APPENDIX B

Fixed Bed Reaction Data
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Co0.004 - Run #6

Reaction Conditions:

Co wt% NM wt% Promotor wt% Support
20 Ru 0.43 |La203 1.00 ARRO3
SUMMARY REACTION DATA

CO2 (g/g cat/hr) = 0.044

P =1.0atm
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 1.60
weight of catalyst = 0.167 g
WHSYV = 15.37 1/br
time on stream = 27.5 hrs
CO conversion (%) 6.9
rate (g CH2/g cat/hr) 0.47
alpha 0.61
Cl (wt%) 27.8
C2-C4 (wt%) 29.9
C5-Cl12 (wt%) 40.6
C13 + (wt%) 1.8

* Calcined in Nitrogen
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Performance of Co.004
Dates: 10/10/94 - 10/11/94  Run #6

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 15.4 1/hr, H2/CO ratio in feed = 2

time on stream, hr 6.5 12.5 15.5 27.5
reaction temperature, °C 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0

C1-C15 product distribution, weight %

C1 25.97 28.71 2679 27.79
C2 4.64 5.12 4.74 4.88
C3 1226 13.28 12.38 12.61
C4 12,38 12.86 12.38 12.40
C5 11.59 10.91 11.50 11.28
C6 8.68 6.10 7.91 7.77
Cc7 8.29 7.87 8.18 7.97
C8 5.58 5.37 5.63 5.38
C9 3.75 3.57 3.67 3.54
C10 2.46 2.42 2.53 2.41
C11 1.67 1.65 1.74 1.58
C12 1.05 1.02 1.03 0.96
Ci3 0.70 0.62 0.68 0.67
C14 0.57 0.35 0.54 0.51
C15 0.40 0.14 0.30 0.27
alpha  chain growth probability 0.64 0.58 0.62 0.61

C1-C50 estimated total product distribution, weight %

Cl 25.6 29.1 26.7 27.8
C2-C4 28.9 31.7 29.4 29.9
C5-C12 42.8 38.2 41.8 40.6
C13-C50 2.6 0.9 2.0 1.8
CO conversion, % 8.4 6.1 7.2 6.9
rate, g CH2/g cat/hr 0.56 0.41 0.49 0.47

CO2 formation, % 0.2 0.3 0.2 0.2
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Co0.004 - Run #7

Co wt% NM wt% Promotor wt% Support
20 Ru 0.43 La203 1.00 Al203
SUMMARY REACTION DATA*

Reaction Conditions:

CO2 (g/g cat/hr) = 0.042

P = 1.0 atm
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 3.01
weight of catalyst = 0.194 g
WHSV = 13.29 1/hr
time on stream = 27.5 hrs
CO conversion (%) 3.9
rate (g CH2/g cat/hr) 0.23
alpha 0.61
Cl (wt%) 28.8
C2-C4 (wt%) 29.3
C5-C12 (wt%) 40.4
C13 + (wt%) 1.5

* Catalyst is reduced, calcined and rereduced
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Performance of Co.004
Dates: 10/24/94 - 10/25/94  Run #7

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 9.5 21.5 24.5 27.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 2171 2528 28,12 29.22 28.49 28.39
C2 13.50 4.64 5.17 5.33 5.22 5.16
C3 10.56 11.58 1246 12.54 12.24 12.02
C4 10.83 11.65 1225 12.09 11.88 11.67
C5 10.39 11.16 11.33 11.28 11.31 11.20
Cé6 7.57 8.62 7.60 6.99 8.20 8.30
C7 7.78 8.32 7.07 7.05 7.05 7.06
C8 5.54 5.88 5.13 5.04 5.02 5.04
C9 3.93 4.18 3.70 3.59 3.59 3.64
C10 2.82 3.01 2.66 2.58 2.60 2.65
Cl11 2.02 2.04 1.78 1.72 1.75 1.77
C12 1.47 1.49 1.22 1.15 1.19 1.31
C13 1.03 1.13 0.81 0.63 0.79 0.94
Cl4 0.46 0.69 0.38 0.34 0.37 0.62
Ci15 0.39 0.33 0.32 0.43 0.30 0.22
alpha  chain growth probability 0.64 0.63 0.63 0.65 0.62 0.61
C1 - C50 estimated total product distribution, weight %

C1 21.7 25.5 28.1 28.7 28.5 28.8
C2-C4 34.8 28.1 29.8 29.5 29.3 29.3
C5-C12 40.9 44,2 40.0 39.0 40.2 40.4
C13 -C50 2.6 2.2 2.2 2.8 2.0 1.5
CO conversion, % 5.6 4.9 3.7 2.8 3.6 3.9
rate, g CH2/g cat/hr 0.33 0.28 0.21 0.16 0.21 0.23
CO2 formation, % 0.3 0.3 0.4 0.4 0.3 0.2
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Co0.004 - Run #8

——
]

Co wt% NM wt% Promotor wt% Support

20 Ru 0.43 La203 1.00 AR2O3

SUMMARY REACTION DATA*

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.028
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P =2.13

weight of catalyst = 0.164 g
WHSV = 15.66 1/hr
time on stream = 24.5 hrs

!

CO conversion (%) 5.8 T
rate (g CH2/g cat/hr) 0.40
alpha 0.66
Cl (wt%) 27.2
C2-C4 (wt%) 27.4
C5-C12 (wt%) 41.6
C13 + (wt%) 3.8

* Catalyst calcined in helium
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Performance of Co.004
Dates: 11/11/94 - 11/12/94 Run #8

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 15.7 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

Ci 24.37 25.97 26.59 27.18 27.53 27.59
Cc2 4.41 4.63 4.69 4.76 4.82 4.82
C3 11.68 11.88 11.81 11.86 11.91 11.89
Cc4 11.92 12.16 11.77 11.75 11.73 11.69
CS 11.41 1131 11.02 1095 11.01 10.99
C6 8.99 7.89 8.99 8.79 8.52 8.60
C7 8.37 8.16 7.84 7.78 7.70 7.68
C8 5.82 5.70 5.48 5.42 5.37 5.37
C9 4.12 3.97 3.83 3.79 3.75 3.75
C10 2.92 2.79 2.71 2.69 2.64 2.66
Cl1 2.10 1.96 1.89 1.81 1.82 1.72
C12 1.41 1.33 1.29 1.18 1.25 1.24
Ci3 092 08 08 079 076 0.80
C14 0.79 0.77 0.65 0.70 0.64 0.65
C15 0.76 0.67 0.61 0.58 0.56 0.57
alpha  chain growth probability 0.68 0.67 0.66 0.66 0.66 0.66
C1-C50 estimated total product distribution, weight %

C1 23.5 25.2 25.9 26.5 26.9 26.9
C2-C4 27.0 27.8 27.5 27.6 27.8 27.7
C5-C12 44.6 42.7 42.7 421 41.7 41.7
C13-C50 4.9 4.4 4.0 3.8 3.7 3.7
CO conversion, % 8.1 7.3 7.1 6.8 6.5 6.3
rate, g CH2/g cat/hr 0.56 0.50 0.49 0.47 0.44 0.43
CO2 formation, % 0.2 0.2 0.1 0.2 0.1 0.1
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Performance of Co.004
Dates: 11/11/94 - 11/12/94 Run #8

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 15.7 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 24.5
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0

C1 - C15 product distribution, weight %

C1 27.62 27.80 27.57
c2 4.82 484 4.86
C3 11.82 11.87 11.86
C4 11.63 11.58 11.49
Cs 10.99 11.00 10.97
cé 870 8.78 8.75
C7 7.67 1.68 1.58
C8 539 533 5.33
C9 375 372 3.72
C10 2.66 2.62 2.62
Ci1 172 172 173
C12 121 109 112
C13 077 075 0.76
Cl4 0.67 0.66 0.66
C15 0.59 0.56 0.58
alpha  chain growth probability ' 0.66 0.66 0.66

C1-C50 estimated total product distribution, weight %

Cl1 ' 269 27.0 272
C2-C4 275 27,5 274
C5-C12 41.8 417 41.6
C13-C50 3.8 3.7 3.8
CO conversion, % 6.1 6.0 5.8
rate, g CH2/g cat/hr 0.42 0.41  0.40
CO2 formation, % 0.1 0.2 0.1
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Co wt%

Co.015 - Run #3

NM wt% Promotor wt%

Support

20

ARRO3

Ru 0.43 ILa203 1.00

SUMMARY REACTION DATA

Reaction Conditions:

CO2 (g/g cat/hr) = 0.031

P = 1.0 atm
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 1.62
weight of catalyst = 0.200 g
WHSV = 12.84 1/br
time on stream = 24.5 hrs
CO conversion (%) 6.7
rate (g CH2/g cat/hr) 0.38
alpha 0.63 '
Cl (Wt%) 28.2
C2-C4 (wt%) 29.2
C5-C12 (wt%) 40.3
C13 + (wt%) 2.3

* Catalyst reduced without any caicination
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Performance of Co.015
Dates: 10/05/94 - 10/06/94 Run #3

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 12.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 21.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 28.23 28.03 30.00 28.81 26.13 27.79
C2 5.16 5.06 5.41 5.16 4.67 4.96
C3 13.62 12.86 13.62 12,90 11.59 12.18
C4 13.25 12.67 13.31 12.82 11.54 12.13
C5 11.26 1141 11.64 11.94 10.69 11.46
Cé6 6.69 8.13 7.15 8.88 7.95 8.60
Cc7 7.77 7.79 6.77 6.92 10.10 7.94
C8 5.08 5.13 4.45 4.63 6.38 5.35
C9 3.34 3.35 2.89 3.00 3.99 3.51
C10 2.07 2.09 1.83 1.91 2.65 2.30
C11 1.46 1.41 1.20 1.27 1.71 1.57
C12 0.87 0.78 0.73 0.68 1.10 0.86
C13 0.64 0.56 0.43 0.44 0.63 0.57
Cl4 0.38 0.42 0.34 0.35 0.48 0.45
Ci1s 0.18 0.31 0.24 0.28 0.38 0.35
alpha  chain growth probability 0.59 0.62 0.61 0.61 0.63 0.63
C1 - C50 estimated total product distribution, weight %

Cl 28.4 21.7 29.7 28.5 25.8 274
C2-C4 32.2 30.2 32.1 30.5 21.5 28.9
C5-C12 38.2 40.0 36.6 39.2 44.2 41.4
C13-C50 1.2 2.1 1.6 1.8 2.5 2.3
CO conversion, % 6.5 8.0 6.7 7.0 7.6 6.6
rate, g CH2/g cat/hr 0.37 0.45 0.37 0.39 0.42 0.37
CO2 formation, % 0.3 0.2 0.2 0.1 0.1 0.1
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Performance of Co.015
Dates: 10/05/94 - 10/06/94 Run #3

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 12.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr 245 2715
reaction temperature, °C 220 220
pressure, atm 1.0 1.0
flow, cc/min 90.0 90.0

C1 - C15 product distribution, weight %

C1 28.59 27.93
c2 5.07 4.97
C3 12.34  12.11
C4 12,17 12.03
C5 11.36 11.34
C6 7.92 8.55
Cc7 7.81 7.93
C8 530 537
C9 345 3.52
C10 225 236
Ci11 1.52 1.41
Ci12 0.89 1.08
Ci13 0.55 0.61
Ci4 043 0.43
Ci15 0.35 0.36
alpha  chain growth probability 0.63  0.63

C1-C50 estimated total product distribution, weight %

C1 282 27.6
C2-C4 29.2  28.7
C5-C12 40.3 41.3
C13-C50 2.3 2.4
CO conversion, % 6.7 6.4
rate, g CH2/g cat/hr 0.38 0.36
CO2 formation, % 0.2 0.1
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Co0.017 - Run #3

Co wt% NM wt% Promotor wt% Support
20 Ru 0.50 La203 1.00 AI203
E ——— — ———
SUMMARY REACTION DATA

Reaction Conditions:

P = 1.0atm CO2 (g/g cat/br) = 0.030
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 2.41
weight of catalyst = 0.201 g
WHSV = 12.81 1/hr
time on stream = 9.5 hrs
CO conversion (%) 4.9
rate (g CH2/g cat/hr) 0.27
alpha 0.67
Cl (wt%) 23.0 '
C2-C4 (wt%h) 26.1
C5-C12 (wt%) - 46.9
C13 + (wt%) 4.0

* Reaction data for only 10 hrs. on stream because of T serge

after 10 hrs
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Performance of Co0.017
Dates: 10/03/94 - 10/04/94  Run #3

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 12.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5
reaction temperature, °C 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0

C1 - C15 product distribution, weight %

Cl 21.38 22.13 2046 23.34
C2 4.07 414 11.99 4.39
C3 10.97 10.56 9.43 10.65
C4 11.92 11.48 10.33 11.52
C5 12.09 11.73 10.62 11.89
C6 9.71 9.57 8.85 9.38
C7 9.24 9.20 8.50 8.51
C8 6.57 6.70 6.19 6.26
C9 4.56 4.69 4.42 4.54
C10 3.10 3.21 3.14 3.29
C11 2.25 2.32 2.21 2.29
C12 1.52 1.57 1.41 1.50
C13 1.22 1.08 0.99 1.05
Cl4 0.83 0.93 0.85 0.81
C15 0.56 0.69 0.61 0.60
alpha  chain growth probability 0.66 0.68 0.67 0.67

C1-C50 estimated total product distribution, weight %

Cl 21.2 21.6 20.1 23.0
C2-C4 26.7 25.6 31.1 26.1
C5-Ci12 48.4 48.1 44.8 46.9
C13-Cs50 3.8 4.7 4.0 4.0
CO conversion, % 7.0 6.5 6.5 4.9
rate, g CH2/g cat/hr 0.39 0.36 0.36 0.27
CO2 formation, % 0.1 0.2 0.1 0.2
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Co.044 - Run #1

Co wt% NM wt% Promotor wt% Support
20 Zr 15.00 SiO2
SUMMARY REACTION DATA

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.020
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P =5.16
weight of catalyst = 0.198 g
WHSV = 13.01 1/hr
time on stream = 24.5 hrs

CO conversion (%) 3.1

rate (g CH2/g cat/hr) 0.18

alpha 0.73

Cl (wt%) 22.7

C2-C4 (wt%) 23.6

C5-C12 (wt%) 443

C13 + (wt%) 9.5
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Performance of Co.044
Dates: 11/30/94 - 12/01/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.0 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 20.65 23.18 21.94 22.79 2346 24.04
Cc2 4.60 5.06 4,74 4.85 4.94 5.04
C3 11.14 11.28 10.10 10.00 10.04 10.12
C4 11.79 11.90 1047 10.50 10.40 10.43
Cs 12.03 12.34 1105 11.04 10.97 10.98
Cé6 855 1026 9.92 9.85 9.49 8.58
Cc7 8.59 0.03 8.22 8.02 7.90 7.95
Cc8 6.37 6.71 6.16 6.02 6.02 6.05
C9 4.82 5.08 4.61 4.54 4.54 4.57
C10 3.62 3.84 3.60 3.53 3.57 3.54
C11 2.66 2.82 2.56 2.56 2.58 2.57
C12 1.84 2.11 1.89 2.05 1.95 1.88
C13 129 176 1.60 148 151 155
Ci4 1.10 1.75 1.56 1.43 1.35 1.40
C15 0.95 1.88 1.59 1.32 1.26 1.30
alpha  chain growth probability 0.69 074 073 072 071 072
C1-C50 estimated total product distribution, weight %

C1 . 19.8 20.7 20.0 21.3 22.0 22.5
C2-C4 26.5 25.2 23.1 23.7 23.8 23.9
C5-CI12 47.4 41.7 46.4 46.2 46.0 44.9
C13-C50 6.3 12.3 10.5 8.8 8.3 8.7
CO conversion, % 4.7 4.1 4.0 3.7 3.6 34
rate, g CH2/g cat/hr 0.27 0.23 0.23 0.21 0.20 0.19
CO2 formation, % 0.2 0.2 0.1 0.1 0.1 0.1
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Performance of Co.044
Dates: 11/30/94 - 12/01/94 Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.0 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 215 245
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0

C1 - C15 product distribution, weight %

Ci 2424 2437 24.51
C2 5.10 5.14 5.18
C3 10.18 10.16 10.15
C4 10.34 10.33 10.17
C5 10.82 10.85 10.81
C6 8.41 8.34 8.56
C7 8.04 8.01 7.96
C8 6.08 6.04 5.95
C9 4.55 4.56 4.49
C10 3.56 3.53 3.47
Cl1 2.54 2.51 2.47
C12 1.89 1.89 1.85
C13 1.48 1.50 1.50
Cl4 1.38 1.46 1.50
Ci15 1.38 1.33 1.42
alpha  chain growth probability 072 072 0.73

C1-C50 estimated total product distribution, weight %

C1 22.5 22.7 22.7
C2-C4 23.8 23.9 23.6
C5-Cl12 44.5 44.5 44.3
C13-C50 9.2 8.9 9.5
CO conversion, % 3.3 3.2 3.1
rate, g CH2/g cat/hr 0.19 0.18 0.18
CO2 formation, % 0.1 0.1 0.1
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Co.045 - Run #1

Co wt% ‘ NM wt% Promotor wt% Support
20 || Zr 4.00 Si02
SUMMARY REACTION DATA

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.022
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 6.89

weight of catalyst = 0.185 g
WHSV = 13.91 1/hr
time on stream = 21.5 hrs

CO conversion (%) 2.6
rate (g CH2/g cat/hr) 0.16
alpha 0.73
Cl (wt%) 22.2
C2-C4 (wt%) 22.8
C5-C12 (wt%) 44.8
C13 + (wt%) 10.2
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Performance of Co.045
Dates: 12/03/94 - 12/04/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.9 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.0 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %
C1 19.46 21.01 22,19 22,81 24.13 23.54
C2 4.40 4.68 4.85 4.98 5.25 5.13
C3 9.90 9.46 9.50 9.53 13.96  9.55
C4 10.80 9.91 9.80 9.87 2.79 9.80
C5 11.69 10.86 10.73 10.58 10.97 10.64
C6 9.90 9.36 8.60 8.75 9.24 8.89
C7 8.91 8.59 8.77 8.46 8.42 8.10
C8 6.77 6.52 6.44 6.44 6.48 6.25
C9 5.23 5.00 5.04 4.95 4.95 4.82
C10 3.99 3.85 3.92 3.86 3.91 3.80
C11 2.91 2.82 2.80 2.80 2.85 2.75
C12 2.21 2.23 2.19 2.14 2.14 2.04
C13 151 181 184 167 171 164
Ci4 1.28 1.82 1.68 1.60 1.60 1.58
' Ci5 1.04 2.07 1.64 1.58 1.58 1.48
alpha  chain growth probability 0.70 0.75 0.74 0.74 0.74 0.73
C1 - C50 estimated total product distribution, weight %
Ci 18.7 18.5 20.3 20.9 22.2 21.8
C2-C4 24.2 21.2 22.1 22.4 20.2 22.6
C5-C12 50.1 46.5 46.5 46.0 46.9 45.6
C13-C50 7.0 13.9 11.1 10.7 10.7 10.0
CO conversion, % 3.8 3.6 3.2 3.0 2.7 2.7
rate, g CH2/g cat/hr 0.23 0.22 0.19 0.18 0.17 0.17
CO2 formation, % 0.1 0.1 0.1 0.1 0.1 0.1
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Performance of Co.045
Dates: 12/03/94 - 12/04/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.9 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5
reaction temperature, °C 220 220
pressure, atm 1.0 1.0
flow, cc/min 90.0 90.0
C1 - C15 product distribution, weight %

C1 23.70 24.15
C2 5.16 5.26
C3 9.61 9.73
C4 9.73 9.81
Cs5 10.52 10.40
C6 8.74 8.78
Cc7 7.98 8.08
C8 6.14 6.18
C9 4.69 4.64
C10 3.72 3.66
Ci11 279 2.70
C12 2.57 2.03
Ci3 1.65 1.56
Ci14 1.51 1.50
C15 1.50 1.52
alpha  chain growth probability 0.72 0.73
C1 - C50 estimated total product distribution, weight %

C1 22.0 222
C2-C4 227 228
C5-C12 454 44.8
C13 - C50 9.9 10.2
CO conversion, % 2.7 2.6
rate, g CH2/g cat/hr 0.16 0.16
CO2 formation, % 0.1 0.1
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Co0.053 - Run #4

Reaction Conditions:

Co wt% I‘ NM wt% Promotor wt% Support
20 Ru 0.50 AIRO3
SUMMARY REACTION DATA*

P =1.0atm CO2 (g/g cat/hr) = 0.030
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 1.41
weight of catalyst = 0.160 g
WHSV = 16.07 1/hr
time on stream = 18.5 hrs

CO conversion (%) 6.1

rate (g CH2/g cat/hr) 0.43

alpha 0.65

Cl (wt%) 28.3

C2-C4 (wt%h) 29.0

C5-C12 (wt%) 39.6

C13 + (wt%) 3.1

* Catalyst reduced without calcination
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Performance of Co.053
Dates: 10/12/94 - 10/13/94 Run #4

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 16.1 1/hr, H2/CO ratio in feed = 2

time on stream, hr 3.5 9.5 12.5 15.5 18.5 24.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

Ci1 29.00 29.18 27.03 28.75 28.98 2941
Cc2 5.16 517 1296 5.08 5.11 5.21
C3 12.81 12,69 11.64 1244 1250 12.74
Cc4 12.41 1229 11.24 12,13 12,14 12.27
Cs 11.08 10.94 10.05 11.07 11.00 10.98
Cé6 7.66 7.24 6.80 7.85 7.85 7.27
c7 7.57 7.60 6.80 7.63 7.65 7.54
C8 4.95 5.08 4.62 5.08 5.09 5.01
Cc9 3.28 3.37 3.10 3.42 3.36 3.42
C10 2.13 2.28 2.06 2.25 2.25 2.26
Cl11 1.41 1.51 1.34 1.48 1.55 1.51
Ci2 0.90 1.01 0.84 1.09 0.85 0.98
C13 0.71 0.67 0.61 0.68 0.65 0.64
Cl4 0.58 0.56 0.52 0.58 0.56 0.52
Cis 0.34 0.41 0.40 0.47 0.47 0.24
alpha  chain growth probability 0.63 0.64 0.64 0.65 0.65 0.61
C1 - C50 estimated total product distribution, weight %

Ci1 28.7 28.7 26.5 28.1 28.3 29.4
C2-C4 30.1 29.7 35.1 29.0 29.0 30.3
C5-C12 39.0 38.9 35.7 39.8 39.6 38.7
C13-C50 2.2 2.7 2.6 3.1 3.1 1.6
CO conversion, % 6.8 6.2 6.8 6.1 6.1 5.2
rate, g CH2/g cat/hr 0.48 0.43 0.48 0.43 0.43 0.37
CO2 formation, % 0.2 0.2 0.2 0.1 0.1 0.2
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Performance of Co0.053
Dates: 10/12/94 - 10/13/94 Run #4

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 16.1 1/hr, H2/CO ratio in feed = 2

time on stream, hr
reaction temperature, °C
pressure, atm

flow, cc/min

Cl1 - C15 product distribution, weight %
C1

Cc2
C3
C4

Cs
Cé6
c7
Cc8
C9
C10
C11
C12
C13
C14
Ci15

alpha  chain growth probability

C1-C50 estimated total product distribution, weight %

C1
C2-C4
C5-Ci12
C13-C50

CO conversion, %

rate, g CH2/g cat/hr
CO2 formation, %
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Co0.053 - Run #5

*

Co wt% NM wt% Promotor wt% Support
20 Ru 0.50 ARRO3
SUMMARY REACTION DATA¥*

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.034
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 1.49
weight of catalyst = 0.175 g
WHSV = 14.69 1/hr
time on stream = 27.5 hrs

CO conversion (%) 5.6

rate (g CH2/g cat/hr) 0.36

alpha 0.64

Cl (wt%) 27.9

C2-C4 (wt%) 29.5

C5-C12 (wt%) 40.0

C13 + (wt%) 2.6

Catalyst is reduced , calcined and rereduced
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Performance of Co.053
Dates: 10/17/94 - 10/18/94 Run #5

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.7 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 9.5 12.5 15.5 24.5 27.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 2642 28.47 28.57 28.76 28.17 28.48
Cc2 4,77 5.07 5.07 5.07 4.96 5.01
C3 12.73 13.04 12,99 12,91 12.66 12.70
C4 1271 1270 12.65 12.52 12.36 12.34
C5 11.66 11.30 11.26 11.22 11.38 11.24
C6 8.43 7.52 7.41 7.54 8.21 8.05
C7 8.17 7.88 7.84 1.75 7.93 7.83
C8 5.27 5.06 5.17 5.09 5.16 5.06
C9 3.47 3.26 3.20 3.33 3.32 3.33
C10 2.10 2.06 2.09 2.06 2.17 2.19
Ci11 1.55 1.35 1.34 1.33 1.26 1.30
C12 1.08 0.85 0.84 0.82 0.82 0.87
C13 0.87 0.68 0.68 0.66 0.66 0.64
Cl14 0.59 0.51 0.55 0.55 0.56 0.56
C15 0.19 0.24 0.34 0.39 0.37 0.40
alpha  chain growth probability 0.59 0.61 0.62 0.63 0.63 0.64
C1 - C50 estimated total product distribution, weight %

C1 26.7 28.4 28.2 28.2 277 27.9
C2-C4 . 30.5 30.8 30.3 29.9 29.5 29.5
C5-C12 41.4 39.2 39.2 39.3 40.4 40.0
C13 -C50 1.3 1.6 2.2 2.6 2.5 2.6
CO conversion, % 6.7 5.7 5.6 5.8 5.5 5.6
1ate, g CH2/g cat/hr 0.43 0.37 0.36 0.37 0.36 0.36
CO2 formation, % 0.2 0.2 0.2 0.2 0.1 0.2
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Co0.053 - Run #6

Co wt% NM wt% Promotor wt% Support
I
20 l Ru 0.50 ARRO3

SUMMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.030
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 1.25
weight of catalyst = 0.191 g
WHSV = 13.50 1/hr
time on stream = 24.5 brs

CO conversion (%) 8.2

rate (g CH2/g cat/hr) 0.49

alpha 0.64

Cl (wt%) 28.9

C2-C4 (wt%) 28.1

C5-C12 (wt%) 40.0

Ci13 + (wt%) 3.0
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Performance of Co.053
Dates: 11/03/94 - 11/04/94  Run #6

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.5 1/br, H2/CO ratio in feed = 2

time on stream, hr ’ 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 31.34 31.17 32.00 3140 31.63 31.31
c2 5.30 5.20 5.28 5.17 5.17 5.13
C3 12.76 12.61 12.70 12.58 12.55 12.57
Cc4 12.68 12.66 12.60 12.43 1231 12.39
Cs 11.34 11.24 11,14 11.19 11.07 11.15
Cé6 8.30 8.31 7.63 8.60 8.37 8.55
Cc7 6.38 6.40 6.49 6.51 6.51 6.51
C8 4.14 4.17 4.26 4.28 4.34 4.41
Cc9 2.70 2.69 2.717 2.82 2.86 2.86
C10 1.70 1.72 1.79 1.75 1.80 1.80
Cl11 1.20 1.23 1.22 1.20 1.23 1.27
C12 0.74 0.72 0.76 0.78 0.81 0.77
C13 0.62 0.60 0.51 0.51 0.52 0.48
Cl4 0.45 1.16 0.43 0.42 0.44 0.42
Ci5 0.35 0.11 0.42 0.37 0.38 0.37
alpha  chain growth probability 0.63 0.56 0.64 0.63 0.63 0.63
C1 - C50 estimated total product distribution, weight %

C1 30.8 31.8 31.2 30.7 31.0 30.7
C2-C4 30.2 31.0 29.8 29.6 29.4 29.5
C5-C12 36.7 36.4 36.3 37.3 37.1 374
C13 -C50 2.3 0.7 2.8 2.4 2.5 2.4
CO conversion, % 10.4 9.1 9.2 8.7 8.8 8.4
rate, g CH2/g cat/hr 0.62 0.54 0.54 0.51 0.52 0.49
CO2 formation, % 0.3 0.2 0.2 0.2 0.1 0.2
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Performance of Co.053
Dates: 11/03/94 - 11/04/94  Run #6

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.5 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 24.5
reaction temperatuie, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0

Cl1 - C15 product distribution, weight %

C1 31.24 30.77 29.63
C2 5.11 5.05 4.86
C3 12.52 12.51  12.09
C4 12.30 10.77 11.84
C5 11.17 11.22 10.90
C6 8.55 6.67 8.49
Cc7 6.63 7.90 7.62
C8 4.41 5.26 5.11
C9 2.90 3.45 3.37
C10 1.83 2.24 2.16
C11 1.22 1.52 1.46
C12 0.79 1.02 0.90
C13 0.51 0.61 0.59
Cil4 0.44 0.54 0.51
Cl15 0.37 0.46 0.45
alpha  chain growth probability 0.63 0.65 0.64

C1 - C50 estimated total product distribution, weight %

C1 30.6 30.1 28.9
C2-C4 293 277 28.1
C5-Ci12 37.6 39.2 40.0
C13-Cs0 2.4 3.0 3.0
CO conversion, % 8.3 8.1 8.2
rate, g CH2/g cat/hr 0.49 0.48 0.49
CO2 formation, % 0.2 0.1 0.1
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Co0.055 - Run #4

wt % Promotor wt% Support

" Co wt% ‘l
" " La203 1.00 A20O3

SUMMARY REACTION DATA*

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.047
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 1.94

weight of catalyst = 0.174 g
WHSV = 14.80 1/hr
time on stream = 21.5 hrs

CO conversion (%) 5.9 II
rate (g CH2/g cat/hr) 0.38
alpha 0.60
Cl (wt%) 28.3
C2-C4 (wt%) 29.2
C5-C12 (wt%) 41.0
C13 + (wt%) 1.4

* Catalyst calcined without calcination
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Performance of Co.055
Dates: 10/20/94 - 10/21/94 Run #4

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr 3.5 6.5 9.5 12.5 21.5
reaction temperature, °C 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 28.31 27.51 27.23 28.09 27.97
C2 4.94 4.80 471 4.85 4.84
C3 12.93 1241 12.04 1229 1222
C4 12.51 12,12 11.80 1191 11.79
Cs 10.77 1090 10.92 10.80 10.92
c6 - 6.35 7.10 7.47 7.02 7.45
c7 8.07 8.19 8.19 8.03 8.02
C8 5.56 5.75 5.77 5.64 5.64
Cc9 3.78 3.97 4.01 3.89 3.90
C10 2.48 2.64 2.74 2.66 2.65
Ci1 1.82 1.86 1.94 1.89 1.77
C12 1.12 1.35 1.29 1.18 1.28
Ci13 0.76 0.82 0.87 0.83 0.82
Cl4 0.33 0.43 0.68 0.64 0.51
C15 0.28 0.15 0.34 0.31 0.20
alpha  chain growth probability 0.62 0.58 0.63 0.62 0.60
C1-C50 estimated total product distribution, weight %

C1 28.3 28.1 21.3 28.2 28.3
C2-C4 30.4 30.0 28.6 29.1 29.2
C5-C12 39.4 40.9 41.8 40.6 41.0
C13 -C50 1.9 1.0 2.3 2.0 1.4
CO conversion, % 5.4 6.6 7.2 6.8 5.9
rate, g CH2/g cat/hr 0.35 0.42 0.47 0.44 0.38
CO2 formation, % 0.3 0.2 0.2 0.2 0.2
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Co.055 - Run #5

Reaction Conditions:

Co wt% NM wt% Promotor wt% Support
20 Re 1.00 La203 1.00 ARO3
SUMMARY REACTION DATA*

P=1.0atm CO2 (g/g cat/hr) = 0.030
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 1.83
weight of catalyst = 0.180 g
WHSV = 14.28 1/hr
time on stream = 24.5 hrs

CO conversion (%) 6.6 "

rate (g CH2/g cat/hr) 0.41 "

alpha 0.59

Cl (wt%) 29.6

C2-C4 (wt%) 28.1

C5-C12 (wt%) 41.1

C13 + (wt%) 1.2

* Catalyst is directly reduced without calcination
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Performance of Co.055
Dates: 11/07/94 - 11/08/94 Run #5

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 2720 28.68 28.15 28.62 28.72 28.88
C2 4.67 4.80 4.68 4.73 4.74 4.76
C3 11.75 11.75 1142 1144 11.45 11.48
C4 11.87 11,74 1131 1131 1127 11.39
C5 11.18 10.77 10.56 10.50 10.52 10.53
C6 8.68 8.44 8.71 8.57 8.57 8.56
Cc7 8.28 7.91 7.76 1.71 7.66 7.61
C8 5.73 5.51 5.50 5.39 5.37 5.36
Co 3.94 3.78 3.82 3.80 3.80 3.81
C10 2.55 2.47 2.64 2.67 2.66 2.69
Ci1 2.12 1.84 1.86 1.83 1.85 1.86
C12 0.96 1.13 1.19 1.21 1.20 1.24
C13 069 071 0.84 078 077 0.73
Cl4 0.29 0.36 0.85 0.73 0.74 0.57
Cl15 0.10 0.12 0.70 0.70 0.65 0.54
alpha  chain growth probability 0.56 0.57 0.67 0.67 0.67 0.66
C1-C50 estimated total product distribution, weight %

C1 27.9 29.3 27.1 27.6 27.8 28.2
C2-C4 29.0 28.9 26.4 26.5 26.6 27.0
C5-Ci12 42.5 41.0 41.8 41.4 41.3 41.2
C13 -C50 0.7 0.8 4.6 4.6 4.3 3.5
CO conversion, % 9.3 8.7 8.5 8.2 7.8 1.5
rate, g CH2/g cat/hr 0.58 0.54 0.53 0.51 0.49 0.47
CO2 formation, % 0.2 0.2 0.2 0.2 0.2 0.2
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Performance of Co.055
Dates: 11/07/94 - 11/08/94  Run #5

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 245
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0

C1 - C15 product distribution, weight %

C1 29.21 28.78 29.10
C2 4.81 475 4.80
C3 11.56 11.46 11.55
C4 11.09 11.15 11.20
C5 10.47 10.53 10.59
Cé6 844 856 8.60
Cc7 : 759 17.63 1.67
Cc8 534 536 5.39
C9 3.76 3.78 3.79
C10 2.66 270 2.66
C11 1.90 1.92  2.12
C12 124 121 1.35
C13 0.74 0.78 0.63
Ci4 0.64 071 0.37
C15 0.55 0.69 0.18
alpha  chain growth probability 0.66 0.67 0.59

C1 - C50 estimated total product distribution, weight %

C1 28.6 27.8 29.6
C2-C4 269 264  28.1
C5-C12 41.0 41.3 41.1
C13-Cs50 3.6 4.5 1.2
CO conversion, % 7.4 1.2 6.6
rate, g CH2/g cat/hr 0.46 0.45 0.41
CO2 formation, % 0.2 0.1 0.1
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Co0.055 - Run #6

ettt ————— E—————————— e - — W
" Co wt% NM wt% Promotor wt% Support
0

“ 2 Re 1.00 La203 1.00 ARO3

SUMMARY REACTION DATA*

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.023
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 1.21

weight of catalyst = 0.180 g
WHSV = 14.31 1/hr
time on stream = 27.5 hrs

CO conversion (%) 7.5 I‘
rate (g CH2/g cat/hr) 0.47 I
alpha 0.63
Cl (wt%) 30.9
C2-C4 (wt%) 29.1
C5-C12 (wt%) 37.6
C13 + (wt%) 2.4

* Catalyst is reduced, calcined and rereduced before loading
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Performance of Co.055
Dates: 11/14/94 - 11/15/94 Run #6

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 27.5
reaction temperature, °C 220
pressure, atm 1.0
flow, cc/min 90.0

C1 - C15 product distribution, weight %

Ci1 31.53
Cc2 4.98
C3 12.71
C4 12.09
Cs 10.66
Cé6 7.91 -
c7 7.28
C8 4.68
Cc9 3.05
C10 1.94
C11 1.25
C12 0.67
Ci3 0.45
Ci4 0.40
C15 0.37
alpha  chain growth probability 0.63

C1-C50 estimated total product distribution, weight %

C1 30.9
C2-C4 20.1
C5-C12 37.6
C13-C50 2.4
CO conversion, % 7.5
rate, g CH2/g cat/hr 0.47
CO2 formation, % 0.1
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Performance of Co.055
Dates: 11/14/94 - 11/15/94  Run #6

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 21.5 24.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 31.93 3227 31.84 31.85 30.96 31.10
C2 5.23 5.21 5.13 5.11 4.93 4.94
C3 13.13 13.04 12.98 12.95 12.59 12.66
C4 12.73 12,68 12.60 12.59 12.01 12.10
C5 11.25 11,12 11.12 11.08 10.84 10.77
C6 8.12 8.08 8.46 8.38 7.88 7.98
C7 6.40 6.28 6.34 6.38 7.44 7.37
C8 4.18 4.09 4.14 4.18 4,76 4.74
C9 2.74 2.64 2.64 2.68 3.14 3.14
C10 1.64 1.71 1.84 1.84 2.18 1.97
C11 1.20 1.23 1.16 1.14 1.23 1.31
C12 0.73 0.92 0.64 0.73 0.82 0.71
C13 0.41 0.42 0.41 0.42 0.47 0.46
C14 0.23 0.24 0.35 0.33 0.38 0.39
Ci15 0.08 0.08 0.35 0.34 0.36 0.37
alpha  chain growth probability 0.55 0.55 0.63 0.63 0.63 0.63
C1-C50 estimated total product distribution, weight %

C1 32.3 32.7 31.1 31.2 30.4 30.5
C2-C4 31.4 31.3 30.0 30.0 29.0 29.1
C5-C12 35.7 35.4 36.5 36.5 38.3 38.0
C13-C50 0.6 0.6 2.3 2.2 2.3 2.4
CO conversion, % 9.1 8.3 7.9 7.5 7.3 7.3
rate, g CH2/g cat/hr 0.57 0.52 0.49 0.47 0.46 0.46
CO2 formation, % 0.2 0.2 0.2 0.2 0.2 0.1
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Co.055 - Run #7

, _——_———-—“W
Co wt% ” NM wt% Promotor wt% " Support
20 “ Re 1.00 La203 1.00 ” A203

SUMMARY REACTION DATA*

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.031
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 o/P = 1.11

weight of catalyst = 0.180 g
WHSV = 14.29 1/br
time on stream = 24.5 hrs

[ CO conversion (%) ) 7.5
rate (g CH2/g cat/hr) 0.47

| alpha 0.60
Cl (wt%) 33.5 "
C2-C4 (wt%) 31.1
C5-C12 (wt%) 34.0
C13 + (wt%) 1.4

* Catalyst calcined in Nitrogen
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Performance of Co.055
Dates: 11/16/94 - 11/17/94  Run #7

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0

C1 - C15 product distribution, weight %

C1 33.97 3437 33.97 33.64 34.01 34.40
Cc2 5.47 5.48 5.37 5.30 5.34 5.37
C3 13.37 13.57 13.30 13.21 13.34 13.38
C4 12.84 13.11 12,71 12.67 1259 12.67
Cs 11.07 11.19 10.93 10.84 10.89 10.87
Cé6 7.71 7.91 7.92 7.88 7.86 7.78
Cc7 6.01 6.00 5.93 6.24 5.98 5.92
C8 3.78 3.76 3.72 3.97 3.75 3.74
C9 2.36 2.34 2.32 2.44 2.30 2.32
C10 1.37 0.02 1.60 1.66 1.72 1.38
C11 0.98 0.96 0.90 0.92 1.00 0.92
C12 0.48 0.47 0.57 0.46 0.46 0.46
C13 0.32 0.30 0.30 0.30 0.30 0.31
C14 0.18 0.26 0.25 0.24 0.21 0.24
Ci15 0.08 0.25 0.23 0.23 0.26 0.24
alpha  chain growth probability 0.55 0.61 0.60 0.61 0.61 0.60

C1 - C50 estimated total product distribution, weight %

C1 34.1 33.8 33.5 33.1 33.4 33.9
C2-C4 31.8 31.6 30.9 30.7 30.7 30.9
C5-C12 33.5 32.9 34.0 34.6 34.2 33.6
C13 -C50 0.6 1.6 1.5 1.5 1.7 1.6
CO conversion, % 9.8 8.8 8.5 8.3 8.0 7.9
rate, g CH2/g cat/hr 0.61 0.55 0.53 0.52 0.50 0.49
CO2 formation, % 0.2 0.2 0.2 0.2 0.1 0.1
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Performance of Co.055
Dates: 11/16/94 - 11/17/94  Run #7

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 24.5
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0

C1 - C15 product distribution, weight %

C1 34.16 33.97 33.94
Cc2 534 529 530
C3 13.44 1344 13.50
Cc4 1271 1272 1273
C5 10.98 11.05 11.02
Cé6 781 7.96 1.95
c7 599 6.04 6.03
C8 3.76 375 3.79
C9 229 232 229
C10 1.37 158  1.39
Cl1 0.91 081 0.1
C12 0.52 0.53 046
Ci3 028 027 027
Cl4 023 023 023
C15 0.21 023 0.0
alpha  chain growth probability 0.60 0.60 0.60

C1-C50 estimated total product distribution, weight %

C1 337 332 335
C2-C4 31.1 31.0 31.1
C5-C12 33.8 34.3 34.0
C13-Cs0 1.4 1.5 1.4
CO conversion, % 77 7.6 1.5
rate, g CH2/g cat/hr 0.48 0.47 0.47
CO2 formation, % 0.2 0.2 0.1
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Co0.056 - Run #1

Co wt% NM wt% Promeotor wt% “ Support

20 La 8.50 " Si02

SUMMARY REACTION DATA

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.029
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 8.22

weight of catalyst = 0.200 g
WHSV = 12.88 1/hr
time on stream = 27.5 hrs

Tcmversion (%) 2.4
rate (g CH2/g cat/hr) 0.14
alpha 0.69
Cl (wt%) 23.9
C2-C4 (wt%) 27.2
C5-C12 (wt%) 43.3
C13 + (wt%) 5.6
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Performance of Co0.056
Dates: 10/07/94 - 10/08/94 Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 12.9 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 12.5 15.5 18.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 18.31 2220 21.64 23.61 24.59 23.75
C2 4.51 5.60 5.39 5.83 6.05 5.86
C3 9.98 11.03 10.33 10.88 11.22 10.80
Cc4 10.91 11.28 10.63 10.92 11.16 10.77
C5 11.98 1141 11.38 11.19 10.57 11.27
C6 10.24  6.59 9.02 7.99 7.99 8.79
c7 8.97 8.50 8.43 8.08 7.85 8.00
C8 6.81 6.51 6.41 6.11 5.88 5.98
C9 5.16 4.93 4.81 4.43 4.36 4.39
C10 3.94 3.79 3.78 3.56 3.33 3.31
Cl11 2.83 2.71 2.57 2.38 2.24 2.27
Ci12 2.05 1.92 1.98 1.72 1.69 1.70
Ci3 1.66 1.54 1.39 1.33 1.24 1.19
Ci4 1.40 1.24 1.20 1.07 0.98 1.02
C15 1.25 0.75 1.04 0.91 0.84 0.89
alpha  chain growth probability 0.72 0.69 0.71 0.70 0.69 0.70
C1 -C50 estimated total product distribution, weight %

Cl1 17.3 21.9 20.7 22.7 23.8 22.8
C2-C4 24.0 27.5 25.2 26.6 27.5 26.4
C5-C12 50.3 45.5 47.1 44.6 43.2 44.9
C13 -C50 8.4 5.1 7.0 6.0 5.6 5.9
CO conversion, % 4.7 2.4 3.1 2.7 2.6 2.6
rate, g CH2/g cat/hr 0.26 0.13 0.17 0.15 0.15 0.15
CO2 formation, % 0.2 0.3 0.2 0.2 0.2 0.2
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Performance of Co0.056
Dates: 10/07/94 - 10/08/94 Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 12.9 1/hr, H2/CO ratio in feed = 2

time on stream, br 21.5 24.5 21.5
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0

C1 - C15 product distribution, weight %

C1 23.95 2531 24.84
C2 5.94 6.25 6.15
C3 10.90 11.44 11.16
C4 10.83 11.26 11.00
Cs5 11.30 10.82 11.24
C6 9.03 8.00 7.95
C7 7.87 7.60 7.88
C8 5.86 5.60 5.79
C9 4.24 4.05 4.18
C10 3.22 3.10 3.18
C11 2.15 2.08 2.16
C12 1.61 1.53 1.55
C13 121 116 111
C14 0.99 0.95 0.97
C15 0.90 0.85 0.85
alpha  chain growth probability - 0.70 0.9  0.69

C1 - C50 estimated total product distribution, weight %

Ci1 23.0 24.3 23.9
C2-C4 26.5 27.8 272
C5-C12 4.6 422 433
C13-C50 6.0 5.6 5.6
CO conversion, % 2.6 2.5 24
rate, g CH2/g cat/hr 0.15 0.14 0.14
CO2 formation, % 0.2 0.2 0.1

B68




Rate (g CH2/g Catalyst/h)

1.000

0.900

0.800

0.700

0.600

0.500

0.400

0.300

0.200

0.100

0.000

Time-on-Stream Plot for Co.056 - Run #1

15.0 20.0

Time-on-Stream (h)

B69




log (Wn/n)

0.00

-0.50

-1.00

-1.50

-2.00

-2.50

-3.00

-3.50

-4.00

-4.50

Schulz-Flory Plot for C0.056 - Run #1
Time on Stream (hrs)

3

H3X

alpha = 0.69

0.5

0 3.5

° 12.5

4 15.5

A 18.5

* 21.5

© 15.5

X 24.5

Carbon Number

B70

L L ey e A

20



C0.056 - Run #2

La 8.50 Si02

Co wt% ” NM wt% Promotor wt% Support
2 “

SUMMARY REACTION DATA*

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.033
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P =9.44

weight of catalyst = 0.184 g
WHSV = 13.94 1/br
time on stream = 21.5 hrs

CO conversion (%) 2.2 ]
rate (g CH2/g cat/hr) 0.14
alpha 0.68
Cl (wt%) 23.4
C2-C4 (wt%) 27.3
C5-C12 (wt%) 44.7
C13 + (wt%) 4.7

* Catalyst is directly reduced without calcination
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Dates: 11/09/94 - 11/10/94  Run #2

Performance of Co.056

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.9 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

Cl1 18.82 20.53 21.03 21.86 23.29 2298
C2 4.76 5.20 5.29 5.48 5.85 5.76
C3 10.26 1024 10.12 10.30 10.86 10.66
C4 11.10 10.36 10.37 10.42 11.00 10.69
Cs 12.24 11.51  11.08 11.12 11.62 11.18
Cé6 10.01 8.14 9.33 9.25 8.71 8.30
C7 9.48 8.85 8.43 8.39 6.64 8.18
C8 7.26 6.78 6.42 6.36 1.80 6.16
C9 5.48 5.10 4.82 4.81 4.70 4.55
C10 3.85 3.59 3.74 3.68 4.84 3.75
C11 2.97 3.24 2.58 2.51 3.45 2.39
Cl12 1.95 2.14 1.94 1.97 2.59 1.70
Ci3 1.15 1.84 1.74 1.38 1.87 1.28
Cl4 0.50 1.63 1.65 1.28 1.55 1.21
C15 0.17 0.86 1.46 1.20 1.21 1.21
alpha  chain growth probability 0.59 0.70 0.73 0.72 0.71 0.72
C1 - C50 estimated total product distribution, weight %

C1 19.6 20.3 19.5 20.6 22.4 21.5
C2-C4 27.2 25.5 23.9 24.7 26.6 25.4
C5-Cl12 52.0 48.2 46.8 46.7 42.7 45.1
C13 - C50 1.2 5.9 9.8 8.0 8.3 8.1
CO conversion, % 3.3 2.9 2.9 2.6 2.4 2.5
rate, g CH2/g cat/hr 0.20 0.18 0.17 0.16 0.14 0.15
CO2 formation, % 0.2 0.1 0.1 0.1 0.1 0.1
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Performance of Co.056
Dates: 11/09/94 - 11/10/94 Run #2

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.9 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5
reaction temperatire, °C 220 220
pressure, atm 1.0 1.0
flow, cc/min 90.0 90.0

C1 - C15 product distribution, weight %

C1 23.48 23.87
C2 5.90 6.00-
C3 10.88 10.97
C4 10.70  10.89
Cs5 11.26  11.37
Cé6 8.15 8.49
c7 8.19 8.15
C8 6.04 6.00
C9 4.47 434
C10 3.37 3.08
C11 2.26 2.42
Ci2 1.77 1.66
C13 1.33 1.10
Cl4 1.22 0.96
Ci15 0.98 0.70
alpha  chain growth probability 0.70  0.68

C1 - C50 estimated total product distribution, weight %

C1 22.5 23.4
C2-C4 26.3 27.3
C5-C12 44.7  44.7
C13 -C50 6.5 4.7
CO conversion, % 23 22
rate, g CH2/g cat/hr 0.14 0.14
CO2 formation, % 0.1 0.2
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Co0.057 - Run #1

Co wt% NM wt% Promotor wt% Support
20 Re 1.00 La203 1.00 Si0o2
& —— — ——
SUMMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.029
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 4.65

weight of catalyst = 0.183 g
WHSYV = 14.03 1/hr
time on stream = 18.5 hrs

TO conversioxi (%) ) 2.8
rate (g CH2/g cat/hr) 0.17
alpha 0.73
Cl (wt%) 23.4
C2-C4 (wt%) 23.2
C5-C12 (wt%) 42.5
C13 + (wt%) 10.9
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Performance of Co.057
Dates: 11/27/94 - 11/28/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.0 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 22.84 2429 2501 2525 25.82 25.87
Cc2 4.79 4.98 5.08 5.14 5.25 5.31
C3 10.28 10.02 9.94 9.91 10.02 10.07
C4 11.06 10.48 10.34 10.26 10.33 10.33
Cs5 11.78 11.00 10.81 10.76 10.83 10.79
Cé6 9.90 9.31 9.39 9.47 8.49 8.67
Cc7 8.33 7.83 7.72 7.73 7.75 7.72
Cc8 6.34 5.87 5.78 5.71 5.71 5.69
Cc9 4.80 4.42 4.38 4.29 431 4.26
C10 3.61 3.39 3.31 3.27 3.35 3.19
C11 2.47 2.39 2.30 2.34 2.26 2.21
C12 1.70 1.75 1.76 1.72 1.71 1.66
C13 1.10 1.41 1.40 1.34 1.33 1.32
Ci4 0.74 1.49 1.43 1.38 1.33 1.37
C15 0.26 1.37 1.36 1.43 1.49 1.54
alpha  chain growth probability 062 072 072 073 073 0.73
C1 -C50 estimated total product distribution, weight %

C1 23.4 22.5 23.1 23.2 23.5 23.5
C2-C4 26.7 23.6 23.5 23.2 23.3 23.3
C5-Cl12 48.1 44.8 4.4 44.1 432 43.0
C13-C50 1.8 9.1 9.0 9.5 9.9 10.2
CO conversion, % 3.5 3.4 3.2 3.0 2.9 2.8
rate, g CH2/g cat/hr 0.21 0.21 0.20 0.19 0.18 0.17
CO2 formation, % 0.2 0.2 0.2 0.2 0.2 0.2
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Performance of Co.057
Dates: 11/27/94 - 11/28/94 Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.0 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5
reaction temperature, °C 220 220
pressure, atm 1.0 1.0
flow, cc/min 90.0 90.0

C1 - C15 product distribution, weight %

C1 26.13 22.25
Cc2 541 4.62
C3 10.22 8.64
C4 10.28 8.73
Cs 10.85 13.01
Cé6 8.54 137
c7 7.59 9.25
C8 5.66 6.91
C9 415 5.10
C10 3.12 4.03
Cl1 213 2.67
C12 1.59 2.01
C13 1.29 1.61
Ci4 1.39 1.62
Ci15 1.66 2.19
alpha  chain growth probability 0.73 0.75

C1 - C50 estimated total product distribution, weight %

Ci1 234 19.2
C2-C4 23.2 19.0
C5-C12 42.5 47.3
C13-C50 10.9 14.5
CO conversion, % 2.8 3.3

rate, g CH2/g cat/hr 0.17 0.20
CO2 formation, % 0.1 0.2
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Co wt%

Co0.060 - Run #1

NM wt% Promotor wt%

Support

30

Al203

SUMMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.023
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P =13.82
weight of catalyst = 0.176 g
WHSV = 14.59 1/hr
time on stream = 24.5 hrs

CO conversion (%) 3.8

rate (g CH2/g cat/hr) 0.24

alpha 0.69

Cl (wt%) 25.0

C2-C4 (wt%) 26.2

C5-C12 (wt%) 43.0

C13 + (wt%) 5.8
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Performance of Co0.060
Dates: 11/21/94 - 11/22/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.6 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %

C1 22.80 23.87 2474 2526 2494 2545
Cc2 4.44 4.55 4.65 4.73 4.66 4.72
C3 11.31 11.25 1136 11.38 11.12 11.22
C4 11.70 11.48 11.49 11.34 11.20 11.25
C5 11.56 11.38 11.29 1142 1115 1117
Cé6 9.19 9.02 8.77 9.22 8.98 9.00
c7 7.89 7.78 7.66 7.24 7.55 7.45
C8 5.83 5.71 5.57 5.33 5.55 5.4
C9 4.40 4.25 4,13 4.02 4.16 4.03
C10 3.38 3.18 3.11 3.03 3.12 3.04
Ci1 2.51 2.33 2.23 2.21 2.53 2.22
C12 1.92 1.80 1.64 1.62 1.63 1.70
C13 133 133 128 121 131 121
Cl4 0.98 1.11 1.14 1.05 1.15 1.12
C15 0.76 0.96 0.94 0.94 0.97 0.97
alpha  chain growth probability 0.68 0.69 0.69 0.69 0.70 0.70
C1 - C50 estimated total product distribution, weight %

C1 22.3 22.9 23.7 24.1 23.9 24.3
C2-C4 26.9 26.1 26.3 26.2 25.8 26.0
C5-Cl12 45.8 44.7 43.8 43.5 43.9 43.3
C13 - C50 5.1 6.3 6.2 6.2 6.4 6.4
CO conversion, % 4.5 4.4 4.3 4.1 4.1 4.0
rate, g CH2/g cat/hr 0.29 0.28 0.27 0.26 0.26 0.26
CO2 formation, % 0.1 0.1 0.1 0.1 0.1 0.1
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Performance of Co.060
Dates: 11/21/94 - 11/22/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 14.6 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 24.5
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0  90.0 90.0

C1 - C15 product distribution, weight %

c1 2575 25.84 26.03
c2 476 477 4.80
c3 1126 11.23 11.26
c4 1120 11.19 11.16
Cs 11.09 11.12 11.06
c6 8.89 891 8.93
c7 747 1.50  7.40
c8 545 549  5.40
c9 405 4.02 3.94
C10 3.06 3.06 3.01
Cl11 220 215 247
c12 1.55 153 1.54
Ci13 122 120 1.13
Cl4 1.08 1.05 0.99
C15 0.96 0.94 0.87
alpha  chain growth probability ' 070 0.69  0.69

C1 - C50 estimated total product distribution, weight %

C1 245 246 250
C2-C4 259 259 262
C5-Ci12 432 432 43.0
C13-C50 6.3 6.2 5.8
CO conversion, % 4.0 3.9 3.8
rate, g CH2/g cat/hr 0.25 0.25 0.24
CO2 formation, % 0.1 0.1 0.1
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Cal.10 - Run #1

Co wt% NM wt% Promotor wt% Support
20 Ru 050 K 0.30 Al203
SUMMARY REACTION DATA

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.045
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P =1.75

weight of catalyst = 0.198 g
WHSV = 12.99 1/hr
time on stream = 24.5 hrs

| CO conversion (%) 35 "
rate (g CH2/g cat/hr) 0.20 "
alpha ' 0.74 !
Cl (wt%) 235
C2-C4 (wt%) 19.9
C5-C12 (wt%) 46.0
C13 + (wt%) 10.6
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Performance of Cal.10

Dates: 11/18/94 - 11/19/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.0 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0 90.0 90.0 90.0
C1 - C15 product distribution, weight %
C1 22.57 2499 25.69 2546 24.87 24.25
C2 4.04 4.30 4.35 4.33 4.26 4.20
C3 8.21 8.19 8.20 8.21 8.19 8.10
Cc4 9.30 8.92 8.67 8.75 8.78 8.62
Cs 10.14  9.26 9.01 9.10 9.14 9.11
Cé6 9.01 7.65 8.23 8.20 8.37 8.31
Cc7 9.16 8.23 7.89 8.01 8.12 8.20
C8 7.48 6.66 6.34 6.51 6.62 6.73
C9 6.04 5.22 5.14 5.25 5.34 5.52
C10 4.98 4.78 4,27 4.36 4.48 4.59
Ci1 3.85 3.55 3.32 3.51 3.58 3.73
Cl12 2.78 2.86 2.81 2.85 2.76 2.92
C13 1.61 2.51 2.26 2.13 2.11 2.25
Ci4 0.63 2.25 2.01 1.77 1.78 1.87
. Ci5 0.21 0.63 1.83 1.57 1.60 1.61
alpha  chain growth probability 0.61 0.68 075 074 074 074
C1 - C50 estimated total product distribution, weight %
C1 24.0 26.0 23.5 23.8 23.2 227
C2-C4 22.9 22.2 19.4 19.9 19.8 19.6
C5-C12 51.6 47.3 4.4 45.3 45.8 46.3
C13 -C50 1.5 4.5 12.7 11.0 11.1 11.3
CO conversion, % 3.6 3.8 4.3 3.9 3.8 3.7
rate, g CH2/g cat/hr 0.21 0.21 0.24 0.22 0.22 0.21
CO2 formation, % 0.3 0.5 0.3 0.2 0.2 0.2
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Performance of Cal.10
Dates: 11/18/94 - 11/19/94  Run #1

flow rate = 90.0 cc/min, loading= 0.2 g, WHSV = 13.0 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 24.5
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, cc/min 90.0 90.0 90.0

C1 - C15 product distribution, weight %

C1 23.56 23.37 24.84
c2 414 413 429
C3 8.03 8.02 824
c4 8.58 855 857
C5 9.12 9.14 9.10
C6 833 847 8.33
c7 828 833 8.10
C8 6.81 6.79  6.61
c9 561 5.68 539
C10 471 447 453
c11 375 4.01  3.60
C12 3.05 294 285
C13 245 239 222
Cl4 2.03 201 181
C15 1.55 1.68 1.51
alpha  chain growth probability 0.74 075 0.74

C1-C50 estimated total product distribution, weight %

C1 22.3 21.9 23.5
C2-C4 19.7 19.4 19.9
C5-Ci12 47.0 46.8 46.0
C13 -C50 11.0 11.9 10.6
CO conversion, % 3.4 3.4 3.5
rate, g CH2/g cat/hr 0.20 0.19 0.20
CO2 formation, % 0.2 0.2 0.2
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