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A P P E N D IC E S

A P P E N D IX  A  O p eratin g  T em p eratu re  P rofiles (๐C)

T ab le  A1 Pyrolysis conditions: Non-catalytic Pyrolysis
Pyrolysis oils = 12.66 g
Pyrolysis gas = 3.91 g
Carbon black = 13.43 g

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

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

(m in ) T l T 2

2 3 4 .6 31 .3 3 2 3 7 2 .0 5 0 7 .0 62 3 5 2 .3 5 0 2 .2 9 2 350 .1 4 9 8 .9
4 53 .3 4 9 .4 3 4 3 7 3 .6 4 9 9 .9 6 4 3 4 6 .7 4 9 9 .5 9 4 3 4 9 .5 507.1
6 82 .0 7 2 .0 3 6 372 .1 5 0 1 .7 6 6 3 5 0 .0 5 0 4 .2 . 9 6 3 5 5 .6 5 0 0 .4
8 119 .2 118.0 3 8 3 7 1 .7 5 0 0 .7 6 8 3 5 5 .2 4 9 8 .4 9 8 3 5 4 .0 5 0 6 .2

10 161.1 167.3 40 3 6 4 .4 4 8 9 .7 7 0 3 5 5 .8 5 0 5 .9 100 3 5 4 .3 5 0 2 .9
12 2 1 1 .8 2 2 4 .8 42 3 7 1 .0 5 0 3 .6 72 3 5 7 .4 5 0 1 .8 102 3 5 0 .7 5 0 2 .2
14 2 5 5 .8 2 7 8 .9 44 3 6 9 .2 4 9 3 .8 7 4 3 5 1 .3 4 9 2 .4 104 3 5 3 .8 5 0 8 .7
16 292 .1 3 4 8 .7 4 6 367 .5 5 0 7 .2 7 6 3 4 8 .9 5 0 8 .9 106 3 4 7 .8 5 0 2 .3
18 3 0 1 .3 4 1 9 .6 48 3 6 6 .3 4 9 6 .9 7 8 3 5 6 .7 5 0 1 .8 T 0 8 3 5 7 .9 507 .3
2 0 3 2 1 .0 420 .1 50 366 .1 5 0 5 .2 80 3 5 5 .0 5 0 1 .7 110 3 5 8 .7 5 0 2 .2
22 3 3 5 .3 4 5 2 .8 52 3 6 4 .5 5 0 0 .7 82 3 5 2 .3 5 0 4 .3 112 357 .1 4 9 4 .0
2 4 351 .3 503 .3 54 3 5 9 .7 5 0 5 .4 84 3 5 2 .7 5 0 2 .8 114 3 5 4 .3 501 .8
2 6 3 6 3 .0 485 .1 5 6 3 5 5 .4 503 .1 8 6 3 5 3 .0 4 9 8 .4 116 3 5 1 .3 5 0 3 .9
28 3 5 6 .6 4 9 0 .2 58 3 5 5 .0 5 0 1 .8 88 3 4 8 .2 4 9 7 .8 118 3 4 9 .4 5 0 2 .4
3 0 3 6 4 .4 5 1 8 .4 60 3 5 1 .0 502 .1 9 0 3 5 0 .3 5 0 7 .3 120 355 .1 4 9 5 .2

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

Figure A1 Temperature profiles of non-catalytic pyrolysis.
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Table A2 Pyrolysis conditions: Catalytic Pyrolysis using KL zeolite
Pyrolysis oils = 10.40 g
Pyrolysis gas = 5.63 g
Carbon black = 13.97 g

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

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

(m in ) T l 12

2 31 .3 3 3 .7 32 369 .5 505 .5 62 3 5 4 .9 4 9 3 .3 92 3 4 8 .8 4 9 6 .8
4 4 2 .9 4 8 .2 3 4 372.1 4 9 7 .9 64 3 5 7 .7 5 0 7 .4 9 4 3 5 6 .0 506 .1
6 6 4 .2 76 .8 3 6 3 7 0 .2 502.1 66 3 5 1 .2 4 9 8 .5 9 6 3 5 4 .7 4 9 9 .8
8 9 1 .7 114.5 3 8 3 6 8 .7 4 9 2 .5 68 3 4 8 .4 504 .1 9 8 3 4 9 .9 5 0 6 .0

10 130 .7 170.2 4 0 3 6 4 .9 503 .3 7 0 3 5 2 .7 4 9 4 .5 1 0 0 3 4 7 .4 4 9 9 .0
12 168.6 216 .3 42 3 6 3 .0 4 9 7 .2 72 3 5 7 .5 5 0 7 .2 102 3 5 8 .2 5 0 5 .4
14 2 0 4 .4 273 .5 44 361 .5 5 0 2 .2 74 3 5 4 .8 4 9 8 .4 1 0 4 3 5 8 .6 4 9 9 .5
16 2 4 9 .9 339 .3 4 6 3 5 7 .0 4 9 9 .5 76 3 4 9 .7 502 .5 106 3 5 6 .3 5 0 2 .7
18 3 0 6 .4 411.1 48 3 5 4 .4 5 0 4 .0 7 8 3 5 4 .9 4 9 3 .4 108 3 5 3 .2 4 9 8 .6
20 3 1 2 .2 4 6 0 .0 5 0 350 .8 4 9 9 .8 80 3 5 2 .2 5 0 0 .0 1 1 0 3 4 8 .7 506 .1
22 3 1 6 .4 507 .8 52 355 .3 5 0 3 .8 82 3 4 6 .2 5 0 4 .0 112 3 5 7 .0 499 .1
24 3 2 4 .2 502.1 54 357 .8 4 9 9 .8 8 4 3 4 8 .7 4 9 6 .6 114 3 5 1 .0 504 .1
26 3 2 6 .8 498.1 56 3 5 6 .0 4 9 9 .4 86 3 5 9 .9 5 0 6 .6 116 3 4 9 .3 4 9 6 .3
28 3 3 6 .0 5 0 5 .9 58 3 5 5 .4 506 .3 88 3 5 7 .5 4 9 8 .5 118 3 6 2 .5 5 0 3 .7
3 0 3 6 2 .5 4 9 6 .4 60 349.1 5 0 3 .6 90 3 5 2 .3 504 .6 120 3 5 9 .4 5 0 4 .7

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

Figure A2 Temperature profiles of catalytic pyrolysis (KL zeolite).
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Table A3 Pyrolysis conditions: Catalytic Pyrolysis using 1%Mo03/KL
Pyrolysis oils = 12.57 g
Pyrolysis gas = 4.61 g
Carbon black = 12.82 g

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

(m in ) T l 12 T im e
(m in ) T l 12 T im e

(m in ) T l 12

2 3 2 .7 39.1 32 382.1 4 9 5 .2 62 3 6 6 .6 501.1 92 3 5 3 .3 4 9 9 .9
4 4 9 .3 6 3 .7 3 4 3 8 0 .0 5 0 5 .7 6 4 365 .1 499 .1 94 3 5 5 .5 5 0 0 .8
6 7 4 .7 103 .6 36 381 .1 4 9 7 .5 66 3 6 4 .3 4 9 8 .8 96 3 5 7 .7 5 0 1 .2
8 108.8 151.1 38 3 8 3 .8 495 .1 68 3 5 9 .0 4 9 9 .7 98 3 5 4 .9 5 0 0 .5

10 146.0 2 0 4 .8 40 3 8 1 .2 4 9 8 .2 7 0 3 5 8 .9 5 0 0 .3 100 3 5 3 .8 4 9 9 .7
12 193.3 2 6 4 .7 42 3 8 0 .7 5 0 0 .6 72 3 5 7 .4 5 0 1 .2 102 3 5 1 .4 4 9 8 .8
14 238.1 3 1 9 .4 44 3 7 7 .9 4 9 8 .5 74 353 .3 5 0 1 .0 104 3 5 0 .9 4 9 7 .7
16 2 9 1 .7 3 8 1 .8 46 3 7 6 .7 5 0 0 .4 7 6 3 5 3 .0 5 0 3 .7 106 3 5 0 .8 4 9 8 .3
18 3 4 0 .0 4 4 7 .0 48 3 7 3 .4 501 .1 78 3 4 8 .8 5 0 3 .4 108 350 .1 5 0 0 .3
2 0 3 7 6 .4 4 8 7 .3 50 3 7 0 .0 5 0 0 .3 8 0 3 4 9 .2 5 0 2 .3 1 1 0 3 4 9 .9 5 0 2 .5
2 2 3 7 0 .0 4 9 3 .8 52 3 6 8 .8 4 9 9 .7 82 3 5 0 .0 501 .1 112 3 5 2 .8 5 0 3 .4
24 3 6 3 .0 5 0 1 .9 54 3 6 7 .2 499 .1 84 3 4 8 .4 4 9 9 .5 114 3 5 5 .8 5 0 0 .0
2 6 3 6 7 .7 502.1 56 3 6 8 .7 4 9 8 .3 86 3 4 9 .8 4 9 8 .2 116 3 5 3 .8 5 0 1 .7
2 8 3 7 1 .0 5 0 3 .9 58 3 6 9 .0 4 9 9 .2 88 3 4 9 .9 4 9 7 .3 118 3 5 0 .9 5 0 1 .7
3 0 3 8 0 .0 5 0 0 .0 60 367.1 5 0 0 .4 90 3 4 9 .2 4 9 8 .7 120 3 4 8 .9 4 9 8 .6

Tl = Catalytic temperature K*T2 = Pyrolysis temperature

20 4 0  6 0

T im e (m in)
8 0 100 120

Figure A3 Temperature profiles of catalytic pyrolysis ( 1%Mo03/KL).
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Table A4 Pyrolysis conditions: Catalytic Pyrolysis using 2%MoÛ3/KL
Pyrolysis oils = 12.14 g
Pyrolysis gas = 4.66 g
Carbon black = 13.20 g

T im e
(m in ) T l 12 T im e

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

(m in ) T l 12

2 3 0 .0 3 0 .7 32 3 8 3 .8 505 .5 62 3 5 2 .2 502 .3 92 3 4 9 .6 4 9 9 .2
4 5 0 .7 6 0 .3 3 4 3 8 3 .6 495.1 6 4 3 5 3 .0 5 0 1 .2 94 3 5 1 .0 498 .5
6 70 .8 9 0 .8 3 6 3 8 0 .0 4 9 8 .2 6 6 351 .1 502 .5 9 6 3 4 9 .9 4 9 9 .9
8 101.7 125 .6 3 8 3 7 7 .0 500 .3 68 3 5 0 .0 5 0 3 .7 98 3 4 7 .4 4 9 8 .2

10 140.5 185 .4 40 3 7 3 .0 5 0 0 .0 7 0 3 5 0 .3 503 .5 100 3 4 9 .6 501 .3
12 190.8 2 5 6 .7 42 371 .1 500 .3 72 3 4 9 .8 502.1 102 3 4 8 .8 5 0 3 .4
14 2 4 3 .3 3 0 8 .8 44 3 6 8 .0 4 9 9 .6 74 3 4 8 .8 5 0 1 .3 104 3 4 9 .7 502.1
16 292 .5 3 6 8 .2 46 3 6 6 .7 500.1 7 6 3 4 9 .7 5 0 0 .2 106 3 4 9 .5 502 .8
18 3 5 7 .0 .4 2 2 .0 48 3 6 0 .5 501.1 78 3 4 8 .5 4 9 9 .7 108 3 4 9 .9 5 0 3 .0
2 0 3 5 6 .6 4 5 0 .3 5 0 3 5 8 .7 4 9 9 .8 8 0 3 4 9 .9 4 9 9 .2 110 3 5 0 .0 5 0 2 .6
22 3 5 4 .3 4 6 9 .0 52 3 5 7 .6 4 9 8 .9 82 3 5 0 .0 4 9 8 .2 112 351 .1 5 0 1 .2
2 4 3 5 2 .0 5 0 0 .8 54 3 5 5 .2 5 0 0 .0 8 4 351 .1 4 9 8 .5 1 1 4 3 5 0 .3 500 .8
2 6 3 6 0 .5 5 0 3 .6 5 6 3 5 3 .4 4 9 9 .8 8 6 3 5 0 .2 4 9 8 .6 116 3 4 9 .6 500.1
28 3 6 6 .5 5 0 4 .9 58 351.1 5 0 0 .7 88 352 .3 4 9 7 .6 1 1 8 3 4 9 .8 5 0 0 .0
3 0 3 7 3 .9 4 9 8 .2 60 3 5 3 .7 5 0 0 .0 9 0 3 5 3 .4 4 9 9 .4 120 3 4 9 .8 4 9 9 .7

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

บ๐
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0  2 0  4 0  6 0  8 0  1 0 0  1 2 0

T im e (m in)

Figure A4 Temperature profiles of catalytic pyrolysis (2%Mo03/KL).
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Table A5 Pyrolysis conditions: Catalytic Pyrolysis using 3%Mo03/KL
Pyrolysis oils = 12.48 g
Pyrolysis gas = 4.59 g
Carbon black = 12.93 g

T im e
(m in) T l 12 T im e

(m in) T l 12 T im e
(m in) T l T2 T im e

(m in) T l T2
2 3 1 . 0 3 1 . 9 32 3 6 3 . 3 5 0 5 .1 62 3 5 8 . 7 5 0 2 . 4 92 3 4 9 . 8 5 0 1 . 3
4 4 9 .1 5 8 . 6 34 3 5 3 .1 4 9 4 . 8 64 3 5 8 . 5 5 0 3 . 5 94 3 4 9 . 7 5 0 3 . 0
6 6 8 . 7 8 7 . 6 36 3 6 2 . 7 5 0 0 . 0 66 3 5 8 . 8 5 0 2 . 6 96 3 4 8 . 8 5 0 2 . 8
8 9 0 . 3 1 2 2 .4 38 3 6 3 . 4 5 0 8 .1 68 3 5 8 . 7 5 0 1 .5 98 3 4 9 . 7 5 0 3 . 5
10 1 1 4 .0 1 5 4 .2 40 3 6 4 . 7 4 9 9 . 9 70 3 5 8 . 0 5 0 2 .3 100 3 4 8 . 8 5 0 2 . 8
12 1 5 2 .4 2 0 0 . 7 42 3 6 4 . 3 5 0 0 . 0 72 3 5 7 . 7 5 0 1 . 6 102 3 4 9 . 7 5 0 1 . 8
14 1 9 2 .7 2 6 4 . 7 44 3 6 4 . 8 4 9 9 . 6 74 3 5 5 . 7 5 0 2 . 8 104 3 4 8 . 3 5 0 2 . 0
16 2 4 0 . 0 3 2 0 . 6 46 3 6 1 . 9 4 9 8 . 5 76 3 5 2 . 2 5 0 1 .1 106 3 4 8 . 0 5 0 2 . 9
18 2 9 2 . 4 3 8 0 . 4 48 3 6 2 . 0 5 0 0 .3 . 78 3 5 1 .1 4 9 9 . 3 108 3 4 9 . 6 5 0 1 . 4
20 3 0 3 . 8 4 0 5 . 6 50 3 6 1 . 9 4 9 9 . 0 80 3 5 0 . 0 4 9 8 . 8 110 3 4 9 . 8 4 9 9 . 0
22 3 1 7 . 0 4 3 5 . 6 52 3 6 0 . 5 5 0 0 .1 82 3 5 0 . 5 4 9 8 . 0 112 3 5 0 . 3 4 9 8 . 7
24 3 2 0 . 5 4 7 4 . 2 54 3 5 9 . 7 5 0 1 . 4 84 3 5 1 .1 4 9 8 . 9 114 3 5 1 .1 4 9 9 . 0
26 3 2 4 .1 5 0 3 . 7 56 3 5 9 . 2 5 0 0 . 0 86 3 5 3 . 0 4 9 9 . 0 116 3 5 2 . 3 5 0 0 . 0
28 3 4 0 . 2 4 9 9 . 9 58 3 5 9 . 0 5 0 2 . 4 88 3 5 1 . 3 5 0 0 . 6 118 3 5 1 . 8 4 9 9 . 7
30 3 4 6 . 8 5 0 0 . 5 60 3 5 8 . 9 5 0 3 . 3 90 3 5 0 . 0 5 0 0 . 9 120 3 5 2 . 4 5 0 0 . 2

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

0 2 0  40  6 0  80  100  120

Time (min)
Figure A5 Temperature profiles of catalytic pyrolysis (3%Mo03/KL).
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Table A6 Pyrolysis conditions: Catalytic Pyrolysis using 5%Mo03/KL
Pyrolysis oils = 10.69 g
Pyrolysis gas = 6.23 g
Carbon black = 13.08 g

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 31.4 35.6 32 345.2 492.1 62 353.3 502.0 92 348.9 501.1
4 43.4 49.9 34 361.7 500.1 64 353.9 503.2 94 349.6 503.3
6 62 5 80.2 36 367.6 501.5 66 352.0 501.3 96 348.7 501.3
8 90.1 121.8 38 357.9 498.6 68 351.2 502.1 98 348.9 503.5
10 128.1 172.3 40 368.7 497.5 70 350.3 503.4 100 349.9 503.3
12 171.3 231.1 42 369.1 500.2 72 350.1 501.8 102 350.0 499.0
14 220.3 296.3 44 372.1 499.3 74 350.7 499.9 104 350.2 498.4
16 275.5 358.7 46 367.2 500.2 76 350.0 498.8 106 350.4 497.9
18 327.7 425.3 48 365.1 500.6 78 351.1 498.3 108 351.6 498.2
20 345.4 464.9 50 362.6 501.6 80 352.9 499.3 110 352.0 501.1
22 334.4 499.3 52 361.4 499.8 82 351.3 500.0 112 350.2 500.2
24 336.0 501.3 54 359.2 499.6 84 350.0 502.2 114 350.5 500.7
26 339.0 499.6 56 356.2 498.0 86 349.9 501.4 116 351.3 501.4
2 31.4 35.6 32 345.2 492.1 62 353.3 502.0 92 348.9 501.1
4 43.4 49.9 34 361.7 500.1 64 353.9 503.2 94 349.6 503.3

*T1 = Catalytic temperature **T2 = Pyrolysis temperature
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Figure A6 Temperature profiles of catalytic pyrolysis (5%Mo03/KL).
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Table A7 Pyrolysis conditions: Catalytic Pyrolysis using 10%MoO3/KL
Pyrolysis oils = 10.71 g
Pyrolysis gas = 6.21 g
Carbon black = 13.08 g

T im e
(m in) T l 12 T im e

(m in) T l 12 T im e
(m in) T l T2 T im e

(m in) T l 12
2 3 0 . 4 3 0 . 4 32 3 5 5 . 0 5 0 1 . 4 62 3 5 1 . 0 4 9 8 . 8 92 3 4 9 .1 5 0 0 . 0
4 3 8 . 8 4 3 . 4 34 3 5 7 . 5 4 9 9 . 0 64 3 5 0 . 0 4 9 8 . 6 94 3 4 8 . 9 5 0 0 . 3
6 5 4 . 5 6 4 . 9 36 3 6 1 . 0 4 9 9 .1 66 3 5 0 . 2 4 9 9 . 4 96 3 4 9 . 5 4 9 9 . 8
8 7 8 . 7 1 0 6 .1 38 3 6 3 . 3 4 9 9 . 5 68 3 5 0 .1 5 0 0 .1 98 3 4 7 . 9 4 9 8 . 7
10 1 0 9 .9 1 5 3  4 40 3 6 5 . 4 4 9 9 . 3 70 3 5 0 . 4 5 0 0 . 3 100 3 5 0 . 4 4 9 9 . 2
12 1 4 7 .9 2 0 8 .1 42 3 6 6 . 7 4 9 8 . 3 72 3 4 9 . 9 5 0 0 . 7 102 3 5 0 . 0 4 9 9 . 2
14 1 8 6 .6 2 6 4 . 4 44 3 6 5 . 9 5 0 0 . 0 74 3 4 9 . 2 5 0 1 . 3 104 3 5 0 . 8 5 0 0 . 0
16 2 3 4 . 5 3 3 2 . 7 46 3 6 3 .1 5 0 1 .1 76 3 4 8 . 9 5 0 3 . 2 106 3 5 0 . 7 5 0 1 . 4
18 2 7 9 . 6 3 8 6 . 2 .48 3 6 0 . 0 5 0 0 . 3 78 3 4 7 . 5 5 0 2 . 5 108 3 5 0 . 8 5 0 2 . 4
20 3 3 5 . 5 4 3 9 .1 50 3 5 9 .1 5 0 2 . 8 80 3 4 8 . 6 5 0 3 . 7 110 3 5 1 .1 5 0 2 . 3
22 3 4 5 . 5 4 8 4 . 2 '52 3 5 8 . 9 5 0 2 . 5 82 3 4 9 . 6 5 0 4 . 0 112 3 5 1 . 9 5 0 1 . 8
24 3 4 7 . 0 5 1 0 . 2 54 3 5 7 .1 5 0 1 . 6 84 3 5 0 . 0 5 0 3 . 3 114 3 5 0 . 2 5 0 3 . 3
26 3 4 6 . 2 5 0 2 . 0 56 3 5 5 . 0 5 0 0 . 8 86 3 5 1 .1 5 0 2 .1 116 3 5 0 . 7 5 0 1 . 3
28 3 4 8 . 2 5 0 2 . 8 58 3 5 4 .1 4 9 9 .1 88 3 5 1 . 3 5 0 1 . 6 118 3 4 9 . 7 5 0 0 . 0
30 3 5 0 . 5 5 0 6 . 6 60 3 5 3 . 2 4 9 9 . 7 90 3 5 0 .1 5 0 2 . 8 120 3 4 9 . 9 5 0 0 . 2

*T1 = Catalytic temperature **T2 = Pyrolysis temperature
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Figure A7 Temperature profiles of catalytic pyrolysis (10%MoC>3/KL).
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Table A8 Pyrolysis conditions: Catalytic Pyrolysis using 0.25%Re/KL
Pyrolysis oils = 10.50 g
Pyrolysis gas = 6.25 g
Carbon black = 13.25 g

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 30.5 30.6 32 354.9 501.4 62 352.5 500.9 92 350.1 499.2
4 41.2 45.0 34 356.1 499.7 64 - 350.4 500.3 94 348.6 500.4
6 60.0 70.8 36 360.0 494.7 66 351.3 498.8 96 347.3 499.9
8 89.0 107.4 38 363.7 499.2 68 357.9 500.8 98 347.2 499.8
10 108.9 150.5 40 365.5 500.9 70 357 1 499.1 100 347.5 500.6
12 154.0 195.3 42 367.1 501.2 72 354.9 499.2 102 348.7 499.2
14 193.0 244.5 44 364.9 500.7 74 352.5 499.5 104 349.2 500.0
16 241.0 291.3 46 362.2 501.1 76 350.9 500.0 106 349.4 500.5
18 288.0 354.4 48 360.0 500.1 78 345.3 499.4 108 349.0 499.9
20 330.0 403.2 50 359.1 499.9 80 358.2 501.0 110 348.2 499.7
22 338.8 448.3 52 355.8 503.3 82 358.0 500.6 112 349.0 500.5
24 341.9 495.1 54 354.4 500.1 84 356.6 501.0 114 349.8 501.2
26 345.9 506.6 56 352.5 500.3 86 ■ 353.3 499.5 116 349.9 500.6
28 350.7 499.1 58 350.4 501.4 88 352.9 500.4 118 350.3 499.2
30 352.7 504.4 60 351.1 499.4 90 " 354.4 502.1 120 350.0 500.1

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

0 2 0  4 0  6 0  8 0  1 0 0  1 2 0

Time (min)
Figure A8 Temperature profiles of catalytic pyrolysis (0.25%Re/KL).
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Table A9 Pyrolysis conditions: Catalytic Pyrolysis using 0.50%Re/KL
Pyrolysis oils = 10.32 g
Pyrolysis gas = 6.47 g
Carbon black = 13.21 g

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

(m in) T l T2 T im e
(m in) T l 12 T im e

(m in) T l T2
2 30.2 30.9 32 357.7 503.4 62 357.7 501.0 92 350.0 500.0
4 43.2 47.7 34 358.9 502.3 64 355.0 502.9 94 349.9 500.2
6 63.7 78.0 36 360.1 501.0 66 354.0 503.2 96 349.5 500.7
8 91.1 117.5 38 362.3 502.4 68 353.3 502.1 98 350.0 501.3
10 127.1 168.0 40 364.5 501.3 70 352.0 500.2 100 348.7 502.1
12 173.3 231.1 42 365.5 500.0 72 351.1 501.3 102 349.8 503.3
14 214.4 283.0 44 368.9 501.3 74 352.2 503.4 104 347.9 . 502.9
16 274.5 351.6 46 368.6 502.3 76 353.8 502.4 106 349.7 ■ 499.9
18 328.9 421.2 48 368.5 500.2 78 355.6 501.5 108 350.0 ■ 501.0
20 349.9 464.3 50 365.0 500.1 80 354.8 499.2 110 351.1 500.3
22 350.6 499.3 52 361.9 499.2 82 353.2 499.6 112 352.0 500.2
24 357.8 501.3 54 360.4 499.2 84 353.0 498.7 114 350.3 501.5
26 356.6 502.0 56 361.0 498.7 86 352.9 499.2 116 350.1 502.4
28 354.8 505.5 58 359.9 497.5 88 351.0 499.3 118 350.3 502.1
30 355.1 504.3 60 358.7 498.6 90 351.3 500.1 120 349.5 503.1

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

Figure A9 Temperature profiles of catalytic pyrolysis (0.50%Re/KL).
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Table A10 Pyrolysis conditions: Catalytic Pyrolysis using 0.75%Re/KL
Pyrolysis oils = 10.93 g
Pyrolysis gas = 6.07 g
Carbon black = 13.00g

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

(m in) T l 12 T im e
(m in) T l T2 T im e

(m in) T l 12
2 30.2 30.1 32 361.4 499.5 62 361.2 499.9 92 352.3 503.2
4 41.9 46.3 34 363.9 499.7 64 356.8 499.7 94 353.4 502.5
6 61.4 73.8 36 365.7 500.7 66 352.2 498.9 96 354.9 503.5
8 85.6 114.5 38 364.0 501.5 68 349.3 501.9 98 355.4 501.3
10 129.0 170.0 40 366.6 499.6 70 351.9 498.9 100 353.2 500.3
12 175.5 231.0 42 373.5 500.8 72 350.0 499.9 102 351.2 499.8
14 220.8 288.5 44 367.9 500.1 74 350.2 500.2 104 350.5 498.3
16 273.4 353.9 46 370.3 499.6 76 350.8 500.0 106 349.7 497.9
18 320.0 420.1 48 371.6 500.3 78 349.9 498.9 108 348.7 499.2
20 333.1 503.0 50 371.5 499.5 80 349.7 499.7 110 349.2 500.2
22 334.7 500.6 52 369.5 500.2 82 348.7 499.0 112 349.9 500.4
24 347.9 500.9 54 368.5 501.2 84 349.2 499.2 114 350.2 500.9
26 350.3 499.8 56 366.0 501.2 86 350.5 500.3 116 350.2 502.4
28 355.4 503.2 58 363.2 499.1 88 350.3 501.2 118 350.2 501.9
30 360.5 498.8 60 362.1 500.5 90 351.7 503.4 120 349.9 502.8

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

Figure A10 Temperature profiles of catalytic pyrolysis (0.75%Re/KL).
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Table A ll  Pyrolysis conditions: Catalytic Pyrolysis using l%Re/KL
Pyrolysis oils = 11.06 g
Pyrolysis gas = 6.11 g
Carbon black = 12.83 g

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

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

(m in) T l T2
2 2 9 . 7 3 0 . 4 32 3 5 7 . 8 4 9 7 . 7 62 3 5 0 . 0 4 9 9 . 8 92 3 5 0 . 5 5 0 0 . 4
4 4 3 . 6 52.1 34 3 5 4 . 6 5 0 0 . 7 64 3 4 9 . 0 4 9 9 . 2 94 3 5 0 . 7 5 0 3 . 3
6 5 9 . 5 7 8 . 4 36 3 5 7 . 4 5 0 1 . 9 66 3 4 9 . 7 5 0 0 . 2 96 3 4 9 . 9 5 0 0 .1
8 8 8 .1 1 2 3 .8 38 3 5 9 .1 4 9 8 . 9 68 3 4 7 . 9 4 9 9 . 7 98 3 5 0 .1 4 9 9 . 3
10 1 2 1 .5 1 7 5 .5 40 3 5 9 . 7 5 0 1 . 3 70 3 4 9 . 8 4 9 9 . 9 100 3 4 9 . 7 5 0 0 . 0
12 1 6 1 .9 2 3 9 . 6 42 3 5 9 . 2 4 9 7 . 8 72 3 5 0 . 0 5 0 0 . 5 102 3 5 9 . 9 4 9 9 . 9
14 2 0 1 . 5 2 8 1 . 4 44 3 5 8 . 2 5 0 1 . 4 74 3 4 9 . 9 5 0 1 .1 104 3 5 0 . 0 5 0 0 . 2
16 2 5 3 . 5 3 4 7 . 5 46 3 5 5 . 0 4 9 9 . 9 76 3 5 0 .1 5 0 1 . 7 106 3 5 0 .1 4 9 9 .1
18 2 9 9 . 6 4 1 0 . 8 48 3 5 2 . 6 5 0 1 . 4 78 3 4 9 . 0 5 0 2 . 2 108 3 5 0 . 8 4 9 8 . 2
20 3 3 1 .1 4 5 6 . 9 50 3 4 8 . 9 4 9 9 . 8 80 3 5 0 . 0 5 0 2 .1 110 3 5 7 . 0 5 0 0 . 2
22 3 3 6 .1 5 0 7 .1 52 3 5 4 . 6 5 0 1 . 6 82 3 5 0 . 2 5 0 1 .1 112 3 5 5 . 9 5 0 1 . 2
24 3 4 5 . 4 5 0 3 . 8 54 3 6 0 . 0 5 0 0 . 5 84 3 5 0 . 4 5 0 2 . 6 114 3 5 1 . 5 4 9 8 . 6
26 3 5 2 . 7 5 0 4 . 4 56 3 5 8 .5 4 9 8 . 9 86 3 4 9 . 8 5 0 1 . 8 116 3 4 7 .1 5 0 1 . 3
28 3 5 4 . 9 5 0 2 . 0 58 3 5 4 . 4 5 0 0 . 0 88 3 4 8 . 6 4 9 9 . 2 118 3 5 2 .1 5 0 2 . 4
30 3 5 6 . 9 5 0 4 . 9 60 3 4 9 .1 4 9 8 . 2 90 3 5 0 . 0 4 9 9 . 0 120 3 5 0 . 6 4 9 9 . 9

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

0 2 0  4 0  60  8 0  100  120
Time (min)

Figure A ll  Temperature profiles of catalytic pyrolysis (l%Re/KL).
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Table A12 Pyrolysis conditions: Catalytic Pyrolysis using 0.25%Re-l%MoO3/KL
Pyrolysis oils = 12.22 g
Pyrolysis gas = 5.13 g
Carbon black = 12.65 g

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

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

(m in) T l T2
2 3 2 . 7 3 0 . 6 32 3 7 7 . 0 5 0 2 . 6 62 3 5 4 . 9 4 9 8 . 6 92 3 4 8 . 6 5 0 0 . 3
4 4 2 . 5 5 2 . 3 34 3 7 7 . 4 5 0 4 . 8 64 3 5 8 . 6 5 0 0 . 4 94 3 4 9 . 4 4 9 9 . 5
6 5 4 . 9 7 9 . 6 36 3 7 6 . 3 4 9 8 . 3 66 3 5 5 . 5 4 9 9 . 5 96 3 5 0 . 4 5 0 0 . 3
8 7 8 . 2 1 1 0 .6 38 3 7 5 . 9 4 9 6 . 7 68 3 5 3 . 9 4 9 9 . 1 98 3 5 0 . 2 4 9 9 . 6
10 1 0 7 .8 1 4 9 .7 40 3 7 2 . 0 4 9 9 . 9 70 3 5 1 .1 5 0 0 .1 100 3 5 2 .1 4 9 9 . 3
12 1 4 3 .8 1 9 5 .6 42 3 6 9 . 9 5 0 1 . 2 72 3 5 0 . 4 4 9 9 . 9 102 3 4 9 . 5 5 0 0 . 8
14 1 9 1 .2 2 3 2 . 6 44 3 6 7 . 3 4 9 9 .1 74 3 5 7 . 6 5 0 1 . 0 104 3 4 9 . 2 4 9 8 . 5
16 2 4 1 . 5 2 7 5 . 3 46 3 6 5 . 5 5 0 0 . 0 76 3 5 7 .1 4 9 9 . 8 106 3 5 0 .1 5 0 0 .1
18 2 9 2 . 3 3 2 8 . 7 48 3 6 3 . 7 5 0 0 . 2 78 3 5 4 .1 4 9 8 . 8 108 3 5 0 . 4 4 9 8 . 7
20 3 4 8 . 5 4 0 5 . 7 50 3 6 2 . 2 5 0 0 . 4 80 3 5 2 . 9 5 0 0 . 0 110 3 4 9 . 5 4 9 9 . 7
22 3 6 2 .1 4 2 6 . 8 52 3 6 1 . 0 5 0 0 . 9 82 3 5 2 . 3 5 0 0 . 2 112 3 4 9 . 7 5 0 3 . 4
24 3 5 0 . 3 4 6 4 . 6 54 3 5 9 . 3 4 9 8 . 7 84 3 4 8 . 8 5 0 0 . 5 114 3 4 9 . 2 5 0 0 . 0
26 3 6 0 . 3 5 0 8 . 5 56 3 5 8 . 3 5 0 0 . 7 86 3 4 7 . 3 5 0 0 . 0 116 3 5 0 .1 5 0 1 . 2
28 3 6 9 . 0 5 0 3 . 3 58 3 5 7 .1 4 9 9 .1 88 3 4 7 . 2 4 9 9 . 9 118 3 5 1 . 3 4 9 9 . 5
30 3 7 3 . 2 4 9 9 .1 60 3 5 6 . 6 4 9 9 . 4 90 3 4 7 . 0 4 9 8 . 7 120 3 5 3 . 2 5 0 0 . 4

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

0 2 0  4 0  6 0  8 0  100 120
Time (min)

Figure A12 Temperature profiles of catalytic pyrolysis (0.25%Re-l%MoO3KL).
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Table A13 Pyrolysis conditions: Catalytic Pyrolysis using 0.50%Re-l%MoO3/KL
Pyrolysis oils = 12.44 g
Pyrolysis gas = 4.80 g
Carbon black = 12.76 g

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 7 . 5 3 5 . 2 32 3 6 6 . 6 5 0 0 . 4 62 3 6 1 . 0 5 0 0 . 5 92 3 4 9 . 6 4 9 8 . 7
4 4 9 . 8 3 9 . 4 34 3 7 6 . 6 5 0 3 . 5 64 3 5 9 . 7 5 0 3 . 4 94 3 4 8 . 9 5 0 3 . 9
6 7 7 . 7 5 0 . 9 36 3 8 3 . 5 4 9 8 . 9 66 3 5 7 . 3 5 0 2 . 3 96 3 5 0 . 3 5 0 3 . 7
8 1 0 5 .3 8 9 . 7 38 3 8 5 . 3 5 0 0 . 3 68 3 5 5 . 5 4 9 9 . 5 98 3 5 1 .1 5 0 1 . 6
10 1 4 9 .8 1 3 9 .9 40 3 8 4 . 9 4 9 9 . 5 70 3 5 4 . 4 5 0 1 . 3 100 3 4 8 . 8 5 0 0 . 0
12 1 8 5 .4 1 8 8 .7 42 3 8 3 . 7 5 0 1 . 4 72 3 5 2 . 2 5 0 0 . 0 102 3 5 1 .1 5 0 2 .3
14 2 2 7 . 2 2 4 9 . 7 44 3 8 3 .1 4 9 8 . 5 74 3 5 0 .1 5 0 3 . 4 104 3 5 0 . 5 5 0 3 . 5
16 3 2 4 . 9 3 0 0 . 3 46 3 8 2 . 7 5 0 0 . 0 76 3 5 2 .1 5 0 2 . 8 106 3 5 2 . 2 5 0 5 .3
18 3 4 6 . 9 3 8 9 . 4 48 3 8 0 . 0 5 0 0 . 8 78 3 5 1 . 3 5 0 1 . 2 108 3 5 3 . 3 5 0 6 . 4
20 3 4 7 . 5 4 3 3 . 4 50 3 7 8 . 2 5 0 0 .1 80 3 4 9 . 9 4 9 9 . 2 110 3 5 5 . 5 5 0 5 . 3
22 3 4 8 . 0 4 7 4 . 2 52 3 7 6 . 6 5 0 0 . 2 82 3 5 2 .1 4 9 9 . 5 112 3 5 3 . 7 5 0 3 . 2
24 3 4 9 . 0 5 0 0 . 3 54 3 7 3 . 4 5 0 0 . 6 84 3 5 3 . 9 4 9 8 . 7 114 3 4 9 . 9 4 9 9 . 8
26 3 5 0 . 0 5 0 0 . 3 56 3 7 1 . 7 4 9 9 . 5 86 3 5 3 . 8 5 0 0 . 2 116 3 4 8 . 0 4 9 8 . 6
28 3 5 6 . 9 5 0 5 . 4 58 3 6 6 . 5 5 0 0 . 2 88 3 5 0 . 8 5 0 3 . 3 118 3 5 0 . 0 5 0 0 . 4
30 3 6 0 .1 5 0 3 . 4 60 3 6 4 . 5 4 9 7 . 6 90 3 5 1 .1 4 9 9 . 7 120 3 5 1 . 2 5 0 3 .3

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

yo
รนน3
Oa.ร£

0 2 0  4 0  6 0  8 0  1 00  120
Time (min)

Figure A13 Temperature profiles of catalytic pyrolysis (0.50%Re-l%MoC>3K.L).
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T a b l e  A14 Pyrolysis 
Pyrolysis oils 
Pyrolysis gas 
Carbon black

conditions: Catalytic Pyrolysis using 0.75%Re-l%MoO3/KL 
= 12.27 g
= 4.84 g
= 12.89 g *

T im e
(m in) T1 T2 T im e

(m in) T1 12 T im e
(m in) T1 T2 T im e

(m in) T1 T2
2 3 2 . 8 3 6 . 6 32 3 5 7 . 0 4 9 8 . 0 62 3 5 5 . 0 4 9 9 . 8 92 3 4 9 . 9 4 9 7 . 8
4 - 4 0 . 8 4 2 . 6 34 3 5 6 . 3 4 9 9 . 7 64 3 5 7 . 6 4 9 9 . 9 94 3 5 0 .1 5 0 3 . 3
6 ' 5 7 . 3 6 1 . 3 36 3 6 0 . 6 5 0 2 . 8 66 3 5 5 . 4 5 0 1 .1 96 3 5 3 . 4 5 0 2 . 7
8 8 1 . 9 9 3 . 0 38 3 6 6 . 0 4 9 9 . 2 68 3 5 4 . 6 5 0 0 . 0 98 3 5 0 . 7 4 9 9 . 9
10 1 1 7 .4 1 3 9 .0 40 3 6 6 . 7 4 9 7 . 6 70 3 5 4 . 4 4 9 8 . 5 100 3 5 3 . 3 5 0 1 . 9
12 . 1 5 4 .6 1 8 2 .4 42 3 6 6 . 2 5 0 2 . 8 72 3 5 2 . 0 5 0 0 . 3 102 3 5 5 . 5 4 9 9 . 5
14 1 9 7 .9 2 0 4 . 9 44 3 6 5 . 5 4 9 7 . 6 74 3 5 5 . 0 5 0 1 . 2 104 3 5 6 . 5 4 9 8 . 8
16 . 2 4 2 . 6 3 0 0 . 0 46 3 6 4 . 3 5 0 1 . 4 76 3 5 6 . 7 5 0 4 . 4 106 3 5 3 . 4 4 9 8 . 7
18 . ' 2 9 1 .1 3 6 5 . 3 48 3 6 1 . 3 4 9 7 . 8 78 3 5 2 . 9 5 0 2 . 3 108 3 5 0 . 1 . 5 0 0 .1
20 3 4 2 . 8 4 2 2 . 3 50 3 5 9 . 6 5 0 0 . 0 80 3 5 3 . 3 5 0 3 . 2 110 3 5 2 . 2 5 0 0 . 7
22 3 6 0 . 7 4 6 1 .1 52 3 5 6 . 3 5 0 0 . 8 82 3 5 1 . 3 5 0 5 . 5 112 3 5 1 .1 5 0 2 . 3
24 3 5 5 . 6 5 0 2 . 2 54 3 5 5 . 4 4 9 7 . 9 84 3 5 2 . 3 5 0 1 . 7 114 3 4 9 . 9 4 9 8 . 7
26 3 5 6 . 2 5 0 2 . 7 56 3 5 3 . 2 5 0 0 . 7 86 3 5 0 . 0 4 9 9 . 5 116 3 5 0 . 2 4 9 9 .1
28 3 5 9 . 0 5 0 3 . 3 58 3 5 0 .1 4 9 9 . 8 88 3 4 9 .1 4 9 8 . 7 118 3 5 2 .1 5 0 2 .1
30 3 5 8 . 4 5 0 0 . 0 60 3 5 0 . 8 4 9 8 . 7 90 3 4 8 . 8 5 0 3  1 120 3 5 0 . 0 5 0 2 .1

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

Figure A14 Temperature profiles of catalytic pyrolysis (0.75%Re-l%MoÜ3KL).
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Table A15 Pyrolysis conditions: Catalytic Pyrolysis using l%Re-l%Mo03/KL
Pyrolysis oils = 11.72 g
Pyrolysis gas = 5.35 g
Carbon black = 12.93 g

T im e
(m in) T l 12 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 1 . 0 3 1 . 2 32 3 7 1 . 8 4 9 8 . 5 62 3 5 1 .1 4 9 9 . 0 92 3 5 5 . 5 5 0 0 . 4
4 3 7 . 9 4 1 . 2 34 3 7 2 , 2 5 0 0 . 0 64 3 4 9 . 8 4 9 8 . 3 94 3 5 4 . 4 5 0 4 . 0
6 5 9 . 8 7 1 . 9 36 3 7 1 . 3 ' 5 0 0 .1 66 3 4 9 . 7 5 0 0 .1 96 3 5 2 .1 5 0 3 . 0
8 8 2 . 3 1 0 4 .8 38 3 7 1 . 0 4 9 9 . 0 68 3 4 7 . 9 4 9 8 . 7 98 3 5 0 . 0 4 9 9 . 5
10 1 2 0 .3 1 5 5 .8 40 3 7 0 . 2 4 9 9 . 5 70 3 4 9 . 2 4 9 9 . 5 100 3 5 1 .1 5 0 1 . 4
12 1 5 9 .3 2 0 9 . 6 42 3 6 8 . 7 5 0 1 . 0 72 3 5 0 . 2 5 0 0 . 5 102 3 4 9 . 4 5 0 4 . 2
14 2 0 2 . 7 2 6 6 . 6 44 3 6 7 . 5 ' 5 0 0 . 4 74 3 4 8 . 7 5 0 1 .1 104 3 4 8 . 7 5 0 3 .1
16 2 5 7 . 0 3 5 5 . 6 46 3 6 5 . 8 4 9 8 . 0 76 3 5 1 . 3 5 0 0 . 2 106 3 4 7 . 8 4 9 9 . 8
18 3 0 7 .5 3 9 5 . 3 48 3 6 4 , 2 5 0 1 . 0 78 3 5 0 . 0 5 0 4 . 3 108 3 5 0 . 8 4 9 8 . 7
20 3 4 7 .1 4 4 3 . 4 50 3 6 2 . 3 4 9 9 . 0 80 3 5 1 .1 4 9 9 . 7 110 3 5 4 . 4 4 9 7 . 8
22 3 5 8 . 7 4 8 8 . 7 52 3 6 0 7 4 9 9 . 8 82 3 5 5 . 5 4 9 9 . 5 112 3 5 2 .1 5 0 1 .1
24 3 5 7 . 7 5 0 9 . 3 54 3 5 8 .1 4 9 8 . 5 84 3 5 2 .1 4 9 7 . 5 114 3 5 0 . 0 5 0 0 . 3
26 3 6 1 . 9 4 9 7 . 4 56 3 5 6 . 4 5 0 0 . 4 86 3 5 4 . 4 4 9 8 . 0 116 3 4 9 . 9 5 0 0 . 3
28 3 6 6 . 9 5 0 1 . 9 58 3 5 4 . 9 4 9 9 . 8 88 3 5 3 . 3 4 9 9 . 2 118 3 5 2 . 3 4 9 9 . 2
30 3 6 7 .1 5 0 4 . 0 60 3 5 4 , 6 5 0 0 .1 90 3 5 5 . 4 5 0 0 . 3 120 3 5 3 . 5 4 9 9 . 9

*T1 = Catalytic temperature **T2 = Pyrolysis temperature

Figure A15 Temperature profiles of catalytic pyrolysis (l%Re-l%Mo03KL).
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APPENDIX B Pyrolysis Product Distribution

Table B1 The weight percentage of pyrolysis products (wt%)

Pyrolytic oil Pyrolytic gas Char
Non catalyst 42.19 13.04 44.77
KL zeolite 34.67 18.77 46.56

%wtMo03/KL
1%Mo0 3/KL 41.90 15.37 42.73
2% M0O3/KL 40.47 15.53 44.00
3% M0O3/KL 41.60 15.30 43.10
5% M0O3/KL 35.63 20.77 43.60
10%MoO3/KL 35.70 20.70 43.60

%wtRe/KL
0.25% Re/KL 35.00 20.83 44.17
0.50% Re/KL 34.40 21.57 44.03
0.75% Re/KL 36.44 20.23 43.33

1% Re/KL 36.87 20.37 42.76

%wtRe-1M0 O3/KL
0.25%Re-l%MoO3/KL 40.73 17.10 42.17
0.50%Re-l% M0O3/KL 41.47 16.00 42.53
0.75%Re-l% M0O3/KL 40.90 16.13 42.97

1 %Re-1 % M0O3/KL 39.07 17.83 43.10
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Table B2 Yields of pyrolysis products at different M0O3 amounts loaded on KL
zeolite (%yield)

Product
distribution

(%yield) c X .
KL wt%Mo0 3 /KL

1 % 2 % 3% 5% 1 0 %
Gas products

Methane 2.991 4.076 3.457 3.569 3.372 4.665 4.556
Ethylene 1.307 1.721 1.318 1.336 1.335 1.865 1.853
Ethane 2.361 3.442 2.974 2.936 2.900 4.085 4.029

Propylene 1.493 2.119 1.617 1.633 1.633 2.275 2.260
Propane 1.113 1.733 1.576 1.481 1.544 2.121 2.105

C4 2.548 3.810 3.115 3.143 3.104 4.001 4.012
C5 1.135 1.792 1.211 1.317 1.294 1.619 1.719
C6 0.070 0.068 0.093 0.106 0.107 0.127 0.150
C7 0.002 0.002 0.001 0.003 0.002 0.002 0.003
C8 0.012 0.004 0.004 0.010 0.009 0.007 0.014

Total 14.900 20.467 15.367 15.533 15.300 20.767 20.700

Petroleum products
Naphtha 31.67 46.67 43.00 47.50 36.00 46.00 49.00
Kerosene 25.00 27.67 26.50 26.00 29.00 27.00 29.50

Light gas oil 19.33 15.00 14.00 13.00 16.00 17.00 11.50
Heavy gas oil 15.83 6.66 10.00 9.50 12.00 7.00 6.00

Residue 8.17 4.00 6.50 4.00 7.00 3.00 4.00
Total 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0
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Table B3 Yields of pyrolysis products at different Re amounts loaded on KL zeolite
(%yield)

Product distribution
(%yield)

Non-
Catalyst KL wt%Re/KL

0.25% 0.50% 0.75% 1 %
Gas products

Methane 2.991 4.076 4.530 4.923 4.260 4.631
Ethylene 1.307 1.721 1.793 2.005 1.822 1.632
Ethane 2.361 3.442 3.912 4.053 3.533 3.913

Propylene 1.493 2.119 2.203 2.394 2.191 2.052
Propane 1.113 1.733 2.029 2.082 1.866 2.072

C4 2.548 3.810 4.233 4.302 4.348 4.131
C5 1.135 1.792 1.968 1.679 2.012 1.814
C6 0.070 0.068 0.147 0.122 0.176 0.108
C7 0.002 0.002 0.004 0.002 0.004 0.002
C8 0.012 0.004 0.016 0.004 0.023 0.012

Total 13.033 18.767 20.833 21.567 20.233 20.367

Petroleum products
Naphtha 31.67 46.67 40.00 42.00 46.00 31.00
Kerosene 25.00 27.67 28.00 31.00 31.00 26.00

Light gas oil 19.33 15.00 20.00 15.00 11.00 21.00
Heavy gas oil 15.83 6.66 8.00 7.00 7.00 14.00

Residue 8.17 4.00 4.00 5.00 5.00 8.00
Total 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0
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Table B4 Yields of pyrolysis products at different Re amounts loaded on
1%MoC>3/KL catalysts (%yield)

Product distribution 
(%yield)

Non-
Catalyst KL wt%Re-l%Mo03/KL

0.25% 0.50% 0.75% 1 %
Gas products

Methane 2.991 4.076 3.729 3.532 3.644 4.031
Ethylene 1.307 1.721 1.420 1.345 1.369 1.501
Ethane 2.361 3.442 3.193 3.031 3.152 3.483

Propylene 1.493 2.119 1.747 1.664 1.696 1.874
Propane 1.113 1.733 1.716 1.643 1.679 1.878

C4 2.548 3.810 3.441 3.308 3.314 3.627
- C5 1.135 1.792 1.739 1.360 1.194 1.346

C6 0.070 0.068 0.105 0.111 0.079 0.088
C7 0.002 0.002 0.002 0.001 0.001 0.001
C8 0.012 0.004 0.008 0.004 0.005 0.004

Total 13.033 18.767 17.100 16.000 16.133 17.833

Petroleum products
Naphtha 31.67 46.67 28.00 29.00 32.00 28.00
Kerosene 25.00 27.67 23.00 24.00 26.50 29.00

Light gas oil 19.33 15.00 25.00 23.00 21.50 25.00
Heavy gas oil 15.83 6.66 16.00 16.00 12.50 13.00

Residue 8.17 4.00 8.00 8.00 7.50 5.00
Total 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0
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APPENDIX c  Pyrolysis Gas Compositions

Table Cl C o m p o s i t i o n s  o f  g a s  p r o d u c t  a t  d i f f e r e n t  M0 O3 a m o u n t s  lo a d e d  o n  KL 
z e o l i t e  ( % w t )

Composition Non
catalyst KL %MoC>3/KL

1 % 2 % 3% 5% 1 0 %
Methane 22.95 21.72 22.49 22.98 22.04 22.46 22.01
Ethylene 10.03 9.170 8.579 8.598 8.726 8.983 8.950
Ethane 18.12 18.34 19.35 18.90 18.95 19.67 19.47

Propylene 11.46 11 29 10.52 10.52 10.68 10.95 10.92
Propane 8.540 9.236 10.25 9.534 10.09 10.21 10.17

C4 19.55 20.30 20.27 . 20.23 20.29 19.27 19.38
C5 8.712 9.550 7.883 8.479 8.455 7.797 8.303
C6 0.539 0.363 0.608 0.680 0.699 0.610 0.725
C7 0.015 0.009 0.008 0.017 0.016 0.009 0.015
C8 0.093 0.019 0.027 0.063 0.058 0.033 0.066

Table C2 C o m p o s i t i o n s  o f  g a s  p r o d u c t  a t  d i f f e r e n t  R e  a m o u n t s  lo a d e d  o n  KL 
z e o l i t e  ( % w t )

Composition Non
catalyst KL %Re/KL

0.25% 0.50% 0.75% 1 %
Methane 22.95 21.72 21.74 22.83 21.05 22.74
Ethylene 10.03 9.170 8.606 9.299 9.003 8.014
Ethane 18.12 18.34 18.78 18.79 17.46 19.21

Propylene 11.46 11.29 10.57 11.10 10.83 10.07
Propane 8.540 9.236 9.739 9.655 9.220 10.17

C4 19.55 20.30 20.32 19.95 21.49 20.28
C5 8.712 9.550 9.445 7.784 9.943 8.905
C6 0.539 0.363 0.703 0.567 0.871 0.529
C7 0.015 0.009 0.018 0.007 0.020 0.009
C8 0.093 0.019 0.075 0.018 0.113 0.059
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Table C3 Compositions of gas product at different Re amounts loaded on 
1%MoOj/KL catalysts (%wt)

Composition Non
catalyst KL %Re-l% M0 O3/KL

0.25% 0.50% 0.75% 1 .0 0 %
Methane 22.95 21.72 21.81 22.08 22.59 22.60
Ethylene 10.03 9.170 8.305 8.405 8.487 8.416
Ethane 18.12 18.34 18.67 18.95 19.53 19.53

Propylene 11.46 11.29 10.21 10.40 10.51 10.51
Propane 8.540 9.236 10.03 10.27 10.41 10.53

C4 19.55 20.30 20.12 20.68 20.54 20.34
C5 8.712 9.550 10.17 8.500 7.401 7.546
C6 0.539 0.363 0.615 0.696 0.491 0.491
C7 0.015 0.009 0.010 0.009 0.007 0.007
C8 0.093 0.019 0.049 0.023 0.028 0.023
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APPENDIX D Maltene Analysis

Table D1 Chemical compositions in maltenes (wt%)

Saturated
Hydrocarbons

Mono-
Aromatics

Di-
Aromatics

Poly-
Aromatics

Polar-
Aromatics

Non-catalyst 54.67 11.58 15.15 14.34 4.27
KL zeolite 60.04 12.20 12.04 11.48 4.23

wt%Mo03/KL
1%Mo0 3/KL . 59.84 19.95 11.14 5.70 3.37
2%Mo03/KL . 57.89 21.58 11.05 5.79 3.68
3%Mo0 3/KL 59.08 19.04 12.04 5.47 4.38
5%Mo0 3/KL ' 57.14 18.10 13.81 6.90 4.05
10%MoO3/KL 58.23 16.88 14.29 7.14 3.46

wt%Re/KL
0.25%Re/KL.. - 62.47 20.00 7.12 5.75 4.66
0.50%Re/KL 58.00 23.91 7.90 5.41 4.78
0.75%Re/KL 57.52 26.39 6.33 5.80 3 96

l%Re/KL 56.16 26.85 7.67 4.93 4.38

wt%Re-l%Mo03/KL
0.25%Re-l%MoO3/KL 73.89 16.45 3.39 2.61 3.66
0.50%Re-l%MoO3/KL 71.43 17.31 3.57 4.12 3.57
0.75%Re-l%MoO3/KL 68.27 21.60 3.20 4.27 2.67

1 %Re-1 %Mo0 3/KL 66.85 22.64 2.70 4.31 3.50
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Table D2 C h em ica l c o m p o s itio n s  in m alten es ( ‘>๐Y ie ld )

Saturated
Hydrocarbons

Mono-
Aromatics

Di-
Aromatics

Poly-
Aromatics

Polar-
Aromatics

Non-catalyst 23.06 4.89 6.39 6.05 1.80
KL zeolite 20.82 4.23 4.17 3.98 1.47
wt%Mo0 3 /KL

1%Mo0 3/KL 25.07 8.36 4.67 2.39 1.41
2%Mo0 3/KL 23.43 8.73 4.47 2.34 1.49
3%Mo0 3/KL 24.58 7.92 5.01 2.28 1.82
5%Mo0 3/KL 20.36 6.45 4.92 2.46 1.44
10%MoO3/KL 20.79 6.03 5.10 2.55 1.24

wt%Re/KL
0.25%Re/KL 21.86 7.00 2.49 2.01 1.63
0.50%Re/KL 19.95 8.22 2.72 1.86 1.64
0.75%Re/KL 20.96 9.61 2.31 2.11 1.44

1 %Re/KL 20.71 9.90 2.83 1.82 1.62
wt%Re-
IM0 O3/KL
0.25%Re-l%MoO3/KL 30.10 6.70 1.38 1.06 1.49
0.50%Re-l%MoO3/KL 29.62 7.18 1.48 1.71 1.48
0.75%Re-l%MoO3/KL 27.92 8.83 1.31 1.75 1.09

1 %Re-1 %Mo0 3/KL 26.11 8.85 1.05 1.68 1.37
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Table D3 Petroleum fractions of Maltenes (wt%)

N a p h t h a K e r o s e n e L i g h t  
G a s  O i l

H e a v y  
G a s  O i l

L o n g
R e s id u e

N o n - c a t a ly s t 3 1 .7 2 5 .0 1 9 .3 1 5 .8 8 . 2
K L  z e o l i t e 4 6 .7 2 7 .7 1 5 .0 6 .7 4 .0

w t % M o 0 3 / K L
1 %  M 0 O 3/K L 2 5 3 0 2 5 14 . 6
2 %  M 0 O 3/K L 2 9 2 9 2 5 11 6
3 %  M 0 O 3/K L 2 8 2 8 2 4 14 6
5 %  M 0 O 3/K L 3 7 31 16 1 0 6
1 0 %  M 0 O 3/K L 4 0 31 1 4 .5 1 0 .5 4

w t % R e /K L
0 .2 5 %  R e /K L 4 0 .0 2 8 .0 2 0 . 0 8 . 0 4 .0
0 .5 0 %  R e /K L 4 2 .0 3 1 .0 1 5 .0 7 .0 5 .0
0 .7 5 %  R e /K L 4 6 .0 3 1 .0 1 1 . 0 7 .0 5 .0

1 %  R e /K L 3 1 .0 2 6 .0 2 1 . 0 1 4 .0 8 . 0

w t % R e - l % M o 0 3/ K L
0 .2 5 % R e - l % M o O 3/K L 2 8 .0 2 3 .0 2 5 .0 1 6 .0 8 . 0
0 .5 0 % R e - l  % M o C V K L 2 9 .0 2 4 .0 2 3 .0 1 6 .0 8 . 0
0 .7 5 % R e - l % M o O 3/K L 3 2 .0 2 6 .5 2 1 .5 1 2 .5 7 .5

l % R e - l % M o 0 3/K L 2 8 .0 2 9 .0 2 5 .0 1 3 .0 5 .0
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Table D4 Petroleum fractions of Maltenes (%Yield)

N a p h t h a K e r o s e n e L i g h t  
G a s  O il

H e a v y  
G a s  O il

L o n g
R e s i d u e

N o n - c a t a l y s t 1 3 .3 6 1 0 .5 5 8 .1 6 6 . 6 8 3 .4 5
K L  z e o l i t e 1 6 .1 8 9 .5 9 5 .2 0 2 .3 1 1 .3 9
w t% M o C > 3/ K L

1% M o 0 3/K L 1 0 .4 8 1 2 .5 7 1 0 .4 8 5 .8 7 2 .5 1
2 % M o 0 3/K L 1 1 .7 4 1 1 .7 4 1 0 . 1 2 4 .4 5 2 .4 3
3 % M o 0 3/K L 1 1 .6 5 1 1 .6 5 9 .9 8 5 .8 2 2 .5 0
5 % M o 0 3/K L 1 3 .1 8 1 1 .0 5 5 .7 0 3 .5 6 2 .1 4
1 0 % M o O 3/K L 1 4 .2 8 1 1 .0 7 5 .1 8 3 .7 5 1 .4 3

w t % R e /K L
0 .2 5 % R e /K L 1 4 .0 0 9 .8 0 7 .0 0 2 .8 0 1 .4 0
0 .5 0 % R e /K L 1 4 .4 5 1 0 . 6 6 5 .1 6 2 .4 1 1 .7 2
0 .7 5 % R e /K L 1 6 .7 6 1 1 .2 9 4 .0 1 2 .5 5 1 .8 2

l% R e /K L 1 1 .4 3 9 .5 9 7 .7 4 5 .1 6 2 .9 5
w t % R e - l  M 0 O 3 /K L

0 .2 5 % R e - 1 % M o 0 3/K L 11 .41 9 .3 7 1 0 .1 8 6 .5 2 3 .2 6
0 .5 0 % R e - l% M o O 3/K L 1 2 .0 3 9 .9 5 9 .5 4 6 .6 3 3 .3 2
0 .7 5 % R e - l% M o O 3/K L 1 3 .0 9 1 0 .8 4 8 .7 9 5 .1 1 3 .0 7

1 % R e - 1 % M o 0 3/K L 1 0 .9 4 1 1 .3 3 9 .7 7 5 .0 8 1 .9 5



APPENDIX E Coke Form ation (w t% )

C a t a ly s t C o k e  ( w t % )

K L  z e o l i t e 1 8 .0 7

w t % M o 0 3/K L
1 % M o 0 3/K L 1 9 .9 3
2 % M o 0 3/K L 2 0 . 2 1
3 % M o 0 3/K L 1 9 .3 3
5 % M o O  3/ K L 2 0 . 8 8
1 0 % M o O 3/K L 2 2 . 8 8

w t % R e /K L
0 .2 5 % R e /K L 1 8 .5 9
0 .5 0 % R e /K L 1 8 .5 5
0 .7 5 % R e /K L 1 8 .81

l% R e /K L 1 8 .1 0

w t % R e - l % M o 0 3/ K L
0 .2 5 % R e - 1 % M o 0 3/K L 1 7 .2 5
0 .5 0 % R e - 1 % M o 0 3/K L 1 8 .2 8
0 .7 5 % R e - 1 % M o 0 3/K L 1 8 .8 6

1 % R e - 1 % M o 0 3/K L 2 0 .0 4



APPENDIX F Asphaltene Yields

C a t a ly s t A s p h a l t e n e / O i l  r a t io  ( g /g  O i l )

N o n  c a t a l y s t 0 .0 0 2 3
K L  z e o l i t e 0 .0 0 0 7

w t V o M o O î / K L
1 % M o 0 3/K L 0 . 0 0 0 2
2 % M o 0 3/K L 0 .0 0 0 4
3 % M o 0 3/K L 0 . 0 0 0 2
5 % M o 0 3/K L 0 . 0 0 0 2
1 0 % M o O 3/K L 0 . 0 0 0 2

w t % R e / K L
0 .2 5 % R e /K L 0 . 0 0 0 1
0 .5 0 % R e /K L 0 . 0 0 0 2
0 .7 5 % R e /K L 0 .0 0 0 3

l% R e /K L 0 .0 0 0 3

w t % R e - l  % M o 0 3/ K L
0 .2 5 % R e - 1 % M o 0 3/K L 0 . 0 0 0 2
0 .5 0 % R e - 1 % M o 0 3/K L 0 . 0 0 0 2
0 .7 5 % R e - 1 % M o 0 3/K L 0 . 0 0 0 1

1 % R e - 1 % M o 0 3/K L 0 . 0 0 0 2
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APPENDIX G Sulfur C ontent (wt% )

S u l f u r  C o n t e n t  ( w t % )
C a t a ly s t P y r o ly t i c  O i l

N o n - c a t a l y s t - 1.31
K L  z e o l i t e 0 .4 1 0 . 8 8

w t % M o 0 3/ K L
1 % M o 0 3/K L 0 .7 5 1 . 0 2
2 %  M 0 O 3/K L 0 . 8 8 1 . 0 2
3%  M 0 O 3/K L 0 .8 3 1 .0 4
5%  M 0 O 3/K L 1 . 0 2 0 .8 9
10%  M 0 O 3/K L 0 .9 8 0 .9 0

w t % R e /K L
0 .2 5 %  R e /K L 0 .3 4 0 .9 4
0 .5 0 %  R e /K L 0 .3 9 0 .8 5
0 .7 5 %  R e /K L 0 .4 9 0 .8 5

1%  R e /K L 0 .4 4 1 .0 3

พ t % R e - l % M o 0 3/ K L
0 .2 5 %  R e -1 %  M 0 O 3/K L 0 .5 5 1 . 1 0
0 .5 0 %  R e -1 %  M 0 O 3/K L 0 .6 2 1 .0 6
0 .7 5 %  R e -1 %  M 0 O 3/K L 0 .6 4 1 . 0 1

1%  R e -1 %  M 0 O 3/K L 0 .6 9 1 . 0 2
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APPENDIX H True Boiling Point Curves (°C)

T a b le  H I  T ru e  B o i l in g  P o in t  C u r v e s  : N o n -c a ta ly s t

%
O f f

B o i l in g  P o in t  ( ° C )

M a l t e n e S a t u r a t e 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

0 4 2 .2 3 7 .1 4 5 .2 3 8 .4 4 3 .5 4 0 .7
ร ุ- 1 5 4 .9 19 1 .1 2 7 0 .8 7 5 .5 7 2 .6 6 9 .0

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

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

300
B o i l i n g  P o i n t  ( ° C )

500 600

Figure HI True boiling point curves (°C) for non-catalytic pyrolysis.
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Table H2 True Boiling Point Curves : KL zeolite

%
O f f

B o i l in g  P o in t  ( ° C )

M a l t e n e S a t u r a t e 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

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

1 0 1 5 2 .9 1 7 1 .3 2 5 6 .9 6 9 .7 7 2 .3 1 9 4 .3
15 1 5 6 .6 1 8 1 .3 2 7 0 .9 7 0 .2 7 2 .6 1 9 5 .3
2 0 1 67 .1 1 8 7 .9  • 2 7 5 .9 7 0 .7 7 3 .0 1 9 8 .3
2 5 1 7 0 .0 1 9 3 .8 2 8 5 .5 7 1 .2 7 3 .4 2 0 9 .5
3 0 1 7 4 .9 2 0 0 . 1  . 2 9 1 .6 7 1 .7 7 3 .8 2 1 4 .7
3 5 1 8 4 .5 2 0 5 .6 2 9 8 .3 7 2 .4 7 4 .5 2 2 6 .8
4 0 1 9 1 .1 2 1 0 .9 3 0 2 .5 7 3 .1 7 5 .6 2 3 6 .4
4 5 1 9 9 .8 2 1 5 .6 3 0 9 .1 7 4 .1 7 8 .5 2 4 2 .7
5 0 2 0 5 .9 2 2 0 .5 3 1 5 .5 7 5 .4 1 9 2 .5 2 5 7 .0
5 5 2 1 2 .5 2 2 6 .6 3 2 1 .4 7 7 .2 2 3 0 .3 2 7 0 .7
6 0 2 1 9 .7 2 3 3 .1 3 2 7  6 7 9 .5 2 5 6 .6 2 8 5 .1
6 5 2 2 6 .7 2 4 1 .9 3 3 2 .9 8 1 .8 2 9 5 .3 2 9 9 .9
7 0 2 3 6 .3 2 5 0 .6  . 3 4 1 .6 8 8 . 0 3 2 6 .1 3 1 5 .4
7 5 2 4 8 .6 2 6 1 .5 3 5 2 .5 2 9 1 .7 3 4 6 .2 3 3 4 .4
8 0 2 6 5 .3 2 7 3 .3  .' 3 6 4 .5 3 1 5 .5 3 6 2 .3 3 5 0 .6
8 5 2 8 4 .6 2 8 9 .1 3 7 6 .7 3 3 7 .6 3 7 7 .4 3 7 1 .1
9 0 3 1 4 .2 3 1 3 .9 3 9 4 .5 3 5 9 .6 3 9 4 .5 3 9 6 .9
9 5 3 5 9 .7 3 5 9 .2 4 1 7 .8 3 8 7 .7 4 2 3 .6 4 3 9 .7

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

B o i l in g  P o i n t  ( ° C )
600

Figure H2 True boiling point curves (°C) for KL zeolite.
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Table H3 True Boiling Point Curves ะ Maltene obtained from M0 O3/KL Catalysts

%
O f f

B o i l in g  P o in t  ( ° C )
1 % M o 0 3

/ K L
2 % M o 0 3

/ K L
3 % M o 0 3

/ K L
5 % M o 0 3

/ K L
1 0 % M o O 3

/ K L
0 4 8 .8 4 7 .8 4 5 .3 2 3 .7 2 4 .2
5 1 5 4 .4 1 4 9 .2 1 4 9 .0 1 1 8 .3 1 1 4 .6

1 0 1 5 7 .3 1 5 3 .4 1 5 2 .7 1 4 9 .3 1 4 8  7
1 5 1 6 7 .9 1 6 9 .3 1 6 8 .3 1 5 3 .5 1 5 0 .6
2 0 1 7 1 .7 1 7 9 .2 1 7 8 .5 1 6 8 .2 1 6 4 .6
2 5 18 5 .1 1 9 1 .5 1 9 1 .6 1 7 3 .7 1 7 0 .5
3 0 1 9 3 .2 2 0 2 .7 2 0 3 .8 . 1 8 6 .8 1 8 1 .0
3 5 2 0 3 .9 2 1 1 . 1 2 1 2 . 8 1 9 5 .0 1 9 0 .2
4 0 2 1 2 . 0 2 1 9 .3 2 2 1 .5 2 0 5 .2 1 9 9 .8
4 5 2 1 9 .3 2 2 6 .6 2 2 9 .3 2 1 2 .5 2 0 8 .3
5 0 2 2 6 .3 2 3 5 .0 2 3 8 .0 2 2 0 . 0 2 1 5 .8
5 5 2 3 4 .6 2 4 3 .8 2 4 7 .6 2 2 6 .2 2 2 2 .9
6 0 2 4 4 .9 2 5 3 .7 2 5 7 .6 ■ 234.3 2 2 9 .8
6 5 2 5 6 .7 2 6 2 .9 2 6 8 .1 2 4 2 .8 2 3 8 .0
7 0 2 7 1 .0 2 7 3 .0 2 7 7 .4 2 5 4 .1 2 4 8 .0
7 5 2 8 4 .6 2 8 2 .1 2 8 7 .9 2 6 7 .5 2 6 0 .3
8 0 3 0 2 .4 2 9 3 .3 3 0 0 .2 2 8 3 .2 2 7 6 .2
8 5 3 2 6 .3 3 0 8 .3 3 1 6 .0 3 0 4 .7 2 9 7 .4
9 0 3 5 6 .6 3 3 4 .0 3 4 0 .2 3 3 6 .1 3 2 9 .6
9 5 3 9 7 .1 3 7 9 .2 3 7 9 .5 3 8 8 .4 3 8 4 .5

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

F ig u r e  H 3  T r u e  b o i l in g  p o in t  c u r v e s  (°C ) fo r  m a lte n e  o b ta in e d  fro m  M 0 O 3/ K L  
C a ta ly s ts .
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T a b le  H 4  T ru e  B o i l in g  P o in t  C u r v e s  ะ C o m p a r is o n  o f  M o n o -a r o m a t ic s  ( n o n 
c a ta ly s t ,  K L , 1% M o 0 3/K L , 2 % M o 0 3/K L , a n d  1 % R e /K L )

%
O f f

B o i l in g  P o in t  ( ° C )

C a t a ly s t K L 1 % M o 0 3
/K L

2 % M o 0 3
/K L 1 % R e /K L

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

1 0 2 8 0 .9 2 5 6 .9 1 9 8 .4 2 2 7 .8 8 9 .1
15 2 8 9 .4 2 7 0 .9 2 1 0 . 0 2 4 4 .0 1 6 8 .6
2 0 2 9 3 .8 2 7 5 .9 2 1 9 .5 2 6 2 .0 1 9 1 .4
2 5 3 0 0 .3 2 8 5 .5 2 2 7 .7 2 7 9 .4 2 0 9 .3
3 0 3 0 3 .2 2 9 1 .6 2 3 4 .9 2 9 3 .5 2 1 9 .2
3 5 3 0 7 .5 2 9 8 .3 2 4 5 .7 2 9 7 .6 2 2 8 .3
4 0 3 1 2 .6 3 0 2 .5 2 5 8 .6 3 0 1 .1 2 3 6 .9
4 5 3 1 6 .6 3 0 9 .1 2 7 0 .9 3 0 8 .5 2 4 5 .8
5 0 3 2 1 .4 3 1 5 .5 2 8 3 .0 3 1 4 .2 2 5 5
5 5 3 2 6 .4 3 2 1 .4 2 9 1 .7 3 1 8 .4 2 6 3 .8
6 0 3 3 0 .7 3 2 7 .6 2 9 6 .6 3 2 5 .0 2 7 1 .4
6 5 3 3 6 .4 3 3 2 .9 3 0 3 .5 3 2 8 .8 2 7 8 .9
7 0 3 4 4 .1 3 4 1 .6 3 1 1 .0 3 3 8 .0 2 8 7 .9
7 5 3 5 3 .0 3 5 2 .5 3 2 3 .8 3 4 5 .9 2 9 9 .2
8 0 3 6 3 .0 3 6 4 .5 3 3 4 .3 3 5 5 .4 3 1 5 .4
8 5 3 7 3 .9 3 7 6 .7 3 4 8 .0 3 6 9 .3 3 3 2 .9
9 0 3 8 8 .1 3 9 4 .5 3 7 6 .4 3 9 1 .5 3 6 0 .3
9 5 4 0 8 .4 4 1 7 .8 4 1 1 .0 4 2 6 .2 3 9 1 .3

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

B o ilin g  P o in t  (° C )

F ig u r e  H 4  T ru e  b o i l in g  p o in t  c u r v e s  (°C ) fo r  c o m p a r is o n  o f  M o n o -a r o m a t ic s  ( n o n 
c a ta ly s t ,  K L , 1% M o 0 3/K L , 2 % M o 0 3/K L , a n d  l% R e /K L ) .
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Table H5 True Boiling Point Curves : 0.25%Re/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a lt e n e S a t u r a t e 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

0 3 2 .0 1 6 5 .6 5 1 .0 31 .1 3 3 .9 3 0 .3
5 1 1 3 .0 1 8 7 .2 7 3 .7 7 2 .2 7 1 .7 1 7 1 .9

1 0 145.1 1 9 7 .2 7 9 .6 7 3 .8 7 2 .7 1 9 2  5
15 148.1 2 0 4 .1 2 1 4 .0 7 6 .3 7 4 .7 1 9 3 .9
2 0 1 6 1 .4 2 1 0 . 0 2 3 0 .3 8 0 .4 1 6 3 .3 1 9 4 .3
2 5 1 6 7 .6 2 1 3 .7 2 4 2 .7 2 4 1 .0 2 4 3 .7 1 9 4 .9
3 0 1 7 9 .3 2 1 8 .8 2 4 5 .3 2 6 0 .2 2 7 2 .1 2 0 2 .5
3 5 1 8 9 .6 2 2 4 .3 2 5 3 .0 2 6 9 .9 2 8 7 .0 2 0 9 .4
4 0 1 9 9 .7 2 2 9 .3 2 5 8 .5 2 7 4 .8 2 9 5 .3 2 1 9 .8
4 5 2 0 7 .8 2 3 4 .7 2 6 3 .4 2 7 7 .1 3 0 5 .1 2 2 6 .1
5 0 2 1 5 .4 2 4 1 .6 2 6 8 .2 2 8 5 .9 3 1 1 .6 2 3 6 .2
5 5 2 2 3 .8 2 4 7 .5 2 7 2 .1 2 9 2 .4 3 2 0 .2 2 4 7 .4
6 0 2 3 2 .4 2 5 3 .9 2 7 6 .8 2 9 9 .5 3 2 8 .9 2 6 3 .9
6 5 2 4 3 .3 2 6 0 .9 2 8 3 .2 3 0 2 .7 3 3 7 .9 2 7 9 .1
7 0 2 5 3 .7 2 6 8 .0 2 8 8 .9 3 1 4 .2 3 4 6 .9 2 9 8 .6
7 5 2 6 4 .7 2 7 6 .1 2 9 6 .3 3 2 2 .3 3 5 5 .4 3 2 0 .3
8 0 2 7 6 .0 2 8 5 .3 3 0 6 .7 3 3 0 .9 3 6 5 .3 3 4 3 .4
8 5 2 9 0 .7 2 9 7 .2 3 2 2 .4 3 4 8 .2 3 7 6 .1 3 6 9 .3
9 0 3 1 2 .8 3 1 8 .8 3 4 1 .2 3 7 2 .5 3 8 9 .4 3 9 3 .1
9 5 3 5 4 .4 3 5 9 .3 3 7 2 .3 4 0 5 .5 4 1 0 .4 4 2 3 .1

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

B o i l in g  P o i n t  ( ° C )
600

Figure H5 True boiling point curves (°C) for 0.25%Re/KL.
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Table H6 True Boiling Point Curves : 0.50%Re/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a l t e n e S a t u r a t e 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

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

1 0 1 4 8 .7 1 4 9 .4 2 2 8 .6 2 0 6 .2 3 2 .0 2 7 .3
1 5 1 5 0 .6 1 6 8 .2 2 3 4 .4 2 1 9 .2 4 0 .7 3 1 .1
2 0 1 6 2 .8 1 7 5 .3 2 4 3 .3 2 3 2 .3 2 2 5 .6 3 6 .0
2 5 1 7 0 .0 187 .1 2 4 9 .7 2 4 7 .1 2 5 1 .7 4 1 .7
3 0 178.1 1 9 3 .7 2 5 5 .5 2 7 1 .0 2 7 5 .9 2 0 9 .1
3 5 1 8 8 .4 2 0 3 .5 2 6 2 .8 2 8 8 .0 3 0 5 .0 2 2 7 .7
4 0 1 9 6 .8 2 0 8 .7 2 7 0 .9 2 9 8 .0 3 2 7 .9 2 4 0 .5
4 5 2 0 6 .2 2 1 4 .3 2 7 7 .4 3 0 7 .1 3 4 2 .8 2 5 2 .1
5 0 2 1 4 .0 2 2 0 . 2 2 8 5 .5 3 1 4 .9 3 5 4 .2 2 6 3 .7
5 5  ■ 2 2 1 . 1 2 2 4 .6 2 9 3 .3 3 2 3 .2 3 6 4 .5 2 7 5 .4
6 0 2 2 7 .3 2 3 0 .3 3 0 3 .1 3 3 2 .6 3 7 3 .8 2 8 8 .8
6 5 2 3 5 .1 2 3 6 .1 3 1 2 .3 3 4 2 .9 3 8 3 .0 3 0 3 .9
7 0 2 4 3 .4 2 4 3 .1 3 2 3 .2 3 5 4 .8 3 9 2 .5 3 2 1 .3
7 5 2 5 4 .3 2 5 1 .3 3 3 4 .0 3 6 7 .7 4 0 3 .1 3 4 2 .3
8 0 2 6 7 .7 2 6 1 .1 3 4 7 .5 3 8 1 .8 4 1 5 .1 3 6 7 .6
8 5 2 8 4 .8 2 7 4 .0 3 6 5 .7 3 9 7 .9 4 2 9 .6 3 9 6 .3
9 0 3 1 1 .2 2 9 4 .3 3 8 5 .6 4 1 7 .0 4 4 9 .1 4 3 1 .5
9 5 3 5 9 .1 3 3 7 .3 4 1 6 .4 4 4 6 .4 4 8 2 .0 4 8 3 .4

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

B o i l i n g  P o i n t  ( ° C )
600

Figure H6 True boiling point curves (°C) for 0.50%Re/KL.
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Table H7 True Boiling Point Curves : 0.75%Re/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a l t e n e S a t u r a t e 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

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

1 0 1 4 8 .3 1 9 2 .5 2 1 1 . 0 2 7 3 .7 2 6 2 .8 1 7 3 .3
15 1 63 .1 2 0 3 .6 2 2 4 .4 2 8 5 .1 2 8 9 .8 1 9 4 .4
2 0 1 6 9 .6 2 1 2 . 2 2 3 4 .9 2 9 0 .1 3 0 2 .7 2 0 1 .3
2 5 1 85 .1 2 1 8 .7 2 4 6 .8 2 9 2 .8 3 0 8 .3 2 1 0 . 2
3 0 1 9 6 .4 2 2 4 .7 2 5 5 .4 2 9 6 .2 3 1 5 .4 2 1 8 .9
3 5 2 0 7 .5 2 3 1 .8 2 6 4 .3 3 0 0 .8 3 2 3 .6 2 3 1 .2
4 0 2 1 7  7 2 3 9 .3 2 7 1 .4 3 0 2 .8 3 3 1 .7 2 4 0 .5
4 5 2 2 6 .7 2 4 7 .1 2 7 5 .9 . 3 0 7 .6 3 3 9 .3 2 5 1 .0
5 0 2 3 7 .1 2 5 4 .9 2 8 2 .6 3 1 3 .1 3 4 7 2 6 5 .0
5 5 2 4 8 .9 2 6 3 .0 2 8 7 .5 3 1 6 .0 3 5 3 .6 2 7 8 .4
6 0 2 6 0 .4 2 7 0 .3 2 9 2 .2 3 2 1 .8 3 6 1 .5 2 9 1 .4
6 5 2 7 1 .5 2 7 7 .4 2 9 9 .2 3 2 8 .2 3 6 8 .5 3 0 6 .7
7 0 2 8 1 .8 2 8 4 .7 3 0 4 .1 3 3 6 .5 3 7 6 .0 3 2 3 .4
7 5 2 9 1 .8 2 9 3 .9 3 1 3 .0 3 5 0 .6 3 8 3 .8 3 4 2 .8
8 0 3 0 3  3 3 0 3 .8 3 2 3 .6 3 6 6 .3 3 9 2 .7 3 6 5 .3
8 5 3 1 9 .6 3 1 8 .7 3 3 6 .8 3 8 3 .6 4 0 3 .6 3 8 9 .4
9 0 3 4 4 .8 3 4 0 .9 3 6 1 .4 4 0 4 .2 4 1 8 .2 4 1 4 .6
9 5 3 8 9 .1 3 8 4 .3 3 9 2 .3 4 2 9 .6 4 4 7 .1 4 5 3 .8

1 0 0 4 8 0 .8 4 6 4 .4 4 6 6 .4 5 1 1 .8 5 5 0 .5 5 6 0 .6

B o i l in g  P o i n t  ( ° C )
400 500 600

Figure H7 True boiling point curves (°C) for 0.75%Re/KL.
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Table H8 True Boiling Point Curves : l%Re/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a lt e n e S a t u r a t e 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

0 7 8 .6 7 7 .3 6 9 .2 4 4 .5 3 9 .4 3 3 .5
5 1 4 5 .8 1 6 6 .9 7 5 .8 1 8 7 .3 2 0 2 .3 1 80 .1

1 0 1 4 8 .6 1 8 1 .9 89 .1 2 0 8 .0 2 3 8 .9 1 9 3 .6
1 5 1 6 3 .4 1 9 1 .0 1 6 8 .6 2 2 6 .8 2 6 8 .1 1 9 4 .1
2 0 1 7 0 .3 2 0 1 .5 1 9 1 .4 2 5 2 .0 2 8 8 .3 1 9 4 .5
2 5 1 8 5 .7 2 0 8 .8 2 0 9 .3 2 6 8 .8 3 0 2 .0 1 9 6 .0
3 0 1 9 7 .7 2 1 5 .1 2 1 9 .2 2 7 2 .3 3 1 0 .4 2 0 8 .6
3 5 2 0 8 .1 2 2 0 . 6 2 2 8 .3 2 7 6 .8 3 1 9 .9 2 1 4 .6
4 0 2 1 7 .6 2 2 7 .5 2 3 6 .9 2 8 5 .5 3 3 0 .0 2 2 6 .6
4 5 2 2 5 .7 2 3 4 .6 2 4 5 .8 2 9 1 .8 3 3 9 .3 2 3 5 .4
5 0 2 3 5 .3 2 4 2 .6 2 5 5 .0 2 9 8 .5 3 4 9 2 4 2 .2
5 5 2 4 5 .7 2 5 1 .3 2 6 3 .8 3 0 2 .1 3 5 7 .6 2 5 6 .7
6 0 2 5 7 .1 2 5 9 .4 2 7 1 .4 3 1 0 .2 3 6 6 .6 2 6 9 .6
6 5 2 6 9 .0 2 6 8 .4 2 7 8 .9 3 1 6 .9 3 7 5 .7 2 8 3 .0
7 0 2 7 8 .9 2 7 6 .9 2 8 7 .9 3 2 5 .1 3 8 4 .7 2 9 9 .3
7 5 2 9 1 .5 2 8 6 .8 2 9 9 .2 3 3 4 .2 3 9 3 .9 3 1 7 .5
8 0 3 0 8 .0 2 9 8 .6 3 1 5 .4 3 4 9 .5 4 0 4 .8 3 3 7 .6
8 5 3 2 9 .3 3 1 8 .4 3 3 2 .9 3 6 8 .5 4 1 6 .0 3 5 9 .4
9 0 3 5 8 .4 3 4 5 .6 3 6 0 .3 3 9 1 .0 4 3 0 .8 3 8 5 .9
9 5 3 9 2 .2 3 8 5 .7 3 9 1 .3 4 2 0 .7 4 5 3 .6 4 1 5 .5

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

Maltene
Saturated Hydrocarbons 
Mono-Aromatics 

A— Di-Aromatics 
Poly-Aromatics 

♦ — Polar-Aromatics
300

B o i l in g  P o i n t  ( ๐C )
400 500 600

Figure H8 True boiling point curves (๐C) for l%Re/KL.
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Table H9 True Boiling Point Curves : 0.25%Re-l%MoO3/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a l t e n e S a t u r a t e 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

0 1 1 0 .4 4 0 .0 3 1 .8 2 3 .5 2 3 .1 1 7 1 .9
5 1 46 .1 15 4 .1 2 1 1 .3 3 9 .2 4 0 .2 1 9 9 .5

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

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

300
B o i l i n g  P o i n t  ( ๐C )

600

Figure H9 True boiling point curves (°C) for 0.25%Re-l%MoO3/KL.
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Table H10 True Boiling Point Curves : 0.50%Re-l%MoC>3/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a l t e n e S a t u r a t e 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

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

1 0 1 4 9 .3 1 7 2 .0 2 2 8 .7 2 7 8 .2 3 9 .8 1 6 0 .3
15 1 5 9  3 1 9 9 .0 2 4 4 7 2 9 0 .5 7 4 .7 1 9 2 .6
2 0 1 7 2 .4 2 0 0 .5 2 5 5 .6 . 2 9 6 .3 2 1 4 .9 2 0 1 .9
2 5 1 8 8 .9 2 0 8 .3 2 6 7 .7 3 0 2 .0 3 0 4 .4 2 1 0 .4
3 0 2 0 3 .5 2 1 6 .2 2 7 2 .8 3 0 6 .2 3 1 4 .7 2 2 0 .4
3 5 2 1 4 .7 2 2 3 .2 2 7 8 .6 3 1 0 .2 3 2 9 .4 2 3 3 .4
4 0 2 2 4 .5 2 3 1 .3 2 8 5 .6 3 1 5 .4 3 3 9 .4 2 4 2 .3
4 5 2 3 4 .4 2 3 9 .6 2 9 0 .9 3 1 9 .1 3 4 8 .0 2 5 2 .0
5 0 2 4 5 .0 2 4 9 .1 2 9 6 .2 3 2 4 .9 3 5 5 .7 2 6 4 .7
5 5 2 5 6 .5 2 5 7 .9 3 0 1 .3 3 3 1 .6 3 6 4 .6 2 7 6 .5
6 0 2 6 7 .7 2 6 7 .2 3 0 5 : 8 3 4 0 .2 3 7 2 .2 2 8 8 .4
6 5 2 7 7 .4 2 7 3 .9 3 1 3 .7 ' 3 5 0 .5 3 7 9 .5 3 0 2 .2
7 0 2 8 7 .6 2 8 2 .5 3 2 0 .7 3 6 0 .9 3 8 7 .5 3 1 7 .0
7 5 2 9 9 .2 2 9 1 .0 3 2 8 .9 3 7 2 .8 3 9 5 .6 3 3 4 .4
8 0 3 1 3 .1 3 0 0 .5 3 3 8 .9 3 8 5 .9 4 0 4 .8 3 5 3 .3
8 5 3 3 2 .1 3 1 5 .3 3 5 6 .5 4 0 1 .9 4 1 5 .6 3 7 5 .2
9 0 3 6 0 .8 3 3 5 .7 3 7 7 .4 4 1 9 .0 4 3 2 .1 3 9 8 .8
9 5 4 0 5 .6 3 7 6 .6 4 0 9 .0 4 4 6 .7 4 7 5 .2 4 3 0 .8

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

300
B o i l i n g  P o i n t  ( ° C )

400 500 600

Figure H10 True boiling point curves (°C) for 0.50%Re-]%MoO3/KL.
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Table H ll  True Boiling Point Curves : 0 .7 5 %Re-l%MoO3/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a lt e n e S a t u r a t e 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

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

1 0 1 4 8 .8 1 8 2 .7 2 1 4 .5 4 0 .4 7 2 .9 4 1 .3
1 5 1 5 2 .9 192 .1 2 4 4 .0 2 2 0 .7 2 4 7 0 2 0 1 .5
2 0 1 6 9 .4 2 0 3 .5 2 6 9 .1 2 5 4 .2 2 7 0 :1  . 2 1 1 .9
2 5 1 8 2 .6 2 1 0 .5 2 7 4 .9 2 9 1 .1 2 8 8 .6 ; 2 2 3 .3
3 0 1 9 4 .6 2 1 6 .6 2 8 0 .9 3 1 0 .9 3 0 5 ,2 2 3 5 .9
3 5 2 0 6 .3 2 2 3 .3 2 8 8 .5 3 2 2 .5 3 2 1 .0 2 4 7 .1
4 0 2 1 5 .8 2 3 0 .0 2 9 3 .9 3 3 2 .9 3 3 7 .4 2 5 8 .5
4 5 2 2 4 .5 2 3 6 .9 2 9 9 .9 3 4 3 .3 3 4 9 .2 2 7 1 .3
5 0 2 3 3 .6 2 4 5 .1 3 0 5 .3 3 5 3 .1 3 6 0 3 2 8 5 .7
5 5 2 4 3 .0 2 5 3 .1 3 1 2 .0 3 6 1 .8 3 7 0 .1 2 9 9 .9
6 0 2 5 4 .0 2 6 0 .7 3 1 9 .3 3 7 1 .1 3 7 8 .6 3 1 6 .2
6 5 2 6 4 .6 2 6 9 .5 3 2 7 .3 3 8 0 .5 3 8 6 .8 3 3 4 .9
7 0 2 7 5 .3 2 7 6 .4 3 3 5 .3 3 9 0 .6 3 9 5 .4 3 5 4 .9
7 5 2 8 6 .4 2 8 5 .4 3 4 6 .8 4 0 1 .9 4 0 5  1 3 7 5 .3
8 0 3 0 0 .2 2 9 6 .3 3 6 1 .6 4 1 3 .6 4 1 6 .2 3 9 5 .9
8 5 3 1 9 .7 3 1 1 .6 3 7 7 .3 4 2 8 .6 4 2 9 .8 4 1 7 .5
9 0 3 5 0 .5 3 3 9 .1 3 9 7 .6 4 4 9 .0 4 4 9 .2 4 4 2 .7
9 5 3 9 7 .6 3 9 0 .9 4 2 6 .1 4 8 4 .5 4 8 3 .3 4 8 2 .5

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

300
B o i l in g  P o i n t  ( ° C )

400 500 600

Figure H ll  True boiling point curves (๐C) for 0 .7 5 %Re-l%MoC>3/K.L.
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Table H12 True Boiling Point Curves : l%Re-l%MoQ3/KL

%
O f f

B o i l in g  P o in t  ( ° C )

M a lt e n e S a t u r a t e 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

0 7 4 .6 1 4 9 .4 2 3 .7 2 7 .1 2 4 .6 4 3 .2
5 1 4 8 .9 1 7 2 .6 1 88 .1 2 9 6 .6 2 1 9 .2 2 1 3 .1

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

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

Figure H12 True boiling point curves (°C) for l%Re-l%MoC>3/K.L.
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APPENDIX I Carbon N um ber Distributions

T a b l e  I I  C a rb o n  n u m b e r  d is tr ib u t io n s  o f  m a lte n e  f o r  N o n - c a t a ly s t ,  K L , and  
M 0 O 3/ K L  c a ta ly s ts

N o.
C a r b o n

N o n 
c a ta ly s t K L i % M o c y

K L
2 % M o O j /

K L
3 % M o0 3 /

K L
5 % M o O j /  

K L
1 0 % M o O j

/K L
5 0 .0 0 0 6 0 .0 0 0 0 0 .0 0 0 0 0.1081 0 .1 2 4 5 0 .0 5 0 9 0 .0 4 6 4
6 0 .0 4 0 6 0 .0 0 0 4 0 .0 1 1 0 0 .35 65 0 .4 0 2 8 0 .2 8 8 0 0 .2 8 8 0
7 0 .5 1 0 5 0 .1 1 2 4 0 .3 3 0 0 1.0109 1.1062 1.1826 1.2578
8 2 .3 0 2 2 2 .0 6 3 0 2 .2 6 9 0 2 .4 1 6 7 2 .5 3 6 8 3 .4 4 3 2 3 .7 7 2 6
9 5 .4335 8 .5 1 5 6 6 .4 1 2 0 4 .7 8 5 8 4.8051 7 .1421 7 .8 4 2 4

10 8 .52 85 15 .2 254 10 .5906 7.7841 7 .51 63 10 .9 368 11 .8087
11 10 .3619 17 .1867 12.6831 10.4645 9 .8 3 9 5 13 .0 940 13 .7672
12 10 .7218 15 .1644 12 .5464 11.8801 11.0505 13 .0638 13 .3417
13 10 .0350 11 .7652 11 .0884 11.7573 10 .9819 11 5 0 3 0 11 .4299
14 8.8261 8 .5 6 0 6 9 .1 7 9 9 10.5001 9 .9 6 3 3 9 .3 5 1 0 9 .0 7 0 5

. 15 7 .4 7 5 6 6 .0 5 2 5 7 .32 73 8 .7 3 2 2 8.4811 7 .2481 6.8881
16 6.1941 4 .2 4 0 2 5 .7394 6 .9 3 5 4 6 .9 2 2 9 5 .4 7 4 9 5.1141
17 5 .0 7 2 6 2 .9 7 5 7 4 .4 6 0 2 5 .3 6 0 2 5 .5 0 7 7 4 0 8 7 6 3.7631
18 4 .1 3 3 4 2 .1 0 4 2 3 .4 6 2 2 4 .08 45 4 .3 2 0 4 3 .0 4 3 8 2 .7 6 7 7
19 3 .3 6 6 0 1.5040 2 .6 9 5 6 3 .0 9 5 8 3 .3 6 8 2 2 .2 7 3 2 2 .0 4 4 9
20 2.7471 1.0882 2 .11 03 2 .34 75 2 .6 2 3 7 1.7082 1.5224
21 2 .2 5 1 0 0 .7 9 7 4 1.6637 1.7873 2.0491 1.2942 1 .1439
22 1.8539 0 .5 9 1 8 1.3218 1.3692 1.6081 0 .9 8 9 5 0 .8 6 8 0
23 1.5356 0 .4 4 4 6 1.0586 1.0568 1.2698 0 .7 6 3 7 0 .6 6 5 4
24 1.2796 0 .3 3 7 9 0 .8 5 4 6 0 .8 2 2 2 1.0094 0 .5 9 5 0 0 .5 1 5 2
25 1.0727 0 .2 5 9 7 0 .69 53 0 .6 4 5 0 0.8081 0 .4 6 7 8 0 .4 0 2 7
26 0 .9 0 4 5 0 .2 0 1 6 0 .5 6 9 9 0 .5 0 9 9 0 .6 5 1 4 0 .3 7 1 0 0 .3 1 7 6
27 0 .7 6 6 9 0 .1 5 8 0 0 .4 7 0 4 0 .40 63 0 .5 2 8 7 0 .2 9 6 6 0 .2 5 2 7
28 0 .6 5 3 7 0 .1 2 4 9 0 .3 9 0 7 0 .3 2 6 0 0 .4 3 1 9 0 .2 3 8 9 0 .2 0 2 6
29 0 .5 5 9 8 0 .0 9 9 5 0 .32 65 0 .2 6 3 4 0 .3 5 4 8 0 .1 9 3 8 0 .1 6 3 5
30 0 .4 8 1 5 0 .0 7 9 8 0 .27 42 0 .2 1 4 0 0.2931 0.1581 0 .1 3 2 9
31 0 .4 1 5 6 0 .0 6 4 4 0 .23 14 0 .1 7 4 9 0 .2 4 3 3 0 .1 2 9 8 0 .1 0 8 6
32 0 .3 5 9 9 0 .0 5 2 2 0 .1 9 6 0 0 .14 35 0 .2 0 2 8 0 .1 0 7 0 0 .0 8 9 2
33 0 .3 1 2 5 0 .0 4 2 6 0 .1 6 6 6 0 .1 1 8 3 0 .1 6 9 7 0 .0 8 8 6 0 .0 7 3 5
3 4 0 .2 7 1 9 0 .0 3 4 9 0 .1 4 2 0 0 .0 9 7 9 0 .1 4 2 4 0 .0 7 3 6 0 .0 6 0 9
35 0 .2 3 7 0 0 .0 2 8 6 0 .12 13 0 .08 13 0 .1 1 9 8 0 .0 6 1 4 0 .0 5 0 5
3 6 0 .2 0 6 7 0 .0 2 3 6 0 .1 0 3 8 0 .0 6 7 6 0 .1 0 1 0 0 .0 5 1 3 0 .0421
3 7 0 .1 8 0 3 0 .0 1 9 5 0 .0 8 8 9 0 .0 5 6 3 0 .0 8 5 2 0 .0 4 2 9 0 .0351
38 0.1571 0.0161 0 .0 7 6 2 0 .0 4 7 0 0 .0 7 2 0 0 .0 3 5 9 0 .0 2 9 3
3 9 0 .1 3 6 8 0 .0 1 3 3 0 .0 6 5 2 0 .0 3 9 2 0 .0 6 0 8 0 .03 01 0 .0 2 4 5
4 0 0 .1 1 8 8 0 .0 1 1 0 0 .0 5 5 7 0 .0 3 2 7 0 .0 5 1 3 0 .0 2 5 2 0 .0 2 0 4
41 0 .1 0 2 7 0.0091 0 .0 4 7 5 0 .0 2 7 3 0 .0 4 3 2 0.0211 0 .0 1 7 0
42 0 .0 8 8 4 0 .0 0 7 5 0 .0 4 0 3 0 .0 2 2 6 0 .0 3 6 2 0 .0 1 7 6 0 .0 1 4 2
43 0 .0 7 5 4 0 .0 0 6 2 0 .0 3 3 9 0 .0 1 8 7 0 .0 3 0 2 0 .0 1 4 5 0 .0 1 1 7
44 0 .0 6 3 5 0 .0 0 5 0 0 .0 2 8 2 0 .01 53 0 .0 2 4 9 0 .0 1 1 9 0 .0 0 9 6
45 0 .0 5 2 5 0 .0 0 4 0 0.0231 0 .01 23 0 .0 2 0 2 0 .0 0 9 6 0 .0 0 7 7
46 0 .0 4 2 2 0.0031 0 .0 1 8 4 0 .0 0 9 7 0 .0 1 6 0 0 .0 0 7 6 0.0061
4 7 0 .0 3 2 3 0 .0 0 2 4 0 .0 1 4 0 0 .0 0 7 3 0.0121 0 .0 0 5 7 0 .0 0 4 6
48 0 .0 2 2 6 0 .0 0 1 6 0 .0 0 9 7 0 .0 0 5 0 0 .0 0 8 3 0 .0 0 3 9 0.0031
49 0 .0 1 2 8 0 .0 0 0 9 0 .0 0 5 5 0 .0 0 2 8 0 .0 0 4 7 0 .0 0 2 2 0 .0 0 1 8
50 0 .0 0 2 6 0 .0 0 0 2 0.0011 0 .0 0 0 6 0 .0 0 0 9 0 .0 0 0 4 0 .0 0 0 4
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Table 12 Carbon number distributions of maltene for Re/KL catalysts

N o . C a r b o n 0 .2 5 % R e /K L 0 .5 0 % R e /K L 0 .7 5 % R e /K L 1 % R e /K L
5 0 .2 0 5 4 0 .1 1 4 2 0 .1 2 5 0 0.0041
6 0 .7 1 0 7 0 .4 6 4 4 0 .4 7 8 8 0 .1 0 4 5
7 1.9899 1.5314 1.4087 0 .8 2 0 6
8 4 .41 71 3.9571 3 .18 95 2 .8 9 9 3
9 7.7231 7 .82 13 5 .65 82 6 .0 2 0 5
10 10 .7793 11 .8217 8 .1 1 6 7 8 .8 3 2 8
11 12 .3953 14 .0576 9 .79 15 10.3551
12 12 .2 426 13.8091 10 .3389 10 .5166
13 10.8331 11 .8317 9 .90 45 9.7511
14 8 .9 0 4 2 9 .2 7 5 6 8 .8 6 4 6 8 .5 4 0 6
15 . 6 .9 8 9 8 6 .8 9 9 7 7 .5 8 0 8 7 .2 2 4 5
16 5 .3 4 5 3 4 .9 9 3 4 6 .2 9 7 4 5 .98 85
17 4 .0 3 6 2 3 .57 35 5 .1 4 1 7 4 .9 1 0 8
18 3 .0 3 5 9 2 .55 45 4.1601 4 .0 0 9 0
19 2 .2 8 7 6 1.8351 3.3541 3 .2 7 1 7
20 1 .73 29 1.3294 2.7051 2 .6 7 6 2
21 1.3223 0 .9 7 2 9 2 .1 8 7 8 2 .1 9 8 0
22 1.0175 0 .7 1 9 9 1.7771 1.8145
23 0 .7 8 9 9 0 .5 3 8 7 1.4513 1.5064
24 0 .6 1 8 8 0 .4 0 7 6 1.1921 1.2580
25 0 .4 8 8 9 0 .3 1 1 6 0.9851 1.0569
26 0 .3 8 9 6 0 .2 4 0 6 0 .8 1 8 9 0.8931
27 0 .3 1 2 9 0 .1 8 7 5 0 .6 8 4 6 0 .7 5 8 8
28 0.2531 0 .1 4 7 4 0 .5 7 5 5 0 .6 4 8 0
2 9 0 .20 61 0 .1 1 6 8 0 .4 8 6 2 0 .5 5 6 0
3 0 0 .1 6 8 8 0.0931 0 .4 1 2 6 0.4791
31 0 .1 3 9 0 0 .0 7 4 7 0 .3 5 1 5 0 .4 1 4 4
3 2 0 .11 51 0 .0 6 0 3 0 .3 0 0 6 0 .3 5 9 5
3 3 0 .0 9 5 6 0 .0 4 8 9 0 .2 5 7 7 0 .3 1 2 7
3 4 0 .0 7 9 7 0 .0 3 9 8 0 .2 2 1 5 0 .2 7 2 5
3 5 0 .0 6 6 6 0 .0 3 2 6 0 .1 9 0 7 0 .2 3 7 9
3 6 0 .0 5 5 8 0 .0 2 6 7 0 .1 6 4 4 0 .2 0 7 8
3 7 0 .0 4 6 9 0 .0 2 1 9 0 .1 4 1 8 0 .1 8 1 5
38 0 .0 3 9 4 0.0181 0 .1 2 2 3 0 .1 5 8 5
39 0.0331 0 .0 1 4 9 0 .1 0 5 3 0.1381
4 0 0 .0 2 7 8 0 .0 1 2 3 0 .0 9 0 6 0.1201
41 0 .0 2 3 3 0.0101 0 .0 7 7 6 0 .1 0 4 0
42 0 .0 1 9 4 0 .0 0 8 3 0 .0 6 6 2 0 .0 8 9 6
43 0 .01 61 0 .0 0 6 8 0 .0 5 6 0 0 .0 7 6 5
44 0 .0 1 3 2 0 .0 0 5 5 0 .0 4 6 8 0 .0 6 4 5
4 5 0 .0 1 0 7 0 .0 0 4 4 0 .03 85 0 .0 5 3 4
4 6 0 .0 0 8 4 0 .0 0 3 4 0 .0 3 0 7 0 .0 4 2 9
4 7 0 .0 0 6 4 0 .0 0 2 6 0 .0 2 3 4 0 .0 3 2 9
4 8 0 .0 0 4 4 0 .0 0 1 8 0 .01 63 0 .0 2 3 0
4 9 0 .0 0 2 5 0 .0 0 1 0 0 .00 92 0.0131
5 0 0 .0 0 0 5 0 .0 0 0 2 0 .0 0 1 8 0 .0 0 2 6
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Table 13 C a r b o n  n u m b e r  d i s t r i b u t i o n s  o f  ทาa l t e n e  f o r  % R e - l % M o 0 3 / K L  c a t a l y s t s

N o . C a r b o n 0 .25% R e -

l % M o t V K L
0 .50% R e -

l % M o O V K L
0 .75% R e -

I V oM o O V K L
1 % R e - 

1% M o O / K L
5 1.7854 0.7781 0.2590 0.3758
6 2.5198 1.3591 0.6838 0.8118
7 3.4365 2.2371 1.5825 1.6210
8 4.5188 3.4521 3.1664 2.9649
9 5.7074 4.9607 5.4183 4.9066
10 6.8892 6.5935 7.9032 7.2510
11 7.9014 8.0637 9.8997 9.4757
12 8.5658 9.0601 10.8397 10.9267
13 8.7492 9.3835 10.6307 11.2070
14 8.4214 9.0329 9.5859 10.3981
15 7.6701 8.1778 8.1408 8.9191
16 6.6598 7.0556 6.6419 7.2305
17 5.5649 5.8759 5.2857 5.6472
18 4.5192 4.7765 4.1486 4.3136
19 3.5991 3.8244 3.2362 3.2582
20 2.8322 3.0367 2.5222 2.4520
21 2.2153 2.4034 1.9707 1.8478
22 1.7297 1.9027 1.5471 1.3988
23 1.3523 1.5103 1.2219 1.0658
24 1.0609 1.2038 0.9715 0.8181
25 0.8361 0.9644 0.7779 0.6330
26 0.6625 0.7769 0.6272 0.4936
27 0.5279 0.6293 0.5090 0.3880
28 0.4231 0.5127 0.4158 0.3071
29 0.3409 0.4198 0.3416 0.2448
30 0.2761 0.3455 0.2822 0.1964
31 0.2247 0.2856 0.2342 0.1584
32 0.1837 0.2370 0.1952 0.1284
33 0.1507 0.1974 0.1633 0.1046
34 0.1241 0.1649 0.1370 0.0855
35 0.1025 0.1381 0.1153 0.0701
36 0.0848 0.1159 0.0972 0.0577
37 0.0703 0.0974 0.0820 0.0476
38 0.0584 0.0819 0.0693 0.0393
39 0.0485 0.0688 0.0585 0.0324
40 0.0403 0.0578 0.0493 0.0268
41 0.0334 0.0485 0.0415 0.0221
42 0.0276 0.0405 0.0348 0.0182
43 0.0227 0.0336 0.0290 0.0149
44 0.0185 0.0276 0.0239 0.0121
45 0.0148 0.0223 0.0194 0.0097
46 0.0116 0.0176 0.0153 0.0076
47 0.0087 0.0133 0.0116 0.0057
48 0.0060 0.0092 0.0080 0.0039
49 0.0034 0.0052 0.0045 0.0022
50 0.0007 0.0010 0.0009 0.0004
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Table 14 C a r b o n  n u m b e r  d i s t r i b u t i o n s  o f  m o n o - a r o m a t i c s  f o r  n o n - c a t a ly s t ,  K L , 
1% M o 0 3 / K L ,  2 % M o O } /K L ,  a n d  1 % R e /K L

N o . C a r b o n N o n - c a t a l y s t K L 1 % M o O j / K L 2 % M o O j / K L 1 % R e / K L
5 0.0003 0.0000 0.0308 0.0447 0.2310
6 0.0012 0.0000 0.1017 0.0899 0.4809
7 0.0041 0.0000 0.2965 0.1721 0.9425
8 0.0130 0.0000 0.7575 0.3148 1.7333
9 0.0381 0.0001 1.6773 0.5515 2.9737
10 0.1042 0.0018 3.1921 0.9282 4.7148
11 0.2657 0.0311 5.2053 1.5039 6.8279

;  12 0.6332 0.2866 7.3092 2.3490 8.9284
13 1.4080 1.4363 8.9561 3.5363 10.4645
14 2.9000 4.2317 9.7662 5.1157 10.9976

■. 15 5.4409 8.1335 9.6944 7.0601 10.4629
,  16 9.0456 11.3606 8.9571 9.1766 9.1621

17 12.8673 12.6765 7.8562 11.0265 7.5322
• 18 15.2037 12.1682 6.6472 11.9938 5.9254

19 14.8175 10.5997 5.4934 I I .6235 4.5327
20 12.1894 8.6927 4.4754 10.0125 3.4134
21 8.8382 6.8770 3.6180 7.7741 2.5528
22 5.9137 5.3328 2.9160 5.5781 1.9074
23 3.7877 4.0951 2.3505 3.8001 1.4293

.  - 24 2.3806 3.1344 1.8988 2.5142 1.0768
25 1.4902 2.4008 1.5394 1 6419 0.8166
26 0.9369 1.8449 1.2533 1.0694 0.6238
27 0.5941 1.4242 1.0252 0.6991 0.4801
28 0.3808 1.1052 0.8426 0.4602 0.3721
29 0.2468 0.8624 0.6957 0.3056 0.2905
30 0.1618 0.6766 0.5769 0.2048 0.2282
31 0.1072 0.5337 0.4803 0.1385 0.1804
32 0.0718 0.4230 0.4013 0.0946 0.1434
33 0.0485 0.3368 0.3364 0.0651 0.1145
34 0.0331 0.2692 0.2827 0.0452 0.0918

. 35 0.0228 0.2160 0.2381 0.0316 0.0739
36 0.0158 0.1738 0.2009 0.0223 0.0597
37 0.0110 0.1403 0.1697 0.0158 0.0484
38 0.0078 0.1135 0.1434 0.0113 0.0393
39 0.0055 0.0919 0.1211 0.0082 0.0319
40 0.0039 0.0745 0.1022 0.0059 0.0260
41 0.0028 0.0604 0.0860 0.0043 0.0211
42 0.0021 0.0489 0.0721 0.0032 0.0171
43 0.0015 0.0394 0.0601 0.0023 0.0139
44 0.0011 0.0316 0.0495 0.0017 0.0111
45 0.0008 0.0249 0.0402 0.0013 0.0088
46 0.0006 0.0193 0.0318 0.0009 0.0068
47 0.0004 0.0143 0.0240 0.0006 0.0051
48 0.0003 0.0098 0.0166 0.0004 0.0035
49 0.0001 0.0054 0.0093 0.0002 0.0019
50 0.0000 0.0011 0.0019 0.0000 0.0004
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A P P E N D I X  J  T e m p e r a t u r e  P r o g r a m m e d  R e d u c t io n  o f  R e /K L

Temperature (°C)
F ig u r e  J  T P R  p ro f ile s  o f  d if fe re n t lo a d in g  p e rc e n ta g e s  o f  R e /K L  c a ta ly s ts .
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