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(Co0.049 - Run #1

SUMNMARY REACTION DATA

Reaction Conditions:

P =1.0atm CO2 (g/g cat/hr) = 0.043

T =220°C " ' CO2 (% of CO) = 0.2
H2/CO =2 O/P = 5.63

weight of catatalyst = 0.218 g
WHSV = 111.82 1i/hr
time on streanm = 26.0 hrs

i CO conveersion (%) 7.1
rate (g CHH2/g cat/hr) 0.37
w alpha | 0.69
1 wi%y) 23.4 I
" C2-C4 ((wt%) _ 25.7
C5-C12 . (wt%) 45.8
C13 + (vwt%) 5.1
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Schulilz-Flory Piot for Co.049 - Run #3
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Time-oon-Stream Plot for C0.049 - Run #3
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(Co0.049 - Run #3

" Co wt% NM wt %% Promotor wt% Support »

20 Ru 0500) K 0.10 AI2O3

SUMMARY REACTION DATA*

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.131
T =220 °C CO2 (% of CO) = 3.8
H2/CO =2 O/P = 0.67

weight of cataalyst = 0.184 g
WHSY = 2,333 1/hr
time on streanm = 30.0 hrs Ea = 30.9 kcal/mol

CO converrsion (%)

rate (g CHH2/g cat/hr) 0.45

alpha 0.68 "
Cl (wt%)) 25.3 "
C2-C4 (\wt%) 25.8

C5-C12  (wt%) 44.4

C13 + (wwt%) 4.4

* high conversion stuudy
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(Co0.053 - Run #1

i Co wt% NM  wt %% Promotor wt% Support u

20 Ru 0.500 ARO3

SUMMARY REACTION DATA.

Reaction Conditions:

P =1.0atm . . CO2 (g/g cat/hr) = 0.049
T = 220 °C CO2 (% of CO) = 0.2
H2/CO = 2 O/P = 3.07

weight of catatalyst = 0.192 g
WHSV = 133.37 t/br
time on streanm = 24.5 hrs

CO conveersion (%) 7.0
rate (g CHH2/g cat/hr) 0.41
| alpha 0.62
Cl (wt%)) 273
C2-C4 ((wt%) 31.3
C5-Cl12 (wt%) 39.4
) Ci3 + (wwt%) 2.1

B79
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(C0.053 - Run #1

F
Co wt% | NM  wt %% Promotor wt% Support
20 ” Ru 0.50D " l AR2O3 ”

SUMMIARY REACTION DATA*

Reaction Conditions:

P=10am CO2 (g/g cat/hr) = 0.081
T = 220 °C CO2 (% of CO) = 1.6
H2/CO = 2 O/P = 0.79

weight of catatalyst = 0.192 g
WHSV = 3.334 1/hr
time on streanm = 31.0 hrs

| CO conveerrsion (%) | 28.5 |
rate (g CHH2/g cat/hr) 0.42
alpha 0.64

Cl (wt%)) 26.8 "
C2 - C4 ((wt%) 28.4
C5-C12 (wt%) 41.9
C13 + (wwt%) 2.9

]

* high conversion stuudy

B8O
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FPerformance of Co.053
Dates:s: 05/16/94 - 05/17/94  Run #1

flow rate = 90.0 cc/min, loading= 0.0.2 g, WHSV = 13.4 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 2.5 5.0 8.0 24.5 26.5
reaction temperature, °C . 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 £O
flow, cc/min 90.0 90.0 90.0 50.0 90.0 90.0

C1 - C15 product distribution, weightht %

Cl1 2580 2660 2534 26.77 27.52 28.43
c2 502 511 48 516 527 503
C3 13.60  13.61 1292 13.44 13.31 12.93
C4 13.54 1342 12.81 1326 13.00 12.71
C5 11.94 1179  11.37  11.71  11.54 11.33
Cé 8.94 861 849 889 847 835
Cc7 691 696 799 692 686 6.67
C8 476 474 547 465 474  4.76
C9 3.16 310 363 312 322 3.17
C10 2.23 2.23 2.62 2.20 2.30 2.32
c11 1.51 1.47 1.74 1.49 1.51 1.73
C12 L1114 107 1.05 099 1.25
C13 067 064 083 061 058 0.59
Cl4 0438 041 048 043 037 045
C15 034 026 035 029 Q.32  0.27
alpha  chain growth probability 063 0.61 063 062 0.62 0.61

C1 - C50 estimated total product diststribution, weight %

C1 25.6 26.5 25.2 26.6 27.3 28.5
C2-C4 31.9 32.1 30.4 31.7 31.3 30.7
C5-C12 40.3 39.7 42.1 39.8 39.4 39.0
C13 - C50 22 1.8 2.3 1.9 2.1 1.8
CO conversion, % 8.7 8.0 7.8 7.7 7.0 6.8
rate, g CH2/g cat/hr 0.51 0.47 0.46 0.45 0.41 0.40
CO2 formation, % 0.3 0.3 0.2 0.2 0.2 0.2
B81
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FPPerformance of Co.033
Dates:s: 05/16/94 - 05/17/94  Run #1

flow rate = 90.0 cc/min, loading= ¢ 0.2 g, WHSV = 13.4 1/hr, H2/CO ratio in feed = 2

time on stream, hr 29.0 31.0 33.0 35.0
reaction temperature, °C ' 220 220 210 220
pressure, atm 1.0 1.0 1.0 1.0
flow, cc/min 90.0 22.5 22.5 22.5

C1-Cl15 product distribution, weigight %

C1 28.10 27.11 1999 28.61
C2 518 477 352 507
Cc3 13.18 11.38 966 11.64
C4 12.92 12,66 1121 12.70
C5 11.49 11.60 11.53 11.28
c6 8.45 894 98  8.19
Cc7 6.73 7.43 849  7.18
c8 470 516 6.63  4.95
C9 3.20 358 513 3.45
C10 231 2.52 403 233
C11 .50 168 3.06 1.74
C12 1.04  1.32 245 1.13
C13 0.57 079 207 0.8
Cl4 0.41 0.62 136 0.57
C15 0.23 044 1.01  0.36
alpha  chain growth probability 0.60 064 070 0.63

C1 - C50 estimated total product didistribution, weight %

C1 28.1 26.8 19.5  28.5
C2-C4 31.3 284 238 293
C5-Ci12 39.0 419 498 399
Ci3-C50 1.6 2.9 6.3 2.4
CO conversion, % 6.8 28.5 16.6  26.3
rate, g CH2/g cat/hr 0.40 042 024 0.38
CO2 formation, % 0.2 1.6 i.0 1.4
B82
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Schulilz-Flory Plet for Co0.053 - Run #1
High Conveersion Study at Different Temperature
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7/11/94

(C0.053 - Run #2

Co wt% I NM wt9%% ' Promotor wt%

20 Ru  0.5G0

SUMHMARY REACTION DATA

Reaction Conditions: :

P = 1.0 atmn CO2 (g/g cat/hr) = 0.052

T =220 °C: CO2 (% of CO) = 0.2
H2/CO =2 O/P = 2.35

weight of canatalyst = 0.171 g
WHSV = 155.03 1/hr
time on strea:am = 25.5 hrs

h CO conveersion (%) 6.6

“ rate (g CEH2/g cat/hr) 0.43 I
alpha 0.63
Cl (wt%%) ] 23.4
C2-C4 ( (Wt%) 27.4
C5 - C122 (wt%) 46.6
C13 + ((wt%) 2.6 1

B86




7/11/94

FPerformance of Co.053
Dates:s: 05/23/94 - 05/24/94  Run #2

flow rate = 90.0 cc/min, loading= 0.0.2 g, WHSV = 15.0 I/hr, H2/CO ratio in feed = 2

time on stream, hr Q.5 3.0 5.8 7.0 23.0 25.5

reaction temperature, °C E 220 220 220 220 220 220
pressure, atn 1.0 1.0 1.0 1.0 1.0 1.0
flow, cc/min : 90.0 90.0 90.0 90.0 %0.0 ° 90.0

C1-C15 product distribution, weightht %

C1 25.54 22,61 2233 2420 2289 23.57
c2 495 455 441 550 440  4.51
C3 12.50 11.85 11.52 13.97 11.30 11.43
C4 ' 1276 12,55 12,16 14.24 11.66 11.64
C5 10.99  11.25 1101 1249 10.54 10.28
Cé 776 863 803 888 7.54 71.28
C7 823 928 1073 723 1L.11 10.91
C8 574 646 710 4.8 743  71.33
C9 3.88 432 455 3.15 485 478
C10 277 313 321 205 325  3.27
C11 1.82 2.02 207 149 208 205
Cc12 121 149 122 085 1.34  1.23
C13 0.86 0.8 079 052 073 079
Cl4 056 059 051 035 052 054
Ci5 0.44 043 036 025 037 039

alpha  chain growth probability 064 0.64 0.63 060 0.63 0.63

C1-C50 estimated total product disi_:_sl_:_ribution, weight %

C1 252 24 223 241 228 234
C2-C4 29.8 287 280 336 273 27.4
C5-C12 42.1  46.0 474 407 475  46.6
C13 - C50 2.9 2.9 2.4 1.6 2.4 2.6
CO conversion, % 7.1 6.7 6.5 6.3 6.4 6.6
rate, g CH2/g cat/hr 0.47 044 043 042 042 0.43
CO2 formation, % 0.2 0.2 0.2 0.2 0.2 0.2

B87




7/11/94

FPerformance of Co.053
Dates:s: 05/23/94 - 05/24/94  Run #2

flow rate = 90.0 cc/min, loading= = 0.2 g, WHSV = 15.0 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 20.0

C1 - C15 product distribution, weigight %

C1 24.31
c2 4.64
C3 11.85
C4 12.09
C5 10.69
C6 7.711
C7 9.95
cg 6.73
C9 4.37
C10 2.97
C11 1.88
C12 1.25
C13 0.72
Ci4 0.48
C15 0.36
alpha  chain growth probability 0.63

C1 - C50 estimated totat product didistribution, weight %

C1 24.2
C2-C4 28.4
C5-C12 45.0
CI3-Cs0 2.4
CO conversion, % 6.7
rate, g CH2/g cat/hr 0.44
CO2 formation, % 02
B88
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Schulilz-Flory Plot for C0.053 - Run #2
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7/11/94

(Co0.053 - Run #3

Co wt% “ NM wt %% Promotor wt% l

20 Ru 0.500

SUMMMARY REACTION DATA

Reaction Conditions:

P=1.0atm . CO2 (g/g cat/hr) = 0.027
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 1.67

weight of catatalyst = 0.194 g
WHSV = 133.25 1/hr
time on streanm = 24.5 hrs

” CO conveersion (%) 7.8
rate (g CHH2/g cat/hr) 0.45

u alpha 0.62 l'
Cl (wt%)) 27.6 n
C2-C4 ((wt%) 30.4 |
C5-C12 (wt%) 40.1

" C13 + (wwt%) 1.9 jl

B91




7/11/94

(Co0.053 - Run #3

i Support "

Promotor wt%
ARO3

SUMMVIARY REACTION DATA*

Reaction Conditions:

P = 1.0atm1 CO2 (g/g cat/hr) = 0.044
T =1220°C: CO2 (% of CO) = 0.9
H2/CO =2 O/P = 0.52

weight of catatalyst = 0.194 g
WHSY = 3.231 1/hr
time on streamm = 27.5 hrs

CO conveersion (%) ' .31.5
rate (g CEH2/g cat/hr) 0.46 ﬂ
alpha | 0.65 l|
Cl (wt%)p) 254
C2-C4 ((wt%) 28.1 f‘
" C5-Cl12! (wt%) 43.6
" Ci3 + (Ywt%) 3.0

* high conversion stuudy
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PPerformance of Co.053
Dates::: 06/27/94 - 06/28/94 Run #3

flow rate = 90.0 cc/min, loading= 0.3.2 g, WHSV = 13.3 1/hr, H2/CO ratic in feed = 2

time on stream, hr 0.5 3.5 6.5 9.5 12.5 15.5
reaction temperature, °C K 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, weightht %

C1 27.29  27.67 2827 28.14 28.27 27.99

2 493 491 496 492 492 486
C3 13.49 13.44 13.42 1337 13.32 13.23
C4 13.3¢  13.22  13.17 13.14 13.06 12.96
c5 12.05 12.10 11.87 1196 11.91 11.96
C6 898 909 887 904 897 9.09
C7 696 707 689 695 695  7.05
c8 4,60 457 456 463 464 471
C9 291 287 291 28 291 297
C10 1.96 1.8 192 1.96 197 2.02
Cil ' 134 130 121 119 124 129
C12 0.77 077 084 078 080 0.82
C13 0.59 047 048 047 Q44 045
Ci4 043 037 035 032 033 0.33
C15 . 035 027 027 02 027 027
alpha  chain growth probability 0.63 061 061 061 061 0.61

C1 - C50 estimated total product distrtribution, weight %

C1 26.8 274 280 279 28.0 277
cz-C4 31.2 31.3 31.2 31.1 31.0 30.8
C5-C12 39.6 395 39.0 39.3 39.3 39.7
C13-C50 2.3 1.8 1.8 1.7 1.8 1.8
CO conversion, % 10.2 8.9 3.8 3.4 8.4 3.1
rate, g CH2/g cat/hr 0.59  0.51 0.51 0.49 0.49  0.47

CO2 formation, % 0.2 0.2 0.2 0.2 0.2 0.2




7/11/94

FPPerformance of Co.053
Dates:s: 06/27/94 - 06/28/94 Run #3

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

time on stream, hr 18.5 21.5 24,5 27.5 30.5
reaction temperature, °C ' 220 20 220 220 210
pressure, atm (1.0 1.0 1.0 1.0 1.0
flow, cc/min 50.0 90.0 90.0 22.5 22.5

C1 - C15 product distribution, weigight %

C1 28.04 2790 27.82 25.66 20.13
C2 486 4.83 480 463  3.30
C3 1321 13.12  13.03 11.21  9.45
C4 12.93 1291 12.81 12.57 10.87
Cs 11.89 11.87 11.80 12.01 11.57
Cs 907 908 9.04 950 10.08
C7 : 702 708 711 779  8.73
C8 470 478 485 542 6.82
C9 3.03  3.05 313 363 5.19
C10 2.08 214 208 250 4.19
Ci11 130 132 144 206 3.22
C12 0.75 087 097 124 244
C13 0.52 046 050 077 1.76
C14 034 033 035 057 1.2
C15 0.26 027 ° 029 045 0.92
alpha  chain growth probability 0.61 0.61 0.62 065 070

C1 - C50 estimated total product didistribution, weight %

C1 278 277 276 254 19.8
C2-C4 307 30.6 304 281 232
C5-C12 39.7  40.0  40.1 43.6  50.7
C13 -C50 1.7 1.8 1.9 3.0 6.3
CO conversion, % 8.0 7.9 7.8 31.5 17.5
rate, g CH2/g cat/hr 047 046 045 046 0.25
CO2 formation, % 0.2 0.1 0.1 0.9 0.5
B94
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Schul:dz-Flory Plot for Co0.053 - Run #3
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