0 H 1 4 S 0 . 3 5 8 6 3

j B e n z e n e ,  l - e t h y n y l - 2 - ( m e t h y l t h i o ) - C 9 H 8 S 0 . 4 6 2 1 3
j B e n z o f b ] t h i o p h e n e ,  2 , 5 - d i m e t h y l - C 1 0 H 1 0 S 3 . 0 7 9 2

5 - E t h y l b e n z o [ b ] t h i o p h e n e C 1 0 H 1 0 S 3 . 1 4 6 5
T h i o p h e n e ,  2 - p h e n y l - C 1 0 H 8 S 1 . 4 9 2 1

: B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i m e t h y l - C 1 0 H 1 0 S 1 1 . 4 4 3
T h i o p h e n e ,  3 - p h e n y l - C 1 0 H 8 S 0 . 5 5 4 3 4
B e n z o f b l t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 0 . 1 8 0 2 6
B e n z o f b ] t h i o p h e n e ,  2 - p r o p y l - C 1 1 H 1 2 S 0 . 0 8 2 5 7 8
B e n z o [ b ] t h i o p h e n e ,  3 , 5 - d i m e t h y l - C 1 0 H 1 0 S 0 . 1 5 6 4 4
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - 2 - m e t h y l - C 1 1 H 1 2 S 0 . 4 3 5 1 2
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 5 - m e t h y l - C 1 1 H 1 2 S 4 . 7 3 2 2
2 , 2 ' - M e t h y l e n e d i t h i o p h e n e C 9 H 8 S 2 0 . 0 7 1 8 4
B e n z o f b ] t h i o p h e n e ,  2 - e t h y  1 - 7 - m e t h y l - C 1 1 H 1 2 S 1 0 . 6 1 8
T h i o p h e n e ,  2 - ( p h e n y l m e t h y I ) - C 1 1 H 1 0 S 0 . 3 0 1 6 2
B e n z o [ b ] t h i o p h e n e ,  2 , 5 , 7 - t r i m e t h y l - C 1 2 H 1 4 S 0 . 8 0 0 4 2
B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i e t h y l - C 1 2 H 1 4 S 0 . 6 0 3 3 4
1 - ( 3 ' - I s o p r o p y l p h e n y l t h i o ) p r o p - 1 - y n e C 1 2 H 1 4 S 0 . 8 4 1 1 8
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 5 , 7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 4 0 0 9 8
3 - O c t y l t h i o p h e n e C 1 2 H 2 0 S 0 . 2 3 3 4 7
B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i e t h y l - C 1 2 H 1 4 S 0 . 0 8 8 8 1 5
D i b e n z o t h i o p h e n e C 1 2 H 8 S 0 . 0 6 9 4 5
A z u l e n o ( 2 , 1 - b ) t h i o p h e n e C 1 2 H 8 S 0 . 0 6 5 0 0 8
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2 H - N a p h t h o [ l , 8 - b c ] t h i o p h e n e ,  2 - m e t h y l - C 1 2 H 1 0 S 0 . 0 1 6 6 1 8
4 - M e t h y l n a p h t h o f  1 , 2 - b ] t h i o p h e n e C 1 3 H 1 0 S 0 . 9 9 4 5 5
D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 1 . 2 5 1 9
T h i o x a n t h e n e C 1 3 H 1 0 S 0 . 2 2 3 7 1
D i b e n z o t h i o p h e n e ,  3 - m e t h y l - C 1 3 H 1 0 S 0 . 1 4 2 5
2 , 6 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 4 6 1 0 4
3 - E t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 2 8 4 1 2
2 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 1 . 0 7 8 3
2 , 8 - D i m e t h y l d i b e n z o ( b , d ) t h i o p h e n e C 1 4 H 1 2 S 1 . 3 0 6 3
N a p h t h o [ 2 , 3 - b ] t h i o p h e n e ,  4 , 9 - d i m e t h y l - C 1 4 H 1 2 S 0 . 9 8 7 9 7
1 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 4 5 4 3 5
B e n z e n e ,  1 ,1  ' - [ ( m e t h y l t h i o ) e t h e n y l i d e n e ] b i s - C 1 5 H 1 4 S 0 . 7 0 1 5 3
l - P r o p e n e - 2 - t h i o l ,  1 , 1 - d i p h e n y l - C 1 5 H 1 4 S 0 . 5 3 5 1 9
P h e n a l e n o [ l , 9 - b c ] t h i o p h e n e C 1 4 H 8 S 0 . 3 0 6 3 8
l - M e t h y l p h e n a n t h r o [ 4 , 5 - b c d ] t h i o p h e n e C 1 5 H 1 0 S 0 . 1 8 7 4 6
D i b e n z o [ b , d ] t h i o p h e n e ,  1 , 3 , 6 , 7 - t e t r a m e t h y l - C 1 6 H 1 6 S 0 . 1 8 5 0 4

. N a p h t h a l e n e ,  l - ( p h e n y l t h i o ) - C 1 6 H 1 2 S 0 . 0 7 4 8 0 9
B e n z o [ b ] n a p h t h o [ 2 , 1 - d j t h i o p h e n e C 1 6 H 1 0 S 0 . 2 2 9 5 8
B e n z o [ b ] n a p h t h o [  1 , 2 - d ] t h i o p h e n e C 1 6 H 1 0 S 0 . 0 3 7 6 7 7
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  9 , 1 0 - d i h y d r o - 7 - m e t h y l - C 1 7 H 1 4 S 0 . 1 2 7 4 9
P h e n a n t h r o ( 2 , 1 - b ) t h i o p h e n e C 1 6 H 1 0 S 0 . 0 3 8 6 3 5
B e n z o [ b | n a p h t h o [ 2 , 3 - d ] t h i o p h e n e C 1 6 H 1 0 S 0 . 0 5 0 4 5 5
3 - M e t h y l b e n z o [ b ] n a p h t h o [ 2 , 1 - d ] t h i o p h e n e C 1 7 H 1 2 S 0 . 1 6 5 3 5
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 - m e t h y l - C 1 7 H 1 2 S 0 . 1 9 1 8 7
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  7 - m e t h y l - C 1 7 H 1 2 S 0 . 3 4 3 4 6
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  8 - m e t h y l - C 1 7 H 1 2 S 0 . 0 6 6 7 6 5
B e n z o f b ] n a p h t h o f 2 , 3 - d ] t h i o p h e n e ,  7 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 2 2 1 7 5
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 3 1 1 8 8
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T a b le  K 6  Sulfur compounds in oil from the 5NÜ0W/HBETA

N a m e F o r m u l a r A r e a  %
B e n z e n e t h i o l C 6 H 6 S 0 . 0 5 6 4 3 2
T h i o p h e n e ,  2 , 5 - d i e t h y l - C 8 H 1 2 S 0 . 1 4 4 4 3
B e n z e n e t h i o l ,  3 - m e t h y l - C 7 H 8 S 0 . 1 4 8 1 5
T h i o p h e n e ,  3 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 1 3 5 0 8
T h i o p h e n e ,  3 , 4 - d i e t h y l - C 8 H 1 2 S 0 . 0 8 8 3 5 6
2 - (  1 - M e t h y l c y c l o p r o p y l ) t h i o p h e n e C 8 H 1 0 S 0 . 2 1 8 3 7
T h i o p h e n e ,  2 - e t h y l - 5 - p r o p y l - C 9 H 1 4 S 0 . 9 0 9 6 2
T h i o x y l e n o l C 8 H 1 0 S 0 . 6 0 5 1
T h i o p h e n e ,  2 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 2 9 5 6 6

j B e n z o [ c ] t h i o p h e n e ,  1 , 3 - d i h y d r o - C 8 H 8 S 0 . 0 7 6 3 4 2
T h i o p h e n e ,  2 - b u t y l - 5 - e t h y l - C 1 0 H 1 6 S 0 . 3 3 1 0 1
B e n z o [ b ] t h i o p h e n e C 8 H 6 S 5 . 6 5 6 4
T h i e n o [ 2 , 3 - b ]  t h i o p h e n e C 6 H 4 S 2 0 . 0 2 2 8 8 9
B e n z o [ b ] t h i o p h e n e C 8 H 6 S 0 . 0 7 7 7 8 6
2 - ( 2 , 2 - D i m e t h y l c y c l o p r o p y l ) t h i o p h e n e C 9 H 1 2 S 0 . 1 9 0 7 5

1 1 , 3 - D i t h i o l a n e ,  2 - b e n z y l - 2 - m e t h y l - C 1 1 H 1 4 S 2 0 . 5 1 8 3 8
T h i o p h e n e ,  2 - h e x y l - C 1 0 H 1 6 S 0 . 4 4 8 0 7
T h i o p h e n e ,  2 - e t h y l - 5 - i s o p e n t y l - C 1 1 H 1 8 S 0 . 0 5 7 2 5 8
3 - M e t h y l b e n z o t h i o p h e n e C 9 H 8 S 1 1 . 9 5 9
T h i e n o [ 2 , 3 - b ] t h i o p h e n e , 2 - m e t h y l - C 7 H 6 S 2 0 . 0 3 9 3 0 6
B e n z o [ b ] t h i o p h e n e ,  2 - m e t h y l - C 9 H 8 S 0 . 1 6 1 9 5
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 0 . 2 7 8 0 7
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 5 . 8 4 7 3
5 - E t h y l b e n z o [ b ] t h i o p h e n e C 1 0 H 1 0 S 4 . 2 3 5 3
2 , 3 ' - B i t h i o p h e n e C 8 H 6 S 2 0 . 1 0 1 5 5
T h i o p h e n e ,  3 - p h e n y l - C 1 0 H 8 S 2 . 8 4 3 3
B e n z o [ b ] t h i o p h e n e ,  2 , 5 - d i m e t h y l - C 1 0 H 1 0 S 1 6 . 0 2 7
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 2 . 3 1 7 9
B e n z o f b l t h i o p h e n e ,  3 , 6 - d i m e t h y l - C 1 0 H 1 0 S 1 . 7 5 7 8
T h i o p h e n e ,  2 - ( p h e n y l m e t h y l ) - C 1 1 H 1 0 S 0 . 0 8 3 6 2 2
B e n z e n e ,  1 - m e t h y l - 4 - [ ( m e t h y l t h i o ) e t h y n y l ] - C 1 0 H 1 0 S 0 . 5 1 8 4 4
B e n z o [ b ] t h i o p h e n e ,  2 - p r o p y l - C 1 1 H 1 2 S 0 . 0 9 1 5 6 5
B e n z o [ b ] t h i o p h e n e ,  3 , 5 - d i m e t h y l - C 1 0 H 1 0 S 0 . 2 6 5 0 8
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 5 - m e t h y l - C l  1 H 1 2 S 3 . 8 7 9
B e n z o f b j t h i o p h e n e ,  2 - e t h y  1 - 7 - m e t h y l - C 1 1 H 1 2 S 1 1 . 4 7 2
T h i o p h e n e ,  2 - ( p h e n y l m e t h y l ) - C 1 1 H 1 0 S 4 . 4 7 4 1
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - 2 - m e t h y l - C 1 1 H 1 2 S 0 . 4 9 4 8 9
B e n z o [ b ] t h i o p h e n e ,  2 , 5 , 7 - t r i m e t h y l - C 1 1 H 1 2 S 1 . 7 9 2 9
B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i e t h y l - C 1 2 H 1 4 S 1 . 0 0 9 5
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B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i e t h y l - C 1 2 H 1 4 S 0 . 8 7 9 3 5
l - ( 3 ' - I s o p r o p y l p h e n y l t h i o ) p r o p - l - y n e C 1 2 H 1 4 S 1 . 7 0 5 3
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 5 , 7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 7 0 8 0 9
2 H - N a p h t h o f  1 , 8 - b c ] t h i o p h e n e ,  2 - m e t h y l - C 1 2 H 1 0 S 0 . 0 6 4 9 2 1

D i b e n z o t h i o p h e n e C 1 2 H 8 S 1 . 5 3 8 7
N a p h t h o [ 2 , 3 - b ] t h i o p h e n e C 1 2 H 8 S 0 . 3 3 6 5 2
A z u l e n o ( 2 , l  - b ) t h i o p h e n e C 1 2 H 8 S 0 . 0 8 0 1 2 3

D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 1 . 2 7 7 9
D i b e n z o t h i o p h e n e ,  3 - m e t h y l - C 1 3 H 1 0 S 1 . 3 9 4 7

4 - M e t h y l n a p h t h o f  1 , 2 - b ] t h i o p h e n e C 1 3 H 1 0 S 1 . 8 2 7 2
T h i o p h e n e ,  2 , 5 - b i s ( l , l - d i m e t h y l e t h y l ) - C 1 2 H 2 0 S 0 . 3 4 9 4 8

D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 0 . 2 4 9 2 3
3 - E t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 5 7 1 0 9

T h i o x a n t h e n e C 1 3 H 1 0 S 0 . 4 1 0 2 3
2 , 6 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 1 . 5 8 1 2

N a p h t h o [ 2 , 3 - b ] t h i o p h e n e ,  4 , 9 - d i m e t h y l - C 1 3 H 1 0 S 0 . 8 6 9 2 4

2 , 8 - D i m e t h y l d i b e n z o ( b , d ) t h i o p h e n e C 1 4 H 1 2 S 1 . 5 6 8 9

2 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 1 . 4 8 2 2

1 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 4 3 2 7 8

P h e n a l e n o [  1 , 9 - b c ] t h i o p h e n e C 1 4 H 8 S 0 . 3 4 3 0 7

l - M e t h y l p h e n a n t h r o [ 4 , 5 - b c d ]  t h i o p h e n e C 1 5 H 1 0 S 0 . 1 4 2 2 6

D i b e n z o f b , d ] t h i o p h e n e ,  1 , 3 , 6 , 7 - t e t r a m e t h y l - C 1 6 H 1 6 S 0 . 3 0 9 3 6

N a p h t h a l e n e ,  l - ( p h e n y l t h i o ) - C 1 6 H 1 2 S 0 . 1 9 3 0 5

B e n z o [ b ] n a p h t h o [  1 , 2 - d ] t h i o p h e n e C 1 6 H 1 0 S 0 . 2 2 3 8 2

B e n z o [ b ] n a p h t h o [ 2 , l - d ] t h i o p h e n e C 1 6 H 1 0 S 0 . 0 6 1 6 3 4

B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 - m e t h y l - C 1 7 H 1 2 S 0 . 1 4 4 0 9
B e n z o f b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  7 - m e t h y l - C 1 7 H 1 2 S 0 . 2 9 6 3 9
2 - M e t h y l b e n z o [ b ] n a p h t h o [ 2 , 1 - d j t h i o p h e n e C 1 7 H 1 2 S 0 . 3 0 5 3 7
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  8 - m e t h y l - C 1 7 H 1 2 S 0 . 0 4 0 7 0 2
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  7 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 3 7 4 2 7
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 2 1 0 8 8

B e n z o [ l , 2 - b : 4 , 3 - b ' ] d i t h i o p h e n e ,  1- p h e n y l - C 1 6 H 1 0 S 2 0 . 0 3 4 5 3 4
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T a b le  K 7  Sulfur compounds in oil from the 5Ni20W/HBETA

N a m e F o r m u l a r A r e a  %
T h i o p h e n e ,  2 - p r o p y l - C 7 H 1 0 S 1 . 6 5 0 8
T h i o p h e n e ,  3 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 7 5 5 1 7
B e n z e n e ,  1 - m e t h y l - 4 - ( m e t h y l t h i o ) - C 8 H 1 0 S 0 . 6 4 4 7
T h i o p h e n e ,  2 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 7 6 2 7 5
C y c l o p e n t a l b ] t h i a p y r a n C 8 H 6 S 8 . 5 1 5 9
B e n z o [ b ] t h i o p h e n e C 8 H 6 S 0 . 1 0 1 8 6
T h i o p h e n e ,  2 - h e x y l - C 9 H 1 2 S 0 . 7 4 9 4
3 - M e t h y l b e n z o t h i o p h e n e C 9 H 8 S 1 2 . 6 4 3
B e n z o [ b ] t h i o p h e n e ,  2 - m e t h y l - C 9 H 8 S 1 0 . 8 1 5
B e n z o [ b ] t h i o p h e n e ,  5 - m e t h y l - C 9 H 8 S 0 . 2 0 7 3 1

B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i m e t h y l - C 1 0 H 1 0 S 4 . 9 4 7 3
B e n z o f b j t h i o p h e n e ,  2 , 5 - d i m e t h y l - C 1 0 H 1 0 S 1 9 . 5 4
B e n z o [ b ] t h i o p h e n e ,  3 , 5 - d i m e t h y l - C 1 0 H 1 0 S 4 . 0 1 0 4
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 2 . 7 6 5 8
B e n z e n e ,  1 - m e t h y l - 4 - [ ( m e t h y l t h i o ) e t h y n y l ] - C 1 0 H 1 0 S 0 . 4 3 0 2 6
5 - E t h y l b e n z o [ b j t h i o p h e n e C 1 0 H 1 0 S 0 . 1 8 8 4 7

B e n z o f b ] t h i o p h e n e ,  3 , 6 - d i m e t h y l - C 1 0 H 1 0 S 0 . 2 6 8 4 6
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 7 - m e t h y l - C 1 1 H 1 2 S 1 5 . 3 6
B e n z o [ b ] t h i o p h e n e ,  2 , 5 , 7 - t r i m e t h y l - C 1 1 H 1 2 S 4 . 2 2 8 5
T h i o p h e n e ,  2 - ( p h e n y l m e t h y l ) - C 1 1 H 1 2 S 1 . 9 5 7
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y  1 -2 - m e t h y l - C 1 1 H 1 2 S 0 . 3 5 5 9 8
B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i e t h y l - C 1 1 H 1 2 S 1 . 1 3 6 4

B e n z o [ b ] t h i o p h e n e .  2 , 3 - d i e t h y l - C 1 2 H 1 4 S 1 . 3 0 0 7
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y  1 - 5 ,7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 5 7 3 9 4
D i b e n z o t h i o p h e n e C 1 2 H 1 4 S 0 . 8 0 8 2 6
N a p h t h o [ 2 , 3 - b ] t h i o p h e n e C 1 2 H 8 S 0 . 2 3 1 7 6
T h i o x a n t h e n e C 1 2 H 8 S 0 . 7 1 8 6 8
D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 1 . 2 1 9
2 , 8 - D i m e t h y l d i b e n z o ( b , d ) t h i o p h e n e C 1 3 H 1 0 S 0 . 3 0 0 1 2
N a p h t h o [ 2 , 3 - b ] t h i o p h e n e ,  4 , 9 - d i m e t h y l - C 1 4 H 1 2 S 0 . 3 7 4 0 7
2 , 6 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 4 4 9 5 8
2 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 1 . 7 6 8 1
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 - m e t h y l - C 1 7 H 1 2 S 0 . 1 2 0 2 7
B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 1 0 1 8 2
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T a b le  K 8  Sulfur compounds in oil from the SCo/HBETA

N a m e F o r m u l a r A r e a  %

T h i o p h e n e ,  3 - m e t h y l - C 5 H 6 S 0 . 2 0 9 2 7

T h i o p h e n e ,  2 - m e t h y l - C 5 H 6 S 0 . 0 3 3 5 6 8
T h i o p h e n e ,  2 , 3 - d i h y d r o - 5 - m e t h y l - C 5 H 8 S 0 . 0 7 9 1 2 1

T h i o p h e n e ,  t e t r a h y d r o - 2 - m e t h y l - C 5 H 1 0 S 0 . 0 7 0 7

T h i o p h e n e ,  3 - e t h y l - C 6 H 8 S 0 . 3 2 9 2 8

T h i o p h e n e ,  2 , 4 - d i m e t h y l - C 6 H 8 S 0 . 6 5 5 4 4

T h i o p h e n e ,  2 , 5 - d i m e t h y l - C 6 H 8 S 1 . 0 4 0 6

T h i o p h e n e ,  2 , 3 - d i m e t h y l - C 6 H 8 S 0 . 9 0 2 0 4

3 , 4 - D i m e t h y l t h i o p h e n e C 6 H 8 S 0 . 2 5 3 8 3

T h i o p h e n e ,  2 - e t h e n y l - C 6 H 6 S 0 . 0 7 3 7 3 8

B e n z e n e t h i o l C 6 H 6 S 0 . 0 2 7 9 7 1

T h i o p h e n e ,  2 - ( l - m e t h y I e t h y l ) - C 7 H 1 0 S 0 . 0 6 3 0 3 4

T h i o p h e n e ,  2 - p r o p y l - C 7 H 1 0 S 1 . 9 8 2 2

T h i o p h e n e ,  2 - e t h y l - 5 - m e t h y l - C 7 H 1 0 S 6 . 0 8 9 3

B e n z e n e t h i o l C 6 H 6 S 0 . 1 7 6 9 7

T h i o p h e n e ,  2 , 3 , 4 - t r i m e t h y l - C 7 H 1 0 S 0 . 8 0 6 4 4

2 - ( 2 - M e t h y l v i n y l ) t h i o p h e n e C 7 H 8 S 0 . 7 1 3 3 1

2 - C y c l o p r o p y l t h i o p h e n e C 7 H 8 S 0 . 4 8 2 6 8

T h i o p h e n e ,  2 , 5 - d i e t h y l - C 8 H 1 2 S 1 . 8 4 7 3

3 , 4 - D i m e t h y l t h i o p h e n o l C 8 H 1 0 S 0 . 2 6 6 1 3

T h i o p h e n e ,  2 - m e t h y l - 5 - p r o p y l - C 8 T I 1 2 S 1 . 6 9 3

T h i o p h e n e ,  3 - (  1 ,1  - d i m e t h y l e t h y l ) - C 8 H 1 2 S 1 . 4 8 5

T h i o p h e n e ,  2 - b u t y l - C 8 H 1 2 S 0 . 9 8 0 9 5

T h i o p h e n e ,  3 , 4 - d i e t h y l - C 8 H 1 2 S 2 . 5 9 6

T h i o p h e n e ,  2 , 5 - d i e t h y l - C 8 H 1 2 S 1 . 7 7 5 9

B e n z e n e t h i o l ,  4 - m e t h y l - C 7 H 8 S 0 . 2 0 4 0 3

T h i o p h e n e ,  2 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 4 2 4 2 2

T h i o p h e n e ,  2 - e t h y l - 5 - p r o p y l - C 9 H 1 4 S 0 . 3 4 1 6 8

2 - ( l - M e t h y l c y c l o p r o p y l ) t h i o p h e n e C 8 H 1 0 S 0 . 1 5 3 5 6

B e n z e n e ,  1 - m e t h y l - 2 - ( m e t h y l t h i o ) - C 8 H 1 0 S 0 . 0 5 5 9 2

T h i o p h e n e ,  3 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 5 5 4 5 3

T h i o p h e n e ,  2 - p e n t y l - C 9 H 1 4 S 0 . 8 9 2 3 9

2 , 4 , 6 - T r i m e t h y l b e n z e n e t h i o l C 9 H 1 2 S 0 . 4 6 5 1 7
B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i e t h y l - C 1 2 H 1 4 S 0 . 1 5 3 1 4

B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i h y d r o - C 8 H 8 S 0 . 2 5 4 5 7

B e n z o [ c ] t h i o p h e n e ,  1 , 3 - d i h y d r o - C 8 H 8 S 0 . 0 4 6 3 6 9

T h i o p h e n e ,  2 - b u t y  1 - 5 - e t h y  1- C 1 0 H 1 6 S 0 . 1 9 1 0 3

B e n z o [ b ] t h i o p h e n e C 8 H 6 S 5 . 4 2 5 3
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B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 5 , 7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 4 9 6 6 9
T h i o p h e n e ,  2 , 5 - d i p r o p y l - C 1 0 H 1 6 S 0 . 2 9 8 9 7
2 , 6 - D i m e t h y l b e n z e n e t h i o l ,  S - m e t h y l - C 9 H 1 2 S 0 . 1 7 1 0 8
B e n z o | c ] t h i o p h e n e ,  1 , 3 - d i h y d r o - C 8 H 8 S 0 . 0 6 7 7 0 7
T h i e n o [ 2 , 3 - b ] t h i o p h e n e ,  2 - m e t h y l - C 7 H 6 S 2 0 . 0 6 2 4 3 8
3 - M e t h y l b e n z o t h i o p h e n e C 9 H 8 S 7 . 5 6 5 8
B e n z o [ b ] t h i o p h e n e ,  4 - m e t h y l - C 9 H 8 S 0 . 1 3 7 6 4
B e n z o [ b ] t h i o p h e n e ,  2 - m e t h y l - C 9 H 8 S 0 . 0 9 0 4 7
5 - E t h y l b e n z o [ b ] t h i o p h e n e C 1 0 H 1 0 S 2  3 1 8 1
B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i m e t h y l - C 1 0 H 1 0 S 1 8 5 7 9
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 1 0 9 8 8
T h i o p h e n e ,  2 - ( p h e n y l m e t h y l ) - C 1 1 H 1 0 S 0 . 3 5 9 0 3
B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i e t h y l - C 1 2 H 1 4 S 0 . 5 0 3 2 1
T h i o p h e n e ,  2 , 5 - b i s (  1,1 - d i m e t h y l e t h y l ) - C 1 2 H 2 0 S 0 . 0 6 8 1 5 2
B e n z o [ b ] t h i o p h e n e ,  7 - e t h y  1 - 2 - p r o p y l - C 1 3 H 1 6 S 0 . 5 3 3 4 2
2 , 2 ' - M e t h y l e n e d i t h i o p h e n e C 9 H 8 S 2 0 . 0 3 9 6 2 8
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 7 - m e t h y l - C 1 1 H 1 2 S 4 . 8

1 B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 5 , 7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 1 5 1 8 1
B e n z o [ b ] t h i o p h e n e ,  2 , 5 , 7 - t r i m e t h y l - C l 1 H 1 2 S 1 . 1 3 7 8
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 5 - m e t h y l - C l 1 H 1 2 S 0 . 3 0 3 8 8
B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i e t h y l - C 1 2 H 1 4 S 0 . 9 9 2 9 2
B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i e t h y l - C 1 2 H 1 2 S 0 . 1 0 6 8 7
D i b e n z o t h i o p h e n e C 1 2 H 8 S 2 . 1 5 1 4
T h i o p h e n e ,  2 , 4 - b i s ( l  , 1 - d i m e t h y l e t h y l ) - C 1 2 H 2 0 S 0 . 6 1 9 4 7
T h i o p h e n e ,  3 - (  1 - m e t h y l - 1  - p h e n y l e t h y l ) - C 1 3 H 1 4 S 0 . 3 2 1 5 6
N a p h t h o [ 2 , 3 - b ] t h i o p h e n e C 1 2 H 8 S 0 . 8 0 5 6 5
N a p h t h o [ 2 , 3 - b l  t h i o p h e n e C 1 2 H 2 0 S 0 . 4 7 8 4 4
A z u l e n o ( 2 , l - b ) t h i o p h e n e C 1 2 H 8 S 0 . 7 0 8 1 8
N a p h t h o [ 2 , 3 - c ] t h i o p h e n e ,  1 , 3 - d i h y d r o - C 1 2 H 1 0 S 0 . 0 8 4 4 9 5
2 H - N a p h t h o [ l , 8 - b c ] t h i o p h e n e ,  2 - m e t h y l - C 1 2 H 1 0 S 0 . 2 2 1 2 9
N a p h t h o [ 2 , 1 - b j t h i o p h e n e C 1 2 H 8 S 0 . 5 3 7 7 9
D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 1 . 7 8 2
4 - M e t h y l n a p h t h o [  1 , 2 - b ] t h i o p h e n e C 1 3 H 1 0 S 2 . 4 9 9 3
T h i o x a n t h e n e C 1 3 H 1 0 S 1 . 7 2 2 9
D i b e n z o t h i o p h e n e ,  3 - m e t h y l - C 1 3 H 1 0 S 2 . 0 2 7 1
T h i o p h e n e ,  2 , 5 - b i s (  1,1 - d i m e t h y l e t h y l ) - C 1 2 H 2 0 S 1 . 8 3 7 9
l , 3 , 6 , 8 - T e t r a h y d r o - 2 , 7 - d i t h i a p y r e n e C 1 4 H 1 2 S 2 0 . 6 5 9 0 3
1 - M e t h y l d i b e n z o t h i o p h e n e C 1 3 H 1 0 S 0 . 1 2 3 4 9
2 , 8 - D i m e t h y l d i b e n z o ( b , d ) t h i o p h e n e C 1 4 H 1 2 S 0 . 8 2 4 3 8
2 , 6 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 4  0 2 1 2
N a p h t h o [ 2 , 3 - b ] t h i o p h e n e ,  4 , 9 - d i m e t h y l - C 1 4 H 1 2 S 1 . 7 7 6 8
3 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 2 . 1 1 0 6
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D i b e n z o t h i o p h e n e ,  4 , 6 - d i m e t h y l - C 1 4 H 1 2 S 0 . 6 9 6 1 3

2 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 2 . 3 3 8 6

1 - P r o p e n e - 2 - t h i o l ,  1 ,1  - d i p h e n y l - C 1 5 H 1 4 S 2 . 3 9 8 6
B e n z e n e ,  1 ,1  ' - [ ( m e t h y l t h i o ) e t h e n y l i d e n e ]  b i s - C 1 5 H 1 4 S 1 . 2 4 5 1

P h e n a l e n o [  1 , 9 - b c ] t h i o p h e n C 1 4 H 8 S 0 . 1 8 5 2 7
l - M e t h y l p h e n a n t h r o [ 4 , 5 - b c d ] t h i o p h e n e C 1 5 H 1 0 S 0 . 6 5 5 1 1
N a p h t h a l e n e ,  l - ( p h e n y l t h i o ) - C 1 6 H 1 2 S 0 . 5 7 9 5 7

[ 1 , 2 ] D i t h i o l o [  1 , 5 - b ] [ 1 , 2 ] d i t h i o l e - 7 - S I V ,  2 - p h e n y l - C l  1 H 8 S 3 0 . 2 1 7 0 9

T h i o x a n t h e n e ,  9 - ( t e t r a h y d r o t h i o p y r a n y l i d e n - 4 - y l ) - C 1 8 H 1 6 S 2 1 . 2 8 2 5

[ 1 ] B e n z o t h i e n o [ 4 , 5 - b ]  [ 1 j b e n z o t h i o p h e n e C 1 4 H 8 S 2 0 . 0 7 7 5 8 1

A n t h r a (  1 , 2 - b ) t h i o p h e n e C 1 6 H 1 0 S 0 . 1 7 4 1 6

i B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  9 , 1 0 - d i h y d r o - 7 - m e t h y l - C 1 7 H 1 4 S 1 . 1 0 3 3
5 - M e t h y l b e n z o [ b ] n a p h t h o [ 2 , l - d ] t h i o p h e n e C 1 7 H 1 2 S 0 . 5 3 9 9 2

B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  8 - m e t h y l - C 1 7 H 1 2 S 0 . 5 4 6 1 1

2 - M e t h y l b e n z o [ b ] n a p h t h o [ 2 , 1 - d ] t h i o p h e n e C 1 7 H 1 2 S 0 . 5 1 4 6 4

B e n z o f b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 - m e t h y l - C 1 7 H 1 2 S 1 . 1 4 5 4

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

: B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  7 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 8 7 5 9

j B e n z o [ b ] n a p h t h o [ 2 , 3 - d ] t h i o p h e n e ,  6 , 8 - d i m e t h y l - C 1 8 H 1 4 S 1 . 2 9 3 6
! 1 - P h e n y l d i b e n z o t h i o p h e n e C 1 8 H 1 2 S 0 . 1 1 7 9

T a b le  K 9 Sulfur compounds in oil from the 5Co20Mo/HBETA

N a m e F o r m u l a r A r e a  %

T h i o p h e n e ,  3 - m e t h y l - C 5 H 6 S 0 . 4 4 7 3 2

T h i o p h e n e ,  t e t r a h y d r o - 2 - m e t h y l - C 5 H 1 0 S 0 . 1 4 7 5 3
T h i o p h e n e ,  2 - e t h y l - C 6 H 8 S 5 . 9 6 5 1
h i o p h e n e ,  3 - e t h y l - C 6 H 8 S 0 . 4 8 9 0 2

T h i o p h e n e .  2 , 5 - d i m e t h y l - C 6 H 8 S 3 1 9 9 5

3 , 4 - D i m e t h y l t h i o p h e n e C 6 H 8 S 1 2 5 8 8

T h i o p h e n e ,  2 , 3 - d i m e t h y l - C 6 H 8 S 0 . 3 0 5 4 9
T h i o p h e n e ,  2 , 4 - d i m e t h y l - C 6 H 8 S 0 . 0 8 0 1 5 1

T h i o p h e n e .  2 - p r o p y l - C 7 H 1 0 S 2 . 8 8 3 2

T h i o p h e n e ,  2 - ( l - m e t h y l e t h y l ) - C 7 H 1 0 S 1 8 3 0 2

B e n z e n e t h i o l C 6 H 6 S 0 . 1 7 4 3 3

T h i o p h e n e ,  2 , 3 , 4 - t r i m e t h y l - C 7 H 1 0 S 0 . 9 5 4 5 8
T h i o p h e n e ,  2 - (  1 ,1  - d i m e t h y l e t h y l ) - C 8 H 1 2 S 2 . 1 4 1 1

2 - ( 2 - M e t h y l v i n y l ) t h i o p h e n e C 7 H 8 S 0 . 7 5 8 0 2
T h i o p h e n e ,  2 , 5 - d i e t h y l - C 8 H 1 2 S 4 . 7 4 4 2
T h i o p h e n e ,  2 - b u t y l - C 8 H 1 2 S 2  0 0 9 9

T h i o p h e n e ,  3 , 4 - d i e t h y l - C 8 H 1 2 S 2 . 1 9 8
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T h i o p h e n e ,  3 - ( l  ,1 - d i m e t h y l e t h y l ) - C 8 H 1 2 S 2 . 3 9 5 7
2 - C y c l o p r o p y I t h i o p h e n e C 7 H 8 S 0 . 1 0 3 9
2 - M e t h y l - 2 - t e r t - b u t y l - l , 3 - d i t h i a n e C 9 H 1 8 S 2 0 . 1 7 2 7 2
2 - (  1 - M e t h y l c y c l o p r o p y l ) t h i o p h e n e C 8 H 1 0 S 0 . 2 1 0 6
T h i o p h e n e ,  2 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 1 . 0 0 4 7
2 - ( 2 - M e t h y l c y c l o p r o p y I ) t h i o p h e n e C 8 H 1 0 S 0 . 1 5 8 5 9
T h i o p h e n e ,  2 - e t h y l - 5 - p r o p y l - C 9 H 1 4 S 3 . 3 1 0 8
T h i o p h e n e ,  2 - ( 3 - m e t h y l b u t y l ) - C 9 H 1 4 S 2 . 8 9 5 3
B e n z o f c ] t h i o p h e n e ,  1 , 3 - d i h y d r o - C 8 H 8 S 0 . 1 3 8 3 9
T h i o p h e n e ,  2 - b u t y l - 5 - e t h y l - C 1 0 H 1 6 S 0 . 2 0 8 2 9
B e n z o [ b ] t h i o p h e n e C 8 H 6 S 5 . 1 8 7 4
C y c l o p e n t a [ c ] t h i a p y r a n C 8 H 6 S 0 . 0 4 7 9 7 3
T h i o p h e n e ,  2 , 5 - d i p r o p y l - C 1 0 H 1 6 S 0 . 3 5 3 0 1
T h i o p h e n e ,  2 - d e c y l - C 1 4 H 2 4 S 0 . 3 5 6 1
B e n z o f c l t h i o p h e n e ,  1 , 3 - d i h y d r o - C 8 H 8 S 0 . 0 7 6 7 4 2
T h i o p h e n e ,  2 - h e x y l - C 1 0 H 1 6 S 0 . 2 6 1 5 1
B e n z o [ b ] t h i o p h e n e ,  4 - m e t h y l - C 9 H 8 S 2 . 1 4 3 5
B e n z o [ b ] t h i o p h e n e ,  2 - m e t h y l - C 9 H 8 S 2 . 5 4 4 7
3 - M e t h y l b e n z o t h i o p h e n e C 9 H 8 S 8 . 6 6 1 5
T h i o p h e n e ,  3 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 5 9 6 8 8
B e n z o f b l t h i o p h e n e ,  6 - m e t h y l - C 9 H 8 S 0 . 0 6 0 4 4 2
5 - E t h y l b e n z o [ b ]  t h i o p h e n e C 1 0 H 1 0 S 0 . 2 5 2 8 6
B e n z o [ b ] t h i o p h e n e ,  2 , 5 - d i m e t h y l - C 1 0 H 1 0 S 1 . 7 8 1 3
B e n z o [ b ] t h i o p h e n e ,  3 , 6 - d i m e t h y l - C 1 0 H 1 0 S 1 . 8 2 0 3
B e n z o f b l t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 2 . 2 6 4 6
T h i o p h e n e ,  2 - p h e n y l - C 1 0 H 8 S 1 . 7 2 7 6
B e n z o f b l t h i o p h e n e ,  2 , 7 - d i m e t h y l - C 1 0 H 1 0 S 1 0 . 7 6 3
T h i o p h e n e ,  3 - p h e n y l - C 1 0 H 8 S 0 . 5 3 3 4 4
T h i o p h e n e ,  2 - ( p h e n y l m e t h y l ) - C l  1 H I  O S 0 . 0 5 6 9 0 7
B e n z e n e ,  l - m e t h y l - 4 - [ ( m e t h y l t h i o ) e t h y n y l ] - C 1 0 H 1 0 S 0 . 2 0 3 7 1
B e n z o f b l t h i o p h e n e ,  2 - e t h y l - C 1 0 H 1 0 S 0 . 1 3 4 6 8
B e n z o [ b ] t h i o p h e n e ,  3 , 5 - d i m e t h y l - C 1 0 H 1 0 S 0 . 0 8 9 2 0 3
B e n z o [ b ] t h i o p h e n e ,  2 - e t h y l - 7 - m e t h y l - C 1 1 H 1 0 S 7 . 5 1 9 9
2 , 2 ' - M e t h y l e n e d i t h i o p h e n e C 9 H 8 S 2 0 . 0 4 9 9 7 7
T h i o p h e n e ,  2 - ( p h e n y l m e t h y l ) - C 1 1 H 1 0 S 0 . 8 7 5 9 9
B e n z o [ b ] t h i o p h e n e ,  2 , 5 , 7 - t r i m e t h y l - C 1 1 H 1 2 S 0 . 2 2 0 6 1
T h i o p h e n e ,  2 - h e p t y l - C 1 1 H 1 8 S 0 . 1 1 9 4
B e n z o [ b ] t h i o p h e n e ,  2 , 3 - d i e t h y l - C 1 2 H 1 4 S 0 . 9 5 3 5 5
B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i e t h y l - C 1 2 H 1 4 S 2 . 6 8 5 6
B e n z o f b l t h i o p h e n e ,  2 - e t h y l - 5 , 7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 2 1 8 9 8
D i b e n z o t h i o p h e n e C 1 2 H 8 S 0 . 5 3 2 5 9
N a p h t h o f 2 , l - b ]  t h i o p h e n e C 1 2 H 8 S 0 . 2 1 8 8 4
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D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 0 . 3 9 4 3 5

T h i o x a n t h e n e C 1 3 H 1 0 S 0 . 7 4 0 3 6

4 - M e t h y l n a p h t h o [  1 , 2 - b ] t h i o p h e n e C 1 3 H 1 0 S 0 . 1 1 9 2 9

B e n z e n e m e t h a n e t h i o l ,  à - m e t h y l - à - p h e n y l - C 1 4 H 1 4 S 1 . 2 4 1 4

2 , 6 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 3 6 4 8 2

3 - E t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 1 2 0 9 5
2 , 8 - D i m e t h y l d i b e n z o ( b , d ) t h i o p h e n e C 1 4 H 1 2 S 0 . 5 1 8 3 5

D i b e n z o t h i o p h e n e ,  4 , 6 - d i m e t h y l - C 1 4 H 1 2 S 0 . 8 1 9 3 4

N a p h t h o f 2 , 3 - b l t h i o p h e n e ,  4 , 9 - d i m e t h y l - C 1 4 H 1 2 S 0 . 5 6 7 1 9

2 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 1 8 9 6 1

l - P r o p e n e - 2 - t h i o l ,  1 , 1 - d i p h e n y l - C 1 5 H 1 4 S 0 . 3 7 0 8 5

P h e n a l e n o [ l , 9 - b c ] t h i o p h e n e C 1 4 H 8 S 0 . 1 2 9 2 1

B e n z e n e ,  1 ,1  ' - [ ( m e t h y l t h i o ) e t h e n y l i d e n e ] b i s - C 1 5 H 1 4 S 0 . 5 3 8 9 7
l - M e t h y l p h e n a n t h r o [ 4 , 5 - b c d ] t h i o p h e n e C 1 5 H 1 0 S 0 . 0 4 4 7 4 1

B e n z o [ b ] n a p h t h o [  1 , 2 - d ] t h i o p h e n e C 1 6 H 1 0 S 0 . 0 7 1 6 0 2

B e n z o f b ] n a p h t h o f 2 , 3 - d ] t h i o p h e n e ,  6 , 8 - d i m e t h y l - C 1 8 H 1 4 S 0 . 0 5 6 7 0 2

D i s u l f i d e ,  b i s (  1 , 1 , 3 , 3 - t e t r a m e t h y l b u t y l ) C 1 6 H 3 4 S 2 0 . 2 1 4 0 4

T ab le  K 10 Sulfur compounds in oil from the 5Co20W/HBETA

N a m e F o r m u l a r A r e a  %

T h i o p h e n e ,  2 - e t h y l - C 6 H 8 S 5 . 0 1 7 4

3 , 4 - D i m e t h y l t h i o p h e n e C 6 H 8 S 0 . 6 3 2 6

T h i o p h e n e ,  2 , 3 - d i m e t h y l - C 6 H 8 S 0 . 8 2 4 9 2

T h i o p h e n e ,  3 - e t h y l - C 6 H 8 S 0 . 9 0 1 7 3

T h i o p h e n e ,  2 - p r o p y l - C 7 H 1 0 S 0 . 5 5 6 4 9

T h i o p h e n e ,  2 - ( l - m e t h y l e t h y l ) - C 7 H 1 0 S 1 . 7 9 3 8

T h i o p h e n e ,  2 , 3 , 4 - t r i m e t h y l - C 7 H 1 0 S 5 . 9 3 8 1

2 - C y c l o p r o p y l t h i o p h e n e C 7 H 8 S 0 . 2 1 7 6 8

B e n z e n e t h i o l ,  4 - m e t h y l - C 7 H 8 S 0 . 9 6 7 5

T h i o p h e n e ,  2 - m e t h y l - 5 - p r o p y l - C 8 H 1 2 S 1 . 5 1 1 6

T h i o p h e n e ,  3 - (  1 ,1  - d i m e t h y l e t h y l ) - C 8 H 1 2 S 0 . 8 3 9 1  1

T h i o p h e n e ,  3 , 4 - d i e t h y l - C 8 H 1 2 S 2  3 6 8 7
T h i o p h e n e ,  2 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 6 1 8 4 6
2 H - C y c l o p e n t a [ b ] t h i o p h e n e ,  h e x a h y d r o - ,  c i s - C 7 H 1 2 S 0 . 2 2 9 5 6
2 - (  1 - M e t h y l c y c l o p r o p y l ) t h i o p h e n e C 8 H 1 0 S 0 . 1 9 4 1 6

T h i o p h e n e ,  3 - ( 2 - b u t e n y l ) - ,  ( E ) - C 8 H 1 0 S 0 . 4 0 4 3

T h i o p h e n e ,  2 - p e n t y l - C 9 H 1 4 S 2 . 7 0 5 5

T h i o x y l e n o l C 8 H 1 0 S 0 . 8 2 3 2 4

B e n z o [ c ] t h i o p h e n e ,  1 , 3 - d i h y d r o - C 8 H 8 S 0 . 1 2 3 8 6
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B e n z o [ b ] t h i o p h e n e C 8 H 6 S 6 . 9 9 2

C y c l o p e n t a [ c ] t h i a p y r a n C 8 H 6 S 0 . 0 6 2 4 8 1

T h i o p h e n e ,  2 - h e x y l - C 1 0 H 1 6 S 0 . 2 1 3 5 7

T h i o p h e n e ,  2 - d e c y l - C 1 4 H 1 4 S 1 . 2 5 8 3

3 - M e t h y l b e n z o t h i o p h e n e C 9 H 8 S 3 . 7 4 8 4

B e n z o [ b ] t h i o p h e n e ,  6 - m e t h y l - C 9 H 8 S 4 . 4 7 5 7

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

T h i o p h e n e ,  2 - ( l - m e t h y l e t h y l ) - C 7 H 1 0 S 0 . 8 0 1 1 1

B e n z o f b ] t h i o p h e n e ,  7 - e t h y l - C 1 0 H 1 0 S 0 . 3 5 6 7 4

B e n z o [ b ] t h i o p h e n e ,  2 , 7 - d i m e t h y l - C 1 0 H 1 0 S 3 . 7 0 6 1

5 - E t h y l b e n z o [ b ] t h i o p h e n e C 1 0 H 1 0 S 5 . 2 2 9 3

B e n z o [ b ] t h i o p h e n e ,  2 , 5 - d i m e t h y l - C 1 0 H 1 0 S 2 3 . 6 2 3

T h i o p h e n e ,  3 - p h e n y l - C 1 0 H 8 S 0 . 5 2 7 7 3

B e n z o [ b ] t h i o p h e n e ,  3 , 5 - d i m e t h y l - C 1 0 H 1 0 S 0 . 1 4 1 5 8

B e n z o f b ] t h i o p h e n e ,  2 - e t h y l - 7 - m e t h y l - C 1 1 H 1 2 S 6 . 4 4 4 6

B e n z o [ b ] t h i o p h e n e ,  7 - e t h y l - 2 - m e t h y l - C 1 1 H 1 2 S 1 . 6 1 7 6

B e n z o [ b ] t h i o p h e n e ,  2 , 5 , 7 - t r i m e t h y l - C 1 1 H 1 2 S 0 . 2 4 5 1

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

B e n z o f b ] t h i o p h e n e ,  2 - e t h y l - 5 , 7 - d i m e t h y l - C 1 2 H 1 4 S 0 . 2 4 5 1 4

D i b e n z o t h i o p h e n e C 1 2 H 8 S 0 . 4 6 0 5

D i b e n z o t h i o p h e n e ,  4 - m e t h y l - C 1 3 H 1 0 S 0 . 4 1 4 1 3

1 - M e t h y l d i b e n z o t h i o p h e n e C 1 3 H 1 0 S 0 . 4 2 5 7 9

D i b e n z o t h i o p h e n e ,  4 , 6 - d i m e t h y l - C 1 4 H 1 2 S 0 . 0 9 9 6 4 5

3 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 2 2 0 5 9

1 , 7 - D i m e t h y l d i b e n z o t h i o p h e n e C 1 4 H 1 2 S 0 . 7 5 0 9 6
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