




T A B L E  A

RUN DATA

Run N um ber 21B

F e e d  Stock

C a ta ly s t  Type 
Size, m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen,  m o l e s / m o l e

M inu tes  on F e e d

Cyclohexane

P d - H - m o r d e n i t e  
1 . 2 - 0 . 21

650 
765
2. 04 
2 . 20
12. 25

165

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H ydrogen  
Methane 
E thane  
P ro p a n e  
I -B u tane  
N -B utane
1-Pen tane  
N -P e n ta n e  
2, 2-DMB 
2, 3-DMB
2 - M P
3 - M P
N- Hexane 
M C P
Cyclohexane

H y dro c rac k in g ,  % 
I s o m e r i z a t i o n ,  % 
Hydrogen B a lan ce ,  %

1074.0  
3. 53

12. 95 
83. 10
13. 30 
17. 50

5. 12 
2. 41 
0. 44
0. 41
1. 25 
0 . 88 
1. 67

19. 20 
2 .90

77. 9 
19. 2 
98 . 8

Rate cons tan t ,  c c / g m - s e c 0. 125



T A B L E  A

RUN DATA

Run N um ber 2 1 C

F e e d  Stock

C a ta ly s t  Type 
Size,  m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia  
F e e d ,  v / h r - v  

w / h r - w  
H ydrogen ,  m o l e s / m o l e

M inutes  on F e e d

Cyclohexane

Pd  - H - m o r d e n i t e  
1 . 2 - 0 . 2 1

650 
765
2. 04 
2. 20 
7. 60

255

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen
M ethane
Ethane
P r o p a n e
I-B u tane
N -Butane
1 -P en tan e  
N -P e n ta n e  
2, 2-DMB 
2, 3-DMB
2 - M P
3 - M P
N -H exane  
M C P
Cyclohexane

H y d ro c rac k in g ,  % 
I s o m e r i z a t io n ,  % 
Hydrogen  Ba lance ,  %

6 1 6 . 0
3. 24 

13. 25 
80. 00 
13. 65 
18. 00
4. 00 
1.47
0. 30 
0. 66
1. 06 
0. 74 
0 .9 8

21. 40 
4. 40

74. 2
21. 4 

100. 4

Rate  con s tan t ,  c c / g m - s e c 0. 0820



T A B L E  A

RUN DATA

Run N u m ber 21D

F e e d  Stock Cyclohexane

C a ta ly s t  Type 
Size, m m

Pd - H - m o r  denite
1 . 2 - 0 . 21

T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s ia  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen,  m o l e s / m o l e  C^

650 
765 
8 . 17 
8 . 80 
17. 1

M inu tes  on F e e d 345

P ro d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  1681.0
Methane 0. 73
E th a n e  3. 31
P r o p a n e  18. 20
I-B u tane  1.47
N -B utane  2. 57
1 -Pen tane  0. 88
N -P e n ta n e  0. 29
2 . 2-DM B 0 .0 4
2 . 3-DM B 0.01
2 - M P  0 .3 6
3 - M P  0 .2 5
N -H exane  0. 25
M C P  4 1 .4 0
Cyclohexane  43. 70

H y d ro c rac k in g ,  % 14.9
I s o m e r i z a t i o n ,  % 4 1 .4
Hydrogen B a la n ce ,  % 99. 6

Rate  cons tan t ,  c c / g m - s e c  0 .0822



249

T A B L E  A

RUN DATA

Run N u m ber 21E

F e e d  Stock Cyclohea

C a ta ly s t  Type P d -H -rm
Size,  m m 1. 2 - 0 . 21

m O-r- T e m p e r a t u r e ,  F 650
P r e s s u r e ,  p s i a 765
F e e d ,  v / h r - v 8 . 17

w / h r - w 8 . 80
Hydrogen,  m o l e s / m o l e 14. 1

Minutes  on F e e d 435

P r o d u c t ,  m o le s  p e r
100 m o le s  feed

Hydrogen 1377. 0
Methane 1.47
Ethane 4. 42
P r o p a n e 19. 65
I-Butane 3. 00
N -B utane 3. 00
I - P e n ta n e I. 17
N -P en tan e 0. 30
2, 2-DMB 0 . 06
2, 3-DMB 0. 14
2 - M P 0. 36
3 - M P 0. 25
N-Hexane 0. 25
M CP 49. 10
Cyclohexane 33. 40

H y dro c rac k in g ,  % 17. 5
I so m e r i z a t io n ,  % 49. 1
Hydrogen B a lance ,  % 99. 6

Rate co ns tan t ,  c c / g m - s e c 0. 0819



T A B L E  A

RUN DATA

Run N u m b e r  22A

F e e d  Stock Cyclohexane

C a ta ly s t  Type P d - H - f a u j a s i t e
Size,  m m  0. 84-0. 42

T e m p e r a t u r e ,  ° F  650
P r e s s u r e ,  p s i a  765
F e e d ,  v / h r - v  2 .0 4

w / h r  -w 3. 17
Hydrogen,  m o l e s / m o l e  C^ 18. 8

M inutes  on F e e d  120

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  1832.0
M ethane 0. 15
E thane  0. 44
P ro p a n e  2. 26
I -B u tane  5, 23
N -B utane  1.91
1 -Pen tane  3. 24
N -P e n ta n e  1. 00
2 ,2 -D M B  0 .79
2, 3-DMB 1 .05
2 - M P  4 .0 2
3 - M P  2. 80
N -H exane  3 .9 4
M C P  64. 80
Cyclohexane 13. 10

H y d ro c rac k in g ,  % 22. 1
I s o m e r i z a t i o n ,  % 64. 8
Hydrogen  B a lance ,  % 99. 3

Rate  cons tan t ,  c c / g m - s e c  0. 0500



T A B L E  A

RUN DATA

Run N u m b e r  22B

F e e d  Stock Cyc lohexane

C a ta ly s t  Type P d - H - f a u j a s i t e
Size,  m m  0 . 8 4 - 0 . 4 2

T e m p e r a t u r e ,  ° F  700
P r e s s u r e ,  p s i a  765
F e e d ,  v / h r - v  2. 04

w / h r - w  3. 17
H yd ro g en ,  m o l e s / m o l e  C^ 16 .8

M in u tes  on F e e d  270

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H y d ro gen  1583. 0
M ethane  0. 29
E thane  1. 77
P r o p a n e  9 . 9 2
I -B u tan e  16 .90
N -B u ta n e  9. 13
1 -P e n tan e  9. 92
N - P e n t a n e  4. 70
2, 2 -DM B 1 .38
2, 3 -DM B 1 .45
2 - M P  9 .4 5
3 - M P  6 . 58
N -H exa ne  7 .51
M C P  30. 10
C yc lo h ex ane  8 . 43

H y d r o c r a c k in g ,  % 61. 5
I s o m e r i z a t i o n ,  % 30. 1
H ydrogen  B a la n c e ,  % 100. 3

R a te  c o n s tan t ,  c c / g m - s e c 0. 181



TA B L E  A

RUN DATA

Run N um ber 22C

F e e d  Stock Cyclohexane

C a ta ly s t  Type P d - H - f a u j a s i t e
Size,  m m 0. 84-0. 42

T e m p e r a t u r e ,  ° F 700
P r e s s u r e ,  p s ia 765
F e e d ,  v / h r - v 2 .0 4

w / h r - w 3. 17
Hydrogen,  m o l e s / m o l e  C^ 31. 0

M inu tes  on F e e d 360

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  3038. 0
M ethane 0. 29
E thane  1. 33
P ro p a n e  6. 29
I -B u tane  10. 70
N -B utane  4 .4 9
1 -Pen tane  5. 65
N -P e n ta n e  3. 40
2 .2 -D M B  1 .08
2 . 3-DMB 1.28
2 - M P  6.77
3 - M P  4 .7 2
N -H exane  5. 85
M C P  45. 60
Cyclohexane  13.40

H y d ro c rac k in g ,  % 4 1 .0
I s o m e r i z a t i o n ,  % 45. 6
Hydrogen B a lan ce ,  % 99. 0

R a te  cons tan t ,  c c / g m - s e c 0. 180



TA B L E  A

RUN DATA

Run N u m b er  22D

F e e d  Stock Cyclohexane

C a ta ly s t  Type P d - H - f a u j a s i t e
Size, m m  0. 84-0.  42

T e m p e r a t u r e ,  ° F  700
P r e s s u r e ,  p s ia  765
F e e d ,  v / h r - v  4 .0 8

w / h r  -w 6 . 34
Hydrogen ,  m o l e s / m o l e  C^ 9. 50

M inutes  on F e e d  480

P ro d u c t ,  m o le s  p e r
100 m o le s  feed

Hydrogen 861. 0
Methane 0. 74
Ethane 2. 50
P ro p a n e 8 . 54
I-B u tane 17 .50
N-Butane 6. 70
I -P e n ta n e 11. 50
N -P e n ta n e 4. 47
2, 2-DMB 1. 35
2, 3-DMB 1. 32
2 -M P 6.91
3 -M P 4. 82
N -H exane 6 .43
M CP 34. 50
Cyclohexane 10 . 20

H y dro c rac k in g ,  % 55. 3
I s o m e r i z a t i o n ,  % 34. 5
Hydrogen B a lan ce ,  % 100. 2

Rate  co ns tan t ,  c c / g m - s e c 0 . 181



T A B L E  A

RUN DATA

Run N u m b e r

F e e d  Stock

C a ta ly s t  Type 
Size ,  m m

oT e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
H ydrogen ,  m o l e s / m o l e

M inu tes  on F e e d

P r o d u c t ,  m o le s  p e r  
100 m o l e s  feed

H ydro g en
M ethane
E thane
P r o p a n e
I -B u tan e
N -B u tan e
1-P en tan e  
N - P e n t a n e  
2, 2 -DM B 
2, 3-DM B
2 - M P
3 - M P  
N -H ex an e  
M C P
Cyclohexane

H y d r o c r a c k in g ,  % 
I s o m e r i z a t i o n ,  % 
Hydrogen  B a la n ce ,  %

22E

C yc lohexane

P d - H - f a u j a s i t e  
0. 84-0.  42

650 
7 65 
4. 08 
6 . 34 
8 . 85

570

855. 0 
0 . 16 
0. 50 
2 . 10 
5. 02 

- 1. 8»
3. 15 
0 . 92
0. 84
1. 16
4. 00
2 . 79
3. 95 

65. 20 
13. 40

21. 4 
65. 2 
98. 5

R a te  c o n s tan t ,  c c / g m - s e c 0. 0487



T A B L E  A

RUN DATA

Run N u m b er

F e e d  Stock

C a ta ly s t  Type 
Size,  m m

oT e m p e r a t u r e ,  R 
P r e s s u r e ,  p s ia  
F e e d ,  v / h r - v  

w / h r - w  
H y d ro g e n { ^ m o le s /m o le

M inu tes  on F e e d

23A

56 m o le  % Cyclohexane,  
44 mole  % n -H exane

P d - H - f a u j a s i t e
0 . 8 4 - 0 . 4 2

700 
765 
2. 04 
2 . 91
15. 02

120

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  1460. 0
Methane 0. 32
Ethane  1. 45
P r o p a n e  16. 00
I-B u tane  13. 10
N -B utane  5.71
1 -P en tan e  7 .2 8
N -P e n ta n e  4. 18
2, 2-DM B 6 .98
2, 3-DMB 3 .55
2 - M P  17.35
3 - M P  12. 10
N -H exane  12. 90
M C P 13.34
Cyclohexane  3. 33

H y d ro c ra c k in g ,  %
I s o m e r i z a t io n ,  %
Hydrogen  B a lan ce ,  % 100. 4

Rate  con s tan t ,  c c / g m - s e c



256

T A B L E  A

RUN DATA

Run N um ber

F e e d  Stock

C a ta ly s t  Type 
Size,  m m

oT e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen ,  m o l e s / m o l e

M inu tes  on F e e d

23B

56 m ole  % Cyclohexane,  
44 m ole  % n -H e x an e

P d - H - f a u j a s i t e  
0. 84-0. 42

700 
7 65 
2. 04
2.91 
2 3 .4

210

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H ydrogen  2240 .0
Methane 0. 58
E thane  1 .45
P r o p a n e  10. 20
I-B u tane  10. 53
N -B utane  5. 23
1-P en tan e  6. 56
N -P e n ta n e  3, 28
2, 2-DMB 6 . 87
2, 3-DMB 2 .2 0
2 - M P  19. 20
3 - M P  13.40
N -H exane  13 .90
M C P 16.90
Cyclohexane 3. 33

H y dro c rac k in g ,  %
Is o m e r i z a t io n ,  %
Hydrogen  B a lan ce ,  % 98. 0

R a te  con s tan t ,  c c / g m - s e c



257

T A B L E  A

RUN DATA

Run N u m ber

F e e d  Stock

C a ta ly s t  Type 
Size,  m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s ia  
F e e d ,  v / h r - v  

w / h r - w  
H ydrogen ,  m o l e s / m o l e

M in u tes  on F e e d

23C

56 m o le  % C yc lohexane ,  
44 mole  % n -H exane

P d - H - f a u j a s i t e  
0. 84-0.  42

725 
765 
2. 04 
2. 91
23. 1

300

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  2220 .0
Methane 0. 64
Ethane  2 . 74
P r o p a n e  20 .90
I -B u tan e  15.95
N -B utane  7. 23
1 -Pen tane  8 . 81
N -P e n ta n e  4 .7 0
2 ,2 -D M B  7 .0 8
2, 3-DMB 3 .7 5
2 - M P  16.20
3 - M P  11.30
N-H exane  12.70
M C P  8 . 68
Cyclohexane  2. 20

H y dro c rac k in g ,  %
I s o m e r i z a t i o n ,  Vo
Hydrogen  B a lan ce ,  % 99. 2

Rate  con s tan t ,  c c / g m - s e c



T A B L E  A

RUN DATA

Run N u m b e r

F e e d  Stock

C a ta ly s t  Type  
Size,  m m

T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
H ydrogen ,  m o l e s / m o l e

M in u te s  on F e e d

23D

56 m o le  % C y c lohexane ,  
44 m o le  % n - H e x a n e

P d - H - f a u j a s i t e  
0. 84-0 .  42

725 
765 
2. 04 
2. 91 
14. 4

390

P r o d u c t ,  m o le s  p e r  
100 m o l e s  feed

H y d ro g e n
M ethane
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n t a n e  
2, 2 -DM B 
2, 3 -DM B
2 - M P
3 - M P  
N -H ex a n e  
M C P
C yc lohexane

H y d r o c r a c k in g ,  % 
I s o m e r i z a t i o n ,  % 
H ydro g en  B a la n c e ,  %

1320 .0
2. 25 
4. 34

40. 25 
18. 27 
9. 00 

13. 00 
6 . 18
3. 01
2. 50 

13. 95
9. 72 
9 .9 7
3. 80 
0. 54

98. 5

R a te  c o n s ta n t ,  c c / g m - s e c



T A B L E  A

RUN DATA

Run N u m ber

F e e d  Stock

C a ta ly s t  Type 
Size, m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  ps ia  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen,  m o l e s / m o l e

Minutes  on F e e d

23E

56 m o le  % C yc lohexane ,  
44 m ole  % n -H exane

P d - H - f a u j a s i t e  
0. 84-0 .  42

7 50 
765 
2. 04 
2. 91 
2 1 . 0

480

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H ydrogen  2020. 0
Methane  1.61
E thane  5 .9 4
P r o p a n e  4 7 .3 0
I -B u tan e  20. 10
N -B utane  12. 63
1 -P en tan e  11.84
N - P e n ta n e  55. 92
2, 2-DMB 3 .3 3
2, 3-DM B 3 .77
2 - M P  11- 15
3 - M P  7 .7 8
N -H exane  9 .0 8
M C P  2. 20
C yclohexane  0, 27

H y d ro c rac k in g ,  %
I s o m e r i z a t i o n ,  %
Hydrogen  B a la n ce ,  % 101. 5

Rate  co ns tan t ,  c c / g m - s e c



TA BLE A

RUN DATA

Run N u m b e r

F e e d  Stock

C a ta ly s t  Type 
Size ,  m m

oT e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
H ydrogen ,  m o l e s / m o l e

M inu tes  on F e e d

23F

56 mole  % Cyc lohexane ,  
44 m ole  % n -H exane

Pd  - H - fa u ja s i t e  
0. 84-0. 42

750 
765 
2. 04 
2 . 91 
2 0 . 1

570

P r o d u c t ,  m o le s  p e r
100 m o le s  feed

Hydrogen 1880. 0
M ethane 0. 64
Ethane 4. 02
P ro p a n e 36. 20
1- Butane 27. 00
N -B utane 15. 70
I - P e n ta n e 13.25
N -P e n ta n e 7. 32
2, 2-DMB 4. 62
2, 3-DM B 2. 75
2 - M P 10. 15
3 - M P 7. 08
N -H exane 8. 39
M C P 1. 82
Cyclohexane 0 . 22

H y dro c rac k in g ,  %
I s o m e r i z a t i o n ,  %
Hydrogen  B a lan ce ,  % 98. 3

Rate  co n s tan t ,  c c / g m - s e c



T A B L E  A

RUN DATA

Run N u m b er 24A

F e e d  Stock Cyclohexane

C a ta ly s t  Type 
Size,  m m

P d - H - m o r d e n i t e
1 . 2 - 0 . 21

T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen ,  m o l e s / m o l e  C^

650 
765 
2. 04 
2 . 09 
9 .9 2

M inu tes  on F e e d 180

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  837. 0
Methane 4. 13
Ethane  15 .40
P r o p a n e  82. 50
I -B u tan e  9. 35
N -Butane  17 .40
1 -P en tan e  8. 65
N - P e n ta n e  4. 12
2, 2-DMB 0 .39
2, 3-DMB 0 .79
2 - M P  1. 13
3 - M P  0 .7 9
N -H exane  1. 08
M C P  17. 20
Cyclohexane  3. 29

H y d ro c ra c k in g ,  % 79. 5
I s o m e r i z a t i o n ,  % 17.2

. H ydrogen  B a lan ce ,  % 100. 0

Rate  co ns tan t ,  c c / g m - s e c  0. 116



T A B L E  A

RUN DATA

Run N um ber

F e e d  Stock

C a ta ly s t  Type 
Size,  m m

oT e m p e r a t u r e ,  F  
P r e s s u r e ,  p s ia  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen,  m o l e s / m o l e

24B

C yclohexane

P d - H - m o r d e n i t e  
1. 2 - 0 . 21

650 
765 
2. 04 
2 . 09
9 .9 2

M inu tes  on F e e d 220

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  848. 0
Methane 4. 13
E thane  15 .90
P r o p a n e  88 . 00
I -B u tan e  9. 65
N -B utane  14. 31
1-P en tan e  4. 00
N -P e n ta n e  1. 12
2 . 2-DMB 0 .5 4
2 .3 -D M B  0 .8 3
2 - M F  I - 33
3 - M P  0 .9 3
N-H exane  1- 03
M C P 21. 50
Cyclohexane  3 .97

H y d ro c ra c k in g ,  % 74. 5
I s o m e r i z a t io n ,  % 21. 5
Hydrogen  B a lan ce ,  % 99. 3

Rate  cons tan t ,  c c / g m - s e c 0. 0985



T A B L E  A

RUN DATA

Run N um ber

F e e d  Stock

C a ta ly s t  Type 
Size,  m m

oT e m p e r a t u r e ,  F  
P r e s s u r e ,  p s ia  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen ,  m o l e s / m o l e

24C

Cyclohexane

P d - H - m o r d e n i t e  
1. 2 -0 . 21

650 
765 
2. 04 
2 . 09
9 .9 2

M inu tes  on F e e d 250

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H ydrogen  862. 0
Methane 2 .9 4
Ethane  13. 55
P r o p a n e  77. 20
I -B u tan e  9. 27
N -B utane  13.70
1 -Pen tane  3. 82
N - P e n ta n e  1.65
2, 2-DMB 0 .3 4
2, 3-DMB 0 .81
2 - M P  1.21
3 - M P  0. 84
N-H exane  1 .08
M C P  26. 00
Cyclohexane  6 . 38

H y d ro c rack in g ,  % 67. 6
I s o m e r i z a t i o n ,  % 26. 0
Hydrogen B a lance ,  % 99. 9

Rate  co ns tan t ,  c c / g m - s e c  0 .0 8 24



T A B L E  A

RUN DATA

Run N u m b e r  24D

F e e d  Stock Cyc lohexane

C a ta ly s t  Type P d - H - m o r d e n i t e
Size, m m  1. 2-0 .  21

T e m p e r a t u r e ,  ° F  650
P r e s s u r e ,  p s i a  765
F e e d ,  v / h r - v  2 .0 4

w / h r  -w 2 . 09
Hydrogen ,  m o l e s / m o l e  C^ 9 .9 2

Minutes  on F e e d  280

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  8 7 1 .0
M ethane  2 .9 4
E thane  12. 65
P r o p a n e  69 .90
I -B u tan e  8 . 70
N -B u tane  12 .90
1 -P en tan e  3. 60
N - P e n ta n e  1.41
2 . 2-DM B 0 .6 4
2 . 3-DM B 0 .9 2
2 - M P  1 .48
3 - M P  1.03
N -H exane  1. 33
M C P  29. 10
Cyclohexane  7. 35

H y d ro c rac k in g ,  % 63. 5
I s o m e r i z a t io n ,  % 29. 1
Hydrogen  B a la n ce ,  % 99. 7

Rate  cons tan t ,  c c / g m - s e c 0. 0739



TA B L E  A

RUN DATA

Run N um ber

F e e d  Stock

C a ta ly s t  Type 
Size, m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen ,  m o l e s / m o l e

M inu tes  on F e e d

25A

Cyclohexane

P d - H - m o r d e n i t e  
1. 2 - 0 . 21

600 
765
2. 04 
2 . 21 
8 . 53

180

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  
Methane 
E thane  
P r o p a n e  
I -B u tane  
N -B utane
1-Pen tane  
N - P e n ta n e  
2, 2-DMB 
2, 3-DMB
2 - M P
3 -M P  
N-H exane  
M C P
Cyclohexane

H y d ro c rac k in g ,  % 
I s o m e r i z a t i o n ,  % 
Hydrogen  B a lan ce ,  %

800. 0 
0 . 88 
3. 39 

24. 10 
2 . 80 

11 . 12 
1.65  
1. 35 
0 . 20 
0. 36 
0 . 92 
0. 64 
0. 54 

56. 00 
16. 50

27. 5 
56. 0 

100 . 2

Rate  con s tan t ,  c c / g m - s e c 0. 0207



T A B L E  A

RUN DATA

Run N u m b er

F e e d  Stock

C a ta ly s t  Type 
Size, m m

oT e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen,  m o l e s / m o l e

25B

Cyclohexane

P d  - H - m o r d e n i t e  
1. 2 - 0 . 21

600 
7 65 
4. 08 
4. 42 
8 . 68

M inutes  on F e e d 250

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H ydrogen  840. 0
M ethane  0. 47
E thane  2. 06
P r o p a n e  13. 17
I -B u tan e  1. 40
N -B u tane  6. 12
1 -P en tan e  0. 82
N - P e n t a n e  0. 59
2, 2 -DM B 0 .2 0
2, 3-DMB 0. 11
2 - M P  0 .6 3
3 - M P  0 .4 4
N -H exane  0. 49
M C P  4 8 .7 0
Cyclohexane  36. 10

H y d ro c rac k in g ,  % 15. 2
I s o m e r i z a t i o n ,  % 48. 7
Hydrogen  B a la n ce ,  % 99. 1

Rate  con s tan t ,  c c / g m - s e c  0. 0216



T A B L E  A

RUN DATA

Run N u m b e r  25C

F e e d  Stock Cyclohexane

C a ta ly s t  Type P d - H - m o r d e n i t e
Size,  m m  1. 2-0. 21

T e m p e r a t u r e ,  ° F  600
P r e s s u r e ,  p s i a  765
F e e d ,  v / h r - v  2 .0 4

w / h r - w  2 . 21
H ydrogen ,  m o l e s / m o l e  C^ 7. 20

M inutes  on F e e d  310

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  660. 0
Methane  1 .18
Ethane  3. 97
P ro p a n e  28. 30
I -B u tane  2 .9 4
N -B utane  12. 24
1 -P en tan e  1.71
N - P e n ta n e  1. 35
2, 2-DMB 0. 29
2 , 3-DM B 0 .7 4
2 - M P  0 .7 8
3 - M P  0 .5 4
N -H exane  0. 59
M C P  52. 30
Cyclohexane  16. 30

H y d ro c rac k in g ,  % 3 1 .4
I s o m e r i z a t i o n ,  % 52. 3
Hydrogen  B a lan ce ,  % 102. 0

R a te  co ns tan t ,  c c / g m - s e c  0 .0205



T A B L E  A 

RUN DATA

Run N u m b e r

F e e d  Stock

C a ta ly s t  Type 
Size,  m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen ,  m o l e s / m o l e

M inu tes  on F e e d

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  
Methane 
E thane  
P r o p a n e  
I -B u tane  
N-B u tane
1 -Pen tane  
N - P e n ta n e  
2, 2-DM B 
2, 3-DMB
2 - M P
3 - M P  
N-H exane  
M CP
Cyclohexane

H y d ro c rac k in g ,  % 
I s o m e r i z a t io n ,  % 
Hydrogen  B a la n ce ,  %

Rate  con s tan t ,  c c / g m - s e c

26A

n - P e n ta n e

P d - H - m o r d e n i t e  
1. 2 - 0 . 21

550 
465 
8. 17 
7. 19
3. 35

390

335. 0
0. 00 
0 . 19 
0. 34 
0 . 12 
0. 27 

31. 10 
68. 70 

0. 00
0 . 00
0 . 00
0 . 00
0 . 00
0 . 00
0 . 00

0 . 2 
31. 1
99. 0

0. 073



T A B L E  A

RUN DATA

Run N u m ber 26B

F e e d  Stock n - P e n ta n e

C a ta ly s t  Type 
Size ,  m m

P d - H - m o r d e n i t e
1. 2 - 0 . 21

T e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
Hydrogen ,  m o l e s / m o l e

550 
465 
8. 17 
7. 19 
3. 29

M inu tes  on F e e d 470

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H ydrogen  329 .0
Methane  0. 00
Ethane  0. 29
P r o p a n e  0. 39
I-B u tan e  0. 21
N -B u ta n e  0. 25
1 -P en tan e  32. 00
N -P e n ta n e  67. 50
2, 2-DM B 0 .0 0
2, 3-DMB 0. 00
2 - M P  0 .0 0
3 - M P  0 .0 0
N -H exane  0. 00
M C P 0. 00
Cyclohexane  0. 00

H y d ro c rac k in g ,  % 0. 5
I s o m e r i z a t io n ,  % 32. 0
H ydrogen  B a lance ,  % 99. 7

Rate  cons tan t ,  c c / g m - s e c  0 .075



T A B L E  A

RUN DATA

Run N u m b er

F e e d  Stock

27

n - P e n t a n e

C a ta ly s t  Type 
Size,  m m

P d - H - m o r d e n i t e
1. 2 - 0 . 21

oT e m p e r a t u r e ,  F 550
P r e s s u r e ,  p s i a 465
F e e d ,  v / h r - v 8 . 17

w / h r - w 7. 95
H ydrogen ,  m o l e s / m o l e 3. 37

M inu tes  on F e e d 120

P r o d u c t ,  m o le s  p e r
100 m o le s  feed

H ydrogen 335. 0
M ethane 0 . 00
E thane 0. 23
P ro p a n e 0 .41
I -B u tan e 0. 75
N -B u tane 0. 51
I - P e n ta n e 35. 60
N -P e n ta n e 62. 50
2, 2-DM B 0 . 00
2, 3-DM B 0 . 00
2 - M P 0 . 00
3 - M P 0 . 00
N -H exane 0 . 60
M C P 0 . 00
Cyclohexane 0 . 00

H y d ro c ra c k in g ,  % 1.9
I s o m e r i z a t io n ,  % 35. 6
H ydrogen  B a la n ce ,  % 99. 8

Rate  con s tan t ,  c c / g m - s e c 0 . 10<



T A B L E  A

RUN DATA

Run N u m b e r  28A

F e e d  Stock 56 m o l  % C yc lohexane ,
44 m ol  % n -H e x an e

C a ta ly s t  Type P d - H - m o r d e n i t e
Size,  m m  1 .2 - 0 .2 1

T e m p e r a t u r e ,  ° F  600
P r e s s u r e ,  p s i a  765
F e e d ,  v / h r - v  2 .0 4

w / h r  -w 1. 97
Hydrogen ,  m o l e s / m o l e  C^ 18 .0

M inu tes  on F e e d  150

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

Hydrogen  1720. 0
M ethane  1. 29
Ethane  3. 87
P r o p a n e  3 0 .90
I -B u tan e  10. 22
N -B utane  __ 16. 42
1-P en tan e  5. 35
N - P e n ta n e  3. 67
2, 2-DMB 2 .68
2, 3-DMB 4. 23
2 - M P  5 .00
3 - M P  3 .49
N -H exane  20. 80
M C P  17.70
Cyclohexane  4. 02

H y dro c rac k in g ,  %
Is o m e r i z a t io n ,  %
Hydrogen  B a lan ce ,  % 99. 4

Rate  cons tan t ,  c c / g m - s e c



T A B L E  A

RUN DATA

Run N u m b e r

F e e d  Stock

C a ta ly s t  Type  
S ize ,  m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
H y d ro g e n ,  m o l e s / m o l e

M inu tes  on F e e d

28B

56 m o l  % C yc lo hexan e ,  
44 m o l  % n -H e x a n e

P d - H - m o r d e n i t e
1. 2 - 0 . 21

600  
765 
2. 04
1. 97 
12. 1

260

P r o d u c t ,  m o le s  p e r
100 m o le s  feed

H y d ro g e n 1050. 0
M ethane 1. 61
E thane 6 . 59
P r o p a n e 50. 30
I -B u ta n e 16. 90
N -B u ta n e 19. 00
I - P e n t a n e 6. 03
N - P e n t a n e 3. 34
2, 2 -DM B 2. 04
2, 3 -DM B 2. 35
2 - M P 5. 00
3 - M P 3 .4 9
N - Hexane 13. 80
M C P 11. 40
C yc lohexane 2 . 68

H y d r o c r a c k in g ,  %
I s o m e r i z a t i o n ,  %
H y dro g e n  B a la n c e ,  % 99. 8

R ate  c o n s ta n t ,  c c / g m - s e c
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T A B L E  A 

RUN DATA

Run N u m b e r  

F e e d  Stock

C a ta ly s t JT y p e  
Size ,  m m

T e m p e r a t u r e ,  ° F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r - w  
H y d ro gen ,  m o l e s / m o l e

M in u tes  on F e e d

P r o d u c t ,  m o l e s  p e r  
100 m o le s  f ee d

Hydrogen
Methane
E th a n e
P r o p a n e
I -B u ta n e
N -B u ta n e
1 -P e n ta n e  
N - P e n ta n e  
2, 2 -DM B 
2, 3 -DM B
2 - M P
3 - M P  
N -H ex an e  
M C P
C yc lohexane

H y d ro c ra c k in g ,  % 
I s o m e r i z a t i o n ,  % 
H ydrogen  B a la n c e ,  %

R a te  c o n s ta n t ,  c c / g m - s e c

28C

56 m o le  % C yc lohexane ,  
44 m o l  % n -H e x an e

P d - H - m o r d e n i t e
1. 2 - 0 . 21

650 
765 .
2. 04 
1 .97 
1 2 . 1

370

1050. 0
3. 86

16. 40 
118. 00

17. 95
24. 30

2. 57
1. 22 
0. 38
0. 25
1. 09 
0. 76 
0. 76 
0 . 21
0. 05

99. 0



T A B L E  A

RUN DATA

Run N u m b e r

F e e d  Stock

C a ta ly s t  Type 
Size ,  m m

oT e m p e r a t u r e ,  F  
P r e s s u r e ,  p s i a  
F e e d ,  v / h r - v  

w / h r  -w 
H ydrogen ,  m o l e s / m o l e

M inu tes  on F e e d

28D

56 m o l  % C y c lohexane ,  
44 m o l  % n - H e x a n e

P d - H - m o r d e n i t e
1. 2 - 0 . 21

650 
765
2. 04
I. 97 
10. 5

480

P r o d u c t ,  m o le s  p e r  
100 m o le s  feed

H ydrogen 9 20 . 0
M ethane 5. 16
E thane 20. 40
P r o p a n e 128.20
I -B u ta n e 13. 82
N -B u ta n e 20. 70
I - P e n t a n e 3. 21
N - P e n t a n e 1. 93
2, 2 -DM B 0. 32
2, 3 -D M B 0 . 22
2 - M P 0 . 16
3 - M P 0 . 11
N -H exane 0 . 16
M C P 0 . 21
C yclohexane 0. 03

H y d r o c r a c k in g ,  %
I s o m e r i z a t i o n ,  %
H y dro g e n  B a la n c e ,  % 101 .2

R a te  con s tan t ,  c c / g m - s e c



A P P E N D IX  B 

N O M E N C L A T U R E



A P PE N D IX  B 

NOM ENCLATURE

C o n c en t ra t io n  

C o n c e n t ra t io n  of hexanes  

C o n c e n t ra t io n  of hydrogen  

C o n c en t ra t io n  of naph thenes  (M CP + CH) 

C o n c e n t ra t io n  of h y d r o c r a c k e d  p ro d u c t s  

H y d ro c a rb o n  flow r a t e  

Sim pl i f ied  r e a c t i o n  r a t e  c o n s tan t  for 

h y d r o c r a c k in g  h e xan es  

Simplif ied  r e a c t io n  r a t e  co n s tan t  fo r

h y d ro c ra c k in g  naph thenes  (MCP + CH) 

R e ac t io n  r a t e  con s tan t  for  h y d ro c ra c k in g  

hexane s

R eac t io n  r a t e  c o n s tan t  fo r  h y d r o c r a c k in g

naph thenes  (MCP + CH)

P r o d u c t  of r e a c t io n  r a t e  c o n s tan t  t im e s

a d s o r p t io n  coef f ic ien t  fo r  h e xanes ,

k  K a o A

P r o d u c t  of r e a c t i o n  r a t e  co n s tan t  t im e s

a d s o r p t io n  coeff ic ien t  fo r  n ap h th e n es ,

k y K c
Dynamic  a d s o r p t io n  coeff ic ien t  fo r  h ex anes



Dynam ic  a d s o r p t io n  coef f ic ien t  fo r  

h yd rog en  

D ynam ic  a d s o r p t io n  coef f ic ien t  for  

naphthene  s 

Dynam ic  a d s o r p t io n  c o e f f ic ien t  for  

h y d r o c r a c k e d  p ro d u c t s  

M o le c u la r  weigh t  

P a r t i a l  p r e s s u r e  of hexanes  

P a r t i a l  p r e s s u r e  of hydrogen  

P a r t i a l  p r e s s u r e  of naph thenes  (MCP + 

CH)

P a r t i a l  p r e s s u r e  of h y d r o c r a c k e d  p r o 

duc ts

M o la r  r a t i o  of h y d rog en  to h y d r o c a r b o n  

in feed  gas 

Se lec t iv i ty  to p ro p an e ,  m ole  %

S u p e r f ic ia l  c o n ta c t  t im e  b a s e d  on c a t a ly s t  

volume

S u p e r f ic ia l  co n ta c t  t im e  b a s e d  on c a t a l y s t  

we igh t

T e m p e r a t u r e ,  d e g r e e s  Rankine ,  u n l e s s  

o th e rw ise  spec i f ied  

C a ta ly s t  w e igh t  in r e a c t o r
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x  - F r a c t i o n  c o n v e r t e d  by  h y d r o c r a c k i n g

p c - C a t a l y s t  b u lk  d e n s i ty ,  g m / c c

p g  - G a s  d e n s i ty  a t  o p e r a t i n g  c o n d i t i o n s ,  gm

m o l e s / c c

0 - T i m e  on f ee d



A P PE N D IX  C 

ANALYTICAL SYSTEM
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A PPE N D IX  C 

ANALYTICAL SYSTEM

A. In t roduct ion

A F&tM Model 810R d u a l - c o lu m n  gas  c h r o m a to g r a p h  with a ten  

foot co lum n of 10% si l icone  r u b b e r ,  SE-30 ,  on 90% white  c h r o m o s o r b  

{80-100 m esh )  was  u s e d  to obtain  the p ro d u c t  a n a ly s i s  f r o m  the e x p e r i 

m e n ta l  run s .  G e n e ra l ly  the p ro d u c t  c o n s i s t e d  of about  90% h ydrogen  

and 10% h y d r o c a r b o n s .  T yp ica l  c h r o m a to g r a p h  c h a r t s  a r e  shown in 

F i g u r e s  C - l  and C -2  {pages 281 and 282).

B. Method of A n a ly s is

A packed  co lum n and a t h e r m a l  conduct iv i ty  d e te c to r  w e r e  the  

b a s ic  e l e m e n t s  of the gas  c h ro m a to g ra p h .  E ac h  h y d r o c a r b o n  c o m 

ponent  had a d i f fe ren t  r e t e n t io n  t im e  due to v a ry in g  a d s o rp t iv i ty  c o n 

s ta n ts  f o r  the packing  in the column. H el ium  w as  u se d  a s  a c a r r i e r  

g a s ,  and a u n i fo rm  flow of the c a r r i e r  gas  w as  m a in ta in ed  th rough  the 

packed  co lum n  and p a s t  the t h e r m a l  conductiv i ty  d e te c to r .  The gas  

s a m p le  w as  in jec ted  a s  a pu lse  into the c a r r i e r  s t r e a m .  The c a r r i e r  

g a s  swept  the sa m p le  th rough  the packed  c o lu m n  and d e te c to r .  The gas  

s t r e a m  p a s s in g  the d e te c to r  a t  any given t im e  c o n s i s t e d  of a  m ix tu r e  of 

h e l ium  and a single  h y d r o c a r b o n  com ponen t  due to the va ry in g  r e t e n t io n  

t i m e s  of the h y d ro c a rb o n s  in the packed  column.



C olum n T e m p e r a tu r e  27°C

A ttenua t ion  F a c to r :  

C . -n C .

2 - M P

nC

2, 3-DMB
3 - M PiC

iC
2, 2-DMB

nC

F ig u re  C - l .  Gas C h ro m a to g rap h  Output, Hexane H y d ro c rack ing



C olum n T e m p e r a tu r e  50°C

2 -M P
A ttenuat ion  F a c to r :

C ,  -nC

iC iC -CH

3 - M P
nC

M CPnC

iC

2 , 3 -  
'f DMB

nC

CH
DMB

F ig u re  C-2. Gas C h ro m a to g rap h  Output, Cyclohexane H y d roc rack in g
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The r e s p o n s e  f r o m  the t h e r m a l  conduct iv i ty  d e te c to r  was  a 

l i n e a r  func t ion  of the in s t an tan e o u s  h y d r o c a r b o n  c o n c e n t r a t io n  in the 

c a r r i e r  g a s  s t r e a m .  Then  the in s t an tan e o u s  c o n c e n t r a t io n  of a c o m 

ponent  " j "  w as

yj = C Jj Dj

w h e re  yj = m ole  f r a c t io n  of " j "  in the c a r r i e r  gas

IC = con s tan t

D = d e te c to r  output

To obtain  the o v e r a l l  c o n c e n t r a t io n  of " j " ,  the  d e te c to r  output w as  

in te g r a t e d  with  r e s p e c t  to t im e .  This  in te g ra t io n  was done a u t o m a t i 

ca l ly  by a  b a l l - a n d - d i s c  i n t e g r a t o r  in  the gas  c h r o m a to g r a p h  r e c o r d e r  

s y s te m .  T hen  a "p ea k  a r e a "  w a s  r e c o r d e d  by the i n t e g r a t o r ,  c o r r e s 

ponding to e a c h  h y d r o c a r b o n  "p eak " .  This  "peak  a r e a "  w a s  r e l a t e d  to

the h y d r o g e n - f r e e  c o n c e n t r a t io n  in the  gas sam ple  by
n

Yj = C j A j / E  C A
k=l

w h e re  Y = h y d r o g e n - f r e e  m ole  f r a c t io n

C = e x p e r im e n ta l ly  d e te r m in e d  c a l ib r a t io n  c o n s tan t

A = peak  a r e a

n = to ta l  n u m b e r  of co m ponen ts  in h y d r o g e n - f r e e
sa m p le

An e le c t r o n i c  " a t t e n u a t o r "  w as  u se d  to ex tend the ran g e  and  a c c u r a c y  of 

the g a s  c h ro m a to g r a p h .  The " a t t e n u a to r "  s c a l e d  down the r e s p o n s e  of 

l a r g e  peaks  by s e l e c te d  f a c t o r s .  The " a t ten ua t ion "  f a c t o r s ,  F ,  a r e  then 

u s e d  in the f ina l  equa t ion
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n
Yj = F j C j A j / E  F k Ck Ak .

k =  1

C. D e te r m in a t io n  of C a l ib ra t io n  C o n s tan ts

P r e c i s e  v o lu m e s  of e ac h  h y d r o c a r b o n  compound w e r e  in jec ted  

s e p a r a t e l y  in to  the g as  c h r o m a to g r a p h  in o r d e r  to d e te r m in e  the c a l i 

b r a t i o n  c o n s ta n t s .  The in t e g r a t e d  r e s p o n s e  ( including the a t ten u a t io n  

f a c to r )  w a s  u s e d  to c a lcu la te  the g r a m  m o le s  of h y d r o c a r b o n  compound 

p e r  uni t  i n t e g r a t o r  read in g :  T h e s e  c a l ib r a t io n  c o n s ta n t s  a r e  given in 

T ab le  C - l .
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Table  C - l .  C a l ib r a t io n  C o n s ta n ts  fo r  Gas C h ro m a to g ra p h .

C * 3 Com ponent  g r a m - m o l e s  p e r  un i t  a r e a  x  10

Methane 3. 765

Ethane 2. 496

P r o p a n e 2 . 006

i -  Butane 1. 707

n -B u ta n e 1. 685

i - P e n ta n e 1. 580

n - P e n ta n e 1. 495

2 , 2 -DMB 1. 352

2, 3 -DMB 1. 352

2 - M P 1. 308

3 - M P 1. 318

n-H exane 1. 278

Cyclohexane 1. 471

M ethy lcyc lopen tane 1.411



A P P E N D IX  D 

SA M P L E  CALCULATIONS
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A PPE N D IX  D 

SA M PLE CALCULATIONS

A. T yp ica l  P r o c e s s  Data  

Run n u m b e r  

F e e d  s tock  

C a ta ly s t  type 

C a ta ly s t  volume 

C a ta ly s t  weight  

C a ta ly s t  s ize  

T e m p e r a t u r e  

P r e s s u r e

T im e  a t  s t a r t  of b a lance  pe r io d  

Length  of b a lance  p e r io d  

Volume of hy d ro g en  in 

T e m p e r a t u r e  of h y d ro g en  in 

Volume of Liquid h y d ro c a rb o n  in 

To ta l  gas  out vo lum e 

T e m p e r a t u r e  of gas  out

6A

n -H exane

P d - H - f a u j a s i t e

15. 0 cc

7. 405 gm

0. 84-0.  42 m m

7 50 °F

765 ps ia

80 m in

20 m in

0. 583 f t 3

85°F

10. 2 cc

0. 650 f t 3

85°F
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B. T yp ica l  A na ly t ica l  Data.

C om ponen t  Peak. A re a

C I 0. 17

C2 0 . 60

C 3 4. 85

1C4
0. 95

nC4 0. 85

i C 5
3. 25

n C 5 2. 25

2, 2-DMB 4. 50

2 ,3 - D M B 2. 76

2 - M P 11. 70

3 - M P 8 . 15

n C 6 9 . 00

A ttenua t ion  F a c t o r  

4 

4 

4 

4 

4
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C. M a t e r i a l  B a la n c e  C a lc u la t io n s

B a s i s :  20 m in u te  b a la n c e  p e r io d

W eight  of nC^  fed  = (10. 2 cc)(0.  659 g m / c c )  = 6 . 72 g r a m s

G r a m  m o l e s  of n C ,  fed  = 6 . 72 /8 6 .  2 = 0. 0780o

G r a m s  of c a r b o n  in  n C ,  fed  = 72. 1 (0. 078) = 5. 62o

G r a m s  of h y d r o g e n  in nC ^  fed = 14. 1 (0. 078) = 1. 10 

L iqu id  h o u r ly  sp a c e  ve lo c i ty  = (10. 2 c c / 2 0  min .  )(60 m in .  / h r .  ) /  

(15. 0 cc)  = 2. 04 c c / h r .  - cc  

W eight  h o u r ly  sp a c e  v e lo c i ty  = (6 . 72 g m / 2 0  m in .  )(60 m in .  / h r . ) /  

(7 .4 1  gm ) = 2 .7 3  g m / h r .  -g m  

Volum e of H g as  in a t  ST P  = (0. 583 ft. 3>(492/545)(29- 92 - 

1. 17)/(29. 92) = 0. 505 ft. 3

3 3G r a m  m o le s  of g a s  in  = (0. 505 ft. )(1. 26 gm  m o l e s / f t .  ) =

0. 637 gm  m o l e s

V olum e of g as  out a t  S T P  = (0. 650 ft. 3 ) (492/545)(29.  92 - 1 .1 7 /

29. 92) = 0. 565 ft.  3

A s s u m e d  g r a m s  of c a r b o n  in  g as  out  = 5. 62 gm

H y d r o g e n - to - n C ^  m o le  r a t i o  = 0. 637 /0 .  078 = 8 . 16
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M ola r  W eighting F a c to r s  fo r  H y d ro c a rb o n s  in Gas Out

C1 (0. 17)(4. 00){3. 765)

C2 (0. 60)(4. 00)(2. 496) =

C3 (4. 85)(4, 00)(2. 006) =

iC4 (0. 95)(4. 00)(1. 707) =

nC4 (0. 85)(4. 00)(1. 685) =

iC5 (3. 25)(1. 00)(1. 580) =

»c5 (2. 25)( 1. 00)(1. 495) -

2, 2-DMB (4. 50)( 1. 00)(1. 352) -

2, 3-DMB {2. 76)(1. 00)(1. 352) -

2 - M P (11. 70)(1. 00 )(1. 308) -

3 - M P (8 . 15)(1. 00)(1. 318) =

n C ,o (9. 00)(1. 00)(1. 278) -

M C P (0. 00)(1. 00)(1. 411) =

CH (0. 00)(1. 00)(1. 471) =

2. 57 

6 . 00

38. 80 

6. 48 

5. 73

5. 13

3. 36

6. 09 

3. 73

15. 30

10. 70

11. 50 

0 . 00 

0 . 00

115. 39
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H F r e e  Mole F r a c t io n s  of H y d ro c a rb o n s  in  Gas Out

C 1 2. 57/115.  39 s 0 .0223

C2 6 . 00 /115 .  39 = 0. 0520

C 3 38. 80 /115 .  39 = 0. 3360

iC 4 6 . 48 /115 .  39 - 0. 0561

nC4 5. 73 /115 .  39 - 0. 0496

i C 5 5. 13/115. 39 = 0. 0444

n C 5 3. 36 /115 .  39 - 0 . 0291

2, 2 -DM B 6 . 09 /115.  39 = 0. 0528

2 ,3 -D M B 3. 73 /115 .  39 = 0. 0323

2 -M P 15. 30 /115.  39 = 0. 1328

3 - M P 10. 70 /115 .  39 = 0 . 0928

nC6
11. 50/115.  39 = 0. 0996

1. 0000
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G r a m s  of C a rb o n  P e r  G r a m  Mole of H y d ro c a rb o n  Gas Out

c i
(12. 01)(0. 0223) 0. 27

C2 (24. 02)(0. 0520) = 1. 25

C 3 (36. 03 )(0. 3360) 12 . 10

iC4
(48. 04)(0. 0561) 2. 69

nC4 (48. 04)(0. 0496) 2. 38

iC 5 (60. 05)(0. 0444) 2 . 66

n C 5 (60. 05)(0. 0291) 1. 75

2, 2 -DM B (72. 06)(0. 0528) 3. 80

2, 3-DMB (72. 06)(0. 0323) 2. 32

2 - M P (72. 06)(0. 1328) 9. 56

3 -M P (72. 06)(0. 0928) 6. 68

nC6 (72. 06)(0. 0996) 7. 18

52. 64
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Actua l  g r a m  m o le s  of h y d r o c a r b o n  out = a c tu a l  g r a m s  of c a rb o n  

o u t / g r a m s  of c a rb o n  p e r  gm  m ole  of h y d r o c a r b o n  gas  out =

5. 62 /52 .  64 = 0. 10716

t

G r a m  M oles  of H y d ro c a rb o n  C om ponen ts  in Gas Out

C1 (0. 107 16)(0. 0223) = 0. 00250

C2 (0. 10716)(0. 0520) - 0. 00555

C 3 (0. 107 16)(0. 3360) = 0. 03600

iC4 (0. 10716)(0. 0561) = 0. 00605

nC4 (0. 10716)(0. 0496) = 0. 00536

i C 5
(0. 10716){0. 0444) 0. 00477

n C s (0 . 10716)(0. 0291) = 0. 00311

2, 2 -DM B (0. 10716){0. 0528) = 0. 00565

2, 3-DMB (0. 10716)(0. 0323) = 0. 00345

2 - M P (0. 10716)(0. 1328) - 0. 01405

3 - M P (0. 10716)(0. 0928) - 0. 00997

nC6
(0. 107 16)(0. 0996) = 0. 01070

0. 10716



294

G r a m s  of H in H y d ro c a rb o n  Gas Out 
c*

C 1
(4. 0){0. 00250) 2 0 . 010

C2 (6. 0)(0. 00555) - 0 . 033

C3 (8. 0)(0. 03600) - 0 . 288

lC 4
(10. 1)(0. 00605) = 0 . 061

nC4 (10. 1){0. 00536) = 0. 054

iC 5
(12. 1)(0. 00477) - 0 . 058

nC5 (12. 1)(0. 00311) = 0 . 038

2, 2-DM B (14. 1)(0. 00565) = 0 . 080

2, 3-DMB (14. 1)(0. 00345) - 0 . 049

2 - M P (14. 1)(0. 01405) = 0 . 198

3 - M P (14. 1)(0. 00997) = 0 . 141

nC 6 (14. 1)(0. 01070) = 0 . 151

1. 161
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G ra m  M o les  of H y d ro c a rb o n  C o m p o n en ts  in  G as Out P e r  100

M o le s  of n C .  F e d  o

3

iC4

n C 4

iC 5

n C 5

2, 2 -DM B 

2, 3 -DM B

2 - M P

3 - M F  

n C ,

(100)(0. 00250) /0 .  0780 

(100)(0. 00555) /0 .  0780 

(100)(0. 03600) /0 .  0780 

(100){0. 00605) /0 .  0780 

(100)(0. 00536) /0 .  0780 

(100)(0. 00477) /0 .  0780 

(100){0. 0 0 3 1 1)/0. 0780 

(100)(0. 00565) /0 .  0780 

{100){0. 00345) /0 .  0780 

(100)(0. 0 1405)/0 .  0780 

(100)(0. 00997) /0 .  0780 

(100)(0. 01070) /0 .  0780

3. 20 

7. 12

46. 20 

7. 75 

6. 88

6 . 13 

3 .9 9

7. 25

4. 40 

18. 00 

12. 80 

13. 72
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G r a m  m o le s  of g a s  out = (0. 565 ft. )(1. 26 gm m o l e s / f t ,  ) =

0. 712

A c tua l  g r a m s  of g a s  in gas  out = 2. 016 (0. 712 - 0. 1072) = 

1 .21  gm

B alance  = (100) o u t /H ^  in  = (100)(H^ in h y d r o c a r b o n  out 

+ H a s  H g as  out) -r (H in  h y d r o c a r b o n  in + H a s
b  u  f a  f a

H2 gas  in) = 100 (1. 16 + 1. 21)/(1 . 10 + 1. 28) = 99. 5%

G r a m  m o le s  H out p e r  100 m o le s  nC .  fed  = (100)( 1. 21 /2 .  016)/  i  o

0. 0780 = 772. 0

I s o m e r i z a t i o n  = 7. 25 + 4. 40 + 18. 00 + 12. 80 == 42. 45%

H y d r o c r a c k in g  = 100 - 13. 72 - 42. 45 = 43. 8%

Sim pl if ied  r e a c t i o n  r a t e  c o n s tan t  = k = [ ( H ^ - to -h y d ro c a rb o n

m o le  r a t io )  + 1] x  (weight h o u r ly  sp ace  ve loc i ty ) (h r .  /

3600 sec .  ) x  [In (100/(100 - % h y d ro c ra c k in g ) ) ] / (m o l .

wt. of C . ) ( g m  m o le s  of g a s / c c )  = [8. 16 + 1][2 .73]  o
[ l / 3 6 0 0 ] [ l n  (100/(100 - 4 3 .8 ) ) ]  -f- (86. 2 ) ( l / 2 2 ,  410) 

(765 /14 .  7 )(492/1210)  = 0. 0491 c c / g m  - sec .



AUTOBIOGRAPHY

W il l ia m  Ju l i a n  H a tc h e r ,  J r .  w a s  b o r n  on Ju ly  21, 1935, in  

A ugus ta ,  G eo rg ia .  In 1953, he w a s  g rad u a ted  f r o m  D e ca tu r  High 

School in  D e c a tu r ,  G e o rg ia .  He r e c e iv e d  a B a c h e lo r  of C h e m ic a l  

E n g in e e r in g  D e g re e  f r o m  G eo rg ia  Ins t i tu te  of T echnology  in 1957.

A f te r  s e rv in g  t h r e e  y e a r s  in  the United S ta te s  M a r in e  C o rp s ,  he w as  

e m p lo y ed  by E s s o  R e s e a r c h  L a b o r a t o r i e s  in  Baton  Rouge, L ou is iana .

In I960, while  e m p lo y e d  a t  E s s o  R e s e a r c h  L a b o r a t o r i e s ,  he 

b e g an  g ra d u a te  w o r k  by e n ro l l in g  in evening  c l a s s e s  a t  L o u is ia n a  State 

U n iv e rs i ty .  He r e c e i v e d  a  M a s t e r  of Science  D e g ree  in c h e m ic a l  

e n g in e e r in g  in 1964. In  1966, he c a m e  to  L ou is iana  State U n iv e rs i ty  

to c o m p le te  h is  w o r k  to w a rd  a Ph.  D d e g re e  in c h e m ic a l  eng inee r in g .  

A f te r  r e c e iv in g  h is  d o c to r a te ,  he r e t u r n e d  to E s s o  R e s e a r c h  L a b o r a 

t o r i e s  in  Ba ton  Rouge.

In 1958 he m a r r i e d  the f o r m e r  Sharon  Lynn Hancock,  and  is 

now the f a th e r  of t h r e e  c h i ld re n .



EXAMINATION AND THESIS REPORT

Candidate; W illiam  J u lia n  H atcher, J r .

Major Field: Chem ical E n g in eer in g

Title of Thesis; H ydrocracking o f  Normal Hexane and Cyclohexane Over Z e o l it e  C a ta ly s ts

Approved:

Major Professor and Chairman

Dean of the Graduate School

EXAMINING COMMITTEE:

Date of Examination:


