7/11/94

Time-onn-Stream Plot for Co.053 - Run #3

1.000
0.900 -+~

0.800 ~-

0.700 -+
0.600 -
9.500 --\Nt\

0.400 -+

Rate (g CH2/g Catalyst/h)

0.300 +

0.200 +

0.100 —+

.0 10.0 15.0 20.0 25.0

0 000 LIS T, SO N ENNY S WY TN S SN (NNUS SHNNT WU S TR NN ST SN ST R T N N S |
- 1 L) T l—' L] L) T F T I L) T L T l o 1 T T ' I T Ll 1 ] ¥ L]
5

Time-on-Stream (h)

B97




7/11/94

(C0.054 - Run #1

l Co wt% " wt %% Promotor wt% Support l]

K 030} Zr 8.50 Si02

SUMMMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm \ COz2 (g/g cat/hr) = 0.014
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 OfP = 16.35

weight of catatalyst = 0.333 g
WHSV = 7.773 l/br
time on streanm = 24.5 hrs

" CO conveersion (%) !
rate (g CHH2/g cat/hr) l
alpha 0.79
Cl (wt%)) 17.8
C2-C4 ((wt%) 19.0 |

l‘ C5-Ci2 (wt%) 442
C13 + (wwt%) 19.0
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FPerformance of Co.054
Dates:s: 06/03/94 - 06/04/94  Run #1

flow rate = 90.0 cc/min, loading= 00.3 g, WHSV = 7.7 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 9.0 90.0 90.0 90.0 90.0 90.0

C1-C15 product distribution, weighsht %

C1 16.65 17.85 18.66 19.40 19.41 18.78
c2 : 402 427 443 456 452 4.34
C3 8.03 816 832 856 843 8.17
c4 829 802 822 830 823 802
C5 909 897 893 88 895 923
C6 7.45  7.12 627 653 638  6.18
Cc7 828 7.9 790 758 769 8.02
C8 724 715 703 681 692  7.09
c9 651 635 623 612 6.19  6.31
C10 568 571 561 546 550  5.61
C11 496 486 4.8 469 4.57 493
C12 419 429 424 410 410 422
C13 3.8  3.60 364  3.51 3.58  3.56
Ci4 312 3.08 310 302 293 293
C1s 2.64  2.60 260 254 2.61 2.64
alpha  chain growth probability 079 079 0.8 079 0.80 0.80

C1-C50 estimated total product diststribution, weight %

C1 14.7 15.8 16.5 17.2 17.1 16.5
C2-C4 18.0 18.1 18.6 19.0 18.6 18.0
C5-C12 47,1 462 450 444 444 452
C13 -C50 20.2 200 200 19.4 19.9 202
CO conversion, % 1.8 1.5 1.4 1.3 1.3 1.3
rate, g CH2/g cat/hr 006 0.05 005 004 0.04 0.04

CO2 formation, % _ 0.2 0.2 0.1 0.1 0.1 0.1




7/11/94

FPerformance of Co.054
Dates:s; 06/03/94 - 06/04/94  Run #1

flow rate = 90.0 cc/min, loading= = 0.3 g, WHSV = 7.7 1/hr, H2/CO ratio in feed = 2

time on stream, hr 18.5 21.5 24.5 27.5 30.5

reaction temperature, °C 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0

flow, cc/min 90.0 90.0 90.0  22.5 22.5

C1 - C15 product distribution, weigight %

Cl1 19.43 1992 2008 20.33 20.82
c2 4.48 458 461 425 429
C3 - 830 842 845 831 842
c4 8.55 831 344 836 8.44
Cs 890 8.87 882 893 9.00
C6 6.40 6.51 647 7.97 8.04
C7 : 762  1.57 7.64 740 7.42
o : 7.03 685 678 6.54 6.46
Co 6.16 6.09 6.04 592 5.69
C10 553 545 538 518  5.10
C11 4.69 460 4.49 448  4.40
C12 417 400 409 3.92  3.69
C13 3.47 345 338 324 3.16
Ci4 290 291 2.8 279 277
Cl15 2.36 247 250 238 231
alpha  chain growth probability 079 079 079 079 0.78

C1-C50 estimated total product didistribution, weight %

C1 175 177 178 182 187
C2-C4 193 19.0 150 187 19.0
C5-Ci2 45.1 445 442 451 450
C13 -C50 18.1 188 190 17.9 17.3
CO conversion, % 1.2 1.2 1.2 5.2 5.3
rate, g CH2/g cat/hr 0.04 004 004 004 0.05

CO2 fommation, % 0.1 0.1 0.1 0.6 0.6
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Schuliz-Flory Plot for Co.054 - Run #1
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Rate (g CH2/g Catalyst/h)
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7/11/94

CAL.011 - Run #3 (re-reduced)

Promotor wt%

SUMMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm | " CO2 (g/g cat/hr) = 0.052
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 4.97

weight of catatalyst = 0.170 g
WHSV = 155.09 1/hr
time on streannm = 25.5 hrs

" CO conveersion (%) 2.5 “
l rate (g CHH2/g cat/hr) 0.16 "
alpha 0.63
Cl (wt%)) 25.6
ﬂ C2-C4 (%) 31.7 ]{
C5-C12  (wt%) 40.5
Cl13 + (wwt%) 2.2

B10O3
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PPerformance of CAL.01
Dates: 03/3111/94 - 04/01/94  Run #3 (re-reduced)

flow rate = 90.0 cc/min, loading= 0.0.2 g, WHSV = 15.1 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 6.3 21.5 25.5
reaction temperature, °C 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0
flow, cc/min 90.0 90.0 %0.0 90.0

C1 - C15 product distribution, weighght %

C1 23.88 2535 2581 25.78
c2 5.11 535 541  5.40
C3 12.59  12.61 1242 12.44
C4 13.56  13.32  14.00 14.04
C5 12.41 1213 1202 1197
C6 879 872 829 8130
C7 732 710 7126 121
C8 507 494 493 491
C9 3.49 336 337 3.35
C10 2.58 244 234 242
C11 1.79  1.63 155 1.52
C12 1.28 115 108 106
C13 0.89 076 070 072
C14 070 057 0.49  0.51
Cl15 0.54 056 031 035
alpha  chain growth probability 0.64 063 062 0.63

C1 - C50 estimated total product diststribution, weight %

c1 23.7 25.3 25.7 25.6
C2-C4 31.0 312 317 31.7
C5-C12 42.5 413 40.6 40.5
C13-C50 2.8 2.3 2.1 2.2
CO conversion, % 2.5 2.8 2.5 2.5
rate, g CH2/g cat/br 017 012 016 0.16

CO2 fomation, % 0.2 0.2 0.2 0.2




Schulz-Floryy Plot for CAL.01 - Run #3 (re-reduced)
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CAL.0)1 - Run #4 (re-calcine)

SUMNMARY REACTION DATA
Reaction Conditions:
P=10atm ' CO2 (g/g cat/hr) = 0.098
T =220°C" CO2 (% of CO) =04
H2/CO =2 o =1.21

weight of catatalyst = 0.170 g
WHSV = 155.09 1l/br
time on streanm = 25.0 hrs

CO conveersion (%) 7.3
rate (g CHH2/g cat/hr) 0.48
alpha 0.57
Cl (wt%)) 35.8 "
C2 - C4 ((wt%) | 33.3
.C5 -C12 . (wt%) 30.1
C13 + (wwt%) 0.9 |




PPerformance of CAL.01
Dates: 04/094/94 - 04/05/94  Run #4 (re-calcine)

flow rate = 90.0 cc/min, loading== 0.0.2 g, WHSV = 15.1 1/br, H2/CO ratio in feed = 2

7/11/94

time on stream, hr 05 25 50 80 230 250
reaction temperature, °C ' 220 220 220 220 220 220
pressure, atm : 1.0 1.0 1.0 1.0 1 1
flow, cc/min 90.0 90.0 90.0 %0.0 90.0 90.0
C1 - C15 product distribution, weighrht %

C1 34.89 3736 34.50 3531 3520 35.85
C2 6.46 6.73 6.29 6.41 5.77 5.75
C3 13.83 1398 14.02 14.07 1402 1425
C4 13.77 13.54 13.75 13.54¢ 13.32 13.48
Cs 11.20 10.60 11.36 10.78 10.59 10.75
C6 7.56 6.76 6.26 6.96 8.49 6.71
C7 4.68 4,24 5.21 4.90 4.87 5.02
C8 . 2.89 2.66 3.27 3.07 3.09 3.17
C9 1.83 1.63 2.06 1.90 1.84 1.92
C10 1.07 Q.95 1.28 1.21 1.20 1.26
C11 0.74 0.64 0.85 0.74 0.67 0.69
C12 0.46 0.39 0.49 0.52 0.38 0.47
C13 027 022 030 026 024 026
C14 0.20 0.16 0.20 0.18 0.17 0.18
C15 0.14 0.12 0.14 0.13 0.15 0.13
alpha  chain growth probability 0.59 058 058 0.58 058 0.57
C1-CS50 estimated total product diststribution, weight %

C1 34.7 37.2 34.3 35.1 34.9 35.8
C2-C4 33.8 34.1 33.9 33.9 32.8 33.3
Cs5-C12 30.5 280 30.8 30.1 31.3 30.1
C13-C50 1.0 0.8 1.0 0.9 1.0 0.9
CO conversion, % 7.4 7.4 7.5 7.7 7.3 7.3
rate, g CH2/g cat/hr 0.49 0.49 0.50 0.51 0.48 0.48
CO2 formation, % 0.7 0.4 0.4 0.7 0.4 0.4
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Peerformance of CAL.01
Dates: 04/044/94 - 04/05/94  Run #4 (re-calcine)

flow rate = 90.0 cc/min, loading= ¢ 0.2 g, WHSV = 15.1 1/hr, H2/CO ratio in feed = 2

time on stream, bt 28.0
reaction temperature, °C . 220
pressure, atm 1

flow, ¢¢/min 80.0

C1 - C15 product distribution, weigight %

C1 39.99
c2 7.04
C3 16.23
C4 1.99
C5 12.09
C6 7.79
C7 5.70
C8 3.61
c5 2.13
C10 1.49
C11 0.87
C12 0.45
C13 0.30
Cl4 0.20
C15 0.12
alpha chain growth probability 0.57

7/11/94

C1-CS50 estimated total product disistribution, weight %

Cl1 39.9
C2-C4 25.2
C5-C12 4.1
C13-Cs50 ‘ 0.8
CO conversion, % 6.6
rate, g CH2/g cat/hr 0.44

CO2 formation, % 0.3




/ 7/11/94

Schulz-Florry Plot for CAL.01 - Rumn #4 (re-calcine)
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Time-onn-Stream Plot for CAL.01 - Run #4
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/;‘: 7/11/94

(CAL.02 - Run #1

II Co wt% NM wt %% “ Promotor wt% Support |[
“ 20 Ru 0.560 Il AI2O3 ﬂ

SUMNMARY REACTION DATA

Reaction Conditions: :

P = 1.0atma CO2 (g/g cat/hr) = 0.040
T =220 °C CO2 (% of CO) = 0.2
H2/CO = 2 | O/P = 3.04

weight of catatalyst = 0.182 g
WHSV = 144,11 1/br
time on strealam = 25.0 hrs

l] CO conveersion (%) 6.1 ==]I
rate (g CEH2/g cat/hr) 0.38
alpha 0.63

“ Cl (wt%p) | 27.3
C2-C4 ((wt%) 30.7
C5-Cl12. (wt%) 39.7
Cl13 + (vwt%) : 2.3

B112




PPerformance of CAL.02
Dates:s: 05/05/94 - 05/06/94

Run #1

flow rate = 90.0 cc/min, Joading= 0.0.2 g, WHSV = 14.1 1/hr, H2/CO matio in feed = 2

7/11/94

time on stream, iy 0.5 2.5 5.0 3.0 23.0 25.0
reaction temperamre, °C E 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1.0 1.0
flow, ce/min 90.0 30.0 90.0 %0.0 90.0 90.0
C1 - C15 product distribution, weightht %
Ci 2479 25.50 2634 2649 27.02 27.35
C2 4,86 5.01 4.64 5.16 5.15 4.71
C3 13.17 1325 13.34 13.38 13.18 13.14
C4 13.31 1328 13.29 1328 12,97 12.93
C5 11.76 11.75 11.68 11.63 11.48 11.37
Cé 8.63 8.69 8.52 R.29 8.30 8.29
C7 7.02 6.95 6.87 6.87 6.82 6.77
(oh:3 5.00 4.87 4.82 4.84 4.88 4.81
C9 3.53 3.37 3.31 3.34 3.33 3.26
Cio0 2.54 2.42 2.45 2.28 2.36 2.61
Cl1 2.00 1.84 1.74 1.76 1.68 1.96
Ci2 1.33 1.23 1.23 1.05 1.19 1.17
Ci3 085 0.830 0.8 072 080 077
Cl4 0.63 0.60 0.54 0.54 0.49 0.51
C1s 0.57 0.43 0.41 0.37 0.35 0.34
alpha  chain growth probability 0.66 0.64 0.64 0.63 0.63 0.63
C1-C50 estimated total product distsaribution, weight %
C1 242 25.2 26.1 26.2 26.8 27.3
c2-C4 30.6 31.2 30.9 31.5 31.1 30.7
C5-Ci12 ’ 41.4 40.8 40.3 30.8 39.7 39.7
Cl13-C50 3.3 2.8 2.7 2.5 2.3 2.3
CO conversion, % 7.4 7.5 7.0 6.8 6.0 6.1
rate, g CH2/g cat/hr 0.45 0.46 0.43 0.42 0.37 0.38
CO2 formation, % 0.3 0.3 0.3 0.2 0.2 0.2
r113




log (Wn/n)

0.00

-0.50

~1.00

-1.50

-2.00

~2.50

-3.00

-3.50

4.00

-4.50

7/11/94

Schuhiz-Flory Plot for CALO1 - Run #1
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7/11/94

(CAL.03 - Run #1

i Co wt% u NM wt %% Promotor wt% u Support n
l] 20 !J Ru 0.50:0 l “ ARO3 ﬂ

SUMNMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm1 CO2 (g/g cat/hr) = 0.043
T=1220°C" _ CO2 (% of CO) = 0.2
H2/CO =2 O/P = 2.59

weight of catztalyst = 0.178 g
WHSYV = 144.46 1l/hr
time on streamm = 27.0 hrs

ll CO conveersion (%) 7.3 "
rate (g CHH2/g cat/hr) 0.46 n
aipha | 0.60
Cl (wt%}) 290 “

“ C2-C4 ((wt%) 31.9

“ C5-Cl12. (wt%) 37.5
C13 + (vwt%) 1.6

Bl1l6




7/11/94

PPerformance of CAL.03
Dates:s: 05/09/94 - 05/11/94  Run #1

flow rate = 90.0 cc/min, loading= 00.2 g, WHSV = 14.5 1/hr, H2/CO ratio in feed = 2

time on stream, hr 1.0 3.0 5.0 9.0 21.0 23.0
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, weigleht %

Cl 28.62 29.32 28.89 2838 28.84 29133
C2 493 500 493 486 528 533
C3 13.79 13.94 13.81 13.61 13.57 13.59
c4 13.45 13.49 13.43 13.36 13.12 13.01
C5 11.43  11.34 1142 11.58 11.34 11.11
Ccé 8.16 7.88 8.02 845 824 7.9
c7 647 635 646 653 652  6.44
C8 440 432 438 452 448 441
C9 292  2.89 297 302 296 297
C10 2.07 201 202 212 211 214
C11 1.3 136  1.43 1.47 1.44  1.49
Cci12 1.02 0.8 099 093 091 0.9
C13 0.61 0.61 060 054 057 0.62
Cl4 0.42 0.35 0.39 0.36 0.36 0.33
C15 036 029 026 025 026 027
alpha  chain growth probability 0.63 0.61 061 0.61 0.61 0.61

C1 - C50 estimated total product diststribution, weight %

Cl1 28.2 29.0 28.8 28.3 28.7 29.2
C2-C4 31.7 32.1 32.0 3.7 31.8 31.8
C5-C12 ' 37.8 36.9 7.4 38.3 37.8 37.2
Ci3-C50 2.4 1.9 1.7 1.6 1.7 1.8
CO conversion, % 9.9 8.9 8.4 8.2 7.7 7.1
rate, g CH2/g cat/hr 0.63 0.56 0.53 0.52 0.49 0.45
CO2 formation, % 0.4 0.3 0.4 0.4 0.3 0.3
B117
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Peerformance of CAL.03
Dates:s: 05/09/94 - 05/11/94  Run #1

flow rate = 90.0 cc/min, loading= ¢ 0.2 g, WHSV = 14.5 1/hr, H2/CO ratio in feed = 2

time on stream, hr 25.0 27.0 290 31.0 330 460
reaction temperature, °C N 220 220 220 210 220 220
pressure, atm 1.0 1.0 1.0 1.0 L0 1.0

flow, cc/min 90.0 90.0 22.5 22.5 22.5 90.0

C1 - C15 product distribution, weigight %

C1 29.19 29.09 2845 2040 2921 27.64
c2 534 531 507 360 509 514
C3 13.61 13.60 11.47 9.81 11.27 13.18
Ca 13.04 13.12 1276 11.41 1254 12.86
Cs 11.10  11.30 11.34 11.62 11.32 11.55
C6 7.98 821 834 1000 862 9.17
c7 646 649 7.16 853 7.02 6.70
C8 441 453 491 654 479 495
Cco 2,92 303 35 508 341 3.4
Cl10 219 1.99 222 381 231 2.18
C11 1.61 135 1.84 304 1.64 1.30
C12 0.94 090 113 223 1.17  0.93
C13 0.54 050 077 172 072 0.54
Ci4 040 036 060 132 048 0.37
C15 029 023 038 08 039 036
alpha  chain growth probability 0.62 0.60 063 069 0.64 0.63

C1 - C50 estimated total product didistribution, weight %

ct - 290 29.0 283 200 28¢ 272
C2-C4 ' 31.8 319 29.1 244 28.6  30.7
C5-C12 37.3 375 40.1 496 400 398
C13 -C50 1.9 1.6 2.5 6.0 2.6 2.3
CO conversion, % 71 73 29.3 17.0 289 7.4
rate, g CH2/g cat/hr 045 046 046 027 046 047
CO2 formation, % 0.2 0.2 1.9 1.2 1.9 0.4
B118
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Schulilz-Flory Plot for CAL.03 - Run #1
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7/11/94

(CAL.03 - Run #1

SUMMARY REACTION DATA*

Reaction Conditions:

P=1.0atm: CO2 (g/g cat/hr) = 0.105

T =220 °C ! CO2 (% of CO) = 1.9
H2/CO =2 O/P = 0.76

weight of catztalyst = 0.178 g
WHSY = 3.€62 1/br
time on streanm = 29.0 hrs

CO conveersion (%) 29.3

ﬂ rate (g CHH2/g cat/hr) 0.46 “
alpha 0.63 "
Cl (wt%)) 28.3

I

ll C2-C4 ((wt%) 29.1 #‘
C5-C12 . (wt%) 40.1
Cl13 + (vwt%) 2.5

* high conversion stuudy
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7/12/94

(CoW01 - Run #2

Co wt% WGS Promotors wt% Support ’I

20 Can 400 | Zn 10.00 ARO3

SUMMVIARY REACTION DATA

Reaction Conditions:

P=10atm. CO2 (g/g cat/hr) = 0.006
T =220 °C CO2 (% of CO) = 0.1
H2/CO =2 O/P = 3.78

weight of catatalyst = 0.800 g
WHSV = 3221 i/hr
time on streamm = 12.5 hrs

“ CO conveersion (%) 1.2
rate (g CHH2/g cat/hr) _ 0.02
alpha 0.58
Cl (wt%)) 30.2

ll C2-C4 ((wt%) 40.9

" C5-C12 (wt%) 279

u Cl13 + (wwt%) 1.0

B123




7/12/94

PPerformance of CoW01
Dates:s: 06/06/94 - 06/08/94  Run #2

flow rate = 90.0 cc/min, loading= 0.0.8 g, WHSV = 3.2 1/hr, H2/CO ratio in feed = 2

time n stream, hr 0.5 3.5 6.5 9.5 12.5
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, weightht %

C1 31.26 31.18 30.89 30.34 30.20 rereduce
350C

c2 9.17 930 927 910  9.05

C3 17.18 1741 1736 17.07 16.90

c4 ' : 14.52 1470 1501 14.94 14.94

C5 11.80  11.96 11.94 12.14 12.18

c6 225 193 244 277 295

C7 466 468 457 474 486

c8 2093 290 270 295  3.01

C9 1.98 1.77 1.88 1.97  2.00

C10 129 119 129 1.28 1.33

C11 0.93 095 079 0.86 0.73

Ci2 0.69 053 052 056 0.58

C13 0.58 0.46 044 042 043

Cl4 041 040 037 037 036

C15 0.25 034 031 029 028

alpha  chain growth probability 0.58 0.57 057 058 0.8

C1 -C50 estimated total product diswsibution, weight %

Cl1 31.3 314 31.0 30.4 30.2
C2-C4 . 40.9 41.7 41.8 41.3 40.9
C5-C12 26.7 26.0 26.3 27.4 27.9
C13-C50 1.1 0.9 0.8 0.9 1.0
CO conversion, % 1.1 1.1 1.1 1.1 1.2
rate, g CH2/g cat/hr 0.02 0.02 0.02 0.02 0.02
CO2 formation, % 0.2 0.2 0.1 0.1 0.1
Blz24




