





TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

21B
Cyclohexane

Pd-H-mordenite
1.2-0.21

650
765
2.04
2.20
12. 25

165

1074. 0
3.53
12.95
83.10
13. 30
I7.50
5.12

2. 41
0. 44
0. 41
1.25
0. 88
1. 67
9.20
2.90

77.9
19.2
98. 8

0.125

246



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
wl/hr -w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

247

21C
Cyclohexane

Pd-H-mordenite
1.2-0. 21

650
765
2.04
2.20
7. 60

255

616.0
3.24 -
13.25
80. 00
13.65
18. 00
4. 00
1. 47
0. 30
0. 66
1. 06
0.74
0.98
21.40
4. 40

74. 2
21. 4
100. 4

0. 0820



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

21D
Cyclohexane

Pd-H-mordenite
1.2-0.21

650
765
8. 17
8. 80
17. 1

345

1681.0
.73
.31
.20
. 47
. 57
. 88
. 29
. 04
.01
. 36
. 25
.25
. 40
.70

.
W O

N
W~ 000000 OV =~@@

o
J—
o b D

0. 0822

248



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole Cb

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
1-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
lsomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

21E
Cyclohexane

Pd-H-mordenite
1,2-0.21

650
765
8.17
8. 80
14,1

435

1377.0
1.47
4,42
19. 65
3,00
3.00
1. 17
0. 30
0. 06
0.14
0. 36
0. 25
0. 25
49. 10
33.40

17.5
49,1
99. 6

0.0819

249



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2, 3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

22A
Cyclohexane

Pd-H-faujasite
0.84-0. 42

650
765
2,04
3.17
18. 8

120

—
[# 4]
w
(4]
o

W N RO W= OO

. 15
. 44
.26
.23
.91
. 24
.00
.79
. 05
.02
. 80
.94
. 80
. 10

- O
W

22.
64.
99.

W 00

0. 0500

250



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2, 2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

22B
Cyclohexane

Pd-H-faujasite
0‘ 84 ‘0- 42

700
765
2,04
3.17
16. 8

270

1583. 0
0.29
1. 77
9.92

16. 90
9.13
.92
4,70
1. 38
1.45
9. 45
6. 58
7.51

30.10
8.43

61.5
30.1
100. 3

0. 181

251



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole Cb

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

22C
Cyclohexane

Pd-H-faujasite
0.84-0.42

700
765
2.04
3.17
31.0

360

3038.0
0.29
1.33
6. 29

10. 70
4. 49
5. 65
3.40
1.08
1.28
6. 77
4,72
5. 85

45, 60

13. 40

41.0
45. 6
99.0

0.180

252



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C6

Minutes cn Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

22D
Cyclohexane

Pd-H-faujasite
0.84-0.42

700
765
4,08
6. 34
9.50

480

861.0
0.74
2,50
8. 54

17. 50
6.70
11.50
4. 47
1.35
1. 32
6.91
4. 82
6.43
34. 50
10. 20

55.3
34,5
100. 2

0. 180

253



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane
Hydrocracking, %
Isomerization, %
Hydrogen Balance, %

Rate constant, cc/gm-sec

254

22E
Cyclohexane

Pd-H-faujasite
0.84-0. 42

650
765
4, 08
6. 34
8. 85

570

855.0
0.16
0. 50
2.10
5.02

.15
.92
. 84
.16
.00
.79
.95
.20
. 40

W WwNb —-OOW

—

0.0487



44 mole % n-Hexane

TABLE A
RUN DATA
Run Number ‘ 23A
Feed Stock 56 mole % Cyclohexane,
Catalyst Type Pd-H-{faujasite
Size, mm 0.84-0.42
Temperature, c'l:'{ 700
Pressure, psia 765
Feed, v/hr-v 2.04
w/hr -w 2.91
Hydrogenfpmoles/mole Cb 15, 02
Minutes on Feed 120
Product, moles per
100 moles feed
Hydrogen 1460. 0
Methane 0. 32
Ethane 1.45
Propane 16, 00
I-Butane 13,10
N-Butane 5.71
I-Pentane 7.28
N-Pentane 4,18
2,2-DMB 6.98
2,3-DMB 3.55
2-MP 17. 35
3-MP 12.10
N-Hexane 12. 90
MCP 13. 34
Cyclohexane 3.33
Hydrocracking, % -~
Isomerization, % --
Hydrogen Balance, % 100. 4

Rate constant, cc/gm-sec --

255



TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C

6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

238

56 mole % Cyclohexane,
44 mole % n-Hexane

Pd-H-faujasite
0.84-0.42

700
765
2. 04
2.91
23.4

210

2240. 0

10. 20
10.53
5.23
6. 56
3,28
6. 87
2.20
19. 20
13. 40
13.90
16.90
3.33

256



TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v

w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

23C

56 mole % Cyclohexane,
44 mole % n-Hexane

Pd-H-faujasite
0.84-0. 42

725
765
2.04
2.91
23.1

300

2220.90

20.90
15.95

4,70
7.08
3,75
16,20
11. 30
12.70
8. 68
2.20

99.2

257



TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole Cb

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

23D

56 mole % Cyclohexane,
44 mole % n-Hexane

Pd-H-faujasite
0.84-0,42

725
765
2.04
2.91
14. 4

390

1320.0
2.25
4, 34

40, 25
18. 27
9. 00
13.00
6.18
3.01
2,50
13.95
9.72

3. 80
0. 54

-

98.5

258



259

TABLE A
RUN DATA
Run Number 23E
Feed Stock 56 mole % Cyclohexane,
44 mole % n-Hexane
Catalyst Type Pd-H-faujasite
Size, mm 0.84-0.42
Temperature, °F 150
Pressure, psia 765
Feed, v/hr-v 2.04
w/hr -w 2.91
Hydrogen, moles/mole C6 21. 0
Minutes on Feed 480
Product, moles per
100 moles feed
Hydrogen 2020.0
Methane 1.61
Ethane 5.94
Propane 47. 30
I-Butane 20. 10
N-Butane 12. 63
I-Pentane 11. 84
N-Pentane 55.92
2,2-DMB 3.33
2,3-DMB 3.77
2-MP 11.15
3-MP 7.78
N-Hexane 9.08
MCP 2.20
Cyclohexane 0. 27
Hydrocracking, % --
Isomerization, % --
Hydrogen Balance, % 101.5

Rate constant, cc/gm-sec --



TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole Cb

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

23F

56 mole % Cyclohexane,
44 mole % n-Hexane

Pd-H-faujasite
0.84-0. 42

750
765
2. 04
2.91
20,1

570

1880.0
0. 64
4.02

36. 20
27.00
15.70
13.25
7.32
4, 62

2.75

0. 15

7.08

8. 39

1. 82

0.22

260



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °p
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

.Hydrogen Balance, %

Rate constant, cc/gm-sec

24A
Cyclohexane

Pd-H-mordenite
1.2-0.21

650
765
2.04
2.09
9.92

180

837.0
4,13
15, 40
82. 50
9. 35
17.40
8. 65
4,12
0. 39
0.79
1. 13
0.79
1.08
17. 20
3.29

79.5
17.2
100. 0

0.116

26!



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

262

24B
Cyclohexane

Pd-H-mordenite
1.2-0.21

650
765
2.04
2,09
9.92

220

848.0
4.13
15.90
88. 00

14. 31
.00
12
54
83
.33
.93
03
21.50
3.97

oo ms

74.5
21.5
99.3

0. 0985



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C

6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

24C
Cyclohexane

Pd-H-mordenite
1,2-0,21

650
765
2.04
2.09
9.92

250

862.0
2.94
13.55
77.20
9,27
13,70
3.82
1. 65
0.34
0.81
1. 21
0. 84
1.08
26. 00
6.38

263



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole Ce

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

24D
Cyclohexane

Pd-H-mordenite
1.2-0.21

650
765
2.04
2.09
9.92

280

871. 0
2.94
12, 65
69.90
8.70
12,90
3. 60
1.41
0. 64
0.92
1.48
1.03
1.33
29.10
7.35

63.5
29.1
99.7

0.0739

264



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2, 2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

25A
Cyclohexane

Pd-H-mordenite
1.2-0.21

600
765
2. 04
2. 21
8.53

180

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

0. 0207

265



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C6

Minutes on Feed

-Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
1-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

25B
Cyclohexane

Pd-H-mordenite
1,2-0.21

600
765
4.08
4.42
8. 68

250

840. 0
0. 47
2. 06

.17

. 40

12

. 82

59

. 20

11

63

.44

.49

.70

. 10

—
w

W b

15,2
48,7
99.1

0.0216

266



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole Cb

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

25C
Cyclohexane

Pd-H-mordenite
1,2-0,21

600
765
2,04
2,21
7.20

310

. 660.0

1.18
3.97
28. 30
2,94
12, 24
.71
. 35
. 29
.74
.78
. 54
. 59
. 30
.30

= n
(A N O O OO QO M
w B

U W
N
o

102.

0. 0205

267



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr-w
Hydrogen, moles/mole C6

Minutes on ¥Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, ccfgm-sec

26A

n-Pentane

Pd-H-mozrdenite
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



TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

26B
n-Pentane

Pd-H-mordenite
1.2-0.21

550
465
8. 17
7.19
3.29

470

329.0

.00
. 29
. 39
.21
25
.00
.50
. 00
.00
.00
.00
. 00
.00
. 00

oW

O W
O N
-1 O

0. 075

269



270

TABLE A

RUN DATA

Run Number
Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2, 2-DMB
2, 3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

27

n-Pentane

Pd-H-mordenite
1.2-0,21

550
465
8.17
7.95
3,37

120

o W

0. 100



TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, °r
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogern
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

‘Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

28A

56 mol % Cyclohexane,
44 mol % n-Hexane

Pd-H-mordenite
1.2-0.21

600
765
2,04
1.97
18.0

150

1720. 0

.29
. 87
.90
. 22
. 42
.35
. 67
.68
.23
.00
. 49
. 80
.70
.02

)
OO QW=

. X
B O W AN W WK

99. 4

271



TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v

w/hr-w
Hydrogen, moles/mole C6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %

Isomerization, %
Hydrogen Balance, %

Rate constant, cc/gm-sec

28B

56 mol % Cyclohexane,
44 mol % n-Hexane

Pd-H-mordenite
1.2-0,21

600
765
2.04
1.97
12.1

260

1050. 0
1. 61
6. 59

50. 30
16. 90
19. 00
6. 03
3.34
2. 04
2.35
5.00
3.49
13. 80
11.40
2. 68

99.8

272



TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, °F
Pressure, psia
Feed, v/hr-v

w/hr-w
Hydrogen, moles/mole Cb

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
I-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

- Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

28C

56 mole % Cyclohexane,
44 mol % n-Hexane

Pd-H-mordenite
1.2-0.21

650
765
2.04
1.97
12.1

370

1050. 0
3.86
. 40
. 00
.95
. 30
. 57
.22
. 38
. 25
. 09
.76
.76
.21 -
. 05

(S
B b e
[ B« ~ I e o

OO0 mOOmIN

99.0
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TABLE A

RUN DATA

Run Number

Feed Stock

Catalyst Type
Size, mm

Temperature, OF
Pressure, psia
Feed, v/hr-v
w/hr -w
Hydrogen, moles/mole C

6

Minutes on Feed

Product, moles per
100 moles feed

Hydrogen
Methane
Ethane
Propane
I-Butane
N-Butane
J-Pentane
N-Pentane
2,2-DMB
2,3-DMB
2-MP
3-MP
N-Hexane
MCP
Cyclohexane

Hydrocracking, %
Isomerization, %

Hydrogen Balance, %

Rate constant, cc/gm-sec

28D

56 mol % Cyclohexane,
44 mol % n-~Hexane

Pd-H-mordenite
1,2-0.21

650
765

. 2.04

1.97
10.5

480

920.0
5.16
206, 40
128, 20
13, 82
20,70
3.21
1.93
0. 32
0.22
0.16
0.11
0.16
0.21
0.03

101. 2
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APPENDIX B

NOMENCLATURE

Concentration

Concentration of hexanes

Concentration of hydrogen

Concentration of naphthenes (MCP + CH)

Concentration of hydrocracked products

Hydrocarbon flow rate

Simplified reaction rate constant for
hydrocracking hexanes

Simplified reaction rate constant for
hydrocracking naphthenes (MCP + CH)

Reaction rate constant for hydrocracking
hexanes

Reaction rate constant for hydrocracking
naphthenes (MCP + CH)

Product of reaction rate constant times
adsorption coefficient for hexanes,
koKA

Product of reaction rate constant times
adsorption coefficient for naphthenes,
lKI,OKC

Dynamic adsorption coefficient for hexanes
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Dynamic adsorption coefficient for
hydrogen

Dynamic adsorption coefficient for
naphthenes

Dynamic adsorption coefficient for
hydrocracked products

Molecular weight

Partial pressure of hexanes

Partial pressure of hydrogen

Partial pressure of naphthenes (MCP +
CH)

Partial pressure of hydrocracked pro-
ducts

Molar ratio of hydrogen to hydrocarbon
in feed gas

Selectivity to propane, mole %

Superficial contact time based on catalyst
volume

Superficial contact time based on catalyst
weight

Temperature, degrees Rankine, unless
otherwise specified

Catalyst weight in reactor

217



pc

pg

Fraction converted by hydrocracking

Catalyst bulk density, gm/cc

Gas density at operating conditions, gm
moles/cc

Time on feed
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APPENDIX C

ANALYTICAL SYSTEM

A. Introduction

A F&M Model 810R dual-column gas chromatograph with a ten
foot column of 10% silicone rubber, SE-30, on 90% white chromosorb
(80-100 mesh) was used to obtain the product analysis from the experi-
mental runs. Generally the product consisted of about 90% hydrogen
and 10% hydrocarbons., Typical chromatograph charts are shown in

Figures C-1 and C-2 (pages 281 and 282).

B. Method of Analysis

A packed column and a thermal conductivity detector were the
basic elements of the gas chromatograph. Each hydrocarbon com-
ponent had a different retention time due to varying adsorptivity con-
stants for the packing in the column. Helium was used as a carrier
gas, and a uniform flow of the carrier gas was maintained through the
packed column and past the thermal conductivity detector. The gas
sample was injected as a pulse into the carrier stream. The carrier
gas swept the sample through the packed column and detector. The gas
stream passing the detector at any given time consisted of a mixture of
helium and a single hydrocarbon component due to the varying retention

times of the hydrocarbons in the packed column,



Column Temperature 27°C
Attenuation Factor:

Cl-nC‘4

iC5-n06

Figure C-1. Gas Chromatograph Output, Hexane Hydrocracking
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Column Temperature 50°C

| 2-MP
' \*n Attenuation Factor:
. C1 -nC4
iC 4 iCs-CH :
( 3-MP
nC4
ncb MCP
N
C, ——n] [ 5 n
3
] 3'
l‘ DMB
"' ﬂ nC5
o M
: ' 2, 2- CH
C 1 DMB
HZ

1

Figure C-2. Gas Chromatograph Output, Cyclohexane Hydrocracking

28¢



283

The response from the thermal conductivity detector was a
linear function of the instantaneous hydrocarbon concentration in the
carrier gas stream. Then the instantaneous concentration of a com-~-

ponent "j'"" was

. 1. ...
yi = €CjDj
where yj = mole fraction of "'j'" in the carrier gas
1
C = constant
D = detector cutput

To obtain the overall concentration of ''j'', the detector output was

integrated with respect to time. This integration was done automati-
cally by a ball-and-disc integrator in the gas chromatograph recorder
system. Then a ""peak area' was recorded by the integrator, corres-
ponding to each hydrocarbon '"peak', This '"peak area' was related to

the hydrogen-free concentration in the gas sample by

n
Yj = Cj Aj/E Ck Ak
k=1
where Y = hydrogen-free mole fraction
c = experimentally determined calibration constant
A = peak area
n = total number of components in hydrogen-free
sample

An electronic "attenuator' was used to extend the range and accuracy of
the gas chromatograph. The 'attenuator' scaled down the response of
large peaks by selected factors. The "attenuation' factors, F, are then

used in the final equation
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n

- = - » . z
Yj Fj Cj A,]/k_1 F CkAk.

C. Determination of Calibration Constants

Precise volumes of each hydrocarbon con.lpound were injected
separately into the gas chromatograph in order to determine the cali-
bration constants. The integrated response (including the attenuation
factor) was used to calculate the gram moles of hydrocarbon compound
per unit integrator reading: These calibration constants are given in

Table C-1,



Table C-1, Calibration Constants for Gas Chromatograph.
G,
Component gram-moles per unit area x 10
Methane 3,765
Ethane 2.496
Propane 2,006
i-Butane 1.707
n-Butane 1. 685
i-Pentane 1. 580
n-Pentane 1. 495
2,2-DMB " 1,352
2,3-DMB 1. 352
2-MP 1.308
3-MP 1.318
n-Hexane 1.278
Cyclohexane 1. 471
Methylcyclopentane 1.411
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APPENDIX D

SAMPLE CALCULATIONS

Typical Process Data

Run number

Feed stock

Catalyst type

Catalyst volume

Catalyst weight

Catalyst size

Temperature

Pressure

Time at start of balance period
Length of balance period
Volume of hydrogen in
Temperature of hydr'ogen in
Volume of Liquid hydrocarbon in
Total gas out volume

Temperature of gas out

287

6A

n-Hexane
Pd-H-faujasite
15.0 cc

7.405 gm
0.84-0.42 mm
750°F

765 psia

80 min

20 min

0. 583 t°
85°F

10. 2 cc

0. 650 ft3

85°F
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Typical Analytical Data

Component Peak Area Attenuation Factor
C1 0.17 4
CZ 0. 60 4
C3 4, 85 4
iC4 ' 0.95 4
nC4 0. 85 4
'iCS 3.25 1
nC5 2.25 1
2,2-DMB 4.50 1
2,3-DMB 2.76 1
2-MP 11,70 1
3-MP | 8.15 1

an 9. 00 1
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C. Material Balance Calculations

Basis: 20 minute balance period

Weight of nC, fed = (10. 2 cc){0. 659 gm/cc) = 6. 72 grams

6
Gram moles of an fed = 6.72/86.2 = 0,0780
Grams of carbon in nC6 fed = 72.1 (0. 078) = 5. 62

Grams of hydrogen in nC, fed = 14.1 (0.078) = 1. 10

6

Liquid hourly space velocity = (10. 2 ¢c/20 min. }(60 min. /hr.)/
(15.0 cc) = 2. 04 cc/hr. -cc

Weight hourly space velocity = (6. 72 gm/20 min. }(60 min. /hr.)/
(7.41 gm) = 2. 73 gm/hr. -gm

Volume of HZ gas in at STP = (0. 583 ft. 3)(492/545)(29. 92 -
1. 17)/(29.92) = 0, 505 f{t. 3

Gram moles of H2 gas in = (0. 505 ft. 3)(1. 26 gm moles/ft, 3) =
0. 637 gm moles

Volume of gas out at STP = (0. 650 ft. >)(492/545)(29. 92 - 1. 17/
29,.92) = 0, 565 ft. 3

Assumed grams of carbon in gas out = 5, 62 gm

Hydrogen-to—nC6 mole ratio = 0. 637/0.078 = 8. 16
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Molar Weighting Factors for Hydrocarbons in Gas Out

C, (0. 17)(4. 00)(3. 765) = 2, 57
c, (0. 60)(4. 00)(2. 496) = 6. 00
c, (4. 85)(4. 00)(2. 006) = 38. 80
iC, ‘ (0. 95)(4. 00)(1. 707) = 6. 48
nC, (0. 85)(4. 00)(1. 685) = 5. 73
iC, (3. 25)(1. 00)(1. 580) = 5,13
nCg (2. 25)(1. 00)(1. 495) = 3. 36
2,2-DMB (4. 50)(1. 00)(1. 352) = 6. 09
2,3-DMB (2. 76)(1. 00)(1. 352) = 3.73
2-MP (11. 70)(1. 00)(1. 308) = 15. 30
3-MP (8. 15)(1. 00)(1. 318) = 10. 70
nC, (9. 00)(1. 00)(1. 278) = 11. 50
MCP (0. 00)(1. 00)(1. 411) = 0. 00
CH (0. 00)(1. 00)(1.471) = 0. 00

115. 39
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H_ Free Mole Fractions of Hydrocarbons in Gas Out

2
c, 2.57/115. 39 = 0. 0223
c, 6.00/115. 39 = 0. 0520
C, 38. 80/115. 39 = 0. 3360
iC, 6.48/115. 39 = 0. 0561
nC, 5,73/115. 39 = 0. 0496
iCg 5.13/115. 39 = 0. 0444
nC, 3,36/115, 39 = 0.0291
2,2-DMB 6.09/115. 39 = 0. 0528
2,3-DMB 3.73/115. 39 = 0. 0323
2-MP 15, 30/115. 39 = 0.1328
3-MP 10. 70/115. 39 = 0. 0928
nC, 11.50/115. 39 = 0. 0996

1. 0000
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Grams of Carbon Per Gram Mole of Hydrocarbon Gas OQut

c, (12. 01)(0. 0223) = 0. 27
c, (24. 02)(0. 0520) - 1.25
c, (36. 03)(0. 3360) = 12. 10
ic, (48. 04)(0. 0561) = 2. 69
nC, (48. 04)(0. 0496) - 2. 38
ic, (60. 05)(0. 0444) = 2. 66
nC, (60. 05){0. 0291) - 1.75
2,2-DMB (72. 06)(0. 0528) = 3. 80
2,3-DMB (72. 06)(0. 0323) - 2.32
2-MP (72. 06)(0. 1328) = 9.56
3-MP (72. 06)(0. 0928) = 6. 68
nC, (72. 06)(0. 0996) - 7.18

52. 64
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Actual gram moles of hydrocarbon out = actual grams of carbon

out/grams of carbon per gm mole of hydrocarbon gas out =

5.62/52, 64 = 0.10716

Gram Moles of Hydrocarbon Components in Gas Out

C, (0. 10716){(0, 0223) = 0. 00250
c, (0. 10716;(0. 0520) = 0. 00555
C, (0. 10716){0. 3360) = 0. 03600
ic, (0. 10716)(0, 0561) = 0. 00605
nC, (0. 10716)(0. 0496) = 0. 00536
ic, (0. 10716){0. 0444) = 0. 00477
nC, (0. 10716)(0. 0291) = 0. 00311
2,2-DMB (0. 10716){0. 0528) = 0. 00565
2,3-DMB (0. 10716)(0. 0323) = 0. 00345
2-MP (0. 10716)(0. 1328) = 0. 01405
3-MP (0. 10716)(0. 0928) = 0. 00997
nC, (0. 10716)(0. 0996) = 0. 01070

0.10716



294

Grams of H_ in Hydrocarbon Gas Out

2

c, (4. 0)(0. 00250) = 0. 010
c, (6. 0){0. 00555) = 0.033
c, (8. 0)(0. 03600) = 0. 288
ic, (10. 1)(0. 00605) = 0. 061
nC, (10. 1){0. 00536) = 0. 054
iCg (12. 1)(0. 00477) = 0. 058
nC,g {12.1)(0. 00311) = 0.038
2,2-DMB (14. 1)(0. 00565) = 0. 080
2, 3-DMB (14. 1)(0. 00345) = 0. 049
2-MP (14. 1)(0. 01405) = 0.198
3-MP (14. 1){0. 00997) = 0. 141
nC, (14. 1)(0. 01070) = 0.151
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Gram Moles of Hydrocarbon Components in Gas Out Per 100

Moles of nC, Fed

6
Cl (100){0. 00250)/0. 0780 = 3.20
C2 (100)(0. 00555)/0. 0780 = 7.12
C3 (100)(0. 03600)/0. 0780 = 46. 20
iC4 : (100){0. 00605)/0. 0780 = 7.75
nC4 (100})(0. 00536)/0. 0780 = 6. 88
iCS (100){0. 00477)/0. 0780 = 6.13
nC5 (100){0. 00311)/0.0780 = 3.99
2,2-DMB (100)(0. 00565)/0. 0780 = 7.25
2,3-DMB {(100){0. 00345)/0. 0780 = . 4,40
2-MP (100)(0. 01405)/0. 0780 = 18. 00
3-MP (100)(0. 00997)/0. 0780 = 12, 80
nC (100)(0.01070)/0. 0780 = 13. 72
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Gram moles of gas out = (0. 565 ft. 3)(1. 26 gm moles /ft, 3) =
0.712

Actual grams of H, gas in gas out = 2,016 (0,712 - 0.1072) =

2
1.21 gm
Hz Balance = (100) H?.. out/I—I2 in = (100)(H2 in hydrocarbon out

+ Hz as Hz gas out) = (HZ in hydrocarbon in + HZ as
HZ gas in) = 100 (1.16 + 1,21)/(1.10+ 1. 28) = 99.5%

Gram moles H2 out per 100 moles nC6 fed = (100)(1.21/2.016)/
0.0780 = 772. 0

Isomerization = 7. 25 + 4.40 + 18,00 + 12. 80 = 42,.45%

Hydrocracking = 100 - 13,72 - 42,45 = 43, 8%

Simplified reaction rate constant = k = [(Hz-to—hydrocarbon
mole ratio) + 1] x (weight hourly space velocity)(hr. /
3600 sec. ) x [In (100/(100 - % hydrocracking))]/(mol.
wt, of Cb){gm moles of gas/cc) = [8.16 + 1](2.73]
[1/3600][1n (100/(100 - 43, 8))] + (86.2){1/22, 410)

(765/14.7)(492/1210) = 0, 0491 cc/gm - sec.
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