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APPENDIX B. Reaction Kinetics Data

Table No. Page
B-1 Kinetics Tests (Girdler G-93 Catalyst, 4 x 6 B-3

Mesh Spheres, 15.6 g)

B-2 Kinetics Tests (Girdler G-93 Catalyst, 4L x 6 B-21
Mesh Spheres, 10.02 g)

B-3 Kinetics Tests (UC-1870-46-1 shifc Catalyst, B-41
1/16-in. Extrudates, 10.00 g)

B-4 Kinetics Tests (Shell 538 Shift Catalyst, 4 x 6 B-66
Mesh Spheres, 10.0 g)
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Table B-1, Part 1. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run No. 1 2 3

Feed Water Rate, lb-mol/hr Q.0E107 0.01014 0. 00459

Feed Gas Rate, SCF/hr 3.5954 3. 5806 2.6123

Feed Benzene Rate, Ibemolk/hr ] 0 0

Feed H;0/Gas Ratio (mol} 0. B4 1.09 0.68

Basis for Analysis Dry Wet Dry T Wet Dry Wet

Feed Gas Composition, mol o ®

Carbon Monoxide 20.3 9.3 20.3 9.7 20.3 121
Carbon Dioxide 21.6 9.9 2.6 10.3 2.6 12,9
Hydrogen 27.2 iz.4 27 3.0 27.2 6.2
Methane 28.07 12.9 28.07 13.4 28. 07 16.7
Ethane 0.6 0.23 0.5 0.24 0.5 0.30
Propane +] 0 0 o] o 0
Butanes 0 ¢ o o 0 0
Hydrogen Sulfide 1.1 0.50 1.1 0.52 1.1 0. kb
Nitrogen 1.2 0.55 1.2 0.57 l. Q.71
Helium 0.03 0.01 c.03 0.cl 0.03 0. 02
Ammonia 0 0 0 0 1] 0
Phencl 1] 1] 0 o 0 0
Benzene 0 0 [t} 0 0 0
Water 0 54.21 0 52.26 0 40. 41
Total 100.00 100.00 k00. 00 100. 00 100. 00 106. 00

Reactor Temperature, ‘F 525 525 525

Reactor Pressure, psig 970 970 970

Product Water Rate, lb-mol/hr §5.01042 0. 00939 G, 00307

Product Gas Rate, SCF/hr 3.8451 3.8389 3.0023

Product Benzene Rate, lb-mol/hr 0 o 0

Product Gas Compasition, mol %
Carbon Monoxide 12.4 6.1 12.0 6.2 6.1 4.4
Carbon Dioxide 26.8 13,1 21,1 13.9 30.3 21.7
Hydrogen 32.02 15.7 32.37 16.6 35. 47 25.3
Methane 26.2 12.8 26.1 13.4 25.8 18.5
Ethane 0.5 0.23 0.4 0,21 0.4 0.28
Propane ’ 4 0 0 0 4 0
Butanes 1] 0 0 o 0 0
Hydrogen Sulfide 0.93 0. 46 0.9 0.47 0.9 0.64
Nitrogen .12 0.55 1.1 0.58 1.0 0.72
Helium 0.03 0.01 G.03 0. 01 0.03 0.02
Ammonia ¢ 0 0 0 0 [v]
Phenol 4] [} 0 0 4 0
Benzene 0 ¢} 0 \] 0 0
Water Q 5). 04 0 48. 63 0 28. 44

Total 100. 00 160.00 100, 00 100. 00 100.00 100. 00

CO Converted, Ib-mol/hr G, 000657 0. 000689 O, 900902

CO,; Produced, ib-mol/hr 0. 000659 D. 000692 0. 0C0AY7

H, Produced, lb-mol/hr Q. 000657 0. 000698 0. 000949

Rate of CO Conversion, 10*

Ib-mol/hr-g catalyst 0.42 0. 44 0. 56
Feed also contains 31.4 ppm of carbonyl sulfide,
BTS071769a

B-3 Preceding page blank

I N 8 T I T U T F L3 I £ A < T F c H NN 1 0O 6 Y



4/7% 1U-4-9
Table B-1, Part 2. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)
Run No. 4 ]
Feed Water Rate, lb-mol/hr 0. 00612 0.00684 0.01003%
Feed Gas Rate, SCF/hr 2.3214 3.6023 3. 5920
Feed Benzene Rate, lb-mol/hr 0 4] 0
Feed H,0/Gas Ratio {mol) 1.02 0.73 1.08
Basis for Analvsis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol %"
Carbon Manoxide 20.3 16.1 2G.3 11.7 20.3 9.8
Carbon Dioxide 21.6 10.7 21.6 12.5 2. 6 10.4
Hyvdrogpen 27.2 i3. 5 27.2 15.7 27.2 131
Methane 28.07 13.9 28,07 16,2 28. 07 135
Ethane 0.5 0.25 0.5 0. 29 0.5 0.24
Propane 0 0 0 0 0 0
Butanes 0 0 0 ] o 4
Hydrogen Sulfide Il 0.55 L1 0. 64 1.4 0.53
Nitrogen 1.2 0.59 1.2 0,69 I.2 0. 58
Helium Q.03 0.01 0.03 0.02 0.63 0.0!
Ammonia G 0 0 0 [¢] 0
Phenol 4 0 v Q o] 1]
Benzene 0 0 0 0 o o
Water . 0 5CG. 40 0 42.26 0 51. 44
Total 100, 00 100. GO 100. 00 100.00 10G. 00 100,00
Reactor Temperature, °*F 575 elo 655
Reactoer Pressure, psig 985 990 940
Product Water Rate, Ib-mol/hr 0.00470 0.00618 0.00834
Product Gas Rate, SCF/hr 2.6702 4.1724 4.2198
Product Benzene Rate, lb-mol/hr 0 4] o}
Product Gas Composition, mol %
Carbon Monoxide 4.7 2.8 3.6 2.3 3.4 1.9
Carbon Dioxide 31.7 18.9 32.3 20.6 32.2 18.2
Hydrogen 36.87 21.9 37.52 23,8 37.58 21.2
Methane 24.4 14. 5 24,2 15,4 24.5 13.8
Ethane 0.4 .24 0. 43 0.28 0.39 L22
Praopane ] 0 4] 4] 0 ¢
Butanes 0 0 0 0 o} ¢
Hydrogen Sualfide ¢.9 0.53 ¢. 89 0.57 0,89 ¢. 50
Nitrogen 1.0 0. 59 k.03 0. 66 1,02 0. 58
Helium 0.03 0.02 0.03 0.02 0.02 0.0l
Ammonia ] 4] 0 0 0 0
Phenol 0 [ 0 0 0 0
Benzene 0 ] 0 Q¢ 0 ¢
Water o 43, 52 [4] 36. 137 0 43. 59
Total 100. 60 180. 00 100, 00 100. 00 100, 00 100. 00
CO Converted, lb-mal/hr 0. 000897 0.00151 0.001521
€O, Produced, lb-mol/hr 0, 0008935 0.00148 0. 001512
H; Produced, lbemol /hr 0.000916 0.00152 0. 001590
Rate of CO Conversion, 104
Ib-mol/he-g catalyst C.58 0.97 0.97
® Feed also containg 31.4 ppm of carbonyl sulfide.
B7507176%9b
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4/79 TU—4-9
Table B-1, Part 3. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)
Run No. { ]
Feed Water Rate, lb-mol/hr 0.01062 0.01224 0.005354
Feed Gas Rate, SCF/hr 3.5894 3. 5894 3. 5822
Feed Benzene Rate, lb-mol/hr 0 4] 4]
Feed H;Q/Gas Ratic {mol) 1.14 1,31 0.58 D.58
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol % *
Carbon Manoxide 20.3 9.5 20.3 B.8 22.6 14.3
Carbon Dioxide 21.6 10,1 zl.6 9.3 23. 5 14.9
Hydrogen 27.2 12.7 27. 11.8 20,77 13.2
Methane 28. 07 13.1 2B. 07 12.1 311.0 19.7
Ethane 0.5 0.23 0.5 0.21 0.6 0. 38
Propane [4] 1] 0 0 Q
Butanes s} 0 0 0 ] 0
Hydrogen Sulfide 1.1 0.51 1.1 0.47 0.7 0. 44
Nitrogen 1.2 0. 56 1.2 0.52 0.8 0.50
Helium 0.03 0.01 0.03 0.01 0.03 0.02
Ammaonia o 0 0 ) G 0
Phenol 4] ] Ju] o ] o
Benzene [+ 4 0 1} 0 0
Water 0 53. 29 0 56.379 0 3b. 56
Total 1900. 00 100. 00 100. 00 100. 00 100, 00 100. 00
Reactor Temperature, “F 658 660 660
Reactor Pressure, psig 980 385 500
Product Water Rate, lb-mol fhr 0.00893 0.01075 0. 004191
Product Gas Rate, SCF/hr 4. 2494 4.2338 4 1at2
Product Benzene Rate, lb-mol/hr 4] +] (]
Product Gas Composition, mol %
Carbon Monoxide 2.2 1.2 2.1 1.1 6.2 4.5
Carbon Dioxide 33.5 18.5 33.4 16.9 33.7 24.2
Hydrogen 38.16 A 38. 2 19.3 31.3 22.7
Methane 23.8 13,2 23.9 iz, 1 27.0 19.4
Ethane 0.42 0.23 0.4 0.20 0.5 0,36
Propane a 0 i} +] [t}
Butanes Y 0 0 0 o 0
Hydrogen Sulfide 0.9 ¢. 50 0.96 0.49 0. 56 0. 40
Nitrogen 1.0 0,55 1.02 0.52 0.72 0. 32
Helium 0. 02 0.0l 0.02 0.0l 0.02 0.0l
Amrmonia 0 0 0 0 o 0
Phenol Q [ 0 1] 0 0
Benzene [y 0 0 0 [} o]
Water ] 44.71 0 49.38 Q 27.91
Total 160, 00 100. 00 100, 00 100. 00 100. 00 100. 00
CO Converted, lb-mol/hr 0.001649 0. 001661 0.001435
COQ,; Produced, ib-mol/hr 0.001682 Q.001657 0.001438
H, Produced, lb-mol/hr 0.001674 0.001663 0.001433
Rate of CO Conversion, 10*
Ib-mol/hr-g catalyst 1. 06 1. 06 0.92
* Feed also contains 31. 4 ppm of carbonyl sulfide.
BT507176%¢
B-5
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4779 IU-4-9
Table B-1, Part 4. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)
Run No. 10 11 12
Feed Water Rate, lb-mol/hr 0. 009593 0, 009637 G. 008601
Fred Gas Rate, SCF/hr 3. 5882 3. 6062 3.5961
Feed Benzene Rate, lb-mol/hr 0 4] 0
Feed H,O/Gas Ratio (mol) 1.03 1.03 0.92
Basis for Analvsis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol % *
Carbon Monoxide 22.6 11.1 20, 4 0.0 20,9 10,8
Carbon Dioxide 23.5 [r. 6 21.4 i0.5 20.3 10,6
Hydrogen 20.77 10,2 27.97 l1i. 8 2" 97 1s. 6
Methane 310 15.3 27.7 13.6 20 1 13.6
Ethane 0.6 .30 g.6 c.29 0.5 0.26
Propane G 0 0 0 0 0
Butanes 0 0 [} 0 0 0
Hydrogen Sulfide 0.7 0. 34 1.1 0. 54 1.4 0.73
Nitrogen .08 0.139 0.8 0.39 0.8 0.41
Helium 0.03 Q.01 0.u3 sl 0. 03 .
Ammonia 0 ] [+] o 0 0
Phrenol 0 0 [} 0 0 o]
Benzene Q o 0 o 0 Q
Water 4] 50.76 0 50. B7 [¢] 47.98
Total 100. 00 100, 00 100,00 100. 00 100. 00 100. 00
Reactor Temperature, °F 660 665 660
Reactor Fressure, psig 500 200 100 1000
Product Water Rate, lb-moli/hr 0, 008443 G, 00846 0. 0075%
Product Gas Rate, SCF/hr 1. 2039 3. 9856 4.2171
FProduct Benzene Rate, lb-mol/hr 0 o 0
Froduct Gas Composition, mol %
Carbon Monaxide 1.6 2.6 8.9 4.8 3.0 1.8
Carbon Dioxide 34, 19.5% 28.8 5.7 32.2 19.2
Hydrogen 32.4 18.2 34,9 19.0 40, 28 23.8
Methane 26,6 £5. 0 25,1 13.6 22.3 13.2
Ethane 0. 51 0. 29 0.58 0. 31 0.43 0.25
Propane [y} 0 0 (i} 0
Butanes 0 0 0 0 [+] 0
Hydrogen Sulfide 0.55 0.3) 0.97 0,53 1.1 0.65
Nitrogen 0.71 0. 40 0.72 0. 39 0.67 0. 39
Helium 0.03 0.02 0.03 0.02 0.02 0.01
Ammonia 0 o} Q 0 0 o
Phenol 1] [ ] o} Q [+]
Benzene 4] [} [+ o 0 [}
Water 0 43, 68 0 45,67 0 40. 70
Total 100. 00 loo. 00 100. 00 100, 00 100. 00 100. 00
CO Converted, lb-mol/hr 0. 00160 0. 000990 ¢.001623
CO; Produced, lb-mol/hr 0, 00159 0. 000977 0.001631
H; Produced, lb-mol/hr 0.00159 0. 000992 0.001613
Rate of CO Conversion, 104
Ib-mol/hr-g catalyst 1.03 0.63 1.04
Feed also contains 31.4 ppm of carbonyl sulfide.
B75071769d
B-6
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Table B-1, Part 5. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)
Run No, 13 14 15
Feed Water Rate, lb-molfhr 0, 005355 0. 009590 0.0117s
Feed Gas Rate, SCF/hr 3. 6960 3, 4853 3. 5566
Feed Benzene Rate, lb-mol/hr 0, 0009468 0. 0009873 0. 0009985
Feed H,0/Gas Ratio {mol) 0. 51 0.96 1.14
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mo) % *
Carbon Monoxide 19.8 13,2 l9.2 9.8 22.1 10.3
Carbon Dioxide 20.4 13.5 20,2 10.3 17.5 B, 2
Hyvdrogen 22.3 14.8 22,92 11.7 19.5 9,1
Methane 6.2 17. 4 25. 5 13.0 28.4 13.2
Ethane 0. 45 0.30 0. 45 0.23 0.43 0.20
Propane n 0 0 0 0 o
Butanes 0 0 o] Q 0 [
Huidrogen Sulfide 1.1 0.72 1.09 0, 56 1,08 0.50
Nitrogen 0.73 0. 48 0.72 0,37 1,17 0.55
Heltum 0.02 0.02 G.02 0.01 g, 02 0.0l
Ammonia 0 Q [+ o} 4] ¢
Phenol o} 0 0 0 0 0
Benzene 5.0 6.0 9.9 5.0 9.K 4.5
Water 0 33. 58 0 49. 03 0 53. 44
Total 100.00 100. 00 100. 00 100. 00 100, 00 100. 60
Reactor Temperature, °F 660 660 665
Reactor Pressure, psig 10090 1000 995
Product Water Rate, lb-mol/hr 0. 0044438 0. 008448 00.91014
Product Gas Rate, SCF/hr 4. 2795 4, 1077 4. 2954
Froduct Benzene Rate, lb-mol/hr 0.000822 0. 0009203 Q. 000886
Product Gas Composition, mol %
Carbon Menoxide 4.5 33 3.0 1.8 3.4 1.9
Carbon Dioxide 30.9 22.5 31,0 17.9 30.3 16. 4
Hydrogen 32.6 23.8 33.58 19. 4 31.68 17.1
Methane 22.9 16,7 22.1 12. 8 24.2 13.1
Ethane 0.386 0. 26 0,37 0.21 0.7 0.20
Propane 0 0 0 0 0 ¢]
Butanes 0 [ 4] 0 0 ¢
Hydrogen Sulfide 0.71 G.52 0.77 0. 44 0.82 0. 45
Nitrogen 0.63 0. 46 0. 66 0.38 1.01 0,55
Helium 0.02 0.01 0.02 0.0l 0.0z 0.01
Ammonia 0 0 0 0 1] [+
Phenol 0 0 0 0 v} 4]
Benzene 7.38 5.4 8.5 4.9 8.2 4. 33
Water 27,05 Q 42.16 0 15. 96
Total 100. 00 100, 0¢ 100. 00 100. 00 100. oo oo, 00
CO Converted, Ib-moi/hr 0.001548 0.00157% 0. 001859
CO,; Produced, lb-mal/hr 0, 001553 0. 001567 0. 001960
H; Produced, !b-mol/hr 0,001558 0.00]1578 0.001812
Rate of CO Conversion, 10*
lb-mol /hr-g catalyst 0.99 1.01 1.19
Feed also contains 31,4 ppm of carbonyl sulfide.
. B15071769¢
B+7
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4/79 TU-4-9
Table B-1, Part 6. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run Mo, 16 17 18

Feed Water Rate, lb-mol/hr 0. 009884 0.005629 0. 004497

Fecd Gas Rate, SCF/hr 3.7527 3.7526 1. 8497

Feed Benzene Rate, lb-mol/hr 0.001021 0. 0009093 0. 001017

Feed H,O/Gas Ratio (mol} 0.92 0.53 0.77

Basis for Analyais Dry Wet Dry Wet Dry ‘Wet

Feed Gas Composition, mol w*
Carbon Monoxide 23.5 12,2 23.8 15.5 18.7 10. 6
Carbon Dioxide 24.6 12.8 24.9 16.3 20.2 11. 4
Hydrogen 9.1 4.8 9.2 6.0 15.6 8.8
Methane 30.7 15.9 31,0 20,3 25.2 14.2
Ethane 0. 46 0.24 0. 46 0.30 G.41 0.23
Propane 0 0 0 0 0 [}
Butanes 0 ] 1] o 0 0
Hydrogen Sulfide 0. 88 0. 46 0. 89 0.58 1.30 0.74
Nitrogen 1.23 0,64 1.24 0.81 1.07 0.60
Heliaum 0.03 0.01 0. 03 0.02 0.02 0.01
Ammonia 0 0 0 0 ] +]
Fhenol 0 ] 0 0 [1} 0
Benzene 9.5 4.9 B. 48 5 48 17.50 9, 86
Water Y] 48. 05 0 34. 61 0 43, 56

Total 100. 00 100, 00 100.00 100, 060 100. 00 100. 00

Reactor Temperature, F 663 663 665

Reactor Pressure, psig 503 502 502

Product Water Rate, Ib-mol/hr 0, 008039 0.004405 0. 003579

Product Gas Rate, SCF/hr 4.3373 4. 3446 2.2119

Product Benzene Rate. !b-mol/hT 0. 6009036 0. 0008811 0. 0009055

Product Gas Compesition, mol %
Carbon Monoxide 7.8 4.7 7.9 5.82 2.0 1.3
Carbon Dioxide 34.7 20.9 34.5 25.3 32.1 20,8
Hydrogen 21.0 12.7 21.0 15.4 28,0 18.2
Methane 26.9 16.2 27.1 19.9 22.0 15.0
Ethane 0, 40 0.24 0.4l 0.30 0. 36 .23
FPropane 0 a 0 4] 0 0
Butanes . 0 0 0 0 0 0
Hydrogen Sulfide 0. 58 0.35 0. 67 0. 49 .95 0. 62
Nitrogen 1.08 0.65 1.08 0.79 0.95 0.62
Helium 0.02 0.0} 0. 02 0.02 0.02 0, 01
Ammonia 0 0 0 0 i} 1]
Phencl ] 1] Q 0 L] ]
Benzene 7.52 4. 47 7.32 5.3 13.62 8.8
Water 0 39.78 g 26, 64 o 34.42

Total 100. 00 100. 00 100. 00 100. 00 100.00 100, 00

CO Converted, lb-mol/hr 0.00]1580 0. 001566 0. 000956

CO,; Produced, Ib-mol/hr 0.001576 0.001549 0, 000958

H, Produced, lb-mol/hr 0. 001577 0. 001567 0.000954

Rate of CO Conversion, }0*

lb-mol/hr-g catalyst 1.01 1.00 0.61
* Feed also contains 31.4 ppm of carbonyl sulfide.
B75071769f
B-8
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Table B-1, Part 7.

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run No,

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr
Feed H,0/Gas Ratio (mol)

Basis for Analysis

Feed Gas Composition, mol 7 ¥
Carban Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butanes
Hydrogen Sulfide
Nitrogen
Helium
Ammonia
Fhenol
Benzene
Water

Total

Reactor Temperature, °F
Reactor Pressure, psig

Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr

Product Gas Composition, mol %
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butanes
Hydrogen Sulfide
Nitrogen
Helium
Ammania
Phenol
Benzene
Water

Total

CO Converted, Ib-mol/hr
COQ, Produced, lb-molfhr
H, Produced, lb-mol/hr

Rate of CO Conversion, 104
lb-mol/hr-g catalyst

-

Feed also contains 31.4 ppm of carbonyl aulfide.

B-9

10-4-9
KINETICS TESTS
19 20
0.002492 0. 002806
1.8348 l.8654
0.001040 0. 000732
0. 43 0. 50
Dry Wet Dry Wet
19.4 13.5 217 14.4
20. 4 4.2 22.6 15.0
14. ¢ 9.8 12.3 8.2
25.4 17.8 27. 4 18.2
0. 41 0.29 0. 43 0.28
0 0 0 0
0 0 ¢ o
1.34 0.94 1.04 0.69
1.10 0.77 1.30 0. 87
0.02 0.02 0.03 0.02
0 ¢ 0 0
¢} o] o] \]
17.93 12,5 3.2 B.7
0 30.18 0 33. 64
100. 00 100. 00 100. 00 100, DO
665 652
510 250
0. 00769 0.001979
2. 1892 2.1572
0. 000979 0.000324
2.8 Z.2 7.6 5.7
31.6 24.9 34,1 25.6
26.2 20.8 24.4 1B. 3
22.6 17.8 26,1 19.6
0.30 0. 24 0. 40 o.30
1} 0 [} ¢}
[} 0 0 0
¢.93 G.73 0. 59 0. 44
¢.93 0.73 1.23 0.92
.02 0.02 0.02 0.02
0 0 0 0
0 0 o 0
14.62 11.6 5. 56 0.1
0 20.98 0 25.02
100. 00 100.00 100, 00 100, 00
0. 000936 0. 000761
0.000922 0.000764
0. 000937 0. 000760
0. 60 0. 49
B75071769g
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4/79 1U-4-9
Table B-1, Part 8. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run MNo. 21 2Z 23

Feed Water Rate, lb-mol/hr 0.005605% 0.009708 0.005445

Feed Gas Rate, 5CF/br 1.8997 3.5429 3.5680

Feed Benzene Rate, lb-mol/hr 0.000798 0. 000944 0.000954

Feed H;0/Gaw Ratic {mol) 0.98 0.96 6,53

Basis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol %*
Carbon Monoxide 20.3 to.3 2l.4 10,9 23.8 15,4
Carbon Dioxide 20,7 10. 4 23.2 11.9 25.1 16.4
Hydrogen 15. 4 7.8 14.5 7.4 t4.¢ 9.7
Methane 26.7 13,9 28.8 4.7 23.9 15.6
Ethane 0.43 .22 0. 45 a.23 0.45% Q.29
Propane 0 a 0 ] 0 0
Butanes ] 0 0 1] 0 0
Hydrogen Sulfide 1.29 0.65 1.12 0.57 1.13 0.73
Nitrogen t.29 0.65 1,19 0.61 1.28 0.84
Helium 0.03 0.01 0.03 0.0) 6.03 0.02
Ammonia 0 0 4] G 9 0
Phenol a [ v 0 ¢ 0
Benzene 13,86 1.04 9. 31 4.8 9. 41 6.1
Water [1] 49,413 4] 48.88 Q 34.72

Total 100. 00 100.00 100.00 100. 00 100.00 100.00

Reactor Temperature, °F [1.X] 665 664

Reactar Pressure, psig 255 250 255

Product Water Rate, lb-mol/hr 0.004556 0.007873 0.004117

Product Gas Rate, SCF/hr 2.25%0 4.0997 4.1011

FProduct Benzene Rate, lb-mol/hr 0.000673 0.000922 0.000952 .

Product Gas Componition, mol %
Carbon Monoxide 4.1 2.4 6.9 4.1 9,1 6.7
Carbon Dioxide 31.9 18.8 32.4 19.3 33.4 24.9
Hydrogen 27.3. 16.1 24.8 14.7 24.9 18.5
Methane 23.9 14.0 25. 4 15.1 2l1.0 15.7
Ethane 0.35 0.21 0.37 0.22 0.37 0.27
Propane [ 1] 0 o 0
Butanes [i] o 0 o] 1] o
Hydrogen Sulfide 0.98 0.58 0. 99 6.59 0.96 0.7}
Nitrogen 115 0.68 1.08 0.62 1.07 0.83
Helium 0.02 0.0} 0.03 0.02 0.02 0.02
Ammonia 0 0 4] 0 0 0
Phenol [} [i} [ 0 ) 0
Benzene 10.3 5.9 8.06 4.8 9.18 £.1
Water ] 41.32 ] 40.55 1] 26,27

Total 100.00 106. 00 100,00 100. 00 100,00 tog.¢0

COQ Converted, lb-mol/hr 0.000898 . 0.001377 0.001381

€O, Produced, lb-mol/br 0.0008%6 0.001383 0.001345

H; Produced, lb-mol/hr ©.000899 0.001374 0.00138%

Rate of CO Coaversion. 10° 0.58 0.88 c.88

Ib-mol/hr-g catalyet

Feed also comaing 31.4 ;pm of carboayl sulfide and 235. 6 ppm methyl mercaptan. BIS092246a
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4719 TU-4-9
Table B-1, Part 9. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)
Run Nu. 24 25 26
Feed Water Rate, lb-mol/hr 0.008027 0.00600 0.006208
Feed Gas Rate, SCF/hr 1.8772 l.g700 3.5020
Feed Benzene Rate. lb-mol/hr 0,000768 0, 000761 0.0009536
Feed H,0/Gas Ratio {mol) 1.42 1.06 0.62
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mal “®
Carbon Monaoxide 19.4 B.04 19.5%5 9.4 23.9 14.8
Carboo Dioxide 22.2 9.2 22.2 10.7 19.7 12,2
Hvdrogen it.3 7.2 17.4 B.4 8.5 11.4
Methane 22,1 9.2 2.7 .o 22.4 13.8
Ethane 0.95 d.40 0.69 0.33 C.73 0.45
Propane 0.52 g.21 u.51 D.28 0.45 0.28
Butanes 0.09 G. 04 .09 0.04 Q.09 ¢.06
Hydrogen Sulfide 1.9 0.78 1.9 0.93 2.67 1.65
Nitrogen 1.5 0.61 1.0 0.5a 1.81 1.113
Heiium 0.03 o.01 0.03 p.ol 0.03 0.02
Ammonia 0.51 0.21 0.38 0.18 g.22 0.4
Fhenal 0 V] 0 0 0 Q
Benzene 13.5 5.6 13.6 .5 9,48 5.86
Water 1] 58,5 0 51.76 0 38.21
Total 1p0.00 100.00 100. 00 100.00 100.00 100.00
Reactor Temperature, *F 665 665 665
Reactor Pressure, psig looo 1000 1000
Product Water Rate, lb-meol/hr 0.007068 0.004924 0.004764
Product Gas Rate, SCF/hr 2.2490 Z2,2370 4. 1164
Product Benzene Rate, [b-mel/hr J.000657 0.000735 .00g92%
Product Gas Composition, mol %
Carbon Moncxide 2.4 1.2 1.8 1.0 4.2 2.97
Carbon Dioxide 33.9 16.2 337 19.2 33.8 23.9
Hydrogen 29.3 14.0 29.9 17.0 28.6 20.2
Methane 19.6 9.4 19.6 11,2 21.1 14.9
Ethane 0.77 0.37 0.54 0. 30 0,56 .40
Propane 0. 46 0.22 0. 44 0.25 ¢.37 0.26
Butanes 0 V] o 0 L1} o
Hydrogen Suifide 1,39 0.68 I.& 9.91 L7 I. 1%
Nitrogen 1.2 0.62 0.89 0.51 1.6 1,13
Helium 9.02 a.o0! 0.02 0.01 0.02 a.02
Amsnonia 0.2% o, 12 0.33 0. 19 .19 a.14
Phenal 4 [i] o o 0 o
Benzene 10.62 4.9 11.18 6.4 7.86 5.7
Water Q 52.29 4] 43,03 0 29.19
Total 100.00 100.00 100,00 100.00 100.00 100.00
CO Converted, lb-mol/hr 0.000938 0.000982 0.001924
CO; Produced, lb-mol/hr 0.000935 0.000943 0.001922
H, Produced, lb-mol/hbr 0.000912 0.000%0 0.001437
Rate of CO Conversion, 10* 0.60 D.61 1,23
Ib-mol/hr-g catalyst
Feed also contains 31.4 ppm of carbony! suifide and 235.6 ppm methy! mercaptan, B75092246b
B-11
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Table B~1, Part 10. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run Na. &7 28 29

Feed Water Rate, lb-mol/hr 0.009887 0.00930 0.00653

Feed Gas Rate, SCF/hr 3.5004 2. 2468 2.2394

Feed Bentene Rate, lb-mol/hr 0.001014 0.000689 0.D006K7

Feed H;O0/Gas Ratio {mol) 0.98 1.42 1.00

Basis for Analysis Dry Wet Dry Weat Dry Wet

Feed Gas Composition, tnol . *
Carbon Monoxide 20.6 10.4 18.7 7.7 14.3 9,1
Carbon Dioxide 23.6 11.9 253 8.8 19.9 2.9
Hydrogen 16,1 B.2 23.0 5.5 25.6 12.8
Methane 23.1 1,7 2.1 8.7 2a.6 l10.13
Ethane 1.6 0.82 1.6 0.6& 1.6 0.81
Propane 0.44 0.22 0.44 0.18 0.45 0.22
Butarnes 0.09% 0.05 0.09 0.04 Q.09 0.04
Hydrogen Sulfide 2,3 1.2 1.5 Q.62 1.5 0.76
Nitrogen 1.7 0.86 1.6 0.66 1.2 0,58
Helium 0.03 0.0l 0.03 c.ol 9.03% 0,01
Ammonaia 0.35 0.18B o ¢ 4. 36 0.18
Phena! 0 0 1] Q 0 0
Benzene 10,09 5.1 10.64 4.4 to_ 37 S.1
Water 0 49.36 0 58,73 0 50.2

Total 100.00 100.00 100. 00 106, 0 00,00 100. 00

Reactor Temperature, °F 665 668 665

Reactor Pressure, paig 1000 loo0 1000

Product Water Rate, ib-mol/fhr 0.0D8600 Q.00822 0.00518

Product Gas Rate, SCF/hr 4.1038 2.6242 2.575%

Product Benzene Rate, lb-mol/hr a.00101! 0.000627 0.000602

Product Gas Composition, mol %
Carbon Monoxide 4.2 2.4 1.4 1.6 3.5 2.0
Carbon Dioxide 342 t9.7 32,4 15.0 30,6 17.9
Hydrogen 27.5 15.8 336 15.8 5.0 20.5
Methane 20.2 . 11.6 18.8 8.8 i8.4 10,7
Ethane 1.1 0. 65 1.3 0.64 1.1 Q.65
Propane 0.38 0. 20 0.37 .17 0.37 0.21
Butanes 0 ] 0.07 0.03 0. 06 0.04
Hvdrogen Sulfide 1.8 1.03 1.1 0.51 [ 0.65
Nitrogen k.5 0.84 1.4 0.67 1o .61
Helium G.02 g.nl 0.02 0.0l 0,02 0.01
Ammonia Q.17 0.1o 0 0 0.16 0,10
Phenal a [+] 0 o 0 0
Benzene 8,81 5.0 .54 4.2 8.69 5.1
Water o 42.67 0 52.57 1] 41,83

Total 100.00 100.00 100. 80 100. 00 180,00 100. 00

CO Converted, lb-mol/hr 0.001605 0.000968 0.000942

CO; Produced, lb-mol/hr 0.001593 0.000% L 0.000938

H; Produced, lb-muot/hr 0.001562 0.000971 ©¢.000891

Rate of CO Conversion, 104 1.03 6.97 0.94

lb-pol he-g catalyst

Feed also contains 3.4 ppm of carbonyl sulfide and 235, 6 ppm methyl mercaptan, B7%5092246¢

N § T 1
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Table B-1, Part 11. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run No. 30 31 3z

Feed Water Rate, lb-mol/hr ¢.00644 0.00628 0.00382

Feed Gas Rate, SCF fhr 2.2389 2.2403 2, 2348

Feed Benzene Rate, lb-mol/hr 0.000719 0.000634 0. 000635

Feed H,0/Gas Ratio {mol} 0.98 0.97 0.59

Basis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol %'
Carbon Monoxide 17,4 8.8 18.4 9.3 18,6 1.7
Garbon Dioxide 20.2 10.2 22.3 11.3 20.8 13,1
Hydrogen 25.6 12.9 22.8 11,5 23,8 14.7
Methane 20,4 16.3 21,7 11.0 22,0 13.9
Ethane 1.3 0.67 1.6 0.82 1.4 T 6.9
Propane 0.88 0.45 0.54 0.27 D. 45 D. 28
Butanes 0.09 0.05 0.09 0.05 0.09 0,06
Hydrogen Sulfide 1.4 0.7t 1.1 0.55 1,07 0.67
Nitrogen 1.2 0.58 1.2 0.64 1,24 0.78
Helium ¢.03 0.01 0.03 0.0t 0.03 0.02
Ammonia 0.35 o.18 0,35 0.18 0.86 0.54
Phenol 0.08 0.04 ¢.07 0.04 0.07 0.05
Benzene 11.07 £.5 9.82 4.9 9,89 6.1%
Water i) 43.61 0 49. 44 0 37,15

Total 100. 00 100.00 L00. 00 100.00 100.00 100. 00

Reactor Temperature, "F 664 668 669

Reactor Pressure, psig 1000 1000 1p00

Product Water Rate, lb-mol/hr o.00511 0.09500 0. 00251

Product Gas Rate, SCF/hr 2.5024 2.%539 2,592%

Praduct Benzene Rate, lb-mol/hr 0.000644 4.,000579 0.000508

Product Gas Composition, mol %
Carbon Monoxide 3.7 2.2 4.3 2.5 4.9 3.6
Carbon Diwoxide 30.7 17.9 31.7 19.0 30,5 22.6
Hydrogen 32.9 19.2 31.8 18.8 32.8 24.4
Methane 19.5 1.4 19.7 1.8 20.6 15,2
Ethane 0.7% 0. 44 1.1 0,66 1.2 0.89
Propane 0.84 0.49 0.37 0.22 0.28 0.20
Butanes 0 o [ o ¢ o
Hydrogen Sulfide 1.1 0.66 0.93 6.56 1.0 0.76
Nitrogen 1.0 0.60 1.1 0.66 1.1 0.82
Helium 0.03 0.92 0.03 0.02 0.03 0.02
Ammonia 0.1% 0.10 D.14 0.09 0.13 6.09
Pherol 0.907 0.04 0.07 0.04 0.07 0.05
Benzene 9.24 5.2 9.06 4.7 7.39 5.5
Water 0 41.75 0 40. 95 0 25.87

Total 100. 00 100.00 100.00 100. 00 100.00 100. 00

CO Converted, lb-mol/hr 0.000875 0.000887 0.000860

CO; Produced, !b-mol/hr 0.000871 0.000879 0.000854

H; Produced, lb-mol/br 0.000678 0.000822 0.000858

Rate of CO Conversion, 10* .88 - 0.89 0.86

Ib-mol/hr-g catalyat

Feed alsg containg 31.4 ppm of carbonyl sulfide and 235.6 ppm methyl mercaptan,
BYS092246d
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Table B-1, Part 12.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run No.

Feed Water Rate, 1b-mol/hr
Feed Gaw Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr

Feed H;0/Gas Ratio {mol)

Basis for Analyais

Feed Gas Composition, mol %°*
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methans
Cthane
Fropane
Butanes
Hydrogen Sulfide
Nitrogen
Helium
Ammonia
Phenol
Benzene
Water

Total

Reactor Temperature, *F
Reactor Pressure, psig

Product Water Rate, lb-moal/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-moal/hr

Product Gas Compasition, mol %

Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butanes
Hydrogen Sulfide
Nitrogen
Heiium
Ammonia
Phenot
Benzene
Water

Total

CO Converted, lb-mol/hr
CO,; Produced, Ib-tnol/hr
H; Produced, lb-mol/hr

Rate of CO Convernion, 104
ib-mol/hr-g catalyst

Iy-4-9

33 34 35
0.00422 0.00773 0,00532
2.2422 2z, 2349 2.2414
¢.00l22 0. 000858 [4}
0.59 1.16 0.91
Dry Wet Dry Wet Dry Wet
6.2 16.2 17,1 7.9 20,5 1.7
17.9 11.2 18.9 8.8 23,2 | |
25.2 15,8 26.7 12.4 28,37 14.8
18.6 11,7 19. 6 9.1 24,2 12.6
1.3 0.82 1.3 0.60 1.5 0,78
0.41 0.26 0.43 0.20 0.5 0.26
0.08 0.05 0,09 0,04 0.1 0.05
1.3 0.82 1,4 0. 64 0.8 0.42
1.1 0.72 1.2 0.56 0.8 O.42
0.02 0.01 0.02 0.01 0.013 g.01
0.22 0,14 0,42 0.20 0 o]
0.13 0.08 0,10 0.05 s} o]
17.54 10.8 12,74 5.9 o 0
1] i7.4 Q 53.60 )] 47.B6
lpg.go 100.00 ip0. 00 1g00.00 100.00 100. 00
669 669 564
loao 1g00 500
0.00298 D, 00629 0.00423
2.5820 2.5938 2.5626
0.00107 0.000678 ¢
3.7 2.7 2.9 1.6 5.1 3.1
27.3 19.8 29.3 15.9 331 0.2
33,58 241 36.4 19.7 37.6 z2z2.9
17.6 12,7 17.7 9.5 21,02 2.9
1,1 0.8l 1.2 0.68 1.3 0.80
0. 36 0.26 0.40 0.22 0, 44 0,27
4] 0 [1] 0 o [
1.1 0.81 1,27 0.68 0.71 0.43
1.0 D.74 I.10 0.59 0.71 0.43
.02 ¢.ul 0.02 0.01 0,02 0.01
0.14 0.10 0.31 0,17 0 0
0.12 0,09 0,09 0.05 0 1]
l4.06 10.2 9.3} 5.2 [1} 0
'] 27,68 1] 45,70 o 38,96
100. 00 100. 00 le0.00 104.00 100. 00 100. 00
¢.000856 0.060923 0. 000856
0.000862 0.000918 0.000848
©.000809 0.000920 0.000841
0.86 0.92 0.85

Feed also containe 31. 4 ppm of carbonyl sulfide and 235.6 ppm methyl mercaptan.
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Table B-1, Part 13.
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

B.n Mo

Feed Water Rate, lb-mol/hr
Feea Gas Rate, SCF ' hr

Feed Benzene Rate, th-rmol/hr
Feed H,C Gas Ratio (mol}
Basws for Anaiysis

Feed Gas Composition, mol ’.'
Carbon Monoxwde
Carbon Dioxade
Hydrugen
Methane
Ethane
Fropane
Butanes
Hydrogen Suifide
Nitrogen
Helwm
Ammonia
Paenoi
Benzene
Water

Total

Reactar Temperature, °F
Reactar Pressure, psig

Product Water Rate, Ib-mol/hr
Product Gas Rate, SCF/hr
Praduct Benzene Rate, lb-mol/hr

Froduct Gas Composition, mol %
Carbon Manoxide
Carben Dioxide
Hyvdrogen
Methane
Ethane
Fropane
Butanes
Hydregen Sulfide
Nilrogen
Helium
Ammeonia
Phenol
Benzene
Water

Toutal

COQ Coenverted, lb-moi/hr
CO,; Produced, Ib-mol/br
H; Produced, lb-mal/hr

Rate of CO Conversion, 104
lb=mel/hr-g cataiyet

KINETICS TESTS

TU-4-9

Feed also containe 31,4 ppm of carbonyl aulfide and 235.6 ppm methyl mercaptan,

I' NS T I T UTE

36 37 38
0.00742 0.003823 ¢.00367
2,2418 2.2493 2.2545
o] 0.0007%0 0.000775
1,27 0.58 0.5%
Dry Wet Dry Wet Dry Wet
22,3 9.8 20.8 13,2 19,9 12.8
2.8 10.5 22.8 14. 4 2l.0 13,5
23.47 10.3 19.9 12.6 23.3 15,0
24.2 10,6 19.8 12.5 19.¢ 12.2
l.é& 0.7 1.2 D.78 1.4 0.91
¢.5 0.22 0,35 0.22 0. 44 0.28
0.1 0.04 0.09 0.06 0.09 0.06
3.2 1.4 2.3 1,45 Z.4 1.5
0.8 q. ¥ a.97 0.61 0.8 g.51
0.03 0.0% 0.02 0.02 0.02 0.02
0 0 0 4] 0 0
4] G 0 ¢ 0 4]
i} ] 1.1 T.4 11,68 7.8
0 56.07 1] 36. 76 0 5. 72
loa. g0 100, 00 100. 00 100,00 100.00 lo00.00
h3ia 652 668
543 500 500
0.00614 0.00258 0.00245
2.6139 2.5771 2.5899
0 0.000344 0.000529
4.8 2.5 7.8 5.8 6.4 4.8
34.8 18.2 33,1 24.2 il.0 23.2
34,65 18.1 30.4 22.3 331 24,7
20.48 10.9 18.8 13.7 17.8 13,3
1.4 0.72 1,2 0.85 1.2 0.91
0.43 0.22 0.32 0. 24 0.37 0.28
4] 0 0 ¢ ] Q
2.4 1.3 2.0 1.5 1.7 1.2
0.69 0.3 0.90 D.66 0.73 .55
0.03 0.0l 0.0z 0.02 0.02 ¢.02
[+ o] ] o o [4]
0 Q 0 [ o} 0
[H] 4] 5. 46 3.9 7.68 5.8
0 47, 6% ] 26.83 0 25, 24
100. 00 100. 00 100. 00 100. 00 100.00 100. 0O
0.000975 0.000820 0.000851
0.000 %4 0.000821 0.000857
0.000974 0.000826 0.,000852
0.97 0.82 0.85
B150922461
B-15
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Table B-1, Part 14. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run KNo. 39

Feed Water Rate, lb-mol/hr 0.00743

Feed Gas Rate, SCF/hr 2.2609

Feed Benzene Rate, lb-mol/hr 0.000762

Feed H;Q/Gas Ratio (mol) 1,12

Bayie for Analysis Dry Wet

Feed Gas Composition, mol %"
Carbon Monoxide 25,3 11,9
Carbon Dhwoxide P4 P | 9.9
Hydrogen 15,2 7.2
Methane 22.¢& to.6
Ethane 1.5 0.70
Propane 0.44 0.21
Butanes .87 0,41
Hydrogen Sulfide 1.1 0.54
Nitrogen i1l 0.50
Helium 0.02 0.0l
Ammaonia 0 o]
Phenal V] 0
Benzene 1p. 77 5.4
Water 0 52.63

Total 100.00 180.00

Reactor Temperature, "F 656&

Reactor Pressure, psig 200

Preduct Water Rate, lb-mol/hr 0. 00631

Product Gas Rate, SCF/hr 2.5749

Product Benzene Rate, lb-mol/hr 0.000704

Product Gas Composition, mal %
Carbon Monoxide 1.4 6.1
Carbon Dhoxide 30.3 k6.3
Hydrogen 24.4 131
Methane 20.% 11.0
Ethane 1.4 0.74
Propane 0.36 0.26
Butanes 0.08 0.04
Hydrogen Sulfide 0.74 0.39
Nitrogen 0.95 0.5%
Helium 0.02 0.0l
Ammonia 0 ¢
Phenal 0 0
Benzene 9.85 5.4
Water 0 46,21

Total 160. 00 100. 900

CO Converted, lb-mol/hr ©.000842

CO, Produced, lb-mol/hr 0. 000833

H; Produced, lb-mol/hr 0.00078¢

Rate of CO Convergian, 100 G.B+

lb-mol/hr-g catalyst

Feed also contains 31.4 ppm of carbonyl sulfide and 235, 6 pprm methyl mercaptan.

RT5092246g
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Table B-1, Part 15.

KINETICS TESTS

y-4-9

(Girdler G~-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run No.

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr
Feed Benzene Rate, lb-mol/hr
Feed H,O/Gas Ratioc {mol}
Feed Gas Composition, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Total

Reactor Temperature, °F
Reactor Pressure, psig
Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-molt/hr
Product Gas Composition, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Armmonia

Phenol

Benzene

Water

Total

CQO Converted, Ib-mol/hr

CO, Produced, 1b-mol/hr

H; Produced, 1lb-mol/hr

Rate of CO Conversion, x 104
1b-mol/hr-g catalyst

'Feed also contains 31.4 ppm carbonyl sulfide and 235. 6 ppm methyl mercaptan,

40 41 42
0.004919 0. 004929 0.003700
1.2968 1.3224 1,3059
0.000446 0.0004538 0. 00042 69
1.29 1.27 T 0.97
Dr Wet Dr Wet De Wet
ZZ.E 9.8 . . ]E,é .
18.9 8.2 15.9 7.0 i6.1 8.2
23.1 10.1 30.5 13,5 0.7 15.6
19.3 8,4 17.8 7.9 17.9 9.1
1.2 0,54 1.3 0,58 1.3 0.68
0.34 0.15 0. 44 0.19 0. 44 0,23
0.08 0.03 0.08 0.03 0.08 0.04
1.9 0,82 2.4 1.1 2.4 1.2
0. 86 0,38 1,2 0.54 1.2 0.63
0.03 0.01 0.02 0.01 0.02 0.01
0 0 0 0 0 0
0 0 0 0 0 0
11.79 5.1 11,86 5.1 11. 36 5.7
0 56,47 0 55.95 0 49,21
100. 00 100. 00 100. 00 100, 00 100. 00 100,00
656 656 656
250 500 500
0.003622 0. 3697 0.002467
1.5358 1. 5442 1. 5328
0.000407 0.000405 0.000386
5 4 3.0 2.9 1.5 2.9 1.8
30.5 16.7 27.4 14,9 27.5 17.6
34,1 18,7 40,3 21.9 40_1 25.6
16.8 9.2 15.6 8.5 15, 10.0
1.1 0. 59 1.1 0.63 1.2 0.75
0,27 0.15 0. 36 0.19 0. 37 0.23
0.07 0.04 0.07 0.04 0.07 0.05
1.4 0.77 1.6 0,88 2,0 1.3
0.75 0.41 }.1 0.59 1.1 0.69
0.02 0.01 - 0.02 0.01 0.02 0.01
0 0 0 1] 0 0
0 a0 ¢} 0 0 0
9,59 5.2 9.55 5.1 9.04 5.8
0 45,23 0 45,76 0 36,17
106G, 00 100.00 100, 00 100,00 100. 00 00. 00
0.000618 0.000596 0,000581
0,000618 0.000588 0. 000586
0.000619 0. 000589 0.000579
0, 62 0. 60 0. 58
B75092246h
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Table B-1, Part 16.

KINETICS TESTS

TU-4-9

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run No,

Feed Water Rate, \b-mol/hr
Feed Gas Rate, SCF/hr
Feed Benzene Rate, lb-mol/hr
Feed H,0/Gas Ratio (mol)
Feed Gas Composition, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Heliam

Ammonia

Phenol

Benzene

Water

Total

Reactor Temperature, °F
Reactor Presaure, psig
Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr
Product Gas Composition, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Total

GO Converted, lb-mol/hr

CO, Produced, lb-mol/hr

H; Produced, 1b-mol/hr

Rate of CO Conversion, x 104
lb-mot/hr-g catalyst

lFeed alac contains 31.4 ppm carbonyl sulfide and 235, 6 ppm methy! mercaptan,

f NS TI T UTE

43 44 45
0.007388 0.003759 0.007302
2,2483 2.2562 6
0.0004395 0 0
: 1,18 0. 64 1.24
Dr Wet Dry Wet Dry Wet
15.% 8.3 9.2 117 ZI.B L )
15.6 7.2 16.8 10.2 16.8 7.5
36.7 16.8 40.18 24.4 36.28 16.2
17.7 8.1 18. 6 11.3 19.5 8.7
1.2 0.56 1.4 0.85 1.5 0.67
0. 37 0.17 0.4 0.24 0.4 0.17
0.09 0.04 0.1 0.06 0.1 0.04
1.8 0.85 2.4 1.5 2.4 1.1
0.84 0.39 0.9 0.55 1.z 0.54
0.02 0.0l 0.02 0.01 0.02 0.01
0 o 0 0 0 0
0 b 0 0 0 0
7.08 3.2 0 0 0 0
0 54,18 0 39.19 0 55. 37
100, 00 100. 00 100.00 100.00 160. 00 100. 00
659 664 539
1000 1000 1000
0.006206 0.002584 0.006135
2.5196 2,5813 2. 6664
0.000392 0 0
2.9 1.5 3.0 2.2 3.2 1.3
27.4 14.5 28.3 20.5 30.3 16.1
43,3 22.8 47.82 34.4 45, 65 24. 5
17.0 9.0 17.3 12.5 16.9 9.0
0.97 0.51 0.89 0.65 0.97 0,51
.19 0.10 0.19 0.14 0.29 0.15
0 0 ¢.09 0.06 0.07 0.04
L.5 0,81 1.6 1.2 1.6 0.83
0.76 0. 40 0.79 0.57 1.0 0.54
0.01 0.01 0.02 0.0! 0.02 0.01
0 0 0 0 0 0
0 o 0 0 0 0
5.97 31 0 0 0 ]
0 47.27 0 21.77 0 47,02
100.00 100.00 100.00 100.00 100.00 100. 00
0,0009699 0,000921 0,001111
0.000924 0.000919 0.001115
0.000692 0.000844 0.001068
0.97 0.92 1. 11
B75092246i
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Table B-1, Part 17.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 1i5.6 g)

Bun Neo,

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr
Feed Benzene Rate, lb-mol/hr
Feed H,0/Gas Ratio (mol})
Feed Gas Composition, mol%

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Fthane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Amrmonia

Phenol

Benzene

Water

Total

Reactor Temperature, °F
Reactor Pressure, psig
Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr
Product Gas Composition, mo! %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propahe

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Total

CQ Converted, lb-mol/hr

CO, Produced, lb-mol/hr

H, Produced, lb-mol/hr

Rate of CO Conversion, x 10%
ib-mol/hr-g catalyst

IU-4-9

'Feed also containg 31,4 ppm carbonyl sulfide and 235. 6 ppm methyl mercaptan.

I NS TI T UTF

46 47 48
0.008174 0.008299 0.00599¢6
1. 9966 1.9916 2.0079
0.001305 0.001345 0.001562
1.26 1.27 0.8¢
Dry Wet Dry Wet Dry Wet
16.7 7.4 15.2 - 6.7 16.1 8.5
13,7 6.1 13.6 6.0 13.8 7.3
29.9 13.2 30.9 13.6 28.5 15.1
i5.2 6.7 15,1 6.6 14,6 7.8
1.0 0.45 1.0 0.45 0.584 0.45
0.32 0,14 0.4 0.18 0. 38 0.20
0,08 0.04 0.08 ¢.03 0.08 0.04
2.2 0,99 2.2 0.98 2.0 1.1
0.72 0.32 0.72 0. 32 0. 62 0. 33
0.02 .01 0.02 0.0l 0.01 0.01
0 0 0 0 0 0
0 0 0 0 0 0
20,16 8.9 20.78 9.1 23.07 12,2
0 55.75 0 56.03 Q 46,97
100. 00 100. 00 100, 00 100.00 100. 00 100.00
540 540 550
1000 1000 1000
0.007171 0.007186 0.004691
2.2719 2,2761 2,3416
0.001039 0.001129 0.00038
5.3 2,6 3.1 1.5 3.6 2.1
23.1 11.4 23.7 1.7 27.9 16,1
38.2 18.8 39.8 19.7 43,0 24.9
14.3 7.0 14,2 7.0 15.5 8.9
0.95 0.47 0.95 0.47 0. 84 0.48
0.26 0.13 0.27 .13 0.37 0.22
0.07 0.04 0.07 0.04 0.08 0. 04
1.6 0.77 1.7 0. 87 1.7 G.97
0.68 0.33 0. 67 0.33 D. €5 0,38
0.01 0,01 0.0l 0.01 0.02 0.0l
0 0 0 0 0 0
0 0 0 0 0 Q
15.53 1.6 15.53 B.2 6. 34 3.7
0 50. B5 0 50.05 0 42.20
100.00 100.00 100. 00 100.00 100.00 100.00
0.000716 0.000779 0.000855
0.000716 0.000775 0. 000857
0.000715 0.000787 0, 000848
0.72 .78 0.86
B75092246j
B-19
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Table B-1, Part 18.

KINETICS TESTS

TU-4-9

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 15.6 g)

Run No.

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr
Feed Benzene Rate, tb-mol/hr
Feed H,0/Gas Ratio (mol}
Feed Gas Composition, mol%

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Etnane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Awmmonia

Phenol

Benzene

Water

Total

Reactor Temperature, °F
Reactor Pressure, psig
Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr
Product Gas Composition, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Satfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Total

CO Converted, lb-mol/hr

CO, Produced, lb-mol/hr

H, Produced, lb-mol/hr

Rate of CO Conversion, x 10*
lb-mol/hr-g catalyst

'Feed also contains 31.4 ppm carbonyl sulfide and 235. 6 ppm methyl mercaptan.

I'N ST I T UTE

—_49 —50 _ 51
0.003399 0.004772 0.007239
1.3215 2.2129 2.2129
0 0 0
b 0.99 Wet b 0.83 W b 1.26 W
Iy [ Iy et Ty el
23,1 1T, 6 23.5 12,8 23,5 10.4
i8.9 9,5 18.4 10.0 18. 4 8,1
33,58 16.9 33.58 18.3 33,58 14,8
19.9 10.0 20.3 11.0 20.3 9.0
1.2 0. 60 1.2 0. 65 1.2 0.53
0.5 0.25 0.5 0.27 0.5 0.22
0.1 0.05 0.1 0.05 0.1 0.04
2,0 1.0 1.6 0.87 1.6 0.71
0.7 0.35 0.8 0, 44 0.8 0. 35
0,02 0.01 0.02 0.01 0.02 0,01
0 0 0 0 0 0
[ o o] 0 0 1]
0 0 0 1] 0 0
0 49,74 0 45, 61 0 55. 84
100.00 100. 00 100. 00 100.00 100,00 100. 00
662 661 661
500 250 250
0.002284 0.004098 0.004098
1.5183 2.4624 2.4624
0 0 0
5.5 3.5 10.1 6.2 10,1 6.2
30.9 19. 6 28.9 17.6 28.9 17.6
42,02 26,5 39,22 23.8 39.22 23.8
19.0 12.0 18.3 i1.1 18.3 11.1
0.58 0. 37 1.0 0.61 1.0 0. 61
0.20 0.13 0. 45 0.27 0,45 0.27
0 ¢ 0.09 0.05 0.09 0.05%
1.2 0.75 1.2 0.74 1.2 0.74
0.58 0.37 0.72 0.44 0,72 0. 44
0,02 0,01 0.02 0.0l 6.02 D.01
¢ 0 0 0 Q 0
0 0 0 0 ¢ 0
0 0 0 0 C 0
0 36,177 0 39.18 0 39.18
100.00 180.00 100, 00 100.00 100.00 100.00
0, 000575 0.000699 0.000699
0. 000572 Q,000789 0.000789
0,000498 0.000%68 0.000568
0,58 0.70 0.70
B75092246k
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Table B-2, Part 1. KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Rus No. 52 53 54

Feed Water Rate, lb-mol/hr 0.00524 D,00BIDZ 0,008468

Feed Gas Rate, SCF/hr 1. 3269 1. 9847 1.9917

Feed Benzene Rate, lb-mol/hr 0 0. 001285 0.001327

Feed H,O/Gas Ratio {mol) 1.52 1.26 1. 30

-

Feed Gas Composition, mol 7 Dry Wet Dry Wet Dry Wet
Carbor Menoxide 24. 4 9.7 16.0 7.1 16.6 7.2
Carbon Dioxide 19.6 7.8 13.5 6. ¢ 13.3 5.8
Hydrogen 32.68 12.96 3k.3 13.8 9.0 13.0
Methane 19.0 7.5 15,2 6.7 15.1 6.5
Ethane 1.3 0.51 1.2 0.53 0.55 0.24
Propane 0.5 G.19 0.5 Q.21 0. 40 0.17
Butanes 0.1 0.04 0. 08 Q.04 -- --
Hydrogen Sulfide 1.6 0.63 1.6 0.71 2.54 1.10
Nitrogen 0.8 0. 32 .71 [ ¥4 0.95 0.4}
Helium 0. 02 0.0l 0. 02 0.0l 0.02 0.01
Ammonia a 0 0 0 4] o
Phenol 0 [+] 4] 0 1] +]
Benzene 4 0 19. 89 8.8 20.47 8.9
Water 0 60, 34 1] 55.78 0 S56.64
Carbonyl Sulfide - - - - -- - - 0,07 0.03

Total §00. 00 160. 00 100. 00 100,00 100. 60 160, 00

Reactor Temperature, "F 661 556 538

Reactor Pressure, paig 250 1000 1000

Product Water Rate, Ih-mal/hr 0.00410 0. 007039 C.007293

Product Gas Rate, SCF/hr 1.5462 2z, 2465 2,259

Product Benzene Rate, lb-mol/br 0 0.001268 G.001271

Product Gas Composition, mol % Dry Wet Dry Wet Dry Wet
Carbon Monoxide 5.9 2,88 4.6 2.3 4.99 2.47
Carbon Dioxide 3.9 15.8 21.9 11.0 22.1 10.9
Hydrogen 42.135 0. %9 38.1 19.1 37. 4 18. %
Methane 6.4 8.1 1.8 6.9 13,8 6.8
Ethane 1.12 0,55 1.1 G. 54 0,50 0.25
Propane C.42 0.21 0.4 e.21 0. 36 0.18
Butanes 0.08 0,04 0. 04 c.02 .- --
Hydrogen Sulfide 1. 14 0.57 i.3 0. 66 1.64 0.81
Nitrogen 0.67 0. 33 0.6 ¢, 33 0,87 0.43
Helium 0.0z 0.01 0.01 ¢.o1 0.01 0.01
Ammonia ] a 0 M) o 0
Phenol 0 i) [i} [+] 0 i}
Benzene 0 1] 18,45 8.9 18.25 8.97
Water [ 50,61 a $6.03 \] 50.64
Carbonyl Sulfide -- - . - 0.08 0. 04

Total 100. G0 100. 00 100, 00 100. 00 100.00 100, 00

CO Converted, lb-mol/hr 0.0006068 0.000705 0.000725

CO, Produced, lb-mol/hr 0.0006070 0, 0Dg0689 0.000709

H, Produced, lb-masl/hs 0, 0005700 0. 000696 0. 000721

Rate of CO Conversion, 10* 0.61 Q.70 0.73

Is-pool /hy-g catalyst
‘Faad gas also contains 3], 4 ppm carboayl sulfide and 235, & ppm methyl mercaptan.
B7605095%
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Table B-2, Part 2.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No,

-
Feed Gas Compasition, mol %

Reactor Pressure, psig

Product Benzene Rate, 1b-mol/hr

Product Gas Composnition, mal %

CO Converted, lb-mol/br
COy Produced, 1b-molihr
H; Produced, lb-mol/hr

Rate of CO Conversion, 104
Ib-mol/hr-g catalyst

Feed Water Rate, 1b-mol/hr
Feed Gus Rate, SCF/hr
Feed Benzene Rate, lb-mol/hr

Feed H,;O/Gas Ratio (mol)

Carbon Maonoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Heligm

Ammonia

Phenel

Benzene

Water

Carbonyl Sulfide
Total

Reactor Temperature, *

Preduct Water Rate, lb-mol/hr

Produet Gas Rate, SCF/hr

Carban Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propans

Butanes

Hydrogern Sulfide

Nitrogen

Helium

Ammonia

Phanol

Benzene

Water

Carbony! Sulfide
Total

TU-4-9

*Feed gas also contains 31.4 ppm carbonyl sulfide and 235. & ppm mathyl mercaptan.

I N & T

i T N r rF

55 56 57
0.008321 0.008334 0. 008 340
1.9707 1.9916 1. 9916
0.001384 0.00130% 0.001362
1.28 1.29 }-28
Dey, Wee Dry Wet, Dry Wat
17,1 7.5 17.4 7.6 14.7 B 5
14.2 6.2 1.7 6.0 14.2 6.1
28.1 12.3 27.9 12.2 31.1 1.6
15.3 6.7 15.5 6.8 14.7 6.4
0.55 0.24 0. 40 0.17 0.63 0.27
0. 40 9.17 0. 40 06.17 0.15 0.07
0.07 da.03 0.08 0.03 0. 08 0.03
2.35 1.02 3.67 1.61 2.69 1.18
0. 48 Q.21 0.57 0.25 0,70 0. 31
0.62 0.0t 9.01 0.01 a.02 ¢.01
0 0 0 0 0 o
0 [ 0 o 0 [
21. 3 9.3 20. 29 8.8 26. 95 9.1
o] 56, 24 a 56.33 4] 56. 20
0.47 0.03 0.08 0.03 0,08 0.03
100.90 100. 00 100. 00 108, 00 100, 00 100. 00
535 (1K} 757
1009 1000 1000
0. 007024 ©.007209 0.00711%6
2.2190 2,3158 2, 2449
0.001372 0.00125% 0,00128}%
Dry Wet Dry Wet Dry Wet
6.3 3.2 1.2 1.6 4.0 2.0
22.1 11.1 24.5 12,3 22.6 11.3
4.7 17.5 . i8. 6 38,1 19. &
13.9 1.0 13,7 6.9 13.5 6.7
0.50 0.25 0. 35 0. 17 0.56 0. 28
Q. 3% 0.18 0,35 0.17 .14 0. 07
0.0? 0.03 0. 06 0.03 0 )
1.96 a9.99 .82 1.42 2.21 1.11
0.43 0.2z Q.51 0.25 9.65 G. 32
0.01 0.01 0.41 .01 0.01 6. 01
n [ 0 0 ] 0
[} [} 0 ] 0 0
19.59 9.7 17. 42 8.4 18.15 9.0
] 49.78 0 49.91 0 50.17
0.08 0.04 0.08 0.04 0.08 0. 04
100.00 100. 60 100. 00 100, 00 100. 00 100. 00
0. 000662 0.00089% 0.0006768
0. 000651 0. 000892 0. 0006789
0.000653 0. 000885 0. 0006755
0.66 0.89 0,68
B7605095%%
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Table B-2, Part 3.
{Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run Noa.

Feed Water Rate, 1b-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, 1b-mol/br
Feed H,O/Cas Ratic (mol)
Feed Gas Cornposition, mol 'i..

Carben Manoxide

Carbeon Dioxide

Hydrogen

Methane

Ethane

Fropane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Carbony! Sulfide

Total

Reactor Temperature, *F
Reactor Pressure, paig
Product Water Rate, lb-mol/hr
Product Cas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr
Product Gaa Composilion, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Carbonyl Sulfide

Total

€O Converted, lb-mol/hr
CQ, Produced, Ib-mot/hr
H, Produced, lb-mel/hr

Rate of CO Conversion, 10*
Ib-mol/hr-g catalyst

KINETICS TESTS

" Fend gas also contains 1.8 opm propyl mercaptan and 0.8 ppm thiophene.

T [} h s n b = ~

58 59 6o
0. 008402 0.005487 0. 005996
1.9847 2.2562 2. 2551L
0.001 349 0 4]
1.29 0.94 1.02
Dry Wet Dry Wet Dry Wet
14. 4 6.3 Z0.1 10.4 20.1 9.9
14.2 6.2 18. 8 9.7 18.8 9.3
il.o i35 36.09 18.6 36,09 17.8
15.1 6.6 19.9 10.2 19.9 9.8
0,55 G.24 0.7 0. 36 0.7 0. 15
0.15 0. 07 0.2 0.2 0.2 0,10
.07 o.03 0.1 9.5 0.1 0.05
2.84 1.24 30 1.53 3.0 1.48
0.7} 0.131 1.0 a. 51 1.0 0.49
0.02 0,01 .01 0.01 0.0l 0.01
0 0 [ [} 3 o
0 [} [ L) ¢ o
20.8% 9.1 0 a [H [
0 %6, 37 i 48. 4t 2 50.67
0.47 0.03 0.1 0.03 9.1 0.0%
100. 00 100. 00 toq. 0o 100. 00 100. o0 100. 00
T42 340 547
1000 Looo 1000
0.0072858 0. 004560 0.005200
2.231 2.5658 2.6533
0.00E268 0 0
Dry Wet Dry Wet Dry Wet
4.0 1.97 5.4 3.2 5.1 2.u7
22.4 11.0 28.4& 17. 0 a2 16. 4
3.5 18. 46 44.13 6.1 43.75 24.5
13.9 6.8 17.6 10. % 17. 7 9.9
0.51 9. 25 C.b 0. 3 0.60 0.33
0.14 0.07 0.15% 0.09 0.15 0.08
9 0 0 0 0 0
2.4 1.2 2.5) 1.49 Z,5 1.4
0.65 4,32 0. 90 0.53 0. 89 Q.50
0.01 0.01 .01 0. 01 0.01 0.0t
) a o i} ¢] 0
0 Q [H 0 0 0
18.01 8.9 0 5] 0 4]
o 50. 64 a 40. 66 0 43.96
0.08 0. 04 G.1 D. 06 0.10 0.0%
100. 00 100,001 100, 09 100, 80 100. Q9 100.00
6. 000655 0.000818 0. 00081375
0. 000651 0. 000807 0.000840
©. 000649 0.000815 0.000785
0.66 0.82 0.84
B7605095%¢
B-23
-~ & [ 4 b ad = Cad LR L — . ~

IU-4-9
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4179
Tahle B~-2Z, Part 4. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)
Run No. 3] 62 63
Feed Water Rate, Ib-maolthr D. 006387 0.007536 0.002931
Feed Gas Rate, SCF/hr 2.2551 2.1B6S 2. 2865
Feed Benzene Rate, lb-mol/hr D.0005619 0 0
Feed H,0/Gas Ratio (mol} 1.00 1.27 C.49
Feed Gas Composition, mol %" Dry Wet Dry Wet Dry Wet
Carbon Monoxide i8.5 9.2 20,9 9.2 20.9 14.0
Carhon Dioxide 17.2 8.6 13. 8 8.7 15.8 13,2
Hydrogen 33,1 16. 6 33.69 14.8 33.69 22,5
Methane 8.3 9.1 20.5 g.0 20.5 13,7
Ethane &.64 0.32 0.7 ¢.31 a.7 6,47
Propane .19 0.09 0.3 0,13 0.3 0.20
Butanes 0.09 0.06 0.1 G.04 0.1 0.07
Hydrogen Sulfide 2.6 t.o38 2,9 i.27 2.9 L.94
Nitrogen 0.9 ¢.45 1.0 0.494 1.0 0.67
Helium 0.0! 0.0l 0.01 0.01 0.01 0.0l
Ammenia o b a 0 0 0
Phenal 0 o [H 0 0 g
Benzene 8.21 .07 o 0 0 4]
Water 0 50.08 L} 56,06 0 33.17
Carbonyl Suifide 5.09 .95 0.t 0.04 6.1 0.07
Total 100. 400 100,00 log. oo 100.00 100,00 100.00
Reactor Temperatare, °r £47 542 542
Reactar Pressure, psig lpoo 500 500
Product Water Rate, lb-mal/hr 0.D05200 . 006300 G.002300
Product Gas Rate, SCF/hr 2.58516 2, 57858 2.5732
Froduct Benzene Rate, 1b-mol/hr 0. 000469 0 o
Product Gas Composition, mol % Dry Wet Dry Wet Dry Wet
Carbon Monoxide 5.6 1.2 6.0 3 1.2 5.3
Carbon Dioxide 26.5 15.1 30.0 15.5 29.0 21 b
Hydrogen 40.7 23.% +1.42 21,2 41,33 1e.7
Methane 16.5 9.5 18,2 9.4 8.1 13,5
Ethane 0.58 £.33 0.59 0.3l 0.6 0.44
Propane 0.17 c.10 0.26 o.l4 0.27 0,20
Butanes 0 [ Q o o o
Hydrogen Sulfide 2. 34 1.35 Z.52 1.30 2.5 1.86
Nitrogen Q.83 0.48 0.9 0.45 0.9 0.67
Helium g.01 0,01 9.01 0.01 0.01 0.01
Anmnmonia [+) o ] o 4] ¢
Phenol 4 0 0 0 o o]
Benzens 6.68 1.9 0 <] ¢ o
Water [ 42.27 [} 48.63 0 25,65
Carbonyl Sulfide 0.08 0.06 0.1 0.0% h.09% 0.07
Total 160. 00 loo.00 100, 00 100.00 100.00 1060.00
CO Converted, 1b-mol/hr 0.000784 0.000818 Q.00076%
GO, Produced, lb-mal/hr 0.000780 0.000839 0.000765
H,; Produced, 1b-mol/hr 0.000776 0.00075& 0.000758
Rate of CO Conversion, 104 0.8 0.84 0.77
1b.mol/hr-g catalyst
“Feed gan also costains 1.8 ppm propyl mercaptan and 0.8 ppm thiophene,
BY6050959d
B-24
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Table B-2, Part 5.
(Girdler G-93 Catalyst, 4 x & Mesh Spheres, 10.02 g)

KINETICS TESTS

Run No. X [ b6

Feed Water Rate, lb-maol/hr 0.002%09 C.D0583! 0.007465

Feed Gas Rate, SCF/hr 2.24013 2.2403 2.278%

Feed Benzene Rate, lb-mol/hr V] Q [s]

Feed H,0/Gas Ratio (mol) 0. 350 L.0Q 1.2

Feed Gas Composition, mo! 7, Dry Wet Dry Wet Dry We
Carbon Monoxide 20.9 119 20.9 104 0 % 92
Carbon Dioxide 19.7 131 i9.7 9.8 19.7 8.7
Hydrogen 34.073 2.7 34.03 L iion2 1=
Methane 2.5 15,7 0.5 MU *
Ethane 0.7 047 e.7 ¢ 35 ¢.7 0.3l
Fropane g.2 0.1l .2 9,10 q.2 0,08
Butanes o1 c.o7 c.1 a.8% ol [
Hydrogen Sulfide 176 1.44 1.7 138 2.7h 22
Nitrogen 1.0 Y13 1.0 Q= 1.r C.4%
Helium 0.01 r.ot 0.0l .o 0.Ct 6.0
Ammonia o] 0 0 3} M [
Phencl ¢ n a o C g
Benzene o 0 0 o [ C
Water o 138 0 G le & =5 Gy
Carbonyl Sulfide 0.1 0.07 [ £ n= oLl [

Total 16D, 00 lae. o0 ton. 00 1202 oo, M

Reactor Temperature, °r £83 hE3 =0

Reactor Pressure, psig sac Rl 23

Product Water Rate, lb-mol/hr 0.00202 G.0CROG2 C.o0TESL]

Product Gas Rate, SCF/hr 2.5619 2. 576% 2.61%

Product Benzene Rate, 1b-mol /by a 1] o

Product Gas Composition, mel ©. Drv_ Wet Drx Wer
Carbon Monoxide .1 £ 9 5.8 4.2 A
Carbon Dioxide 0.4 2303 38 0.8 1= 7
Hydrogen 2.1 323 42.2€ 42 +3.1 220
Methane la.2 13,0 17,39 9.2 17.7 a1
Ethane 0.6 0. 4% Q.39 34 0.38 9.30
Propane 0.7 6.1% e.18 ¢.o¢ 0.1% 2. 08
Butanes 0 Q 7 0 0 0
Hydrogen Sulfide 2.42 187 1.4 1.36 1,29 LI
Nitrogen 0.90 C.6% C.89 0.51 0.87 0.45%
Helium ¢ ol 0.0 0.01 0.0t 0.0t 9.01
Ammonia 0 L o v} 0 9
Phenol C a 0 o] 0 a
Benzene C C 0 0 o) C
Water 0 2327 [+] 43, 2% ] 48. 484
Carbonyl Sulfide 0.1 9.0% 0.1 0,05 0.1 0.93

Towa! 160,00 100. 00 100.00 100. 00 100, ¢o 130.06

CC Converted, lb-mol/hr 0.000878 0.000896 0.C00%56

CO, Produced, lb-mol/hr 0.000B7S 0.00089] G. 000926

H; Froduced, lb-mol/hr 0.000823 D.000871 G.000946

Rate of GO Gonversion, 10°

1b-mal/hr-g catalyst 0.88 c.9%0 0.9
‘Feed gas alsc contains 1.8 ppm propyl mercaptan and 0,8 ppm thiophene,
BTA05095%

£ T 1 T 1T = [a) =

IU-4-9
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Table B~2, Part 6. KINETICS TESTS
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No_ 67 68 69
Feed Water Rate, Ib-mal/hr 0.003084 0.003213 0.006431
Feed Gas Rate, SCF/hr 2.2789 2.2708 2,2708
Feed Benzene Rate, lb-mo) /hr o 0. 0006045 0.000621
Feed H,0/Gas Ratio {mal] 0.52 0.49 0.99
Feed Gas Composition, mel %~ Dry Wet Dry Wet Dry Wet
Carbon Monoxide 20.9 13,7 18.9 2.7 i8.9 9.5
Carbon Dioxide 19.7 12,9 17.9 12,0 I7.8 2.0
Hydrogen 34,03 22.4 30.9 20.7 30.8 5.5
Methane 26.5 13.5 18,6 12.4 18. 6 9.3
Ethane 0.7 0. 46 .63 0.42 0.63 0.32
Propane 0.2 0.13 0.18 0.12 0.18 0.09
Butanes o.l 0.07 G.09 G.06 c.o9 0.08
Hydrogen Sulfide 2.76 1.81 2.45 1.6 2.4+ 1.22
Nitroger 1.0 0.67 0.91 0.61 .91 0.46
Helium 0.0l 0.01 0.90] 0.01 0,01 0.0l
Ammonia [ 0 4 o 0 4
Phencol ] o 0 1] Q a
Benzene a L] 9. 39 6.22 5.55 +,8
Water 4] 34. 28 ] 33.07 0 49.69
Carbonyl Sulfide 0.1 0.07 0.1 0.06 0.09 0.0S
Totat 100.00 100,00 100.00 lon. 00 100, 66 loe.po
Reacter Temperature, o? 750 746 T44
Reactor Pressure, psig 500 500 500
Product Water Rate, lb-mol/hr D.001783 . 002398 ¢.005499
Product Gas Rate, SCF/hr 2,5786 2.5753 2.5871
Froduct Benzene Rate, 1b-mol/hr 4 0,00050 0.000580
Produet Gas Cormposition, mol % Dry Wet Dry Wet Dry Wet
Carhon Monoxide 5.8 4.6 5.9 4.4 5.0 2.9
Carbon Dioxide 0.1 23.7 27,1 20.3 27,5 5.7
Hydrogen 41,8 33.0 38.9% 28.9 39.0 22.2
Methane 18,2 14.4 16_4 12.6 16. 6 9.4
Ethane 0,59 0.47 0.55 0.41 0.5% 0.3
Propahe 0.15 0.11 0.14 6.19 0,14 0.08
Butanes o 0 0 4] o 0
Hydrogen Sulfide 2.35 i.84 2.17 1,61 2.1 1.z
Nitrogen 0.9 0.71 0.83 0.62 t.82 0.47
Helium 9.01 0.0l 0.0l a.ot 0.0! 0.01
Ammania 0 +] a [+] a Q
Phencl 0 Q 0 1] 0 ]
Benzene 0 Q T.22 6.2 B. 19 4.81
Water [+] 2}.0% [¢] 24.79 [ 42 87
Carbonyl Sulfide 0.1 0.07 0.08 o.0é 0.09 0.05
Total Lod. 00 lop.00 100.00 100.00 foe. 00 100. 00
CO Convarted, th-mol/hr 0.000846 09.000806 0. 000840
€O, Produced, 1b-mol/hr 0. 000843 0.000804 0. 0008513
H; Produced, 1b-mol/hr 0.000764 0.000789 0.000838
Rate of CO Conversion, 10*
lb-mol/hr-g catalyat 0.85 0.8l 0.86
*Feed gas also contains 1.8 PPm propy! merupuh and 6.8 ppm thiophene.
B760%50959f
B-26
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Table B-2, Part 7. KINETICS TESTS

{(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)
Run No. g Ti 1
Feed Water Rate, 1b-muol/hr 0.008338 0.008443 0.00640
Feed Gas Rate, SCF/hr z2.27108 2.255% 2.2555
Feed Benzene Rate, 1b-mol/hr 0.000623 0.000632 0.000631
Feed H,0 Gas Ratio {mol} 1,28 I.29 0.98
Feed Gas Gomposition, mol 1‘:" Dry Wet Dry Wet Dry Wet
Carbgn Monoxide 18.9 B.3 18.4 8.0 iB. 4 9.1
Carbon Dioxide 17.8 7.8 17.1 7.7 17.7 8.9
Hydrogen 30.8 13.5 30.9 13.% 30.% 15.6
Methane ig.é B.1 18. 4 8.0 18.4 9.29
Ethane o.63 0.28 0.63 0.27 0.63 0.32
Propane 0.18 0.08 0.18 0.08 0.18 0.09
Butanea 0.09 .04 ¢.09 D.04 n.o9 0,05
Hydrogen Sulfide 2.44 1,07 Z,5 1,10 2.5 1.27
Nitrogen .91 0. 40 0.8% 0.39% 0.89 0.45
Helium 0.0l 0.0l 0.02 0.0l 0.02 0.0l
Ammonia ¢ 0 0.47 Q.20 0.3 0,48
FPhenol 0 4 0.07 0.0} 0.07 0.04
Benzene 9.55 4,2 .66 4.2 9.77 +. 88
Water 0 56.18 4] 56.44 v] 49,57
Gazrbonyl Sulfide 0.09 0. .04 0.09 0.04 C.09 0,08
Total 100, 00 100.90 190.00 100.00 100. 00 10¢.¢0
Reactor Temperarture, °F 746 746 746
Reactor Pressure, paig 500 500 o0
Product Water Rate, 1b-mol/hr 0.00678 0.00759 0. 00602
Product Gas Rate, SCF/hr 2.6106 2.5600 2.5585%
Product Benzene Rate, lb-mol/hr 0.000617 0.000621 0.000619
Product Gas Composition, mol % Dry Wet Dry Wer Dry Wet
Carbon Monoxide 4.3 2.2 4.87 2.4 4.9 2.7
Carbon Dioxide 28.0 14.2 27. 4 13.4 27.2 4.9
Hydrogen 19,2 19.4 38.4 18.8 38. 4 i1.0
Methane 16.3 8.1 16.5 B.12 16.6 9.1
Ethane 0.54 0.27 0.55 0.27 0.55 0.30
Propane a. 16 0.08 0.1% 0.07 g.1s 0.08
Butanes [H 0 0 9 ] V]
Hydrogen Sulfide 2,08 L.06 2,11 1.04 2. 19 1.20
Nitrogen 0.61 0. 41 0.82 0. 40 0.79 0,44
Helium 0.0l 0.01 0.0l 0.0l 0.0l ¢.ol
Ammonia 0 ] 0,38 0.19 Q.32 0.17
Phenol 4} 0 ¢.06 0.03 e.06 0.43
Benzene B.51 4.2 8.63 4.17 8,64 4.69
Water 1] 45,32 Q 51.0% 0 45.33
Carbonyl Sulfide 0.09 Q.05 0.1 4,08 ¢.09 0.05
Total 100. 00 100,00 100. 00 180.00 100,00 100.90
CO Converted, lb-mol/hr 0.000912 0.000842 0.000B40
CO, Produced, lb-mel/hr 0. 000504 0. 000841 0.00082%
H, Prodnced, 1b-mol/hr 0.00088% 0.000786 0.000762
Rate of CO Conversion, 10' 6.9} 0.84 0.84
lb-mol/hr-g catalyst
‘Fasd gas also contains 1.8 ppm propyl mercaptan and 0.8 ppm thicphene,
BT6050959g

T F CHNOLOGY



4/79

Table B-~2, Part 8.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.

Feed Water Rate, Ib-mol/hr
"Feed Gas Rate, SCF/hr

Feed Penzene Rate, Ib-mol/hr
Feed H,C Cas Ratic {mol}

Feed Gas Composition, mal %*°
Carbon Monoxide
Carbon Diexide
Hydrogen
Methane
Ethane
Propane
Butanes
Hydrogen Sulfide
Nitrogen
Helium
Ammenia
Phenol
Benzene
Water
Carbonyl Sulfide

Total

Reactor Temperature, °r
Reactor Fressure, psig

Praduct Water Rate, Jb-mol/hr
Product Gas Rate, SCF/hr
Produ¢t Benzene Rate, lb-mol/hr

Product Gas Composition, mol %
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Fropane
Butanes
Hydrogen Sulfide
Nitrogen
Helium
Ammonia
Phenol
Benzene
Water
Carbonyl Sclfide

Total

CO Converted, Ib-moi/hr

co, P:roduced. 1b-mel/hr
-

H, Prbduced, 1b-mol/hr

Rate of CO Conversion, 104
lb-mol/hr-g catalyst

*Faed gas also conigns 1.8 ppm propyl mercaptan and 0.8 ppm thiophane.

N §TITUTE

73 74 15
©.003100 O.00A22 0,003268
2.2555 2, 2551 Z2.2551
0.000631 0.000678 0.000669
0.48 1.25% 0,50
Dry Wet Dry Wet Dry Wet
1B.4 12.5 18.3 B.1 18.3 1z.2
17.7 12.0 17.6 7.8 17.6 tr. 8
30.9 20.9 30.6 1386 30.6 20.5
18. 4 1z.s 18,3 8.t 18.3 12,2
0.63 0.42 Q.62 0,28 0.62 0.42
G.18 0.1z 0.18 0.08 0.18 0.12
a9.09 0.06 6.09 0.04 0.09 0.06
2.5 1Tt - 2.5 1.1 2.5 167
0,89 0.60 0.88 0.139 0.88 Q.59
¢.02 c.01 0.02 0.01 0.02 6.0l
0.17 0.12 0, 4 0.20 0.18 0.12
0.07 0.05 0.08 0.03 0,08 0.0%
9.% 6.57 19, 28 4.6 16.5%6 6.8
4] 32.38 4] 55.62 o 33.4
¢.09 0,06 0.09 0.04 9.0% 0.06
100, 00 104,00 100,00 100,00 100, oo 106.00
746 561 S61
500 500 500
0.00215 0.00741 0.00207
2.5576 2.5316 2.5042
0.000601 0. 000665 G. 000621
£.% 4.24 6.2 3.1 7.2 5.6
6.9 20.7 26.2 13.0 25,5 19.8
38. 5 29.7 37.4 18.5 37.6 29,1
16.7 12.9 6.7 8.3 16. 9 13.1
0,55 .42 0.55% 0.27 a.56 0. 44
0. 15 0.12 0.15 0.07 0.15 Q.02
o [ 1] [+} o L
2.20 L.70 Z,20 L 1o 2.24 1.74
0.8 0.62 0.8 .40 0.81 0.63
0,01 0.0l 0.02 0.01 0.02 0.01
0,14 a.11 0. 41 0.20 0.1% 9.12
0. 06 .05 0,07 6,03 0. 06 0.05
8.4 £.43 9,22 4,57 8.73 6.8
0 © 22.93 o 50,41 0 22.42
o.09 o.07 0. 08 g.04 0.08 0.07
100,00 10¢. 00 100, 00 100,00 100. 00 100.00
0.000801 0.000745 0.000684
©.000793 0, 000755 0.000670
4.000780 0.000703 0. 000666
0.80 0.74 G.68
LY
B16050955h
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Table B-2, Part 9.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.

Feed Water Rate, lb-mol/hr

Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr
Feed H,0/CGas Ratio (mol}

Feed Gas Compoaition, mol %°

Carbon Monoxide

Carboen Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

A mrmonia

Phenol

Benrene

Water

Carbonyl Sulfide
Total

Reactor Temperature, °

Reactor Presaure, psig

Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hy

Product Gas Composition, mol %

Carbon Monoxide

Carbon Diexide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Salfide

Nitrogen

Helium

Anmmonia

Phenol

Benzene

Water

Garboayl Salfide
Total

CO Converted, Ib-mol/hr

CO; Produced, lb-mol/hr

H; Produced, lb-mol/hr

Rate of CO Coeversion, 10*

lbh-mol/hr-g catalyst

*Feaed gue also containe 1.8 ppm propyl mercaptan and 0.8 ppm thiophene,

I T U T E

B-29

76 77 78
¢.008261 0.002978 0.009251
2,2551 Z, 2551 2,2261
G. 000652 0.000659 ¢.000587
1,26 a. 46 1, 44
Dry Waet Dry Wet Dry Wet
18.7 B.25 18.7 12.9 18.9 7.7
17.6 7.79 17.6 12,1 1.1 7.4
31,5 13.9 3ts 21.7 30.3 12,4
17.3 7.63 17,3 11.¢ 18. 9 i
0.63 0.28 a.63 0.43% 0.62 ¢, 26
0.18 a.08 g.18 0.12 0.27 0. 11
0.09 0.04 0.09 0.06 0 ]
2.50 .11 2.50 1.71 z2.07 0.8%
0.89 0.39 0.89 0.61 0.9l .37
0.02 9.0l 0.02 0.01 0.02 0.01
0.46 g.20 0.17 o1 0.53 Q.22
0.07 $4.013 0.D8 .05 0.07 0.01%
9.97 4.4 lp, 25 6.9 9. 22 3.75
0 55.84 1] 11.32 [ 59,14
0.09 §.04 0.09 0. 06 0.09 0.04
tod. 00 106. 00 100. 00 100. 00 100, 00 100.00
656 656 558
500 So0 200
0.00740 0.00212 0.00859
2.5582 2, 5446 2.4710
0. 000648 0.000532 9.000%584
Dry Wet Dry Wet Dry Wet
£.2 2.6 5.8 4.48 7,85 3.5
27.3 13.6 27,4 2L 25,8 1.6
8.9 19.3 i%.4 30,4 6.8 6.6
15,4 1.7 15.8 12,2 173 7.8
0.5% 0.27 0.556 0.43 0.57 C.26
0.14 0.07 0.17 0.13 Q.17 0.08
9 o 0 0 0 0
2.20 1.10 2.24 1.73 1.85 0.83
0.7% 0.39 0.81 0.62 0.82 0.37
Q.02 0.01 0.02 0.01 0.02 0.0l
0. 38 .19 0.14 0.11 0. 47 0.21
0.086 0.03 Q.06 0.04 0.0b 0.03
B.98 4.4 7.52 5.77 8.20 3.7%
[+ $0.30 0 22.92 i} 54.92
0,08 0.04 0.08 0, 06 0.09 0,04
10D, 00 100,00 106. 00 100,00 100.00 100,00
Q. 000840 0. 000808 0.000661
0. 000849 0, 000802 0. 000650
0.,000782 D.000758 0.000663
0.84 0.81 0.66
B7605095%1
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Table B-2, Part 10.
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g )

Run No.

Feed Water Rate, lb-mol/by
Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/br
Feed H;Q0/Gas Ratio {mol}
Feed Gas Composition, mol 7rc

Carbon Monoxide

Carbon Ditxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Carbeny! Sulfide
Total

Reactor Termperature, °F
Reactor Pressure, psig

Product Water Rate, lb-mol/hr
FProduct Gas Rate, SCF/hr
Product Benzene Rate, Ib-moal/hr
Product Gas Compaosition, mel &

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Hellum

Ammenia

Phenol

Benzene

Water

Carbonyl Sulfide

Total

CO Converted, lb-mol/hr
CO,; Produced, lb-mol/hr
H; Produced, lb-mol/hr

Rate of CO Conversion, 10'
1b-mol/hr-g catalyst

KINETICS TESTS

*Foed gas also contains 1.8 ppin propyl mercaptan aad 0.8 ppm thiophans .

I' T U TE o

IU-4-9

79 80 81
0. 00648 0.00288% 0.003162
2. 2261 22,2261 2.2182
0. 000508 ¢. 000896 D.0004B7
1.02 0.4} 0.51
Dry Wet Dry Wet Dry Wet
19.1 9.4 18.0 12.6 19,2 12.8
i8.4 2.1 17.4 12,1 8.5 123
30.7 15.2 29.0 20.3 it 4 20.9
19.2 9.5 18,1 1z.7 18.8 12,8
0.63 0.31 .39 0,42 C.64 .42
0.27 0.13 .25 0.18 0.18 9.12
¢ 4] 1] 1] 0.09 ¢.06
2,11 i.04 1.96 1,39 2.04 1,36
0.92 0.45% 0.87 0.61 0.93 0.62
0.02 0.01 0.0z 0,01 6.02 0.01
0.37 ¢.18 0.16 0.1 0.18 g.lz
0.06 0.03 0.10 0.07 0.06 0,04
8. 13 3.97 13, 44 9.35 T.87 5.17
a $0.63 [+] io. 10 0 33.52
0.09 0.05 0. 09 0,06 B8.09 0. 06
100. 09 100.00 100. 00 106.00 100,00 100. 00
558 558 656
200 200 200
0.00593 0.00221 ¢.002498
2. 4149 2, 4627 2. 4455
©.000506 0. 000897 0.00045%
Dry Wet Dry Wet Dry We
7.9 4,3 8.2 6.3 8.2 6.0
26,1 14,5 24.2 18.5 26.3 19.3
37.2 20.1 4.8 26,7 37.3 27.3
17.% 9.% 16,7 iz.8 17.7 13.0
0.57 Q.31 0.55 0.42 0.58 D.43
0.17 0.09 0.16 0,13 0.1¢6 0,42
[+] ] 1] [+ ] L]
1.87 .ot 1.78 1,37 t.83 1.3%
0.83 0.45 0.7% 0.61 0,85 0.62
0.02 0.0l ¢.02 0.0l 0.02 0.0l
0. 33 ¢.18 0. 14 2.1 0.16 0.12
0,08 0.03 ¢.10 0.07 o.05 0.03
7.37 3.93 12.48 G. 42 6.76 4.88
0 45.99 ] 23.50 ¢ 26.79
.09 5.05 0.908 0.06 0.09 0,06
lga. 00 100,00 100,00 loo. o0 10¢. 00 100.00
0. 000654 0. 000608 0.000645
0.000655 0.000599 0. 000440
0. 000649 0. 000600 0.900577
0.65 0.61 0. 64
BT60%0959)
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Table B-2, Part 11.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.
Feed Water Rate, tb-mol/hr

Feed Gas Rate, SCF/hr

Feed Benzene Rate, 1b-mol/hr
Feed H,O/Gas Ratio (mol)
Feed Gas Composition, mol %°

Carbon Monoxide

Carbon Diexide

Hydrogen

Methane

Ethane

Fropane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenal

Benzene

Water

Carbonyl Sulfide
Total

Reactor Ternperature, °r
Reactor Fressure, poig

Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr
Product Gas Composition, mal T

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammaonia

Phenol

Benzane

Water

Carbonyl Sulfide
Tetal

CC Converted, lb-mol/hr
CO, Produced, 1bh-mol/br
H, Produced, lb-mol/hr

Rate of CQO Coaversion, 10*
lb-mol/br-g catakyst

*Faed gas also contains 1.8 ppm propyl

T F

B2 81 B4
0.0063643 0.008287 0.008216
2.2182 2.2182 Zz,2241
0.000644 a. 000750 0.0006051
0.99 1,27 1.28
Drx Wet Dry Wet Dry Wet
18,7 9.4 18, 4 8.1 18.8 g1
18.0 9.0 [v.7 7.8 18.1 7.9
3.6 15.4 in.o 13.3 0.6 13.4
18,3 9.2 8.0 7.95% 18.5 8.1
0.62 0.31 0.61 0.27 0.62 D.27%
0.8 0.09 217 0.08 0. 18 6.08
o, 09 0.0% 0.0 0.04 0.09 .04
1.99 L.o L.9% .86 2,17 0.9%
c. 90 .45 0.88 0.39 0.90 0. 40
0.02 0.01 0.02 0.01 0.02 0.0!
0.36 0.18 G. 46 0.20 a. 47 0.21
0.07 0.02 0.09 C.02 0.07 0.01
10.08 5.0 11,54 5.0 9.139 4.1
(] 49.83 0 5%.92 a 56,17
Q.09 0.05 0.09 0.04 0.09% 0.04
100 . 00 100,00 100, 00 100.00 160, 0C 100.00
656 656 T46
200 200 z00
0.005651 0.9007549 0.0071380
z.4780 2.5012 2.5135
0.000638 0. 000698 0. 000587
Dry Wet Dry Wet Dry Wet
7.3 4.1 6.5 3.2 6.1 it
25.9 14,4 26,1 12.8 26.7 13.1
EE | 2.6 3r,2 8.2 37.9 18.4
§6.9 9.4 i6. 6 8.t 16. 8 8.26
0.56 0. 31 ¢.55 ¢.07 0.56 0.27
0.16 ¢.09 c.15 0.07 0. 15 0.08
0 ) 0 0 0 [
1.76 0,98 1.73 0.85 1. 85 0.91
0.82 0.45 0.8¢C 0. 3% 0.81 0.40
0.92 0.0l 0.02 0.0t 0.02 0.01
.29 0.16 0.39 0.19 0.40 0.20
.06 0,03 a.07 o.03 0.06 0.03
9.05% 5.0 9.81 4.7 8.37 4.0
0 44,42 [+ 51,15 4] SL.0
0.08 0,05 0. 08 0.04 0.908 0.04
100. 00 106,00 100. 00 100.00 l1o0.00 0. 00
0.000681 0,000731 0.000757
©¢.000678 0.000733 0.000743
0.000659% 0.000722 0.000739
0. b8 0.73 0.76
mercaptan and 0.8 ppfn thiophene,
B16050959k
B-31
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Table B~2, Part 12.
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No,

Feed Water Rate, lb-mol/hr
Feed Cas Rate, SCF/br

Feed Benzene Rate, th-mol/hr
Feed HyO/Gas Ratio (mol)
Feed Gas Composition, mol 7.°

Carban Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Fropane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Carbonyl Sulfide
Total

Reactor Temperatare, DF
Reactor Pressure, psig
Produet Water Rate, Ib-mol/hr

Product Gas Rate, SCF /hr

FProduct Benzene Rate, lb-mo! /hr

Prodact Cas Composition, mol T

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Fhennl

Benzene

Water

Carbonyl Salfide
Tatal

CO Converted, 1b-mol/hr
CO; Produced, lbaumol/hr
H; Produced, b-mcl/hr

Rate of CO Conversion, 10

1b-mol/hr-g catalyst

T U T E

+

KINETICS TESTS

B-32

*Feed gas alac contains 1.8 ppm propyl mercaptan and 0,8 ppm thiophene,

85 86 87

0.003212 0,007995 0.003745

2.2241 2,2104 2.2104

0.000600 0.000521 0.000728

U. 59 1.25% 0.58

Brx Wet Dry Wet Dry Wet
18.9 12.6 18.9 8.4 18.6 1.8
18.2 12.1 18.5 8.2 18.2 11.5
30.7 20.4 29,5 13.1 290 18 4
18.5 12,3 19.0 8.4 18,3 1.8

0.63 0,42 0.63 0.28 G.62 0.39

[ Y] G.l2 0,138 G.0B 0.18 0.1

0.09 0.06 0.09 0.04 0.09 0.06

2.8 1.45% 2.6 1,00 2.22 1.41
0.9 0.60 0.91 D.40 ©. 89 0.57
9.02 0.01 .02 0.01 0.0z 0.01
0.18 c.tz ] 4] a 0
4.067 0.0% 0 0 & 0

9.35 &, 25 9,92 4,32 11,79 7.12
0 33,46 b 5,713 1] 3677
0.09 0,06 0,09 0.04 0.09 0. 06
100.00 100.00 10¢. 00 106. 00 100. 00 100.00
146 7458 745
200 200 200

0.002292 ¢.007195 0. 002556

2.4877 2.5040 2.4917

0.000517 0.000610 0.00062]

Dry Wet Dry Wet Dry Wet

7.1 5.3 6.5 3,2 6.7 4,95
26.% 19.% 27.4 13.6 27.0 19.9
38.0 28.6 36.8 18.3 6.8 27,1
7.2 12.9 17.1 8,5 .t 1z.5
4,57 0.43 0.56 0.28 D. 56 0.4l
9. ke a.12 0. 16 0.08 .15 0.12
0 4 0 0 0 0

1.87 1.41 1.95 0.97 1.0 1.40
0.83 G.62 0.82 0.40 0.82 .60
0.02 0.01 0.02 0.0l 0.02 0.0l
o,lé& 6.12 1] o D i
0.0b 0.04 1] 0 o] ¢

7. 44 5.5%7 8. 61 429 8. 26 6.4
0 24.92 [s] 50.51 o 26.51
2.09% 0. 06 0.08 0.04 0.08 0,06
100.00 100, 00 100,00 L00. 00 100.00 106.00
0.00071% 0.000747 0.000728
0.000687 0.000769 0.000739
0.000693 0.000743 0.000737

0.72 0.75 0.73

B760509591
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Table B-2, Part 13.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Rup No.
Feed Water Rate, 1b-mol/hr

Feed Gas Rate, SCF/hr

Fesd Benzene Rate, lb-mol/hyr

Feed H;O/Gaxs Ratio {maol)

Feed Gas Compusition, mol [ A

Carbon Monexide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

FPhenol

Benzene

Water

Carbonyl! Sullide
Total

Reactor Temperature, OF

Reactor Pressure, psig

Froduct Water Rate, lb-mol/hr

Product Gas Rate, SCF/hr

Product Benzene Rate, lb-mol/hr

Product Gas Comporition, mol =

Carben Moncxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammaonia

Fhenol

Benzene

Water

Carbenyl Sulfide
Total

CQ Gonverted, lb-mol/hr
CO; Produced, lb-mol/hr
H; Produced, 1b-mol/hr

Rate of CO Conversion, lo*
lb-mol/hr-g catalyat

“Feed gas aiso contaiss 1.8 ppm propyl mercaptan and 0.8 ppm thiophens.

T UTE

LL 89 %0
0.00275 0.0058313 0,.007538
2.2090 2, 2090 Z.2090
L] Q [}
0.48 I.02 1.31
Dry Wet Dry Wet Dry Wet
20.5 13,8 20,5 10.1 20,5 8,81
20.5 13.8 0.9 10,1 20.5 8.81
33.98 23.1 33.98 16.8 33.98 4,7
20.% 13.9 20,9 tp.2 20. 5 8.86
0.7 G, 47 0.7 0. 35 Q0.7 0.30
0.2 D.14 0.2 0.1o0 0,2 0.09
o.t 0.07 0.1 .05 0.1 G.04
2.4 [N 2.4 1.19 2.9 H R
1.0 6.67 l.e 0.4% 1.0 0.43
0.02 0.01 0.02 n.al 0,02 0.0t
0 '} 0 0 0 Qa
0 0 0 0 o aQ
0 i} 0 0 0 a
] 32.35 i} 50. 56 s} 56.87
D! 0.07 0.1 0,05 0.1 G.04
100,00 10000 100. 00 100,00 te0. 00 100.040
T44 744 744
200 200 200
0.00184 0.004898 ., Q06548
2.50%1] 2,5267 2 5674
0 o] [+
Dry Wit Dry Wet Dry Wet
5.7 4.4 5.0 2.9 4,% 3.2
0.2 21,6 n, s 17.5 30.% 15. 4
41.76 32,86 42.4 Z4.2 43,319 2.8
18.5 14.4 18.3 10.5 17.9 9.1
0.82 0.48 0.61 0.35 C. 60 0,30
0.18 6.4 ¢.17 0.09 0. 16 0.08
0 [} ] 4} [ o
2.05 1.59 2.04 1. 16 1,99 i.o0
0.88 a.68 0.87 0,50 G.8% 0.43
D.02 0.0l 0.02 0.01 0,02 .01
0 iH o o [} 0
0 0 2 0 [ 0
¢ 0 0 (1] [+ 0
1] 22,01 ] 42.74 o] 49,53
0.09 0.07 0. 09 0,05 0.09 0,05
100.00 100, 00 100, 00 100, 00 100,00 100.00
0.400803 0.000837 0.000865
0. 000800 0.000836 C. 000866
0.000771 0. 000824 0,000931
0.80 0.84 0,87
BT6050959m
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Table B-2, Part l4.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.
Feed Water Rate, lb-mol/hr

Feed Gas Rate, SCF/br

Feed Benzene Rate, 1b-mol/hr

Feoad H,O0/Gas Ratio (mol)

Feed Gas Composition, mol a*

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Amrnonia

Phenol

Benzene

Water

Carbonyl Sulfide
Total

Reactor Temperature, o

Reactor Pressure, psig

Product Water Rate, lb-mol/hr

Product Gas Rate, SCF/hr

Product Benzene Rate, lb-mol/hr

Product Gas Composition, mol

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

FPhenol

Benzene

Water

Carbonyl Sulfide
Total

CO Converted., lb-mol/hr
CO, Produced, lb-mol/br
H; Produced, 1b-mol/hr

Rats of CO Conversion, 104
Io-mol fhy-g catalyst

21 92 93
0.008076 0.003377 0.00780
2,2241 Z.2241 2.2315
o ] 0.000577 .
L. 40 0.58 b 22
Dry Wet Dry Wer Dry Wet
9.5 3,96 9.5 6.0 8.8 3.9
0.3 4.46 20.3 12.8 7.9 B.07
38.89 16.2 38,89 24.5 349 157
26,1 10.9 26. 1 16.5 23,1 10.4
c.9 0.38 0.9 0.57 1.9 0.8Bb
6.3 0.12 0.3 0.19 0.27 0.12
0.1 0.04% a.1 0,06 0.09 0.04
z.3 9.96 2.3 1,4% 2,1 0.9
1.5 .63 t.5 0,9% 1.36 0.61
0.9} 0.0k o.ol ¢.al 0.0t 0,01
4] ] 4] 4] 0. 44 6,20
0 g [ o 0.07 .03
s} 0 o ] 8.97 4.t
0 58, 3 0 36.91 ] 54,92
Q.1 0.04 0.1 0.06 9.09 0.04
t00. 00 100.00 100.00 100. 00 100.00 100.00
745 74% T46
200 200 200
0.00750¢ 0.001959 0.00734
2,3815 2.3623 Z.3492
0 ] 0.000569
Dry Wet Dry Wet Dry Wet
2.04 0.92 2.9 2,2 2,85 1.3
25.8 11.7 25.1 19.0 22.5 10.8
43.0 19.4 42.63 3z.13 8.6 18.4
4.5 11,1 24,6 18.7 22.4 10.7
0.8 0.37 0.89 0.68 1.37 0.65
Q.24 0.1 0,24 0.19 0.18 ¢.08
0 b [} o 4] ]
2,10 0.9% z. 11 1.61 L.57 .75
1.40 0.64 1,42 1.08 "3 0.62
.0l 0.01 0.0t 0.01 0.01 .01
0 0 0 o] 0.39 0.19
o D] 1] ] 0.06 0.03
b} ¢ 0 L 3.68 4.1
Lv] 55,24 0 24,186 0 52,27
0.1 0.4 0.1 0.07 0.09 0.04
t00. 00 100. 00 100. 00 100.00 100.00 100.00
0.000422 ©.000370 0.000371
0.000430 0.000365 0.00036%
0.000410 0.000367 0.000347
0.42 0.37 0.37

“Feed gas also contains 1.8 ppm propyl mercaptan and 0.8 ppm thiophene,

T U TE

O F G A
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Table B-2, Part 15.
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.

Feed Water Rate, Ib-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, 1b-mal /hr
Feed HyO/Gan Ratio (mel)
Feed Gas Composition, mol %"

Curbon Monoxide

Carbon Diexide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydropen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Carbonyl Sulfide
Total

Reasctor Temperature, °F
Reactor Pressure, psig

Froduct Water Rate, Ib-mol/hr
Product Gas Rate, SCF/hr
Product Bengene Rate, 1b-mol/br
Product Gas Composition, mel ™

Carbon Monoxide

Carbon Diexide

Hydrogsn

Methane

Ethane

Propane

Butabes

Hydrogen Sulfide

P_Htrogen

Helium

Ammonia

Phenol

Benzene

Water

Carbonyl Sulfide
Tatal

€O Converted, lb-mol/hr
CQ, Produced, 1b-mol/hr
H, Produced, lb-mol/lr

Rate of CO Conversion, 10*
1b-mol/hr-g catalyst

KINETICS TESTS

*Feed gan aluo contains 1,8 ppm propyl mercaptan and 0.8 ppm thiophene.

94 9¢ 96
0.004837 0.0D03352 0.008402
2.2315 2, 2261 2.226)
0.000817 0. D00604 0.000631
0.71 0.52 1,30
Dry Wet Dry Wei Dry Wet
a,s 4.9 8.6 5.6 8.5 3.7
17.3 16.0 17.9 1.7 17.7 7.7
33,7 19,5 37.5 4.4 7.3 16.2
22,1 12, 22.% 14.8 22.3 9.7
1.8 1.1 1.3 a.89 1. 3% 0.58
Q.26 0.15% 0.1% 0.12 0.19 0.08
0.0% g.0% 0.09 9.06 0.0% 0.04
2.00 1,16 X 08 1.36 2.1 0.89
1.3} 0.76 1.34 0,89 1.135% 0.58
.01 0.01 0.02 0.01 0.02 0.0l
0. 26 9.1% 0.19 0,12 0.47 0.él
0.0% 6.05 0.07 0.0% a.0? 0.03
12,29 7.1 8.05 6.2 a.47 4.2
o 42.12 L] 3354 o 56.04
0.09 0.05 .09 0.06 0.09 0.04
100. 00 100.00 100.00 100. 00 100,00 iee.co
746 [.133 461
200 200 200
0.00306 0.00300 0. 00669
2. 3444 2.3725 2, 3829
D,000788 0.000598 0.000588
Dry Wet Dry Wet Dry Wet
2.9 2.0 3.3 2,13 1,0 1.51
21.8 15,1 21.6 14.9% 217 10.9
37.2 25.7 40.0 27.7 39.8 20.0
21.8 15.1 21.5% 14.% 21.¢ 11.0
1.6 1.1 1,28 .89 1.19 0.60
Q.17 a.12 0.15 Q.10 0.16 0.08
0 0 D i} [ [+]
1.51 1,08 1.57 1.09 1.61 o.82
1. 2% 0.B& 1.28 0.89 1.28 G.64
¢.01 0.01 0.02 0.01 0.02 0.0l
6.15 0,10 0.16 8. 11 0. 36 0.18
0.0% 0.06 .07 0.0% 0.06 0.03
11,43 T.92 8.98 6.1 8.81 4.4
o 30.82 [i] 30. %0 0 49.79
0,09 0.06 0.09 0.06 0,04 0.04
100.00 100.00 ioo.op 100,900 100. 00 160,00
0.000363 0,000324 0.000345
0.000355 0,000312 0.000327
¢, 000321 0.000304 0.000296
0.3 0. 32 0. 3%
BT605095%
B-35
= ~ 1 T B A~ 4 oMaoNn

TU-4-9



4/79

N 5 7T

Table B-2, Part 16.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.
Feed Water Rate, Ib-mol/hr

Feed Gaa Rate, SCF/hr

Feed Benzene Rate, Ib-mol/hr

Feed H;0/Gas Ratio {imol}

Feed Gas Composition, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Praopane

Butanes

Hydrogen Sulfide

Nitrogen

Heliurm

Ammonia

Fhenol

Benzene

Water

Carbonyl Sulfide
Total

Reacior Temnmperature, oE'

Reactor Pressure, psig

Product Water Rate, 1b-mol/hr

Product Gas Rate, SCF/hr

Product Bentene Rate, lb-mol/hr

Product Gas Compositien, mol 7

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Batanes

Hydrogen Sulfide

Nitrogen

Helium

Armmonia

Phenol

Benzene

Water

Carbonyl Sulfide
Total

CO Converted, lb-mol/hr
CO,; Produced, 1lb-mol/hr
H; Produced, Ib-mol/hr

Rate of CO Conversion, 10*
1b-mol /hr-g catalyst

“Feed gas also contains 1.8 ppm propyl mercaptan and 0.6 ppm thiophene.

I' T U T E

97 98 99
0.008321 0.003461 0.002846
2.2183 2.2183 2,2325
0.000607 0.000540 0.000616
1.30 0.55 0. 44
Dry Wet Dry Wet Dry Wet
8.5 3.7 8.7 5.6 9.0 6.2
17,8 7.7 18,0 11.7 18.4 13,0
35.4 15.4 15,9 23.2 13,6 23,3
22.% 9.97 23.2 15.0 231.5% 16.3
1.34 a.58 1,36 0.88 1,18 0.94
0.27 0.1t 0.27 6.17 0,26 0.18
0.09 0.04 0.09 0.06 0.09 0.06
z.1 0.89 2.09 1.35 2.07 1,43
1.3 0.58 1.36 0.88 I, 385 0.94
0,02 0,01 0.02 0.0l 0.0z 0.01
0.47 0.21 0.20 0,13 0.1& 0.1
0.07 .03 0,06 0.04 c.07 0,0%
9.61 i1 8.66 5.5 9. 64 6.6
0 56,64 [ 35,42 [ 30.82
0.09 0.04 0,09 0,06 o.09 ©.0¢
100. 00 100.00  100.00 100.¢0  100.00 100. 00
560 560 538
200 200 son
0.00797 n.00290 C.00249
2z, 417 2.3248 2.3572
0.000598 0.000499 0. 000601
Dry Wet Dry Wet Dry Wet
3.5 1.6 3.8 2.6 3.4 2,51
21,6 9.8 21.8 15.1 22.9 16.7
38.3 17.5 19.0 27.1 7.1 C27.0
22.5 10,3 22,6 15,7 22.9 16.7
1.2 0.55 1,31 0.91 1,20 0.88
0,16 0.07 0.17 0.1t 0.16 0.12
] 0 a 0 ‘0 0
1,88 0.86 1.95 1.35 1.6R 1.23
1.28 0.59 1.31 0.91 1.29 0.94
0.02 0.0! 0.02 0.0l D.02 p.ol
0.40 o.18 a.lé 0.1 0.13 0.10
0.06 0.03 0.05 0.03 0.06 0.05
9.01 4.1 1,74 5.3 9.07 6.5
0 54.37 ¢ 30,71 0 27.2
0.09 0.04 ¢.09 0,06 0.09 0.06
100, 00 100,00  100.00 100.00  100.00 100.00
0.000312 6,000301 D. 000347
0.000298 c.000287 0.000335
0.000301 0.000292 6.00032%
0.3! 0,30 0.135
B14050959p
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Table B-2, Part 17.
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No,

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr
Feed H;O/Gas Ratie {mol)
Feed Gas Carmpotition, mel 57

Carbon Mcnoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Suifide

Nitrogen

Helium

Ammaonia

Phenol

Benzene

Water

Carbonyl Sulfide
Taotal

Reactor Temperature, °F
Reactor Pressure, psig

Product Water Rate, Ib-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Hate, Ib-mol/hr
Product Gas Composition, mol

Carbon Menoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Prapane

Butanes

Hydrogen Sullide

Nitrogen

Helium

Armmonia

Phenol

Benzene

Water

Carbonyl Salfide
Total

CO Converted, lb-mol/hr
CO,; Produced, 1b-mol/hr
H; Produced, lb-mol/hr

Rate of CO Conversion, 104
lb-mol/hr-g catalyst

KINETICS TESTS

*Feed gas slno contains L. B ppm propyl mercaptan and 0.8 ppm thiophene.

100 101 102
0.008608 0.008107 ©.003132
2,232% 2.2473 2.24713
0.000496 0.000621 0. 000597
1.34 1.25 0, 4%
Dry Wet Dry Wet Dry Wet
9.0 3.85 9.3 4,1 9.3 .2
18,7 8.0 18.7 8.3 188 12,6
336 i4.4 335 14.9 3.7 22. 4
23,5 lo.1 23.% 1.4 236 15,8
1,35 G,58 1,135 6.60 i.36 .91
0.26 o0.11 Q.27 0.12 0,27 0.18
C.09 C.04 0.09 0.04 0.09 o.0é6
2,07 0,88 1.88 .80 1.81 1.21]
1.3% 0.58 1,135 C. 60 i.36 .91
0.02 ¢.01 0.02 0.01] b.02 0.0l
0,49 0.21 0. 45 0.20 .18 0,12
©.07 0,03 .07 .01 c.07 0.058
9.41 3.97 9.51 +4.25% 5, 1% 6.1
[+] 57.19 a 55. 41 Q 33.19
¢.09 0.04 .09 0.04 0.09 0.06
l0o. 0o 100,00 100. 00 100. 00 100. 60 100.00
538 660 660
S00 500 300
0.0056951 0.00770% 0. 002792
2. 3498 2.3921 2. 3867
0.000496 0.000615 0. 000500
Dry Wet Dry Wet Dry Wet
3.3 1.6 1.0 1.4 3.4 2.3
23.B 11.% 23.5 1.0 23.6 167
37,1 18,1 36.6 17.2 36,7 25.9
23,6 1.5 23,1 l1o0.9 24.2 17.1
1.21 0.59 1,28 9.60 1.30 0.92
0.15 0,07 0,16 .08 0,15 0.10
0 0 0 G 0 0
1.41 0.69 1.39 C.6% 1.40 0.99
1.5 0.64 i.28 ¢.60 L3 0.93
0.02 c.ol 0.02 0.0i 0,02 0.0l
0.28 Q.19 0.41 0.1% 0,15 c.11
0.05 G.03 0.07 0.03 .06 0.04
7.58 1.7 9. 10 4.2 7.62 5.3
L] §1.24 0 53.10 0 29.54
0.09 0.04 .09 0.04 .09 0.06
100. 00 100.00 100. 00 160.00 100,00 100,00
C.000362 ©.000397 0.000382
0.000369 0.00038% 0.000374
0.000296 €.000330 0. 000286
0. 36 0. 40 °. 38
B76050959q
B-37
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Table B-2, Part 18.

KINETICS TESTS

U-4-9

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.

Feed Water Rate, Ib-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, ib-mol/hr
Feed H,0/Gas Ratio (mol)
Feed Gas Composition, mel %7

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Benzene

Water

Carbonyl Sulfide
Total

Reacter Temperature, OI-'
Reactor Pressure, psig

Product Water Rate, lb-rmal/hr
Produer Gas Rate, SCF/hr
Product Benzene Rate, 1b-mol /hr
Product Gas Composition, mal %

Carbon Monoxide

Carbon Dicxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammaonia

Phenol

Beazene

Water

Carbonyl Sulfide
Total

CO Converted, Ib-mal/hr
£0; Produced, 1b-mol/hr
H; Produced, 1b-mol/hr

Rate of CO Conversion, 104
Ib-mol /hr-g catalyst

“Feed gas also contains 1.8 ppm propyl mercaptan and 0.8 ppm thiophene.

' T U TE

103 104 105
0.008369 0.002542 0,00813152
2.2%01 z. 2501 Z,2473
0. 000609 0.000476 0. 000621
1,29 0.40 1,28
Dry Wet Dry Wet Dry Wet
9.3 4.0 9.5 6.8 8.9 3.9
18,7 8.2 19,2 13,7 18,2 7.9
33,6 14.7 34.4 24.5 3s. 8 114.8
23,5 10.3 24,1 17.2 24.0 6.5
I, 3% 0.%9 1.8 0.99 1. 135 0.59
.27 o,11 0.28 0.20 0.27 G.12
0.0% 0.04 0.09 ¢.07 0.09 0.04
1. 80 0.79 1.8% i3z 1.80 0.79
1,38 0.%9 1,18 0.99 1,135 0.5%9
0.02 0.01% 0,02 G.01 .02 0.01
g.47 0.20 0,15 0,140 o.47 0.20
9.07 0.03 ¢.06 G.04% 6.97 C.01
9.9 4.1 7.50 5,3 9.59 4,2
¢} 56,3 ¢} 28.71 o 56.29
0.08 0.04 0. 09 0.07 0.09 0.04
190.00 100. 00 100.00 lee.00 100,00 100.090
745 7435 T44
500 500 1000
0.00782 0.001953 0.00789
Z.3968 2.3983 Z.4024
0.000595 D.000421 0.000582
Dry Wet Dry Wet Dry Wet
2.8 1.27 3.2 2.4 2,5 1.17
236 .7 24.1 18,7 231 10.7
317.5 16,9 38,5 9.7 38.4 17.8
22.6 10.2 23.3 18.0 22.6 10.5
1,19 0.5%4 1.31 1.00 1,27 0.59
0,22 0.10 0.2% 0.19% 0,25 0.12
0 - Li] 0 0 0 o
1.3 0.63 1,39 1.08 l. 36 0.63
1.28 0.58 1.32 1.02 k.27 0.5%
0.02 0.01 0.02 0.01 0.0z 0.0l
0.42 0.9 .11 0.08 0.42 a.20
0.06 0.03 0.04 0.03 0,06 0.01
8.84 5.92 6.37 4.9 8. 66 4.1
Q 54.89 o 22.82 0 53,52
0.09 0.04 0,09 0,07 0.09 .04
100.00 t00.00 100,00 toe. 00 100. 00 100.00
0.000408 0,0001395 0. 000406
0.000413 0.000395 0.000393
0.00039% 6.000 380 2.000431
a.41 D.40 0. 41
B76050959r
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Table B-2, Part 19.

KINETICS TESTS

(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run_ No.

Feed Water Rate, 1b-mol/hr
Feed Gas Rate, SCF/hr

Feed Btn.:ene Rate, lb-mol/hr
Feed HyO/Cas Ratie {mol)

Feed Cas Composition, mol [

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane '

Ethane

Fropane

Butanes

Hydrogen Sulfide

Nitrogeno

Heliam

Ammonia

Phenol

Benzene

Water

Carbonyl Salfide
Total

Raactor Temperature, aF
Reactor Fressure, psig

Product Water Rate, 1b-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, 1b-mol/hr
Product Gas Composition, mel T

Carbon Monoxide

Carbon Diaxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Helium

Ammonia

Phenol

Banzene

Water

Carbonyl Sulfide
Total

CO Converted, lb-mol/hr
€O, Produced, lb-mol/br
H, Produced, lb-mol/hr

Rate of CO Converwsion, 104
Ib-mol/hr-g catalyst

*Fued gas also containe 1.8 ppm propyl mercaptan and 0.§ ppm thiophene,

106 107 108
0.003326 0.008264 0.00300
2.2473 2.2789 2. 2789
0.000727 0. 000764 0.000766
0.51 1.23 0.45
Dry Wet Dry Wet Dry Wet
8.7 5.8 B.7 3.9 B.7 6.0
8.6 12.3 18.3 8.2 18, 4 12,7
32.8 21.80 3z.7 14,6 2.8 22,6
2.0 15.90 23.5 10.5 236 16,3
1.38 0.93 1,32 0.59 1.33 o.92
0.27 .18 0. 27 0.12 0.27 6.19
0.c9 0.06 0,09 0.04 0.09 0.06
1.78 1.18 1,75 0.79 1.76 1,22
1.34 ©.43 1,32 0.59 1,33 0.92
0.02 0.0l 0.02 0.0l 0.02 .0l
0.16 0.11 0. 45 0.20 0. 16 G.1!
0.0% 0.06 0.08 0.04 0.09 ¢.06
10.68 7.08 11,41 5.1 11,3 7.9
0 11,64 0 55. 28 0 30,95
¢.09 0.06 0.09 0.04 0.09 0.06
100,00 100.00 108, 90 100, 00 100.00 180.00
744 658 658
1000 1000 1000
0.002462 0.006831 0.002588
2.3786 2.4292 2. 4030
0.000683 0.000725 0. 000671
Dry Wet Dry Wet Dry Wet
2.9 2.12 zZ. 8 1.4 j.o0 2.2
231 16.86 22.9 1.6 22.8 16.6
36.6 26.72 37.2 18.9 36.6 26.6
23.1 16.86 22,2 11.3 2Z.4 16.4
1.27 0.94 1.2% 0.64 1.26 0.92
0.25 0.18 0,25 0.13 b.26 5.19
0 o 0 [ 0 0
1.33 0.98 113 a.68 1.31 0.9
1.27 0.94 1.26 0.64 1.27 0.93
6.02 601 0.02 0.01 0.02 0.01
0.14 0.0% 0.35 0.18 0.13 0.10
0.06 0.0- 0.08 0.04 0.07 0.405
9.87 1.28 10. 28 %22 10.79 7.0
[ 26.72 o 49,22 [\ 27.98
0.09 0.06 0,08 0,04 0.0% 0.06
100.00 100,90 100.00 100.00 100,00 100, 00
0.000372 6.000392 0.000375
3.000362 0.000381 0.000362
0.000355 0.000431 0.000359
0.37 0.39 0.38
BT605095%s

-~ J [\ - ¥

1U-4-9



4/79

N s T

Table B-2, Part 20.
(Girdler G-93 Catalyst, 4 x 6 Mesh Spheres, 10.02 g)

Run No.

Feoed Water Rate, lb-maol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr
Feed H,O/CGas Ratio (meol)
Feed Gas Compasition, mof %

Carbon Monoxide

Carbon Dicxide

Hydrogen

Mathane

Ethane

Propane

Butanes

Hydrogen Salfide

Nitrogen

Helium

Ammontia

Fhenol

Benzene

Warer

Carbonyl Sulfide
Tetal

Reactor Ternperature, °r

Reartor Pressure, psig

Product Water Rate, 1b-mol/hr
Product Gas Rate, SCF/hr
Prodact Benzene Rate, lb.-mol/hr
Product Gas Composition, mol %

Carbon Monoxide

Carbon Dioxide

Hydrogen

Methane

Ethane

Propane

Butanes

Hydrogen Sulfide

Nitrogen

Hellum

Ammonia

Phenel

Benzene

Watgr

Carbonyl Sulfide
Toral

CO Converted, l1b-mol/hr
CO; Produced, lb-molSfhr
H; Produced, lb-mol/hr

Rate of CO Conversion, 10

1b-mol/hr-g catalyst

KINETICS TESTS

109 110
0.002876 0.008452
2.2413 2.241)
0.000762 0. 000669
0.44 I.30
Dry Net Dry Wet
E.7 A a.8 1.8
18,3 tz.8 8.6 8,1
2.1 22.8 13.1 1,4
21,6 16.4 23.8 D, 4
.32 0.92 1,33 0.55
0.26 0.18 0. 26 .11
0,09 0.06 .09 Q.04
1.7 1,22 1.78 0.77
1.32 0.9z 1,13 0,58
6,62 c.0] 0.02 0.01
0. 1b 0. 11 0.47 ¢.21
0.09 0.08 ¢.ne ©.03
11.59 4.0 0,25 4.5
1] 30.36 Li] 5h. 43
0.0%9 0,06 0.09 0,03
100, 90 100. 00 100.00 100. 00
557 %57
lago 1600
0.00225 ec.o0%1)
Z.4181 2. 4061
0.000645 0.000650
Dry Wet Dry Wet
2.5 1.9 2.4 1.2
23.2 17.6 F A 1.5
3.8 27.8 369 18,2
23,5 17.8 23.2 11,4
1,30 0,98 1,26 0.62
0.22 0. 16 .22 g.11
0 it 0 Q
1.41 1.07 1,39 0.68
1.2% 0.95 1.286 0.62
0.02 0.0l 0.02 4.0l
a. 12 0.0% 9.3 0.18
0.07 0.05 0.07 0.04
9.52 7.0 9.52 4.6
0 24,52 o S0.8
0.09 0.07 0.09 0.04
100. 00 100. 00 100. 00 100.00
0.060401 0. 000408
0.000406 0. 000404
0.000397 0.000398
0. 40 o. 41

“Feed gas also containa 1.8 ppm propyl mercaptan snd 0.8 ppm thiophene,

T UTE O F

B~40

A

B760%095%
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Table B-3, Part 8. KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)

Hun No. 85 13 87
Feed Water Rate, 1b-mol/br 0. 00BO4T 0.008132 0. 008206
Feed Gas Rate, SCF/hr 2.2232 2.2263 2. 2263
Feed Benzene Rate, lb-mol/hr Q. 000613 0. 000689 0. 000667
Feed H;0/Gas Ratio (mol) 1.27 1.27 1.28
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Compoaition, mol 7—' - .- -—- - - -
Carbon Monoxide 19.18 B. 45 18. 33 B.12 16. 39 8. 08
Carbon Dioxide 12.26 5.43 12. a7 5.70 12.93 5.67
Hydrogen 34,39 15.22 34.22 15,15 34,29 15. 06
Methane 20.11 8. 90 19. 48 B. 63 19. 56 8.57
Ethane 0,81 0. 36 0.80 0.36 0. 80 0. 35
Propane 0. 63 0. 28 0. 62 0. 27 0. 62 0. 26
Butanes & 09 0. 04 0. 09 Q. 04 ¢. 09 0. 04
Hydroget: Sulfide L.99 0. 88 1. 7% o.79 1.79 0. 78
Nitrogen 0. 91 0. 40 .07 0. 47 1.07 0. 46
Helivm 0.0} 0. 01 0. 01 0. 01 0.01 0.01
Carbonyl Sulfide 0. 09 G. 04 0. 09 0. 04 0. 09 0, 04
Phenol 0.17 0. 08 0. 36 0.16 0. 36 0.16
Benzene 9, 44 4.17 10,27 4,56 10, 00 4,39
Water -- 55, 74 ~- 55. 70 -- 56. 13
Total 100. 00 100. 00 100. 00 100. 60 100. 00 100. 00
Reactor Temperature, *F 654 -- 551 - 650 -
Reactor Presaure, paig 50 -- 1000 -- 1000 -
Product Water Rate, lb-mol/hr 0. 006773 - 0. 006810 - 0. 006981 -
Product Gas Rate, SCF/hr 2. 3411 - 2, 5444 - 2.5832 -
Product Benzene Rate, lb-mol/hr 0, 000537 - 0. Q00600 .. 0. 000611 -
Product Gas Composition, mol f - - - - - ) -
Carbon Monoxide 13.84 6.83 5. 08 2.61 3. 56 1.82
Carbon Dioxide 16.47 a.13 23. 01 11.82 24. 06 12. 31
Hydrogen 37.61 18, 58 41,76 21. 57 42,52 22.03
Methane 15.69 9.73 17.78 .13 17. 49 8. 95
Ethane 0.79 0.39 0.72 0. 37 0. 71 0. 36
Propane 0.61 0.30 b. 56 0. 29 Q. 55 0. 28
Butanes 0. 0¢ 0. 00 0. 0D 0. 00 0. 00 0. 00
Hydrogen Sulfide 1.89 0.93 1. 59 0.8) 1.56 0. 80
Nitrogen 0.88 0. 43 0. 96 0. 49 0. 95 0. 48
Helium 0.01 0.01 0.01 0.01 0. 01 0. 01
Carbonyl Sulfide 0.11 0.05 €. 10 0. 05 a.1¢ 0. 05
Phencl 0.17 0. 08 032 0.16 ¢, 30 0.15
Benzens 7.93 3.95 8.11 4.17 8.19 4.17
Water = 50. 59 = 48.52 - 48, 59
Total 100. 00 100. 00 1040. 00 1060. 00 100. 00 100. 00
CO Converted, lb-rnol/hr 0. 000306 - Q. bo0820 - 0. 000%25% -
CO; Produced, lb-mol/hr 0, 000305 - 0. Q00822 - 0. 000925 -
H; Produced, lb-mol/br 0. 000289 - 0. DODBOG - 0. 000433 --
Rate of CO Conversion X 1074
lb-mol/hr-g catalyst 0.31 -- G, 82 -- 0.93 -—
Feed aiso contains 4.3 ppm ethyl mercaptaa, 1.4 ppm n-propyl mercaptan,
4. 6 ppm isopropyl mercaptan, and 2. 6 ppm dh};lﬁdﬂ. BT6122652a

Preceding page blank
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Table B-3, Part 9. KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)

Run No. 88 89 90

Feed Water Rate, lb-mol/hr 0. 008279 0. 003368 0. 003460
Feed Gas Rate, SCF/hr 2.2263 Z.2251 2. 2251
Feed Bensene Rate, lb-mol/hr 0. 000574 0. 000670 0. 000673
Feed HyO/Gas Ratio (mol) 1. 29 0. 52 0. 54
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol %%
Carbon Monoxide 18. 65 B.10 18.39 12.06 18.39 11.94
Carbon Dioxide 13.09 5. 69 12.93 8. 48 12.93 8. 39
Hydrogen 34. 81 15.11 34.29 22. 55 34. 29 22. 4]
Methane 19.81 B. 60 19.56 12. 83 19. 56 12.7¢
Ethane 0.82 0. 3¢ 0. 80 0. 52 0. 80 0. 52
Propane 0. 63 0. 27 0. 62 0. 40 0. 62 0. 40
Butanes 0. 09 0. 04 0. 09 0. 06 0.09 C. 06
Hydrogen Sulfide 1.83 0.7¢9 1.79 1.18 1.79 1.17
Nitrogen 1.09 0. 47 1. 07 0.70 1. 07 0.7¢
Helium 0.01 0.01 0. 01 ¢ 0l 0. 01 0. 01
Carbonyl Sulfide 0. a9 0. 04 0. 09 0. 06 0.09 0. 06
Phenal 0,31 0.14 0. 36 D.23 0. 36 0.23
Benzene .77 3.78 10. 00 6.59 10, 0o 6, 50
Water - 56. 60 .- 34,33 == 34.91
Total 100. 00 100, 00 100. 00 100, 00 100. 00 100, 00
Reactor Temperature, °F 747 -- 560 -- 653 --
Reactor Pressure, psig 1000 - 1000 - 1000 --
Product Water Rate, lb-mol/hr 0. 007055 -- 0. 002174 -- 0. 002327 --
Product Gas Rate, SCF/hr 2.5872 -- 2. 5165 -- Z. 5526 -
Product Benzene Rate, lb-rmol/hr 0. 000529 -- 0. DOD&) 6 - 0. 000602 -
Product Gas Composition, mel %
Carbon Monoxide 3.43 1. 74 5. 69 3.07 4. 56 2,33
Carbon Dioxide 24. 65 12. 38 22. 26 11.43 23,38 11.94
Hydrogen 42.91 21.93 41. 36 2022 42. 06 21.58
Methane 17. 66 8. 94 17.91 9.19 17.67 9.03
Ethane 0.72 0. 36 9.73 0. 37 0.72 0. 37
Propane 0.57 0. 29 0. 56 0. 29 0. 55 0. 28
Butanes 0. 0O 0. 00 0. 00 0. 00 0. 00 0. 0¢
Hydrogen Sulfide 1.55 0.78 1.60 0.82 1.58 0. 81
Nitrogen 0. 94 0. 47 0. 95 0.49 0.94 0. 48
Helium 0. 01 0. 01 0. 01 0. 01 0.01 0. 01
- Carbeoy] Sulfide Q.10 g. 05 Q.10 0. 45 0.10 0. 0%
Phenal 0.28 0. 14 0.32 0. 17 0. 32 0.16
Benzene 7.18 3.61 8. 21 4. 31 8.11 4. 14
Water - 49. 30 -= 48, 58 - 48.82
Total 100. 00 . 100, 00 100, 00 1006. 00 100. 00 10¢. 00
€O Converted, lbemol/hr 0. 000937 -- 0. 000759 - 0. 000BS5 .-
CO; Produced, lb-mol/hr 0. 000936 -- 0. 000756 - 0. 000854 --
H; Produced, lb-mol/hr 0. 000920 - 0. 000739 - 0. 000837 -
Rate of CO Conversion X 1074
Ib-mol/hr-g catalyst Cr 94 -- 0.76 - 0. 8‘6 -—-
g e mor Saptans Eh e e e, = oPrOPY] mercaptan, —

B-56
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Table B-3, Part 10. KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)

Run No. 91 92 93
Feed Water Rate, lb-mol/hr 0. 008034 0. 007985 0.C08047
Feed Gas Rate, SCF/hr 2.2229 2.222% ) 2.2229
Feed Benzene Rate, Ib-mol/hr 0. 000636 0. 000689 0. 000678
Feed H;0/Gas Ratio (mol) 1. 25 1. 24 1.26
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol % .
Carbon Monoxide 18.15 B. 05 i18.08 B, 05 18.12 8.02
Carban Dioxide l12.50 5. 54 1243 5. 54 12.47 §5.52
Hydrogen 34.49 15,30 34.42 15,30 34.46 15.25
Methane 20.40 9. 05 20.32 9,05 20. 36 .02
Ethane 0. 81 0. 36 0. 81 0. 36 0. 81 4. 36
Propane 0.62 0.28 0.62 0.28 0. 62 0.28
Butanes 0. 09 0. 04 0. 09 . 04 0.09 0. 04
Hydrogen Sulfide 1.89 G, 84 1. 89 0. B4 I.B9 0.83
Nitrogen 0. 98 Q, 44 0. 98 0. 44 0.98 0,43
Helium 0. 01 0. 01 0. 01 0.01 0. 01 G, 01
Carbonyl Sulfide a. 09 . 04 0. 09 0. 04 0. 09 Q.04
Phenot 0. 34 Q.15 0.34 0 16 0. 34 0. 16
Benzene 9.63 4.25 9.92 4. 61 9.76 4,52
Water - 55. 65 - - 65. 28 - 55, 52
Total 100. 04 100, 00 100. 00 100. 00 100. ¢0 100, 00
Reactar Temperature, "F 553 -- 660 - 749 -
Reactor Pressure, psig 500 - 500 -- 500 .-
Product Water Rate, lb-mol/hr 0. 006883 - 0. 006859 -- 0. 006822 --
Product Gas Rate, SCF/hr 2. 5095 .- 2. 5408 -- 2.5514 --
Froduct Benzene Rate, lb-mal/hr 0. 000636 - 0. Go0622 - 0. DODSOD -
Product Gas Composition, mol T
Carbon Moancxide 5.91 3. 00 4,69 Z.4} 4. 20 2.16
Carbon Dioxide 21.85% 11.08 22. 58 11.57 23.02 11.83
Hydrogen 41. 3% 21.08 4). 71 21. 47 42,20 21.74
Methane 18.73 9.49 18. 38 9.42 18. 3% 9. 44
Ethane 0. 74 0. 37 0.71 0. 36 0.72 0.37
Fropane 0.57 0.28 0. 56 0. 28 ¢. 56 0. 28
Butanes 0. 00 0. 0¢ 0. 00 0. 00 . 00 0. 00
Hydrogen Sulfide 1. 68 0. B4 1. 64 0. 84 1. 62 0.83
Nitrogen 0. 89 0.45 Q.87 0. 45 0. 87 0. 45
Helhwum 0.0l 0.01 0. 01 ¢, 01 0.0l 0. 01
Carbonyl Sulfide 0. 10 0. 05 0.1¢ Q. 05 0.10 0. 05
Fhenel 0. 31 0. 16 0.32 0. 186 0.32 0. 16
Benzene 7.83 3.98 8.43 4.30 8. 03 4.16
Water -~ 49.21 - 48. 68 - 48. 52
Total 100. 00 100, 00 100. 00 100. DO 100, 00 lOb. 00
CQ Converted, Ib-mol/hr 0. 000745 -- 0, 000825 - 0. 0008&D -
COQ; Produced, lb-mol/br 0. 000744 .- 0. 000825 “- 0. 000858 .-
H; Produced, lb-mol/hr 0. 000730 -- 0. 000808 - 0. 000R39 --
Rate of CO Conversion X 1074
\b-mol/hr-g catalyst 0.75 -- 0.83 - 0. 86 --
Feed also contains 4.3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4, & ppm isopropyl mercaptan, and 2. 6 ppm disulfides. B76122652¢
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Run No.

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr

Feed Bensene Rate, |b-mol/hr
Feed H;0/Gawn Ratio (mol}

Basis for Analysis

Feed Gas Composition, mol %*

Reactor Temperature, °F
Reactor Pressure, paig

Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzese Rate, lb-mol/hr

Carbon Monoxide

Carbon Dioxide
Hydrogen
Methane
Ethane
FPropane
Butanes
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Phenol
Benzene
Water

Total

Table B-3, Part 11.

KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)

95

IU-4-9

Product Gas Composition, mol %

CQ Converted, lb-mol/hr
CO; Produced. lb-maol/hr

H; Produced, lb-mol/hr
Rate of CO Conversion X 1074

Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Fropane
Butanea
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Phenol
Benzene
Water

Total

Ib-mol/hr-g catalyst

Feed also contains 4.3 ppm ethyl mercaptan, 1.4 ppm n-

4- 6 ppm iscpropyl mercaptan, and 2. 6 ppm disulfides.,

N ST I 7T

34
0. 003258 0. 003380 0. 003429
2.2186 2. 2186 2.2186
0. 000692 0. BOD4E9 0. 000715
0. 51 0.53 0.53
Dry Wet Dry Wet Dry Wet
18.10 11.95 18. 08 11.81 18.02 11.72
12. 47 8.23 12.43 8.13 12.37 4.07
34. 48 .72 14,42 22. 44 34.36 22,27
20. 36 13.44 20.32 13.28 20. 26 13.18
0. 81 0. 54 0.81 0.53 0.81 0. 52
0.62 0.42 0. 62 0. 41 6. 62 0. 40
0.09 0. 06 0. 09 0. 06 0. 09 0. 06
1. 89 1.25 1.8% 1.23 1.89 1.21
0. 98 0.63 C. 98 0. 63 0.98 0. 62
0. 01 0. 01 0,01 [V ] ¢. 01 0.01
0,09 0. 06 0. 09 0. 06 0. 09 0. 08
0. 34 0. 23 0. 34 0.23 0. 34 0. 24
9. 74 6. 68 9. 92 6.77 10. 16 6. 98
- 33,58 - 14. 4] - 34. 66
100.00 100. o0 100. 00 100. 00 100. 00 100. 00
560 - 652 -- 748 -
500 ~- 500 -- 500 -
0. 002107 -a 0. 002254 - 0. ¢02205 --
Z. 4816 -- 2. 5048 - 2. 2186 -
0. 000619 - 0. 000600 -- 0. 000642 --
6.74 5. 1% 5.90 4. 48 5. 52 4.22
21.07 16. 23 21.717 16. 53 21.90 16,75
40.77 3. 41 41.38 31.41 41.32 3}. 60
18.75 14.45 18. 66 14. 16 18.49 14. 14
0. 69 0. 63 0. 69 0. 52 Q.70 0.53
0.57 0. 44 0. 56 0.43 0. 56 Q.43
0. oo 0. 00 0. 00 0. 00 Q. co 0. 00
1.59 l.22 1. 61 1,22 1.60 1.23
0. 88 0. 68 0.87 0. 66 0. 87 0. 66
0.01 0. 01 0. 01 oo .01 0.0
0.09 0. 06 0. 10 0. 07 0.10 0.07
0.33 0.25 0. 32 0. 25 0.33 0. 26
8.51 6. 58 a8.13 6. 25 8. 60 6. 67
- 22. 55 -~ 24. 01 == 23, 43
100. 00 100, 00 100, 00 100, 0O 100. 00O 100. 00
0. 00068 -- 0. 000743 - 0. 000766 -
0. GOG6RS -- 0. 000744 -- 0. 000767 -
0. 0D06EE -- 0. 000726 -- 0. 600749 -
0.69 . 0. 74 - 0. 77 --
propy} mercaptan,
BT6122652d
B-58
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Table B-3, Part 12. KINETICS TESTS
(UC-1870-46~-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)

Run No. 97 98 99
Feed Water Rate, lbemol/hr 0. 006063 0. 006038 0. 006124
Feed Gas Rate, SCF/hr 2.2126 2.2126 2. 2256
Feed Benzene Rate, lb-mol/br 0. 000678 0. 000h44 0. QOD6SE
Feed H,0/Gas Ratio (mol) 0.95 0. 95 Q.96
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol % .
Carbon Monoxide 19. 20 9. 88 19.25 9.91 14, 26 9. 87
Carbon Dioxide 12.57 6.46 12. 61 6. 46 12.62 6. 46
Hydrogen 32.36 16.64 32.42 16, 67 32. 44 16. 62
Methane 20.83 10.72 20.88 10, 75 20.90 10. 72
Ethane Q. 81 0.42 0. 81 o. 42 0.8} 0. 41
Propane 0. 62 0.32 0. 62 0.32 0. 62 0.32
Butanes 0. 09 0. 05 0. 09 C. 05 0. 09 0. 05
Hydrogen Sulfide 1.88 0.97 1. 88 0.97 1.88 0. 96
Nitrogen 0. 98 D. 50 0.98 059 0. 99 0. 51
Helinm 0.01 0. 401 0. 01 0.01 Q.01 0. 01
Carbonyl Sulfide - 0.09 0.05 0. 09 0. 05 0. 09 0.05
Phenol 0. 36 0.18 0. 36 0.18 0. 34 0.13
Benzene 10. 20 5.25 10. 00 5. 0% 9. 95 5. b6
Water - 46, 55 == 48. 66 - - 48, 78
Total 100. 00 100,00 100. 00 100. 00 100. 90 100. 0O
Reactor Temperature, “F 563 -- 660 - 747 --
Reactor Pressure, psig 200 -- 200 - 200 -
Product Water Rate, lb-mol/hy 0. 004924 - 0. 004862 -- 0. 005058 --
Product Gas Rate, SCF/hr 2. 5246 -- 2. 5323 -- 2.4976 --
Product Benzens Rate, lb-mol/hr 0. 000619 - @, 000607 a“w 0. 000594 --
Product Gas Composition, mol %
Carbon Monoxide 7.61 4. 55 b. 48 3.87 6. 04 3.55
Carbon Dioxide 2. 46 12.81 22. 34 13.32 22, 54 13.24
Hydrogen 39. 30 23.29 40. 06 23.89 40,22 25, 63
Methane 18.99 11,23 18.85% 11.21 18, 68 11.00
Ethane 0.73 C. 43 0.70 0. 42 o.72 0. 42
Propane 0. 56 0. 33 0.56 ¢. 33 0. 57 0,33
Butanes 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
Hydreogen Sulfide 1.61 0. 95 1. 61 0. 96 - 1. 64 0. 96
Nitrogen 0. 88 0. 52 0.88 0. 52 0.91 0.53
Helium 0.01 0.01 8. 01 0. 01 0.01 ¢ 0l
Carbonyl Sulfide 0.10 n. 04 {.10 0. 06 0.10 0. 06
Phenol 0.32 0.19 0. 52 0.19 0. 31 0.18
Benzene 4,43 4, 98 8. 09 4.91 8. 26 4. 77
Water - 40. 65 -- 40. 31 - 4l.32
Total 100. 00 100. 00 100, 00 100. 00 100, 00 100. 00
CO Converted, lb-mol/hr 0. 000701 -- 0. 000776 -- 0. 000806 --
€O, Produced, lb-mol/hr 0. 000700 -~ 0. 000775 --  ©.000805 --
H; Produced, lb-mol/hr 0. DOC684 - 0. 000747 - 0. 000798 --
Rate of CO Conversian X 1074
th-mol/hr-g catalyst 0.70 - 0. 78 -- 0. 81 -

Feed also contains 4. 3 ppm athyl mercaptan, 1.4 ppm n-propyl mercaptan,

4. 6 ppm isopropyl mcrcxtln. and 2. 6 ppm disulfides. B76122652
L]
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Table B-3, Part 13. KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)
Run No. 100 101 102
Feed Water Rate, lb-mol/hr 0. 003393 0. 008169 0. 003368
Feed Gas Rate, SCF/br 2.2256 Z, 2240 2.2240
Feed Benzene Rate, lb-mol/hr 0. 000936 0. 001408 0. 00132])
Feed HyO/Gas Ratio {mol) 0.53 1.13 0. 48
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Compeaition, mol % .
Carbon Monoxide 19. 30 12. 64 17. 25 8. 17.47 11. 85
Carboa Dioxide 12. 65 8.28 11. 30 5. 11.44 T.76
Hydrogen 32.48 21.29 29, 06 13. 60 29. 41 19. 95
Methane 20, 95 13.72 18.73 8. 746 18.96 12. 86
Ethane 0.81 0.53 0. 72 0. 0.73 Q. 50
Propane 0. 62 0. 40 Q. 56 0. 26 0. 56 0. 38
Butanes 0.09 0, 06 0. 08 0. 04 0. 08 0. 06
Hydrogen Sulfide 1.88 1.23 1. 68 0.79 1. 70 1. 16
Nitrogen 0.99 0.65 0. 89 0. 42 0.90 0. 61
Helium 9.01 2. Q) 0.01 0. 01 0.01 0. 01
Carbonyl Sulfide 0. 09 0. 06 0.08 0. 04 0. 08 0. 06
Phenc! 0. 34 0. 23 -- - -
Benrene 9.79 6. 26 19.64 9 18. 66 12,62
Water == 34. 64 -- 53. 21 -- 32.18
Total 100, 00 100. ¢0 100. 00 100. 00 100. 00 100. 00
Reactor Temperature, °F T48 - 663 -- 654 -
Reactor Pressure, psig 200 -- 1000 1000 1000 1000
Product Water Rate, lb-mol/hr 0. 402339 -- 0. 006895 - 0. 002205 --
Product Gas Rate, SCF/hr 2.5162 -- 2. 5437 - 2. 5641 --
Product Benzene Rate, lb-mol/hr 0. 000577 .- 0. 001309 - 0. 001229 --
Froduct Gas Composition, mol %
Catrbon Monoxide 6.81 5.12 3. 86 .92 4. 58 3.58
Carbon Dioxide 22.10 16,863 2l.97 11.82 21.43 16. 75
Hydrogen 39,87 30, 00 37.89 20. 39 37, 64 29.42
Methane 19. 2} 14,46 17.04 .17 17.15 13,40
Ethane 0.72 0. 54 Q. 65 & 35 0. 6é 0. 52
Propane C. 56 0. 42 0. 50 Q.27 0. 52 C. 41
Butanes 9. 00 &¢. 00 0. 00 0. 00 0. 00 0. 00
Hydrogen Sulfide 1. 62 1.22 1.42 0.76 1. 47 1.15
Nitrogen 0. 90 0. 68 0.78 0.42 0. 80 0. 62
Helium 0. 01 0,01 0. 01 0. 01 0. 01 0. 01
Carbonyl Sulfide 0.10 0. 07 0. 09 0. 05 ¢ 09 0. 07
Phenol 0. 28 0. 21 -- .- -
Benzene 1. 82 5.95 16.09 8.75 15. 65 12. 18
Water -- 24. 69 .- 46. 09 == 21.89
Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
CO Converted, lb-mol/hr 0. 000757 - 0. 000954 - 0. 00ORT9 -—
CO; Produced, lb-mol/hr 0. 000756 - 0. 000953 0. 000878 --
H, Produced, 1b-mol/hr 0. 000740 -- 0. 000950 0. 000870 -
Rate of CO Conversion X 1074
Ib-mol/hr-g catalyst 0.76 -- 0. 95 0. B8 --
Feed also contains 4. 3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4. 6 ppm iscpropy! mercaptan, and 2. 6 ppm disulfides. B161226521
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Table B-3, Part 14. KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 £)

Run No. 103 104 145
Feed Water Rate, lb-mol/hr 0. 007885 0. 007826 0. 007802
Feed Gas Rate, SCF/hr 2.2126 2.2126 Z.2126
Feed Benzene Rate, Jb-mol/hr 0. 000678 0. 000679 0. 000678
Feed H;O/Gas Ratio {mal) 1.20 1.20 .21
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol w®
Carbon Monoxide 18. 62 8. 36 18.62 8. 39 18. 62 B. 41
Carbon Dioxide 12.25 5. 50 12,25% 5.52 12.25 5. 53
Hydrogen 34.29 15.39 34,28 15,45 34.28 15. 48
Methane 19.70 8. 84 19. 69 8.88 19. 69 - B. B9
Ethane 0. 81 0. 36 0.81 0. 36 0.8l 0. 37
Propanoe 0.62 0. 28 0. 62 0. 28 0. 62 0. 28
Butanes 0.09 0. 04 0. 09 0. 04 0. 09 ©. 04
Hydrogen Sulfide 1.96 0. 88 1.96 0. B8 1. 96 0. 88
Nitrogen 0.98 0.44 0. 98 G. 44 0. 98 0. 44
Heliam 0. 901 0.01 Q.01 0. 01 Q.01 0.0l
Carbonyl Sulfide 0. 09 0. 04 0. 09 0. 04 0.09 0. 04
Phenol Q. 34 0.15 0.34 0. 14 0. 3¢ 0.15
Benzene 10. 24 4.74 10. 26 4.7b6 10. 26 4,77
Water . " 54. B7 - 54. 81 - 54. 71
Total 100. 0C 100. 00 100, 0C 100. 00 100. 00 100. 00
Reactor Temperature, °F 560 -- 66] -- 749 .-
Reactor Pressure, psig 100 .- 100 -- 100 -
Product Water Rate, lb-mol/hr 0. 006614 - 0. 006528 .- 0. 0064467 --
Product Gas Rate, SCF/hr 2.3601 - 2.3767 - 2.3852 .-
Product Benzene Rate, lb-mol/fhr 0. 000622 - 0, 000622 - 0. 000K16 -
Product Gas Composition, mol %
Carbono Monoxide 12.22 6. 17 11.47 5. BS 11.10 5. 69
Carbon Dioxide 17.22 B. 70 17. 77 9. 06 18, 07 9. 24
Hydrogen 37. 96 19.17 38. 38 19. 57 38. 53 19,81
Methane 19.01 9. 60 18. 88 9. 62 18. 81 9. 63
Ethane 0.77 Q.39 0. 76 0. 39 0.76 0.39
Fropane 0.59 0.30 0. 59 0. 30 0. 56 0.30
Butanes 0. 00 0. 00 0. 0 0. 00 0. 00 0. 00
Hydrogen Sulfide 1.75 0. 88 1.4 0.88 1.75 0.90¢
Nitrogen 0.93 0.47 0. 93 0. 47 0.93 0. 47
Helium 0. 01 0. 01 0. 01 0. 01 0.01 0.01
Carbonyl Sulfide 0.09 0. U4 0. 03 0,02 0. 09 0. 05
Phenol 0.30 0.15 0. 29 D.15 0.29 0.15
Benrene 9.15 4. 65 9.15% 4. 65 9. 08 4, 64
Water - 49. 41 -- 49. 03 - 48. 72
Tota! 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
CO Converted, lb-mol/br 0. 000371 m 0. 000417 - 0. 000440 -
CQ; Produced, ib-mol/hr 0. 000375 .= 0. 000420 - 0. 000443 -
H; Produced, lb-mol/br 0. 00360 - . 000405 -- 0. 000428 -
Rate of CC ConversionX 1074
lb-mol/hr-g catalyst 0.37 - 0.42 - 0. 44 -
Feed alsp contains 4.3 ppm ethyl mercaptan, 1.4 ppm n-propyl maercaptan,
4. 6 ppm iscpropyl mercaptan, and 2. 6 ppm disulfides.
BT6122652g
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Table B-3, Part 15, KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)

Run No. 106 107 108

Feed Water Rate, lb-mol/hr 0. 003331 0. 003270 0. 007887

Feed Gas Rate, SCF/hr 2.2141 2.214] 2. 2149

Feed Benzene Rate, |b-mol/br 0. 000678 0. 000735 0. 000678

Feed H,C/Gas Ratio {mol} 0.52 0. 50 1.23

Basis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol % *
Carbon Manoxide 18, 64 12.28 18. 48 12.28 18. 89 8.49
Carbon Diexide 12.24 &. 07 12. 14 B. 07 12.28 5. 52
Hydrogen 34.30 22.59 34. 00 22.58 34,06 15. 25
Methane 19. 69 12.77 19.50 12. 95 19. 89 8,73
Ethane 0. 81 0.53 0. 80 0,53 b.81 ¢. 36
Propane 0. 62 0.41 0.62 0.4] 0. 62 0.28
Butanes 0. 09 0. 06 0. 09 0. 06 0. 09 0. 04
Hydrogen Sulfide 1.96 1.29 1. 94 1. 29 1-96 0.88
Nitrogen 0. 98 0. 65 0. 97 0. 65 0.92 Q.41
Helium 0.0} 0. 01 0. 01 0.01 0.0] ¢, 01
Carbonyl Sulfide ad. 09 0. 06 0. 09 0. 06 0. 09 0. 4
Phenol 0. 34 0. 23 0. 36 0. 24 0. 34 0,15
Benzene 10. 23 6. 95 11.00 7. 54 10. 04 4. 74
Water -- 34.10 - - 33. 32 -= 55.10

Total 100, 00 100, 00 100. 00 100. 00 100. 00 100, 00

Reactor Temperature, "F 558 “a 659 -- 556 --

Reactor Preasure, peig 100 - 100 - 50 -

Product Water Rate, lb-mol/hr 0. 002143 .- 0. 002033 .- 0. 006614 --

Froduct Gas Rate, SCF/hr 2. 3366 - 2. 3448 -- 2.3142 -

Product Benzene Rate, lb-mol/hr 0. 000625 - 0. 000684 - 0. 000619 .-

Product Gas Composition, mal %

Carbon Monoxide 13. 28 10. 06 12. 58 9. 68 i4. 52 7.27
Carbon Dioxide 16,43 12. 44 16. 70 12.85 15. 59 7. 80
Hydrogen 37.36 28. 30 31,36 28. 14 36, 54 18.31
Methane 19.19 14. 53 18.92 14.5% 19. 57 9.79
Ethane 0.78 0. 59 0. 17 0. 59 0. 78 0. 39
Propane 0.59 0. 45 0. 89 0. 45 0. 60 0. 30
Butanes ¢ 00 0. 00 0. 00 0. 00 0.00 0. 00
Hydrogen Sulfide 1.76 1,34 1.73 1.33 1.78 0. 89
Nitrogen 0.94 0. 71 0.92 0. 70 C, 88 0. 44
Helium 0. 01 0. 01 0. 01 0.01 0. 01 0. 01
Carbony] Sulfide 0. 09 Q. 07 0. 09 9. 07 0.09 0. 05
Phenol 0. 30 0,22 0. 30 9. 22 0.30 0.15
Benzene 9.27 7.07 §10.03 7.77 5. 34 4. 67
Water - 24.21 -- 23,03 == 49. 93
Total 100. 00 100. 00 100. 00 100. 00 100. 0Q 100. 00
CO Converted, lb-mol/hr 0. 009309 - . 000346 - 0. 000253 -
CO; Produced, lb-mol/br 0. 000312 - 0. 000344 -- 0. 000243 --
H; Produced, lb-mol/hr 0. 000296 -- 0. 000326 -- 0. 000237 --
Rate of CO Conversion X 107
Ib-moi/hr-g catalyst 0. 31 -- 0.35 -- 0.25 --
Feed also containe 4, 3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4. 6 ppm isopropyl mercaptan, and 2. 6 ppen disulfides. B76122652h
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Table B-3, Part 16. KINETICS TESTS
(UC-1870~-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)
Run No. 109 110 111
Feed Water Rate, [b-mol/hr 0. 007887 0, 003356 0. 008022
Feed Gas Rate, S5CF/hr 2.2149 2. 2149 2.2113
Feed Benzene Rate, lb-mol/hr 0. 000678 0. 000670 0. 000655
Feed H;O/Gas Ratio [mol) .23 0. 52 3. 24
Baais for Analyeis ) Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol “n*
Carbon Monoxide 18. 89 8.49 18. 86 12.40 21. 00 9. 36
Carbon Dicxide 1%. 28 5. 52 12. 26 8. 06 15. 61 6. 96
Hydrogen 34. 06 15. 28 33,97 22,33 25.12 11,20
Methane 19. B9 8.90 19.85 13. 05 24. 02 10. 71
Ethane 0. 81 .36 0.81 0. 53 0.99% 0.44
Propane 0. 62 0. 28 0.62 0.41 ¢, 73 0.32
Buytane 0. 09 0,04 0. 09 0. 08 0. 0% 0. 04
Hydrogen Sulfide 1.96 0.88 1.96 1.28 0. 51 0.23
Nitrogen ¢ 92 0.41 0.92 0. 5% C. 88 0. 39
Helivm d. 01 0.01 0.01 0,01 0. 01 0.01
Carbonyl Sulfide 0. 09 0. 04 0. 09 0. 06 a. 03 0. 02
Phenol 0. 34 0.15 0. 34 0, 22 0.87 0. 39
Benzene 10. 04 4.54 10.22 6. 84 10.14 4. 53
Water - 55.10 .- 34.16 - 55.40
Total 100. 00 100. 00 100, 00 100. 00 100. 00 100. 00
Reactor Temperature, *F 658 -- 659 -- 554 --
Reactor Pressure, prig 50 - 50 -— 1000 -
Product Water Rate, lb-moil/hr 0. 004589 -- 0. 002107 - 0. 006748 -
Product Gas Rate, SCF/hr 2.3302 -- 2.3062 - -- 2. 5573 .-
Product Benzene Rate, lb-mol/hr 0. 000622 -~ 0. 0006121 - 0. 000603 -
Product Gas Composition, mol %
Carbon Monoxide 13.78 6. 94 14. 90 11.30 6.13 3,18
Carban Dioxide 16,05 8.0%9 15.28 11. 59 26. 21 13.62
Hydrogen 37.86 18,57 36.32 27. 55 34.39 17. 86
Methane 19.41 9. 77 19. 61 14,88 21. 46 11.15
Ethsne 0.78 0.39 0. 79 0. 60 0.88 0. 46
Propane 0. 60 0.30 0. 60 0. 46 0. 64 0.33
Butane 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Hydrogen Sulfide 1.77 0. 89 1.78 1.35 0. 41 0.21
Nitrogen .22 0.44 0.88 0. bé 0. 78 0. 41
Heiium 0. 01 0. 01 0.01 0. 01 0. 0l 0. ¢l
Carbony! Sulfide 0.09 0. 05 0. 09 0. 07 0.03 0. 02
Phenol 0. 30 0,15 c. 30 0. 23 0.71 0. 37
Benzene 9.13 4.68 9. 44 7.00 8.35 4.29
Water - 49,72 - 24, 30 -s 48. 09
Yol 100, 60 100. 0O 100. 00 100. 00 100. 00 100. 00
CO Converted, lb=-maol/kr 0. 000293 - 0. 000229 - 0. 000908 -
CO; Produced, lb-mol/hr 0. 000294 - 0. 000221 -- Q. 000904 -
H; Produced, lb-mol/hy 0. 000278 -- 0. 000216 - 0. 000887 -
Rate of CO Conversion X 107
lb-mol/hr-g catalyst 0. 29 e 0. 23 . 0. 9} -

Feed alsa containg 4. 3 ppm ethyl mercaptan, 1. 4 ppm n-propyl mercaptan,
4. 6 ppm iscopropyl marcaptan, and . 6 ppm disulfides. BI61226528
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Table B-3, Part 17. KINETICS TESTS
(UC-1870-46-1 shift Catalyst, 1/16-Inch Extrudates, 10.00 g)

Run No. 112 113 114
Feed Water Rate, Ib-mol/hr 0. 007998 0, 007961 0, 003503
Feed Gas Rate, SCF/hr 2.2113 2, 2113 2.2148
Feed Beazene Rate, lb-mol/br 0. 000659 0. 000653 ¢, 000678
Feed HyO/Gas Ratic (mol) 1. 24 1.23 0. 54
Basin for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol %"
Carbon Monoxide 2¢.99 9.37 21. 00 9. 40 20. 87 13, 56
Carbon Diexide 15.62 6.97 15. 64 6,99 15.55 10. 09
Hydrogen 25.11 11.21 25.13 11, 25 25, 00 16. 25
Methane 24. 00 10,72 24. 03 10,75 23.96 15,57
Ethane 0.99 0. 44 2.99 0. 44 0.97 0. 63
Propane 0.73 0,33 Q.73 0. 36 0.71 0,46
Butane 0. 09 0. 04 G. 09 0. 04 0. 09 ¢, 06
Hydrogen Sulfide 0.51 Q.23 0.51 0. 23 0.49 Q. 32
Nitrogen 0.88 0.39 0. 88 0. 39 0. 91 0. 58
Helium . 01 0. 0] 0. 61 0,01 0.01 0.01
Carbonyl Sulfide 0.03 0. 02 0. 03 Q.02 4,03 0. 02
Phenol 0.87 0. 38 0. 8& 0. 38 0. 91 0. 58
Benzene 10.17 4. 56 io.1¢ 4.5} 10. 50 6. 79
Water - 55,33 - 55,21 - 315. 08
Total 100, 00 100, 00 100, 00 100. 00 100. 00 100. 0C
Reactor Temperature, *F 657 -- 749 -- 552 -
Reactor Pressure. psig 1000 - 10006 -— 1000 -
Product Water Rate, lb-mol/hr 0. 006736 -- 0. 006650 -- 0. 002217 -
Product Gas Rate, SCF/hr 2. 5969 - 2.6172 -- 2. 5336 -
Product Benzene Rate, lb-mol/hr 0. 000596 - 0. 000594 - 0. 000622 --
Product Gas Composition, mol %
Carbon Monoxide 4,75 2.48 4.17 2. 20 7.29 5. 59
Carbon Dioxide 27.21 14. 24 2T.62 14. 58 25.33 19, 40
Hydrogen 35.35 16. 4% 35. 65 i8.82 33,56 25.7¢
Methape 21.19 11.09 21.19 11.14 21.63 15. 57
Ethaoe 0.87 0. 45 0. 85 0. 45 0.87 T Q.67
Propane 0. b4 0. 33 0. 63 0. 33 0. 63 0. 49
Butane 0. 00 0. 00 6. 00 0, 00 0. 00 0. 0e
Hydrogen Sulfide 0.41 0.21 0. 40 0.2t 0.4% 0.32
Mitrogen 0.77 0. 40 .77 0. 40 0,81 0. 61
Helium 0. 01 0. 01 ¢. 01 Q.01 0.01 0. 01
Carbonyl Sulfide 0. 03 0.02 0. 03 0. 02 0.03 0.02
Phenol 0. 70 0. 37 0. 70 0. 37 0. 74 0. 57
Benzene 8.07 4. 22 7.98 4. 22 B. 69 6.57
Water - 47. 69 . 47.25 -- 24.48
Total 100, 00 100. 00 109, 00 100, 00 100. 0C 100, 00
C<C Converted, lb-mol/hr 0. 001004 -- 0. 001045 -a 0. 000826 --
CO; Produced, lb-mol/hr 0. 001003 - 0. 001047 -- 0. 000829 --
H; Produced, lb-mol/hr 0. 000991 - 0. 001031 - 0. 000821 -
Rate of CO Conversion X 107+
lb-mollhr-g catalyst 1.0 - 1. 04 - 0.83 -
Feed aloo containe 4.3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4. 6 ppm isopropyl mercaptan, and 2. & ppm disulfides. B76122652;
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. Table B-3, Part 18, KINETICS TESTS
(UC-1870-46-1 Shift Catalyst, 1/16-Inch Extrudates, 10.00 g)
Run No. 115 116 117
Yeed Water Rate, lb-mol/hr 0. 003503 0. 003503 0. 006332
Feed Gas Rate, SCF/hr 2. 2148 2, 2148 2.2170
Feed Bentene Rate, Ib-mol/hr 0. 600678 0. 0006T8 0. 000667
Feed H,;0/Gas Ratio {mol) 0. 54 0. 54 0.98
Bagis for Analysis . Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol 7.‘
Carbon Monoxide 20.B7 13.56 20. 87 13.56 20. 94 10. 59
Carbon Dioxide 15. 55 10. 0% 15. 55 10.09 15. 59 T. 88
Hydrogen 25, 00 16. 2% 25. 00 16.25 25.08 12. 67
Methane 23,96 15. 57 23,96 15. 57 23.99 12.12
Ethane 0.97 0. 63 Q.97 0. 63 0. 97 0. 49
Propane 0. 71 0. 46 0. 71 0, 46 0.73 0. 36
Butane 0. 09 0. 06 0. 09 0. 06 0.09 0. 0%
Hydrogen Sulfide 0. 49 D0.32 0. 49 0.32 0.49 0. 25
Nitrogen 0.91 0. 58 0.91 0. 58 0. 90 0. 45
Helium 0. 01 0.0} 0.01 0.0 0. 01 0. 01
Carbonyl Sulfide 0. 03 0.02 0. 03 0.02 0. 03 0, 02
Phenol 0.91 0.58 [ H] 0. 58 0.89 0. 45
Benrene 10. 50 6.79 10.50 6. 79 10, 29 5. 21
Water -- 35. 08 -- 35. 08 - 49, 45
Total 100. 00 100, 00 100. 00O 100. 00 104. 00 100, 00
Reactor Temperature, °F 653 - 750 -- 552 -
Reactaor Pressure, poig 1000 - 1000 -- 1000 --
Product Water Rate, Jb-mol/kr 0. 002266 - 0. 002266 -- 0. 005071 -
Product Gas Rate, SCF/hr 2. 5825 - 2. 5875 - 2. 5445 -
Product Benzene Rate, lbemol/hr 0. 000631 -- 0. 000642 - 0. D0D6EZ0 --
Product Gas Gompasition, mol %
Carbon Monoxide 6. 54 4. 24 5. 36 4.10 6.87 4. 05
Carbon Dioxide 26.51 20. 23 26, 60 20.37 25. 64 15.11
Hydrogen 34. 64 26.5%6 34,88 26.72 34.08 20. 09
Methane Z1. 34 16, 33 21.27 16.29 21.50 12.75
Ethane 0.87 0. 66 0.B6 0. 66 0. B8 0.52
Propare 0. 62 0. 48 0.62 0.47 0.65 0. 38
Butane 0. 00 0. 00 0. 00 0. 00 0. 00 0, 00
Hydrogen Suliide 0. 39 0. 30 0.39 0. 30 0. 41 0.24
Nitrogen 0.78 0. 60 0.78 p. 60 0.80 D.47
Helium 0.01 0. .01 0.01 0. 01 0. 01 0. 01
Carbonyl Sulfide 0.03 0.02 0. 03 ¢. 02 0. 03 0. 02
Phenol 6.73 G. 56 0.73 0.56 0.72 0. 43
Benzene 8. 54 6. 54 4. 66 6. 49 6.41 5. 02
Water -= 23.47 . 23.41 -- 40.91
Total - 100.00 100. 0O 100. 00 100. 00 100,00 100. 00
CO Converted, lb-mol/hr 0. 000946 - 0. DD0958 - 0. 000858 --
CO,; Produced, lb-mol/br 0. 000951 - 0. 000964 -- 0. 000856 -
H; Produced, 1b-mol/hr 0.000941 -- 0. 000943 - 0. 000840 -
Rate of CO ConversionX 107+
lb-mol/hr-g catalyst 0.95 - 0. 94 -- 0. 86 -
* Feed also containe 4, 3 ppm othyl mercaptan, 1.4 ppm n-propyl mercaptan,
N 1 . d 2.6 disulfides.
4. 6 ppm isopropyl mercaptan, an ppm [T} 576122652k
B-65
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Table B-4, Part 1.
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No,

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, lbh-mol/hr

Feed H,0/Gas Ratio [mol]

Basis for Analysis

Feed Cas Compusiﬂon._ mol %

Carbon Moenoxide

Carbon Dioxide

Hydrecgen

Methane

Ethane

Propane

Sctane

Hydragen Sulfide

Nitrogen

Helium

Carbonyl Sullide

Amrm.onia

Phenal

Benzene

Water

Total

Reactor Temperature, OF
Resctor Pressure, psig
Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr

Product Gas Composition, mol %
Carbon Menoxide
Carbon Djioxide
Hydrogen
Mathane
Fthane
Fropane
Butane
Hydregen Suliide
Nitrogen
Helium
Carbonyl Sulfide
Arnmonia
Phenal
Benzene
Water

Total

CO Converted, lb-mol/hr
COy Produced, lb-meol/hr
H, Produced, lb-mol/hr

Rate of CO Conversion X 104
lb-mol/hr-g catalyst

KINETICS TESTS

1U-4-9

»Feed alsc containg 4.3 ppm ethyl mercaptan, i.4 ppm n-propyl merzaptan,
4.6 ppm lsopropyl mercaptan, and 2.6 ppm disulfides.

I' NS T I TUTE

1 2 3

0. 007875 0. 007945 0.007912

2. 2130 2. 2130 2.2130

1.36 1. 38 1. 37

Dry Wet Dry Wet Dry Wet
21. 80 9. 149 21. 80 9,12 21,80 9. 17
16,45 8. 20 19,45 &, 14 19. 43 8.18
31,50 I3, 28 31. 30 13,17 31,50 13, 2%
24.31 10. 26 24. 31 iC. 04 24. 3} 10,23
0.78 .32 0. 786 .32 0. 78 0. 32
0.22 0. 09 0.22 0, 49 .22 G.10
0. 08 0,04 0. 0k 0.03 0. 08 0. 04
0. 90 €. 18 0.90 0. 38 0. 98 38
0.96 Q. 338 0.90 0. 3 0. 90 0. 38
L. 01 0. 0! 0. 0t .01 Q.81 Q, Q1
0. 05 G, gz C. 03 0. 02 Q.05 0.02
.- 57. 63 - - 3. 24 - - 37. 92
100. 00 100. 00 100. GO 100, DO 100, 0C 100. 00
=39 .- 664 -- TA3 -
1000 -- 1000 -- 1460 -
0. 0066487 -- C. 0GéB10 .- 0. 0CE650 --
2, 5484 e 2. 3874 -- 2.6076 --
BNy 2. b2 4.10 2. 03 3,82 |
30,21 14. 97 32.13 1-.4¢ 31,34 15. 9]
40, 39 20.18 42. 42 Z0. 58 41.74 21.07
21. 26 10,31 18. 8% q. 06 20,70 10. 46
0. 67 0. a2 U.e7 0,33 G, 66 G.33
0.19 0, 1¢C 0. 1% 0. 09 0.1% Q.10
0. 63 4. 02 0.03 G. 02 0.03 0,02
0. 74 0.37 0. 75 0. 37 0.73 0. 36
0.78 0. 38 0.78 0. 38 0.79 0. 33
0. 01 £.01 0. 01 0. 01 . 01 0.01
. 05 G.02 0. 03 .02 0. 05 0.02
—- 50. 30 -- 31. 65 == 49, 56
100. 00 1080.00 100. 00 100. 00 100. Q0 100. 00
0. 000877 -- 0. 000977 -m 0. 001014 --
0. 000875 - 0. 000975 - {J.001018 --
Q. DOO863 -- 0. 000966 - 0. 001009 .-
C. 88 .- 0.98 -- 1.01 -
B77010056a
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Table B-4, Part 2. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. 4 5 [
Feed Water Rate, lb-meol/hr 0. 003405 0. 003478 0. 003466
Feed Gas Rate, SCF/hr 2. 2301 2. 2301 2.2301
Feed Benzene Rate, lb-mol/hr .- - -
Feed H,C/Gas Ratio [mal) 0. 58 0. 60 0. 59
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Cas Composition, mol % °
Carbon Monoxide zl. 80 13.73 21. 80 13. 62 Z21. BQ 13. 64
Carbon Dioxide 19. 45 i2.25 19. 45 12.15 19.45 12,14
Hydroyen 31.50 19.83 31.50 19.67 31.50 19. 66
Methane 24.31 15.30 24. 31 15. 18 24, 31 15, 18
Ethane 0. 78 0. 49 0. 78 0.48 0. 78 0.48
Propane 0. 22 Q.14 0.22 c.14 0.22 0.14
Butane 0. 08 0. 05 0. 08 0. 05 0. 08 0. 05
Hydrogen Sulfide 0. %0 0. 56 o, 90 0. 56 0.90 0. 56
Nitrogen 0. 90 0. 56 0. 90 0. 56 0. 90 0. &6
Helium 0. 01 0.0} 0. 01 0. ¢l 0. 01 0. 01
Carbonyl sulfide 0.05 0. 03 0. 05 0.03 0. 05 0. 03
Ammonia -- -- -- -- - --
Phenol -- -- -- -- -- --
Benzene .- - - -- -- -
Water ~= 37,05 - - 37. 5% -- 312,55
Total 100. 0C 100. 00 100. 00 100, 00 104. 00 100. 00
Reactor Temperature, °F 557 -- 654 -- 752 --
Reactor Pressure, puig 1000 -- 1000 -- 1000 .-
Product Water Rate, lb-mol/hr 0.002254 .- 0.002205 -- 0.002082 --
Product Gas Rate, SCF/hr 2. 5499 .- z. 5889 -- 2. 6090 --
Product Benzene Rate, lb-mol/hr -- .- .- - - -
Praduct Gas Composition, mal %
Carbon Monoxide 6.27 4. 68 4. 49 3. 18 4. 28 3,27
Carbon Dioxide 29.72 22.17 30.88 23,25 3)1.02 23.73
Hydrogen 40. 29 30. 00 1). 26 31.01 41. 34 31. 62
Methane 21. 26 15,86 20. 89 15.73 20. 87 15,96
Ethane 0. 66 0. 50 Q. 67 0.50 0. 68 0.52
Propane . 0. 19 0.15 0. 18 0.13 Q.19 0.15
Butane 0.03 0.02 0. 03 0. 02 0.403 0. 02
Hydrogen Sulfide 0.74 0. 55 0.75 0. 52 0.75 0. 58
Nitrogen 0.78 0. 59 0. 19 0. 55 0.78 0. 56
Helium U. ¢l 0.01 0. 01 0. 01 Q.01 Q. ot
Carbonyl Sulfide 0. 05 Q. 63 0. 05 Q.03 Q. 0% 0.03
Armmonla -- .- - -- -- -
Phenol -- - - - -- .-
Benzene - - .- -- -- .
Water - 25. 44 -- 24. 87 == 23. 55
Total 100. 00 100. 00 100. 00 100. 00 100, 00 100, 00
€O Converted, lb-mol/hr 0. 000647 .- 0. 000960 == - 0.000950 .-
CO; Produced, 1b-mol/hr 0. 000841 - 0. 000949 -- 0. 000970 -
H; Produced, lb=-mol/hr Q. 0O08 34 -- 0. 000945 -- 0. 000967 --
Rate of CO Conversion X 1071
tb-mol/hr-g catalyst 0. 85 -- 0. 96 - 0. 97 -
*Feud also contalne 4.3 ppm sthyl mercaptan, 1.4 ppm n-propyl mercaptan,
4.b ppm lsopropy! mercaptan. and 2,6 ppm disulfides.
B77010056b
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Table B-4, Part 3. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No, 1 8 ‘9
Feed Water Rate, Ib-mol/hr 0. 006124 0. 006136 9' 007888
Feed Gas Rate, SCF/hr 2. 2334 2. 2334 2. 2287

Feed Beazene Rate, lb-mol/hr -- - .

Feed H,0/Gas Ratia (mol) 1.05 1. 06 3. 36
Basig for Analysis Dry Wet Dry W ek Dry Wet
Feed Cas Composition, mol %™
Carbon Monoxide 21.80 10, 60 21.80 10,61 2. 25 8.99
Carbon Dicxide 18.45 9. 46 19.45 9.47 18. 90 8. 00
Hydrogen 31. 50 15. 31 31. 50 15.33 33.20 14. 05
Methane 24. 3} [1.82 24. 31 11, 84 23.72 1C. 03
Ethane 0.78 0. 38 . 76 0. 38 4.76 0.32
Propane .2z o 0.22 6.10 0. 20 0. 08
Butane Q.08 0. 04 0. 08 0. 04 0. 08 €. 04
mydrogen Sulfide G. 90 0. 43 Q.90 0. 44 0. 97 8.41
Nitrogen 0.90 0. 44 Q. 9¢ Q.44 0, 86 0.37
Heliom 0. 01 0. 01 0. 01 0.01 0. 01 0.01
Carbonsv! Sulfide 0. 05 0. 03 0. 05 0. 03 0. 05 G. 02
Ammonia -- - ~- -- .- -
Phenol -- -- -- -- -- --
Benzene -- -- -- -- -- --
Water -- 51,37 .- 51, 31 .. 57.68
Total 100. 00 100. 90 190. 00 100. 00 §00. 00 100. g0
Reactor Temperature, °F 559 - 654 - 552 .
Reactor Pressure, psig 1000 -- 100¢ -- 500 .-
Product Water Rate, lb-mol/hr 0. DO4960 .- 0, 004923 -- 0. 008602 -
Product Gas Rate, SCF/hr 2,574 .- 2.6128 .- 2. 5281 --
Product Benzene Rate, lb-mol/hr .- -- -- -- -- --
Product Gas Composition, mol %
Carbon Monoxide 5.91 3. 39 4. 28 2. 1% 7.17 - 3.52
Carbon Dioxide 29.96 17.19 Jl. ¢z 17. 97 26.38 14.10
Hydrogen 40. 44 2320 41. 37 23.95 40. 94 20, 32
Nethane 21. 20 12.16 20. 85 12. 08 20. %8 10. 46
Fthane 0. 68 0.39 0. 68 .39 0. 87 0.33
Propane 0. 19 0.11 .19 0.11 .18 0.09
Butane 0.03 0. 02 0,03 0.02 0. 03 0.62
Hydrogen Sulfide 0.75 0,43 0.74 Q.43 0. 63 0. 41
Nitregen 0. 78 0. 45 0.78 0. 44 .76 0. 38
Helium 0. 01 0.0} 0. 01 0.01 0.91 0. 01
Carbonyl Sulfide 4. 03 0.03 Q.05 0. 03 0. 05 0.02
Ammonia -- -- -- -- -- --
Fhenol -- - -- - -- -
Benzene -- - - .= -- -
Water - 42 62 -~ 42. 09 -- 50. 24
Total 100. 00 100. 00 §00. 00 100G, Q0 1¢0. DO 100, 90
CO Converted, lb-meol/hr 0. 000B6G - 0. 000978 -- 0. 006770 -
CO; Produced, lb-mol/hr Q, 000873 -- 0. 000976 - 0. 000762 --
H, Produced, lh-mol/hr 0. Q00863 - 0, 000974 -- 0. 000763 .-
Rate of CO Conversion X 1074
Tb-mol/hr-g catalyst 0. 87 - 0.97 -- 0. 77 -
*Feed also contains 4.3 ppm ethyl mercaptan, 1.4 ppm a-propyl mercaptan,
4.6 ppm isopropyl mercaptan, and 2.6 ppm.disulfides,
B77010056¢
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Table B~4, Part 4. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run Ne, 10 11 12
Feed Water Rate, b-mol/hr 0. 007946 0. 007838 0. 003331
Feed Gas Rate, SCF/hr 2.2287 2. 2287 2.2379

Feed Benzene Rate, lb-mol/hr -- -- .

Feed H,O/Gas Ratio (mel) 1.37 1.35 0. 56
Baasis {or Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Compositlen, mol % *
Carbon Monoxide 21. 25 g. 95 21. 25 5. 02 21,25 13,590
Carbon Dioxide 18, 90 7.96 18. %0 B. 03 18. 90 12.01
Hydrogen 33,20 13.99 3120 14.10 313. 20 21.09
Methane 23.72 9.98 23.72 10. 07 23.72 15. 08
Ethane 0. 76 0.32 Q.76 6.32 ¢, 76 0. 48
Propane 0.20 0.08 0,80 0. 08 0. 20 0.13
Butane 0. 08 0,04 0.08 0. 04 0. 08 0. 06
Hydrogen Sulfide 0. 97 0.11 a.97 0. 41 0. 97 0. 61
Nitrogen 0. 86 0. 36 0. 8¢ 0.1317 0. Bb 0. 85
Hetium 0. 01 0. 01 0,01 0.01 0.01 0. 0t
Carbonyl Sulfide 0. 05 0. 02 0. 05 0.02 0. 05 0, 03
Ammonia - - -- - -- .-
Phenol - .- - .- - -
Benzene .- - -- - - -
Water .- 57. 88 - - 57.53 -- 36.45
Total 100. 00 100. DO 100. 00 100, 0¢ 100. 00 100. G0
Reactor Temperature, °F 660 - 752 -- 561 --
Reactor Pressure, poig 500 -- 500 - 500 --
Product Water Rate, lb-mol/hr 0. 006748 .- 0. 006711 -- 0, 002217 --
Product Gas Rate, SCF/hr 2.5471 -- 2. 5567 -- 2.5022 --
Product Benzene Rate, lb-mol/hr - -- -- - .- -
Product Gas Composition, mol %
Carbon Monoxlide 5. 94 2. 94 5. 55 2.76 8.57 6. 39
Carbon Dloxide 29. 14 14,42 29. 60 4. 62 27.38 20, 42
Hydrogen 41. 67 20. 54 41. 64 20.72 40. 25 29. 82
Methane 20.7¢ 10. 28 20. 68 10, 28 21.28 15. BE
Ethane 0. 66 0.32 . 0. 67 0. 33 0. 66 0. 49
Propane | 0.17 0. 08 0.17 0, 08 0.17 0.14
Butane 0. 03 0. 02 0.03 0.02 0. 03 0.02
Hydrogen Sulfide 0.82 0. 40 0.83% 0. 40 0. 83 0. 62
Nitrogen 0.75 0. 37 0.75 0. 37 0.77 0. 57
Helium .01 - G. Gl 0. 01 0. 01 0.01 0. 01
Carbonyl Sulfide 0.05 0. 02 0. 05 0. 02 0. 05 0.03
Ammonh == == - .- - -
Phenol - - -- - -- .-
Benzene -- -- -- - - --
Water - 50. 40 - - 50. 39 -- 25, 63
Total 100. 00 100, 00 100, 00 100. 00 100, 00 100. 00
CO Converted, lb-mol/hr 0. 0008346 - 0. 000861 - 0. 000683 .-
€O, Produced, lb-mol/br 0.000833 .- 0. 000857 -- 0. 000675 .-
H, Produced, 1b-mol/hr 0. 000823 - 0. 000845 .- 0. 000670 --
Rate of CO Conversion X 107+
lb-mol/hr-g catatyst 0. 84 . 0. 86 -- 0. 68 ..
=Feead alao contalns 4.3 ppm ethyl mercaptan, l.4 ppm a-propyl mercaptan,
4.6 ppm lsopropy) mercaptan, and 2.6 ppm dlaulfides,
B77010056d
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Table B-4, Part 5. KINETICS TESTS
(Shell 538 Shift Catalyst, & x 6 Mesh Spheres, 10.00 g)

Run No, 13 14 15
Feed Water Rate, lb-mol/hr 0. 003429 0. 003429 G. 007863
Feed Gas Rate, SCF/hr 2.23719 2.2379 2.2289

Feead Benzene Rate, lb-mol/hr -- .- -

Feed H,0/Gas Ratio {mal} 0.58 0. 58 1.35
Basis for Analysis Dry Wet Dry Waeat Dry Wet
Feed Cas Composition, mol %~
Carbon Monoxide 21. 2% 13,36 21. 28 1336 21. 35 9.05
Carbon Dioxide 18. 90 11.88 18.90 l1.88 19. 09 5. 10
Hydrogen 33. 20 20,87 33.20 20. 87 32.67 13.85
Methane 23.72 14.92 23.72 i4.92 23.90 i. 13
Ethane 0.7 0. 48 0.76 0. 48 0. 79 0, 34
Prcpane G. 20 ’ 0.13 0. 20 0.13 0.22 0.1¢
Batane 0. 08 0. 06 0.08 0. 05 0. 09 0. 04
Hydrogen Sulfide 0. g7 0. 61 0. 97 0. 6l 0, 93 0. 40
Nitrogen 0. 86 0. 54 0. 86 D. 54 9. 90 0.39
Helium 0.0 0. 01 0. 01 0. 01 0. 01 0. 01
Carbenyl Sulfide 0. 05 0.63 0. 05 0. 03 ¢, 05 0. 02
Ammonia -- -- -- -- -- --
Phenol -- -- -- -- -- --
Benzene - - .- -- -- -
Water - - 37.11 -- 37.12 == 57, 57
Total 100,00 100. DO 100. 00 100. 00 100. 00 180. 00
Reactor Temperature, op £59 -- 753 -- 562 --
Reactor Pressure, psig 500 -- 500 .- 200 --
Product Water Rate, lb-mol/hr 0. 002241 - 0. 002168 -- O. 00_&589 .-
Product Gas Rate, SCF/hr 2.5396 -. 2.5492 -- 2.4738 -~
Producet Benzenc Rate, lb-mol/hr - -- - -- -- --
Product Gas Composition, mol %
Carbon Monaxide 6.93 5.17 6. 53 4,92 9. 44 4. 66
Carbon Dicxide 28. 34 21.18 Z8. 74 2t.65 26.87 13.3)
Hydrogen 41.123 30. 60 $1. 10 31.04 39.48 19. 14
Methane 20. 95 15.63 20.91 15.70 2. 60 10. 66
Ethane 0. 67 0.50 0. 67 0.50 0.71 0.35
Propane 0.17 0.4z 0.17 0.13 0.20 0.09
Butane - Q.03 0. 02 0.03 0. 02 0. 03 0.02
Hydrogen Sulfide 0.82 0. 59 0. 83 0.60 o, 80 &. 39
Nitrogen Q.76 9. 56 G.76 0. 57 0. 81 0,39
Helium [} 0. 0! 9.01 0.0t 0. 0L 0. 0}
Carbonyl Sulfide 0. 05 0. 03 0. 0% 0. g2 0. 05 0.¢2
Ammonia - -- i -- -- --
Phenol -- .- -- - - --
Benzgne - - == == - -
Water el 25. &9 - = 24. 84 - 50. 36
Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
CO Converted, Ib-mal/hr 0. 000784 -- 0. 000807 - 0. 000629 -
€Oy Produced, 1b-mol/k- 0. 000773 - 0. 000804 -- 0. 000627 -
H; Produced, 1b-mol fhr 0. 000769 -- 0. 000794 -- 0. 000600 --
Rate of CO Conversion X 10™¢
Ib-mol/hr-g catslyst 0.78 - 0. 8¢ - 0. 63 --
*Fead also containe 4,3 ppm ethy! inercaptan, 1.4 ppm n-propy! mercaptaa,
4.6 ppm lsopropyl mercaptan, and 2.6 -1 amuﬂ'ﬁ.,
B77010056e

I N ST I T UTE 0O F &6 A S T FE r H N A | n



IU-4~9

479
Table B-4, Part 6., KINETICS TESTS
(Shell 538 shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. 16 17 18
Feed Water Rate, lb-mol/hr 0.008132 0. 007802 0. 006124
Feed Gas Rate, SCF/hr 2.2289 2.228% 2.2372
Feed Benzene Rate, tb-mol/fhr .- - -
Feed H,0/Gas Ratio (mol) 1.4 1.34 1. 05
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mot %*
Carbon Monaxide 21. 3% 8. 87 21,35 9. 09 21,35 10. 39
Carbon Dioxide 19,09 7.94 19. 09 8.13 19. 09 9-29
Hydrogen 32,67 13,58 32,67 i3. 91 32. 67 15.90
Methane 23. %0 9. 94 23. 90 10.18 23.90 11.63
Ethane 0.79 0.33 0.79 0. 34 0.79 0.39
FPropane 0. 22 0.09 0. 22 a.10 0,22 Q.11
Butane 0. 09 0. 04 0. 09 9. 04 0. 09 0. 04
Hydrogen Sulfide 0.93 0. 39 0.93 G, 40 0.93 0.45
Mitrogen 0. 90 0. 38 0. 90 Q.38 G, 90 0. 44
Hellum 0. 01 0.0l 0. 01 0.0} 0. 01 0. 01
Carbony! Sulfide 5. 05 0.02 0. 05 0. 62 €. 05 0. 03
Ammonia -- - -- -- .- .-
Phenol -- -- - -- -- --
Benzene -- -- - -- -- .-
Water -- 58.41 -- 57. 40 -- 51.32
Tatal 100, 00 100, 00 100. 00 10Q. ¢O 100, 00 100. 00
Reactor Temperature, °F 658 -- 754 - 560 .
Reactor Preasure, paig 200 -- 200 -- 200 --
Product Water Rate, 1b-mol/hr 0. 006944 = 0. 006418 -- 3. 005022 --
Product Gas Rate, SCF/hr 2.4829 “a 2.4921 -- 2. 4740 --
Product Benzene Rate, lb-mol/hr -- - -- -- -- .-
Product Gas Compaosition, mol %
Carbon Monoxide 3.98 4.32 8. 38 4.21 9. 64 5.41
Carbon Dioxide 21. 22 13.11 27. 69 13.90 26. 83 15, 2%
Hydrogen 39, 6% 1B.99 39. 81 19,96 39. 26 21.89
Methane z1.52 10. 36 21.49 10, 74 21. 64 12.15
Ethane 8. 71 0. 34 0.71 0. 36 0.71 0. 40
Propane 0. 20 0.10 0. 20 .10 0.20 0.11
Butane 0. 03 0. 02 0. 03 ¢, 02 .03 0. 02
Hydrogen Sulfide 0. 80 0. 39 0.80 0. 40 ¢. 80 0. 45
Nitrogen 0. 83 0. 39 0. 83 0. 41 0. 83 0. 46
Hellum 0. 0} 0. 01 . 0l 0. 01 0. 01 0. 01
Carbonyl Sulflide 0. 05 0.02 0. 05 0. 02 0. 05 9. 03
Ammonh - - - - - ==
Phenol -- -- -- -- - -
Benzene .- - e - - ..
Water -- 51.95 -- 49. 87 - 43. 82
Total 100. 00 100. 00 100. 00 100G, 60 100. 00 100. 00
CO Converted, lb-mol/hr 0. 000659 -- 0. 000693 - 0. 000621 --
CO, Proaduced, lb-mol/hr 0. D00ESC -- 0. DOOLAT - 0. 000614 --
H; Produced, Ib-mol/hr Q. 000650 - 0. 000682 -- ©. 000610 -
Rate of CO Conversion X 1074
ib-mol/hr-g catalyst 0. 66 -- 0. 69 - 0. 62 --
Tt 43 7 S e, L e e
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Run No,
Feed Water Kate, lb-mol/hr

Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr

Feed H,0/Gas Ratio (mol)

Basis for Analysis

¥Feed Gas Composltlon, mol %>

Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Prapane
Butane
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Phenol
Henzene
Water
Total
Reactor Temperature, °F

Reactor Pressure, paig

Product Water Rate, lb-mol/hr

Product Gas Rate, SCF/hr

Product Benzene Rate, Ib-mol/hr -

Product Gas Composition, mol 7

Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
FPropane
Butane
Hydrogen Sulfide
Nitrogen
Helium
Carboryl Sulfide
Ammonaia
Phenol
Benzene
Water

Total

COQ Converted, lb-mol/hr
CO; Produced, lb-mol/hr
H; Froduced, tb-mol/hr

Rate of CO Converslon X 1074

lb-mel/hr-g catalyst

*Feed aleo contains 4,3 ppm ethyl mercaptan, 1,4
4,6 ppm isopropyl mercaptan, and 2.6 ppm disuld

TU-4-9
Table B~4, Part 7. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
19 20 _2l

0. 00&050 0. 006124 0. 00338¢

2.2372 2.2372 z.2319

1.04 .05 0. 588

Dry Wet Dry Wet Dry Wet
21. 35 10, 46 21. 35 10. 39 21. 35 13.44
19. 09 9. 35 19. 0% 9.29 19.09 12.01
32,67 16, 00 32. 67 15. 90 3,67 2D. 57
23. 90 11.71 23.40 k.63 23.90 15. 04
0. 79 0. 39 0,79 0. 39 J.79 0. 49
0. 22 .11 0.22 0.11 0.22 0. 14
0. 09 0.04 4. 09 0. 04 0.09 0. 05
0. 63 0.46 0.93 0. 45 .93 0. 58
& 90 0.44 0. 20 0. 44 0. 90 .57
0. 01 0. 01 0. ¢l 0. 01 0,01 9. 01
0. 0% 0.03 0. 0% 4. 03 0.05 Q.03
-- 51.00 -- 51.32 -- 7. 07
100. a0 100, 0¢ 100, 00 160, 0 10¢. 00 100, 00
657 -- 758 -- 563 .-
Z00 - 200 .- 290 --
0. 004850 - 0.004916 -- 0. 00224) .
2.481) - 2.5014 -~ 2.4275 -
9.23 5.27 B. 60 4. B8 10. 50 7.75
27.09 15,46 27. 56 15. 66 26. 32 19.42
39. 51 22,43 39,41 22.53 38. 66 28, 48
21. 54 12.31 21,43 12.18 21.90 16. 08
0.7 0.04 0.71 0,04 c.72 0.53
0. 20 0.11 0.20 G. 11 0.20 0.15
0. 03 0.02 Q.03 0. 02 6. 03 0.02
0. 80 0. 44 0.79 0.45 0.79 0. 5%
0. 83 Q.46 0. 81 0.45% 0.82 0. 61
Q.01 .01 0. 01 0. 01 0.01 ¢. 01
0. 05 0. 03 0. 05 0.03 0. 05 0. 04
- 43.42 - 43, 64 -- 26. 36
100. 00 100. 00 100, 00 100. 00 100. 00 100. 00
0. 000645 - 0, 000687 - 0. 000567 --
0. 000637 -- 0. 000681 .- Q. 000561 --
0. 000637 -- 0. 000673 .- 0. 000554 --
0. 65 - 0. 69 - a. 57 -
n-propyl mercaptan,
7o
B77010056¢
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Table B-4, Part 8.

KINETICS TESTS

(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No,

Fecd Water Rate, tb-mol/hr
Feed Cas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr

Feed H,O/Gas Ratio (mol)

Basis for Analysis

Feed Gas Composition, mol %"
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogena Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Phenol
Benzene
Water

Total
Reactor Temperature, °F

Reactor Pressure, psig

Product Water Rate, 1b-mol/hr

Product Gas Rate, SCF/hr

Product Benzene Rate, lb-mol/hr .- .-

Product Gas Composition, mol %

Carbon Monaxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Putane ’
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Pheneol
Benzane
Water

Total

CO Converted, lb-mol ‘hr
CO, Produced, lb-mol/hr
H; Produced, 1b-mol/hr

Rate of CO Converslon X 1074
1b-mol/hr-g catalyst

IU-4-9

22 23 24

0. 003411 C. 003389 0. 0079485

2.2119 2.2119 2.2275

0. 5% 0, 59 1.38

Dry Wet Dry Wet Dry Wet

21, 3% 13. 39 21,35 13.42 20, 90 8.17
19. 09 11.97 19. 09 12. 00 18,95 7.96
32. 67 20. 50 32.67 240, 54 3370 14.16
23,90 14. 99 23,170 15. 02 23. 54 9. 88
0.79 0. 49 0.79 0.49 0. 714 0.31
0. 22 0,14 0. 22 0. 14 .21 0.08
0. (9 0. 05 . 09 0. 05 . 08 0. 04
0.93 0. 58 0.93 0. 58 0.98 0.42
0. 90 0. 57 0. 99 0. 57 0. B4 0. 35
0. 01 0. 01 0. 01 0.01 0. 0} ¢. 01
0. 05 0. 063 0. 05 0. 03 0. 05 0. 62
-- 37.28 -= 317. 15 - 58. 00
160, oo 160. 00 100. 00 100, 00 100. 00 100, 00
663 - 752 -- 555 --
200 -- 200 -- 100 -
0. 002192 -- ¢. G0213L -- 0.006822 -
2.4451 .- 2. 4540 -- 2. 3760 --
9. 86 7.33 9,2} 6,92 13.54 b 43
26, 81 19. 86 27.10 20, 31 23.91 11.3¢0
38. 92 2B. 93 39. 44 29.45 37.73 17. 88
21,80 16. 05 21. 61 6. 1] 22.20 10, 49
0.72 d. 53 Q.71 0.52 0. 69 0. 33
0.20 0,15 0. 20 0. 15 0. 20 0. 09
0. 03 Q. 02 0.03 0. 02 0. 03 0. 02
0.78 0.55 0.78 0. 56 0. 85 0.40
0,82 0. 61 0. 82 0. 60 0.79 0.37
0. 901 0. 0} 0. 01 0. 0] 0.01 0. 0]
0. 05 0. 04 0. as 0. 04 0. 0% C. 02
-- 25. 92 -- 25. 30 -- 52. 66
100, 00 100, 00 100. 00 100. 00 100. 00 100. 00
0. 000604 - 0. 000638 -- 0.000378 -
D. 000600 - 0. 00063} - 0.000373 --
0. 00059]) - o, 000628 -- 0. 000369 -
0. 60 - 0. 64 - 0. 38 -

“Fewed alao containe 4,3 ppm sthyl mercaptan, 1.4 ppm n-propyl mercaptan,
4.6 ppm isopropyl mercaptan, and 2. 6 ppm disulfides.

B-73
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Table B-4, Part 9.
(Shell 583 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No.

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr

Feed H,{3/Gas Ratio {mol)

Basis for Analysis
Feed Gas Compasition, mol %7

Carbon Monoxide

Carbon Diexide

Hydrogen

Methane

Ethane

Prapane

Butane

Hydrogen Suifide

Nitrogen

Heliom

Carbonyl Sulfide

Ammonia

Phenol

Benzene

Water

Total

Reactor Temperatute, nF
Reactor Pressure, psig
Product Water Rate, 1b-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr

Product Gas Composition, mel %
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Fropane
Butane
Hydrogen Suiflde
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Phenol
Benzene
Water

Tuotal

CO Converted. lb-mol/hr
CO; Produced, lb-mol/hr
H, Produced, Ib-mol/hr

Rate of CC Conversion X 1074
lbemol/hr-g catalyst

KINETICS TESTS

IU~-4-9

“Feed aluo containg 4.3 ppm athyl mercaptan, |.4 ppm o-propyl mercaptan,
4.6 ppm lsopropyl mercaptan, and 2,6 pprn disulfldes.

25 26 27
0.00792) 0. 0074985 0. 003312
2. 2275 2. 2275 2. 2213
1.36 1.37 0.57
Dry Wet Dry W et Dry Wet
20. 90 8.81 20.90 8. 77 20. 90 13,27
§8.95 B. 00 18.95 7.96 16.95 12.04
33,70 14. 22 33. 70 14.16 33.70 21.40
23, 54 9.93 23.54 9. 88 23.54 4.96
D, 74 0.31 0.74 0.31 0.74 0.47
0.21 0. 08 L. 21 0.08 0. 21 0.13
0.0G8 0.04 0. 08 0. 04 0.08 G. 06
€. 98 0. 42 0. 48 U. 45 0, 94 0.63
C. b4 G. 35 0. 54 0.35 ¢, 84 0,53
0. 01 Q. 01 0.61 0.0} 0.01 0. 01
0. 05 0. 02 0.05 0. 02 0.05 0.03
- 57,81 - - 58. 00 - 36.47
100. 00 100. 00 100. 00 100. 00 100. 00 100. o0
652 .- 751 -- 554 -
34y - 100 . 100 -
0, 006595 -- 0, ¢osBZ2 -- 0.002143 “-
2. 3928 -- 2.40498 -- 2.3310 --
12. 6% 6. 14 11. 7% 5. 64 14.B5 11.08
24. 42 11. 64 24,93 11.85 22.93 16,94
38.32 18. 53 38.70 18.49 36.93 27.28
21.98 10. 66 22.00 10.42 22,61 16.57
0. 69 0. 34 0. 68 0.33 70 0.52
0. 20 0.09 0.1%9 0. 09 .20 .15
0.03 0,02 0.03 0. 02 .03 0. 02
0. 86 0. 41 0. 85 0.40 0.85 0.63
.79 0. 37 0. 77 0.36 0.80 0.58
0.01 0.9] 0. 01 .0l 0.01 0.01
0. 05 0.02 0.05 0.02 0. a5 0.04
- 51. 57 ~= 52,37 - 26.26
100, 00 100. 00 100. 00 10¢. 00 J00. 00 100, 00
0. 600422 -- . 000471 - 0. 000302 --
0. 000419 -- 0. 000463 - 0. 000298 -
0. 000425 - 0. 000469 -- 0. 000297 -
0. 42 - 0. 47 - 0. 30 --
B77010056i
B~74
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Table B-4, Part 10. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 28 29 in
Feed Water Rate, lb-mol/hr €. 003380 0. 003347 0. 007888
Feed Gas Rate, SCF/hr 2.2213 2.2213 2.230m
Feed Benzene Rate, lb-mol/hr - - .
Feed H,0/Gas Ratio (mol} 0.57 0. 56 1. 36
Pasis for Analysis __Dry Wet Dry Wet Dry_ Wel
Feed Gas Composition, meol %™
Carbon Monoxide 20. 90 13.17 20. 90 13.22 20,75 8.78
Carbon Dioxide 18.95 11.95 18.95 12. 00 8. 80 7.95
Hydrogen 33.70 21.24 3. 10 21.32 34,23 14. 4%
Nethane 23. 54 14, 85 23, 54 14,90 23. 36 9. 88
Ethane 0. 74 0. 47 0,74 Q.47 0.72 0,31
Propane 0.2} 0.13 0. 21 g.13 0. 20 9, 09
Butane 0. 08 0. 06 0,08 0. 05 0. 0B 0. 04
Hydrogen Sulfide 0. 98 0. 62 0.98 0. 63 0. 98 0.42
Nitrogen 0. B4 0.52 0.84 D. 53 0. 82 0. 34
Helium 0. 01 0. 01 6.01 0. 0% 0. 01 0. 01
Carbonyl Sulfide 0. 05 0,03 0. 05 0.03 0. 05 0. 02
Armmonia - .- . - - .
Phencl - . - - - -
Fenzene - - -- -- - -
Water - 36.95 -~ - 36. 1 - 57. 67
Total R 100. 80 100. 00 100. 00 100. 00 100. 00 100. 00
Reacter Temperature, F 653 -- 755 -- 561 -
Reactor Pressure, psig 100 .- 109 - 50 --
Product Water Rate, th-mol/hr 0. 062119 - 0. 002205 .- 0. DO65B89 .-
Product Gas Rate, SCF/hr 2. 3657 -- 2.3867 -- 2.3540 .
Product Benzene Rate, lbamol/hr - - - .- -- -
Product Gas Composition, mol %
Carbon Monoxide 13. 54 10, 06 12. 66 9.33 14, 56 7. 01
Carbon Dioxide 23.84 17.70 24, 41 18. 00 22. 87 11. 00
Hydrogen 37.76 28. 00 34. 14 28.18 37. 69 18. 08
Methane 22.23 16. 43 21. 96 16.20 2. 28 10, 66
Ethane 0. 69 0,51 0.69 0. 51 0. 68 0.33
Propane 0. 20 0.1% 0.20 .14 0. 19 0. 09
Butane 0. 03 0. 02 : 0,93 0. 02 0. 03 0. 02
Hydrogen Sulfide 0. 86 0. 83 0. 86 0, 62 0. 86 0. 41
Nitrogen 0.79 0. 58 0.79 0.57 0.78 0. 37
Hellum 0. 01 0.0} 0.0¢1 0.01 0. 01 0.01
Carbony! Sulfide 0. 05 0. D4 0, 05 0. 04 0. 0% 0.02
Ammonla - -- - -— - -
Phenol .a - - -n - -
Benzene - . s - - -
Water -- 25. 87 -— 26. 38 - - 52. 00
Total 100, 00 100, 00 100, 00 100, 00 106. 00 100. DO
CO Coaverted, lb-mol/hr 0. 000374 -- 0. 000421 - 0. 000311 -
€Oy Produced, lh-mal/hr 0. 000369 - 0. 000419 -- 0, 000310 --
H; Produced, 1b-mol/hr 0. 000370 - 0. 000424 -- 0. 000314 -
Rate of CO Converslon X 1074
lb-mol/hr-g catalyst 0. 37 -—- 0. 42 - 0. 31 --
sFeed also containe 4,3 ppm ethyl mercaptan, 1.4 ppm n-propyl marcaptan,
4.6 apm leopropyl mercaptan, and 2,6 ppm dlsulfides,
B77010056j
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" Run No.
Teed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr
Feed Benzene Rate, lb-mol/hr

Feed H,G/Gas Ratic {mol)

Basis for Analysis
Feed Gas Composition, mol 7 *

Carbon Monoxide

Carbon Dioxide

Hydragen

Methane

Ethane

Fropane

Butane

Hydrogen Sulfide

Nitrogen

Helium

Carbonyl Salfide

Amrronia

Phenol

Benzene

Water

Total

feactor Temperature, °F
Reactor Pressure, psig
Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr

Product Gas Composition, mol %
Carbon Monoxide
Carbon Diaxide
Hydrogen
Methane
Ethane
Propane
Butane .
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Phenol
Benzene
Water

Total

CO Converted, 1b-molt/hr
€Oy Produced, 1b-mol/hr
H; Produced, lb-mol/hr

Rate of CO Conversion X 1074
lb-mol/hr-g catalyst

=Feed alsc contalns 4.3 ppm ethyl mercaptan, 1,4 ppm n-propyl mercaptan,
4,6 ppm leopropyl mercaptan, and 2,6 ppm disulildes,

IU0-4-9
Table B-4, Part 11. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
_ 31 3z 33

¢. 007798 0. 007937 0. 006124

2. 2301 2,230 2. 2146

.- - 0. 000578

1.35 1.36 0.95

Dry Wet ____1'.)_r_L__ Wet Dry Wet
20. 75 8. 84 20.75 8. 74 18,30 9. 40
18. B0 8. 01 18.80 7.93 17. 12 8. 60
34. 21 14. 59 34. 23 14. 44 29, 23 15. 00
23. 30 g.95 23. 36 9. 85 21.7] 11.15
0.72 0.31 7 0. 31 o. 70 0. 386
G, 20 ¢, 09 . 20 ¢. 0% 0. 20 0.10
0. 0B 0. 04 . 08 0. 04 0. 08 0. 04
0. 98 0.42 €. 98 0. 42 0,80 0,41
0.82 0. 34 .82 0. 34 0. 89 0. 46
0. 01 0, 01 0. 01 0. 01 . 02 0. 01
0. 0% 0.02 0. 05 0. 02 Q.05 0. 02
- -- -- -- 0. 33 0 186
-- u -- -- 10. 57 5. 40
-- 57. 138 .- 57. 80 -- 48. 869
100, 00 100. 00 100. 00 100. 0§ 100. 00 100, o
653 -- 753 -- 565 .-
S0 - 50 -- 1000 .-
0. 006614 -- 0. 006563 - 0.004936 --
2. 3705 - 2.3872 . 2. 5227 --
-- - -- - 0. 000h22 -
13. 45 6,48 12. 79 7.57 5.40 3.22
23.75 11.39 21,50 11 61 26. 36 15,64
38. 28 18, 48 39.19 8. 89 37. 24 22. 09
231.95 1¢. 55 2.92 10.52 }9. 50 11.57
0. 68 0.3 0.68 0,35 0. 63 0.37
0.19 0.09 0.19 0.09 0.18 .11
0. 03 D. 02 0.03 0.02 0. 03 Q.02
0. 85 0.41 0. 86 0. 41 0. 67 0.40
0.78 0, 37 0. 78 0. 37 0. 79 D.47
0. 01 0. 01 4. 01 . 01 0. 01 0.01
0. 05 0. 02 . 05 .02 0. 4 0.02
. - -- - 0.22 013
-- .- -- - 8. 93 5.14
-- 51,99 -- 50.16 - 40.81
100, Q0 100. 00 100. 00 100. 00 100, 00 100. 00
0.000373 -- 0. 000408 -- 0. 000790 --
Q. 0003646 .- 0. 000405 -- 0. 000787 -
0. 000365 -- 0. 000416 -- 0. 000792 -
0.37 - 0.41 -- 0.79 --
B77010056k
B-76
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Table B-4, Part 12. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. 34 35 36
Feed Water Rate, Ib-mol/hr 0. 007832 0. 007982 0. 003429
Feed Gas Rate, SCF/hr 2. 2146 2. 2146 2.2197
Feed Benzene Rate, lb-mol/hr 0. 000679 0, 000688 0. 000678
Feed H,O/Gas Ratic (mol} 1.22 1.24 Q.53
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol 47
Carbon Monoxide 18. 29 8. 27 18. 26 .18 18. 33 11.99
Carbon Dioxide 17.10 7.4 17. 0B 7. 66 17. 20 11. 25
Hydrogen 29.22 13. 20 29.17 13,06 29. 26 19.12
Methane 2]1. 69 9. 81 21. 65 9,70 21.13 14. 21
Ethane 0.70 0. 32 Q.70 a.3] 0.71 0. 47
Propane 0.20 0, 09 0. 20 0. 09 0.20 ¢ 13
Butane 0. 08 4. 04 Q. 08 0. 03 0. 08 0. 05
Hydrogen Sulfide 0. 80 Q.36 0.80 ¢. 36 0, 81 0. 53
Nitrogen 0. 90 0. 41 0,89 3. 40 0. 90 0. 59
Helium 0. 02 0. 01 ¢ 0l a, 01 0.0} 0. ¢1
Carbonyl Sulfide 0. 05 0. Q2 0. @5 0.02 0. 05 0. a3
Ammonia 0.36 017 0.40 0.19 0. 20 0.12
Phenol -- -- -- - - --
Benzene 10. 59 4,76 10.71 4. 77 10. 52 6. 87
Water - 54.80 - 55.22 -- 34. 63
Toatal 100. 00 100. 00 109, 00 19D, 00 100, GO 100. 00
Reactor Temperature, °F 566 v 662 -- 566 --
Reactor Pressure, paig 1000 -- 1080 -- 1000 -
Product Water Rate, lb-mol/ht 0. 006560 -- D, 406729 - 0. 002229 --
Product Gas Rate, 5CF/hr 2.5%322 -—- 2.5515 -- 2. 5085 .-
Product Benzene Rate, lb-mol/hr 0. 000626 - 0. 000623 -- 0. DD06Z2 --
Product Gas Compoaition, rnot %
Carbon Monoxide 5,95 2.67 4,07 2. 11 5. 96 4. 54
Carbon Dioxide 26.10 13,95 27. 13 4. 22 26.33 19. 8%
Hydrogen 37. 39 19. 60 37.95 19.73 36,92 28.15
Methane 19. 47 10.23 19. 21 10. 00 19. 5% 14. 95
Ethane 0.6l Q.32 g. 62 o.32 0. 63 0.48
Propane 0.18 ¢, 09 0. 18 0.09 0. 18 0. 14
Butane 0.03 0.01 G. 03 0. 01 0. 03 0.02
Hydrogen Sulfide 0. 65 0. 34 0. &5 0. 34 0. 66 0. 50
Nitrogen 0. 81 0. 42 0.79 0.41 0.8l 0. 62
Helium 0.01 0. 01 . 01 0. 0% 0.01 2.01
Carbonyl Sulfide 0. 04 0,02 0. 04 0.02 0. 04 0. 03
Ammonlia 0.29 0.15 0. 28 0.15 0. 09 Q.07
Phenol - - - .- - -
Benzene 8. 47 4,55 B. 84 4. 46 8. 75 6. 64
Water -~ 48. 14 -x 48. 13 - 24, 00
Total 100, 00 100. 00 100, 00 100. 00 100. 00 100. G0
CO Converted, lb-mot/hr 0. 000813 -- 0. 000885 - 0. 000758 --
CO; Produeced, 1b-mol/hr 0. 000B16 - 0. 000882 -- 0. 000749 -
H; Produced, lb-mol/hr 0. 000814 - 0. 000882 - 0. 000749 -
Rate of CO Conversion X 1074
tb-mol/hr-g catalyst 0.81 - 0. 88 - 0.76 -

*Feed nlso contains 4.3 ppm ethyl mercaptan, 1,4 ppm n-propyl mercaptan,
4,6 ppm inopropyl mercaptan, and 2.6 ppm disulfides.

B710100561
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Table B-4, Part 13. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No, a7 36 g
Feed Water Rate, th-mol/hr 0. 003429 0. 003870 0. 006124
Feed Gas Rate, SCF/hr 2. 2197 2. 2197 2. 2275
Feed Benzene Rate, Ib-mol/hr 0. D00678 0. 000701 0. 000578
Feed HyO/Gas Ratio [mol) 0. 52 0. 58 0. 94
Basis for Analyris Dry Wet Dry Wet Dry Wet
Feed Gas Composltion, mol % *
Carbon Monoxide 18. 33 11.99 18. 26 11.45 18B.42 9. 47
Carbon Dioxide - 17.20 11. 25 17.13 10,74 17. 36 8.92
Hydrogen 29. 26 19.12 29.19 18. 26 28. 66 14. 74
Methane 21.73 14. 21 Zl. 65 13.57 21.97 11.30
Ethane 0. 71 0.47 ¢. 71 0.45% a. 71 0.36
Propane J. 20 0.13 0.20 0.13 0. 20 0. 10
Butane 0. 08 0. 05 0. 08 0. 0% 0. 0k 0. 04
Hydrogen 5ulfide 0. 81 Q.53 0. 80 &, 50 0.79 0. 40
Nitrogen .90 0. 59 0. 90 G. 56 Q.96 0,49
Helium 0. 01 0, 0] Q.01 0.01 0. 01 0. 01
Carbony! Sulfide 0. 08§ ¢. 03 0.05 0.03 0. 05 0. 03
Ammeonia 0.20 0.12 g, 21 0.13 0. 32 G. 17
Phenol .- - - - . —-
Benzene 10. 52 6. 87 10. 81 6. 78 10. 47 5. 38
Water -— 34. 63 -- 37, 34 - 48. 59
Total 100. 00 100. 00 100, 00 100. 00 100. 00 100, 00
Reactor Temperature, °F 663 - 756 -- 557 .-
Reactor Presyure, psig 1000 “- 1000 -- 500 -
Product Water Rate, lb-mol/hr 0.002278 - . 002694 - 0.005071 -—
Product Gas Rate, SCF/hr 2.5464 -- 2. 5%60 -- 2. 4804 -
Product Benzene Rate, lb-mol/hr 0. 000627 - 0. 000639 -- 0. 000616 -
Product Cas Composition, mol %
Carbon Monexide 4.74 3,60 4.41 3. 22 7.57 4, 44
Carbon Dioxide 26. 91 20. 49 27.12 19.74 25. 31 14. 63
Hydrogen 37,70 28. 62 37.73 27,56 35. 34 20. 66
Methane 19. 48 14,77 19,38 14. 09 20, 45 11. 79
Ethane 0. b4 0. 48 0. 63 0. 46 0. 65 ¢ 38
Propane 0.18 0. 14 0.18 0.13 0. 20 .12
Butane * 6.03 .02 0. 03 0. 02 0.03 .02
Hydrogen Sulfide 0. 65 0. 49 0. 65 0.47 0. 68 .40
Nitrogen 0. 50 6. 61 e.78 G. 57 0. 88 0. 51
Helivm 0. 01 0. 01 0. 01 0.01 0.01 0.0!
Carbony! Sulfide 0. 04 0. 03 0. 04 0.03 0. 04 0. 02
Ammonta 0. 09 0. 07 0.10 0. 08 G.23 0.13
Pherol e -- -- -~ -- --
Benzene 8.7} 6. 59 8. 94 6.4t 8. 71 5.07
Water -- 24. 08 -- 27.21 -- 41,72
Total 100. 00 100, 00 100. 00 100. 00 100, 00 1¢0. 50
CO Converted, lb-mol/hr ) 0. CO0B40 - 0, 000862 -- 0. 000656 --
CO; Produced, Ib-mol/hr 0.000840 -- 0. DOOBSA -- 0. 000451 --
H; Produced, 1b-mol/hr 0. 000836 -~ 0. 000860 - 0. 000661 .-
Fate of CO Conversian X 107+ .
1b-mol/hr~g catalyst 0. 64 - 0. 86 -- 0. 66 -
*Feed alac containe 4.3 ppm sthyl mercaptan, i, 4 PRI h-propyl marcaptan,
4.6 ppm leoprepyl mercaptan, and 2.4 ppm dlsulfides,
B77010956m
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Table B-4, Part 14. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 40 41 42

Feed Water Rate, lb-mol/hr . 00783 0, 007998 0. 003478

Feed Gas Rate, SCF/hr 2.227% 2.227% 2. 2289

Feed Benzene Rate, lb-mol/hr 0. 000667 0. 000678 0. 060478

reed H;OfGas Ratio (mol} .21 i.23 0. 54

Bawnis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Comparition, mol %*
Carbon Monoxide 18, 44 8. 34 18. 40 8. 24 18. 44 11.99
Carbon Dioxide 17. 37 1. 86 17. 34 7.77 17.37 11,30
Hydrogen 28, 69 12,98 28. 64 12.83 28.71 18. 68
Methane 21.98 9. 94 21.95 9. 83 i2. 00 i49. 31
Ethane 0.71 0.32 0. 7I 0.32 0,71 0.46
Propane 0, 20 0. 09 o020 0. 09 0. 290 0. 13
Butane 0. 08 0 03 0. 08 0.03 0. 08 0.05%
Hydrogen Sulfide 0.79 0. 36 0.79 0.35 0.79 0.51
Nitrogen 0. 96 0.43 0. 9¢& 0.43 0. 96 0.62
Helium 0. 92 0. 01 0. 02 Q.01 0. 02 0. 01
Carbonyl Sulfide 0. 405 0.0z 0. 05 0. 02 0. 05 0. 03
Ammonia C. 40 D.18 0. 42 0.19 0.1¢ 0.12
Phenol - -- -- -- an -
Benzene 19, 31 4. 66 10, 44 4.68 10. 48 6.81
Water -- 54, 78 - - 55,21 - - 34.98

Total 100, 00 10¢. 00 100, 00 100. 00 160, wu 100. 00

Reactor Temperature, °F 560 -- 663 .- 528 -

Reactor Pressure, psig 500 ua 500 -- 5C0 -

Product Water Rate, 1b-mol/hr 0. 006736 ' -- 0. 006932 -- 0. 062303 .-

Product Gas Rate, SCF/hr 2. 4987 - 2.5173 - 2.4648 --

Product Benzene Rate, lbomol/hr 0. 000602 -- 0. 400616 -- 0. 000622 -

Prodv.~t Gas Compesition, mol %
Carkon Monuxide 7. 08 3. 83 6.16 3. 13 8. 34 5. 42
Carbon Dioxide 25. 50 13, 09 26.05 13.24 4. 63 18. 55
Hydrogen 15 84 18. 40 36, 28 18.45 35.09 26. 43
Methane 20. 37 10, 36 19. 97 10.15 20.39 15.36
Ethane 0. 65 0. 33 0, 64 0.33 g.65 ° 0.49
Propane G. 18 0. 09 0.18 0.09 0.18 0. 14
Butane 0.03 0.0} 0. 03 0.0} 0. 03 0. 02
Hydrogen Sulfide 0. 68 0.35 0. 67 0.34 0. 68 0. 51
Nitrogen 0,87 0. 45 0. 86 0. 94 0.88 0. 66
Helium 0. 01 0. 01 0.01 0.0} 0. 01 0.0l
Carbonyl Sulfide 0. 04 0.02 0. 04 0. 02 0. 04 0.03
Ammonia 0.28 0.14 0.29 0.15 0.10 0. 08
Phenol .- - - - - -
Benzene B, 47 4. 35 B. 82 4.37 8.98 6. 66
Water - 48. 17 -- 49. 27 - - 25. 64

Total 100. 0C 100, 00 100. 00 160. 00 100, 00 100. 00

CO Converted, lb-mol/hr C. 000691 - 0. 000752 -- 0., 000608 -—-

CO,; Produced, lb-mol/hr 0. 000688 .- 0. 000743 - 0. DOCEDE --

H; Produced, lb-mol/hr b. 000690 -— 0. 000744 -- 0. 000607 -

Rate of CO Conversion X 107¢ 0. 69 .- 0. 75 -- 0. 61 .-

Ib-mol/hr-g catalyst

«Feed also contains 4,3 ppm ethyl merc ptan, 1.4 ppm n-propyl mercaptan,
4.6 ppm leopropyt mercaptan, and 2.6 ppm disulfldes,

B77010056n
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Run No.

Feed Water Rate, Tb-mol/hr
Feed Gas Rate, SCF/hr

Feed Benzene Rate, lb-mol/hr

Feed H,O/Gas Ratio (mol}

Basis for Analysis
Feed Cas Composition, mol 4 *
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogen Sullide
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Fhenol
Benzene
Water
Toxal
Reactor Temperature, °r
Reactor Pressure, psig
Prodyct Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr

Product Benzene Rate, Ib-mol/hr

Product Gas Composltion, mo} %
Carbon Monoxjde
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Julfide
Ammonia
Phenol
Benzene
Water

Total

CO Converted, lb-mol/hr
CO; Produced, Ilb-mot/fhr
H; Produced, lb-mol/hr

Rate of CO Conversion X 1074
1b-mol/hr-g catalyst

°Feed also contains 4.3 ppm ethyl mercaptan, 1.

4.6 ppm isopropyl mercaptan,

IU-4-9
Table B-4, Part 15. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
43 44 45
0. 003429 0.003393 0. 008034
2.2289 2.2289 2.2244
0. 060661 0. 000678 0. 000678
0.53 0.53 1.24
Dry Wet Dry Wet Dry Wet
18, 48 iz » 18. 44 12,10 18.15 B. 10
17. 42 11.38 i7.38 Il. 40 16.99 7.59
28.78 18. 00 28.71 18.84 28. Bé 13,33
22. 06 14, 41 22. 01 14, 44 21. 31 9.5]
0. 71 C. 44 0.7 Q.47 0. 68 0. 30
G. 20 0.13 0. 20 0.13 0.2¢ 0.09
0. b8 0. 05 0. 08 0. 05 0. 08 0. 03
a, 79 0.5l 0. 79 0. 51 0. 86 0,19
6. 96 0,63 Q0. 96 0. 63 0.86 0.39
0.02 0.01 0.02 0. 01 002 0. 01
0. 05 0. 03 0. a¢ 0. 03 0. 05 0.02
0. 19 0.12 Q.19 o 12 0.42 0.1%
10. 26 6. 68 10, 46 6. B7 10. 52 4,67
- __35.52 -- 34.40 - 55. 38
100. 00 160, 00 100.00 109, ¢0 100, 00 100. 00
655 - 753 -- 559 .-
500 -- 500 - 200 --
0. 002204 -- 0. 062303 -- 0. 006846 -
2.4920 - 2.5013 -- Z2.4324 .
0. 000588 -- 0. 300610 - 0, 000613 --
7.28 5.55 6. 71 5.07 9. 09 4. 63
25. 48 19.42 25. 76 19. 4% 23. 56 12. 04
35, B9 27. 358 36.37 27. 24 35.45 18. 05
20. 23 k5. 42 20. 04 15.14 19,94 10. 0§
0. 67 0.5] 9. 65 0.49 0. 64 0. 32
0.20 0.15 0.18 0.14 0.18 0.09
0. 03 0. 02 0,03 0. 02 0. 03 0.01
0. 69 G, 53 0. 66 0. 50 Q.75 0.37
0. 46 0. 66 9. %0 0. 68 0.83 0. 41
0.01 0.0l 0. 01 0. 01 0. 01 0.01
Q. 04 0.03 0, 04 0.¢3 0. 04 0. 02
.10 0.08 .10 0. 07 0. 30 0. 15
8. 52 b. 34 ¥. 55 6.48 §.90 4,41
- - 23.93 - 24. 67 -~ 49. 44
100. DO 100, 00 100. 00 100, 0¢ 100. 00 100. 04
0. 000680 - 0. 000717 -- 0. 000542 -
G. 000675 - 0. 000707 - 0. 600540 --
0. 000676 - 0, 000706 -- 0. 000536 --
0. 68 - 0.71 -- 0. 54 -
4 ppm n-propyl mereaptan,
and 2.6 ppm dlsulfides.
B770100560
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Table B-4, Part 16, KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 46 47 48

Feed Water Rate, lb-mol/hr 0. 007998 0. 007973 0. 006161

Feed Gas Rate, SCF/hr 2. 2244 2. 2244 2.2206

Feed Benzene Rate, lb-mol/hr 0. 000670 0. 000667 0. 000678

Feed H,O/Gan Ratio (mol) 1.24 1.23 0. 96

Basis for analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol %°
Carbon Monoxide 18.17 8.13 18,18 8. 14 18.16 9.30
Carbon Dicxide 17.01 7. 61 17. 02 7.62 17. 0O 8.7¢C
Hydrogen 29. 90 13,37 29.91 1..38 29. 90 15. 31
Methane 21. 34 9. 54 21.3% 9.5 21, 32 10.91
Fthane D. 68 0.30 0. 68 Q. 3¢ 0. 68 0. 35
Fropane g, 20 0.09 a. 29 0.09 0. 20 0. 10
Butane 0.03 0. 03 0. 08 g. 03 0. 08 0. 04
Hydrogen Sulfide 0. 87 0. 39 0. B7 0. 39 0. 85 0. 44
Nitrogen 0. 87 ¢. 39 0. 87 0. 39 0.76 0.44
Helium 0. 62 0. 01 0. 62 0.3 0. 02 0,01
Carbonyl Sulfide 0. 05 0. 02 0. 05 0. 02 0. 05 0. 02
Ammonia 0,42 0.19 0. 42 0.19 0. 32 0.17
Phenol . - To. -- - .-
Benzene 10. 39 4. 63 10. 3% 4.62 10. &6 5,37
Water -- 55, 30 - 55. 27 -- 45, B4

Total 100. 00 100. 00 100. 00 100. 00 100. 00 140, 00

Reactor Temperature, °F &§54 - 753 - 554 -

Reactor Pressure, psig 200 -- 200 -- 200 --

Product Water Rate, Ib-mol/hr 0. 006544 -- 0. 006863 -- 0. 005022 -

Product Gas Rate, SCF/hr 2.4412 -- 2.4500 -- 2.4283 --

Product Benzene Rate, lb-mol/hr D._000605 - Q. 000599 -- 4, 000608 --

Product Gas Composition, mol %

Carbon Monoxide 8.80 4.43 4. 36 4.23 9. 33 5. 43
Carbon Dioxide 23. 90 12.05 24. 16 12.24 23. 58 1372
Hydrogen 35. 84 18. 08 36. 05 18. 26 35.53 20, 67
Methane 19. %5 10. 08 19, 86 10. 06 20. 06 11. 69
Ethane 0. 62 0.31 0. 64 0.32 0.63 .37
Propane 0.18 0. 09 al7 0. 09 0.1%9 0. 11
Butane 0. 03 0.01 0.03 0.01 0.03 0.02
Hydrogen Sulfide 0.72 0.36 0.72 0. 36 0.73 0. 42
Nitrogen 0. 83 0,41 0.83 0.42 0.83 C. 48
Helium 0,02 ¢, 01 0. 02 g. 01 0.0l] 0.0]
Carbonyl Sulfide Q. 04 0. 02 Q. 04 Q9,02 0. 04 0. 0%
Ammonia ¢. 30 0,15 0. 30 0.1s 0. 21 0.12
Phenol -- - - -- -- .-
Benzene B. 77 .32 §.82 1. 29 B.B6 5. 06
Water -- 49,70 - 48, 50 -- 1], 88
Total 100. 00 100, Oq 100. 00 100, 00 100, 00 100, 00

CO Converted, lb=-mol/hr 0. 000565 - 4. 000589 -- o, 000524 --
CO, Produced, lb-mol/hr 0. 000561 -- 0. 000588 -- 0. 000521 -
H,; Produced, tb-molfhr €. 000550 .- D. 000563 -= 0. 000517 -
Rate of CO Conversion X 1074 0. 56 -- 0. 59 -- 0. 52 --

1b-mol/hr-g catalyst

«Feed aleo contains 4,3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4.6 ppm laopropyl mercaptan, and 2,6 ppm dimulfides,

B77010056p
B-81
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Table B-4, Part 17. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 49 50 5]

Feed Water Rate, lb=-mol/hr 0. 006075 0.006222 0. 003429

Feed Gas Rate, SCF/hr 2, 2206 2.2206 2.2291

Feed Benzens Rate, lb-mol/hr 0. 000667 0. 00067R 0. 000678

Feed H,O/Gas Ratio (mol) 0. 95 0.95 0.53

Basis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol %°
Carbon Monoxide 18.19 9. 37 18. 16 9. 25 §8.20 1l. 90
Carbon Dioxide 17.03 ’ 8,77 17. 00 8. 66 1/.064 11. 14
Hydrogen 29. 96 15. 43 29. 90 15.23 29.95 19. 58
Methane 21.36 11. 00 21.32 16, B6 2l.42 14, 00
Ethane 0. 68 a9, 35 0. 68 0. 35 0. 69 0,45
Propane 0.20 0.10 0.20 0. 10 0.20 0.13
Butane 0. 08 0. 04 0. 08 0. 94 0. 08 . 05
Hydrogen Sulfide 0.85 0. 44 0. 85 0.43 0.85% 0. 56
Nitrogen C.86 0. 45 0.86 0. 44 0, 88 0. 58
Helium 0.02 0.0l 0. 02 0.0l 0.02 0. 01
Carheonyl Sulfide 0.05 0. 02 0. 05 0. 02 0. 05 0.03
Ammonia 0.31 C.16 0.32 0.17 0.19 0.12
Phenol -- -- - -- - -
Benzene t0.41 f.32 10. 56 5. 34 10.43 6. 84
Water -~ 48. 54 - - 49. 10 - - 34. 61

Total 100. 00 100, 00 100. 00 100. oD 100. 00 100. 00

Reactor Temperature, °F 655 .- 754 -- 556 .-

Reactor Pressure, paig 200 -- 200 -- 200 --

Product Water Rate, lb-mol/hr 0, 004911 .. 0.005120 .- 0.002229 ..

Froduct Gas Rate, SCF/hr 2.4283 -- 2.4459 .- 2.4123 -

FProduct Benrene Rate, lb-mol/hr 0. 000591 - . 000613 - 0. 000611 -

Froduct Gas Compeosition, mol %

Carbon Monoxide 9.12 5. 36 E. 60 T 4.98 10.37 T.85
Carbon Dioxide 23.175% 12,95 24. 0% 13,92 22.99 17.41
Hydrogen 35,75 21.02 15, 46 20.83 35,12 26, 58
Methane 20. 09 11. 61 19.93 11,54 20. 34 15. 40
Ethane 0. 63 0.37 0,62 0. 36 0. 65 0.49
Propane 0.19 0. 11 0.18 0.11 0.19 0. 14
Butane 0.03 0. 02 D. 03 0.02 0.03 0. 02
Hydrogen Sulfide 0,73 0.43 0.71 0. 4] 0.73 0. 56
Nitrogen 0. 83 0. 49 0.82 0.48 0.83 0. 63
Helium ¢. 02 0. 01 0,01 . 0] G 02 0. 01
Carbonyl Sulfide 0. 04 0. 03 0. 04 €. 02 0. 04 0.03
Ammonia 0. 21 0.13 0. 21 0.12 0.10 0. 08
Fhenol -- -- - - -- -
Banzene 8. 61 4.95 8. 84 5. 04 8. 59 6. 66
Water -- 41.32 - - 42.15 - - 24. 14
Total 100. 00 100. 00 100. 00 100. 00 160. 00 100. 00
€O Converted, lb-moi/hr 0, 000542 - 0. 0c0574 -- 0. 000472 --
€, Produced, 1b-mol/hr 0. 00054} - 0. DODS67 -- 0.000470 --
H; Produced, lb-mol/hr 0. 000532 - G, 000573 -- 0. 000466 --
Rate of CO Conversion X 1074
lb-mel/ht-g catalyst 0. 54 -- 0. 57 -- 0. 47 --

*Feed also contains 4.3 ppm ethyl mercaptan, 1.4 ppm p-propyl marcaptan,
4.6 ppin luopropyl mercaptan, sad 2.6 pprm disulfides.
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Table B-4, Part 18. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. 52 53 54
Feed Water Rate, 1b-mol/hr 0. 003344 0. 003331 0. 006124
Feed Gas Rate, SCF/hr 2,229 2. 2291 2. 2192
Feed Benzene Rate, lb-mol/hr 0. 000670 0. 000650 0. 400689
Feed H;0/Gas Ratlo (mel) 0. 52 0. 52 0. 95
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol % *
Carbon Monoxide 18. 23 12.02 18.28 12.06 17. 80 9.18
Carbon Dioxide 17. 07 11. 25 17.12 11.29 16. 83 8. 6%
Hydrogen 29.99 19.77 30.09 19. 8+ 10,59 15. 72
Methane zZl. 44 14. 14 21. 51 14,18 21. 14 10.86
Ethane 0. 70 0. 46 &0 0. 46 0. 68 0.35
Fropane 0.20 0.13 0. 20 .13 C. 19 0. 09
Butane 0.08 0.0% 0. 08 0. 05 0. 08 0. 04
Hydrogen Sulfide 0. 85 0. 56 0,85 0. 5% 0. 85 . 44
Nitrogen 0.88 0. %8 0.848 0. 58 0. 13 0.4}
Helium 0. 02 Q.01 0. 02 0.0} 0.0z 0. 01
Carbonylt Sulfide 0. 05 0. 03 0. 05 8. 03 0. 05 0. 02
Amnionia 0.17 0.11 0.17 Q.11 0.32 0.17
Phenol -- -- - -- -- --
Benzene 10. 32 6. 83 10. 05 6. 65 10. 62 5. 47
Water -- 4. 06 -~ 14, 0% - - 48. 60
Toatal 100, 00 100. 00 100, 00 100. aC 100. 00 100. 00
Reactor Temperature, °F 653 -— 752 — 561 .
Reactor Pressure, psig 200 - 200 -- 100 -
Product Water Rate, Ib-mol/hr 0. 002205 -- 0.002217 -- D. 005022 -
Product Gas Rate, SC</hr 2.4296 .- 2. 4428 -- 2.3429 -
Product Benzene Rate, Ib-mel/hr 0. 000605 -- 0. 000582 -- 0. 000622 --
Product Gas Composition, mol %
Carbon Mmaxide 9. 54 7.26 9. 03 5. B4 12.35 1.07
Carbon Dioxide 23. 4% 17.83 23.94 18.19% 20.93 11.97
Hydrogen 35. 49 26. 96 35,93 27. 131 34, 21 19.57
Methane 20.1% 15,32 20.11 15.28 20. 43 11.69
Ethane 0. b4 Q.49 0. 6% 0.48 0. 61 0.37
Propane 0.19 0.13% 0. 19 0.14 0.18 0. 10
Butane 0.03 0. 02 0.a3 5.02 Q.03 0.02
Hydrogen Sulfide 0.73 Q.55 0.73 0. 55 0.77 0. 44
Nitrogen 0. 83 0. 63 0.B3} 0. 63 0.82 D. 47
Helium 0. 01 0.01 0.0l . 0] 0. 01 0.01
Carbony] Sulfide 0. 04 0. 03 0. 04 G. 03 0. 04 0. 03
Ammaonia 0. 10 0. 08 .10 ¢ 08 0.22 0.13
Phenol -- - - -- .- --
Benzene B. BQ 6. 58 B. 43 6. 31 9. 137 5. 30
Water - - 24.10 - 24,11 - 42,83
Total 100. 00 160.00  j0C. 00 100, 00 100, 00 100. 00
CO Converted, lb-mol/hr 0. 000519 - 0. 000554 - 0. 000322 .-
CO; Produced, lh-mol/hr 0. 000517 -—- 0. 000551 -- 0. 000317 -
H; Produced, tb-mol/hr 0. 000512 -- 0. 000548 . 0.000316 --
Rate of CO Conversion X 107
1b-mol/hr-g catalyst 0. 52 -- 0. 55 - 0.32 --

“Feed also contains 4.3 ppm ethyl mercaptan, ). 4 ppm a-propy! mercaptan,
4,6 ppm isopropyl mercaptan, and 2.5 ppm disulfides.
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Table B-4, Part 19. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. ‘ _56
Feed Water Rate, lb-mot/hr 0. 007495 0. 07545 0. 003258
Feed Gas Rate, SCF/bhr 2. 2192 2.2192 2. 2197
Feed Benzene Rate, lb-mol/fhr 0. 000678 0. 000673 0. DOD6E6S
Feed H,O/Gas Ratio {(mel} 1.16
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol %%
Carbon Monoxide 17.82 B. 25 17,83 8.23 17.88 11,68
Carbon Dloxide 16, 85 7.80 16.B6 T.77 16.89 11.22
Hydrogen 30. 63 14. 18 30. 65 14.14 30. 74 20.41
Methane 2l.16 9. BU Z1.16 9.77 zl.24 14.10
Ethane 0. 68 .32 C. 68 0.31 0. 68 0.45
Propane 6. 19 Q.09 0.1%9 ©. 09 0.19 1A I
Batane 0. 08 0. 04 Q. 08 0. 04 ¢, 0B 4.05
Hydrogen Sulfide C. 85 9. 39 0. 85 0.39 0.85 0.37
Nitrogen 0. 83 0.39 0.83 0.39 0. 84 0. %6
Helium 4. 02 o.M 0.02 .01 0.02 .01
Carbonyl Sulfide 0. 05 .02 0. 0% 0.02 0. 05 .03
Ammonia 0.28 .18 0.38 .18 0.17 0.1l
Pnenol - - -- -= -- ="
Henzene 10. 46 4. 66 10,42 4.81 10. 37 &. 90
Water - 51. &7 -- 53. 85 -- 33.59
Total 100, 00 §00. 00 100. 60 100. 00 104. 00 100. 00
Reactor Temperature, °F . 557 - 653 -- 563 .
Reactor Pressure, psig 100 -- 100 -- 100 -
Product Water Rate, lb-mol/hr Q. 006369 - 0, 006414 . 0. 002119 --
Product Gas Rate, SCF/hr 2. 3511 -- 2.3676 - 2. 3188 --
Product Benzene Rate, lb-mol/hr 0. 000625 -- ¢. 000611} .- 0. 000605 -
Product Gas Compaosition, mol 7%
Carbon AMonoxide 11.94 6. 14 11.21 5. 7 13.36 10.12
Carbon Dioxide 2. )6 10, 8% 21,74 11. 16 20.37 15. 44
Hydrogen 34. 37 17. 68 34.8] 17.88 13,175 25,55
Methane 20. 35 10,47 20. 24 10.4¢ 20, 69 15. 68
Ethane 0. 65 0.15 0. 65 0.33 0. 66 0. 50
Propane 0.18 .09 0.18 0.09 0.18 0.14
Butane 0. 93 0. 02 0. 03 0. 02 0.03 0.02
Hydrogen Sulfide 0.76 0. 39 0.75 .39 0.75 Q. %7
Nitrogen 0.83 0,43 D.83 .42 0. 84 0. 64
Helium 0.0l 8.01 Q.01 0. 01 0.02 0. 01
Carbonyl Sulfide 0. 04 0. 62 G. 04 0. 02 Q. 05 0.03
Ammoria 0. 28 0.14 c. 28 0. 14 0. 11 0. 08
Phenol e -= - it b -
Benzene 9, 40 4,76 9.23 4. 63 9.1% 6.91
wWater - 48. 61 == 4B, 75 == 24. 31
Total 100. 00 100. 00 100. 00 180. 00 104, 00 108, 00
CQ Converted, 1b-mol/hr 0.000346 .. 0. 000392 -- 0. 000266 -r
CO, Produced, lb-mol/hr 0. 000339 - 0. 000384 -- 0. 000263 -
H; Produced, lb-mol/hr 0.000336 .- 0. 000379 -- 0. 000254 --
Rate of CO Conversion X 1074
lb-mol/hr-g catalyst 0. 34 .. 0.39 .- 0. 27 --
sFeed also contains 4,3 ppm ethyl mercaptan, 1,4 ppm o-propyl mercaptan,
4.6 ppm isopropyl mercaptas, and 2.6 ppm disuifides.
B77010056s
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Table B-4, Part 20. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, %8 59 60
Feed Water Rate, lb-mol/hr 0. 003429 0. 003307 0. 007937
Feed Gas Rate, 5CF/hr 2.2197 2.2197 2.2133
Feed Benzene Rate, lb-mol/hr 0. 000667 0. 000673 0. 000656
Feed H,0/Gas Ratio {mol) 0. 53 0.51 1.23
Bagis for Analysis Dry Wet Dry Wat Dry Wet
Feed Gas Composition, mol %*
Carbon Monoxide 17. 88 1F. 67 17, 86 11. 67 17.73 7.93
Carbon Dioxide 16. 89 11. 02 16. 88 11.02 16. 80 7.52
Hydrogen 30.75 20. 06 30,73 20. 06 30,97 13.87
Methane 21.25 13. 86 21,23 13.84 21.18 9.48
Ethane G, 68 0. 45 0. (R 0.45 0. 68 0. 3]
FPropane 0.19 a.12 0.19 0.12 0.19 0. 08
Butane Q.08 0. 0% 0.408 0. 0% 0. 0B 0.03
Hydrogen Sulfide 0, 85 0. %6 0, 85 0. 56 0. 86 0. 318
Nitrogen 0. B4 0. 3% 0. B4 0. 55 0.82 0. 37
Helium 0. 02 0. 01 d. 02 0.0l 0.02 0,01
Carbony! Sulfide ¢. 05 .03 €. 05 0.03 0. b3 0. 02
Anmmmonia 0.17 0.11 G 17 0.11 0. 42 6.19
Phenol -- -- .- -- - --
Benzene 10, 3¢ 6.7 10. 42 6. 82 10,20 4. 57
Water - 31.75 -- 34.71 - - §5. 54
Tota) 100. 00 100. 60 100. Q0 160. 0¢ 100. ¢0 100. 80
Reactor Temperature, °F 6356 - 753 .- 8] .
Reactor Pressure, psig 10¢ -- 100 .. 50 -
Product Water Rate, Ib-mol/hr ©. 002327 - 0. 002241 -- D. 006TES --
Product Gas Rate, SCF/hr 2. 3311 - 2.3676 -- 2.3201 --
Product Benzene Rate, lb-mol/hr 0. 000608 - 0. 0004A11} -- 0. 800594 -
Produrt Gas Cemposition, mel %
Carbon Monoxide 12.19 9. 8% 11.43 B. 58 12.85 6. 35
Carbon Dioxide 21.12 15. 69 1. 64 16. 26 20. 49 10,13
Hydrogen 34. 35 25. 5D 3477 26.12 34.13 16. 88
Methane 20, 48 15.21 20,33 15.27 20. 36 10.17
Ethane 0. 65 0, 4% 0.65 0.49 Q.63 0. 32
Propane 0.18 0.13 0.18 0.13 0.18 0, 00
Butane ° 0.03 0,02 0.03 0. 02 ¢, 03 0.01
Hydrogen Sulfide 0. 74 0. 55 0.77 0. 58 .77 0. 38
Nitrogen 0. 82 0. 61 0. 8% C. 60 0. 81 0.40
Helium 0. 02 0. Q1 0. ot 0. Q1 0.0z .01
Carbonyl Sulfide 0. 04 0. 03 0, b4 Q.03 0. 05 0.02
Ammonia 0.1¢ 0. 08 0. 10 a. 08 0. 313 0.15
Phenol -- .- -- -- -- --
Benzene 9. 28 6.72 9,25 b. 78 8. 93 4. 42
Water -- 25.91 - 25.05 - 50. 67
Total 100, 00 100. 00 L00. 00 160. 00 1040, 00 100. 00
CO Converted, lb-mol/hr 0.4G00333 - 0. 000379 -- 0. 000287 --
CG; Produced, lb-mol/hr . 000331 -- G. 000375 .- 0. 000280 -
H; Produced, lb-mol/hr 0. 000324 - 0. 600372 -- 0. 000274 --
Rate of CO Conversion X 107+
\b-rnol/hr-g catalyst 0.33 -- 0. 38 -- 0. 29 --

“Feeid also containe 4.3 ppm sthyl mercaptan, 1.4 ppm n-propyl mercaptas,
4.6 ppn isopropyl mercaptan, and 2.6 ppm disulfides.

B77010056t
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Table B-4, Part 21. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No, [3 [} 63
Feed Water Rate, lb-mol/hr 0. 007912 0. 007839 0. 003576
Feed Gas Rate, SCF/hr 2.2133 2.2133 2.2287
Feed Benzene Rate, lb-mol/hr 0. 000687 0. 000667 0. 000478
Feed H;0/Gas Ratio {mel} 1.22 1,23 0. 55
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Compoaition, mol % *
Carbon Moenoxide 17. 64 7.93 17.70 7.98 17.71 1. 41
Carbon Dioxide 16.72 7.52 16.77 7.56 16. 80 10. 82
Hydrogen 30. B4 13, 85 30,93 13.95 30. 96 19,95
Methane 2).08 9.47 1. 15 9. 54 21.17 13. 64
Fthane 0. &4 0.31 0. 62 0.31 0. 48 0. 44
Propane 0.19 0. 08 a.19 0. 04 a. 19 0.12
Butane 0. 08 D. 03 c. 0B 0. 04 0. 08 0. 05
Hydrogen Sulfide ¢85 D. 38 C. B5 0.39 0. 66 Q. 56
‘Nitrogen 0. 81 0. 37 o. 82 0.37 0.83 0. 54
Helium 0.02 0.0} o 02 0.01 c. 02 a. 01
Carbonyl Sulfide o, 05 0. 02 C. 05 C. G2 0. 05 0. 03
Ammonia 0.42 0.19 0. 42 c.19 6.19 0.12
Phenol -- -- -- - -- --
Benzene 10. 62 4. 78 19. 34 4, 66 10. 46 6.74
Water - 55. D& .- 54, 90 - 35, 57
Total 100. 00 100. 00 100. 00 16C. 00 100. 00 100. 80
Reactor Temperature, °F 657 - 752 -- 562 -
Reactor Pressure, psig 50 - 50 - 50 .-
Product Water Rate, lb-mol/hr 0. 006724 -- 0. 006712 - 0.002376 -
Product Cas Rate, SCF/hr 2. 3444 -- 2.3526 -- 2.3282 --
Product Benzene Rate, lh-mol/hr  ©. 000622 -- 0. 000605 - 0. 000613 .-
Product Gas Composition, mol %
Carbon Monoxide 11.86 5.93 11.49 5.76 13.25 9,77
Carbon Dioxide 21.08 10. 55 21. 60 10.72 20. 2} 14. 90
Hydrogen 34,58 7. 40 34,88 17.56 13. 9% 25. 00
Methane 20,27 10.14 20. 26 10.14 20. 60 15.19
Ethane 0. 65 0. 33 0, 65 ¢. 33 0. 66 0.49
Propane 0.18 0. 09 0,18 0. 09 0.18 0.13
Butane 0. 03 0.0l 0.03 0. 0§ 0. 03 0. 02
Hydrogen Sulfide 0.76 ¢. 38 0.7 0.38 0.78 0. 58
Nitrogen 0.82 0. 41 0.82 D. 41} 0. 84 0. 62
Heliam 0.01 0. 01 0. 01 0. 01 0. 02 0. 01
Carbonyl Sulfide D. 04 0.02 0. 04 0. 02 6. 05 0. 03
Ammaonla 0.33 0, 16 0.33 c.16 D.12 0. 09
Phenol - — - - - --
Benzene 9. 40 4. 62 B. 95 4. 50 9.35%5 6.78
Wager . 49. 95 - 49.9] - 26. 39
Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
CO Converted, ib-moal/hr 0. 000342 - 0. 000366 -- 0. 000264 -
€O, Produced, lbamol/thr 0.000339 - 0. 000369 - 0. 000259 -
H; Produced, Ib-mol/hr 0. 000335 - ©. 000357 - 0. 000255 --
Rate of CO Conversion X 1071 0. 34 -- 0. 36 e 0. 26 --

lb=-mol/hr-g catalyst

“Feed als0 containe 4, 3 pprm ethyl mercaptan, 1.4 ppm a-propyl mercaptan,
4.6 ppm leopropyl mercaptan, and 2.6 ppm dlsulfides,
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Table B-4, Part 22. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Rua Neo. &4 &S b
Fumed Water Rate, 1b=-mol/hr 0. 003417 0. 003442 0. 006124
Feed Gas Rate, SCF/hr 2.2287 2.2287 2. 2405
Feed Benzene Rate, b-mol/hr 0. 000678 0, 000678 -
Feed H;O/Gaa Ratia (mal} 0. 54 0. 54 1. 05
Basis for Analysis Dry Wat Dry Wat Dry Wet
Feed Gas Composition, mol %~
Carbon Monaxide 17.71 11 62 17. 71 11.56 19. 84 9.66
Carbon Dioxide 16. 80 T o11.01 16. 80 10. 97 18. 80 9.15
Hydrogen 30. 96 20.29 30. 96 20.22 34.66 16.88
Methane 2117 13. 87 21.17 13.82 23.70 11,54
Ethane 0. 68 0.45 0. 68 0. 44 0. 76 0.37
Propane 0.19 0.12 0.19 0.12 0.2 0.10
Butane 0. 08 0. 0% 0.08 0. 08 0. 08 0. 04
Hydrogen Sulfide 0.86 0. 57 0. 86 0. 56 0. 96 0.47
Nitrogen 0.83 0. 55 .83 0. 54 0. 93 0.45
Helium 0. 02 0. 01 0. 02 0.0i 0. 01 0.0
Carbonyl Sulfide 0.05 0. 03 0. 05 ¢. 03 0. 0% 0. 03
Ammonia Q.19 0.12 0.19 0.12 -- --
FPhenol .- .- .- .- -- -
Benzene 10. 46 6. 86 10,45 6. B4 -- -~
Water - 34, 46 - 314.72 - 51.30
Total 100, 00 100. 00 100, 00 100. 00 100. 00 100. 00
Reactor Temperature, °p 655 -- 752 -- £56 -
Reactor FPressure, psig 50 -- 50 .- 50 .-
Product Water Rate, lb-mol/hr ¢. 002156 - 0. 002254 -—- 0. 004889 -
Product Gas Rate, SCF/hr 2, Jdd4 - 2.352% -- 2. 3487 --
Product Benzene Rate, lb-mol/hr 0.000627 - 0. 000616 -- - -
Product Gas Compuosition, mol %
Carbon Monoxide k2.5 9. 58 12. 27 9.19 14.18 7.87
Carbon Dioxlde 20.78 15. 58 20. B4 15,65 22.58 12,52
Hydrogen 34.18 25.B8 34. 47 25.82 37.73 20. 86
Methane 20. 24 15, 48 20. 41 15. 29 22.73 12. 55
Ethane 0. 6% 0. 50 0. 65 0.49 0.72 0. 40
Propane 0.18 0. 14 0.18 0.}3 0. 20 . bl
Butane . 0. 03 0.02 0.03 0.02 0. 03 .02
Hydrogen Sulfide 0. 77 0. 59 0.7 0. 58 0. 86 0. 47
Nitrogen . 0.82 0. 62 0.82 0. 61 0. 91 . 50
Helium 0.4 0. 01 0.0} 0.0l 0.0l 0. 01
Carbonyl Sullide 0. 04 0. 03 0. 04 Q.03 0. 08 Q.03
Ammonia 0.12 9. 09 0.12 0.09 - .-
Phenol - - -— .- -- -
Banzane 9. 43 7. 06 9. 34 b.86 - .-
Water - 24, 42 e 25.23 .o 44. 66
Total 100. 60 100. 00 100. 00 180, 00 100, 00 106. 00
CO Convertad, lb-mol/hr 0. 800297 - 0. 000321 - 0. 000289 -n
CO; Produced, lb-mol/hr 0. 000295 -- 0. 000318 - 0. 000284 ..
Hy Produced, lb-mot/hr 0. 000292 -n 0. 000315 .- Q. 000278 -
Rate of CO Conversion X 1074
Ib-mol/nr-g catalyst 0.30 -- 0.32 -- 0. 29 -

*Faed alsc contalns 4.3 ppm ethyl mercaptan, 1.4 l?m n-propyl mercaptan,
4.6 ppm Laopropyl mercaptan, and 2.6 ppm disulfides,

B-87
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Table B-4, Part 23. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
- Run Na, 67 G.nE 1]
Feed Water Hate, lb-mal/hr 0. 006105 0, 006124 0. 003576
Feed Gas Rate, SCF/hr 2. 2405 2. 2405 2. 2359
Feed Benzene Rate, lb-mol/hr - - -
Feed H,O/Ga= Ratic (moll 1. 04 1.05 0. 6)
Baais for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol 7"
Carbon Monoxide 19. 84 9. 67 19, 84 9. 69 19. 84 12.28
Carbon Dioxide 18. 80 9. 14 18,80 9.17 18. 80 11.63
Hydrogen 34. 66 16,91 34. 66 16.88 34. 66 21. 44
Methane 23.%0 11.57 23.70 11,39 23, 7¢ 14. 686
Ethane 0.7 0.37 0. 76 0,37 0.76 0.47
Propane 0.2l 0.10 9, 21 0. 10 0.21 0.13
Butane 0. 08 0. 04 9. 08 0. 04 0. 0b G, 05
Fiydrogea Sulfide . 96 0.47 0. 96 G, 48 0. 96 0. 60
Nitrogen .93 0.45 0. 93 0. 4% G. 93 0. 58
Helium Q. 01 0. 01 0. 0} 6. 01 0. 01 0.0l
Carbonyl Sulfide 0. 03 0. 03 0. 05 0.03 0. 05 0. 03
Ammonia - - .- - - -
Phenol - - - - .- -
Benzene -- -- . - - -
Water -- 51.22 -- ], 19 -= 38.12
Taotal 100, 00 100. 00 100. 0O 1¢0. 00 100. 00 100. 00
Reactor Temperature, 'F 56 -- 753 -- 553 --
Reactor Pressure, psig S0 -- 50 .- 50 --
Product Water Rate, lb-mol/hr 0.004936 -- 0. 005022 -- 0.002376 -
Product Gas Rate, SCF/hr 2. 3650 -- 2. 3815 - 2.3337 --
Product Benzene Rate, lb-mol/hr -- .- - -- - --
Product Gas Composition, mol %
Carbon Monoxide F3. 54 7.5%0 12. 90 7.12 14, 8] 10.49
Carbon Dioxide 23,00 12.20 i.ap 12.95 z2. 28 16,01
Hydrogen 38.18 21.05 3. 42 21.15 37. 59 2b. B6
Methane 22.52 12.48 22.47 12.34 22,73 16.31
Ethane 0.12 0. 40 0.72 0. 40 2.73 0.52
Propane | 0. 20 0.11 .20 0.11 0. 20 0. 14
Butane .03 0, 02 0, &L 0.02 0.03 0. 02
Hydrogen Sulfide 0. 83 4. 4? [T 0. 46 0.86 C. 62
Nitrogen [T .50 0. 89 0.49 0. 91 0. 65
Helium 0. 01 0. Ul 6. 01 0.0l 0. 01 o, &1
Carbonyl Suifida .05 0.03 0. 05 0.03 0. 05 6. 03
Ammonia - .- -- . - --
Phenol - - - -- - -
Benzene - - -- .- - -
Water - 45,23 -- 44. 92 - 28. 34
Total 100, 00 100. 60 100. 00 100. 00 100, 00 106. 00
CQ Converted, lb-mot/hr 0. 000323 -- 0. 000356 [ 0. 000266 -
CO, Produced, lb-mol/hr 0. 000319 -- Q. 000358 -- 0. 000260 -
H; Produced, lb-molfhr 0. 000316 -—- 0. 000354 -- 0. 000255 --
Rate of CO Conversion X 1074
ib-mol/hr-g catalyst 0. 32 - 0. 36 - 0. 26 e
*Feed alno containe 4.3 ppm ethyl mercaptan. 1.4 ppm n-propyl mercaptan,
4.6 pprs isopropyl mercaptan, and 2.6 ppm dizulfldes.
B77010056w
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Table B-4, Part 24. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No, 70 71 12
Feed Water Rate, [b-moal/hr Q, 003515 0. 003429 0. 003425
Feed Gas Rate, SCF/hr 2. 2339 2, 2339 2. 2051
Feed Benzene Rate, lb-mol/hr - - -
Feed H,0/Gas Ratio (mol) 0. 59 9.58 Q.57
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Composition, mol 7‘.".
Carbon Monaxide 19.84 "2 36 19.84 12.41 11.45 717
Carbon Dioxide 18. 80 11.7¢ 1E.BO 11.81 11.00 6.88
Hydrogen 34. b6 21.58 34. 66 21.78 22.20 13.88
hethane 23.70 14.75 23.70 14. 89 53.23 33. 29
Ethane 0.76 0. 47 G. 76 C. 48 0.45 Q.28
Propane . 21 0.13 Q.21 .13 0.13 .98
Butane Q. 03 . 05 C. 08 0.05 0. 05 0. 03
Hydrogen Suliide . 96 J. 60 0. 96 0. 61 . %0 0.57
WNitrogen Y, al 0. 5% 0.93 0. 69 0.53 Q.33
Heltum g. 01 .01 0. 01 c. 0l Q.01 0. 01
Carbonyl sulfide U. 0% 0. 03 0. 0% C. 63 c.cs 0. 03
Ammonia -- -~ -- -- -- -~
Phenol -- -- -- -- -~ --
Benzene .- -- -- .- -- -
Water . 37.74 - 37.15 -n .-
Total 100. oC 100,00 100. 00 100. 00 100, 00 1040. 00
Peactor Temperature, °F 653 -- 753 - 561 .
Reactor Pressure, psig s0 - 50 - 500 -
Product Water Rate, |b-mol/hr 0. 002241 - 0, 002217 .- ¢. Q02278 -
Product Gas Rate, SCF/hr 2. 3498 -- 2. 3662 -- 2.3362 .
Product Benzene Rate, 1b-mol/hr - .- - . - .-
Product Gas Conposition, mol ¢
Carbon Monoxide 13, 74 10. 05 13.11 9,63 5. 07 1. 68
Carbon Dioxide 22. 87 16.72 23.31 i7.13 16.03 11. 65
Hydrozen 31,97 27.79 38. 40 25.09 26. 56 19.31
Methane 22. 6o 16. 58 22,42 16. 47 50, 42 16, 67
Ethane Q.72 0.53 0.72 0. 53 0.42 0.30
Fropane . 0.20 0.14 0.20 0.14 0.12 0. 08
Butane .03 0.0z 0. 03 0. 02 ¢. 02 G. 01
Hydrogen Sulfide 0. 85 0.62 0.B% 0. 62 0.80 0. 59
Nitrogen 0. 90 0. 65 0. 90 e. 65 0. 50 6. 36
Helium 6. 0t n. ol 0.01 0. 01 0.01 6.0k
Carbonyl Sulfide 0. 05 0.03 0. 0% 0. 04 0. 05 0. 04
Ammonia -- - - -- - --
Phenol - - - - -- .-
Benzene -- -~ - - - e
Water - - 26. Bé -- 2667 - 21.30
Total £E00. 00D 100, 00 100. 00 100. 00 100. 00 100. 00
CC Converted, lb-mol/hr 0. 000313 - 0. 000346 - 0. 000349 --
COy; Produced, lb-mol/hr 0. 00030 - 0. 000342 - D. 000342 -
H, Produced, lbamol/hr 0. 000300 - 0. 000338 - 0. 000340 -
Rate of CO Converston X 1071
1b-mol/hr-g catalyst o, 31 -- 0. 34 -- 0.35 --
“Feed aleo contalne 4,3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4.6 ppm isopropyl mercaptan. and 2.6 ppm disulfidan,
B77010056x
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Table B-4, Part 25. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 73 74 75
Fecd Water Rate, lb-mot/hr 0. 001503 0. 003429 0. 007936
Feed Gas Rate, SCF/hr 2, 2051 2.2051 2. 2168

Feed Benzene Rate, lb-mol/hr - - -

Feed H,0/Gas Ratio {mol) 0. 61 0. 60 .37
Rasis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Compositlon, mot [
Carbon Monoxide 11,45 T. 11 11.45 T.17 11. 16 4. 69
Carbon Dioxide 11. 00 6. 83 11,00 6.88 10, 85 4.45
Hydrogen 22.29 13. 77 22.20 13.88 22,30 9. 37
\ethans 53, 23 3. 02 53.25 33.29 53. 55 22. 61
Ethane 0. 45 0. 28 0.45 0.28 0. 45 c. 19
Propane 0. 13 G, 08 0.13 0. 08 0. 13 C. 0%
Butane Q. 0% 9. 03 4. 05 0. 03 0. 05 0.02
Hydrogen Suifide 0.90 0. 56 4. 90 0. 57 0. 91 0. 38
Nitrogen 0. 53 0.33 0.53 0. 33 a. 54 0.22
Helium 0. 01 0. 01 0.0} 0. 01 4. 01 4. 01
Carbonyl Sulfide 0. 05 0.03 0. 05 0. 03 0. 05 o002
Amimonia - .- -- -- .- --
Phenol - -- -- -- -- --
Benzene -- -- - -- -- --
Water ) -« 17.95 -= 37.45 -- 57, 99
Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 0o
Reactor Temperature, °F 657 . 758 .- 559 .-
Reactor Pressure, poig 500 - 500 - 200 .-
Product Water Rate, lb-mol/hr 0. 002254 -- 0. 002303 - 0. 006785 .
Product Gas Rate, SCF/hr 2.3610 -- 2.369¢ .- 2.3400 -~
Product Benzene Rate, lb-mol/hr - .- -- -- . .-
Product Gas Composition, mol %
Carbon Monoxide 4,18 3. 05 3. 84 279 5. 39 2. 50
Carbon Dioxide 16.81 12,22 17,05 12,41 14. 69 6, 84
Hydrogen 27. 21 19.91 27. 36 19,93 26. 63 12, 44
Methane 49,87 36. 50 49.82 36. 20 5t. 35 44,02
Ethane 0.42 0. 31 0,42 0,131 0. 33 019
Propane 0.1z 0. 08 0.12 0. 08 0.12 G, 05
Batane 0. 02 0. 01 0.02 0. 0} 0. 02 ¢ 0}
Fydrogen Sulfide 0.8t u. 51 0. 81 0.57 0. 81 .37
Nltrogen 0. 50 8.36 0.50 0,15 0. 50 ©.23
Helium 0.0} 0. 01 0. 01 0. 0 C. 01 0.0]
Carbony| Sulfide 0. 05 0. 04 0. 05 0. 04 0. 05 0. 02
Ammaonia =" T . . - T
Phenol ns " - = == ==
Benzene =" =T == - - -
Water -- 26, 94 -- 27.30 - 53, 32
Total 100. ¢0 100. DO 100. 00 100, 00 100. 00 10¢. 00
CO Converted, lb-mol/hr 0. 000400 -- 0. 000420 .- 0. 000321 -
€0, Produced, lb-mol/hr 0. 000394 -- 0. 000419 - 0. 000271 --
H; Produced, lb-mol/hr 0. 000390 - 0. 000414 - 0. 000317 --
Rate of CO Conversion X 107+ 0.40 - 0.42 -- 0. 32 .-

15-mol/hr-g catalyst

“Feed also contains 4,3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4.6 ppm isopropyl mercaptan, and 1.6 ppm disulildes.

B77030681a
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Table B-4, Part 26. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 26 17 T8
Feed Water Rate, lb-mol/hr 0. 007594 0. 007790 0. 006124
Feed Gas Rate, SCF/hr 2. 2168 2.2168 2.2289

Feed Benzene Rate, lb-mol/hr .- - .

Feed H;0/Gas Ratio (mol} 1,32 1,34 1. 0%
Rasis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gas Compaosition, mol o, *
Carbon Monoxide . 11. 16 4. 61 11.16 4. 74 1. 16 5.42
Carbon Dioxide 10. 85 4. 56 1¢. 85 4. 50 10. 85 5 27
Hydrogen 22,30 9.61 22.30 9.47 22.30 10.83
Methane 53, 55 23.09 23.59 22.75 53. 55 26.01
Ethane Q. 45 0.19 0. 45 0.19 0. 45 Q.22
Fropane Q.13 0.05 .13 Q.05 .13 0. 06
Butane 0. 05 0. 02 0. 905 0. 02 0. 05 0.03
Hydrogen Sullide 0. 91 G, 29 0. 91 0. 38 0.91 0. 44
Nitrogen 0. 54 Q.22 0. 54 0.22 0. 54 0. 26
Helium 0.8} 0. 01 0. 01 0.0} ©. 0} 0. 01
Carbonyl Sulfide 0. 035 0. 02 0. 05 0.02 0,05 0.03
Ammonia - -- -- - .- e
Fhenol ~- .. - -- - --
Benzéene .- -- -- -- - “e
Water -~ 57,03 - - 51. b5 - 51.42
Total E0Q, OC 100. 00 100, 0o 100. 00 100, 00 100, 00
Reactor Temperature, o}_ 658 -n 757 .- 588 --
Reactor Fressure, psig 200 - 200 - 200 -
Product Water Rate, lb-maol/hr 0. 006491 -- 0. 006650 - 0. 005071 --
Product Cas Rate, S5CF/hr 2.3482 -- 2. 3564 -- 2. 3532 --
Product Benzene Rate, lb-mol/hr - . . - - . -
Product Gas Compuosition, mol %
Carbon Monoxide 4. 96 2.410 4. 62 2.20 5.3% 2.94
Carboen Dioxide 15.77 T.63 1é. 00 7.67 15, 46 8. 19
Hydropen 26. 56 12.8% 26.65 12. 83 26. 26 14,35
Methane 50. 78 24, 54 50.30 24, 21 50, 96 27.77
Fthane 0. =2 0.21 0.42 0.20 0.42 Q.23
Propane 0.12 0. 06 0.12 0. 05 0.12 0. 06
Rutane Q.02 0. 01 0. 02 0.01 0. 02 0.01
Hydropgen Sullide 0. 81 ¢. 38 0.81 Q.38 0. 81 0.43
Nitropen 0.50 0. 24 0. 56 0.23 0. 50 0.28
Helinm = 0, 0t 9. 01 6. 01 0. 01 0. 01 o1
Carbony] Sulfide 0. 05 Q.02 &, 05 0. 02 0. 05 0.03
Ammonia -- -- -- -- -- .-
Phenol -- -- -- -- -- --
Benzene == <= - -- -- --
Water -- 51, 65 -- 52.19 -- 45.50
Total . 100.00 100, 00 100. 00 100, 0Q 100. 00 160, 00
CC Converted, lb-mol/fhr 0. 000340 - C. 00G360 -, 0.000317 -
€, Froduced, lb-mol/hr 0, 000352 -- 0. 000370 - 0. 000310 --
H; Produced, lb-mol/hr 0. 000334 - 0. 000355 -- 0. 000314 --
Rate of CO Conversion X 10°* 0.34 - 0. 36 -- 0.32 --

b-mol/hr-pg catalyst

“Feed also contains 4.3 ppm ethyl mercaptan, |.4 ppm a-propyl mercaptan,
4.6 ppm isopropyl mercaptan, and 2. 6 ppm disulfides.

B77030681b
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Table B~4, Part 27. KINETICS TESTS
{Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 19 80 81

Fesd Water Rate, lb-mol/hr 0. 006161 0. 006150 0. 003393

Fred Cas Rate, SCF/hr 2. 228% 2.22B9 2.2322

Feed Renzene Rate, Tb-molfhr - -- 0. 000670

Feed }5,0/Gas Ratio (mot} 1.66 1. 06 0. 52

Basis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol -
Carbon Monoxide 11.16 5.41 11. 16 5.41 1311 6. 64
Carbon Dioxide 10. 85 5. 25 10. 8% 5. 26 9. 93 6. 51
Hydrocen 22. 10 10. 78 22.30 10. 81 19. 90 13. 06
Methane §3. 55 25,94 53.5%5 25.96 47. 63 3. 26
cthane 0. 45 0.22 0. 45 0.22 0. 4¢ 0. 26
Propane 0.13 0. 0é 0.13 Q. 06 0. 11 0. 07
Rutane 0.05 0. 03 Q0. 05 0.02 0. 05 0. 03
Bydrogen Suifide 0.91 0. 44 C. 91 0.44 0. 80 0.53
Nitrogen o. 54 0. 26 0. 54 0, 26 0. 46 G, 30
Heliwm 0. 01 g. 01 0.01 0. 01 ¢. 01 0. 461
Carbonyl Sulfide 0. 0% 0. 03 0.05 0.03 0. 05 0.03
Ammonia -- -- - -- 0.19 G.12
Fhenol == . - == -- - --
Benzene b -- -- -- 10, 36 6. 79
Water -- 51,57 - 51, 51 - 3439

Total 100. 00 100. 00 100. 0 100. 00 100. 00 100. 0¢

Reactor Temperature, F 654 .- 756 .- 555 --

Reactor Pressure, prig 200 - 200 .- 500 --

Produet Water Rate, lb-mol/hr 0. 005034 -- 0. 005071 -- 0,002119 --

Product Gas Rate, SCF/hr 2.3614 .- Z. 3697 -- 2. 3563 .-

Product Benzene Rate, lb-mol/hr -- -- . -- -- 0. 000611 --

Product Gas Composition, mol %

Carbon Monoxide 5. 07 2.79 4.73 2. 59 4, 86 3. 69
Carbon Dioxide 15. 69 8.62 15.92 8.72 14. 36 10. 92
Hydrogen 26. 58 14. 59 26. 85 14.67 23.89 18.27
Methane 50. 73 27.79 50. 57 27.68 45, 96 34.89
Ethane 0.42 0. 23 0.4z 0.23 0. 39 G. 29
Propane 0.12 0. 04 0.12 0. 06 Q.10 0. 08
Butane Q. 02 0.0t 0. 62 9. 01 0.01 0.01
Hydrogen Sulfide 0. Bl D. 43 0.81 0. 44 0.73 0. 55
Nitrogen 0. 50 0. 28 0.50 0.28 0.45 0.34
Helium 0. 01 0. 01 0.0} Q.01 0. 01 0. 01
Carbonyl Sulfide G. 05 0. 03 0. 05 0.03 0. 04 0. 03
Ammania == .- -- -- 0. 10 0.08
Phenol == - - - -- -
Benzene -- -- - -- %. 10 6. 90
Water == 45,16 == 45. 28 == 23. 54
Total . 100. 00 100. 00 100. 00 100,09 100, 00 100, oo

CO Converted, 1b-mol/hr 0. 000335 -- 0. 0006355 .- 0. 000328 -
CO; Produced, lb-mol/hr 0. 000334 - 0. 000351 - 0. 000324 -
H, Produced, lb-mol/hr 0. 0003139 - 0. 000356 -- ©. 000320 -
Rate of CO Conversion X 1074 0. 34 -- 0.36 -- 0. 33 -

lb-mol/hr-g catalyst

~Feed alno contains 4,3 ppm wmthyl mercaptan, 1.4 l]r’!Pm a-propyl mercaptan,
4.6 ppm isopropyl mercaptan, and 2.6 ppm dlsulidss,

B-92 BT7030681¢
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Table B-4, Part 28. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, g2 a3 84

Feed Water Rate, lbomol/hr 0. 003515 0. 0G33B0D .0.007937

Feed Gas Rate, SCF/hr 2.2322 2.2322 2. 2270

Feed Benzene Rate, lb=mol/hr C. 000670 Q. 000678 0.000667

Feed H,O/Gas Ratio (mol) 0. 53 0.52 1.22

Basis for Analysis Dry, Wet Dry ' Wet Dry Wet

Feed Gas Composition, mol % °
Carbon Monoxide 10.11 6. 86 10.10 6. 64 9. 61 4. 45
Carbon Diowide 9.93 6.43 9.92 6.52 9.73 4.37
Hydrogen 19. 90 12. 89 14. 88 13.07 19, 16 f. 68
Methane 47. 63 30.87 47.57 3). 27 47,94 21.54
Ethane 4. 40 .26 0.40 0.26 G, 40 0.18
Propane 0. 11 0. 07 c.11 .07 .11 0. 05
Butane 0. 05 0. 03 [ +1.] 0.03 0. 05 0,02
Hydrogen Sulflide 0. 80 0. 52 0. 80 0. 53 0. 62 0. 37
Nitrogen 0. 46 0. 30 0. 46 0. 30 0. 48 0.22
Helium 0. 0l a. 0} d. 02 0.01 0. 02 ¢, 01
Carbonyl Sulfide 0. 05 9. 03 9. 0% 0. 03 D. 05 g, 02
An.monia 0.9 0.12 .19 0.12 0.43 0,19
Phenal -- -- -- -- -- --
Renrene 10. 36 6. 70 10. 45 6,87 10. 30 4, 63
Water -- 35.2] - 34, 28 - 53, 07

Total 100. 00 100. 00 100. 60 100. 00 100. 00 100, 00

Reactar Temperature, oF 654 - 753 - 556 -

Reactor Pressure, psig 500 .- 500 -a 200 .-

Product Water Rate, lb-moil/fhr 0. 002303 - 0.002j07 .= 0. 0UEBI0 -

Product Gas Rate, SCF/hr 2.3727 .. 2,381 .- 2. 3349 --

Product Renzene Rate, lb-mol/hr 0. 000611 - 0. 000610 -- 0. 008610 --

Product Gas Composition, mol %
Carbun Monoxide 4,34 324 3.94 kK | 5. 36 2. 66
Carbon Dioxide 14.75 11.01 15. 08 11. 51 13.55% 6. 72
Hydrogen 24. 30 18.14 24. 60 18.78 23,28 11,54
Methane 45,75 34. 07 45. 64 34. 69 46. 48 23,03
Ethane 0. 38 0.29 0. 38 0. 29 0.39 0.19
Propane 0.10 0. 08 0.10 0. 08 0.10 0. 05
Butane i 0. 01 0.01 0. 01 0. 01 0. 02 0. 61
Hydrogen Sulfide 0.72 0. 54 0.72 0. 55 0. 73 0.36
Nitrogen 0. 44 0.33 0. 44 @, 34 0. 46 G. 23
Heliam 0. 01 0. 0} 0. 01 0, 01 0. 02 0. 01
Carbonyl Sulfide 0.04 0.03 0. 04 0,03 0. 04 Q.02
Armnionia 0.10 ¢. 08 0. Lo 0. 08 0. 33 0. 16
Phenol -- i -- -~ -- .-
Benzene 9. 06 6,73 B. 94 6.85% 9. 24 4. 52
Watcr -- 25, 44 -- 23. 17 . 50. 50

-Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

€O Converted, Ib-maol/hr 0. 000361 - 0. 600387 .- 0. 000283 .-

CO, Produced, lb-mol/hr 0. 000357 - 0. 000382 -= 6. 000277 --

H, Produced, lb=-mol/hr 0. 000358 -- 0. 000383 - 0. 000278 --

Rate of CO Converslon X 1074 0. 36 -- 0. 39 -- 0.28 -

ib-mol/hr-g catalyst

“Feed also contains 4,3 ppm ethyl mercaptan, |.4 ppm n-propyl mercaptan,
4.6 ppm isopropyl mercaptan, and 2,6 ppro disulfldes.

770306814
B-93 B



4/79

Table B-4, Part 29.
{Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No.

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr
Feed Beaozene Rate, lb-mol/hr

Feed H,0/Gas Ratio (mol)

Basis for Analysis

"

Feed Cas Composition, mol %’
Carbon Monoxide
Carben Dioxide
Hydrogen
Methane
Ethane
Propane
Butzne
Hydrogen Sullide
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Phenol
Benzenc
Water

Total

Reactor Temperature, °F

Reactor Pressure, psig

Product Water Rate, lb-mol/hr

Product C.as Rate, SCF/hr

Product Benzene Rate, lb-meol/hr

Product Gas Composition, mol &
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogen Suliice
Nitrogen
Helium
Carbonyl Sulfide
Ammonia
Phenol
Benzene
Water

Total

CO Cenverted, lb-mol/hr
£ O, Produced, ib-meol/hr
H, Produced, lb=mol/hy

Rate of CO Conversion X 10°¢
ib-mol/hr-g catalyst

KINETICS TESTS

IU-4-9

'Feed also contains 4,3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4,6 ppm isopropyl mercaptan, and 2.6 ppm disulfides,

85 86 a7
0. 007973 0. 007973 ©¢. 005585
2.2270 2.2270 2.2192
0. DO0K T8 0. 000678 Q0. 000678
1.23 i, 23 0. 88
Dry Wet Dry Wet Dry Wet
9. 90 4, 34 9. 90 4. 44 9. 89 5. 31
9. 71 4, 36 9.71 4,36 9. 72 5. 21
19,73 8. 85 19.175 &. B6 19.75 i0. 59
47, 86 21.47 47. 86 21. 47 47. 90 25.69
0. 3¢ 0.18 0. 40 0.18 0. 40 0.22
0.1l q.05 4,12 0. 86 0.12 0. 07
0. 05 0. 02 9. 0% 0. 02 0. ¢5 Q0.03
0. 62 Q.37 0. 82 Q.37 0. 82 0. 44
0. 48 0. 21 0. 48 0. 21 0. 48 0. 26
0. 02 0.0} 0.3 Q.01 0. 01 0. 01
0. 05§ 0.02 0. 05 0.02 d. 05 0.03
0.43 0. 19 G.43 0.19 0.3 .17
10. 44 4. 69 10.42 4. 69 10. 50 5,63
- - 55, 14 - 55.[2 - 4¢&. 34
100. 00 100, 00 100, 00 100. 00 10¢0. 00 100. 00
655 -- 154 .- 355 -
200 - 200 - 200 -
0. 006895 -- 0. 006859 -- 0. 0044813 --
2.3430 -- 2. 3511 -- 2.3267 -
0. 000613 -- 0. 000625 - 0. 000616 -
1. 96 2.45 4,75 2.36 5. 47 3.27
13.93 6, 88 14. 04 b, 97 12.62 7.55
23. 55 11. &2 23. 64 11,73 23.16 13.75
46. 28 22. 84 46, 14 22,84 47.50 27.61
0. 39 0. 19 0. 39 0.1% 0.39 0. 23
0.10 a, 05 0.12 0. 06 0.12 0.07
0.02 Q0. 0] #.01 0. 01 0.0]1 Q.01
0.73 0. 36 0,74 0.37 0.75 0. 45
0. 46 0.23 0. 48 0.24 0. 48 0.29
¢ 02 0. 01 0. 01 0. 01 8. 01 0.01
0. 04 0. 02 0. 4 0. 02 0. 04 0.03
0.32 0.16 0.32 0.16 0. 22 0.13
9. 20 4. 50 9.32 4. 59 Q.23 5.52
- - 50, 68 -a 50.45 -- 41.08
100, 0g 100. 00 100. 60 100. 00 100. 00 100. 00
0. 000309 -- 0. 000321 - 0. 000274 -
0. 000306 - 0. 000318 - 0. 000270 --
0. 000302 -- 0. 000315 -- 0. 000269 -
0. 31 - 0. 37 - 0.27 -
BT703068]1e
B=-94
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Table B-4, Part 30.

Run No,

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr

Feed Renzene Rate, lb-mol/hr

Foeed 11.O/Cas Ratio (mel)

Basis for Analysis
Feed Cas Composition, mol %"

Carbon Menoxide

Carbon Dioxide

Hydrogen

\tethane

Ethane

Propane

Butane

Hydrogen Sulfide

Nitrogen

Helium

Carbonyl Sulfide

Ammonia

Phenol

Benzene

Water

Total

Reactor Temperature, °F
Reactor Pressure, psig
Product Water Rate, l1b-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr

Product Gas Cemposltion, mol %
Carbon Monoxide
Carbon Dioxide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Ammonla
Phenol
Benzene
Water

Teotal

CO Converted, lb-mol/hr
CO, Produced, lb=mol/hr
H, Produced, lb-mol/hr

Rate of CC Converslon X 1074
tb-melfhr-g catalyst

Feed also contains 4.3 ppm sthyl mercaptan, 1.4

KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

IU-4-9

4.6 ppm 1sopropyl mercaptan, and 2.6 ppm disulfides,

a8 89 90
0. 006063 €. 006173 0. 003466
2.2192 2.2192 2.2275
0. 000678 0. 000678 0. 000687
0.95 0. 97 0.83
Dry Wet Dry W at Dry Wet
9.89 ___..5.10 9.89 5. 06 10. 00 &. 5t
9.72 5. 01 9. 72 4. 97 9. 78 6, 37
19. 75 10.19 19.75% 10.10 19. 84 12.93
47.8%9 24. 71 47.8% 24.49 47,72 31.09
0. 40 0. 21 0,430 0. 21 0. 40 0. 26
0.12 0. 06 a, b2 0. 06 0.12 0. 04
0.05 Q.02 0.0% 0. 02 0. 05 0. 03
g, 82 a2 0.82 Q.42 0,79 0. 51
Q.48 . 25 0.48 0. 25 0. 48 0.31
0. 02 9. 01 0,02 0. 01 0,02 0. ¢l
0. 05 0,02 0. 05 0. 02 0.05 0. 03
Q.33 017 Q. 34 Q.17 c. 19 0,12
1G. 48 5. 41 10.47 5. 37 10. 56 6.90
-- 48, 42 - - 48. 85 - - 34, 85
100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
654 .- 753 - 558 --
200 -- 200 - 100 --
0. 004924 -- 0, 005046 -- 0. Q02266 --
2.3348 - 2. 3429 - 2, 2800 --
0. 000617 -- 0. 000622 - Q. 000630 --
5. 00 2. 88 4, 86 2.8 7. 70 5. 72
14. 63 B.43 13.99 7.99 11.73 8.2
23.48 13.53 23. 60 13.48 21. 67 16. 11
45, 58 26. b6 46,27 26.37 47.13 35,12
0. 39 0.22 0. 39 0. 22 0, 40 D. 29
0.12 0. 07 0.12 Q.07 ¢. 12 0. 09
0.02 0. 01 0.01 Q. 01 0. 02 0. 01
D0.75 0.43 0,74 0.42 0.15 0. 36
0. 4B d. 28 0.48 0. 27 0. 49 0. 36
0.02 ¢. 01 0.01 . 01 0. 02 0. 01
0. 04 0,03 0. 04 0. 03 0. 0% 0. 03
0. 24 0. 14 0. 25 0. 14 0.11 0. 08
9. 25 5. 31 9. 24 5. 29 9. 61 1.4
-- 42, 00 - - 42. 92 == 25. 16
1040. €0 100, 00 100. 00 100, 00 100. ¢0 100. 00
0. 000304 -— 0. 000312 - 0. 000143 -
0, 00030} -- 0, 000312 .. 0, Q0013% --
0. 600296 .- 0. 000310 - 0. 000135 -
0,30 -- 0. 31 -- 0. 14 --
n h-propyl mercaptan,
B-95 B7703046811
~ = " L T = ~ ar [\ - [ ] [al " v



4/79 I0-4-9

Table B-4, Part 31. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. a1 92 93

Feed Water Rate, lb-mol/hr ) 0. 003466 0.003478 0. 007839

Feed Gas Rate, SCF/hr 2.2275 2.2275 2.2218

Feed Bentene Rate, 1b-mol/hr (. Q0067 0. 000678 0. 000667

Feed H,0/Gas Ratio (mol} Q.53 0.54 1.21

Basis for Analysts Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol 4 *
Carbon Monoxide 10.00 6, 51 i0. 01 6,51 10, 04 4.54
Carbon Dioxide 9.78 6. 37 5. 79 6. 37 9. 81 4.43
Hydrogen 19. 84 12.93 19.87 12.92 1%. 89 6. 98
Methane 47. 72 31. 30 47,78 31.08 47,63 21. 50
Ethane 0. 40 0. 26 0.40 0, 26 0. 40 0.18
Fropane 0.12 0. 08 0.12 0.08 c.12z ¢, C6
Butane 0. 05 0. 03 9. 0% 0. 03 0. 05 Q.03
Hydropen Sulfide Q.19 ¢ 51 0. 79 0.5] 0.7% 0.36
Nitrogen G, 48 0.31 0. 48 Q.31 0,48 0. 22
Helium 0. 02 0. 01 0. 02 0. 01 0,02 0. 01
Carbonyl Sulfids 0.0% 0. 03 0. 05 0.03 0. 05 0.03
Ammenia 0.19 06.12 0.19 0,12 0. 42 0.19
Phenol - - - - - i
Benzene 10. 54 6,91 10. 45 6. 82 10. 30 4. 66
Water -~ 3+4.83 - - 34. 95 .- 54,81

Total 100. 00 100. 00 100. 06 100. 00 100, 00 100. 00

Reactor Temperature, °F 653 . 781 - 556 --

Reactor Pressure, paig 100 -- 140 -- 50 _-

Product Water Rate, lb-mol/hr 0.00224) - 0. 002303 -- 0. 006761 --

Product Gas Rate, SCF/hr Z.2955 -- 2.3111 - 2. 2820 -

Prodyrt Benzene Rate, lb-molfhr 0. 000622 .- 0. 000616 .- 0, Q00605 ..

Product Gas Composition, mol %
Carbon Monoxide 7. 06 5. 27 6.45 4. 78 7. 63 .76
Carbon Dioxide 12. 26 9. 15 12. 83 9. 52 11.89 5. 85
Hydrogen 22.2% 16. 56 22,68 16. 83 21.B6 10. 76
Methane 47.02 35,02 +6.79 34,72 47.13 23.1%
Ethane 0. 39 .29 0.39 0.29 0. 40 0.20
Propane G, 12 0. 09 0.12 0. 09 0. 12 0. 06
Butane c. 02 0.01 0.02 0. 01 6. 02 ool
Hydrogen Sulfide 0.74 0. 55 0.74 0.55 0. 74 0. 37
Nitrogen - 0. 49 0. 36 0.48 D, 36 0. 48 0. 24
Helium 0.02 0. 01 0.02 0. 01 0. 02 0.01
Carbonyl Sulfide 0. 05 0. 03 0. 05 0.03 0. 05 0. 02
Ammonia 0.11 0. 08 Q.11 0. 08 0.32 0. 16
Fhenol == - == - -- --
Beazene 9.43 7.04 9.32 6. 90 9. 34 4. 55
Water .- 25,47 .- 25. 43 - 50. 82

Total 100, 00 100, 00 £00. 00 100. 00 100, 00 100. 00

€O Converted, ib-mol/hr 0. 000183 -- 0. 000221 -- 0. D0CE49 .-

€O, Produced, tb-mel/hr 0. 000174 .- 0. 000216 --  0.000145 -

1, Produced, Ib-mol/hs 0. 000176 - 0. 000216 -~ 0.000147 --

IFate of €O Conversion X 1074 0.18 == 0.22 - 0. 15 --

Ih-mul/hr-g catalyst

Ferd alsw containg 4,3 ppm ethyl mercaptan, 1.4 ppm n=propyl mercaptan,
1.7 ppn isopropyl mercaptan, and 2,6 ppm disulfides,

B77030681g
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Table B-4, Part 32. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, sl 95 96

Feed Water Rate, lb-mol/hr ¢, 007899 0. 007937 0.007373

Feed Gas Rate, SCF/hr 2. 2218 z.2218 2. 2301

Fecd Fenzene Rate, lb-mol/hr 0. 000670 0. 003690 0. 000678

Feed H,0/Gas Ratio {mol) 1.22 1.22 1.23

Fasis for Analysis Dry Wet Dry Wat Dry Wet

Feed Gas Composition, mol %*
Carbon Monoxide 10. 04 4,52 10,01 4. 50 18. 09 8. 04
Carbon Dioxide 9. 81 4. 41 9.7 4. 40 14, 32 6.37
Hydrogen 19, 84 B. 95 19.8] 8. 91 22,37 9. 95
Methane 47. 61 2].43 47.45 21, 34 31.42 14. 15
Ethane 0. 40 0.18 0. 40 Q.18 Q.99 0. 44
Propane 0.12 Q. 06 0.12 0. 06 Q.25 0.11
Butane 0. 05 0. 42 0. 08 0. 02 0. 08 0,03
Hydrogen Sulfide 6. 79 0. 36 0.79 0. 35 0. 45 0,29
Niteogen 0. 48 G.22 0. 48 0. 22 1.07 Q.47
Helium 0.02 0. 01 0.02 6. 0] 0. 02 0.0l
Carbony! Sulfide 0. 05 0,02 0.05 0. 02 0. 03 0.01
Ammonia 0.42 0,19 0. 43 19 G, 40 0.19
Phenol - - -- - 0.69 0. 04
Benzene 10,37 4. 66 10,62 4. 78 10. 42 4. 62
Water -~ 54. 97 -- 55. 02 -~ 55.37

Total 100. 00 100. 00 100. 00 100. 00 1900. 00 1040, 00

Reactor Temperature, oy 656 - 154 -- 556 .-

Reactor Pressure, paig 50 -- 50 -- 500 --

Product Water Rate, lb-mol/hr 0, 00680 -- 0. 006785 .- 0. 006822 -

Product Gas Rate, SCF/hr 2.2976 . 2. 3065 -- 2, 4843 -

Product Benzene Rate, 1b-moi/hr 0, 000605 -- 0. 000627 -- 0. 000616 --

Product Gas Compesitien, mol %
Carbon Monoxide 7.01 3. 45 b. 66 329 7.30 3.72
Carbon Dioxide 12. 41 6. 10 12. 63 6. 24 22. 41 11.40
Hydrogen 2. 28 10, 93 22.46 11.10 29. &4 15. 08
Methane 46. BY 23.04 46, 55 23. 01 29. 23 14.87
Ethane 0. 39 0.15 0.39 0.19 0.91 0.4¢6
Propane 012 0. 06 .12 0. 06 0. 23 0.12
Butane 0. 02 0. 01 0.02 0. 01 0. 04 0. 02
Hydrogen Sulfide 0.4 0.37 0. 74 0. 37 0. 41 0. 21
Nitrogen 0. 48 0. 24 0.48 0. 24 0. 9% 0. 50
Helium b 02 0. 01 0,02 @ 01 0, 01 0.a1
Carbonyl Sulfide 0. 05 a. 02 0. 05 0.02 0. 03 0. 61
Ammonia 0. 33 0. 16 0.32 0.1é6 0. 3t 0. 16
Phenol -- - -- .- 0. 06 0.03
Benzene 9. 28 4. 51 9. 56 4. 67 8. 43 4. 41
Water - 50. 91 - 0. 63 - - 49, 00

Total ioe, 00 100, 00 100. 00 100. 00 100. 00 100. 00

CO Converted, lb-meol/hr 0. 000187 - 0. 000207 -- 0. 000654 -

CO; Produced, lbemol/hr 0. 000184 - 0.000204 -- 0. 000657 -

H, Produced, 1b-maol/hr 0. D001 84 -- 0. 000205 - 0. 000647 --

Rate of CO Conversion X 1074 0. 192 - 0.21 - a, 65 -

1b-mol/hr-g catalyst

“Feed also contains 4, 3 ppm ethyl marcaptan, 1.4 E}m n-propyl mercaptan,
4,6 ppm isopropyl mercaptan, and 2.6 ppm disulfides,

B-97 B77030681h
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Table B-4, Part 33.

KIRETICS TESTS

(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

10-4-9

Run No. 97 38 99
Feed Water Rate, lb-mol/hr . 007875 0. 007985 0. 007937
Feed Gas Rate, SCF/hr 2.2301 2.2301 2.2360
Feed Benzene Rate, lb-mol/hr 0, 000678 0. 000678 0. 000690
Feed H,0/Gas Ratio (mol) 1.21 l.23 1.22
Basis for Analysis Dry Wet Dry Wet Drv Wet
Feed Gas Composition, mol %°
Carbon Monoxlde 18. 02 B. 15 18.12 8. 09 17. 42 7.89
Carbon Dioxide 14. 27 6. 46 14,35 6. 41 14.06 6,35
Hydrogen 22,28 10. 0% 22.29 10. 01 24,21 10.93
Methane 31. 69 14.35 3l.s0 14. 24 30. 30 13. 68
Fthane 0. 99 0.45 0. 99 0. 44 €. 97 0.43
Propane 0. 25 0. 11 0. 25 a1l 0. 25 o. 11
Butane 0.08 0. 03 0. 08 0. 03 0. 08 0. 03
Hydrogen Sulfide 0.49 Q.20 0. 45 0.20 0. 54 0. 24
Nitrogen 1. 06 0.48 1. 06 0. 48 1. 07 0.48
Helium ©. 02 0. 01 0. 02 0. 01 0,02 0.0l
Carbonyl Sulfide 0. 03 0. 01 0.03 0,01 0.03 0. 01
Ammonia 0.42 0.19 0. 40 (VAN -] G. 40 0.18
Phenol 0. 0% 0. 04 0. 09 0. G4 0.09 0, 04
Benzene 10. 35 4. 68 30, 36 4.65 10. 50 4.74
Water == 54. 75 -- 85,10 -- 54. 88
Total 100. 00 100, 0¢ 100. 00 100. 00 100. 00 100. €0
Reactor Temperature, °F 654 -- 753 -- 556 -
Reactor Pressure, psig 500 -- 500 -- 2006 .-
Product Water Rate, lb-mol/hr D. 006699 -- 0. 006724 -- 0. 006810 -
Product Gas Rate, SCF/fhr Z.5120 - 2. 5213 - 2.4371 --
Product Benzene Rate, |b-mol/hr 0. 000614 - 0. 000616 - 0. 000627 --
Product Gas Composition, mol %
Carbon Monoxtide 6, 22 .22 5.71 2.95 9. 00 4. 56
Carbon Diaxide 23.10 11. 95 23. 84 12,12 20. 50 10. 39
Hydrogen 30. 27 15. 66 30,60 15. 83 29.95 15.18
Methane 28. 91 14. 93 28.72 14.85 24. 55 14.42
Ethane 0. 89 0. 46 0.88 0.45 0.90 0. 46
Propane 0.22 0.1z 0,22 012 0. 23 0.12
Butane 0. 04 0. 02 0. 04 0.02 0.04 0,02
Hydrogen Sulfide 0. 41 0. 21 0. 40 6. 21 G, 50 0,25
Nitrogen 0, 98 0. 51 0.97 0. 50 1,00 0.51
Helium - 0.01 0.01 0. 01 0,01 0.01 0.01
Carbonyl Sulfide 0.03 0. 01 0.03 0.0l 0.03 0. 01
Arnmonia 0.31 a.1% 0.31 0.16 0.32 0.16
Phenol 0. 06 0. 03 0. 06 0. 03 0. 06 003
Benzene 8. 55 4. 42 8. 61 4.41 8.91 4. 53
Water -- 48.29 -- 48.33 .- 49. 35
Total 100. 00 100, 00 100. 00 100. DO 100. 0o 100, 00
CO Converted, lb-mol/hr 0. 000725 - Q. 000760 -- 0. 000512 -
CO, Produced, 1b-mol/hr 0. 000728 -- 0, 000758 -- D. 000513 -
H; Produced, lb-mol/hr 0. 000720 - 0, 000751 - 0. G600S10 -
Rate of CO Conversion X 1074 0.73 -- 0. 76 . 0. 51 -
\b-mol/hr-g catalyst
Feed also containe 4,3 ppm ethyl mercaptan, 1.4 ppm a-propyl mercaptan,
1.0 ppro iropropyl mercaptan, and 2.6 ppm disulfides,
BTTO306B11
B-98
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Table B~-4, Part 34. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 100 10} 102

Feed Water Rate, 1b-mol/hr 0. 007961 0. 007838 0, 003478

Feed Gas Rate, SCF/hr 2.2360 2.2360 2.2194

Feed Renzene Rate, Ib-mol/hr 0. 000678 0. 000701 ©. 000690

Foed H,0/Gas Ratio {(mol) e 122 1.20 0. 53

Rasis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Componition, mol % °
Carbon Monoxide 17. 51 7.89 17.45 7. 95 17. 51 11.40
Carbon Dioxide 14. 09 6.358 14. 04 6.39 14, 08 G. 16
Hydrogen 24.25 10,93 24. 17 11. 00 24. 24 15.78
SMethane 30. 35 13,68 3. 2% 13.77 30,33 19.75%
Ethane 0. 97 0.44 0. 96 0. 44 0. 97 0. 63
Propane 0.25 0.1 0. 24 0,11 0. 25 0.16
Butan¢ 0. 08 0.03 0.08 0. 03 0. 08 0. 0%
Hydrogen Sulfide D. 54 0. 24 0. 53 0. 24 0. 54 0. 35
Nitrogen 1. 07 0.48 1.07 0.49 I.07 0. 69
1lelium 0.02 0.01 0.01 0.0} 0. 0] 0.01
Carbony) Sulfide 0. 03 0.01 0. 03 0. 02 0. 04 Q.02
Amnionia 0. 41 0.19 0.490 Q.18 0.19 0.12
Phenol 0. 09 0. 04 0. 09 0,04 0. 0§ a. 06
Benzene 10. 34 4. 65 10. 68 4, 84 10. 60 6.90
Water -- 54.9% - 4. 54 -- 34. 92

Total 100, 00 100.00 100. 00 100. 09 100. 0C 100. 00

Reactor Temperature, °r 655 - 752 s 557 .

Reactor Pressure, psig 20¢ - 200 .- 200 --

froduct Water Rate, 1b-mol/hr 0. 00B81O .- 0. 006699 -- 0. 002278 -

Product Gas Rate, SCF/hr 2.4389 - 2.4548 -- 2.3932 --

Froduct Benzene Rate, lb-mol/hr 0, 000622 - 0. 000633 -- 0. 000630 -

" Product Gas Composition, mol %

Carbon Mopoxide B.83 4.47 B. 2B 4. 25 10,12 7.5%
Carbon Dioxide 20, 64 i0. 46 20. 96 10.75 19. 72 14. 81
Hydrogen 30. 08 15,23 30,35 15. 56 29. 38 21. 98
N\iethane 28. 54 14. 21 2B. 36 14.49 28.73 21,69
Ethane 0. 90 0.48 0.90 0. 46 0.91 0. 68
Propane 0,23 0.12 0.23 0.12 0. 23 0,18
Butane 0. 04 0. 02 O, 04 0. 02 0. 03 0. 02
Hydrogen Sulfide 0. 50 n. 25 0. 50 0. 26 0. 51 0.38
Nitrogen 1. 0¢ 0. 50 1. 00 0.52 1.00 0.76
Helivm 0. 01 0.0l 0.01 ¢ 01 0. 01 0.0l
Carbonyl Sulfide 0. 03 0.02 ¢, 03 0. 02 0.0} 0. 02
Ammonia Q.32 0.16 Q. 31 0. 16 0.12 0. 08
Phenol 0. 06 0.03 0. 06 0.0} 0. 06 0. 04
Henzene 8.82 4.4% g.97 4. 59 6. B 9. 14
Water - - 49. 55 -— 48. 76 - - 24. 90
Totak 100. 00 100. 00 100, 00 100. DO 100, 00 100, 00

CO Converted, 1h-mot/hr 0. 000534 -- 0. 000558 - 0. 000439 --
€0, Froduced, 1b-mol/hr D. 000533 - 0. 0005556 -- 0. ¢D0441 -
H, Produced, tb-mol/hr 0. 000519 - 0, CDO554 -- 0. 000438 --
Rate of CO Conversion X 1074 0.53 .- 0.56 -- 0, 44 --

Ib-mol/hr-g catalyst

Feed alao conts ns 4.3 ppm athyl mercaptan, 1,4 I?m a-propyl mercaptan,
4.6 ppni isopropyl mercaptan, and 2.6 ppm disulfides.

B~99 B77030681]
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Table B-4, Part 35. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 103 ) 04 105

Feed Water Rate, Ib-mol/hr 0. 003466 0, 003466 0.003393
Feed Gas Rate, SCF/hr 2.2194 2, 2194 2.2270
Feed Bencene Rate, 1b-mol/hr 0. 000678 0. 000687 0. 000667
Feed FH,0/Gas Ratio {mol) 0. 52 0. 52 0.51
Basis for Analvsis Dry Wet Dry Wet Drv Wet

Feed Gas Composition, mol %>

Carbon Monoxide 17.55% 11.43 17.582 11,42 17.80 11.69
Carbon Dioxide 14.10 9.1% 14. 08 9.18 V 14. 27 9. 37
Hydrogen 24. 28 15. B4 24. 25 15.80 23.90 15. 69
\iethane 30. 39 19. 79 30,35 19.78 30, 66 20. 06
Ethane 0. 96 0.63 n. 94 a. 63 0.9% 0. 65
Fropane 0.2% 0.16 0. 25 Q.16 0.25 0.16
Butane 0. 08 0. 05 0. OB 0.4Q5s 0. 08 0. 05
Hydropen Sulfide Q. 54 0,35 0, 54 0.35 4. 51 0. 34
Nitrogen 1. 07 0.70 i.07 0. 70 1.01 a.70
Helium 0. 01 0. 01 0. 01 0. 01 0. 01 0. 01
Carbonyi Sulfide 0.03 D. 02 0.03 0.02 0.03 0. 02
Armmoania 0.1% 0.12 G.19 0.12 0.19 0.12
Phencl 0. 09 0. 06 0. 09 C. 06 0. 09 G. 06
Benzene 10. 46 6.78 10. 88 6.87 1€. 2] 6. 72
Water - 34,87 - - 34. BS -- 34. 36
Total 100. 00 190. 00 100. 00 100. 00 100. 00 100. 00
Reactor Temperature, °F 656 -- 753 -- 557 .-
Reactor Pressure, psig 200 -- 200 -- 100 -
Product Water Rate, lb-mol/hr 0. 002290 - 0. 002205 .- ¢, 002143 --
Product Gas Rate, SCF/hr Z.4017 -- 2.4190 -- 2.2797 --
Product Benzene Rate, lb-mol/hr 0.000622 -- 0. c00625 -- 0. 000605 -
Product Gas Composition, mol %
Carhaon Manoxide 9. 56 7.17 9. 01 6. 84 13. 38 10. 00
Carbon Dioxide 20. 11 15.11 20.53 15, 58 17.82 13. 35
Hydrogen 29. 66 22.36 30.11 22.717 26. 32 19. 76
Methane 28. b4 21.49 28. 50 Z1.62 29.75 22. 49
Ethane 0. 92 0.69 0.90 0. 68 0. 9% 0.72
Propane 0. 23 017 0.23 ¢ 1B 0, 25 D.18
Butane 0.02 0.02 0. 04 0.03 0. 05 0. 03
Hydrogen Sulfide 0. 51 0, 38 0,51 0. 38 0. 46 0. 34
Nitrogen 1.0l 0.7% 1.00 0. 76 1. 09 0.82
Helium 0. 0J 0. 61 .01 0.01 0. 01 0. 01
Carbonyl Sulfide 0. 02 6. 02 0.03 0. 02 0, 03 0. 02
Aninionia 0,10 0. 08 0.10 6. 08 0.11 0.08
Phenel 0. 06 0. 04 0. 06 0. 04 0. 06 g. 05
Benzene 9.11 6. 76 8.97 6.82 9.72 6. 94
Water == 24. 95 . 24. 19 - 25, 21
Total 100. 0C 100. 00 100. 00 100. 00 100, 0D 100. 00
CO Converted, lb-mol/hr 0. 000476 -- 0. 000509 -- 0.000273 --
CO; Produced, lb-mol/hr 0. 000472 - 0. 000509 - 0. 000260 --
H; Produced, lb-mol/hr 0. 000469 -- Q. 000507 - 0. 000256 -
Hate of CO Conversion X 1074 0. 48 - 0. 51 -- 0. 27 --

1b-mol/hr-y catalyst

‘Feed also containg 4, 3 ppm ethyl mercaptan, 1.4 n-propyl mercaptan,
4.t ppn. sopropvl mercaptan, and Z, 6 ppm disulfides,

B-100 BT7030681k
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Table B-4, Part 36.
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No.

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr

Feed Benrzent Rate, lb-mol/hr

Feed H;Q/Gas Ratio (maol)

Pasis for Analysis
Feed Gas Composition, mol %"

Carbon Monoxide

Carbon Diokide

Hydrogen

Methane

Ethane

Propane

Butane

Hydrogen Sulfide

Nitrogen

Helium

Carbonyl Sulfide

Ammaonia

Phenol

Benzene

Water

Total

°F
Reactor Pressure, psig
Product Water Rate, lb-mol/hr
Product Gas Rate, SCF/hr
Product Benzene Rate, lb-mol/hr

Reactor Temperature,

Product Gas Compositien, mol %
Carbon Monoxide
Carboa Dioxide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Ammonfa
Phenol
Benzene
Water

Total

CO Converted, 1b«mol/hr
€O, Produced, lb=mol /hr
H, Produced, Tb-mot/hr

Rate of CO Conversion X 1074
1b-mol/hr-g catalyst

“Feed alac contains 4,3 ppm ethyl
4,6 ppn isopropyl mercaptan, an

KINETICS

TESTS

TU-4-9

106 107 108
0. 003466 0. 003429 0. 007802
2.2270 2.2270 2.2263
€. DODGTO 0. D006TH 0. 000670
0.52 0. 51 1. 20
Dry Wet Dry Wet Dry Wet
17. 80 11. 60 17.77 11.63 50.40 36, 52
14. 27 9. 30 14. 25 9,32 -- ' --
23, 88 15, 57 23.86 15.61 8. 07 3,65
30. 55 19, 90 30.51 19. 96 -- --
0. 99 0. 65 0.9% 0. b4 -- --
0.25 ¢. 16 D.25 0. 16 .. .
0. 08 D, 0% 0. 0k 0. 05 - .-
0. 51 0.33 0.51 ¢. 33 0.76 0.34
1. 01 0.70 1.07 0.70 -- --
0.0l 0. 01 0. &1 0.01 -- -
0.03 0.02 0. 03 0.02 0. 0% 0.02
0.19% 0.12 D.19 o.12 0. 42 0,19
0. 09 0. 06 0.09 ¢. 06 0. 09 0. 04
10. 34 6.70 10. 39 6.80 16. 21 4.65
.- 14. 83 - 34.59 - 54. 59
100. 00 100. 00 100, 00 100, 00 100. 00 100, 0D
652 .- 751 . 753 -
100 -- 100 -- 50 --
0.002229 .- 0. 002119 .- 0. 006663 --
2.2874 -- z.2952 .- 2. 7072 -
6.000611 -- 0. 000622 -- 0. 000605 --
12. 28 9.17 11.51 B.71 51. 67 27. 67
18. 44 13.77 16.93 14.33 ‘16, 30 8.73
26. B0 20. 01 28.02 21,22 23.14 12. 39
29. 64 22.1t 29. 38 22. 24 . -
G. 95 0. 71 0.93 0.70 - .s
0. 24 0.18 0. 24 0.15 - --
0. 05 0.03 0. 05 0. 03 an .-
0. 46 0.34 0.47 0. 36 0. 64 0.33%
1.07 0. BO 1.06 G. 8O -- --
0. 01 0.0} a.01 0.0l -- .-
0.0} 0.02 0.03 c. 02 0. 04 0.02
0.1 0. 08 0.11 0. 08 0.29 0.15
0. 06 0. 04 0. 06 0. 0% 0. 05 0. 03
9. 86 6.92 9,20 7.10 7.87 4,20
== 25.81 = 24.47 - 46,47
100. 00 160. 00 100, 00 100. 00 100. 00 100. 00
0. 000345 -- 0. 000392 - 0. 001250 --
0. 080331 - 0. 000378 .- 0. 001248 .-
0. 000330 -- 0. 000172 -- 0.001240 .-
0. 35 -- 0.39 . 1.25 -
‘;n;r:?::nnal:“:‘ ml:s- n-propyl marcaptan,
B-101 B77030681m
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Table B-4, Part 37.
(Shell 538 Shift Catalyse,

Run No,

Feed Water Rate, lb-mol/hr
Feed Gas Rate, SCF/hr
Feed Benzene Rate, lb-mol/hr

Feed H,0/Gas Ratioc (mol}

Bauis for Analysis
Feed Gas Composition, mol A
Carhon Monoxide
Carbon Diexide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogen Sulfide
Nitrogen
Helium
Carbonyl Sulfide
Ammonla
Phenol
Benzene
Water
Total
Reactor Temperature, °r
Reactor Fressure, psig
Product Water Rate, 1b-mol/hr
Product Gas Rate, SCF/hr

Product Benzene Rate, ib-mol/hr

Product Gas Compesition, mol %

Carbon Monoxide
Carbon Dloxide
Hydrogen
Methane
Ethane
Propane
Butane
Hydrogen Sulfide
Nitrogen
Helium
Carboﬁyl Sualfide
Ammonla
Phenol
Benzene
Water

Total

CO Converted, lb-moi/hr
€O, Produced, lb-mol/hr
H; Produced, lb-mol/hr

Rate of CO Converslon X 1074
1b-rnol/hr-g catalyst

“Feed also containa 4.3 ppm sthyl mercaptan,
4.6 ppm isopropyl mercaptan, aad 2,6 ppm dlluﬂ

N S$TITUuT G E

4 x 6 Mesh Spheres, 10.00 g)

KINETICS TESTS

IU-4-9

109 110 111
0. 007479 0. 007630 Q. 407643
2. 2263 2.2292 2.2292
0. 000672 0. 000670 0. 000667
1. 20 .21 1.21
Dry Wet Dry Wet Dy Wet
80, 40 36. 83 17.85 B. 21 17. 85 8.22
-- e 14. 33 6.59 14. 43 6. 60
8. 07 3.70 23,61 10. 87 23,61 10. 88
s - 30. 53 14, 05 39, 53 i4. 08
.- .- 1. 00 0. 46 1. 00 0. 46
- - 0. 25 0. 11 0. 25 G. 11
.- - 0.08 0. 04 @ 08 0. 04
0.76 0. 35 0. 49 0.23 0.4% 0.23
-- -- 1. 06 0.49 1. 06 C. 49
-- - 0,01 0.0} 0. 0t 9,01
0. 05 0. 02 0.93 Q.02 0. 03 0.02
0. 42 0.18 0. 40 0.18 0. 40 0. 18
0. 09 0. 04 0.3% 0.1é& 0. 3% C 16
10. 21 4. 71 10.01 4. 59 9.91 4, 60
- 54,17 -= 53.99 - 53,92
100. D¢ 100. 00 100. 00 100. 00 100. 00 100. 0O
153 .- 559 -- 658 -
500 -- 1000 -- 1000 --
0. 006516 .- D, 006479 - 0, 006467 --
2. 8083 .- 2.5192 - 2.538] --
0. 000608 -- 0. 000608 -- 0. 000602 --
46. 66 25.63 5. 48 2.88 4. 80 2.53
19. 07 10. 47 23.57 12.40 24. 04 12. 70
25. 67 14.10 31.87 16.77 32.30 17. 06
- - 27. 65 14, 54 27.53 14. 56
- - 0.91 0. 48 0. 90 0. 48
- - 0.22 .12 0,22 0.12
aa e 0. 04 0. 02 0. 04 Q.02
D. 62 0. 34 0. 45 0. 23 0. 44 Q.23
e - 0. 56 0. 51 0. 96 G. 51
- -- 0.0l 0.01 0, 01 Q,01
0.04 0.02 0.03 0. 02 0,03 0. 02
0.271 0.15 0. 29 0. 15 0. 31 0.14
0, 05 . 03 0.27 0. 14 0. 25 0.13
7. 62 19 8. 25 4.32 8.17 4. 28
- 45. 07 - 47. 41 -~ 47.19
100. 00 1060. 00 100. 00 100,00 100, 00 100, 00
0. 001510 .- 0. 000764 - 0. 000811 --
C. 001509 - 0. 000761 - 0. 00080 -
0. 001510 - 0. 000754 -- 0. 000799 -
1. 51 .- 0. 76 .- 0. 81 -
m n-propyl mercaptan,
B-102 B77030681n
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IU~4-9
Table B-4, Part 38. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 112 113 114

Feed Water Rate, lb-mol/kr 0. 007679 0. 007839 0. 007716

Feed Gas Rate, SCF/hr 2. 2292 2. 2242 2. 2242

Feed Benzene Rate, lb-mol/hr 0. 000659 0. 000667 0. 000659

Feed H,0/Gas Ratio (mol} 1.22 1.24 1. 24

w Dry Wet Dry Wet Dry Wet

Feed Gas Composltion, mol % *
Carbon Mogmtide 17. 87 8. 19 17.87 8,09 17. 38 8. 16
Carbon Dioxide 14,35 6. 58 14.37 6. 50 14. 37 b. 56
Hydrogen 23, 6% 10. 84 23.59 10. 68 23.59 10. 77
Methane 30. 57 14. 01 30. 57 13.84 30.57 13. 96
Fithane 1. 00 0. 46 1.01 0. 46 1.01 0. 46
Propane D. 25 0.11 0.25 6. 11 0. 25 0. 11
Butane 0. 08 0. 04 0. 08 0. 04 0. 08 0. 04
Hydrogen Sulfide 0. 49 0,23 0.48 o.22 0.48 0.22
Nitrogen 1. 06 0. 4% 1. 07 0.48 1. 07 0. 49
Hellum Q.01 0. 01 0. 01 0. 01 Q. 0} 0. 01
Carbonyl Sulfide 0.03 0. 01 0.03 0. 01 0. 03 0. 01
Ammonia 0. 42 0. 1% 0.42 0.19 0.42 0. 19
Phenol 0. 36 016 0. 36 0.16 D. 36 0.16
Benzene 9. 86 4. 50 9.89 4. %) 9. B8 4.49
Water -- 54. 1B - 54.70 .- 4. 37

Tatal 100. 00 100. 00 100. 00 100. 00 104Q. 00 100. 00

Reactor Temperature, °F 753 -- 558 - &565 -

Reactor Pressure, psig 1000 -- 500 . 500 -

Product Water Rate, lb-mol/hr 0. 006479 .- 0, 006675 -- 0. 006602 .-

Product Gas Rate, SCF/hr 2.5476 - 2. 4686 .- 2. 4868 -

Product Benzaae Rate, lb-mol/hr  ©. 000602 -- 0. 000605 -- 0. 000602 -

Product Gas Composition, meol %
Carbon Monoxide 4. 48 2. 36 7. 56 3.89 6. 51 3.37
Carbon Dioxide 24.33 12. 86 22. 149 11. 36 22. 80 11.82
Hydrogen 32, 55 17. 21 30.49 15.67 31.27 16,16
Methane 27. 44 14. 50 28.23 14. 51 27.92 ' 14. 47
Ethane 0.90 0, 47 0.92 0. 47 0.92 0. 48
Propane 0.22 0.11 D. 21 0.11 0.23 0.12
Butane 0. 04 0,02 0. 04 0,02 0. 04 0. 02
Hydregen Sulfide 0. 41 6. 22 0.41 0, 21 0. 41 0.21
Nitrogen Q.95 0. 50 0. 98 0. 50 0. 97 0. 51
Helium 0. 01 0.01 0,01 0. 01 0. 01 0.0l
Carbonyl Sulfide 0. 03 0. 01 0. 03 0. 01 0,03 0.01
Ammonia 0. 30 0. 16 0. 31 0.16 031 0.186
Phenol 0. 26 0. 14 0. 27 0. 14 0,27 0. 14
Benzene 8. 08 4,26 8. 44 4.28 8.31 4. 27
Water -- 47.17 - 48. 7é -n 48, 25

Total T 1060, 00 100, 00 10¢, 0¢ 100. 00 100. 00 100. 00

CO Converted, 1b-mol/hr 0. 000833 . 0. 000623 -- 0. 000694 --

GO, Produced, 1b-mol/hr 0. 000830 - Q. 000627 -—- 0. 000686 -

H; Produced, 1b-mol/fhr 0. 000825 -- 0. 000621 -- 0. 0006A3 ..

Rate of CO Converalon X 1074 0.83 -- 0. 62 .- 0. 69 -

Ib-mol/hr-g catalyst
T et 4.3 I L T T, P! e
B-103 BT70306810
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Table B-4, Part 39. KINETICS TESTS
{Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 115 116 117

Feed Water Rate, 1b-mol/hr 0. 007753 0. 007557 0. 007496

Feed Gas Rate, SCF/br 2. 2242 2.2136 2.2136

Feed Benzene Rate, lb-mot/hr 0. 000656 0. 00065% 0. 000667

Feed H,;0/Gas Ratio {mol) 1.23 1,20 1.18

Basis for Analysis Dry Wet Dry _ Wet Dry Wet

Feed Gas Composition, mol %™
Carbon Monoxide 17.88 8.13 17. 76 8.13 17.62 B. 16
Carhon Dioxide 14, 36 6. 53 14.17 6.53 14.15 6. 55
Hydrogen 23. 65 10.13 24. 0% 11.08 24. 00 13.11
Methane 3¢, 58 13.91 30. 56 14. 07 30.50 14.12
Ethane 1.00 0. 46 D.98 0. 45 0.98 0. 45
Propane 0.2% 0.11 0. 25 Q.11 0.25 0.12
Butane Q.08 0.04 0. 08 0. 04 0.98 . 04
Hydrogen Sulfide 0.49 0.22 0. 51 0.24 0. 51 0. 24
Nitrogen 1.06 ¢. 49 .l. o7 Q.49 1.07 0.50
Helium 0.01 0.01 0.01 0.0l 0.01 0.0}
Carbonylt Sulfide 0.03 0. 01 0,03 0. 0t 0.03 0. 01
Ammonia 0.42 0.19 0. 33 0.15% 0.40 0. 19
Phenel 0.36 0.16 0.36 0.16 0. 36 0.17
Benzene 9.83 4. 60 4. B4 4. 56 10.04 4.463
Water -- 54. 4] .- 53.97 - 53.70

Total 100. 00 100. 00 100, 0¢ 100. 00 100, 00 100. 0D

Reactor Temperature, °F 754 -- 558 -~ 657 --

Reactor Pressure, psig 500 CE . 200 - 200 --

Product Water Rate, lb-mol/hr 0. 006650 -- 0. 006430 -n 0. 006271 -

Product Gas Rate, SCF/hr 2. 5053 .- Z. 3961 - 2. 4047 .-

Product Benzene Rate, tb-mol/hr  0.000536 - 0. 000596 -- 0, 000602 --

Product Gaas Composition, mel %
Carbon Monoxide 6. 00 3.1 9.81 4.96 9. 42 4. 93
Carhon Dioxlde 23.27 12.05 20. 49 10. 47 20. 40 10. 68
Hydrogen 31.55 16, 34 28.85 14. 79 29, 68 15.49
Methane 27. 82 14.41 29.00 14. Bé 8. 74 15.04
Ethane 0.91 0. 47 0. 92 0. 48 0.92 0.48
Propane 0. 22 0. 12 0. 23 0.12 0.23 0,12
Butane 0. 04 0. 02 0.03 0.02 0. 03 0. 02
Hydrogen Sulfide 0. 41 0. 21 0.45 0.23 0. 45 0. 24
Nitrogen 0.98 0. 51 1.01 6.52 1.00 Q.53
Helium 0. 01 0.01 0. 01 0. 01 0. 01 0.01
Carbonyl Sulfide D.03 0. 01 0. 03 0, 01 0.03 0.01
Amrnonia 0.31 0.16 0. 3! 0,16 Q. 31 0. 16
Phenol 0.27 0. 14 0. 28 0. 14 0. 28 0. 15
Benzene 8.18 4.20 8. 58 4. 36 8. 50 4. 44
Water : - 48, 24 - 48.87 - 47.70

Total 100. &0 100. 00 100. ¢0 100. G0 100, 00 100, 0O

CO Convertad, lb-mol/hr 0. 000728 - 0. 000478 - 0.000481 --

CO; Produced, lb-mol/hr 0. 000729 -- 0. 000476 - 0. 000450 --

H, Produced, 1b-mol/hr 0. 000723 v 0. 000463 -- 0. 000485 --

Rate of CO Conversion X 107* 0.73 - 0.48 .- 0.49 --

lb-mol/hr-g catalyst
[ a4 RO TR A A
B-104
BT7030681p
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Table B-4, Part 40. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. 118 119 120
Ferd Water Rate, Ib-mol/hr 0. 007508 ¢. 007447 0. 007434
Feed Cas Rate, SCF/hr 2.2136 2. 2125 2.2125%
Feed Nenzene Rate, 1b-mol/hr 0. 060650 D. 000565 0. 000659
Feed 1,0/Gas Ratio (mol) 1.21 1.18 1.19
fiasis for Analvsis Dry Wet Dry Wet Dry Wet
Feed « a¢ Composition, mol %
Carbon Menuxide 17. 67 8. 16 17. 99 8.30 17,78 8.26
Carbon Dioxide 14. 18 6. 55 i4. 46 6. 67 14,29 6. 64
Hydrogen 24.07 11.12 24. 11 11.12 23.83 11.07
\icthane 30. 58 14.12 30,83 14.22 30. 47 14.16
thane 0, 98 0. 45 1. 61 0. 46 1. 00 0.46
Fropane 0. 25 0.12 Q.25 12 0. 25 e 12
liutane 0. 08 0. 04 0. 08 0. 04 0,08 0. 04
Hydropen Sulfide 0, 52 0. 24 0. 50 0.23 4. 30 0.23
Nitrogen 1. 07 0. 5¢ 1. 10 0. 51 1.909 0. 5}
Heliun: 0. 01 0. 0] 0. 01 0.01 0. 01 [+ 1} ]
Carhonyl Sulfide 0. 03 ¢. 0] 6. 03 0. 01 0. 03 0.0}
Amnionia 0. 40 0.1 0.41 0.19 0. 40 0.19
Phenel 0. 36 0.17 0.35 .16 0. 36 .17
Benzene 9. 80 4.5] B. 87 4.09 9. 91 4. 60
Water -- 53, 8) - 53. 87 - 53,53
Total 100. 00 100. 00 100. 00 100, 06 100, 0O 100. 00
Reactor Temperature, °r 753 “- 559 - 659 -
Reactor Pressure, paig 200 .- 100 - 100 -
Product Water Rate, lb-mol/hr 0. 006357 .- 0. 006295 - 0. 0G62B3 -
Product Cas Rate, SC¥F/hr 2.4134 -- 2. 3505 -- 2.3 -
Product Benzene Rate, lb-mol/hr 0. 000594 -- 0.0005%03 - ©. 000602 -
Product Gas Composition, mo! %
Carbon Monoxide 8. 88 4.62 12.51 6. 44 15.73 6.1]
Carbon Dioxide 20. 83 10. 84 18. 82 9. 69 18. 96 9. 87
Hydrogen 29.97 15,70 28. 06 14. 44 28. 03 14. 59
Methane 28. 60 14.89 29. 86 15. 36 29. 27 15,23
Ethane 0. 92 D. 48 0. 96 0. 50 0. 9% 0. 50
Propane 0. 23 0.12 0. 26 0.13 0.24 0.12
Butane 0.04 0. 02 Q.03 0.02 0. 03 0. 02
Hydropen Sulfide 0. 45 0. 23 0. 45 0.23 0. 44 0. 23
Nitrogen 1.02 0. 83 .05 0. 54 1.03 0. 54
Hejium 0.0l .01 0.01 0. 01 0.01 0. 01
Carbonyl Sulfide 0. 03 0. 01 0. 03 0. 6} 0.03 0. 01
Amimonia 0. 31 0. 16 .32 0.16 0. 31 0.16
Phenol 0. 28 0. 14 Q.27 0. 14 0.28 0. 15
Benzene 8. 43 4.35 7.39 3.7% B. 68 4.47
Water -- 47.90 -- 48. 58 - 47.99
Total 100. 00 100. 00 160. 00 100, 00 100, 00 100. 00
CO Converted, 1h-maol/hr 0. 000524 -- 0. 000311 -- 0. 000344 --
CO, Produced, 1b-mol/hr 0. 000522 - 0. 000333 -~ 0,000369 --
H, Produced, lbmol/hr 0. 000516 - 0. 000334 -« 0.000368 --
Rate of CO Conversion X 1074 0.52 == 0.31 -- 0. 35 -
Ibemol/hr-g catalyst
“Feed also contains 4.3 ppm ethyt mercaptan, |, 4 ppm n-propyl mercaptan,
4.5 ppn: isopropyl mercaptan, and 2_6 ppm disulfides.
B-105 B77030681q
T T T
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Table B-4, Part 41. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 121 122 123

Ferd Water Rate, lb-mol/hr 0. 007557 0. 007643 0. 007471

Feed Gas Rate, SCF/hr 2.212% 2.2282 L. 2282

Feed Renzene Rate, lb-mol/hr Q. 000678 0. 000&56 a, 000650

Feed H,O/Gas Ratio {mol) 1.z20 1.22 1. 21

Rasiz [or Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol & i
Carbon Monoxide 17.73 B. 18 17.77 8.16 17.78 8. 26
{arbon Dioxide 14.25 6. 57 14,27 6. 55 i4. 29 6, 64
1lydrogen 23.7b 10. 96 2397 i1.41 23. 99 11.15
\lethane 30. 3B 14. 01 30,49 14. 00 30. 52 14. 18
Ethane 0. 99 0. 46 0. 99 0. 45 0. 9% 0. 46
FPropane 0. 25 0. )1 0.25 ¢.11 0, 25 0.12
Butane 0. 08 0.04 0. 08 ¢, 04 0, 08 0. 04
Hydrogen Sulfide 0. 50 8. 23 0.51 0.23 0. 5t 0.24
Nitrogen 1.09 0. 50 B, 06 0.19 1. 07 0. 50
Helium 9. 01 0.01 ©. 01 0. 01 0. 01 0.0}
Carbonyl Sulfide 0. 03 0. 01 0.03 6. 01 0.-03 0.01
Ammonia 0. 40 .19 0.40 0. 18 0. 40 0.19
Phenol 0. 36 0. 16 0. 36 6. 16 0,36 0.17
Henzene 10. 17 4. 69 .83 4.49 9,72 4.51
Water .- 53. 88 -- 54.11 - 83,52

Total 100. 00 108. 00 100. 00 100. 00 100. 60 100. 60

Reactor Temperature, °F 751 . 567 -- 658 -

Reactor Pressure, p#ig 100 - 50 -- 50 -

Produet Water Rate, lb-mol/hr 0. 006405 - 0. 006467 -- 0. 006344 .-

Product Gas Rate, SCF/hr Z.3855 -- 2. 3361 -- 2.3523 --

Product Benzene Rate, lb-mol/hr 0.000616 .- 0. 004596 -- 0. 000591 --

Product Gas Compositlon, mol %
Carbon Monaxide 11.45 5. B6 13.16 6. 65 12,31 6. 34
Carbon Dioxide 19. 41 9.93 17.27 8. 69 18.53 9.55
Hydrogen 27. 55 14,14 27.46 13. 88 27.77 14,32
Methane 29.41 15. 04 29.90 15. 07 29. 44 15.17
Fthane 0. 94 ©. 48 0.96 0.4 0. 95 c.49
Propane 0. 23 0.12 0. 24 0,12 4. 24 G.12
Butane 0. 03 6. 02 0. 04 €. 02 0. 04 0. 02
tiydrogen Sulfide 0. 44 0. 21 0. 48 0. 24 0. 48 c.25
Nitrogen 1. 04 0. 54 1.05 Q.53 1. 04 Q. 54
Hetium 0. 01 0.01 0.01 0. ¢l 0. 01 0. 01
Carbonyl Sulfide 0.0} 0. 01 0.03 0. 01 0.03 0. 01
Ammonia Q. 31 0. 16 0.31 016 0. 31 0.16
Phenol 0.28 0.14 0, 28 0. 14 0. 28 0.15
Benzene B.87 8. 52 8.81 4. 42 8. 53 4.39
Watet == 48. 80 == 49. 57 == 48, 48

Total 100, 00 100, c0 160. 00 100, 00 100C. 00 100. 0¢

€O Converted, 1b-mol/hr 0. 000368 - 0. 000276 -~ 0.000322 .

CO, Produced, lb-mol/hr 0. 000393 -- 0. 000268 - Q. 000320 -

H, Produced, 1b=-mal/hr 0. 000336 - 0. 000272 -- 0. 000316 -

Rate of CO Conversion X 1074 0.37 -- 0. 28 -- 0. 32 --

\bemol/hr-g catalyst

:Feed aiso contains 4,3 ppm ethyl mercaptan, 1.4 ppm n-propyl marcaptas,
4.6 ppm isopropyl mercaptan, and 2.6 'ppm disulfldes,

B-106 BTT03068ir
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Table B-4, Part 42. KINETICS TESTS
(Shell 538 shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 124 125 126

Feed Water Rate, lb-mol/br 0. 007385 0, 007447 0. 007471

Feed Cas Rate, S5CF/hr 2.2338 2.2338 2. 2338

Feed Benzene Rate, Ib-mol/hr 0. 000670 0. 000678 0. 000670

Feed H;0/Gas Ratio {mel) : 1.20 1.16 .18

Basis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mel 7"
Carbon Monoxide 18. 09 8. 48 18. 08 8. 44 18. 09 8.43
Carbon Dioxide 14. 50 6. 80 14. 49 6.77 14,50 6,78
Hydrogen 23. (4 10, 80 23.03 10,75 23.04 10.73
Methane . 30. 69 14. 39 30. 68 14,32 30. 69 14. 30
Ethane 1. 02 0. 48 1.02 0.47 1.02 0.47
Propane 0. 25 012 0,25 o011 Q.25 0.11
Butane 0. 08 0. 04 0. 08 0. D4 0. 08 0. 04
Hydropen Sulfide 0. 49 0.23 0.49 0.23 0.49 0.23
Nitrogen 1. 69 0. 51 1. 09 0. 51 1. 09 0.51
Helium 0.01 0. 01 0.0} 0. 01 0. 01 0. 01
Carbony! Sulfide 0. 03 0. 01 0.03 0.0} 0. 03 0. 01
Ammonia . 40 019 0. 40 0.19 0.40 a.19
Phenol 0. 92 0. 43 0.92 0. 43 0. 92 0.43
Benzene 4. 39 4. 40 9. 43 4. 44 9. 3¢9 4. 38
Water - 53.11 -- 53.28 -- §3.40

Total 100, 00 100. 00 100. 00 100, 00 100, DO 100. 00

Reactor Temperature, °p 554 - 655 - 753 e

Reactor Pressure, psig 1000 -- 1000 - 1000 -~

Product Water Rate, lb-mol/hr 0, 006243 - Q. 006295 -- 0. 006344 -

Product Gas Rate, SCF/hr 2. 5148 -- 2. 5242 -- 2. 5431 -

Product Benzene Rate, lb-mol/hr 0. 000608 - 0. 000613 .- 0. 000605 .-

Product Gas Composition, mol %
Carbon Monoxide 6,23 3.2 5. 71 3,085 5. 20 2.77
Carbon Dioxide 23, 34 12. 45 3.7 12. 65 24.09 12.85
Hydrogen 3l. 10 15, 54 31, 36 16.73 31.66 16.30
Methane 27.92 14.90 27. 81 14. 84 27.67 14.76
Ethanc 0.91 0. 48 0.92 0.48 0.90 0.48
Propane 0. 22 0.12 0.22 0.12 0. 24 0.13
Butane G. 04 0.02 0. 04 0.02 0. 04 ¢ 02
Hydrogen Suifide 0. 42 0. 22 0. 42 0.22 0.42 0.21
Nitrogen 0. 99 B. 53 0.99 0.53 0.98 0. 52
Helium 0.01 0. 01 0.0} 0.01 0.01 0.0}
Carbony) Sulfide 0. 03 0. 01 0. 03 0. 01 0. 03 0. 01
Ammonia 0. 29 0.16 ¢. 29 0. 16 0.29 0. 15
Phenal 0. 66 0. 35 0. 65 0.35 0. 66 0.35
Benzene 7. 84 418 7.83 4.21 7.81 4.11
Water == 46. 71 -- 46. 61 .- 46.73

Total 100. 00 100. 00 100. Q0 1060. 00 100,00 100. 00

CO Convertad, lb-molfhr 0. 000729 -- 0. 000765 - 0. 000789 -

CO; Produced, Ib-mol/hs 8. 0007319 - 0, 000760 - 0. 000799 -

i{, Produced, Llhamol/hr 0. 000720 - 0. 0DDO?54 - 0. 000783 -—

Rate of CO Converslon X 1074 0.73 -- 0.76 . 0.80 --

tb-mol/hr-g catalyst

~Feed also contains 4,3 ppm ethyl mercaptan, 1.4 pprm n-propyl mercaptan,
4. & ppny isopropyl mercaptan, and 2,6 ppm disulfides.
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Table B-4, Part 43. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No, 127 128 129

Feed Water Rate, lb-mot/hr 0.007398 0. 007361 0. 607434

Feed Gas Rate, SCF/br 2.233% 2.2336 2.2336

Feed Benzene Rate, lb-mol/hr 0, 000647 0. 000&TD 0. 000670

Feed H,O/Gas Ratio (mol) 1.1 1.15 1.17

Basis for Analysin Dry Wet Dry Wet Dry Wet

Feed Gas Composition, mol %~
Carbon Monoxide 18.17 B. 51 18,17 B. 53 18.17 5.49
Carbon Dioxide 14.55 6. B2 14,55 6. 83 14,55 6. B0
Hydrogen 22. 87 10,72 22,88 10. 74 22, BB 10. 69
Methane 30.73 14. 39 30.72 14. 42 30,72 14. 35
Ethane 1.02 0. 48 1. 02 0.48 1. 02 Q.47
Propane 0,25 0.12 0.25 0.1z 0. 25 .12
Butape C. 08 0, 04 9. 08 0. 04 0. 08 0. 04
Hydrogen Sulfide Q.49 0. 23 0. 49 0. 23 a. 49 0,23
Nitrogen 1.09 0. 51 1.09 0.51 1. 09 ¢, 51
Heliumr .01 0.0} € 01 0. 01 0. 01 Q.01
Carbenyl Sulfide 0.03 0. 01 0.03 0.01 0. 03 0. 01
Ammonia 0. 40 0. 19 Q.40 0.19 0.40 0.19
Phenol 0. 92 0. 43 0.92 0.43 0, 92 0. 43
Benzene g. 39 4. 38 9. 39 4,41 9. 39 4. 39
Water -- 53.16 = 53, 1% -~ 53,27

Total 100, 00 100. 00 100, 00 100, 10 160. 00 100. 00

Reactor Temperature, °r 557 -- 654 - 753 -

Reactor Pressure, paig 200 - 200 -- 200 --

Product Water Rate, lb-mol/hr 0. 006246 .- 0. 006210 -- 0.00629% --

Product Gas Rate, SCF/hr 2,4160 - 2.4164 -- 2.4250 .-

Product Benzene Rate, lb-mol/hr 0. 000608 -- 0. 000607 .- 0. 000611 -

Product Gas Composition, mol %
Carbon Monoxide 10. 26 5. 39 10,07 5.3} 9. 69 5. 08
Carbon Dioxide 20. 54 10. B0 20. 66 10.89 20. 89 10. 96
Hydrogen 28, 29 14. 87 28.50 14,97 2B. 73 15. 02
Methane Z8. 99 o 15,24 2B. 94 15,26 28.83 15.13
Ethane 0. 94 0. 50 0.94 0.50 0. 94 0. 49
Propane 0. 23 0.12 0. 23 612 ¢, 23 o 12
Butane 0. 04 0. 02 0.04 0. 02 0. 04 0.02
Hydrogen Sulfide 0.43 0. 23 0.43 0. 23 0.43 0.23
Nitrogen 1. 03 0. 54 1.03 0. 54 1.02 0. 54
Heliurm ) 0. 01 0. 01 0. 01 0. 01 0. 0] 0. 01
Carbonyl Sulfide 0.03 0.01 0. 03 0. 01 0.01 0. 01
Ammionia 0. 30 0. 16 0. 30 .16 0. 30 0. 16
Phenol 0.70 0.37 0.70 C, 37 Q. 68 D. 36
Benzene 5.12 4.27 812 4.27 4. 20 127
Water - 47. 47 -- 47. 34 = 47. 60

Total 100, 0¢ 100. 0¢ 100. 00 100. 00 100, 00 100. 0O

CO Converted, lb=mol/hr 0. 000472 -- 0. 000485 - 0. 009509 -

CO, Produced, lb-mol/hr 0. 000470 .- 0. 000486 -- D. DOD502 -

H; Produced, 1b-mol/hr 0. 000466 -- 0. 000474 - 0. 0004997 --

Rate of CO Conversion X 1074 0.47 -- 0.48 - o, 51 --

lb-mol/hr-g catalyst

“Feed also contains 4,3 ppm ethyl mercaptan, 1.4 ppm n-propyl mercaptan,
4.6 ppr isopropyl mercaptan, and 2,6 ppm disulfides,

B-108 B?70306811
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Table B-4, Part 44. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 130 131 132

Feed Water Rate, ib-mol/hr 0.007349 0. 007459 0. 007447

Feed Gas Rate, SCF/hr 2.2334 2.2334 2.2334

Feed Benzene Rate, lb-mol/hr 0. 000647 0. 000757 0. 000667

Feed H,0/Cas Ratio (mol} 1. 14 1. 14 1.15

Basis for Analysis Dry Wet Dry Wet Dry Wet

Feed Gas Compesition, mol %7
Carbon Monoxide 18. 04 8.48 17. 79 8.36 18.04 B. 42
Carbon Dioxide 14. 52 6,78 14.22 6. 68 l4.42 6.73
Hydrogen 2Z.95 10. 79 2. 64 10.63 22. 95 10.7)
Methane 30.92 14. 53 30. 50 14.32 30.92 14.43
Ethane a, 94 0. 44 0.93 0. 44 1.02 0. 47
Propane 0.25 0.12 0. 24 0.11 0.25 0.12
Butane 0. 08 0. 05 0. 08 0. 04 0.08 0.04
Hydrogen Sulfide 0. 49 0. 23 0. 49 0.23 0.49 0.23
Nitrogen 1.09 Q.51 1.08 ¢.51 1-09 "9, 51
Helium 0. 0] 0. 0] 0. 01 0. 01 .01 0,01
Carbonyl Sulfide Q.03 0. 01 0. 03 0. 01 0.03 0, 01
Ammonija 0. 40 .19 0. 40 G. 1% 0. 40 0.19
Phenal 0.92 0. 43 0.91 0.43 0.92 0.43
Benzene 9. 36 4. 39 10. 68 4.97 9. 38 4.36
Water .o 53, 05 -- 53, 07 -a 53. 34

Total 100. 00 100. 60 100. 00 100. 00 100, 80 100. 00

Reactor Temperature, °r 558 .- 654 .- 752 --

Reactor Pressure, pslg 100 -- 100 _- 100 _.

Product Water Rate, lb-mol/hr 0. 006222 -- 0. 006296 -- 0. 006320 --

Product Gas Rate, SCF/hr 2. 3496 -- 2. 366] - 2.3743 --

Product Benzene Rate, lb-mol/hr 0. 000605 -- 0. 000687 - 0. 000605 --

Product CGas Composition, mol %
Carbon Monoxide 13. 08 6. 81 12.15 6.34 11.92 6.17
Carbon Dioxide 18. 30 9. 52 18.63 972 19,17 9. 94
Hydrogen 26. 46 13.77 26, 64 13.90 2126 14.13
Methane 29.97 15. 60 2%, 42 15,35 29. 55 15.42
Ethane . 0. 93 G. 51 0. 9% 0. 50 0,96 0. 50
Propane 0. 24 0.12 0. 25 0.13 0.25 0.13
Butane 0. 04 0,02 0. 04 0.02 0. 04 0. 02
Hydrogen Sulfide 0. 46 0. 24 0. 45 0. 24 0.46 0. 24
Nitrogen 1. 06 0. 55 1.04 0. 54 1. 05 0. 54
Helfium 0. 01 0. 01 0.0l .01 0.01 0.01
Carbonyl Sulfide 0. 03 0. 01 0.03 0.0] Q.03 0. 01
Ammonia 0. 33 0.16 0.31 0.16 0. 31 0.16
Phenol 0. 70 0.36 0. 69 0. 36 0.71 0.37
Renzene 8. 36 4.32 9.38 1.88 8. 28 4.26
Water -- 47. 00 == 47. 84 ed 48.10

Total 100. 00 100. 00 100. 00 160. 00 100. 00 100. 00

CO Converted, lb-molfir 0. 000291 - €. 000339 - 0. 000363 --

€0, Produced, Ib-mol/hr 0. 000295 L 0. 000340 -- 0. 000364 -

H; Produced, lb-mol/hr 9. 000290 -~ 0. Q00335 -- 0. 000358 --

Rate of CO Conversion X 1074 ¢. 29 .- © 0.3 -- 0. 36 -

1b-mol/hr-g catalyet

“Feed also contains 4.3 ppm ethyl mercaptan, 1.4 ppm n-propyl marcaptan,
4.6 ppm isopropyl mercaptan, and 2.6 ppm disulfides.
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Table B-4, Part 45. KINETICS TESTS
(Shell 538 shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run Ne. §33 134 135
Feed Water Rate, lb-mol/hr 0,006124 0.006108 0,006196
Feed Cas Rate, SCF/hr 2.2555 2,.25M4 2.2375
Feed Beazene Rate, tb-mol/hr .- 0.000678 0. 000668
Feed H,O/Gas Ratio (mol} .o 1,0 1.0
Nasis for Analysis Dry Wet Dry Wet Dry Wet
Feed Cas Conmpositlon, msl o’
Carbos Monoxide 21,70 10.33 19,39 10.04 19,21 9. 88
Carbon Dioxide 17.20 B.19 15,37 7.96 15. 22 7.83
Hydrogen 27.70 13,17 24.75 12.82 24,54 12.62
\ethane 31,10 15.81 27.79 14,39 27.54 14,16
Ethane 0.99 0.47 0.88 0, 46 0.87 0,45
Propane 0,26 0.)2 ¢.23 0.12 0,23 0,12
Butane 0.12 0. 06 0.11 0.06 0.10 0.05
Hydrapen Sulfide 0.:24 0,13 Q.25 0.3 0.25 0.13
Nitrogen 0.60 0.29 0,54 0.249 0.52 0.27
Helium 0.02 0.01 0.02 0.01 0.02 0.0}
Carbonyl Sulfide 6.03 0.0l 0.03 0.01 0.03 0.01
Ammonia - -- 0.30 0,16 0.2¢% 0.15
Phencl -- -~ .- -- 0. 99 .51
Benzene -- -- 10, 34 5,36 10,19 5.24
Water =z 51.41 -- 48.20 -- 48,57
Total 100,00 100.00 10Q. 00 100. 00 00,00 10C. 00
Reactor Temperature, °F 651 651 650
Peactor Pressure, psig 500 s00 500
Product Water Rate, lb-mol/hr 0. 004991 0. 004948 0,005072
Product Gas Rate, SCF/hr 2.5986 2.5909 2.5583
Product Benzene Rate, 1b-mol/hr we Q.000614 0, 000609
Product Gas Composition, mol %
Carbon Monoxlde 4.70 2.70 5,57 3.21 S.68 3,36
Carbon Dioxide 28.135 16.29 25,24 14.97 25.05% 14,482
_ Hydrogen 38.07 21.88 13,68 19, 68 333 19,75
Methane 26,86 15.44 25,03 15.06 24. 84 14, 70
Ethane 0.8% 0.49 0.1 0.45 0.78 0,46
Proepane 0,22 0.13 0.20 0,12 0.29 0.12
Butine 0,09 D.05 0. 04 ¢.08% 0.08 0,05
Hydrogen Sulfide 0.21 0.1z 0, 0 0.12 0,20 0.12
Nitrogen 0.60 0.34 0.54 a.31 0. 54 0.32
Helium n.02 0.01 o.02 0.0} 0.02 0,01
Carbonyl Sulfide 0.03 0.02 0.03 0.02 0.0} 0.02
Ammonia .- -- 0. 20 0,12 0.20 0,12
Phenol -- -- - e 0,68 0. 40
Renzene -- -- 8,34 4.85 8,37 490
Water == 42,53 == 41,03 - 40, 85
Total 100,00 100.00 100, DO 100.00 100. 00 100, 00
€O Converted, 1bemol/hr 0. 000954 0.000862 0.000844
CO, Produced, lb-mol/hr 0. 000905 0.000850 0.000841
H; Produced, lb=-mol/hr 0.000946 0.D00B56 0.000843
Rate of CO Conversion X 1074 0.9% 0.86 0,84
lb-mol/hr-g catalyst
.Fecd also contains 4,3 ppm ethyl mercaptan, 1,4 ppm n-propyl mercaptan,
4.6 pprr isopropyl mercaptan, and 2.6 ppm dinuliidas,
B—llO B77030681v
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Table B-4, Part 46. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. 136 137 138
Feed Water Rate, lb-mol/hr ¢.006161 0,006154 0.006350
Feed Gas Rate, 5CF/hr 2.2327 2.Z425 2, 2387
Feed Benzene Rate, lb-mol/hr 0. 0004678 0.000689 0. 000680
Feed H,;O/Gas Ratio (mol) 1.0 l.0 1.0
Basis for Analysis Dry Wet Dry Wet Dry Wet
Feed Gaz Composition, mol 4 *
Carbon Monoxide 19,17 9.89 19,34 9.7 19,13 9. 74
Carbon Dioxide 15,20 7.84 14,77 7.74 15,18 7.73
Hydrogen 24.47 12,62 24.79 12,47 24.43 12.44
Methane 27.48 14,17 ANyt 14,02 27.47 13.99%
Ethane 0,87 0.45 0.84 0,44 6. 90 Q. 46
Propane 0,23 0,12 G,22 0.12 0.31 g, 16
Butane c.10 U. 05 0,10 0.05 0.4 g.07
Hydrogen Sulfide 0.25 0,13 0,22 g.12 0,31 0.16
Nitrogen 0.52 0.27 0.52 0.27 0.45 0.123
Helium 0.02 N.01 0.02 0 0l 0.02 0. 01
Carbenyl Sulfide u.03 0.01 0.03 u.ol 0.012 Q.01
Ammonia 0.3l .16 0,30 0.16 0.30 0.16
Phenol 0.99 C.51 0.95 0,50 0.98 0, 50
Benzene 10, 36 5,33 10,19 5,33 10,35 5,26
Water - 4B, 44 -~ 48,99 - - 49,08
Total 100,00 100, 00 f00.00 100, 00 100.00 100.00
Reactor Temperature, °F 651 650 651
Reactor Pressure, psig 500 500 500
Product Water Rate, lb-mol/hr  0,005014 0.005007 0.005490
Product Gas Rate, SCF/hr 2.5541 2.5651 2.5513
Product Benzene Rate, Ib-mol/hr 0.000618 0,000629 0.00062)
Praoduct Gas Composition, mol %
Carbon Monoxide 5,77 3. 43 5,84 1.48 6,06 3.51
Carbon Dioxide 24.68 14,75 24,74 14. 74 24,66, 14,45
Hydrogen 33.39 19.77 33,23 19.79 3310 19.39
Methane i4.98 14.78 24.88 14.82 24.92 14,60
Ethane 0.77 U, 46 0.79 .47 0.82 0.48
Propane 0,20 0.12 0.20 0,12 6,27 0. 16
Butane 0,056 0,05 0.08 Q.08 .08 0.05
Hydrogen Sulfide 0,20 0,12 D.20 0,12 ¢.20 ¢.1z
Nitrogen 0.55 0.33 0,56 0.33 0.55 0.32
Heljum 0.0z 0.01 9.01 o.at 0,02 0,01
Carbonyl Sulfide 0,03 0.02 0.03 0,02 0.03 0.02
Ammonta 0.20 0.12 0.20 0,12 0,21 0.12
Phenol 0.68 0.4] 0.73 0. 40 0,68 D, 40
Benzene B. 45 $.00 8.51 5.08 8.40 4,95
Water -- 40,63 .- 40,45 -- 41,42
Total 100,00 100, 00 i00.00 100,00 100, 00 o0, 00
CO Converted, lb-moal/hr 0. 000835 0.000832 0,000820
CO, Produced, lb-mal/hr G. 000824 0.000824 0.000810
H,; Produced, lb-mol/hr 0, 000835 0.000833 0.000818
Rate of CO Conversion X 1074 0.84 0.83 0.82
fbemol/hr-g catalyst
E i b Leonrapy) merduptans And 2.6 ppen Slevicier, T BT oPY! mereaptan,
BTIO30EE 1w
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Table B-4, Part 47. KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No, 132 ° 140 141
Fecd Water Rate, lb-mol/hr ¢, 0006125 0.006120 0.006117
Feed Cas Rate, SCF/hr 2.1953 2.1851 2.2093
Feed Benzene Rate, lb-molfhr 0. 000680 0.000679 0.000676
Feed H,0/Gas Ratio (mol) .o Lo 1.0
Fasis for Analysis Dry Wet Dry Wet Dry Wet
Ferd Gas Compasition, mol % °
Carbon Monoxide 19.16 9.85 19,34 9.86 19,17 9.90
{arbon Diexide 15,13 7.78 15.41 7.85 14.85 8.13
Hydrozen 24,39 12,54 24,89 12,58 24,88 12.59
\echane 27,44 14.06 27.68 14,11 27.45 14.17
tthane 0.91 0.47 0,94 0.48 0.92 0.8
Propane 0.25 0.13 0.25 0.13 0,23 0.12
Butane 0.16 0.D5% 0.0 0.05 0.0 0.05
Hydropen Sulfide 0,25 0.13 0.26 D.i3 0,24 0. 13
Nitrogen 0.53 Q.27 0.51 0.27 0,52 0.27
Helium Q.0) 0.0l 0.02 0.0l 0.02 0.0l
Carbonyl Sulfide 0.03 .0t 0,03 5,01 0.0i o.0!
Ammonia 0,30 0.16 0.31 D16 ¢. 30 0.16
Phenal 1. 00 0,52 1.02 0.52 1.00 8.52
Benzene 10,52 5.40 9,64 4,81 9,29 5. 31
Waters - - 48,62 L. 49,03 - - 48,15
Total 100. ¢0 100. 00 100.00 100.04Q 100.00 100, 00
Reactor Temperature, o 651 651 650
Reactor Pressure, paig 500 500 500
Product Water Rate, 1b-mol/hr 0. 004936 0, 005006 0.004959
Product Gas Rate, SCF/hr 2.5018 2.4808 2,5077
Product Benzene Rate, 1b-mol/hr 0. 400622 0.000624 0.000618
Product Gas Composition, mel %
Carbon Monoxide 6,12 3.63 6.38 3.75 6.38 3.4l
Carbon Dioxide 24.57 14,57 24.45 14,36 24,131 14. 51
Hydrogen 32.89 19.50 32.59 19.15 32,66 19,49
Methane 24,99 14,82 25,01 14.70 24.85 14,89
Ethane 2.77 0,46 0.82 0.49 0.78 0.46
Propane ¢.20 0,12 0.20 .42 0.20 0.12
Butane 0.07 0,04 0.06 0.04 0.07 0,04
Hydrogen Sulfide 0.22 0,13 0.22 0.1%3 0.22 0.13
Nitropen 0.53 0,131 0,55 0.32 0.53 0.132
Helium 0.0 0.01 0.01 0.01 0.01 o.o01
Carhonyl Suliide 0.03 0.02 0.03 0.02 0.03 0.02
Ammonia 0.21 0.12 Q.22 g.13 0,20 0.12
Phenol a, 69 0.41 0.70 0.41 0. 68 0. 40
Henzene &.63 5.12 B.76 5.12 9. 08 545
Water - 40,71 . 41,24 - 40,23
Total 100.00 100,00 160,00 100.00 100.00 100, 00
CO Converted, Jbamob/hr 0. 000800 0.000793 0,.000782
C O, Produced, tbemol/hr 0.000785 0.000778 0,000791
H, Produced, lb-mol/fhr 0.000782 Q. 000755 0. 000801
“ute of CQ Conversion X 107* D.80 0.79 0.78
Th-ulfhr-g catalyst
L.+ ol containg 4.3 ppm ethyl mercaptan, 1.4 ppm n=-propyl mercaptan,
.0 ne. .oupropyl mercaptan, and 2,6 ppro disulildes.
B-112
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Table B-4, Part 48, KINETICS TESTS
(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)
Run No. 142 143 144
Feed Water Rate, lb-mol/hr 0, 006124 0,006112 0.006124
Feed Cas Rate, SCF/hr 2.2382 2.2127 2.2377
Feed Nenzene Rate, 1b-mol/hr 0.000674 0.000678 0.000681
Feed 11,0/Gas Ratio [mol) Lo 1.0 1.0
Rasis_for Analysis " -Dry wat Dry Wet Dry Wet
Feed Cas Composition, mol -;,”‘
Carbun Monovide 19,45 10,01 19,40 4. 96 19,41 10.00
Carbon Dioxide 15.31 7.94 15.38 7.90 15.39 7.93
liydroyen . 24,74 12,78 24,67 12,73 24,69 12,78
\fethane 22.17 14.35 27,61 14.27 27.65 14,34
Ethane 0.88 0.45 0.89 0.46 0.89 0,46
Propane 0,23 0.12 0.23 0.12 0.23 0.12
Fidane 0.11 0,05 0.11 0.06 0.1} 0.06
Hydropen Sullide 0,25 a,13 0,25 0.12 0,25 0,12
Nitrogen 0,54 0.28 .55 0.28 0.53 0.28
Helium 0.08 0.0} 0.02 0.01 0.01 0,01
Carbonyl Sulfide 0.03 0.01 0,03 0.02 0.03 0,01
Ammonia 0,31 0. 16 0,31 Q.16 0.31 0.16
Pheno!l 1.0t 0,52 1.0l 0,52 i.00 0,352
Benzene 9.39 4.8+ 9,54 4.90 9.49 4.89
Water - - 48,35 -- 48. 48 - 47,32
Total 100.00 100,00 t00.00 100,400 100,00 100, 0Q
Reactor Temperature, °r 650 651 650
Reactor Pressure, paig 500 500 500
Product Water Rate, lb-mol/hr 0. 004948 Q,004941 0.004995%
Product Gas Rate, SCF/hr 2.5400 2,5074 2,53G4
Product Benzene Rate, lb-mol/hr 0,000606 ¢. 000615 0, 000610
Product Gas Composition, mol %
Carbon Monaoxide 6,71 3.98 6,72 3.98 6,77 4,00
Carbon Dicxide 24,56 14.57 24.57 14, 46 24.44 14.46
Hydrogen 33,10 19, 64 32.%96 19,49 32.92 19,47
\lethane 25,36 15,08 25,47 14,98 25,31 14,99
Ethane 0.79 0.47 0.80 0.47 0.79 0.47
FPropane 0.20 0.12 0.21 D.12 0. 21 0.12
Rutane 0.07 0.04 0.07 6,04 0.07 0.04
Hydrogen Sulfide 0.19 0.12 0.20 0.12 0.19 0.11
Nitrogen 0,51 .30 0,52 D.31 0.51 0,310
Heliun. 0.¢1 0,01 0.0) 0.01 0.0l 0,01
Carbonyl] Sulfide 0,03 0.03 0.03 0,02 0,02 0.02
Ammonia 0.21 0.12 0.21 0.12 0,21 0.12
Phenol 0.69 0,41 0.70 .41 0.69 0,41
Benzene 71.87 4,58 7.93 4.69 1.85 4,64
Water -— 40,56 - 40, 78 -- 40.84
Total 1006, 00 100, 00 100.00 100, 00 100,00 100. 00
CO Converted, lb-maol/hr o, DO0778 0.000767 0.000772
€O, Produced, lbhamol/hr 0. 000769 0.000745 0.000763
N, Produced, lb-mol/hr 0.000774 0, 000757 ¢. 000764
Rate of CO Conversion X 1074 0.78 0.77 0.77

Ib-mol fhr-g catalyst

‘Feed also contains 4.3 ppm sthyl mercaptan, 1.4
4.6 ppn isopropyl mercaptan, and 2.6 ppm disuld
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Table B-4, Part 49. KINETICS TESTS
{(Shell 538 Shift Catalyst, 4 x 6 Mesh Spheres, 10.00 g)

Run No. 145

Feed Water Rate, 1b-mol/hr 0.006124

Feed Gas Rate, SCF/hr 2,2303

Feed Benzene Rate, lb-molfhr 0.00067)

Feed EH,00/Gas Ratio {mol) 1.0

Basis for Analysis Dy Wet

Feed Gas Composition, mol %°
Carbon Monoxide 19. 44 9.99
Carbon Dioxide 15.42 7.93
Hydrogen 24.83 12.79
Methane 27.66 14.35
Ethane 0.88 0.4%
Propane 0.23 0,12
Butane 0.1} ¢.06
Hydrogena Sulfide 0.25 0,13
Nitrogen 0.54 o.27
Helium 0.0l 0.01
Carbony!t Sulfide 0.03 0,02
Ammonia 0,31 0.1é
Phenol 1,01 0.52
Benzene 9.28 4,82
Water .- 48.38

Total 100, 00 100, 00

Reactor Temperature, °F 651

Reactor Pressure, psig 500

Product Waler Rate, Ib-mol/hr 0.004%48B

Product Gas Rate, SCF/hr 2.5216

Product Benzene Rate, lb-molfhr 0.000611

Product Gas Composlition, mol %
Carbon Monoxide 6.94 4.11
Carbon Dioxide 24, 36 14, 36
Mydrogen 32,67 19,34
Methane 25.39 15,13
Ethane 0.80 0.47
Propane 0.21 0.12
Butane 0.07 0.04
Hydrogen Sulfide 0.20 0.12
Nitrogen 0,52 0.31
Helium ", 01 0.01
Carbonyl Sulfide 0.03 ¢.02
Ammonia 6,21 g.12
Phencl Q.70 ¢.4!
Benzene 1.89 4,64
Water -= 40. 80

Total 100,00 100,00

CO Converted, Yhamol/hr 0,000759

COy Produced, lb-mol/hr 0.000740

H; Produced, lb-mol/hr D, 000734

Rate of CO Conversion X 10°¢ 0.76

1b-mol/hr-g catalyst

“Feed nlno contains 4.3 ppm sthyl mercaptan. 1.4

™ n-propyl mercaptan,

4.6 ppm isopropyl mereaptan, and 2.6 ppm disulfides,
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