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APPENDICES

APPENDIX A Operating Temperatures

Table A 1  O p era tin g  tem p era tu res: B a tch  1 (n o  C at): 2 2 - 0 7 - 2 0 0 9
1. S a m p le  =  3 0  g  , N 2  f lo w  rate =  3 0  m l/m in
2 . C h a r = 1 3 .4 5 g
3 . P y r o ly s is  o i ls  =  9 .5 5  g
4 . P y r o ly s is  G a s =  8 .0 0  g

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

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

2 3 2 2 6 32 3 7 9 5 2 3 6 2 3 0 3 5 0 4 9 2 3 0 8 4 9 6
4 53 3 8 34 3 7 0 5 0 3 6 4 3 0 7 4 9 4 9 4 3 1 2 5 0 7
6 9 6 6 9 36 3 6 4 5 0 5 6 6 3 0 2 5 0 4 9 6 3 1 3 4 9 6
8 112 8 2 38 3 5 4 5 0 2 6 8 2 9 7 4 9 8 9 8 3 1 5 5 0 5

10 162 128 4 0 341 4 8 5 7 0 3 0 6 5 0 6 100 3 1 4 5 0 0
12 2 1 5 1 7 9 4 2 3 3 7 4 7 0 7 2 3 0 6 4 9 9 102 3 1 5 5 0 3
14 251 2 2 1 4 4 3 3 5 4 5 3 7 4 311 5 0 5 104 3 1 5 4 9 4
16 301 2 8 5 4 6 3 2 4 441 7 6 3 0 8 501 106 3 1 4 5 0 0
18 3 1 8 3 7 5 4 8 321 4 5 2 7 8 3 0 7 4 9 2 108 3 0 5 4 9 5
2 0 3 2 3 4 0 2 50 3 1 7 4 9 7 8 0 301 5 0 2 110 3 0 2 5 0 5
2 2 3 4 6 3 7 9 52 3 1 7 5 0 6 8 2 3 0 4 5 0 0 112 2 9 8 4 9 8
2 4 3 4 7 4 8 1 54 3 0 9 4 9 8 8 4 3 0 6 4 9 4 114 3 0 9 5 0 2
2 6 3 6 4 4 9 2 56 3 0 4 4 9 3 8 6 301 5 0 3 116 3 1 0 4 9 5
2 8 3 7 7 4 8 8 58 3 0 3 501 8 8 2 9 7 5 0 3 118 3 1 3 5 0 6
3 0 3 7 7 5 1 9 6 0 3 0 0 5 0 0 9 0 2 9 9 5 0 4 120 3 1 3 5 0 2

* T l  is  t i e  c a ta ly t ic  tem p era tu re * T 2  is  th e  p y r o ly s is  tem p era tu re

Temperature (°C) Vs Time (min)
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T a b le  A 2  O p era tin g  tem p era tu res: B a tc h  2  (H M O R ): 2 9 - 0 7 - 2 0 0 9
1. S a m p le  =  3 0 .0 4  g  , C a ta ly st =  7 .5 1  g , N 2  f lo w  rate =  3 0  m l/m in
2 . C har = 1 3 . 7 7  g
3 . P y r o ly s is  o i ls  =  7 .2 2  g
4 . P y r o ly s is  G a s  =  9 .0 5  g

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

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

2 31 3 2 3 2 3 5 0 5 0 1 6 2 3 3 9 5 0 5 9 2 3 1 4 5 0 0
4 4 5 5 4 3 4 3 5 3 5 0 7 6 4 3 3 8 4 9 9 9 4 3 1 2 5 0 2
6 5 5 68 3 6 3 5 5 4 9 7 66 3 3 6 5 0 2 9 6 3 1 0 5 0 2
8 7 5 1 0 3 3 8 3 5 5 5 0 5 68 3 3 2 5 0 5 9 8 3 0 9 5 0 1
10 101 1 4 2 4 0 3 5 6 5 0 1 7 0 3 3 1 4 9 8 100 3 0 9 5 0 5
12 1 3 9 1 9 4 4 2 3 5 6 5 0 4 7 2 3 2 9 5 0 1 102 3 0 7 4 9 5
14 1 7 7 2 4 8 4 4 3 5 7 4 9 6 7 4 3 2 7 4 9 6 1 0 4 3 0 6 5 0 2
16 220 3 2 1 4 6 3 5 6 5 0 1 7 6 . 3 2 5 5 0 4 1 0 6 3 0 5 5 0 2
18 2 9 0 4 0 9 4 8 3 5 6 5 0 2 7 8 3 2 3 5 0 5 1 0 8 3 0 3 4 9 8
20 3 1 2 4 5 4 5 0 3 5 4 5 0 6 8 0 3 2 2 4 9 8 110 3 0 3 5 0 1
22 3 4 1 5 0 3 5 2 3 5 2 4 9 7 8 2 3 2 0 5 0 5 112 3 0 1 5 0 5
2 4 3 4 5 5 0 9 5 4 3 5 0 5 0 5 8 4 3 1 9 4 9 8 1 1 4 3 0 0 5 0 0
2 6 3 4 7 5 0 2 5 6 3 4 9 4 9 9 86 3 1 7 5 0 1 1 1 6 3 0 0 5 0 4
2 8 3 4 7 4 9 7 5 8 3 4 5 5 0 3 88 3 1 6 4 9 8 1 1 8 3 0 6 4 9 9
3 0 3 5 0 5 0 4 6 0 3 4 2 4 9 9 9 0 3 1 4 5 0 6 120 3 0 8 5 0 8

* T l  is  th e  c a ta ly tic  tem p era tu re  * T 2  is  th e  p y r o ly s is  tem p era tu re

Temperature (°C) Vs Time (min)

0 20 40 60 80 100 120
T im e, m in
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Table A3 Operating temperatures: Batch 3 (Ru/HMOR): 30-07-2009
1. Sample = 30 g , Catalyst = 7.5g, N2 flow rate = 30 ml/min
2. Char = 12.94g
3. Pyrolysis oils = 6.64 g
4. Pyrolysis Gas = 10.42 g

T im e
(m in ) T1 T 2

T im e
(m in ) T1 T 2

T im e
(m in ) T 1 T 2

T im e
(m in ) T1 T 2

2 2 9 2 8 32 3 2 8 501 6 2 3 6 5 5 0 8 9 2 3 0 0 501
4 3 9 43 3 4 2 8 5 4 9 2 6 4 3 6 2 501 9 4 2 9 6 4 9 9
6 5 9 7 2 3 6 2 9 1 4 9 9 6 6 3 5 8 4 9 4 9 6 3 0 0 5 0 6
8 7 8 101 3 8 2 9 8 5 0 6 6 8 3 5 2 5 0 5 9 8 3 0 9 4 9 7
10 115 161 4 0 2 9 8 4 9 9 7 0 3 4 8 4 9 8 100 3 1 2 5 0 6
12 131 191 4 2 3 0 4 5 0 6 7 2 3 4 3 5 0 7 102 3 0 9 4 9 4
14 143 2 1 9 4 4 3 4 0 5 0 5 7 4 3 3 9 5 0 0 104 3 0 8 4 9 6
16 185 351 4 6 3 0 8 4 9 9 7 6 3 3 4 4 9 3 106 3 0 5 5 0 8
18 2 2 5 4 1 0 4 8 341 5 0 6 78 3 2 8 5 0 6 108 3 0 4 5 0 0
2 0 2 7 8 4 5 3 5 0 3 5 2 5 0 2 8 0 3 2 2 4 9 8 110 301 5 0 7
2 2 3 2 5 5 0 0 52 3 2 7 4 9 9 82 3 1 8 5 0 6 112 2 9 9 501
2 4 3 3 6 5 1 2 5 4 3 6 5 5 0 2 84 3 1 2 4 9 4 114 301 5 0 6
2 6 3 1 2 5 0 6 5 6 371 4 9 6 86 311 4 9 7 116 3 0 7 5 0 4
2 8 3 1 6 5 0 0 5 8 371 5 0 7 88 3 0 9 5 0 6 118 3 1 0 5 0 4
3 0 3 2 8 5 0 8 6 0 3 6 9 5 0 0 9 0 2 9 9 501 120 3 0 9 4 9 4

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)

20 40 60 80 100
T im e , m in

0 120
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Table A4 Operating temperatures: Batch 4 (Kaolin): 31-07-2009
1. Sample = 30 g , Catalyst =  7.52g, N2 flow rate = 30 ml/min
2. Char =13.68 g
3. Pyrolysis oils = 4.84 g
4. Pyrolysis Gas =11.48 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 8 4 9 3 2 3 4 5 4 9 3 6 2 3 1 4 4 9 8 9 2 3 0 3 5 0 0
4 4 4 6 0 3 4 3 4 4 4 7 9 6 4 3 1 3 5 0 2 9 4 3 0 3 5 0 0
6 6 6 104 3 6 3 4 4 4 7 9 6 6 311 5 0 4 9 6 301 5 0 6
8 8 6 139 3 8 3 4 2 4 6 9 6 8 3 0 8 5 0 0 9 8 3 0 0 4 9 9
10 139 2 2 6 4 0 341 4 5 9 . 7 0 3 0 6 4 9 9 100 3 0 0 5 0 6
12 196 2 8 4 4 2 3 3 8 4 5 2 ' 7 2 3 0 4 5 0 4 102 3 0 6 5 0 2
14 2 1 5 3 5 0 4 4 3 3 4 4 5 9 7 4 3 0 3 5 0 0 104 3 0 9 5 0 0
16 261 4 1 4 4 6 331 4 9 8 .7 6 3 0 0 5 0 5 106 311 5 0 3
18 3 2 5 4 8 2 4 8 3 3 0 5 0 7 7 8 2 9 9 4 9 5 108 3 1 0 4 9 8
2 0 321 5 0 3 5 0 3 2 8 4 9 9 ' 8 0 3 0 3 5 0 6 110 3 1 0 5 0 5
2 2 3 2 5 5 1 4 52 3 2 7 5 0 5 82 3 0 5 5 0 0 112 3 0 7 4 9 7
2 4 3 3 6 5 0 6 5 4 3 2 3 4 9 4 8 4 3 0 7 4 9 7 114 3 0 7 5 0 6
2 6 3 3 9 4 9 6 5 6 321 5 0 5 8 6 3 0 8 5 0 0 116 3 0 6 501
2 8 3 3 9 5 0 5 5 8 3 1 0 5 0 6 88 3 0 4 4 9 9 118 3 0 8 5 0 6
3 0 341 501 6 0 3 1 8 4 9 8 9 0 3 0 7 5 0 0 120 3 0 2 4 9 8

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)
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Table A5 Operating temperatures: Batch 5 (Alumina): 03-08-2009
1. Sample = 30 g , Catalyst = 7.50g, N2 flow rate = 30 ml/min
2. Char =14.69 g
3. Pyrolysis oils = 7.15 g
4. Pyrolysis Gas = 8.16 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 2 9 2 9 3 2 3 5 8 501 6 2 3 1 7 5 0 2 9 2 3 0 2 501
4 3 9 4 9 34 3 5 8 5 0 3 6 4 3 1 5 5 0 4 9 4 301 4 9 7
6 54 75 3 6 3 5 6 4 9 3 6 6 3 1 3 4 9 8 9 6 3 0 0 5 0 0
8 7 4 110 3 8 3 5 2 4 9 7 6 8 3 1 2 5 0 5 9 8 2 9 7 4 9 8
10 111 174 4 0 3 4 9 5 0 3 7 0 3 0 3 5 0 3 100 3 0 7 501
12 141 2 2 0 4 2 3 4 6 5 0 5 7 2 301 5 0 4 102 3 1 0 4 9 3
14 178 2 7 5 4 4 3 4 3 4 9 4 7 4 2 9 9 4 9 8 104 311 5 0 6
16 2 2 4 3 4 5 4 6 3 3 9 501 7 6 3 1 4 4 9 7 . 106 3 0 9 4 9 8
18 2 7 3 4 2 5 4 8 3 3 8 4 9 8 7 8 3 1 4 5 0 7 108 3 0 8 4 9 9
2 0 3 2 2 4 5 9 5 0 3 3 4 5 0 5 8 0 ■ 3 1 2 4 9 8 110 3 0 7 5 0 5
2 2 3 2 8 5 1 3 5 2 331 4 9 3 82 3 1 0 4 9 8 112 3 0 6 4 9 8
2 4 3 2 8 5 1 2 5 4 3 2 8 5 0 4 8 4 3 0 8 4 9 8 114 3 0 4 5 0 3
2 6 3 3 5 501 5 6 3 2 6 4 9 8 8 6 3 0 5 501 116 3 0 3 4 9 3
2 8 3 4 4 501 5 8 3 2 3 501 88 3 0 5 4 9 8 118 3 0 2 5 0 6
3 0 3 5 7 5 0 0 6 0 3 2 0 4 9 3 9 0 3 0 5 5 0 5 120 301 4 9 7

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

0 20 40 60 80 100 120
Time, min
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Table A6 Operating temperatures: Batch 6 (BC-20): 06-08-2009
1. Sample = 30.03 g , Catalyst = 7.50g , N2 flow rate = 30 ml/min
2. Char =13.89 g
3. Pyrolysis oils = 5.86 g
4. Pyrolysis Gas = 10.28 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 0 2 7 3 2 3 5 9 4 9 4 6 2 321 5 0 4 9 2 3 0 5 5 0 7
4 3 9 35 3 4 3 5 9 4 8 5 6 4 3 1 8 4 9 6 9 4 3 0 5 5 0 2
6 5 7 55 3 6 3 5 7 4 9 1 6 6 3 1 6 5 0 0 9 6 3 0 2 5 0 4
8 7 8 82 3 8 3 5 6 5 0 8 6 8 3 1 3 5 0 2 9 8 301 5 0 0
10 101 111 4 0 3 5 3 5 0 0 7 0 3 1 0 5 0 3 100 2 9 8 4 9 5
12 137 156 4 2 351 5 0 4 7 2 3 0 7 4 9 8 102 3 0 3 5 0 7
14 179 2 0 8 4 4 3 5 0 5 0 0 7 4 3 0 4 5 0 5 104 3 1 0 5 0 0

. 16 2 1 8 2 6 6 4 6 3 4 6 4 8 9 7 6 3 0 3 5 0 2 106 3 1 2 5 0 6
18 2 7 7 3 6 4 4 8 341 5 0 5 7 8 3 0 0 5 0 6 108 311 4 9 5
2 0 3 2 4 4 5 8 5 0 3 3 7 4 9 9 8 0 2 9 8 4 9 9 110 311 4 9 5
2 2 3 3 9 5 1 6 52 3 3 4 5 0 6 82 3 0 1 5 0 5 112 3 1 0 5 0 7
2 4 3 4 5 5 1 3 5 4 3 3 2 5 0 0 84 3 0 9 5 0 3 114 3 0 8 501
2 6 3 5 6 4 9 9 5 6 3 2 8 4 9 4 8 6 3 0 9 5 0 6 116 3 0 7 5 0 8
2 8 351 5 0 7 5 8 3 2 7 5 0 0 88 3 0 9 5 0 3 118 3 0 5 4 9 9
3 0 3 5 6 501 6 0 3 2 4 5 0 4 9 0 3 0 7 4 9 5 120 3 0 4 4 9 5

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)

0 20 40 120
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Table A7 Operating temperatures: Batch 7 (BC-30): 07-08-2009
1. Sample = 30.03 g , Catalyst = 7.52g, N2 flow rate = 30 ml/min
2. Char =13.09 g
3. Pyrolysis oils = 6.93 g
4. Pyrolysis Gas = 10.01 g

T im e
(m in ) T1 T 2

T im e
(m in ) T I T 2

T im e
(m in ) T l T 2

T im e
(m in ) T I T 2

2 2 8 2 8 32 3 6 9 4 9 2 6 2 3 2 8 5 0 2 9 2 2 9 6 4 9 3
4 35 4 0 34 3 7 2 5 0 4 6 4 3 2 5 4 9 6 9 4 2 9 5 5 0 6
6 5 0 6 6 3 6 3 7 2 4 9 8 6 6 3 1 8 5 0 6 9 6 3 0 3 5 0 5
8 6 4 91 38 371 5 0 7 6 8 3 1 3 4 9 9 9 8 311 4 9 8
10 86 135 4 0 3 6 7 4 9 6 7 0 3 0 9 5 0 6 100 3 1 4 5 0 4
12 118 189 4 2 3 6 3 5 0 6 7 2 3 0 5 5 0 0 102 3 1 3 4 9 5
14 153 2 4 4 4 4 3 6 2 5 0 2 7 4 3 0 0 4 9 6 104 311 5 0 8
16 n o 2 9 9 4 6 3 5 7 5 0 4 7 6 301 : 5 0 2 106 3 0 8 5 0 0
18 231 3 8 2 4 8 3 5 4 4 9 7 7 8 3 0 6 4 9 8 108 3 0 4 5 0 4
2 0 2 9 0 4 4 1 5 0 351 5 0 4 8 0 3 1 0  : 5 0 6 110 3 0 2 4 9 8
2 2 3 2 9 4 9 0 5 2 3 4 8 4 9 7 82 311 4 9 8 112 3 0 0 5 0 7
2 4 3 4 8 5 0 9 54 3 4 6 4 9 8 8 4 3 0 8 5 0 4 114 2 9 8 501
2 6 3 6 3 501 56 3 4 6 4 9 6 8 6 3 0 7 4 9 9 116 3 0 3 4 9 9
2 8 3 6 8 5 0 5 58 3 4 2 5 0 5 88 3 0 4 5 0 6 118 311 5 0 4
3 0 3 7 0 4 9 0 6 0 3 3 6 5 0 0 9 0 301 5 0 2 120 311 4 9 8

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)

60 80
Time, min

0 20 40 100 120
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Table A8 Operating temperatures: Batch 8 (BC-40): 16-08-2009
1. Sample = 30.01 g , Catalyst = 7.50g , N2 flow rate = 30 ml/min
2. Char = 13.53 g
3. Pyrolysis oils = 5.30 g
4. Pyrolysis Gas = 11.18 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 2 8 2 9 3 2 3 3 4 4 9 5 6 2 301 4 9 9 9 2 311 5 0 7
4 3 7 4 7 3 4 3 3 3 5 0 5 6 4 2 9 8 5 0 5 9 4 3 1 0 5 0 2
6 52 8 0 3 6 3 3 2 501 6 6 3 0 0 4 9 7 9 6 3 0 8 5 0 5
8 6 9 116 3 8 3 2 9 5 0 6 6 8 3 0 8 5 0 6 9 8 3 0 7 5 0 0
10 9 2 162 4 0 3 2 8 4 9 6 7 0 3 0 8 4 9 8 100 3 0 4 501
12 120 2 1 8 4 2 3 2 7 5 0 5 7 2 3 0 8 5 0 5 102 3 0 4 5 0 3
14 154 2 8 0 4 4 3 2 4 5 0 3 7 4 3 0 6 4 9 7 104 301 5 0 5
16 2 0 0 3 5 5 4 6 3 2 3 5 0 4 7 6 3 0 4 5 0 5 106 . 3 0 0 5 0 3
18 2 4 2 4 1 9 4 8 3 1 9 501 7 8 3 0 3 4 9 7 108 2 9 7 4 9 4
2 0 3 2 5 4 8 2 5 0 3 1 6 5 0 0 8 0 3 0 0 501 110 3 0 8 5 0 5
2 2 3 1 9 5 1 4 5 2 3 1 2 5 0 2 8 2 2 9 8 5 0 4 112 3 0 9 5 0 3
2 4 3 1 9 5 0 9 5 4 3 1 0 5 0 4 8 4 2 9 8 5 0 5 114 3 1 0 5 0 2
2 6 3 2 5 5 0 2 5 6 3 0 8 501 8 6 3 0 2 4 9 8 116 3 0 9 5 0 4
2 8 3 2 6 5 0 2 5 8 3 0 3 5 0 6 8 8 3 1 0 5 0 5 118 3 0 7 4 9 4
3 0 3 2 8 5 0 4 6 0 3 0 7 5 0 5 9 0 311 4 9 9 120 3 0 5 5 0 6

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)

0 20 40 120
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Table A9 Operating temperatures: Batch 9 (BC-50): 17-08-2009
1. Sample = 30.01 g , Catalyst = 7.53g, N2 flow rate = 30 ml/min
2. Char = 13.43 g
3. Pyrolysis oils = 5.59 g
4. Pyrolysis Gas = 10.99 g

T im e
(m in ) T1 T 2

T im e
(m in ) T1 T 2

T im e
(m in ) T 1 T 2

T im e
(m in ) T 1 T 2

2 2 9 2 9 32 3 5 5 4 9 2 6 2 3 0 2 5 0 5 9 2 3 1 0 4 9 4
4 3 7 4 4 3 4 3 5 4 5 0 3 6 4 3 0 0 4 9 8 9 4 3 0 8 5 0 3
6 5 0 6 8 3 6 3 5 0 5 0 4 6 6 3 0 0 4 9 9 9 6 3 0 6 5 0 4
8 6 6 9 9 3 8 3 4 9 5 0 4 6 8 3 0 4 4 9 9 9 8 3 0 4 5 0 0
10 9 0 149 4 0 3 4 5 4 9 9 7 0 3 1 0 501 100 301 4 9 9
12 120 2 0 7 4 2 3 3 9 4 8 7 72 311 4 9 8 102 2 9 9 4 9 4
14 163 2 8 3 4 4 3 3 4 4 9 4 7 4 3 1 0 501 104 3 0 0 5 0 6
16 1 8 5 . 3 2 0 4 6 3 3 2 5 0 6 7 6 3 0 9 4 9 4 106 3 0 7 4 9 9
18 2 6 5 4 2 8 4 8 3 2 6 4 9 8 7 8 3 0 5 501 108 3 0 8 5 0 6

' 2 0 2 8 0 4 3 9 5 0 321 5 0 2 80 3 0 4 4 9 7 110 3 0 7 4 9 9
2 2 3 1 7 4 9 9 52 3 1 7 4 9 4 82 301 501 112 3 0 4 4 9 6
2 4 3 2 0 5 1 2 5 4 3 1 3 5 0 6 84 2 9 7 501 114 3 0 2 5 0 5
2 6 3 3 3 5 0 5 5 6 3 1 0 5 0 0 86 2 9 5 5 0 4 116 3 0 0 4 9 8
2 8 3 4 3 5 0 6 58 3 0 7 5 0 4 88 301 5 0 0 118 2 9 6 5 0 3
3 0 3 4 8 5 0 2 6 0 3 0 4 4 9 5 9 0 3 0 9 5 0 4 120 2 9 7 4 9 4

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

0 20 40 60 80 100 120
T im e , m in
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Table A10 Operating temperatures: Batch 10 (Pellet diameter 1.00mm): 14-09-2009
1. Sample = 30.05 g , Catalyst = 7.52g, N2 flow rate = 30 ml/min
2. Char = 13.39 g
3. Pyrolysis oils = 7.26 g
4. Pyrolysis Gas = 9.40 g

T im e
(m in ) T1 T 2

T im e
(m in ) T1 T 2

T im e
(m in ) T1 T 2

T im e
(m in ) T1 T 2

2 2 7 2 8 32 3 4 9 491 6 2 3 1 2 5 0 3 9 2 3 0 3 4 9 9
4 36 4 6 34 3 4 6 5 0 5 6 4 3 0 9 4 9 8 9 4 3 0 0 5 0 2
6 53 7 9 3 6 3 4 7 5 0 2 6 6 3 0 7 5 0 5 9 6 2 9 9 4 9 9
8 75 120 38 3 4 5 5 0 4 6 8 3 0 5 4 9 5 9 8 3 0 0 501
10 102 171 4 0 3 4 2 501 7 0 3 0 4 5 0 5 1 0 0 3 0 2 5 0 0
12 136 2 3 0 4 2 3 4 4 5 0 5 7 2 301 5 0 2 102 3 0 0 5 0 0
14 185 3 0 9 4 4 341 5 0 0 7 4 2 9 8 5 0 5 104 2 9 9 4 9 6
16 2 1 4 3 4 7 4 6 3 3 8 5 0 4 7 6 3 0 4 4 9 7 .1 0 6 301 5 0 5
18 2 7 8 4 2 9 4 8 3 3 6 5 0 0 7 8 3 0 4 5 0 5 108 3 0 3 501
2 0 3 2 0 4 5 2 5 0 3 2 7 4 9 9 8 0 3 0 4 5 0 2 ■ 110 3 0 4 4 9 5
2 2 3 1 2 5 0 2 5 2 3 2 7 5 0 4 8 2 3 0 2 5 0 5 112 3 0 4 4 9 8
2 4 3 2 8 5 1 0 5 4 3 2 4 5 0 2 8 4 301 4 9 7 114 3 0 3 4 9 7
2 6 3 4 5 5 0 2 5 6 321 5 0 0 8 6 2 9 9 5 0 6 116 3 0 3 4 9 8
2 8 351 5 0 5 58 3 1 9 5 0 2 88 3 0 2 5 0 0 118 3 0 3 5 0 6
3 0 3 5 0 5 0 0 6 0 3 1 3 4 9 8 9 0 3 0 3 5 0 3 1 2 0 3 0 0 4 9 8

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)

0 120
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Table A ll Operating temperatures -.Batch 11 (Pellet diameter 2.00mm): 17-09-2009
1. Sample = 30.02 g , Catalyst = 7.51 g, N2 flow rate = 30 ml/min
2. Char =13.46 g
3. Pyrolysis oils = 7.04 g
4. Pyrolysis Gas = 9.52 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 27 26 32 366 490 62 336 505 92 307 507
4 35 42 34 351 470 64 332 498 94 306 497
6 51 71 36 350 471 66 331 502 96 305 498
8 72 107 38 351 489 68 329 494 98 304 497
10. 90 142 40 353 506 70 327 501 100 303 502
12 118 194 42 352 498 72 324 505 102 301 505
14 155 259 44 352 502 74 323 500 104 300 499
16 191 319 46 352 492 76 319 502 106 299 502
18 249 351 48 350 504 78 318 504 108 304 496
20 292 451 50 349 497 80 316 501 110 306 505
22 324 514 52 348 498 82 314 502 112 308 498
24 341 511 54 345 506 84 311 505 114 308 507
26 350 501 56 343 497 86 311 501 116 308 502
28 367 504 58 341 502 88 309 504 118 307 499
30 368 499 60 339 492 90 309 496 120 306 503

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (๐(ว) Vs Time (min)
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Table A12 Operating temperatures :Batch 12 (Pellet diameter 3.00mm): 06-10-2009
1. Sample = 30.01 g , Catalyst = 7.51 g, N2 flow rate = 30 ml/min
2. Char=13.50g
3. Pyrolysis oils = 6.09 g
4. Pyrolysis Gas = 10.42 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 22 25 26 32 353 498 62 312 498 92 299 503

4 34 44 34 352 505 64 308 501 94 305 500
6 55 88 36 349 500 66 307 494 96 308 502
8 73 127 38 347 505 68 305 503 98 307 496
10 97 169 40 341 497 70 303 497 100 307 506
12 131 225 42 332 505 72 301 501 102 306 499
14 173 291 44 333 497 74 299 497 104 305 502
16 231 372 46 334 504 76 301 506 106 303 502
18 261 415 48 331 495 78 307 498 108 303 501
20 314 455 50 329 501 80 307 501 110 304 502
22 325 506 52 326 498 82 306 499 112 304 500
24 337 495 54 322 504 84 303 500 114 303 501
26 349 501 56 319 503 86 302 499 116 304 501
28 352 498 58 316 500 88 302 504 118 303 500
30 350 504 60 314 503 90 300 496 120 303 504

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (๐(ว) Vs Time (min)
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Table A13 Operating temperatures :Batch 13 (Pellet diameter 4.00mm): 12-10-2009
1. Sample = 30.00 g , Catalyst = 7.51 g, N2 flow rate = 30 ml/min
2. Char = 13.18 g
3. Pyrolysis oils = 6.11 g
4. Pyrolysis Gas = 10.70 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 26 27 32 360 499 62 311 501 92 305 498
4 35 47 34 356 486 64 309 505 94 304 503
6 48 74 36 354 485 66 305 501 96 299 . 498
8 72 119 38 352 507 68 303 506 98 300 505
10 94 160 40 349 498 70 299 500 100 307 504
12 127 208 42 345 504 72 303 503 102 308 504
14 171 268 44 343 499 74 304 500 104 307 504
16 236 353 46 340 498 76 305 506 106 304 ; 499
18 279 414 48 337 506 78 302 499 108 303 506
20 312 446 50 332 501 80 302 504 110 302 : 502
22 344 492 52 330 503 82 299 501 112 300 501
24 359 512 54 325 500 84 303 505 114 299 ' 499
26 361 501 56 321 507 86 307 499 116 305 50728 361 498 58 318 498 88 307 500 118 308 50330 362 508 60 314 504 90 307 506 120 307 507

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

0 20 40 100 120
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Table A14 Operating temperatures :Batch 14 (Flash Cat.): 06-10-2009
1. Sample = 30.01 g , Catalyst = 7.51 g, N2 flow rate = 30 ml/min
2. Char =13.50 g
3. Pyrolysis oils = 6.09 g
4. Pyrolysis Gas = 10.42 g

Time
(min) Tl T2

Time
(min) Tl T2

Time
(min) Tl T2

Time
(min) Tl T2

2 25 26 32 353 498 62 312 498 92 299 503
4 34 44 34 352 505 64 308 501 94 305 500
6 55 88 36 349 500 66 307 494 96 308 502
8 73 127 38 347 505 68 305 503 98 307 496
10 97 .169 40 341 497 70 303 497 100 307 506
12 131 225 42 332 505 72 301 501 102 306 499
14 173 291 44 333 497 74 299 497 104 305 502
16 231 372 46 334 504 76 301 506 106 303 502
18 261 415 48 331 495 78 307 498 108 303 501
20 314 455 50 329 501 80 307 501 110 304 502
22 325 506 52 326 498 82 306 499 112 304 500
24 337 495 54 322 504 84 303 500 114 303 501
26 349 501 56 319 503 86 302 499 116 304 501
28 352 498 58 316 500 88 302 504 118 303 500
30 350 504 60 314 503 90 300 496 120 303 504

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)
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Table A15 Operating temperatures :Batch 15 (Spent Cat.l): 23-10-2009
1. Sample = 30.00 g , Catalyst = 7.50g, N2 flow rate = 30 ml/min
2. Char = 13.13 g
3. Pyrolysis oils = 7.95 g
4. Pyrolysis Gas = 8.92 g

Time
(min) Tl T2

Time
(min) Tl T2

Time
(min) Tl T2

Time
(min) Tl T2

2 29 35 32 334 495 62 308 500 92 311 501
4 40 54 34 335 502 64 303 496 94 308 505
6 54 76 36 337 503 66 301 508 96 306 504
8 82 124 38 340 502 68 297 499 98 302 501
10 104 161 40 339 500 70 305 507 100 302 498
12 137 216 42 337 507 72 309 498 102 301 506
14 180 282 44 334 499 74 308 501 104 297 499
16 225 346 46 333 503 76 309 499 106 302 502
18 290 425 48 328 507 78 305 503 108 308 505
20 317 479 50 329 506 80 301 495 110 311 497
22 324 515 52 323 500 82 299 503 112 310 505
24 331 511 54 320 502 84 299 503 114 307 505
26 335 501 56 314 504 86 310 508 116 305 500
28 332 503 58 314 504 88 312 502 118 304 507
30 334 503 60 309 503 90 311 503 120 300 500

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)

0 100 120
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Table A16 Operating temperatures :Batch 16 (Spent Cat.2): 27-10-2009
1. Sample = 30.04 g , Catalyst = 7.50g, N2 flow rate = 30 ml/min
2. Char = 13.43 g
3. Pyrolysis oils = 8.42 g
4. Pyrolysis Gas = 8.56 g

Time
(min) Tl T2

Time
(min) Tl T2

Time
(min) Tl T2

Time
(min) Tl T2

2 30 35 32 325 491 62 298 505 92 302 501
4 41 55 34 318 498 64 296 499 94 301 497
6 65 98 36 319 507 66 306 507 96 298 507
8 91 143 38 316 501 68 307 502 98 306 505
10 112 176 40 312 505 70 304 495 100 307 505
12 146 230 42 308 493 72 301 506 102 304 496
14 186 290 44 305 489 74 300 498 104 304 496
16 239 363 46 300 503 76 299 504 106 299 504
18 295 427 48 297 497 78 307 498 108 299 499
20 322 459 50 297 506 80 307 504 110 302 507
22 331 501 52 303 498 82 304 501 112 302 502
24 335 506 54 306 506 84 302 505 114 301 496
26 336 503 56 306 501 86 298 505 116 299 506
28 336 498 58 304 506 88 303 504 118 302 499
30 332 503 60 301 499 90 306 497 120 305 506

* Tl is the catalytic temperature * T2 is the pyrolysis temperature

Temperature (°C) Vs Time (min)

2 0  4 0  6 0  8 0
Time, min

0 100 120
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Appendix B Yields of Pyrolysis Products

Table B1 Weight percentage of pyrolysis products obtained from each separate 
component in the Ru/HMOR based catalysts

\  Catalyst 
P rod u cts^ \ No Cat. HMOR Kaolin a-alumina
Gas 2 0 ,6 9 3 0 .1 3 3 8 .2 7 2 7 .1 9
Liquid 3 4 .3 5 2 4 .0 3 16 .13 2 3 .8 5
Solid 4 4 .8 9 4 5 .8 4 4 5 .6 0 4 8 .9 6

Table B2 Weight percentage of pyrolysis products obtained from the Ru/HMOR 
based catalysts

Catalyst 
Products^^ BC-20 BC-30 BC-40 BC-50 Ru/HMOR
Gas 3 4 .2 3 3 3 .3 3 3 7 .2 5 3 6 .6 2 3 3 .6 3
Liquid 19.51 2 3 .0 8 1 7 .6 6 18 .6 3 2 2 .8 7
Solid 4 6 .2 5 4 3 .5 9 4 5 .0 8 4 4 .7 5 4 3 .5 0

Table B3 Weight percentage of pyrolysis products obtained from the BC-20 
catalyst with various pellet diameters

Pellet diameters 1.00mm 2.00mm 3.00mm 4.00mmProducts
Gas 3 1 .2 8 3 2 .4 5 3 4 .7 2 3 5 .7 1
Liquid 2 4 .1 6 2 2 .9 2 2 0 .2 9 2 0 .3 7
Solid 4 4 .5 6 4 4 .6 4 4 4 .9 9 4 3 .9 2
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Table B4 Weight percentage of pyrolysis products from the catalyst deactivation 
testing

^ \  # of reuse 
Products''^ 1st c y c le 2 nd c y c le s 3 rd c y c le s

Gas 3 0 .3 4 2 9 .7 3 2 8 .5 0
Liquid 2 4 .2 1 2 6 .5 0 2 6 .7 0
Solid 4 5 .4 5 4 3 .7 8 4 4 .7 1

Appendix c  The Pyrolysis Gas Compositions

Table Cl Weight percentage of gas product obtained from each separate component 
in the Ru/HMOR based catalysts

g a s
c o m p o s it io n

C a ta ly s t s

N o  C a t. H M O R K a o lin a - a lu m in a

M eth a n e 2 2 .9 6 2 2 .4 3 2 1 .0 8 2 1 .3 9
E th y len e 10 .7 9 6 .4 8 9 .5 9 9 .2 9
E th ane 17.71 18 .1 2 1 7 .6 9 16 .6 5
P ro p y len e 12 .33 9 .6 3 1 1 .7 4 1 1 .4 0
P ropane 8 .1 2 1 6 .0 6 8 .7 6 8 .2 2
M ix e d  C 4 2 1 .0 1 2 0 .6 1 2 0 .8 8 1 8 .9 7
M ix e d  C5 6.71 6 .2 2 9 .4 3 1 3 .7 3
> C 5 0 .3 8 0 .4 5 0 .8 2 0 .3 7
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Table C2 Weight percentage of gas product obtained from the Ru/HMOR based 
catalysts

g a s
c o m p o s it io n

C a ta ly s t s

B C -2 0 B C -3 0 B C -4 0 B C -5 0 R u /H M O R

M eth an e 1 9 .1 2 2 0 .2 7 18 .2 8 19.51 17 .4 5
E th y len e 9 .2 5 9 .71 9 .1 2 8 .8 2 7 .5 0
E th ane 16.71 18.41 1 6 .9 4 16 .83 1 6 .9 4
P ro p y len e 1 1 .5 8 12 .0 5 1 1 .4 0 1 1 .1 0 1 0 .2 5
P ropane 8 .5 9 1 0 .2 2 9 .5 4 9 .41 1 4 .2 3
M ix e d  C 4 19 .8 3 2 2 .8 2 19 .5 5 1 9 .3 5 2 0 .6 4
M ix e d  C 5 14 .43 6 .2 8 14 .8 4 1 4 .5 8 1 2 .6 2
> C 5 0 .4 9 0 .2 3 0 .3 4 0 .3 9 0 .3 7

Table C3 Weight percentage of gas products obtained from the BC-20 catalyst with 
various pellet diameters

G a s
c o m p o s it io n

P e l l e t  d i a m e t e r  ( m m )

1 .0 0  m m 2 .0 0  m m 3 .0 0  m m 4 .0 0  m m

M eth a n e 18 .1 6 2 0 .9 1 2 1 .6 2 1 8 .6 7
E th y len e 8.51 9 .7 2 1 0 .3 8 9 .6 8
E th ane 1 6 .5 9 1 7 .8 6 1 9 .2 2 1 7 .7 9
P ro p y len e 1 0 .3 7 1 1 .6 9 1 2 .7 8 1 1 .8 5
P ropane 9 .3 4 9 .2 9 1 0 .2 4 9 .8 0
M ix e d  C 4 18 .83 2 0 .5 0 2 2 .5 3 2 0 .3 2
M ix e d  C5 17 .9 2 9 .7 4 2 .7 5 1 1 .7 4
> C 5 0 .2 9 0 .2 9 0 .4 8 0 .1 4
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Table C4 Weight percentage of gas products from the catalyst deactivation testing

G a s
c o m p o s it io n

P e l l e t  d i a m e t e r  ( m m )

l 5t c y c le 2 nd c y c le s 3 rd c y c le s

M eth a n e 2 1 .6 2 19 .43 2 0 .4 2
E th y len e 1 0 .3 8 1 0 .1 8 9 .9 5
E th ane 19 .2 2 18 .1 6 18 .1 3
P ro p y len e 1 2 .7 8 1 2 .4 0 1 2 .1 4
P rop an e 1 0 .2 4 9 .6 6 9 .4 2
M ix e d  C 4 2 2 .5 3 2 2 .0 4 2 1 .4 2
M ix e d  C 5 2 .7 5 7.41 7.71
> C 5 0 .4 8 0 .7 2 0 .81

APPENDIX D Amount of Asphaltene in Pyrolysis Oil

Table D1 Amount of asphaltene in pyrolysis oil

No. Parameter studied detail Asphaltene in oil 
(wt %)

1 N o  cat 0 .0 6 2 0
2 R a w  m ateria ls H M O R 0 .0 4 0 0
3 K aolin 0 .0 4 0 0
4 d -a lu m in a 0 .0 4 2 0
5 B C -2 0 0 .0 1 7 8
6 B C -3 0 0 .0 1 7 8
7 C o m p o s itio n s B C -4 0 0 .0 1 5 9
8 B C -5 0 0 .0 1 5 9
9 B C -1 0 0 0 .0 3 6 0
10 1 .0 0 m m 0 .0 4 6 0
11 P e lle t  d iam eter 2 .0 0 m m 0 .0 4 2 0
12 3 .0 0 m m 0 .0 3 9 0
13 4 .0 0 m m 0 .0 4 1 0
14 1st c y c le 0 .0 1 8 0
15 D e a c tiv a tio n  te s tin g 2 nd c y c le 0 .0 2 4 0
16 3 rd c y c le 0 .0 2 5 0
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APPENDIX E Chemical C o m p o s i t io n s  o f  Maltenes

Table El Chemical compositions of maltenes obtained from each separate 
component in the Ru/HMOR based catalysts

~~~~~ C a ta ly s t  c o m p o n e n t  

C h e m ic a l  c o m p o s i t i o n ' ' ' - ' - ' ' - - - - - , . . ^
N o  C a t. H M O R K a o lin a - a lu m in a

Saturated  H C. 5 9 .4 9 6 4 .5 8 5 3 .3 3 5 2 .7 6
M o n o -a ro m a tic 13 .0 8 1 2 .1 0 16.41 1 6 .0 8
D i-a ro m a tic 6 .1 5 4 .7 5 8 .4 6 6 .2 8
P o ly -a ro m a tic 14 .8 7 8.21 8 .4 6 6 .2 8
P olar-arom atic 5 .3 8 5 .8 3 9 .2 3 3 .7 7

Table E2 Chemical compositions of maltenes obtained from the Ru/HMOR based 
catalysts

C a ta ly s t

C h e m ic a l  c o m p o s it io n
B C -2 0 B C -3 0 B C -4 0 B C -5 0 R u /H M O R

Saturated  H C . 5 3 .5 7 5 4 .2 5 5 4 .7 7 5 7 .4 7 5 8 .8 1
M o n o -a ro m a tic 1 9 .3 9 1 8 .0 0 1 9 .8 9 1 9 .4 8 2 0 .9 5
D i-a ro m a tic 8 .6 7 7 .7 5 6 .2 7 6 .1 7 5 .0 0
P o ly -a ro m a tic 1 5 .5 6 1 6 .7 5 1 6 .0 8 1 3 .9 6 1 3 .1 0
P o lar-arom atic 1 .79 1 .50 1.91 1 .30 1 .9 0

Table E3 Chemical compositions of maltenes obtained from the BC-20 catalyst 
with various pellet diameters

P e lle t  d ia m e te r s  

C h e m ic a l  c o m p o s it io n  —- ^ .
1 .0 0  m m 2 .0 0  m m 3 .0 0  m m 4 .0 0  m m

S atu rated  H C. 4 7 .3 3 4 5 .2 7 4 3 .5 3 4 0 .2 0
M o n o -a ro m a tic 1 7 .5 6 1 9 .3 4 2 2 .1 2 1 6 .3 3
D i-a r o m a tic 8 .0 0 10.91 9 .8 8 1 0 .5 5
P o ly -a ro m a tic 13.11 1 4 .4 0 1 0 .3 5 2 2 .3 6
P olar-arom atic 1 2 .8 9 9 .8 8 12.71 9 .5 5
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Table E4 Chemical compositions of maltenes from the catalyst deactivation testing

น o f  r e u se

C h e m ic a l  c o m p o s it io n
l sl c y c le 2 nd c y c le 3 rd c y c le

Saturated  H C . 4 3 .5 3 4 2 .0 5 4 0 .3 1
M o n o -a ro m a tic 2 2 .1 2 1 6 .1 4 1 3 .4 4
D i-a ro m a tic 9 .8 8 18.41 15.31
P o ly -a ro m a tic 10 .35 1 2 .9 5 15.31
P o lar-arom atic 12.71 9 .7 7 1 2 .1 9



90

APPENDIX F True Boiling Point of Maltenes

Table FI True boiling point of maltenes obtained from each separate component in 
the Ru/HMOR based catalyst

% Off Boiling point (๐C)
No cat HMOR Kaolin a-alumina

0 2 7 .5 2 9 .7 2 2 .2 2 2 .0

5 162 .3 1 5 2 .3 1 1 2 .4 1 1 1 .8

10 173 .8 1 5 7 .0 1 5 1 .4 150 .1

15 189 .8 1 6 7 .9 1 5 5 .5 1 5 5 .0

20 199 .2 1 7 1 .6 1 5 7 .7 1 5 7 .4

25 2 0 8 .0 1 8 2 .8 1 6 0 .6 1 6 1 .8

30 2 1 4 .3 190 .1 1 6 9 .2 1 6 9 .4

35 2 2 2 .4 197 .1 1 7 1 .5 171 .1

40 2 3 0 .5 2 0 3 .9 1 7 9 .9 1 7 6 .0

45 2 3 8 .6 2 1 0 .6 1 8 7 .8 185.1

50 2 4 9 .3 2 1 6 .4 1 9 8 .6 191 .3

55 2 5 9 .7 2 2 2 .7 2 0 9 .0 2 0 1 .3

60 2 7 1 .0 2 3 0 .0 2 2 0 .2 2 0 9 .0

65 2 8 2 .2 2 3 7 .3 2 3 2 .0 2 1 9 .0

70 2 9 4 .7 2 4 7 .6 2 4 6 .4 2 3 0 .3

75 3 1 0 .5 2 5 8 .9 2 6 2 .8 2 4 5 .3

80 3 2 7 .8 2 7 2 .2 2 7 9 .4 2 6 3 .8

85 3 4 7 .9 2 8 7 .7 2 9 9 .0 2 8 3 .8

90 372 .1 3 1 1 .7 3 2 5 .6 3 1 0 .7

95 4 0 0 .7 3 5 1 .8 3 6 5 .4 3 5 0 .6

100 4 6 4 .9 4 2 5 .2 4 5 2 .2 4 2 8 .0



91

Table F2 True boiling point of maltenes obtained from the Ru/HMOR based 
catalysts

% Off Boiling point (°C)
BC-20 BC-30 BC-40 BC-50 Ru/HMOR

0 2 6 .7 2 2 .9 2 4 .6 3 0 .3 2 6 .5
5 1 1 1 .8 1 1 2 .9 7 7 .6 1 1 2 .5 1 2 0 .3
10 1 5 3 .9 154 .5 1 1 4 .6 1 5 3 .2 1 5 4 .6
15 1 5 6 .6 1 5 7 .2 1 5 5 .6 1 5 5 .7 158 .1
20 160 .5 1 6 5 .7 1 5 8 .4 158 .5 1 6 8 .0
25 1 6 9 .7 1 7 0 .0 1 6 8 .4 1 6 8 .0 1 7 0 .7
30 172 .3 172 .3 1 7 1 .9 1 7 0 .5 1 7 7 .5
35 1 8 3 .4 1 8 2 .6 183.1 176.1 1 8 5 .3
40 1 9 0 .7 1 8 8 .2 1 9 1 .6 1 8 5 .0 1 9 2 .4
45 2 0 0 .9 195 .7 2 0 3 .2 1 9 2 .9 2 0 2 .7
50 2 0 8 .8 2 0 3 .6 2 1 2 .3 2 0 3 .5 2 1 1 .0
55 2 1 7 .4 2 1 1 .3 2 2 1 .7 2 1 3 .4 2 1 9 .9
60 2 2 6 .2 2 1 9 .3 2 3 1 .8 2 2 3 .1 2 3 0 .1
65 2 3 6 .9 2 2 7 .6 2 4 3 .5 2 3 5 .1 2 4 2 .4
70 2 5 0 .9 2 3 8 .3 2 5 6 .6 2 5 0 .1 2 5 6 .0
75 2 6 5 .5 2 5 2 .6 2 7 0 .8 2 6 5 .7 2 7 1 .4
80 2 8 0 .1 2 6 9 .0 2 8 5 .1 2 8 1 .8 2 8 6 .5
85 2 9 8 .0 2 8 6 .2 3 0 4 .0 3 0 1 .8 3 0 5 .6
90 3 2 2 .2 3 1 1 .7 3 2 9 .4 3 2 8 .3 3 2 9 .3
95 3 5 8 .3 3 4 9 .3 3 6 7 .8 3 7 0 .3 3 6 5 .3
100 4 3 3 .7 4 2 5 .0 4 4 6 .1 4 5 2 .7 4 4 3 .2
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Table F3 True boiling point of maltenes obtained from the BC-20 catalyst with 
various pellet diameters

% Off Boiling point (°C)
1.00 mm 2.0 mm 3.00 mm 4.00 mm

0 3 2 .9 3 2 .0 2 6 .3 2 2 .0
5 1 1 3 .4 1 1 2 .4 8 1 .0 7 3 .5
10 1 5 3 .5 1 5 3 .6 1 1 3 .7 1 1 1 .6
15 1 5 6 .3 1 5 6 .3 1 5 3 .4 1 5 1 .4
20 1 6 0 .6 1 6 0 .5 1 5 5 .6 1 5 4 .3
25 169 .1 1 6 9 .2 158 .3 1 5 7 .0
30 1 7 1 .2 1 7 1 .2 1 6 7 .7 1 6 5 .5
35 1 7 9 .4 1 7 7 .9 1 7 0 .5 1 6 9 .8
40 1 8 5 .6 1 8 4 .6 1 7 5 .7 1 7 2 .5
45 193 .1 1 9 0 .5 1 8 5 .6 1 8 3 .9
50 2 0 3 .6 1 9 8 .0 1 9 4 .2 1 9 2 .0
55 2 1 3 .5 2 0 4 .8 2 0 4 .6 2 0 3 .1
60 2 2 3 .2 2 1 3 .3 2 1 4 .8 2 1 3 .1
65 2 3 5 .7 2 2 2 .1 2 2 6 .1 2 2 2 .9
70 2 5 1 .6 2 3 2 .8 2 3 9 .5 2 3 5 .5
75 2 6 8 .8 2 4 6 .5 2 5 6 .4 2 5 1 .8
80 2 8 4 .7 2 6 3 .0 2 7 4 .5 2 6 9 .6
85 3 0 4 .7 2 8 1 .8 2 9 4 .4 2 8 7 .5
90 3 2 9 .2 3 0 6 .9 3 2 1 .4 3 1 1 .7
95 3 6 7 .0 3 4 5 .4 3 6 0 .5 3 4 3 .5
100 4 4 9 .3 4 3 7 .8 4 4 4 .3 4 1 9 .2
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Table F4 True boiling point of maltenes from the catalyst deactivation testing

% Off Boiling point (°C)
1st cycle 2nd cycle 3rd cycle

0 2 6 .3 2 7 .5 3 2 .2
5 8 1 .0 111.0 1 2 3 .0
1 0 1 1 3 .7 1 1 7 .7 1 5 4 .2
15 1 5 3 .4 153 .3 . ; 1 5 6 .8
2 0 1 5 5 .6 1 5 4 .7 161 .1
25 158 .3 1 5 6 .9 1 6 9 .3
30 1 6 7 .7 159 .5 . 1 7 1 .9
35 1 7 0 .5 168 .1 1 8 1 .6
40 1 7 5 .7 170 .4 . 1 8 8 .6
45 1 8 5 .6 1 7 3 .0 1 9 8 .8
50 1 9 4 .2 1 8 3 .8 2 0 7 .8
55 2 0 4 .6 191.1 2 1 7 .3
60 2 1 4 .8 2 0 3 .0 2 2 7 .1
65 2 2 6 .1 2 1 3 .9 2 3 8 .9
70 2 3 9 .5 2 2 7 .2 2 5 3 .8
75 2 5 6 .4 2 4 4 .2 2 6 9 .4
80 2 7 4 .5 2 6 4 .1 2 8 5 .0
85 2 9 4 .4 2 8 4 .9 3 0 5 .5
90 3 2 1 .4 3 1 2 .4 3 3 0 .4
95 3 6 0 .5 3 5 2 .3 3 6 6 .8
1 0 0 4 4 4 .3 4 3 8 .5 4 4 5 .0
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APPENDIX G True Boiling Point of Maltenes, Saturated Hydrocarbons, 
Mono-, Di-, Poly-, and Polar-aromatics in Maltenes

Table G1 Batch 1 (no Cat)

Boiling point (°C)
%off Maltene Saturated Mono- Di- Poly- Polar-

Hydrocarbons aromatics aromatics aromatics aromatics
0 2 7 .5 3 9 .0 2 3 .5 2 2 .2 2 3 .9 2 2 .7
5 162 .3 184 .2 1 6 3 .8 27 .1 7 3 .3 3 9 .2
10 1 7 3 .8 192 .5 2 0 8 .2 3 5 .0 7 4 .2 177.1
15 1 8 9 .8 2 0 3 .4 2 3 1 .7 7 6 .4 7 5 .4 1 9 0 .6
20 1 9 9 .2 2 1 0 .7 2 5 2 .1 1 8 4 .7 1 5 8 .8 1 9 7 .6
25 2 0 8 .0 2 1 6 .8 2 6 9 .9 1 9 9 .8 1 7 2 .8 2 0 3 .8
30 2 1 4 .3 2 2 3 .6 2 8 3 .3 2 1 2 .4 1 9 2 .3 2 1 1 .9
35 2 2 2 .4 2 3 0 .6 2 9 1 .8 2 2 6 .7 2 1 3 .9 2 2 2 .6
40 2 3 0 .5 2 3 7 .5 3 0 1 .3 2 4 1 .9 2 5 0 .3 2 3 4 .8
45 2 3 8 .6 2 4 6 .5 3 0 7 .6 2 6 3 .3 2 7 2 .8 2 4 7 .7
50 2 4 9 .3 2 5 5 .0 3 1 4 .5 2 9 1 .0 2 9 6 .0 2 6 1 .0
55 2 5 9 .7 2 6 4 .9 321 .1 3 2 3 .9 3 1 3 .1 2 7 4 .1
60 2 7 1 .0 2 7 3 .8 3 2 7 .7 3 4 2 .6 3 3 4 .5 2 8 7 .3
65 2 8 2 .2 2 8 3 .8 3 3 4 .1 3 5 4 .7 3 4 4 .0 3 0 0 .0
70 2 9 4 .7 2 9 5 .2 3 4 1 .8 3 6 5 .3 3 7 3 .7 3 1 3 .8
75 3 1 0 .5 3 0 9 .3 3 4 9 .8 3 7 6 .7 3 8 3 .6 3 2 9 .3
80 3 2 7 .8 3 2 5 .7 3 5 9 .1 3 8 9 .4 3 8 4 .3 3 4 7 .0
85 3 4 7 .9 3 4 5 .8 3 7 0 .4 4 0 4 .7 3 8 5 .2 3 6 7 .5
90 3 7 2 .1 3 7 0 .2 3 8 5 .7 4 2 3 .3 3 8 8 .0 3 9 0 .8
95 4 0 0 .7 4 0 1 .1 4 1 0 .3 4 5 1 .0 4 1 5 .2 4 2 4 .0
100 4 6 4 .9 4 5 9 .8 4 8 0 .0 4 9 9 .9 4 8 7 .3 4 9 8 .4
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Table G2 B atch  2 (H M O R )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 2 9 .7 3 4 .3 2 9 .0 2 2 .2 2 8 .8 2 2 .0
5 1 5 2 .3 158 .1 7 8 .0 5 9 .0 7 0 .4 3 5 .6
10 1 5 7 .0 171.1 1 5 9 .4 7 2 .7 7 0 .9 75 .1
15 1 6 7 .9 1 8 2 .9 1 7 3 .2 7 3 .7 7 1 .5 1 6 3 .8
20 1 7 1 .6 1 8 9 .8 191 .3 75 .1 7 2 .3 185 .3
25 1 8 2 .8 1 9 5 .8 2 1 1 .2 7 7 .0 7 3 .4 1 9 4 .7
30 190.1 2 0 2 .7 2 4 7 .3 7 8 .9 7 5 .4 1 9 6 .2
35 197.1 2 0 8 .3 2 6 8 .9 8 2 .9 1 5 5 .6 1 9 9 .0
40 2 0 3 .9 2 1 3 .0 2 7 4 .6 1 5 7 .4 1 8 0 .9 2 0 4 .9
45 2 1 0 .6 2 1 8 .5 2 8 4 .9 1 7 0 .9 2 3 3 .8 2 1 2 .8
50 2 1 6 .4 2 2 3 .4 2 9 1 .0 1 8 2 .9 3 0 6 .1 2 2 4 .1
55 2 2 2 .7 2 2 9 .6 2 9 8 .7 1 9 1 .8 3 3 8 .0 2 3 5 .9
60 2 3 0 .0 2 3 5 .5 3 0 5 .3 2 0 4 .0 3 7 8 .1 2 4 9 .0
65 2 3 7 .3 2 4 3 .4 3 1 2 .4 2 1 7 .3 3 7 8 .7 2 6 2 .7
70 2 4 7 .6 2 5 1 .9 3 1 9 .4 2 3 8 .9 3 7 9 .4 2 7 5 .0
75 2 5 8 .9 2 6 1 .5 3 2 7 .4 2 8 8 .5 3 8 0 .1 2 8 8 .2
80 2 7 2 .2 2 7 2 .3 3 3 5 .3 3 0 9 .4 3 8 0 .9 3 0 2 .9
85 2 8 7 .7 2 8 5 .3 3 4 6 .1 3 2 7 .1 3 8 1 .9 3 2 3 .0
90 3 1 1 .7 3 0 4 .4 3 6 0 .4 3 4 5 .5 3 8 3 .1 3 5 1 .3
95 3 5 1 .8 3 3 6 .6 3 8 1 .9 3 7 2 .2 3 8 5 .3 3 9 0 .3
100 4 2 5 .2 4 2 3 .6 4 5 7 .2 4 5 7 .2 4 5 5 .1 4 7 5 .2
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Table G3 B atch  3 (R u /H M O R )

%off
Boiling point ( ° C )

Maltene Saturated
Hydrocarbons

Mono
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 2 6 .5 3 8 .4 2 2 .2 2 2 .0 2 7 .1 2 1 .6
5 120 .3 155 .7 5 8 .6 2 9 .7 6 9 .7 2 2 .7
10 1 5 4 .6 169 .3 7 3 .8 6 7 .7 7 0 .0 2 3 .7
15 158.1 172 .5 7 6 .0 7 3 .8 7 0 .4 2 4 .8
20 168 .0 1 8 3 .6 7 8 .4 7 4 .8 7 0 .8 2 6 .5
25 1 7 0 .7 190.1 8 1 .6 7 6 .4 7 1 .2 3 3 .5
30 177 .5 1 9 8 .6 158.1 7 8 .6 7 1 .6 3 9 .9
35 185 .3 2 0 5 .7 176 .3 81.1 7 1 .9 7 4 .9
40 1 9 2 .4 2 1 2 .6 2 0 3 .0 1 0 3 .2 7 2 .3 1 7 5 .9
45 2 0 2 .7 2 2 0 .2 2 5 0 .6 1 7 4 .4 7 2 .7 1 9 5 .0
50 2 1 1 .0 2 2 8 .4 2 8 5 .2 2 0 0 .1 7 3 .1 2 0 8 .5
55 2 1 9 .9 2 3 6 .8 2 9 4 .4 2 2 8 .2 7 4 .1 2 2 4 .5
60 2 3 0 .1 2 4 8 .0 3 0 5 .4 2 7 2 .3 7 5 .5 2 4 2 .1
65 2 4 2 .4 2 5 8 .9 3 1 2 .9 3 0 7 .0 7 7 .8 2 6 2 .2
70 2 5 6 .0 2 7 0 .3 3 2 0 .8 3 2 2 .1 1 5 7 .7 2 8 2 .1
75 2 7 1 .4 2 8 1 .7 3 2 9 .4 3 3 2 .9 1 8 8 .2 3 0 1 .5
80 2 8 6 .5 2 9 5 .0 3 3 8 .7 3 4 5 .0 2 7 0 .8 3 2 3 .6
85 3 0 5 .6 3 1 1 .8 3 4 9 .7 3 5 7 .8 3 1 8 .9 3 4 8 .9
90 3 2 9 .3 3 3 3 .5 3 6 3 .9 3 7 4 .6 3 6 2 .3 3 8 0 .5
95 3 6 5 .3 3 6 8 .2 3 8 7 .3 4 0 3 .2 3 8 4 .4 4 1 7 .5
100 4 4 3 .2 4 5 0 .6 4 6 0 .1 4 7 6 .8 4 4 1 .6 4 8 5 .9
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Table G4 B atch  4 (K ao lin )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 2 2 .2 3 3 .7 3 0 .9 2 5 .8 2 3 .5 2 0 .3
5 1 1 2 .4 70.1 7 0 .3 7 0 .2 7 0 .8 2 2 .0
10 •' . 1 5 1 .4 7 2 .3 7 2 .0 7 1 .9 7 1 .2 2 9 .0
15 •1 5 5 .5 7 4 .2 7 3 .6 7 3 .0 7 1 .6 7 4 .2
20 1 5 7 .7 7 8 .0 7 5 .7 7 4 .8 7 1 .9 1 6 2 .4
25 . 1 6 0 .6 1 0 4 .7 7 9 .3 7 6 .9 7 2 .3 1 7 4 .8
30 . 1 6 9 .2 1 5 8 .9 9 0 .3 8 1 .7 7 2 .7 1 9 2 .3
35 171 .5 1 6 9 .8 2 1 3 .0 1 5 4 .4 7 3 .1 2 0 6 .5
40 1 7 9 .9 175 .5 2 3 0 .0 1 5 8 .2 7 3 .5 2 2 1 .5
45 1 8 7 .8 185 .3 2 4 2 .9 1 6 8 .8 7 3 .8 2 3 9 .6
50 1 9 8 .6 1 9 4 .5 2 5 0 .5 171 .5 7 4 .2 2 6 0 .6
55 2 0 9 .0 2 0 3 .6 2 6 1 .4 1 8 3 .0 7 4 .6 2 7 9 .6
60 2 2 0 .2 2 1 3 .6 2 7 1 .4 1 9 9 .0 7 5 .0 2 9 5 .0
65 2 3 2 .0 2 2 2 .4 2 7 9 .2 2 4 5 .8 7 5 .6 3 1 1 .7
70 2 4 6 .4 2 3 4 .8 2 8 9 .2 2 7 4 .8 7 7 .8 3 2 9 .0
75 2 6 2 .8 2 5 0 .4 3 0 0 .2 2 9 3 .3 1 5 6 .2 3 4 9 .3
80 2 7 9 .4 2 6 7 .1 3 1 4 .7 3 1 0 .0 1 9 6 .6 3 7 4 .5
85 2 9 9 .0 2 8 3 .9 3 3 1 .2 3 2 7 .8 3 0 0 .9 3 8 5 .3
90 3 2 5 .6 3 0 9 .0 3 5 4 .7 3 4 8 .9 3 2 7 .0 3 8 7 .6
95 3 6 5 .4 3 4 6 .2 3 8 8 .9 3 8 0 .6 3 5 8 .5 4 1 0 .0
100 4 5 2 .2 4 3 3 .2 4 6 5 .5 4 5 6 .9 4 4 6 .7 4 7 7 .5
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Table G5 B atch  5 (A lu m in a )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly-
aromatics

Polar-
aromatics

0 2 2 .0 5 5 .4 3 5 .8 2 4 .2 2 6 .9 2 3 .5
5 111.8 1 5 6 .5 7 2 .3 7 2 .6 7 0 .1 155 .3
10 150 .1 1 6 9 .8 75 .1 7 4 .6 7 0 .5 1 5 5 .7
15 1 5 5 .0 1 7 3 .8 8 0 .9 7 8 .5 7 0 .9 156.1
20 1 5 7 .4 1 8 3 .8 170 .4 1 7 1 .7 7 1 .3 1 5 6 .4
25 1 6 1 .8 1 8 9 .5 1 9 1 .9 2 3 2 .0 7 1 .8 157.1
30 1 6 9 .4 1 9 6 .4 2 0 9 .2 2 4 6 .2 7 2 .5 1 6 2 .6
35 171 .1 2 0 1 .7 2 1 1 .9 2 5 4 .9 7 3 .5 1 8 2 .4
40 1 7 6 .0 2 0 6 .9 2 1 9 .6 2 6 4 .7 7 5 .4 1 9 2 .6
45 185 .1 2 1 2 .7 2 2 8 .5 2 7 2 .5 113 .1 1 9 4 .7
50 1 9 1 .3 2 1 8 .0 2 3 1 .9 2 7 9 .1 2 2 6 .1 2 0 1 .9
55 2 0 1 .3 2 2 3 .0 2 4 0 .2 2 8 7 .4 2 6 9 .6 2 0 3 .0
60 2 0 9 .0 2 3 0 .6 2 4 7 .7 2 9 3 .2 2 8 7 .9 2 0 9 .4
65 2 1 9 .0 2 3 8 .1 2 5 5 .1 3 0 2 .4 3 0 1 .6 2 1 3 .5
70 2 3 0 .3 2 4 8 .3 2 6 4 .3 3 1 1 .5 3 1 1 .8 2 2 3 .2
75 2 4 5 .3 2 5 9 .0 2 7 4 .5 3 2 1 .9 3 2 2 .6 2 3 6 .5
80 2 6 3 .8 2 7 1 .4 2 8 5 .0 3 3 3 .3 3 3 5 .8 2 4 5 .5
85 2 8 3 .8 2 8 6 .3 2 9 8 .9 3 4 7 .2 3 4 7 .6 2 6 9 .3
90 3 1 0 .7 3 0 9 .7 3 1 9 .9 3 6 5 .3 3 6 6 .3 2 9 7 .0
95 3 5 0 .6 3 4 6 .6 352 .1 3 9 0 .2 3 8 6 .9 3 4 5 .6
100 4 2 8 .0 4 3 3 .3 3 4 7 .5 4 5 7 .8 4 5 6 .9 4 5 3 .6
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Table G6 B a tc h  6 (B C -2 0 )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 2 6 .7 3 1 .8 2 1 .8 2 3 .9 3 8 .6 2 2 .0
5 111 .8 1 1 3 .0 7 2 .8 7 2 .3 6 0 .5 7 0 .2
10 1 5 3 .9 1 6 7 .5 7 9 .6 7 2 .8 6 1 .5 7 0 :6
15 1 5 6 .6 1 7 1 .6 2 1 7 .2 7 3 .5 6 2 .6 7 1 .0
20 160 .5 1 8 2 .4 2 4 4 .7 7 4 .5 6 3 .6 7 1 .4
25 1 6 9 .7 1 8 9 .2 2 5 3 .6 7 7 .0 6 4 .7 7 2 .1
30 172 .3 1 9 6 .7 2 6 3 .7 86 .1 6 5 .8 7 3 .5
35 1 8 3 .4 2 0 3 .4 2 7 0 .8 2 4 7 .9 6 6 .8 7 7 .0
40 1 9 0 .7 2 1 0 .6 2 7 5 .3 2 7 7 .5 6 7 .9 1 9 1 .7
45 2 0 0 .9 2 1 6 .9 2 8 2 .4 2 9 0 .6 6 9 .0 1 9 4 .6
50 2 0 8 .8 2 2 3 .1 2 8 8 .1 2 9 9 .4 6 9 .4 2 0 0 .9
55 2 1 7 .4 2 3 0 .9 2 9 3 .4 3 0 6 .5 6 9 .7 2 2 2 .0
60 2 2 6 .2 2 3 9 .0 3 0 0 .9 3 1 3 .8 7 0 .1 2 4 8 .4
65 2 3 6 .9 2 4 9 .6 3 0 8 .1 3 2 0 .5 7 0 .5 2 7 5 .3
70 2 5 0 .9 2 6 0 .2 3 1 6 .5 3 2 8 .4 7 0 .9 2 9 8 .8
75 2 6 5 .5 2 7 1 .4 3 2 5 .5 3 3 6 .3 7 1 .3 3 2 6 .9
80 2 8 0 .1 2 8 3 .1 3 3 5 .0 3 4 6 .3 7 2 .6 3 6 4 .6
85 2 9 8 .0 2 9 8 .6 3 4 7 .9 3 5 7 .9 7 4 .6 3 8 3 .3
90 3 2 2 .2 3 2 0 .5 3 6 4 .8 3 7 2 .9 1 0 9 .7 3 8 4 .5
95 3 5 8 .3 3 5 3 .8 3 8 8 .6 3 9 7 .1 2 8 5 .3 3 8 8 .0
100 4 3 3 .7 4 3 6 .3 4 5 8 .2 4 6 4 .5 4 0 6 .6 4 7 9 .9
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Table G7 B atch 7  (B C -3 0 )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 2 2 .9 3 1 .4 2 3 .3 2 2 .5 2 4 .8 2 2 .2
5 1 1 2 .9 1 5 7 .0 7 4 .2 33.1 7 0 .4 2 6 .3
10 154 .5 1 7 0 .7 7 9 .5 7 4 .5 7 0 .8 3 3 .1
15 1 5 7 .2 180 .4 157 .5 8 6 .0 7 1 .2 7 1 .9
20 1 6 5 .7 1 8 6 .6 187 .5 2 5 9 .5 7 1 .6 7 8 .3
25 1 7 0 .0 192 .3 2 4 0 .0 2 8 1 .9 7 1 .9 2 0 2 .2
30 172 .3 2 0 1 .0 2 5 5 .8 2 9 0 .2 7 2 .3 2 2 0 .7
35 1 8 2 .6 2 0 5 .8 2 6 9 .0 2 9 6 .6 7 2 .7 2 3 6 .1
40 1 8 8 .2 2 1 1 .7 2 7 4 .5 3 0 3 .2 7 3 .1 2 5 1 .9
45 1 9 5 .7 2 1 7 .2 2 8 2 .6 3 0 8 .3 7 3 .5 2 6 7 .0
50 2 0 3 .6 2 2 2 .3 2 8 8 .9 3 1 3 .5 7 3 .8 2 8 1 .1
55 2 1 1 .3 2 2 9 .2 2 9 5 .3 3 1 8 .5 7 4 .2 2 9 3 .9
60 2 1 9 .3 2 3 6 .1 303 .1 3 2 3 .9 7 4 .6 3 0 7 .9
65 2 2 7 .6 2 4 5 .1 3 1 1 .0 3 2 9 .6 7 5 .0 3 2 3 .7
70 2 3 8 .3 2 5 5 .1 3 1 9 .6 3 3 5 .2 7 5 .4 3 4 1 .3
75 2 5 2 .6 2 6 6 .6 3 2 8 .4 3 4 2 .2 76 .1 3 6 3 .2
80 2 6 9 .0 2 7 8 .3 3 3 7 .9 3 5 0 .3 7 8 .8 3 8 5 .2
85 2 8 6 .2 2 9 2 .9 3 5 0 .4 3 6 0 .3 1 8 0 .4 3 8 6 .6
90 3 1 1 .7 3 1 4 .6 3 6 5 .8 3 7 3 .8 3 0 5 .3 3 8 9 .6
95 3 4 9 .3 3 4 7 .6 387 .1 3 9 7 .6 3 4 2 .6 4 1 2 .5
100 4 2 5 .0 4 2 6 .3 4 4 9 .9 4 6 0 .3 4 4 3 .1 4 7 2 .5
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Table G8 B atch 8  (B C -4 0 )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 2 4 .6 3 5 .4 2 6 .3 2 2 .9 2 3 .5 2 2 .5
5 7 7 .6 7 9 .0 7 7 .0 5 7 .7 7 1 .3 2 9 .5
10 1 1 4 .6 1 5 6 .7 1 1 7 .0 7 5 .7 7 2 .0 7 1 .2
15 1 5 5 .6 1 6 8 .8 1 6 0 .0 8 0 .9 7 2 .4 7 4 .2
20 158 .4 172.1 171.1 165 .5 7 2 .8 7 4 .8
25 168 .4 1 8 2 .3 1 8 4 .4 188 .2 7 3 .2 7 6 .3
30 1 7 1 .9 189 .1 2 0 2 .1 2 0 7 .4 7 3 .5 1 8 1 .0
35 183.1 1 9 7 .7 2 3 4 .7 2 3 1 .3 7 3 .9 2 0 0 .1
40 1 9 1 .6 2 0 4 .5 2 5 7 .7 2 7 0 .1 7 4 .3 2 1 1 .1
45 2 0 3 .2 2 1 2 .6 2 7 1 .9 2 8 7 .4 7 4 .7 2 2 6 .6
50 2 1 2 .3 2 1 9 .6 2 7 9 .6 2 9 6 .6 7 5 .1 2 4 2 .2
55 2 2 1 .7 . 2 2 7 .2 2 8 8 .6 3 0 5 .7 7 6 .1 2 5 8 .7
60 2 3 1 .8 2 3 5 .9 2 9 7 .1 3 1 2 .6 8 0 .8 2 7 3 .1
65 2 4 3 .5 2 4 6 .7 3 0 5 .7 3 1 9 .7 194 .1 2 8 7 .1
70 2 5 6 .6 2 5 7 .9 3 1 5 .6 3 2 7 .5 2 6 1 .8 2 9 9 .7
75 2 7 0 .8 2 7 0 .0 3 2 6 .0 3 3 5 .3 3 1 2 .7 3 1 4 .7
80 2 8 5 .1 2 8 2 .5 3 3 6 .9 3 4 5 .2 3 3 7 .9 3 3 1 .9
85 3 0 4 .0 2 9 9 .0 3 5 1 .4 3 5 6 .8 3 7 0 .2 3 5 2 .5
90 3 2 9 .4 3 2 2 .9 3 6 8 .8 3 7 2 .6 3 8 5 .2 3 7 9 .9
95 3 6 7 .8 3 6 1 .3 3 9 4 .7 4 0 0 .9 3 8 8 .2 4 1 8 .5
100 4 4 6 .1 4 4 8 .4 4 6 0 .2 4 7 5 .9 4 6 7 .3 4 8 6 .3
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Table G9 B a tc h 9  (B C -5 0 )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 3 0 .3 3 4 .3 2 5 .2 2 2 .2 2 2 .9 2 2 .9
5 112 .5 8 4 .5 7 5 .3 3 2 .9 3 5 .0 3 8 .0
1 0 1 5 3 .2 1 6 9 .4 8 5 .0 6 9 .1 7 2 .2 1 8 1 .0
15 1 5 5 .7 1 7 4 .5 2 4 3 .6 7 3 .8 7 2 .8 1 9 7 .2
2 0 158 .5 1 8 5 .4 2 5 6 .4 7 4 .8 7 3 .2 2 0 4 .3
2 5 1 6 8 .0 1 9 2 .9 2 6 9 .2 76 .1 7 3 .5 2 1 7 .8
3 0 1 7 0 .5 2 0 2 .7 2 7 4 .6 7 7 .6 7 3 .9 2 3 4 .5
3 5 176.1 2 1 0 .0 2 8 2 .7 7 9 .9 7 4 .3 2 5 2 .1
4 0 1 8 5 .0 2 1 6 .9 2 8 8 .9 83.1 7 4 .7 2 6 7 .1
4 5 1 9 2 .9 2 2 3 .4 2 9 5 .0 1 5 6 .9 7 5 .1 2 8 1 .6
5 0 2 0 3 .5 2 3 1 .5 3 0 2 .2 2 6 0 .7 7 5 .4 2 9 3 .6
55 2 1 3 .4 2 3 9 .9 3 0 9 .3 2 8 9 .4 7 5 .8 3 0 7 .0
6 0 2 2 3 .1 2 5 0 .3 3 1 7 .0 3 0 1 .6 7 6 .2 3 2 2 .2
6 5 2 3 5 .1 2 6 0 .4 3 2 4 .9 3 1 0 .4 7 7 .5 3 4 0 .4
7 0 2 5 0 .1 2 7 1 .2 3 3 3 .0 3 1 9 .2 8 4 .9 3 6 2 .8
7 5 2 6 5 .7 2 8 2 .4 3 4 2 .4 3 2 8 .4 2 8 0 .4 3 8 3 .9
8 0 2 8 1 .8 2 9 6 .6 3 5 4 .4 3 3 8 .1 3 1 7 .5 3 8 4 .7
85 3 0 1 .8 3 1 5 .7 3 6 8 .0 3 5 0 .6 3 4 0 .6 3 8 5 .5
9 0 3 2 8 .3 3 4 1 .6 3 8 5 .2 3 6 6 .9 3 6 3 .7  . 3 8 7 .2
9 5 3 7 0 .3 3 8 5 .1 4 1 4 .0 3 9 5 .4 4 0 1 .3 4 1 2 .9
1 0 0 4 5 2 .7 4 6 4 .5 4 8 1 .5 4 7 0 .2 4 7 7 .9 4 8 6 .9
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Table G10 B a tc h  10 (P e lle t d ia m e te r  1 .00m m )

%off
Boiling point (°C )

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 3 2 .9 7 1 .4 3 5 .6 2 3 .5 2 4 .2 2 2 .7
5 113 .4 1 5 7 .8 1 6 9 .8 8 1 .4 176 .1 7 1 .8
1 0 153 .5 170 .3 2 0 7 .0 190 .1 2 3 6 .9 158 .5
15 156 .3 1 7 9 .4 2 2 7 .9 2 4 5 .0 2 7 6 .9 1 6 6 .0
2 0 1 6 0 .6 1 8 5 .5 2 3 9 .1 2 6 6 .2 2 8 9 .3 1 7 6 .0
2 5 169 .1 1 9 2 .5  . 2 4 9 .8 2 7 5 .6 2 9 6 .1 193 .3
3 0 171 .2 2 0 1 .9  . 2 5 9 .3 2 8 4 .6 3 0 3 .5 197 .1
35 1 7 9 .4 2 0 8 .9 2 6 7 .3 2 9 1 .2 3 0 8 .4 2 0 2 .5
4 0 1 8 5 .6 2 1 5 .4 2 7 2 .3 2 9 7 .7 3 1 2 .3 2 1 3 .0
4 5 193.1 2 2 1 .9 2 7 8 .6 3 0 3 .3 3 1 6 .1 2 2 8 .7
5 0 2 0 3 .6 2 3 0 .4 2 8 5 .3 3 0 8 .8 3 2 1 .5 2 4 4 .8
55 2 1 3 .5 2 3 9 .4 2 9 1 .3 3 1 5 .2 3 2 7 .8 2 6 2 .2

6 0 2 2 3 .2 2 5 0 .8 2 9 8 .8 3 2 0 .7 3 3 3 .8 2 7 6 .1
65 2 3 5 .7 2 6 1 .8 3 0 6 .1 3 2 7 .1 3 3 7 .2 2 8 7 .9
7 0 2 5 1 .6 2 7 3 .1 3 1 5 .4 3 3 2 .1 3 4 3 .2 2 9 8 .9
7 5 2 6 8 .8 2 8 4 .8 3 2 5 .1 3 3 9 .2 3 5 0 .7 3 1 2 .9
8 0 2 8 4 .7 2 9 9 .3 3 3 5 .1 3 4 8 .0 3 5 9 .2 3 3 0 .3
85 3 0 4 .7 3 1 8 .4 3 4 9 .7 3 5 9 .6 3 7 0 .3 3 5 1 .3
9 0 3 2 9 .2 3 4 1 .8 3 6 8 .4 3 7 4 .8 3 8 5 .7 3 8 3 .3
9 5 3 6 7 .0 3 7 9 .6 3 9 6 .2 4 0 1 .3 4 1 1 .3 4 0 1 .8
1 0 0 4 4 9 .3 4 5 0 .0 4 6 5 .1 4 7 0 .0 4 8 0 .0 4 8 2 .2
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Table G i l  B a tch  11 (P e lle t d ia m e te r  2 .0 0 m m )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 3 2 .0 6 8 .3 3 5 .6 2 4 .6 2 2 .9 2 2 .2
5 1 1 2 .4 1 5 7 .8 192 .1 2 2 4 .2 3 4 .6 2 7 .3
1 0 1 5 3 .6 170.1 2 2 6 .5 2 5 3 .3 7 5 .1 3 6 .5
15 156 .3 1 7 3 .7 2 3 2 .2 2 6 8 .5 2 5 7 .7 7 4 .5

2 0 1 6 0 .5 183 .3 2 4 3 .9 2 7 3 .0 2 8 5 .0 76 .1
2 5 1 6 9 .2 1 8 8 .4 2 4 9 .1 2 7 8 .4 2 9 0 .7 1 9 1 .5
3 0 1 7 1 .2 1 9 2 .7 2 5 4 .6 2 8 7 .1 2 9 7 .1 2 1 0 .9
35 1 7 7 .9 2 0 0 .9 2 6 2 .4 2 9 1 .9 3 0 4 .1 2 2 7 .1
4 0 1 8 4 .6 2 0 5 .8 2 6 8 .6 2 9 7 .9 3 0 8 .4 2 4 2 .5
4 5 190 .5 2 1 1 .6 2 7 3 .4 3 0 2 .8 3 1 2 .7 2 5 7 .4
5 0 1 9 8 .0 2 1 7 .5 2 8 0 .4 3 0 8 .4 3 1 5 .6 2 7 1 .3
55 2 0 4 .8 2 2 3 .2 2 8 6 .1 3 1 4 .6 3 2 0 .8 2 8 4 .6
6 0 2 1 3 .3 2 3 1 .2 2 9 2 .2 3 2 0 .3 3 2 6 .7 2 9 5 .9
6 5 2 2 2 .1 2 3 9 .9 2 9 9 .7 3 2 7 .4 3 3 3 .0 3 0 9 .1
7 0 2 3 2 .8 2 5 0 .9 3 0 7 .9 3 3 4 .2 3 3 7 .9 3 2 4 .0
75 2 4 6 .5 2 6 2 .8 3 1 8 .0 3 4 2 .4 3 4 3 .4 3 4 1 .2
8 0 2 6 3 .0 2 7 6 .0 3 2 9 .3 3 5 1 .8 3 5 2 .0 3 6 1 .6
85 2 8 1 .8 2 9 2 .3 3 4 3 .3 3 6 3 .5 3 6 3 .8 3 8 5 .3
9 0 3 0 6 .9 3 1 6 .3 3 6 3 .0 3 7 8 .8 3 8 1 .8 3 8 9 .3
9 5 3 4 5 .4 3 5 4 .1 3 9 1 .6 4 0 3 .1 4 1 2 .7 4 1 7 .5
1 0 0 4 3 7 .8 4 4 2 .3 4 6 5 .6 4 6 6 .7 4 7 9 .4 4 8 1 .5
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Table G12 B a tc h  12 (P e lle t d ia m e te r  3 .0 0 m m )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono
aromatics

Di
aromatics

Poly-
aromatics

Polar-
aromatics

0 2 6 .3 6 0 .0 3 2 .0 2 8 .0 2 5 .0 2 2 .5

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

10 1 1 3 .7 1 5 8 .0 7 5 .7 7 3 .1 7 2 .0 7 4 .4

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

20 1 5 5 .6 1 7 3 .2 1 5 6 .6 8 1 .4 7 2 .8 157 .5

25 1 5 8 .3 1 8 2 .6 1 7 0 .7 1 5 7 .4 7 3 .2 1 5 8 .7

30 1 6 7 .7 1 8 9 .2 1 8 5 .3 1 7 0 .7 7 3 .8 161 .3

35 1 7 0 .5 1 9 8 .0 1 9 2 .6 1 8 4 .4 7 4 .9 175 .3

40 1 7 5 .7 2 0 3 .6 2 0 8 .8 2 0 1 .3 7 7 .7 1 9 5 .0

45 1 8 5 .6 2 1 2 .4 2 1 2 .8 2 2 5 .4 1 6 0 .4 2 0 3 .4

50 1 9 4 .2 2 1 9 .5 2 2 4 .8 2 4 4 .9 1 9 0 .2 2 0 8 .3

55 2 0 4 .6 2 2 7 .6 2 3 1 .4 2 5 9 .6 2 5 1 .9 2 1 5 .2

60 2 1 4 .8 2 3 7 .9 2 4 3 .6 2 7 2 .2 2 7 6 .8 2 2 8 .4

65 2 2 6 .1 2 5 1 .0 2 5 4 .2 2 8 3 .7 2 9 2 .6 2 4 6 .1

70 2 3 9 .5 2 6 4 .1 2 6 5 .2 2 9 3 .1 3 0 4 .7 2 6 6 .0

75 2 5 6 .4 2 7 7 .7 2 7 8 .0 3 0 6 .1 3 1 5 .7 2 8 5 .6

80 2 7 4 .5 2 9 4 .2 2 9 0 .9 3 2 0 .2 3 2 7 .5 3 0 5 .5

85 2 9 4 .4 3 1 7 .1 3 0 9 .6 3 3 5 .7 3 4 1 .0 3 2 6 .9

90 3 2 1 .4 3 4 9 .6 3 3 3 .4 3 5 6 .9 3 5 7 .7 3 5 4 .6

95 3 6 0 .5 3 9 3 .4 3 7 2 .5 3 8 4 .5 3 8 5 .3 3 8 8 .2

100 4 4 4 .3 4 6 0 .3 4 5 9 .5 4 5 2 .0 4 6 2 .5 4 6 5 .1
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Table G 1 3  B a tch  13 (P e lle t d ia m e te r  4 .0 0 m m )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly-
aromatics

Polar-
aromatics

0 2 2 .0 5 5 .4 34.1 2 5 .4 2 7 .3 2 2 .9
5 7 3 .5 7 8 .5 1 8 5 .2 7 1 .7 7 0 .7 3 7 .3
10 111.6 168 .8 2 1 0 .4 7 2 .5 71.1 7 3 .6
15 1 5 1 .4 175 .5 2 1 3 :3 7 3 .6 7 1 .6 7 4 .3
20 154 .3 185 .6 2 2 7 .4 7 5 .9 72.1 7 5 .2
25 1 5 7 .0 1 9 3 .9 2 3 1 .4 7 9 .9 7 2 .9 7 7 .7
30 165 .5 2 0 1 .9 2 3 6 .6 2 1 4 .4 7 3 .8 8 3 .7
35 1 6 9 .8 2 0 8 .6 2 4 5 .4 2 4 9 .2 76 .1 159 .5
40 1 7 2 .5 2 1 5 .3 2 5 1 .1 2 5 7 .7 1 5 4 .6 169 .5
45 1 8 3 .9 2 2 0 .8 2 5 9 .8 2 6 8 .6 1 7 3 .4 181.1
50 1 9 2 .0 2 2 8 .1 2 6 6 .1 2 7 6 .8 2 5 8 .9 2 0 0 .4
55 2 0 3 .1 2 3 6 .4 2 7 3 .2 2 8 6 .0 2 8 4 .7 2 0 9 .4
60 2 1 3 .1 2 4 5 .9 2 7 9 .8 2 9 3 .1 2 9 5 .3 2 2 0 .3
65 2 2 2 .9 2 5 6 .2 2 8 7 .3 3 0 1 .7 3 0 6 .5 2 3 6 .9
70 2 3 5 .5 2 6 7 .5 2 9 4 .6 3 1 0 .0 3 1 2 .3 2 5 6 .1
75 2 5 1 .8 2 7 8 .0 3 0 4 .2 3 1 9 .2 3 2 1 .8 2 7 5 .5
80 2 6 9 .6 2 9 0 .3 3 1 5 .8 3 2 9 .6 3 3 3 .9 2 9 4 .9
85 2 8 7 .5 3 0 7 .2 3 2 8 .4 3 4 1 .2 3 3 8 .9 3 1 8 .5
90 3 1 1 .7 3 2 7 .4 3 4 4 .1 3 5 6 .3 3 5 3 .9 3 4 7 .8
95 3 4 3 .5 3 5 8 .4 3 6 8 .7 3 7 8 .1 3 7 8 .0 3 8 6 .6
100 4 1 9 .2 4 3 0 .9 4 3 9 .5 4 4 8 .4 4 5 0 .6 4 5 8 .7
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Table G14 B atch  14 (F la sh  C a t.)

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly-
aromatics

Polar-
aromatics

0 2 6 .3 6 0 .0 3 2 .0 2 8 .0 2 5 .0 2 2 .5

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

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

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

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

2 5 158 .3 1 8 2 .6 1 7 0 .7 1 5 7 .4 7 3 .2 1 5 8 .7

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

35 1 7 0 .5 1 9 8 .0 1 9 2 .6 1 8 4 .4 7 4 .9 1 7 5 .3

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

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

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

55 2 0 4 .6 2 2 7 .6 2 3 1 .4 2 5 9 .6 2 5 1 .9 2 1 5 .2

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

65 2 2 6 .1 2 5 1 .0 2 5 4 .2 2 8 3 .7 2 9 2 .6 2 4 6 .1

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

75 2 5 6 .4 2 7 7 .7 2 7 8 .0 3 0 6 .1 3 1 5 .7 2 8 5 .6

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

85 2 9 4 .4 3 1 7 .1 3 0 9 .6 3 3 5 .7 3 4 1 .0 3 2 6 .9

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

95 3 6 0 .5 3 9 3 .4 3 7 2 .5 3 8 4 .5 3 8 5 .3 3 8 8 .2

1 0 0 4 4 4 .3 4 6 0 .3 4 5 9 .5 4 5 2 .0 4 6 2 .5 4 6 5 .1
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Table G15 B a tc h  15 (S p e n t C a t . l )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly-
aromatics

Polar-
aromatics

0 2 7 .5 7 0 .6 3 8 .6 2 3 .9 3 3 .9 19.5
5 1 11 .0 1 5 5 .7 1 5 6 .5 7 7 .5 6 6 .8 2 0 .5
1 0 1 1 7 .7 168 .2 1 7 2 .2 1 7 3 .6 6 7 .9 2 1 .6
15 1 5 3 .3 171 .1 192 .3 2 2 6 .3 6 9 .0 2 2 .7

2 0 1 5 4 .7 179 .1 2 1 2 .9 2 5 2 .8 6 9 .4 2 3 .7
2 5 1 5 6 .9 1 8 4 .5 2 2 9 .1 2 6 8 .4 6 9 .7 2 4 .8
3 0 1 5 9 .5 1 9 0 .5 2 3 4 .8 2 7 3 .8 7 0 .1 2 5 .8
3 5 168 .1 1 9 9 .2 2 4 5 .8 2 8 1 .9 7 0 .5 2 7 .3
4 0 1 7 0 .4 2 0 5 .4 2 5 3 .8 2 8 9 .5 7 0 .9 3 8 .8
4 5 1 7 3 .0 2 1 2 .5 2 6 1 .8 2 9 5 .1 7 1 .3 1 6 7 .9
5 0 1 8 3 .8 2 1 9 .6 2 6 9 .2 3 0 2 .1 7 1 .6 173 .2
55 191 .1 2 2 7 .7 2 7 5 .8 3 0 8 .4 7 2 .0 185 .5
6 0 2 0 3 .0 2 3 7 .5 2 8 3 .5 3 1 5 .6 7 2 .4 2 0 1 .2
6 5 2 1 3 .9 2 4 9 .4 2 9 1 .3 3 2 2 .9 7 2 .8 2 1 4 .7
7 0 2 2 7 .2 2 6 1 .5 3 0 0 .2 3 3 0 .7 7 3 .2 2 3 6 .9
75 2 4 4 .2 2 7 4 .2 3 1 1 .2 3 3 9 .3 7 3 .5 2 6 4 .8
8 0 2 6 4 .1 2 8 8 .1 3 2 4 .0 3 4 9 .2 7 3 .9 2 9 3 .1
85 2 8 4 .9 3 0 7 .1 3 3 8 .7 3 6 1 .3 7 4 .3 3 2 6 .1
9 0 3 1 2 .4 3 3 0 .4 3 5 9 .5 3 7 6 .5 7 5 .6 3 6 5 .1
9 5 3 5 2 .3 3 6 7 .4 3 8 7 .3 4 0 0 .6 7 8 .5 4 0 8 .9
1 0 0 4 3 8 .5 4 4 8 .6 4 6 1 .3 4 6 5 .8 3 8 8 .1 4 7 1 .0
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Table G16 B a tc h  16 (S p en t C a t.2 )

%off
Boiling point (°C)

Maltene Saturated
Hydrocarbons

Mono-
aromatics

Di
aromatics

Poly
aromatics

Polar-
aromatics

0 3 2 .2 2 5 .0 30.1 2 6 .1 23 .1 2 1 .2
5 1 2 3 .0 6 8 .3 7 0 .8 7 0 .6 58.1 2 3 .5
1 0 154 .2 7 3 .8 7 3 .2 . - 7 3 .2 7 2 .8 2 6 .9
15 1 5 6 .8 7 5 .5 7 4 .8 7 4 .7 7 3 .2 3 1 .6
2 0 161.1 7 7 .2 7 6 .6 7 6 .7 7 3 .6 3 7 .3
2 5 169 .3 8 0 .0 7 9 .7 7 8 .9 7 4 .2 7 4 .5
3 0 1 7 1 .9 8 4 .9 8 3 .9 8 4 .0 7 4 .8 168 .3
35 1 8 1 .6 1 7 0 .6 2 1 3 .5 . 2 5 5 .0 7 5 .9 1 9 1 .6
4 0 1 8 8 .6 1 8 5 .6 2 3 7 .9 2 7 5 .1 7 7 .8 2 1 1 .2
4 5 1 9 8 .8 1 9 8 .2 2 6 2 .0 2 9 0 .2 8 0 .4 2 3 1 .5
5 0 2 0 7 .8 2 0 7 .8 2 8 3 .2 3 0 2 .4 8 6 .0 2 4 6 .7
55 2 1 7 .3 2 1 8 .0 3 0 9 .7 3 1 4 .7 2 5 5 .0 2 6 2 .3
6 0 2 2 7 .1 2 2 6 .2 3 4 1 .2 3 2 7 .6 2 9 2 .0 2 7 7 .1
6 5 2 3 8 .9 2 3 8 .0 3 6 6 .7 3 4 1 .4 3 0 7 .8 2 9 2 .4
7 0 2 5 3 .8 2 5 1 .6 3 8 2 .3 3 5 6 .9 3 1 4 .0 3 0 8 .8
75 2 6 9 .4 2 6 5 .4 3 9 4 .0 3 7 3 .3 3 2 5 .6 3 2 6 .7
8 0 2 8 5 .0 2 8 0 .0 4 0 4 .5 3 8 9 .2 3 3 6 .7 3 4 6 .1
85 3 0 5 .5 2 9 8 .4 4 1 5 .2 4 0 4 .1 3 4 4 .6 3 6 8 .6
9 0 3 3 0 .4 3 2 3 .6 4 2 9 .0 4 1 9 .1 3 6 2 .1 3 9 1 .6
9 5 3 6 6 .8 3 6 2 .3 4 5 0 .7 4 4 2 .8 3 9 3 .7 4 2 0 .2
1 0 0 4 4 5 .0 4 4 9 .2 5 0 0 .9 4 9 9 .7 4 7 4 .7 4 7 7 .5



110

APPENDIX H Carbon Number Distributions

Table HI C arb on  n u m b er  d istr ib u tio n  o f  m a lte n e s  o b ta in ed fro m  e a c h  sep ara te
c o m p o n e n t  in  th e  R u /H M O R  b ased  ca ta ly s ts

~~~~~~~ C a t a l y s t  
N o . c a r b o n .  ~~ — __ N o  C a t H M O R K a o l in ( l - a l u m i n a

4 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
5 0 .0 0 0 0 .0 0 0 0 .0 0 1 0 .0 0 0
6 0 .0 0 2 0 .0 0 0 0 .0 9 0 0 .0 0 2
7 0 .0 8 3 0 .0 3 4 1 .4 3 8 0 .3 4 0
8 0 .8 2 7 1 .0 0 0 6 .0 5 3 4 .0 8 0
9 3 .1 5 5 5 .6 0 8 1 1 .7 9 0 1 2 .4 4 8
10 6 6 1 6 1 2 .3 2 0 1 4 .7 6 3 1 8 .0 3 4
11 9  5 5 9 1 5 .9 7 9 1 4 .4 0 0 1 7 .6 3 7
12 1 0 .9 5 8 1 5 .5 0 4 1 2 .2 21 1 4 .1 0 3
13 1 0 .8 8 0 1 2 .8 5 8 9 .6 1 5 1 0 .2 1 0
14 9 .8 8 5 9 .8 1 9 7 .2 7 4 7 .0 6 5 .
15 8 .5 0 8 7 .1 9 7 5 .4 0 6 4 .8 0 9
16 7 .0 9 0 5 .1 8 5 3 .9 9 7 ' 3 .2 7 1
17 5 .8 0 3 3 .7 2 1 2 .9 6 1 2 .2 4 1
18 4 .7 0 7 2 .6 8 1 2 .2 0 8 1 .5 5 3
19 3 8 0 6 1 .9 4 6 1 6 6 0 1 .0 9 1
2 0 3 .0 8 0 1 .4 2 8 1 2 61 0 .7 7 8
21 2 .5 0 0 1 .0 5 9 0 9 6 8 0 .5 6 2
2 2 2  0 3 9 0 .7 9 4 0 .7 5 1 0 .4 1 2
2 3 1 ,6 7 2 0 .6 0 3 0 .5 8 8 0 .3 0 6
2 4 1 .3 7 9 0 .4 6 2 0 .4 6 5 0 .2 3 0
2 5 1 .1 4 5 0 .3 5 8 0 3 7 1 0 .1 7 5
2 6 0 .9 5 6 0 .2 8 0 0 .2 9 9 0 .1 3 5
2 7 0  8 0 2 0 .2 2 1 0 .2 4 3 0 .1 0 5
2 8 0 6 7 7 0 .1 7 6 0 .1 9 9 0 .0 8 2
2 9 0 .5 7 5 0 .1 4 1 0 .1 6 4 0 .0 6 5
3 0 0 4 9 0 0 .1 1 4 0 .1 3 5 0 .0 5 2
31 0 .4 1 9 0 0 9 3 0 .1 1 3 0 .0 4 1
3 2 0 .3 6 0 0 .0 7 6 0 .0 9 4 0 .0 3 3
33 0 3 1 0 0 .0 6 2 0 .0 7 9 0 .0 2 7
3 4 0 .2 6 7 0 .0 5 1 0 .0 6 7 0 .0 2 2
3 5 0 2 3 1 0 .0 4 2 0 .0 5 6 0 .0 1 8
3 6 0 .2 0 0 0 .0 3 5 0 .0 4 8 0 .0 1 5
3 7 0 .1 7 3 0 .0 2 9 0 .0 4 0 0 .0 1 2
3 8 0 .1 5 0 0 .0 2 4 0 .0 3 4 0 .0 1 0
3 9 0 .1 2 9 0 .0 2 0 0 .0 2 9 0 .0 0 8
4 0 0 .1 1 2 0 .0 1 7 0 .0 2 5 0 .0 0 7
41 0 0 9 6 0  0 1 4 0 .0 2 1 0 .0 0 6
4 2 0  0 8 2 0 .0 1 1 0 .0 1 7 0 .0 0 5
4 3 0 .0 7 0 0 .0 0 9 0 .0 1 5 0 .0 0 4
4 4 0 .0 5 8 0 .0 0 8 0 .0 1 2 0 .0 0 3
4 5 0 .0 4 8 0 .0 0 6 0 .0 1 0 0 .0 0 2
4 6 0 0 3 8 0 .0 0 5 0 .0 0 8 0 .0 0 2
4 7 0 .0 2 9 0 ,0 0 4 0 .0 0 6 0 .0 0 1
4 8 0 .0 2 1 0 .0 0 3 0 .0 0 4 0 .0 0 1
4 9 0 .0 1 2 0 .0 0 1 0 .0 0 2 0 .0 0 1
5 0 0 .0 0 2 0 .0 0 0 0 .0 0 0 0 .0 0 0



b a sed  c a ta ly s ts
Table H2 C a rb o n  n u m b er d is tr ib u tio n  o f  m a lten es  o b ta in e d  fro m  th e  R u /H M O R

C a t a l y s t
N o . c a r b o n C '~ '~ ~ - '- --^ _ B C -20 B C -30 B C -40 B C -50 R u / H M O R
4 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0 .0 5 1 0.000 0.000
6 0 .0 3 2 0.001 0 .4 1 1 0 .0 5 4 0 .0 3 6
7 0 .7 4 0 0 .1 9 1 1 .8 1 4 1 .041 0 .7 5 3
8 4 .0 1 1 2 .6 2 2 4 .7 9 5 4 .9 7 6 3 .9 1 9
9 9 .3 2 9 9 .2 8 2 8 .4 8 8 1 0 .5 8 0 9 .0 1 3
10 1 3 .2 2 3 1 5 .3 7 4 1 1 .2 1 3 1 4 .0 7 3 1 2 .8 1 1
11 1 4 .0 7 6 16 781 1 2 .0 9 9 1 4 .3 1 7 1 3 .7 5 7
12 1 2 .7 1 7 1 4 .6 4 1 1 1 .4 2 3 1 2 .5 1 9 1 2 .5 6 4
13 1 0 .4 7 5 1 1 .3 5 9 9 .9 0 5 1 0 .0 6 6 1 0 .4 6 3
14 8 .2 0 4 8 .3 0 9 8 .1 5 4 7 .7 4 0 8 .2 8 0
15 6 .2 6 2 5 .9 2 0 6 .5 1 3 5 .8 2 5 6 .3 8 1
16 4 .7 2 9 4 .1 8 4 5 .1 2 1 4 .3 5 0 4 .8 6 1
17 3 .5 6 5 2 .9 6 2 4 .0 0 0 3 .2 4 8 3 .6 9 3
18 2 .6 9 6 2 .1 1 3 3 .1 2 3 2 .4 3 8 2 .8 1 3
19 2 .0 5 3 1 .5 2 3 2 .4 4 5 1 .8 4 4 2 .1 5 6
2 0 1 .5 7 6 1.111 1 .9 2 5 1 .4 0 7 1 .6 6 5
21 1 .221 0 .8 2 1 1 .5 2 6 1 .0 8 5 1 .2 9 7
2 2 0 9 5 5 0 .6 1 3 1 2 1 9 0 .8 4 5 1 .0 2 0
2 3 0 .7 5 4 0 .4 6 4 0 .9 8 1 0 .6 6 4 0 ,8 0 9
2 4 0 .6 0 0 0 .3 5 5 0 .7 9 6 0 .5 2 7 0 .6 4 7
2 5 0 .4 8 3 0 .2 7 5 0 .6 5 0 0 .4 2 2 0 .5 2 2
2 6 0 .3 9 1 0 .2 1 5 0 .5 3 5 0 .3 4 1 0 .4 2 5
2 7 0 .3 1 9 0 .1 6 9 0 .4 4 4 0 .2 7 7 0 .3 4 8
2 8 0 .2 6 3 0 .1 3 4 0 .3 7 0 0 .2 2 7 0 .2 8 8
2 9 0 .2 1 7 0 .1 0 8 0 .3 1 0 0 .1 8 8 0 .2 3 9
3 0 0 .1 8 1 0 .0 8 7 0 .2 6 2 0 .1 5 6 0 .1 9 9
31 0 .1 5 1 0 0 7 0 0 .2 2 2 0 .1 3 0 0 .1 6 7
3 2 0 .1 2 7 0 .0 5 7 0 .1 8 8 0 .1 0 9 0 .1 4 1
3 3 0 .1 0 7 0 .0 4 7 0 .1 6 1 0 .0 9 2 0 ,1 1 9
3 4 0 .0 9 1 0  0 3 9 0 .1 3 7 0 .0 7 7 0.101
3 5 0 .0 7 7 0 0 3 2 0 .1 1 8 0 .0 6 5 0 .0 8 6
3 6 0 .0 6 5 0 0 2 6 0 .1 0 1 0 .0 5 5 0 .0 7 3
3 7 0 ,0 5 5 0 .0 2 2 0 .0 8 7 0 .0 4 7 0 .0 6 2
3 8 0 .0 4 7 0 0 1 8 0 .0 7 5 0 .0 4 0 0 .0 5 3
3 9 0 .0 4 0 0 .0 1 5 0 .0 6 4 0 .0 3 4 0 .0 4 5
4 0 0 .0 3 4 0 .0 1 3 0 .0 5 5 0 .0 2 9 0 .0 3 9
41 0 .0 2 9 0 ,0 1 0 0 .0 4 7 0 .0 2 4 0 .0 3 3
4 2 0 .0 2 4 0 .0 0 9 0 .0 4 0 0 .0 2 0 0 .0 2 8
4 3 0 .0 2 0 0 .0 0 7 0 .0 3 4 0 .0 1 7 0 ,0 2 3
4 4 0 .0 1 7 0 .0 0 6 0 .0 2 8 0 .0 1 4 0 .0 1 9
4 5 0 .0 1 4 0 .0 0 5 0 .0 2 3 0 .0 1 2 0 .0 1 6
4 6 0.011 0 .0 0 4 0 .0 1 8 0 .0 0 9 0 .0 1 3
4 7 0 .0 0 8 0 .0 0 3 0 .0 1 4 0 .0 0 7 0 .0 1 0
4 8 0 ,0 0 6 0 .0 0 2 0 .0 1 0 0 .0 0 5 0 .0 0 7
4 9 0 .0 0 3 0.001 0 .0 0 5 0 .0 0 3 0 .0 0 4
5 0 0.001 0.000 0.001 0 .0 0 1 0.001
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Table H3 C a rb o n  n u m b e r d is tr ib u tio n  o f  m a lte n e s  o b ta in ed  fro m  th e  B C -2 0  c a ta ly s t
w ith  v a rio u s  p e lle t d iam e te rs

— — E e lle t  d ia m e te r s  
N o c a r B o n : — -— _ _ 1 .0 0  m m 2 .0 0  m m 3 .0 0  m m 4 .0 0  m m

4 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
5 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
6 0 .0 4 5 0 .1 4 0 0 .0 8 4 0 .0 8 1
7 0 .9 4 4 2 .6 2 7 1.381 1 .3 9 2
8 4 .7 5 5 1 0 .2 7 9 5 .9 1 4 6 .0 5 3
9 1 0 .4 0 5 1 7 .1 0 9 1 1 .6 5 0 1 1 .9 3 2
10 1 4 .0 5 2 1 8 .0 5 0 1 4 .6 9 6 1 4 .9 6 6
11 1 4 .4 0 4 1 5 .0 3 8 1 4 .4 0 5 1 4 .5 5 6
12 1 2 .6 3 8 1 1 .1 3 0 1 2 .2 6 6 1 2 .2 9 5
13 1 0 .1 7 3 7 .7 9 1 9 .6 7 3 9 .6 2 2
14 7 .8 2 2 5 .3 3 4 7 .3 3 0 7 .2 4 1
15 5 .8 8 2 3 .6 3 7 5 .4 5 5  - 5 .3 5 5
16 4 .3 8 7 2 .4 9 3 4 .0 3 7 3 .9 4 1
17 3 .2 7 2 1 .7 2 6 2 .9 9 3 - 2 .9 0 7
18 2 .4 5 2 1.211 2 .2 3 3 . . 2 .1 5 9
19 1 .8 5 2 0  8 6 2 1 .6 8 0  . 1 .6 1 8
2 0 1 .4 1 2 0 .6 2 2 1 .2 7 6 1 .2 2 5
21 1 .0 8 7 0 .4 5 5 0 .9 8 0 0 .9 3 7
2 2 0 .8 4 5 0 .3 3 7 0 .7 6 0 0 .7 2 4
2 3 0 .6 6 4 0 .2 5 3 0 .5 9 6 0 .5 6 6
2 4 0 .5 2 6 0 .1 9 2 0 .4 7 1 0 .4 4 7
2 5 0 .4 2 1 0 .1 4 8 0 .3 7 7 0 .3 5 6
2 6 0 .3 3 9 0 .1 1 4 0 .3 0 3 0 .2 8 6
2 7 0 .2 7 6 0 .0 9 0 0 .2 4 6 0 .2 3 1
2 8 0 .2 2 6 0 .0 7 1 0 .2 0 1 0 .1 8 9
2 9 0 .1 8 6 0 .0 5 6 0 .1 6 6 0 .1 5 5
3 0 0 .1 5 5 0 .0 4 5 0 .1 3 7 0 .1 2 8
31 0 .1 2 9 0 .0 3 6 0 .1 1 4 0 .1 0 7
3 2 0 .1 0 8 0 .0 2 9 0 .0 9 6 0 .0 8 9
33 0 .0 9 1 0 .0 2 4 0 .0 8 0 0 .0 7 4
3 4 0 .0 7 6 0 .0 1 9 0 .0 6 8 0 .0 6 3
35 0 .0 6 5 0 .0 1 6 0 .0 5 7 0 .0 5 3
3 6 0 .0 5 5 0 .0 1 3 0 .0 4 8 0 .0 4 5
3 7 0 .0 4 6 0 .0 1 1 0 .0 4 1 0 .0 3 8
3 8 0 .0 3 9 0 .0 0 9 0 .0 3 5 0 .0 3 2
3 9 0 .0 3 3 0 .0 0 7 0 .0 2 9 0 .0 2 7
4 0 0 .0 2 8 0 .0 0 6 0 .0 2 5 0 .0 2 3
41 0 .0 2 4 0 .0 0 5 0 .0 2 1 0 .0 1 9
4 2 0 .0 2 0 0 .0 0 4 0 .0 1 8 0 .0 1 6
4 3 0 .0 1 7 0 .0 0 3 0 .0 1 5 0 .0 1 4
4 4 0 .0 1 4 0 .0 0 3 0 .0 1 2 0 .0 1 1
4 5 0 .0 1 1 0 .0 0 2 0 .0 1 0 0 .0 0 9
4 6 0 .0 0 9 0 .0 0 1 0 .0 0 8 0 .0 0 7
4 7 0 .0 0 7 0 .0 0 1 0 .0 0 6 0 .0 0 5
4 8 0 .0 0 5 0 .0 0 1 0 .0 0 4 0 .0 0 4
4 9 0 .0 0 3 0 .0 0 0 0 .0 0 2 0 .0 0 2
5 0 0 .0 0 1 0 .0 0 2 0 .0 0 0 0 .0 0 0
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Table H4 C arb on  n u m b er  d istr ib u tio n  o f  m a lte n e s  fro m  th e  c a ta ly s t  d e a c t iv a t io n  
te st in g

o f  r e u s e
N o . c a r b o n r " " " — l !l c y c le 2 nd c y c le 3 rd c y c l e
4 0 .0 0 0 0.000 0.000
5 0 .0 0 0 0 .0 0 0 0 .0 0 0
6 0 .0 8 4 0 .0 3 5 0 .0 6 5
7 1.381 1 .2 1 9 1 .0 5 7
8 5 .9 1 4 6 .9 1 7 4 .7 4 6
9 1 1 .6 5 0 1 4 .4 8 6 9 .9 4 7
10 1 4 .6 9 6 1 7 .5 9 8 1 3 .3 3 8
11 14 .4 0 5 1 6 .0 0 4 1 3 .8 0 4
12 1 2 .2 6 6 1 2 .5 2 6 1 2 .3 1 2
13 9 .6 7 3 9 .1 0 0 1 0 .0 9 6
14 7 .3 3 0 6 .3 9 2 7 .9 0 8
15 5 .4 5 5 4 .4 3 9 6 .0 5 3
16 4 .0 3 7 3 .0 8 7 4 .5 8 9
17 2 .9 9 3 2 .1 6 3 3 .4 7 5
18 2 .2 3 3 1 .532 2 .6 4 1
19 1 .6 8 0 1 .0 9 9 2 .0 2 1
2 0 1 .2 7 6 0 .8 0 0 1 .5 5 9
21 0 .9 8 0 0 .5 8 9 1 .213
2 2 0 .7 6 0 0 .4 4 0 0 .9 5 3
2 3 0 .5 9 6 0 .3 3 3 0 .7 5 6
2 4 0 .4 7 1 0 .2 5 5 0 .6 0 5
2 5 0 .3 7 7 0 .1 9 7 0 .4 8 8
2 6 0 .3 0 3 0 .1 5 4 0 .3 9 7
2 7 0 .2 4 6 0 .1 2 1 0 .3 2 6
2 8 0 .2 0 1 0 .0 9 6 0 .2 6 9
2 9 0 .1 6 6 0 .0 7 7 0 .2 2 3
3 0 0 .1 3 7 0 .0 6 2 0 .1 8 6
31 0 .1 1 4 0 .0 5 1 0 .1 5 6
3 2 0 .0 9 6 0 .0 4 1 0 .1 3 2
3 3 0 .0 8 0 0 .0 3 4 0 .1 1 1
3 4 0 .0 6 8 0 .0 2 8 0 .0 9 5
3 5 0 .0 5 7 0 .0 2 3 0 .0 8 0
3 6 0 .0 4 8 0 .0 1 9 0 .0 6 9
3 7 0 .0 4 1 0 .0 1 6 0 .0 5 8
3 8 0 .0 3 5 0 .0 1 3 0 .0 5 0
3 9 0 .0 2 9 0 .0 1 1 0 .0 4 2
4 0 0 .0 2 5 0 .0 0 9 0 .0 3 6
41 0 .0 2 1 0 .0 0 8 0 .0 3 1
4 2 0 .0 1 8 0 .0 0 6 0 .0 2 6
4 3 0 .0 1 5 0 .0 0 5 0 .0 2 2
4 4 0 .0 1 2 0 .0 0 4 0 .0 1 8
4 5 0 .0 1 0 0 .0 0 3 0 .0 1 5
4 6 0 .0 0 8 0 .0 0 3 0 .0 1 2
4 7 0 .0 0 6 0 .0 0 2 0 .0 0 9
4 8 0 .0 0 4 0 .0 0 1 0 .0 0 6
4 9 0 .0 0 2 0 .0 0 1 0 .0 0 3
5 0 0 .0 0 0 0 .0 0 0 0 .0 0 1
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Table H5 C a rb o n  n u m b e r  d is tr ib u tio n  o f  sa tu ra te d  h y d ro c a rb o n s  o b ta in e d  fro m  the
R u /H M O R  b ased  c a ta ly s ts

^ C a t a l y s t
N o .  c a r b o n T ~ '~ ' '~ '- ~ ~ ^ _ ^ BC-20 BC-30 BC-40 BC-50 R u/H M O R

4 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0 .0 0 0 0.000 0.000
6 0.000 0.000 0.001 0.000 0.001
7 0 .0 1 2 0.001 0 .0 8 3 0 .0 2 3 0 .0 9 5
8 0 .4 9 4 0 .1 8 1 1 .3 0 3 0 .5 7 3 1 .2 2 0
9 3 .6 0 1 2 .5 8 1 5 .5 5 6 3 .3 5 0 4 .8 8 4
10 9 .5 5 5 9 .2 8 6 1 1 .0 7 3 8 .2 9 5 9 .7 3 9
11 1 4 .1 7 8 1 5 .4 7 3 14 .211 12 .361 1 2 .8 5 9
12 15 .141 1 6 .9 0 6 14 .181 1 3 .6 8 3 1 3 .3 2 8
13 1 3 .4 5 7 1 4 .7 2 9 1 2 .2 7 5 1 2 .7 4 5 1 1 .9 9 9
14 1 0 .8 1 5 1 1 .3 9 9 9 .8 2 2 1 0 .7 5 2 9 .9 6 4
15 8 .2 4 2 8 .3 1 4 7 .5 3 7 8 .5 8 2 7 .9 0 9
16 6 .1 2 1 5 .9 0 5 5 .6 7 0 6 .6 5 2 6 .1 3 4
17 4 .5 0 2 4 .1 5 9 4 .2 3 5 5 .0 8 6 4 .7 0 8
18 3 .3 0 9 2 .9 3 5 3 .1 6 5 3 .8 7 3 3 .6 0 7
19 2 .4 4 4 2 .0 8 6 2 .3 7 7 2 .9 5 4 2 .7 7 0
2 0 1 .8 1 9 1 .4 9 8 1 .7 9 9 2 .2 6 5 2 .1 4 0
21 1 .3 6 7 1 .0 8 8 1 .3 7 4 1 .7 4 9 1 .6 6 5
2 2 1 .0 3 7 0 .8 0 0 1 .0 5 9 1.361 1 .3 0 6
2 3 0 .7 9 5 0 .5 9 6 0 .8 2 5 1 .0 6 9 1 .033
2 4 0 .6 1 6 0 .4 4 9 0 .6 4 8 0 .8 4 6 0 .8 2 4
2 5 0 .4 8 2 0 .3 4 2 0 .5 1 4 0 .6 7 6 0 .6 6 3

. 2 6 0 .3 8 0 0 .2 6 3 0 .4 1 1 0 .5 4 4 0 .5 3 7
2 7 0 .3 0 3 0 .2 0 4 0 .3 3 1 0 .4 4 1 0 .4 3 9
2 8 0 .2 4 3 0 .1 6 0 0 .2 6 9 0 .3 6 0 0 .3 6 1
2 9 0 .1 9 6 0 .1 2 6 0 .2 2 0 0 .2 9 6 0 .2 9 8
3 0 0 .1 5 9 0 .1 0 0 0 .1 8 1 0 .2 4 5 0 .2 4 8
31 0 .1 3 0 0 .0 8 0 0 .1 5 0 0 .2 0 4 0 .2 0 8
3 2 0 .1 0 7 0 .0 6 5 0 .1 2 4 0 .1 7 0 0 .1 7 4
3 3 0 .0 8 8 0 .0 5 2 0 .1 0 4 0 .1 4 2 0 .1 4 7
3 4 0 .0 7 3 0 .0 4 2 0 .0 8 7 0 .1 2 0 0 .1 2 4
3 5 0 .0 6 1 0 .0 3 5 0 .0 7 3 0 .1 0 1 0 .1 0 5
3 6 0 .0 5 1 0 .0 2 8 0 .0 6 1 0 .0 8 5 0 .0 8 9
3 7 0 .0 4 2 0 .0 2 3 0 .0 5 2 0 .0 7 2 0 .0 7 6
3 8 0 .0 3 5 0 .0 1 9 0 .0 4 4 0 .0 6 1 0 .0 6 4
3 9 0 .0 3 0 0 .0 1 6 0 .0 3 7 0 .0 5 1 0 .0 5 5
4 0 0 .0 2 5 0 .0 1 3 0 .0 3 1 0 .0 4 4 0 .0 4 7
41 0 .0 2 1 0.011 0 .0 2 6 0 .0 3 7 0 .0 3 9
4 2 0 .0 1 7 0 .0 0 9 0 .0 2 2 0 .0 3 1 0 .0 3 3
4 3 0 .0 1 4 0 .0 0 7 0 .0 1 8 0 .0 2 6 0 .0 2 8
4 4 0 .0 1 2 0 .0 0 6 0 .0 1 5 0 .0 2 1 0 .0 2 3
4 5 0 .0 0 9 0 .0 0 5 0 .0 1 2 0 .0 1 7 0 .0 1 9
4 6 0 .0 0 7 0 .0 0 4 0 .0 1 0 0 .0 1 4 0 .0 1 5
4 7 0 .0 0 6 0 .0 0 3 0 .0 0 7 0 .0 1 0 0 .0 1 1
4 8 0 .0 0 4 0 .0 0 2 0 .0 0 5 0 .0 0 7 0 .0 0 8
4 9 0 .0 0 2 0.001 0 .0 0 3 0 .0 0 4 0 .0 0 4
5 0 0.000 0.000 0.001 0.001 0.001



115

Table H6 C a rb o n  n u m b e r d is tr ib u tio n  o f  sa tu ra ted  h y d ro c a rb o n s  o b ta in e d  fro m  th e
B C -2 0  c a ta ly s t w ith  v a rio u s  p e lle t d iam e te rs

~ ~ ~ ~ ~ — ——_PeIIet diam eters 
No. carbon. ~~~ —'—-___ 1.00 mm 2.00 mm 3.00 mm 4.00 mm

4 0.000 0.000 0 .000 0 .000
5 0.000 0.000 0 .000 0 .000
6 0.000 0 .0 0 0 0 .0 0 2 0 .000
7 0 .0 6 5 0 .0 1 2 0 .1 4 3 0.011
8 0 .9 8 6 0 .4 9 4 1 .6 7 2 0 .4 2 9
9 4 .3 6 5 3 .6 0 1 6 .1 0 1 3 .0 7 0  -
10 9 .2 4 4 9 .5 5 5 1 1 .2 4 8 8 .3 4 4
11 1 2 .6 4 6 1 4 .1 7 8 1 3 .9 3 5 1 2 .8 8 2
12 1 3 .3 8 5 15 .141 1 3 .7 2 9 1 4 .3 4 6
13 1 2 .1 9 8 1 3 .4 5 7 1 1 .8 7 2 1 3 .2 5 7
14 1 0 .2 0 0 1 0 .8 1 5 9 .5 4 4 1 1 .0 2 6 .
15 8 .1 2 8 8 .2 4 2 7 .3 8 0 8 .6 5 7
16 6 .3 1 5 6 .1 2 1 5 .6 0 0 6 .5 9 8
17 4 .8 5 1 4 .5 0 2 4 .2 2 1 4 .9 6 3  -
18 3 .7 1 6 3 .3 0 9 3 .1 8 3 3 .7 2 1
19 2 .8 5 3 2 .4 4 4 2 .4 1 2 2 .7 9 7  .
2 0 2 .2 0 2 1 .8 1 9 1 .841 2 .1 1 6
21 1 .7 1 2 1 .3 6 7 1 .4 1 7 1 .6 1 3
2 2 1.341 1 .0 3 7 1 .101 1.241
2 3 1 .0 6 0 0 .7 9 5 0 .8 6 3 0 .9 6 3
2 4 0 .8 4 5 0 .6 1 6 0 .6 8 3 0 .7 5 5
2 5 0 .6 7 9 0 .4 8 2 0 .5 4 5 0 .5 9 6
2 6 0 .5 4 9 0 .3 8 0 0 .4 3 9 0 .4 7 6
2 7 0 .4 4 8 0 .3 0 3 0 .3 5 6 0 .3 8 2
2 8 0 .3 6 8 0 .2 4 3 0 .2 9 1 0 .3 0 9
2 9 0 .3 0 4 0 .1 9 6 0 .2 3 9 0 .2 5 2
3 0 0 .2 5 3 0 .1 5 9 0 .1 9 8 0 .2 0 7
31 0 .2 1 1 0 .1 3 0 0 .1 6 4 0 .1 7 0
3 2 0 .1 7 7 0 .1 0 7 0 .1 3 7 0 .1 4 1
3 3 0 .1 4 9 0 .0 8 8 0 .1 1 5 0 .1 1 7
3 4 0 .1 2 6 0 .0 7 3 0 .0 9 7 0 .0 9 8
3 5 0 .1 0 7 0 .0 6 1 0 .0 8 2 0 .0 8 2
3 6 0 .0 9 0 0 .0 5 1 0 .0 6 9 0 .0 6 9
3 7 0 .0 7 7 0 .0 4 2 0 .0 5 8 0 .0 5 8
3 8 0 .0 6 5 0 .0 3 5 0 .0 4 9 0 .0 4 9
3 9 0 .0 5 5 0 .0 3 0 0 .0 4 2 0 .0 4 1
4 0 0 .0 4 7 0 .0 2 5 0 .0 3 5 0 .0 3 4
41 0 .0 4 0 0 .0 2 1 0 .0 3 0 0 .0 2 9
4 2 0 .0 3 3 0 .0 1 7 0 .0 2 5 0 .0 2 4
4 3 0 .0 2 8 0 .0 1 4 0 .0 2 1 0 .0 2 0
4 4 0 .0 2 3 0 .0 1 2 0 .0 1 7 0 .0 1 6
4 5 0 .0 1 9 0 .0 0 9 0 .0 1 4 0 .0 1 3
4 6 0 .0 1 5 0 .0 0 7 0.011 0 .0 1 0
4 7 0.011 0 .0 0 6 0 .0 0 8 0 .0 0 8
4 8 0 .0 0 8 0 .0 0 4 0 .0 0 6 0 .0 0 5
4 9 0 .0 0 4 0 .0 0 2 0 .0 0 3 0 .0 0 3
5 0 0.001 0.000 0.001 0.001
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Table H7 C a rb on  n u m b er d istr ib u tio n  o f  satu rated  h y d ro ca rb o n s fro m  th e  c a ta ly s t  
d e a c t iv a t io n  te st in g

# o f reuse
N o .  c a r b o n T ~ ^ ^ ~ - ~ ^ _ _ l 5' cycle 2nd cycle 3rd cycle

4 0.000 0.000 0 .000
5 0.000 0 .0 0 0 5 .5 7 6
6 0 .0 0 2 0.000 5 .9 9 9
7 0 .1 4 3 0 .0 8 2 6 .3 9 6
8 1 .6 7 2 1 .3 6 9 6 .7 5 9
9 6 .1 0 1 5 .9 2 2 7 .0 8 3
10 1 1 .2 4 8 1 1 .7 1 0 7 .3 5 8
11 13 .9 3 5 14 .781 7 .5 6 8
12 1 3 .7 2 9 1 4 .4 7 7 7 .6 8 3
13 1 1 .8 7 2 1 2 .3 1 0 7 .6 5 7
14 9 .5 4 4 9 .6 9 1 7 .4 2 3
15 7 .3 8 0 7 .3 3 1 6 .9 1 1
16 5 .6 0 0 5 .4 4 5 6 .0 9 3
17 4 .2 2 1 4 .0 2 1 5 .0 2 8
18 3 .1 8 3 2 .9 7 5 3 .8 7 0
19 2 .4 1 2 2 .2 1 5 2 .8 0 0
2 0 1.841 1 .6 6 2 1 .9 3 2
21 1 .4 1 7 1 .2 6 0 1 .2 9 4
2 2 1.101 0 .9 6 5 0 .8 5 3
2 3 0 .8 6 3 0 .7 4 6 0 .5 6 1
2 4 0 .6 8 3 0 .5 8 3 0 .3 7 0
2 5 0 .5 4 5 0 .4 5 9 0 .2 4 6
2 6 0 .4 3 9 0 .3 6 5 0 .1 6 5
2 7 0 .3 5 6 0 .2 9 3 0 .1 1 2
2 8 0 .2 9 1 0 .2 3 7 0 .0 7 7
2 9 0 .2 3 9 0 .1 9 3 0 .0 5 3
3 0 0 .1 9 8 0 .1 5 8 0 .0 3 7
31 0 .1 6 4 0 .1 3 0 0 .0 2 6
3 2 0 .1 3 7 0 .1 0 7 0 .0 1 9
3 3 0 .1 1 5 0 .0 8 9 0 .0 1 3
3 4 0 .0 9 7 0 .0 7 4 0 .0 1 0
3 5 0 .0 8 2 0 .0 6 2 0 .0 0 7
3 6 0 .0 6 9 0 .0 5 2 0 .0 0 5
3 7 0 .0 5 8 0 .0 4 4 0 .0 0 4
3 8 0 .0 4 9 0  0 3 7 0 0 0 3
3 9 0 .0 4 2 0 .0 3 1 0 .0 0 2
4 0 0 .0 3 5 0 .0 2 6 0 .0 0 2
41 0 .0 3 0 0 .0 2 2 0.001
4 2 0 .0 2 5 0 .0 1 8 0.001
4 3 0 .0 2 1 0 .0 1 5 0.001
4 4 0 .0 1 7 0 .0 1 2 0.001
4 5 0 .0 1 4 0 .0 1 0 0 .000
4 6 0.011 0 .0 0 8 0 .000
4 7 0 .0 0 8 0 .0 0 6 0 .000
4 8 0 .0 0 6 0 .0 0 4 0 .000
4 9 0 .0 0 3 0 .0 0 2 0 .000
5 0 0.001 0.000 0 .000
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Table H8 C arb o n  n u m b e r  d is tr ib u tio n  o f  m o n o -a ro m a tic s  o b ta in e d
R u /H M O R  b ased  c a ta ly s ts

fro m  th e

t a  ly  St 
N o . B C -20 B C -30 B C -40 B C -50 R u / H M O R
4 0.000 0.000 0.000 0.000 0.000
5 0 .0 0 5 0 .4 4 7 2 .2 9 3 0.000 3 .5 5 5
6 0 .0 1 8 0 .6 7 4 2 .6 9 3 0.000 3 .8 2 1
7 0 .0 5 2 0 .9 8 8 3 .1 1 8 0.001 4 .0 7 1
8 0 .1 4 3 1 .4 0 5 3 .5 6 0 0 .0 0 6 4 .3 0 2
9 0 .3 6 3 1 .9 4 6 4 .0 1 4 0 .0 3 6 4 .5 1 0
10 0 .8 5 0 2 .6 2 9 4 .4 7 3 0 .1 7 1 4 .6 9 7
11 1.821 3 .4 6 9 4 .9 3 3 0 .6 4 2 4 .8 6 0
12 3 .5 2 8 4 .4 7 5 5 .3 8 5 1 .8 5 9 5 .0 0 2
13 6 .0 6 5 5 .6 4 2 5 .8 2 4 4 .1 4 6 5 .1 2 2
14 9 .0 7 5 6 .9 3 7 6 .2 4 0 7 .1 9 0 5 .2 2 2
15 1 1 .6 5 7 8 .2 6 9 6 .6 1 6 9 .9 8 0 5 .3 0 6
16 1 2 .8 4 2 9 .4 5 6 6 .9 2 2 1 1 .5 3 8 5 .3 7 5
17 1 2 .3 1 8 1 0 .2 0 4 7 .1 0 5 1 1 .6 0 0 5 .4 3 1
18 1 0 .5 6 2 10 .1 8 1 7 .0 8 5 1 0 .5 4 7 5 .4 7 7
19 8 .3 4 8 9 .2 2 1 6 .7 6 6 8 .9 5 5 5 .5 1 4
2 0 6 .2 5 3 7 .5 2 8 6 .0 8 0 7 .2 7 3 5 .5 3 7
21 4 .5 3 8 5 .5 9 0 5 .0 6 4 5 .7 4 9 5 .5 1 9
22 3 .2 4 0 3 .8 5 9 3 .8 8 6 4 .4 7 6 5 .3 6 0
2 3 2 .3 0 1 2 .5 3 9 2 .7 6 8 3 .4 6 0 4 .7 9 5
2 4 1 .6 3 4 1 .6 2 9 1.861 2 .6 7 0 3 .5 0 9
2 5 1 .1 6 7 1 .0 3 4 1 .2 0 6 2 .0 6 3 1 .8 7 2
2 6 0 .8 3 8 0 .6 5 6 0 .7 6 6 1 .5 9 9 0 .7 5 0
2 7 0 .6 0 7 0 .4 1 9 0 .4 8 3 1 .2 4 6 0 .2 6 0
2 8 0 .4 4 4 0 .2 7 0 0 .3 0 5 0 .9 7 5 0 .0 8 7
2 9 0 .3 2 7 0 .1 7 5 0 .1 9 3 0 .7 6 7 0 .0 3 0
3 0 0 .2 4 2 0 .1 1 5 0 .1 2 4 0 .6 0 7 0 .0 1 0
31 0 .1 8 1 0 .0 7 7 0 .0 8 0 0 .4 8 3 0 .0 0 4
3 2 0 .1 3 6 0 .0 5 1 0 .0 5 2 0 .3 8 6 0.001
3 3 0 .1 0 3 0 .0 3 5 0 .0 3 4 0 .3 1 0 0.001
3 4 0 .0 7 9 0 .0 2 4 0 .0 2 3 0 .2 4 9 0.000
3 5 0 .0 6 0 0 .0 1 6 0 .0 1 5 0 .2 0 1 0.000
3 6 0 .0 4 6 0.011 0 .0 1 0 0 .1 6 3 0.000
3 7 0 .0 3 6 0 .0 0 8 0 .0 0 7 0 .1 3 3 0.000
3 8 0 .0 2 8 0 .0 0 6 0 .0 0 5 0 .1 0 8 0.000
3 9 0 .0 2 2 0 .0 0 4 0 .0 0 3 0 .0 8 8 0 .0 0 0
4 0 0 .0 1 7 0 .0 0 3 0 .0 0 2 0 .0 7 2 0.000
41 0 .0 1 3 0 .0 0 2 0 .0 0 2 0 .0 5 9 0.000
4 2 0 .0 1 0 0.001 0.001 0 .0 4 8 0.000
4 3 0 .0 0 8 0.001 0.001 0 .0 3 9 0.000
4 4 0 .0 0 6 0 .0 0 1 0.001 0 .0 3 1 0.000
4 5 0 .0 0 5 0.001 0.000 0 .0 2 5 0.000
4 6 0 .0 0 4 0.000 0.000 0 .0 1 9 0.000
4 7 0 .0 0 3 0.000 0.000 0 .0 1 4 0.000
4 8 0 .0 0 2 0.000 0 .0 0 0 0 .0 1 0 0.000
4 9 0.001 0.000 0.000 0 .0 0 5 0.000
5 0 0.000 0.000 0.000 0.001 0.000
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Table H 9  C a rb o n  n u m b er d is tr ib u tio n  o f  m o n o -a ro m a tic s  o b ta in e d  fro m  th e  B C -2 0
c a ta ly s t w ith  v a rio u s  p e lle t d iam e te rs

—-—__Pellet diam eters 
N o . carbon. ' -— _______ 1.00 mm 2.00 mm 3.00 mm 4.00 mm

4 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
5 0 .0 1 7 0 .0 0 0 1 .2 0 5 0 .0 0 0
6 0 .0 4 9 0 .0 0 0 1 .9 3 7 0 .0 0 0
7 0 .1 2 7 0 .0 0 0 2 .9 7 5 0 .0 0 5
8 0 .3 0 8 0 .0 0 0 4 .3 4 8 0 .0 5 3
9 0 .6 9 4 0 .0 1 2 6 .0 0 6 0 .3 5 5
10 1 .4 4 6 0 .1 7 3 7 .7 6 6 1 .5 4 7
11 2 .7 5 8 1 .1 9 6 9 .3 0 5 4 .4 1 2
12 4 .7 5 8 4 .2 9 9 10 .241 8 .5 6 4
13 7 .3 0 3 9 .1 0 2 1 0 .3 2 0 1 2 .1 1 7
14 9 .8 4 1 13.031 9 .5 6 2 13 5 2 3
15 11 .5 7 3 1 4 .2 6 8 8 .2 3 6 1 2 .7 9 7
16 1 1 .9 4 9 1 3 .1 4 5 6 .6 9 9 1 0 .8 7 6
17 1 1 .0 2 2 1 0 .8 9 5 5 .2 3 0 8 .6 5 3
18 9 .3 0 5 8 .4 9 0 3 .9 7 6 6 .6 2 8
19 7 .3 7 3 6 .3 9 8 2 .9 7 8 4 .9 7 9
2 0 5 .6 0 4 4 .7 4 5 2 .2 1 7 3 .7 1 0
21 4 .1 5 7 3 .4 9 9 1 .6 5 0 2 .7 6 2
2 2 3 .0 4 6 2 .5 8 4 1 .2 3 2 2 .0 6 4
2 3 2 .2 2 2 1 .9 1 6 0 .9 2 5 1 .5 5 2
2 4 1 .623 1.431 0 .7 0 0 1 .1 7 6
2 5 1.191 1 .0 7 8 0 .5 3 4 0 .8 9 8
2 6 0 .8 7 9 0 .8 1 8 0 .4 1 1 0 .6 9 2
2 7 0 .6 5 3 0 .6 2 6 0 .3 1 8 0 .5 3 7
2 8 0 .4 8 9 0 .4 8 3 0 .2 4 9 0 .4 2 0
2 9 0 .3 6 9 0 .3 7 5 0 .1 9 6 0 .3 3 1
3 0 0 .2 8 0 0 .2 9 4 0 .1 5 5 0 .2 6 3
31 0 .2 1 4 0 .2 3 1 0 .1 2 3 0 .2 1 0
3 2 0 .1 6 5 0 .1 8 3 0 .0 9 9 0 .1 6 8
3 3 0 .1 2 8 0 .1 4 6 0 .0 7 9 0 .1 3 6
3 4 0 .0 9 9 0 .1 1 7 0 .0 6 4 0 .1 1 0
3 5 0 .0 7 8 0 .0 9 4 0 .0 5 2 0 .0 8 9
3 6 0 .0 6 1 0 .0 7 5 0 .0 4 2 0 .0 7 3
3 7 0 .0 4 8 0 .0 6 1 0 .0 3 5 0 .0 5 9
3 8 0 .0 3 8 0 .0 4 9 0 .0 2 8 0 .0 4 9
3 9 0 .0 3 0 0 .0 4 0 0 .0 2 3 0 .0 4 0
4 0 0 .0 2 4 0 .0 3 3 0 .0 1 9 0 .0 3 3
41 0 .0 1 9 0 .0 2 6 0 .0 1 5 0 .0 2 7
4 2 0 .0 1 5 0 .0 2 1 0 .0 1 3 0 .0 2 2
4 3 0 .0 1 2 0 .0 1 7 0 .0 1 0 0 .0 1 8
4 4 0 .0 0 9 0 .0 1 4 0 .0 0 8 0 .0 1 4
4 5 0 .0 0 7 0 .0 1 1 0 .0 0 7 0 .0 1 1
4 6 0 .0 0 6 0 .0 0 8 0 .0 0 5 0 .0 0 9
4 7 0 .0 0 4 0 .0 0 6 0 .0 0 4 0 .0 0 7
4 8 0 .0 0 3 0 .0 0 4 0 .0 0 3 0 .0 0 5
4 9 0 .0 0 2 0 .0 0 2 0 .0 0 1 0 .0 0 3
5 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 1
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Table H 1 0  C a rb o n n u m b er d is tr ib u tio n  o f  m o n o -a ro m a tic s  fro m  th e  c a ta ly s t
d e a c t iv a t io n  te s t in g

o f  r e u s e
N o . c a r b o n T ' ' " — l !l c y c l e 2 nd c y c l e 3 rd c y c l e
4 0.000 0.000 0.000
5 1 .2 0 5 0 .2 1 9 3 .7 1 8
6 1 .9 3 7 0 .4 2 5 3 .7 9 4
7 2 .9 7 5 0 .7 8 2 3 .8 5 0
8 4 .3 4 8 1 .3 7 0 3 .8 8 7
9 6 .0 0 6 2 .2 8 0 3 .9 0 5
10 7 .7 6 6 3 .5 8 9 3 .9 0 8
11 9 .3 0 5 5 .3 0 4 3 .8 9 5
12  - 10 .241 7 .2 7 9 3 .8 7 1
13 1 0 .3 2 0 9 .1 6 9 3 .8 3 6
14 9 .5 6 2 1 0 .4 9 2 3 .7 9 2
15 - 8 .2 3 6 1 0 .8 6 5 3 .7 4 3
16 6 .6 9 9 1 0 .2 2 8 3 .6 8 9
17  - - 5 .2 3 0 8 .8 6 6 3 .6 3 3
18 3 .9 7 6 7 .2 0 3 3 .5 7 7
19 2 .9 7 8 5 .5 8 8 3 .5 2 1
2 0 2 .2 1 7 4 .2 0 8 3 .4 6 7
21 1 .6 5 0 3 .1 1 6 3 .4 1 7
2 2 1 .2 3 2 2 .2 8 9 3 .3 7 0
2 3  " 0 .9 2 5 1 .6 8 0 3 .3 2 8
2 4 0 .7 0 0 1 .2 3 6 3 .2 9 0
2 5 0 .5 3 4 0 .9 1 4 3 .2 5 8
2 6 0 .4 1 1 0 .6 8 1 3 .2 3 0
2 7 0 .3 1 8 0 .5 1 1 3 .2 0 6
2 8 0 .2 4 9 0 .3 8 6 3 .1 8 6
2 9 0 .1 9 6 0 .2 9 4 3 .1 6 9
3 0 0 .1 5 5 0 .2 2 5 3 .1 5 5
31 0 .1 2 3 0 .1 7 4 3 .1 4 0
3 2 0 .0 9 9 0 .1 3 5 3 .1 1 6
3 3 0 .0 7 9 0 .1 0 5 1 .0 4 6
3 4 0 .0 6 4 0 .0 8 2 0.000
3 5 0 .0 5 2 0 .0 6 5 0.000
3 6 0 .0 4 2 0 .0 5 1 0.000
3 7 0 .0 3 5 0 .0 4 1 0.000
3 8 0 .0 2 8 0 .0 3 2 0.000
3 9 0 .0 2 3 0 .0 2 6 0.000
4 0 0 .0 1 9 0 . 0 2 1 0.000
41 0 .0 1 5 0 .0 1 7 0.000
4 2 0 .0 1 3 0 .0 1 3 0.000
4 3 0 . 0 1 0 0.011 0.000
4 4 0 .0 0 8 0 .0 0 8 0.000
4 5 0 .0 0 7 0 .0 0 7 0.000
4 6 0 .0 0 5 0 .0 0 5 0.000
4 7 0 .0 0 4 0 .0 0 4 0.000
4 8 0 .0 0 3 0 . 0 0 2 0.000
4 9 0.001 0.001 0.000
5 0 0.000 0.000 0.000
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Table H ll  C arb o n  n u m b e r d is tr ib u tio n  o f  d i-a ro m a tic s  o b ta in ed  fro m  th e  R u /H M O R
b ased  c a ta ly s ts

C atalyst
No. carbon! '— BC-20 BC-30 BC-40 BC-50 R u/H M O R

4 0.000 0.000 0.000 0.000 0.000
5 0 .5 4 2 0 .0 0 4 1 .7 8 3 3 .7 0 0 4 .7 5 5
6 0 .7 6 8 0 .0 1 0 2 .1 3 4 4 .0 5 5 5 .3 6 0
7 1 .0 5 9 0 .0 2 6 2 .5 1 3 4 .2 9 0 5 .7 0 3
8 1 .4 2 4 0 .0 6 3 2 .9 1 6 4 .4 1 3 5 .8 1 3
9 1.871 0 .1 4 4 3 .3 3 9 4 .4 4 3 5 .7 4 0
10 2 .4 0 7 0 .3 1 0 3 .7 7 4 4 .3 9 7 5 .5 3 7
11 3 .0 3 5 0 .6 3 1 4 .2 1 8 4 .2 9 4 5 .2 5 0
12 3 .7 5 9 1 .2 2 0 4 .6 6 5 4  151 4 .9 1 6
13 4 .5 7 8 2 .2 3 8 5 .1 1 2 3 .9 8 1 4 .5 6 3
14 5 .4 8 8 3 .8 7 5 5 .5 5 4 3 .7 9 6 4 .2 1 0
15 6 .4 7 7 6 .2 6 2 5 .9 8 8 3 .6 0 5 3 .8 7 0
16 7 .5 1 2 9 .2 5 9 6 .4 1 3 3 .4 1 3 3 .5 4 9
17 8.521 1 2 .1 8 8 6 .8 2 1 3 .2 2 6 3 .2 5 2
18 9 .3 4 8 1 3 .9 0 2 7 .1 9 6 3 .0 4 7 2 .9 8 0
19 9 .7 2 7 1 3 .5 4 7 7 .4 8 7 2 .8 7 7 2 .7 3 4
2 0 9 .3 2 8 1 1 .3 7 9 7 .5 7 0 2 .7 1 8 2 .5 1 2
21 8 .0 0 3 8 .4 8 2 7 .1 9 4 2 .5 7 0 2 .3 1 3
2 2 6 .0 5 1 5 .8 2 6 6 .0 7 7 2 .4 3 4 2 .1 3 5
2 3 4 .0 7 4 3 .8 1 4 4 .3 0 6 2 .3 0 9 1 .9 7 6
2 4 2 .5 1 9 2 .4 3 9 2 .5 2 4 2 .1 9 4 1 .8 3 3
2 5 1 .4 8 2 1 .5 4 7 1 .2 8 3 2 .0 8 9 1 .7 0 6
2 6 0 .8 5 2 0 .9 8 4 0 .6 0 6 1 .993 1 .5 9 2
2 7 0 .4 8 8 0 .6 3 0 0 .2 7 9 1 .9 0 5 1 .4 8 9
2 8 0 .2 8 1 0 .4 0 7 0 .1 2 9 1 .8 2 3 1 .3 9 6
2 9 0 .1 6 3 0 .2 6 5 0 .0 6 0 1 .7 4 8 1.311
3 0 0 .0 9 6 0 .1 7 5 0 .0 2 9 1 .6 7 7 1 .2 3 4
31 0 .0 5 7 0 .1 1 7 0 .0 1 4 1.611 1 .1 6 2
3 2 0 .0 3 4 0 .0 7 9 0 .0 0 7 1 .5 4 7 1 .0 9 6
3 3 0 .0 2 1 0 .0 5 3 0 .0 0 3 1 .4 8 6 1 .0 3 4
3 4 0 .0 1 3 0 .0 3 7 0 .0 0 2 1 .4 2 6 0 .9 7 5
3 5 0 .0 0 8 0 .0 2 5 0.001 1 .3 6 6 0 .9 1 8
3 6 0 .0 0 5 0 .0 1 8 0.000 1 .3 0 6 0 .8 6 4
3 7 0 .0 0 3 0 .0 1 2 0.000 1 .2 4 5 0 .8 1 0
3 8 0 .0 0 2 0 .0 0 9 0.000 1 .1 8 2 0 .7 5 8
3 9 0.001 0 .0 0 6 0.000 1 .1 1 6 0 .7 0 5
4 0 0.001 0 .0 0 4 0.000 1 .0 4 7 0 .6 5 3
41 0.001 0 .0 0 3 0.000 0 .9 7 5 0 .6 0 0
4 2 0.000 0 .0 0 2 0.000 0 .8 9 8 0 .5 4 6
4 3 0.000 0 .0 0 2 0.000 0 .8 1 6 0 .4 9 0
4 4 0.000 0.001 0.000 0 .7 2 8 0 .4 3 3
4 5 0.000 0.001 0.000 0 .6 3 4 0 .3 7 4
4 6 0.000 0.001 0.000 0 .5 3 2 0 .311
4 7 0.000 0.000 0.000 0 .4 2 3 0 .2 4 6
4 8 0.000 0.000 0.000 0 .3 0 4 0 .1 7 6
4 9 0.000 0.000 0.000 0 .1 7 6 0 .1 0 1
5 0 0.000 0.000 0.000 0 .0 3 5 0 .0 2 0
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Table H12 C a rb o n  n u m b e r d is tr ib u tio n  o f  d i-a ro m a tic s  o b ta in e d  fro m  th e  B C -2 0
c a ta ly s t w ith  v a r io u s  p e lle t d iam e te rs

.__Pellet d iam eters 
No. carbon. — 1.00 mm 2.00 mm 3.00 mm 4.00 mm

4 0.000 0.000 0.000 0.000
5 0 .0 1 9 0.000 4 .5 5 2 0 .7 6 3
6 0 .0 4 4 0.000 4 .8 3 1 1 .0 7 3
7 0 .0 9 4 0.000 5 .0 8 7 1 .4 6 9
8 0 .1 9 2 0.001 5 .3 1 5 1 .9 6 3
9 0 .3 7 3 0 .0 0 7 5 .5 1 5 2 .5 6 4
10 0 .6 9 1 0 .0 4 2 5 .6 8 6 3 .2 7 9
11 1 .2 2 3 0 .2 0 3 5 .8 2 8 4 .1 1 2
12 2 .0 7 2 0 .7 8 3 5 .9 4 0 5 .0 5 9
13 3 .3 5 8 2 .3 4 5 6 .0 2 0 6 .1 0 8
14 5 .1 7 5 5 .3 2 9 6 .0 6 2 7 .2 2 4
15 7 .5 0 4 9 .1 9 3 6 .0 5 5 8 .3 2 9
16 1 0 .0 5 3 1 2 .3 5 5 5 .9 7 8 9 .2 7 0
17 1 2 .1 5 4 1 3 .5 2 4 5 .8 0 0 9 .7 9 7
18 1 2 .9 6 9 1 2 .6 9 2 5 .4 8 1 9 .6 1 7
19 1 2 .0 8 3 1 0 .7 0 9 4 .9 8 9 8 .5 7 7
2 0 9 .9 1 5 8 .4 3 7 4 .3 2 3 6 .8 7 1
21 7 .3 4 8 6 .3 7 8 3 .5 3 5 4 .9 7 7
2 2 5 .0 7 6 4 .7 1 5 2 .7 2 4 3 .3 3 5
2 3 3 .3 6 3 3 .4 5 0 1 .9 9 0 2 .1 2 5
2 4 2 .1 8 3 2 .5 1 7 1 .3 9 4 1 .3 1 9
2 5 1 .4 0 8 1 .8 4 0 0 .9 5 0 0 .8 1 1
2 6 0 .9 1 0 1 .3 5 2 0 .6 3 7 0 .5 0 0
2 7 0 .5 9 2 1.000 0 .4 2 5 0 .3 1 0
2 8 0 .3 8 8 0 .7 4 4 0 .2 8 3 0 .1 9 4
2 9 0 .2 5 7 0 .5 5 8 0 .1 8 9 0 .1 2 3
3 0 0 .1 7 2 0 .4 2 1 0 .1 2 8 0 .0 7 9
31 0 .1 1 6 0 .3 2 0 0 .0 8 6 0 .0 5 1
3 2 0 .0 7 9 0 .2 4 5 0 .0 5 9 0 .0 3 4
3 3 0 .0 5 5 0 .1 8 8 0 .0 4 1 0 .0 2 2
3 4 0 .0 3 8 0 .1 4 5 0 .0 2 8 0 .0 1 5
3 5 0 .0 2 7 0 .1 1 3 0 .0 2 0 0 .0 1 0
3 6 0 .0 1 9 0 .0 8 8 0 .0 1 4 0 .0 0 7
3 7 0 .0 1 3 0 .0 6 9 0 .0 1 0 0 .0 0 5
3 8 0 .0 1 0 0 .0 5 4 0 .0 0 7 0 .0 0 3
3 9 0 .0 0 7 0 .0 4 3 0 .0 0 5 0 .0 0 2
4 0 0 .0 0 5 0 .0 3 4 0 .0 0 4 0 .0 0 2
41 0 .0 0 4 0 .0 2 7 0 .0 0 3 0.001
4 2 0 .0 0 3 0 .0 2 1 0 .0 0 2 0.001
4 3 0 .0 0 2 0 .0 1 7 0.001 0.001
4 4 0.001 0 .0 1 3 0.001 0.000
4 5 0.001 0 .0 1 0 0.001 0.000
4 6 0.001 0 .0 0 8 0.001 0.000
4 7 0.001 0 .0 0 6 0.000 0.000
4 8 0.000 0 .0 0 4 0.000 0.000
4 9 0.000 0 .0 0 2 0.000 0.000
5 0 0.000 0.000 0.000 0.000
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Table H13 C a rb o n n u m b er d is tr ib u tio n  o f  d i-a ro m a tic s  fro m  th e  c a ta ly s t
d e a c t iv a t io n  te s t in g

— ^ __ ft o f  r e u s e
N o . c a r b o n C ' ' —- - ^ ^ 1st c y c le 2 nd c y c le 3 rd c y c l e
4 0 .0 0 0 0 .0 0 0 0 .0 0 0
5 4 .5 5 2 0 .0 5 0 1 .8 7 7
6 4 .8 3 1 0 .1 0 3 2 .1 4 4
7 5 .0 8 7 0 .2 0 3 2 .4 1 7
8 5 .3 1 5 0 .3 8 0 2 .6 9 3
9 5 .5 1 5 0 .6 8 2 2 .9 6 8
10 5 .6 8 6 1 .1 7 0 3 .2 3 7
11 5 .8 2 8 1 .923 3 .4 9 8
12 5 .9 4 0 3 .0 2 1 3 .7 4 9
13 6 .0 2 0 4 .5 1 8 3 .9 8 6
14 6 .0 6 2 6 .3 8 0 4 .2 0 8
15 6 .0 5 5 8 .4 0 7 4 .4 1 3
16 5 .9 7 8 1 0 .1 8 6 4 .5 9 8
17 5 .8 0 0 1 1 .2 0 2 4 .7 5 9
18 5 .4 8 1 1 1 .1 0 8 4 .8 8 9
19 4 .9 8 9 9 .9 7 1 4 .9 8 1
2 0 4 .3 2 3 8 .2 1 4 5 .0 2 1
21 3 .5 3 5 6 .3 3 6 4 .9 9 6
2 2 2 .7 2 4 4 .6 6 9 4 .8 8 8
2 3 1 .9 9 0 3 .3 4 6 4 .6 8 5
2 4 1 .3 9 4 2 .3 6 2 4 .3 8 1
2 5 0 .9 5 0 1 .6 5 8 3 .9 8 1
2 6 0 .6 3 7 1 .1 6 4 3 .5 0 9
2 7 0 .4 2 5 0 .8 2 1 2 .9 9 7
2 8 0 .2 8 3 0 .5 8 2 2 .4 8 5
2 9 0 .1 8 9 0 .4 1 5 2 .0 0 7
3 0 0 .1 2 8 0 .2 9 9 1 .5 8 5
31 0 .0 8 6 0 .2 1 6 1 .2 3 0
3 2 0 .0 5 9 0 .1 5 8 0 .9 4 2
3 3 0 .0 4 1 0 .1 1 6 0 .7 1 5
3 4 0 .0 2 8 0 .0 8 6 0 .5 4 0
3 5 0 .0 2 0 0 .0 6 4 0 .4 0 6
3 6 0 .0 1 4 0 .0 4 8 0 .3 0 6
3 7 0 .0 1 0 0 .0 3 6 0 .2 3 0
3 8 0 .0 0 7 0 .0 2 7 0 .1 7 3
3 9 0 .0 0 5 0 .0 2 1 0 .1 3 1
4 0 0 .0 0 4 0 .0 1 6 0 .0 9 9
41 0 .0 0 3 0 .0 1 2 0 .0 7 5
4 2 0 .0 0 2 0 .0 0 9 0 .0 5 7
4 3 0 .0 0 1 0 .0 0 7 0 .0 4 3
4 4 0 .0 0 1 0 .0 0 5 0 .0 3 3
4 5 0 .0 0 1 0 .0 0 4 0 .0 2 5
4 6 0 .0 0 1 0 .0 0 3 0 .0 1 8
4 7 0 .0 0 0 0 .0 0 2 0 .0 1 3
4 8 0 .0 0 0 0 .0 0 1 0 .0 0 9
4 9 0 .0 0 0 0 .0 0 1 0 .0 0 5
5 0 0 .0 0 0 0 .0 0 0 0 .0 0 1
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Table H14 C arb o n  n u m b e r  d is tr ib u tio n  o f  p o ly -a ro m a tic s  o b ta in e d  fro m  th e
R u /H M O R  b ased  ca ta ly s ts

C atalyst
No. ca rbo îr BC-20 BC-30 BC-40 BC-50 R u/H M O R

4 0 .000 0 .000 0 .000 0 .000 0 .000
5 0 .000 0 .0 0 4 1 0 .7 9 4 3 .7 0 0 4 .7 5 5
6 0 .000 0 .0 1 0 1 2 .1 7 8 4 .0 5 5 5 .3 6 0
7 0 .0 0 0 0 .0 2 6 11 .9 9 1 4 .2 9 0 5 .7 0 3
8 0 .0 0 2 0 .0 6 3 10 .8 5 1 4 .4 1 3 5 .8 1 3
9 0 .0 0 6 0 .1 4 4 9 .3 2 4 4 .4 4 3 5 .7 4 0
10 0 .0 2 1 0 .3 1 0 7 .7 6 9 4 .3 9 7 5 .5 3 7
ท 0 .0 6 5 0 .6 3 1 6 .3 6 3 4 .2 9 4 5 .2 5 0
12 0 .1 8 6 1 .2 2 0 5 .1 6 9 4 .1 5 1 4 .9 1 6
13 0 .4 9 6 2 .2 3 8 4 .1 8 7 3 .9 8 1 4 .5 6 3
14 1 .2 1 8 3 .8 7 5 3 .3 9 6 3 .7 9 6 4 .2 1 0
15 2 .7 2 2 6 .2 6 2 2 .7 6 5 3 .6 0 5 3 .8 7 0
16 5 .4 2 1 9 .2 5 9 2 .2 6 2 3 .4 1 3 3 .5 4 9
17 9 .3 0 9 1 2 .1 8 8 1 .8 6 3 3 .2 2 6 3 .2 5 2
18 1 3 .3 1 0 1 3 .9 0 2 1 .5 4 4 3 .0 4 7 2 .9 8 0
19 15 .501 1 3 .5 4 7 1 .2 8 9 2 .8 7 7 2 .7 3 4
2 0 1 4 .7 9 7 1 1 .3 7 9 1 .0 8 4 2 .7 1 8 2 .5 1 2
21 1 1 .9 8 5 8 .4 8 2 0 .9 1 8 2 .5 7 0 2 .3 1 3
2 2 8 .6 4 3 5 .8 2 6 0 .7 8 3 2 .4 3 4 2 .1 3 5
2 3 5 .8 0 5 3 .8 1 4 0 .6 7 2 2 .3 0 9 1 .9 7 6
2 4 3 .7 5 6 2 .4 3 9 0 .5 8 1 2 .1 9 4 1 .8 3 3
2 5 2 .3 9 3 1 .5 4 7 0 .5 0 5 2 .0 8 9 1 .7 0 6
2 6 1.521 0 .9 8 4 0 .4 4 2 1 .9 9 3 1 .5 9 2
2 7 0 .9 7 2 0 .6 3 0 0 .3 8 8 1 .9 0 5 1 .4 8 9
2 8 0 .6 2 6 0 .4 0 7 0 .3 4 3 1 .8 2 3 1 .3 9 6
2 9 0 .4 0 8 0 .2 6 5 0 .3 0 4 1 .7 4 8 1.311
3 0 0 .2 6 8 0 .1 7 5 0 .2 7 1 1 .6 7 7 1 .2 3 4
31 0 .1 7 9 0 .1 1 7 0 .2 4 2 1.611 1 .1 6 2
3 2 0 .1 2 0 0 .0 7 9 0 .2 1 6 1 .5 4 7 1 .0 9 6
3 3 0 .0 8 2 0 .0 5 3 0 .1 9 4 1 .4 8 6 1 .0 3 4
3 4 0 .0 5 6 0 .0 3 7 0 .1 7 5 1 .4 2 6 0 .9 7 5
3 5 0 .0 3 9 0 .0 2 5 0 .1 5 7 1 3 6 6 0 .9 1 8
3 6 0 .0 2 7 0 .0 1 8 0 .1 4 1 1 .3 0 6 0 .8 6 4
3 7 0 .0 1 9 0 .0 1 2 0 .1 2 7 1 .2 4 5 0 .8 1 0
3 8 0 .0 1 3 0 .0 0 9 0 .1 1 4 1 .1 8 2 0 .7 5 8
3 9 0 .0 1 0 0 .0 0 6 0 .1 0 2 1 .1 1 6 0 .7 0 5
4 0 0 .0 0 7 0 .0 0 4 0 .0 9 1 1 .0 4 7 0 .6 5 3
41 0 .0 0 5 0 .0 0 3 0 .0 8 0 0 .9 7 5 0 .6 0 0
4 2 0 .0 0 4 0 .0 0 2 0 .0 7 1 0 .8 9 8 0 .5 4 6
4 3 0 .0 0 3 0 .0 0 2 0 .0 6 2 0 .8 1 6 0 .4 9 0
4 4 0 .0 0 2 0.001 0 .0 5 3 0 .7 2 8 0 .4 3 3
4 5 0.001 0.001 0 .0 4 5 0 .6 3 4 0 .3 7 4
4 6 0 .0 0 1 0.001 0 .0 3 6 0 .5 3 2 0 .3 1 1
4 7 0.001 0 .000 0 .0 2 8 0 .4 2 3 0 .2 4 6
4 8 0.001 0 .000 0 .0 2 0 0 .3 0 4 0 .1 7 6
4 9 0 .000 0 .000 0 .0 1 1 0 .1 7 6 0 .1 0 1
5 0 0 .000 0 .000 0 .0 0 2 0 .0 3 5 0 .0 2 0
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Table H15 C a rb o n  n u m b e r d is tr ib u tio n  o f  p o ly -a ro m a tic s  o b ta in e d  fro m  th e  B C -2 0
c a ta ly s t w ith  v a rio u s  p e lle t d iam e te rs

~~ — ..^Pellet  diam eters 
No. carbon. '— 1.00 mm 2.00 mm 3.00 mm 4.00 mm

4 0.000 0.000 0 .000 0 .000
5 0.000 0.000 4 .3 8 4 5 .3 1 8
6 0.000 0.000 4 .9 2 9 5 .0 4 5
7 0.001 0 .0 0 2 5 .2 5 8 4 .7 8 2
8 0 .0 0 5 0 .0 0 6 5 .3 9 1 4 .5 2 8
9 0 .0 1 6 0 .0 2 1 5 .3 6 7 4 .2 8 6
10 0 .0 5 2 0 .0 6 5 5 .2 2 5 4 .0 5 5
11 0 .1 5 5 0 .1 8 6 5 .0 0 3 3 .8 3 6
12 0 .4 2 1 0 .4 9 6 4 .7 3 3 3 .6 2 9
13 1 .0 4 8 1 .218 4 .4 3 8 3 .4 3 4
14 2 .3 6 4 2 .7 2 2 4 .1 3 5 3 .2 5 2
15 4 .7 3 2 5 .4 2 1 3 .8 3 7 3 .0 8 2
16 8 .1 7 8 9 .3 0 9 3 .5 5 1 2 .9 2 4
17 1 1 .8 6 9 1 3 .3 1 0 3 .2 8 3 2 .7 7 7
18 1 4 .2 5 4 15 .501 3 .0 3 4 2 .6 4 3
19 1 4 .2 7 6 1 4 .7 9 7 2 .8 0 5 2 .5 1 9
2 0 1 2 .2 7 9 1 1 .9 8 5 2 .5 9 7 2 .4 0 6
21 9 .4 4 3 8 .6 4 3 2 .4 0 9 2 .3 0 3
2 2 6 .7 5 1 5 .8 0 5 2 .2 3 9 2 .2 1 0
2 3 4 .6 2 8 3 .7 5 6 2 .0 8 6 2 .1 2 5
2 4 3 .1 0 6 2 .3 9 3 1 .9 4 8 2 .0 4 8
2 5 2 .0 7 0 1.521 1 .8 2 3 1 .9 7 9
2 6 1 .3 8 0 0 .9 7 2 1.711 1 .9 1 7
2 7 0 .9 2 5 0 .6 2 6 1 .6 1 0 1 .8 6 0
2 8 0 .6 2 5 0 .4 0 8 1 .5 1 7 1 .8 0 9
2 9 0 .4 2 6 0 .2 6 8 1 .4 3 3 1 .761
3 0 0 .2 9 3 0 .1 7 9 1 .3 5 5 1 .7 1 7
31 0 .2 0 3 0 .1 2 0 1 .2 8 3 1 .6 7 6
3 2 0 .1 4 2 0 .0 8 2 1 .2 1 6 1 .6 3 6
3 3 0 .1 0 0 0 .0 5 6 1 .1 5 2 1 .5 9 6
3 4 0 .0 7 1 0 .0 3 9 1.091 1 .5 5 6
3 5 0 .0 5 1 0 .0 2 7 1 .0 3 2 1 .5 1 5
3 6 0 .0 3 7 0 .0 1 9 0 .9 7 5 1 .4 7 2
3 7 0 .0 2 7 0 .0 1 3 0 .9 1 8 1 .4 2 5
3 8 0 .0 1 9 0 .0 1 0 0 .8 6 2 1 .3 7 4
3 9 0 .0 1 4 0 .0 0 7 0 .8 0 5 1 .3 1 7
4 0 0.011 0 .0 0 5 0 .7 4 8 1 .2 5 4
41 0 .0 0 8 0 .0 0 4 0 .6 8 9 1 .1 8 4
4 2 0 .0 0 6 0 .0 0 3 0 .6 2 9 1 .1 0 5
4 3 0 .0 0 4 0 .0 0 2 0 .5 6 7 1 .0 1 7
4 4 0 .0 0 3 0.001 0 .5 0 2 0 .9 1 8
4 5 0 .0 0 2 0 .0 0 1 0 .4 3 4 0 .8 0 7
4 6 0 .0 0 2 0 .0 0 1 0 .3 6 2 0 .6 8 4
4 7 0.001 0.001 0 .2 8 7 0 .5 4 7
4 8 0.001 0.000 0 .2 0 5 0 .3 9 6
4 9 0.000 0.000 0 .1 1 8 0 .2 2 9
5 0 0.000 0.000 0 .0 2 4 0 .0 4 6
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Table H I 6 C a rb on  n u m b er  d istr ib u tio n  o f  p o ly -a r o m a tic s  fro m  th e  ca ta ly s t  
d e a c t iv a t io n  te s t in g

'— — of  reuse 
No. carbon! 1” cycle 2nd cycle 3rd cycle

4 0.000 0 .000 0 .000
5 4 .3 8 4 0 .0 0 4 4 .5 7 0
6 4 .9 2 9 0 .0 1 0 4 .8 6 8
7 5 .2 5 8 0 .0 2 6 5 .0 1 6
8 5 .3 9 1 0 .0 6 3 5 .0 3 6
9 5 .3 6 7  . 0 .1 4 4 4 .9 5 6
10 5 .2 2 5  ■ - 0 .3 1 0 4 .8 0 4
11 5 .0 0 3 . 0 .6 3 1 4 .6 0 4
12 4 .7 3 3  . 1 .2 2 0 4 .3 7 3
13 4 .4 3 8 2 .2 3 8 4 .1 2 7
14 4 .1 3 5 3 .8 7 5 3 .8 7 7
15 3 .8 3 7 6 .2 6 2 3 .6 3 2
16 3 .5 5 1 9 .2 5 9 3 .3 9 6
17 3 .2 8 3  - 1 2 .1 8 8 3 .1 7 2
18 3 .0 3 4 1 3 .9 0 2 2 .9 6 3
19 2 .8 0 5 . 1 3 .5 4 7 2 .7 7 0
2 0 2 .5 9 7 1 1 .3 7 9 2 .5 9 2
21 2 .4 0 9 8 .4 8 2 2 .4 3 0
2 2 2 .2 3 9 5 .8 2 6 2 .2 8 2
2 3 2 .0 8 6 3 .8 1 4 2 .1 4 8
2 4 1 .9 4 8 2 .4 3 9 2 .0 2 6
2 5 1 .8 2 3 1 .5 4 7 1 .9 1 6
2 6 1 .711 0 .9 8 4 1 .815
2 7 1 .6 1 0 0 .6 3 0 1 .7 2 4
2 8 1 .5 1 7 0 .4 0 7 1 .6 4 0
2 9 1 .4 3 3 0 .2 6 5 1 .563
3 0 1 .3 5 5 0 .1 7 5 1 .4 9 2
31 1 .2 8 3 0 .1 1 7 1 .4 2 5
3 2 1 .2 1 6 0 .0 7 9 1.361
3 3 1 .1 5 2 0 .0 5 3 1.301
3 4 1.091 0 .0 3 7 1 .2 4 2
3 5 1 .0 3 2 0 .0 2 5 1 .1 8 5
3 6 0 .9 7 5 0 .0 1 8 1 .1 2 8
3 7 0 .9 1 8 0 .0 1 2 1 .0 7 0
3 8 0 .8 6 2 0 .0 0 9 1 .0 1 2
3 9 0 .8 0 5 0 .0 0 6 0 .9 5 2
4 0 0 .7 4 8 0 .0 0 4 0 .8 9 0
41 0 .6 8 9 0 .0 0 3 0 .8 2 6
4 2 0 .6 2 9 0 .0 0 2 0 .7 5 8
4 3 0 .5 6 7 0 .0 0 2 0 .6 8 7
4 4 0 .5 0 2 0.001 0 .6 1 1
4 5 0 .4 3 4 0.001 0 .5 3 1
4 6 0 .3 6 2 0.001 0 .4 4 5
4 7 0 .2 8 7 0 .000 0 .3 5 3
4 8 0 .2 0 5 0 .000 0 .2 5 4
4 9 0 .1 1 8 0 .000 0 .1 4 6
5 0 0 .0 2 4 0 .000 0 .0 2 9
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Table H17 C arb o n  n u m b e r d is tr ib u tio n  o f  p o la r-a ro m a tic s  o b ta in e d  fro m  th e
R u /H M O R  b ased  c a ta ly s ts

~~ ^  C atalyst 
No. carbonr~~~~~-~~--^^ BC-20 BC-30 BC-40 BC-50 R u/H M O R

4 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
5 4 .4 5 7 2 .1 0 1 3 .9 8 0 0 .1 5 8 6 .8 1 0
6 5 .2 2 5 2 .4 2 5 4 .3 1 3 0 .4 0 3 6 .5 8 6
7 5 .7 0 5 2 .7 6 1 4 .6 2 9 0 .8 6 2 6 .3 5 5
8 5 .9 1 3 3 .1 0 4 4 .9 2 3 1 .5 7 6 6 .1 2 0
9 5 .8 9 8 3 .4 4 7 5 .1 9 1 2 .5 0 3 5 .8 8 4
10 5 .7 2 0 3 .7 8 4 5 .4 2 8 3 .5 2 4 5 .6 4 8
1 i 5 .4 3 6 4 .1 0 8 5 .6 2 9 4 .4 8 4 5 .4 1 4
12 5 .0 9 0 4 .4 1 2 5 .7 8 8 5 251 5 .1 8 3
13 4 .7 1 7 4 .6 8 7 5 .8 9 4 5 .7 5 5 4 .9 5 6
14 4 .3 4 1 4 .9 2 3 5 .9 3 5 5 .9 8 8 4 .7 3 1
15 3 .9 7 6 5 .1 0 8 5 .8 9 5 5 .9 8 3 4 .5 0 7
16 3 .6 3 2 5 .2 3 2 5 .7 5 7 5 .7 9 9 4 .2 8 1
17 3 .3 1 4 5 .2 8 0 5 .5 0 8 5 .4 9 2 4 .0 5 1
18 3 .0 2 4 5 .2 4 5 5 .1 4 2 5 .1 1 5 3 .8 1 1
19 2 .7 6 1 5 .1 1 8 4 .6 6 8 4 .7 0 7 3 .5 5 8
2 0 2 .5 2 6 4 .8 9 9 4 .1 1 3 4 .2 9 5 3 .2 8 7
21 2 .3 1 5 4 .5 9 7 3 .5 1 7 3 .8 9 8 2 .9 9 8
2 2 2 .1 2 7 4 .2 2 7 2 .9 2 4 3 .5 2 5 2 .6 9 1
23 1 .9 6 0 3 .8 1 0 2 .3 7 3 3 .1 8 3 2 .3 7 2
2 4 1.811 3 .3 7 0 1 .8 8 8 2 .8 7 2 2 .0 5 0
2 5 1 .6 7 8 2 .9 3 1 1 .4 8 0 2 .5 9 2 1 .7 3 6
2 6 1 .5 5 9 2 .5 1 1 1 .1 4 9 2 .3 4 2 1 .4 4 3
2 7 1 .4 5 2 2  125 0 .8 8 6 2 .1 1 7 1 .1 7 8
2 8 1 .3 5 6 1 .7 8 0 0 .6 8 1 1 .9 1 7 0 .9 4 7
2 9 1 .2 6 9 1 .4 7 9 0 .5 2 3 1 .7 3 8 0 .7 5 3
3 0 1 .1 9 0 1.221 0 .4 0 2 1 .5 7 8 0 .5 9 2
31 1 .1 1 7 1 .0 0 4 0 .3 1 0 1 .4 3 4 0 .4 6 3
3 2 1 .0 4 9 0 .8 2 2 0 .2 3 9 1 .3 0 3 0 .3 6 1
3 3 0 .9 8 6 0 .6 7 2 0 .1 8 5 1 .1 8 5 0 .2 8 0
3 4 0 .9 2 6 0 .5 4 9 0 .1 4 4 1 .0 7 8 0 .2 1 7
3 5 0 .8 7 0 0 .4 4 8 0 .1 1 2 0 .9 8 0 0 .1 6 9
3 6 0 .8 1 5 0 .3 6 5 0 .0 8 8 0 .8 8 9 0 .1 3 1
3 7 0 .7 6 2 0 .2 9 8 0 .0 6 9 0 .8 0 6 0 .1 0 2
3 8 0 .7 1 0 0 .2 4 3 0 .0 5 4 0 .7 2 8 0 .0 7 9
3 9 0 .6 5 9 0 .1 9 8 0 .0 4 3 0 .6 5 6 0 .0 6 2
4 0 0 .6 0 8 0 .1 6 1 0 .0 3 4 0 .5 8 8 0 .0 4 8
41 0 .5 5 7 0 .1 3 1 0 .0 2 7 0 .5 2 4 0 .0 3 8
4 2 0 .5 0 6 0 .1 0 6 0 .0 2 1 0 .4 6 4 0 .0 2 9
4 3 0 .4 5 4 0 .0 8 6 0 .0 1 7 0 .4 0 6 0 .0 2 3
4 4 0 .4 0 0 0 .0 6 9 0 .0 1 3 0 .3 5 0 0 .0 1 8
4 5 0 .3 4 4 0 .0 5 4 0 .0 1 0 0 .2 9 5 0 .0 1 4
4 6 0 .2 8 6 0 .0 4 2 0 .0 0 8 0 .2 4 2 0 .0 1 0
4 7 0 .2 2 6 0 .0 3 1 0 .0 0 6 0 .1 8 8 0 .0 0 8
4 8 0 .1 6 1 0 .0 2 1 0 .0 0 4 0 .1 3 3 0 .0 0 5
4 9 0 .0 9 3 0 .0 1 2 0 .0 0 2 0 .0 7 6 0 .0 0 3
5 0 0 .0 1 9 0 .0 0 2 0 .0 0 0 0 .0 1 5 0 .0 0 1
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Table H I 8 C a rb o n  n u m b er d is tr ib u tio n  o f  p o la r-a ro m a tic s  o b ta in ed  fro m  th e  B C -2 0
c a ta ly s t w ith  v a r io u s  p e lle t d ia m e te rs

-__Pellet diam eters 
No. carbon . —- ^ 1.00 mm 2.00 mm 3.00 mm 4.00 mm

4 0.000 0.000 0 .000 0 .000
5 0 .0 2 0 1 .9 7 2 1 .1 3 0 8 .3 0 7
6 0 .2 4 4 2 .3 7 8 2 .2 7 2 8 .0 0 3
7 1 .1 8 6 2 .8 1 8 3 .9 6 3 7 .6 9 2
8 3 .1 2 9 3 .2 8 5 5 .9 9 0 7 .3 7 6
9 5 .5 3 9 3 .7 6 8 7 .8 9 3 7 .0 5 6
10 7 .5 5 2 4 .2 5 3 9 .1 9 3 6 .7 2 9
11 8 .6 7 8 4 .7 2 2 9 .6 4 8 6 .3 9 4
12 8 .9 1 3 5 .1 5 4 9 .3 1 8 6 .0 4 5
13 8 .5 0 4 5 .5 2 4 8 .4 5 3 5 .6 7 6
14 7 .7 3 4 5 .8 0 3 7 .3 3 2 5 .2 8 1
15 6 .8 2 0 5 .9 6 6 6 .1 6 9 4 .8 5 4
16 5 .8 9 9 5 .9 9 2 5 .0 9 0 4 .3 9 5
17 5 .0 4 6 5 .8 7 2 4 .1 5 3 3 .9 0 9
18 4 .2 9 1 5 .6 1 1 3 .3 7 1 3 .4 0 6
19 3 .6 4 0 5 .2 2 9 2 .7 3 2 2 .9 0 5
2 0 3 .0 9 0 4 .7 5 8 2 .2 1 9 2 .4 2 6
21 2 .6 2 9 4 .2 3 6 1 .8 0 8 1 .9 8 8
2 2 2 .2 4 3 3 .7 0 0 1 .4 8 0 1 .6 0 2
2 3 1 .9 2 2 3 .1 8 1 1 .2 1 9 1 .2 7 5
2 4 1 .6 5 4 2 .7 0 0 1 .0 0 9 1 .0 0 6
2 5 1 .4 2 9 2 .2 6 9 0 .8 4 1 0 .7 8 9
2 6 1.241 1 .893 0 .7 0 4 0 .6 1 7
2 7 1 .0 8 2 1 .572 0 .5 9 3 0 .4 8 2
2 8 0 .9 4 7 1.301 0 .5 0 3 0 .3 7 7
2 9 0 .8 3 3 1 .075 0 .4 2 8 0 .2 9 5
3 0 0 .7 3 4 0 .8 8 7 0 .3 6 6 0 .2 3 2
31 0 .6 4 9 0 .7 3 2 0 .3 1 4 0 .1 8 3
3 2 0 .5 7 5 0 .6 0 5 0 .2 7 0 0 .1 4 5
3 3 0 .5 1 1 0 .5 0 0 0 .2 3 3 0 .1 1 5
3 4 0 .4 5 4 0 .4 1 3 0 .2 0 2 0 .0 9 1
3 5 0 .4 0 4 0 .3 4 2 0 .1 7 5 0 .0 7 3
3 6 0 .3 6 0 0 .2 8 3 0 .1 5 2 0 .0 5 8
3 7 0 .3 2 0 0 .2 3 5 0 .1 3 2 0 .0 4 7
3 8 0 .2 8 4 0 .1 9 5 0 .1 1 4 0 .0 3 8
3 9 0 .2 5 2 0 .1 6 1 0 .0 9 9 0 .0 3 0
4 0 0 .2 2 2 0 .1 3 4 0 .0 8 5 0 .0 2 4
41 0 .1 9 5 0 .1 1 0 0 .0 7 4 0 .0 2 0
4 2 0 .1 7 0 0 .0 9 1 0 .0 6 3 0 .0 1 6
4 3 0 .1 4 7 0 .0 7 5 0 .0 5 3 0 .0 1 3
4 4 0 .1 2 6 0 .0 6 1 0 .0 4 5 0 .0 1 0
4 5 0 .1 0 5 0 .0 4 8 0 .0 3 7 0 .0 0 8
4 6 0 .0 8 5 0 .0 3 8 0 .0 3 0 0 .0 0 6
4 7 0 .0 6 6 0 .0 2 8 0 .0 2 3 0 .0 0 5
4 8 0 .0 4 6 0 .0 1 9 0 .0 1 6 0 .0 0 3
4 9 0 .0 2 6 0.011 0 .0 0 9 0 .0 0 2
5 0 0 .0 0 5 0 .0 0 2 0 .0 0 2 0.000
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Table H 1 9  C a rb o n n u m b e r d is tr ib u tio n  o f  p o la r-a ro m a tic s  fro m  th e  ca ta ly s t
d e a c t iv a t io n  te s t in g

o f  r e u s e
N o . c a r b o n C ~~~~-— ______ 1“  c y c le 2 nd c y c le 3 rd c y c l e
4 0 .0 0 0 0 .0 0 0 0 .0 0 0
5 1 .1 3 0 6 .3 8 9 3 .7 9 9
6 2 .2 7 2 6 .9 8 6 4 .0 8 6
7 3 .9 6 3 7 .2 5 7 4 .3 5 4
8 5 .9 9 0 7 .2 3 0 4 .6 0 0
9 7 .8 9 3 6 .9 6 9 . 4 .8 1 8
10 9 .1 9 3 6 .5 4 6 5 .0 0 7
11 9 .6 4 8 6 .0 3 1 . 5 .1 6 0
12 9 .3 1 8 5 .4 7 7 5 .2 7 5
13 8 .4 5 3 4 .9 2 5 5 .3 4 4
14 7 .3 3 2 4 .3 9 8 . 5 .3 6 2
15 6 .1 6 9 3 .9 1 2 5 .3 2 0
16 5 .0 9 0 3 .4 7 2 ■ 5 .2 1 3
17 4 .1 5 3 3 .0 8 0 - - 5 .0 3 4
18 3 .3 7 1 2 .7 3 4 4 .7 8 3
19 2 .7 3 2 2 .4 3 2 . 4 .4 6 4
2 0 2 .2 1 9 2 .1 6 8 4 .0 9 0
21 1 .8 0 8 1 .9 3 9 . 3 .6 7 5
2 2 1 .4 8 0 1 .7 3 9 3 .2 4 1
2 3 1 .2 1 9 1 .5 6 6 2 .8 1 0
2 4 1 .0 0 9 1 .4 1 4 2 .3 9 8
2 5 0 .8 4 1 1 .2 8 2 2 .0 2 0
2 6 0 .7 0 4 1 .1 6 7 1 .683
2 7 0 .5 9 3 1 .0 6 5 1.391
2 8 0 .5 0 3 0 .9 7 5 1 .1 4 2
2 9 0 .4 2 8 0 .8 9 5 0 .9 3 4
30 0 .3 6 6 0 .8 2 3 0 .7 6 1
31 0 .3 1 4 0 .7 5 8 0 .6 1 9
3 2 0 .2 7 0 0 .7 0 0 0 .5 0 4
3 3 0 .2 3 3 0 .6 4 6 0 .4 0 9
3 4 0 .2 0 2 0 .5 9 7 0 .3 3 3
3 5 0 .1 7 5 0 .5 5 1 0 .2 7 1
3 6 0 .1 5 2 0 .5 0 9 0 .2 2 1
3 7 0 .1 3 2 0 .4 6 8 0 .1 8 0
3 8 0 .1 1 4 0 .4 3 0 0 .1 4 6
39 0 .0 9 9 0 .3 9 3 0 .1 1 9
40 0 .0 8 5 0 .3 5 8 0 .0 9 7
41 0 .0 7 4 0 .3 2 4 0 .0 7 9
4 2 0 .0 6 3 0 .2 9 1 0 .0 6 4
43 0 .0 5 3 0 .2 5 8 0 .0 5 2
4 4 0 .0 4 5 0 .2 2 5 0 .0 4 2
45 0 .0 3 7 0 .1 9 2 0 .0 3 3
4 6 0 .0 3 0 0 .1 5 8 0 .0 2 6
4 7 0 .0 2 3 0 .1 2 4 0 .0 1 9
4 8 0 .0 1 6 0 .0 8 8 0 .0 1 3
4 9 0 .0 0 9 0 .0 5 1 0 .0 0 7
5 0 0 .0 0 2 0 .0 1 0 0 .0 0 1
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APPENDIX I Petroleum Fractions of Derived Oils

Table II P etro leu m  fra c tio n s  o f  d er iv e d  o i ls  o b ta in ed  fro m  ea c h  sep a ra te  c o m p o n e n t  
in  R u /H M O R  b a se d  c a ta ly s ts

C a t a  ly  St
F r a c t i o n " ' ' - ^ ^ ^ N o  C a t H M O R K a o l i n a - a l u m i n a
N a p h th a 2 0 .0 0 3 8 .0 0 3 8 .0 0 3 5 .0 0
K e r o s e n e 3 0 .0 0 3 2 .0 0 2 9 .0 0 2 8 .0 0
L ig h t  G a s  O il 2 2 .0 0 18 .0 0 1 7 .0 0 1 6 .0 0
H e a v y  G a s  O il 18 .0 0 8 .0 0 1 1 . 0 0 1 5 .0 0
R e s id u e s 1 0 .0 0 4 .0 0 5 .0 0 6 .0 0

Table 12 P etro leu m  fra c tio n s  o f  d e r iv e d  o i ls  o b ta in e d  from  th e  R u /H M O R  b a se d  
c a ta ly s ts

' ' ' ^ ' ' —^C atalyst 
F r a c t io n ' ' ' ' - - ^ ^ BC-20 BC-30 BC-40 BC-50 R u / H M O R
N a p h th a 4 4 .0 0 4 7 .0 0 4 4 .0 0 4 8 .0 0 4 3 .5 0
K e r o s e n e 2 6 .0 0 2 7 .0 0 2 3 .5 0 2 2 .0 0 2 4 .5 0
L ig h t  G a s  O il 1 5 .0 0 1 4 .0 0 16 .5 0 1 5 .0 0 1 6 .0 0
H e a v y  G a s  O il 1 1 . 0 0 8 .0 0 1 1 . 0 0 1 0 .0 0 1 1 .5 0
R e s id u e s 4 .0 0 4 .0 0 5 .0 0 5 .0 0 4 .5 0

Table 13 P etro leu m  fr a c tio n s  o f  d e r iv e d  o i ls  o b ta in e d  from  th e B C -2 0  c a ta ly s t  w ith  
v a r io u s  p e lle t  d ia m eters

Pellet diam eters 

Fraction ^
1.00 mm 2.00 mm 3.00 mm 4.00 mm

N a p h th a 4 8 .0 0 5 0 .0 0 5 3 .0 0 5 2 .0 0
K e r o s e n e 2 2 .0 0 2 6 .0 0 2 0 .0 0 2 2 .0 0
L ig h t G a s  O il 1 4 .0 0 1 2 .0 0 1 3 .0 0 1 4 .0 0
H e a v y  G a s  O il 1 1 . 0 0 8 .0 0 1 0 .0 0 9 .0 0
R e s id u e s 5 .0 0 4 .0 0 4 .0 0 3 .0 0



130

T a b le  14 P e tr o le u m  fr a c t io n s  o f  d er iv e d  o i ls  fro m  th e c a ta ly s t  d e a c t iv a t io n  te st in g

' ^ ' \  น o f  r e u s e  
F r a c t i o n  ^ \

1st c y c l e 2 lld c y c le 3 rd c y c le
N a p h th a 5 3 .0 0 5 0 .0 0 4 6 .0 0
K e r o s e n e 2 0 .0 0 2 0 .0 0 2 4 .0 0
L ig h t  G a s  O il 1 3 .0 0 15 .0 0 1 4 .0 0
H e a v y  G a s  O il 1 0 .0 0 11 .0 0 1 1 . 0 0
R e s id u e s 4 .0 0 4 .0 0 5 .0 0
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APPENDIX J Effectiveness Factor Calculations

Catalyst diameter 
(mm)

£p DeTA
(cmV1)

Rp
(cm)

</> ๆ

1.0 0 .3 8 0 . 0 0 0 0 1 1 0 0 .0 5 2 .9 0 0 .4 2

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

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

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

T h ie le  m o d u lu s  is  d e fin e d  b y  E q . ( 8 )

T h e  e f fe c t iv e  tra n s it io n  d if fu s iv ity , D*A is  d e fin e d  b y  E q. (9 )

±  =  (9)U T A  U A B  U K A

T h e K n u d se n  d if fu s iv ity , ®KA is  c a lc u la te d  fro m  E q . (1 0 )

Dka ~  (9-7 X  103)- Rp0re • ( — )  (1 0 )

T h e  su p erscr ip t e re fer  to th e  effective d if fu s iv ity , w h ic h  c a n  b e  c a lc u la te d  fro m  E q.

( 11)
D e =  ef D  (11)

T h e e f f e c t iv e n e s s  fa c to r  can  b e  a p p ro x im a ted  fro m  F ig u re  4 .2 2 .
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APPENDIX K Metal Dispersion Calculations

Weight
(g)

%Ru Ru (mol) Total metal 
(mol)

Total metal A. 
(atom)

S a m p le  u sed 0 .0 5 0 .7 6 .9 2 E -0 5 6 .9 2 E -0 5 2 .0 9 E + 1 8
M w  o f  R u  (g /m o l) 1 0 1 .0 7
C a lib ra tio n  factor  (m o l/m V s )  F c =  l* 2 0 * 1 0 A- 6 /3 0 3 /0 .0 8 2 0 5 7 8 4 /V .

Peaks Chemisorbed 
แ 2 (mVs)

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

7 3 4 7 6 .9 3 3 3 V 7
8 3 3 2 6 .9 3 3 3 V 8

9 2 2 1 6 .9 3 3 3 V 9
1 0 2 0 6 3 .1 3 3 3 V 1 0
1 1 1 7 7 6 .9 3 3 3 V l l

T o ta l แ 2 c h e m iso r b e d  (m V s )  =  V , and  V  =  X ( V 1 : V 1 1 ) 7 2 5 8 4
T o ta l C h e m iso r b e d  (m o l)  = V m =  V * F c 1 .1 5 E -0 6
T o ta l H2 c h e m iso r b e d  (a to m ) =  v a=  v m * N A 1 .3 9 E + 1 8

D isp e r s io n :
D(%) = (V ./ Vo) * 100% = (1.39E+18)/(2.09E+l8) * 100 = 66.67%
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R e la t io n sh ip  b e tw e e n  s p e c if ic  su rfa ce  area  and  d isp ers io n :

Ssp (m 2 / g )  =  am * (N A / M ) * D

R u th en iu m : M  =  1 0 1 .0 7  g /m o l
am =  6 .3 5 *  1 O' 20 m 2/a to m  

N A =  6 .0 2 2 *  1 0 23 m o f 1 

p =  12 .3  g  /  c m 3

R e la t io n sh ip  b e tw e e n  s p e c if ic  su r fa ce  area  an d  m e a n  p a r tic le  s ize :  

Ssp  =  6 0 0 0  /  p d VA

W ith  d V A in  n a n o m e te r s , p  in g  /  c m 3, and  Ssp  =  m 2 /  g

APPENDIX L Mean Particle Size Calculation from Dispersion

Dispersion (%) specific surface area ( m2/g) mean particle size (nm)
6 6 .6 7 2 .52E + 02 1.93
6 4 .3 3 2 .43E + 02 2 . 0 0

6 2 .1 4 2 .35E + 02 2 .07
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