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(Co.014 - Run #2

I #
Co wt% NM wt %% Promotor wt% Support
|[ f;
12 Ru 0.500 ' TiO2 .'

SUMMMARY REACTION DATA

Reaction Conditions:

P=10atm . CO2 (g/g cat/hr) = 0.011
T =220°C CO2 (% of CO) = 0.3
H2/CO =2 O/P = 10.87

weight of catatalyst = 0.437 g
WHSV =2.994 1/hr

time on soeamm = 20.0 hrs Ea = 26.0 kcal/mol
l[ETonveErsion (%) 2.6 ll
rate (g CHH2/g cat/hr) 0.03 |
alpha 0.69
I
e 7|
| c2-ca con) 24.9
| C5-C12 (wt%h)- 42.4 |
|
P C13 + (wwt%) 5.0

Bl
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PPerformance of Co.014
Dates: - 04/21/94 - 04/22/94 Run #2

flow rate = 45.0 cc/min, loading= (.0.4 g, WHSV = 2.9 1/hr, H2/CO ratio in feed = 2

time on stream, hr . 0.5 2.5 5.0 8.0 18.0 20.0
reaction temperature, °C ‘ 220 220 220 220 220 220
pressure, aim 1.0 1.0 L.0 1.0 1.0 1.0

flow, cc/min 45.0 45.0 45.0 . 45.0 45.0 45.0

C1-C15 product distribution, weightht %

C1 21.34  23.62 2397 2535 27.18 28.15
c2 400 4.8 506 532 508 525
C3 10.12  9.57 957 991 10.12 10.25
C4 11.31 995 975 9.8 9.8  9.83
C5 11,70 10.24 10.14 9.9 9.92 9.78
Ccs 969 889 949 860 8.30 7.94
Cc7 8.52 827 812 782 159 7.48
C8 6.50  6.53 636 613 592 572
C9 478 505 492 480 454  4.45
C1o 3.82 397 387 3.8 3.6l 3.49
Cl1 2.57 287 285 277 249 2.48
ci2 2.18 2.16  2.01 2.03 2.07 1.91
Cl13 1.45 1.68 1.69 1.50 1.34 1.45
C14 1.13 1.39 1.29 1.19 1.13 1.07
Cis 0.89  0.93 0.91 0.86 0.81 0.74
alpha  chain growth probability 0.69 070 070 070 069 0.69

C1 -C30 estimated total product distrtribution, weight %

Ci 20.7 23.1 23.4 24.8 26.6 277
C2-C4 247 238 238 246 245 249
C5-C12 48.6 467  46.6  44.8 43.4 424
C13 - C50 6.0 6.4 6.2 5.9 5.5 5.0
CO conversion, % 4.7 3.6 3.5 3.3 2.6 2.6
rate, g CH2/g cat/hr 0.06 0.05 0.05 0.04 0.03 0.03

CO2 formation, % 0.5 0.3 0.4 0.4 0.3 0.3
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PPerformance of Co.014
Dates: : 04/21/94 - 04/22/94  Run #2

flow rate = 45.0 cc/min, loading= ( 0.4 g, WHSV = 2.9 1/hr, H2/CO ratio in feed = 2

time on stream, hr X 24.0 26.0 28.0 30.0 32.0 36.0
reaction temperatnre, °C ' 220 210 240 230 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 45.0 45.0 45.0 . 45.0 45.0 6.0

C1 - C15 product distribution, weiglght %

C1l 28.05 23.10 46.23 35.52 26.85 133,59
2 , 534 469 664 598 557 470
C3 1032  8.47 13.56 12.24 10.16 10.04
c4 979 886 9.29 10.58 991 9.76
C5 962 925 771 939 996 9.36
c6 7.5 821 503 698 854 7.43
Cc7 740 7.83 425 623 71.53  6.59
ok} 581 664 269 426 588  5.00
C9 450 560 1.72 293 448 3.84
C10 355 451 120 214  3.47  3.01
C11 : 2.58  3.54 066 136 2.53 217
C12 1.96 327 042 090 193 1.62
Ci13 .52 236 029 0.73 1.34  1.15
C14 1.16 2.07 022 046 1.12 0095
C15 0.81 160 011 031 072 0.78
alpha  chain growth probability 0.70 075 0.58 0.65 070 0.71

C1 - C50 estimated total product disistribution, weight %

C1 27.5 218  46.1 353 265 32.6
C2-C4 249 20.8 29.4 28.6 253 23.8
C5-C12 42.1 46.1 23.7 34.0 43.2 38.2
C13 -C50 5.5 11.4 0.8 2.1 4.9 5.3
CO conversion, % 2.6 1.6 7.5 472 2.6 21.5
rate, g CH2/g cat/hr 0.03 0.02 0.10 0.05 0.03 0.04

CO2 formation, % 0.2 0.2 0.5 0.3 0.3 2.7
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C00.014 Arrhenius Plot - Run #2
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(Co.018 - Run #5

——
Co wt% NM wt%b “ Promotor wt% Support "

20 0.56) ARO3

SUMMARY REACTION DATA

Reaction Conditions:

P =1.0am CO2 (g/g cat/hr) = 0.055
T =220 °C CO2 (% of CO) = 0.3
H2/CO =2 O/P = 1.93

weight of catalalyst = 0.179 g
WHSV = 14...36 1/hr
time on streamm = 24.5 hrs

F CO converrsion (%) 7.5 "
rate (g CH12/g cat/br) 0.47
alpha | 0.60
Cl (wt%)) 29.0
C2-C4 ((wi%) 31.8 “
ll C5-C12 | (wt%) 37.8
u C13 + (wwt%) 1.4

B7
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FPerformance of Co.018
Dates:s: 04/11/94 - 04/12/94 Run #5

flow rate = 90.0 cc/min, loading= 0 0.2 g, WHSV = 14.4 1/hr, H2/CO ratio in feed = 2

time on stream, br ~ 0.5 2.5 5.5 3.0 23.0 24.5
reaction temperature, °C 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1 1

flow, cc/min 0.0 80.0 90.0 - 90.0 90.0 90.0

C1 - C15 product distribution, weiglzht %

C1 28.61 2809 2851 29.01 2847 29.09
c2 5.47 533 . 535 480 643 5.34
C3 13.51 1344 13.50 13.52 1368 13.42
Cc4 13.50 1345 1343 13.40 13.36 13.15
cs 11.62 11.78 11.65 11.57 11.39 11.48
C6 825 858 827 8.03 7.85 8.44
c7 6.62 679 676  6.78 6.66 6.74
C8 440 456 454  4.61 4.43 4.55
C9 2.86 2.93 2.98 3.01 2.93 2.90
Cio 2.06 1.91 1.88 1.92 1.82 1.91
Ci1 1.26 1.23 1.28 1.23 1.24 1.28
C12 0.82 0.85 0.87 0.99 0.87 0.79
C13 0.44  0.48 0.43 0.57 0.39 0.42
Ci4 0.33 0.33 0.32 0.33 027  0.29
C15 0.25  0.25 0.24 024 021 0.21
alpha  chain growth probability 0.61 0.61 060 0.60 0.60 0.60

C1 - C50 estimated total product diststribution, weight %

C1 28.4 279 283 289 283 290
C2-C4 322 320 321 316 333 318
C5-C12 37.8 385 380 379 369 378
C13 - C50 L7 17 16 L6 14 14
CO conversion, % 84 80 78 73 77 15
rate, g CH2/g cat/hr 0.53 050 049 046 048  0.47

CO2 formation, % 0.4 0.4 0.3 0.4 0.3 0.3
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PPerformance of Co.018
Dates: : 04/11/94 - 04/12/94  Run #5

flow rate = 90.0 cc/min, loading= C 0.2 g, WHSV = 14.4 1/hr, H2/CO ratio in feed = 2

time on stream, hr . 29.0
reaction temperature, °C 220
pressare, atm 1

flow, cc/min 90.0

C1 - C15 product distribution, weiglght %

Ct 29.26
c2 5.43
C3 13.49
c4 13.11
C5 11.58
C6 7.97
c7 6.82
C3 4.55
Cc9 2.93
C10 1.90
C11 1.21
C12 0.87
C13 0.42
Ci4 0.28
C15 0.19
alpha chain growth probability 0.59

C1 - C50 estimated total prodnct disistribution, weight %

ci 29.2
C2-C4 32.0
C5-C12 37.5
C13-C50 1.3
CO conversion, % 7.3
rate, g CH2/g cat/hr 0.46

C0O2 formation, % 0.3
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Schulilz-Flory Plot for Co.018 - Run #5
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Time-opn-Stream Plot for Co.018 - Run #5
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(Co0.026 - Run #1

Co wt% l NM wt%b Promotor wt% !

SUMMIAARY REACTION DATA*

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.037

T =220 °C CO2 (% of CO) = 1.5
H2/CO =2 O/P = 0.64

weight of catalalyst = (0.381 g
WHSV = 1,699 1/hr
time on streamm = 24.0 hrs

CO converision (%) 22.9
rate (g CHI2/g cat/hr) 0.17 “
alpha 0.67

| C1 (Wt%)) 22.6

| C2-C4 (wt%) 24.1
C5-C12 ((wt%) 49.1 "
Cl13 + (wwt%) 4.1

* high conversion stucdy
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(Co.026 - Run #1

I’ Co wt% NM wt %% Promotor wt% Support
I[ 20

| ]

SUMMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.022
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 2.65

weight of catalalyst = 0.381 g
WHSY = 6,776 1/br
time on streaorm = 21.0 hrs

' CO converrsion (%) 44

I rate (g CHA2/g cat/hr) 0.13
alpha 0.62

“ Cl (wt%)) ' 26.9

| c2-ce omm 29.0
C5-Cl12  (wt%) 42.3

" CI3 + (wwt%) 1.8 “
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PPerformance of Co.026
Dates:s: 05/30/94 - 05/31/94  Run #1

flow rate = 90.0 cc/min, loading= 0.0.4 g, WHSV = 6.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr o 0.5 ‘6.0 9.0 12.0 15.0 18.0
reaction temperature, °C | 220 220 20 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 i.0
flow, cc/min 9.0 9.0 9.0 90.0 90.0  90.0

C1-C15 product distribution, weighsht %

Ci 24.87 2705 2738 2752 27155 2727
C2 48 500 501 501 S01 494
C3 12.06 12,11 1214 12,15 12.14 12.15
C4 12.48 1232 1237 1235 1232 12.26
C5 1223 1196 1197 11.96 11.96 11.96
C6 10,19 929 927 925 921  9.34
c7 718 727 126 721 7.26 728
8 5.07 506 499 500 498  5.06
c9 3.60 351 349 340 3.42  3.50
C10 2.63 256 243 240 243  2.48
C11 1.84 1.58 145 150 1.53  1.49
C12 123 100 092 092 0.87 0.99
C13 0.80 0.62 060 061 0.66 0.61
Ci4 0.55 042 042 043 040 0.40
C15 0.39 027 027 028 025 0.28
alpha  chain growth probability 0.64 061 061 062 061 0.62

C1 - C50 estimated total product diststribution, weight %

C1 247 27.0 273 274 275 271
C2-C4 29.2 29.4 29.4 20.4 294 29.2
C5-C12 43.5 419 416 414 414 418
C13-C50 _ 2.6 1.8 1.8 1.9 1.7 1.9
CO conversion, % 5.5 4.6 4.4 4.4 4.4 4.4
rate, g CH2/g cat/hr 0.16 014 013 013 013 0.13

CO2 formation, % 0.3 0.2 0.2 0.3 0.2 0.2
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PPerformance of Co.026
Dates: : 05/30/94 - 05/31/94 Run #1

flow rate = 90.0 cc/min, loading= C 0.4 g, WHSV = 6.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr . 21.0 240 27.0
reaction temperature, °C 220 220 220
pressure, atm 1.0 1.0 1.0
flow, ce/min 90.0 22.5 22.5

C1 - C15 product distribution, weigight %

C1 26.96 22.80 24.70
c2 491 439 445
C3 11.93  7.81  8.48
C4 12.25 12.07 11.85
Cs 12.06 12.18 11.87
C6 9.40 10.08 9.78
c7 7.39 879 855
cs 512 637 6.06
C9 3.57 4.56 4.45
C10 2.59  3.53 3.4
C11 1.57 272 2.51
C12 0.95 1.87 1.58
C13 0.62 131 127
C14 0.41 091 085
C15 0.28 061 047
alpha  chain growth probability 0.62 0.67 0.65

C1-C50 estimated total product diststribution, weight %

C1 26.9 22.6 247

C2-C4 29.0 24.1 24.8
C5-C12 42.3 49.1 47.2
C13 -C50 1.8 41 - 32
CO conversion, % 4.4 22.9 19.1
rate, g CH2/g cat/hr 0.13 0.17 0.14

CO2 formation, % 0.2 1.5 1.2
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Schulzlz-Flory Plot for Co.026 - Run #1
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Schublz-Flory Plot for Co0.026 - Run #1
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Time-oon-Stream Plot for Co.026 - Run #1
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(Co0.027 - Run #1

Co wt% NM wt %% Promotor wt%
20 Ru 0.500
SUMMARY REACTION DATA.
Reaction Conditions:
P=10atm . CO2 (g/g cat/hr) = 0.026
T =220°C CO2 (% of CO) = 0.2
H2/CO =2 QO/P =3.44
weight of catatalyst = 0.279 g
WHSVY = 9221 1/hr
time on streanm = 24.5 hrs
u CO conveersion (%) 4.2 “
rate (g CHH2/g cat/hr) 0.17 ‘I
alpha 0.65
Cl (wt%)) 23.0
C2-C4 ((wt%) 26.3
C5-C12 (wt%) 47.6 u
| c13 + (wwt®) 3.1 «

B19
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(Co0.027 - Run #1

Co wt% Il NM wt %% ” Promotor wi% " Support ”

0.500 Si02

SUMMMARY REACTION DATA*

Reaction Conditions:

P=10atm1 CO2 (g/g cat/hr) = 0.011
T =220°C: CO2 (% of CO) = 1.2
H2/CO =2 O/P = 0.96

weight of catztalyst = 0.279 ¢
WHSV = 0.5.97 1/hr
time on streaam = 33.5 hrs

CO conveersion (%) 17.8
| rate (g CHH2/g cat/hr) 0.18
H alpha | 0.71
I’ Cl (wt%}) 19.4 i
ﬂ C2-C4 ((wt%) 23.5
C5-Cl12 . (wt%) 50.2
} Cl13 + (Fwt%) 6.9

* high conversion stuudy
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FPerformance of Co.027
Dates:s: 05/27/94 - 05/28/94  Run #1

flow rate = 90.0 cc/min, loading= 0.0.3 g, WHSV = 9.2 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 E 220 220 220 220 220 220
pressure, atfn 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, weighsht %

C1 22.66 23.02 23.75 23.72 23.72 23.77
C2 4,57 453 467 468 467  4.69
C3 11.24 1090 10.89 10.81 10.74 10.74
C4 12.07 1177 1171 11.63  11.54 11.61
C5 12,23 12,13 12.03 12.06 12.06 12.07
c6 978 9.94 992 995 963 979
c7 8.03 815 808 812 817 814
C8 585 595 58 59 590 5.92
C9 423 426 419 427 428 4028
C10 318 326 314 319 318  3.15
C11 230 230 207 205 202 213
C12 1.53 1.7  1.56  1.57 1.61 1.60
C13 1.06  1.01 1.01 0.94 1.03 0.98
C14 075 073 064 070 0.71 0.70
C15 0.5 0.47 043 042 045 0.43
alpha  chain growth probability 0.66 0.65 0.64 064 065 0.64

C1 - C50 estimated total product diststribution, weight %

C1 22.4 22.9 23.7 23.7 23.6 23.7
C2-C4 27.6 27.1 27.2 27.1 26.8 27.0
C5-C12 46.5 46.8 46.2 46.5 46.5 46.4
C13 -Cs0 3.6 3.1 2.9 2.8 3.0 2.9
CO conversion, % 5.7 4.8 4,7 4.4 4.3 4.2
rate, g CH2/g cat/hr 0.23 0.20 0.19 0.18 0.17 0.17
CO2 formation, % 0.4 0.2 0.2 0.2 0.2 0.2
B21
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PPerformance of Co0.027
Dates:;: 05/27/94 - 05/28/94 Run #1

flow rate = 90.0 cc/min, loading= ¢ 0.3 g, WHSV = 9.2 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 24.5 27.5 30.5 33.5
reaction. temperature, °C E 220 220 220 220 220 220
pressure, atum 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min 90.0 50,0 90.0 90.0 90.0 22.5

C1 - C15 product distribution, weigight %

C1 ‘ ' 23.69 23.28 23.04 23.16 22.95 19.87
c2 467 4.62 459 463 460 3.85
C3 10.68 10.52 10.41 10.46 10.37 9.45
C4 11.53 1140 11.29 11.34 11.25 10.74
C5 11.95 11,91 11.88 11.93 11.87 11.46
c6 9.99 10.00 10.09 10.06 10.02 10.04
c7 8.19 833 831 831 847 8.8
C8 596 613 6.18 6.14 623  6.85
C9 434 448 457 447 458  5.23
C10 _ 3.17 334 328 337 340 4.02
Cl1 206 216 226 227 228  3.30
C12 1.61 1,51 175 155 1.62  2.35
C1i3 .01 110 103 107 1.02 1.70
Cl4 0.72 074 084 071 0.87 1.34
C15 0.45 0.49 047 053 047 1.00
alpha  chain growth probability 0.65 065 065 0.66 065 0.71

C1-C30 estimated total product disistribution, weight %

C1 23.6 23.1 23.0 229 229 19.4
C2-C4 26.8 264 263 262 262 23.5
C5-C12 46.6 473 476 474 478 502
C13 - C50 3.0 3.3 3.1 3.6 32 6.9
CO conversion, % 4.2 4.3 4.2 4.2 4.2 17.8
rate, g CH2/g cat/hr 0.17 0.17 017 017 017 0.18
Cco2 fomlan'qn, % 0.2 0.2 0.2 0.2 0.2 1.2
B22




