7/12/94

(Co0.047 - Run #1

e — |
l Promotor wt% Support L

K 030 Al2O3

NM wt %%

Ru 0.500

SUMMMARY REACTION DATA

Reaction Conditions:

= 1.0atm CO2 (g/g cat/hr) = 0.040
T =220 °C CO2 (% of CO) = 0.3
H2/CO =2 O/P = 7.20

weight of catatalyst = 0.273 g
WHSV = 9.443 1/br

time on streamm = 22.0 hrs Ea = 26.6 kcal/mol
“ CO converrsion (%) 6.4 "
W rate (g CHH2/g cat/hr) 0.26
alpha ' 0.73
Cl (wt%)) 21.3
— 1
“ C2-C4 (wt%) 21.9
" C5-C12 . (wt%) 47.4
C13 + (vwt%) 9.3




7/12/94

Plerformance of Co.047
Dates: : 04/07/94 - 04/08/94 Run #1

flow rate = 90.0 cc/min, loading= 0.2.3 g, WHSV = 9.4 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 2.5 5.0 8.0 20.5 22.0
reaction temperature, °C E 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1 1

flow, cc/min 30.0 90.0 90.0 90.0 90.0 90.0

C1 - C15 product distribution, weightht %

Cl 20.77 2032 21.20 21.13 21,52 2211
c2 4.04 3.95 3.72 4.11 4.20 3.87
C3 10.24  9.48 9.38 9.28 5.20 9.24
Cc4 16.97 10.18 9.96 9.74 9.62 9.62
Cs 11.12 10.68 10.40 10.19 1005 10.01
C6 8.75 8.72 8.51 8.46 814 8.24
c7 8.30 8.43 3.28 8.13 8.17 8.08
(& 6.58 6.81 6.78 6.67 6.68 6.59
C9 5.05 5.40 5.44 5.42 5.53 5.46
C10 4.11 4.50 4.47 4.51 4.61 4.56
CH1 3.22 3.63 3.65 3.79 3.70 3.68
C12 2.53 2.82 3.01 3.22 3.07 3.11
C13 1.80 2.22 2.13 2.32 2.29 2.16
Cl4 1.42 1.65 1.73 1.77 1.82 1.93
C15 i.10 1.22 1.33 1.25 1.42 1.33
alpha  chain growth probability 0.71 0.72 0.73 0.72 0.73 0.73

C1 - CS50 estimated total product distriribution, weight %

183 20.1 19.7 20.4 20.6 20.6 21.3

C2-C4 24.4 22.9 22.2 22.5 22.0 21.9

C5-C12 48.0 48.9 48.2 48.1 47.5 474

C13 -C50 7.5 8.4 9.3 3.8 9.9 9.3
-

CO conversion, % 9.7 8.5 8.2 7.8 6.8 6.4

rate, g CH2/g cat/hr 0.40 0.35 0.34 0.32 0.28 0.26

CO2 formation, % 0.4 0.2 0.3 0.4 0.5 0.3




7/12/94

PPerformance of Co.047
Dates:s: 04/07/94 - 04/08/94  Run #1

flow rate = 90.0 cc/min, loading= ¢ 0.3 g, WHSV = 9.4 I/hr, H2/CO ratio in feed = 2

tme on stream, hr 24.0 26.0 28.0 30.0 32.0
reaction temperature, °C . 220 210 240 230 220
pressure, atm 1 1 1 1 1

flow, cc/min 90.0  90.0 90.0 90.0 90.0

Cl1 - C15 product distribution, weigight %

C1 21.45 1691 3749 28.17 20.30
Cc2 3.77 298 653 540 4.08
C3 8.97 7.00 13.47 310 8.69
C4 934 7.94 1099 11.11 9.27
C5 993 905 9.17 11.35 9.97
c6 838 823 655 874 8.54
c7 820 835 533 304 8.18
C8 6.76 7.50 372 627 6.81
Cc9 562 673 238 4.68  5.68
C10 468 596 170 395 4.74
Cl1 3.82 513 107 3.13  3.89
C12 . 325 443 0.89 248 3.51
C13 230 3.80 027 1,55 2.54
Ci4 - 216 320 027 117 212
C15 139 2.8 0.16 0.8 1.71
alpha  chain growth probability 073 0.80 0.59 071 0.75

C1-C50 estimated total product disistribution, weight %

C1 2007 148 37.5  27.8  19.1
c2-C4 21,3 156 31.0 194 207
C5-C12 482 483 304 468  48.0
C13-C50 9.8  21.3 1.1 6.0 12.2
CO conversion, % 6.6 3.6 17.4 8.6 5.2
rate, g CH2/g cat/hr 0.27 0.15 0.72 0.36 0.21
CO2 formation, % 0.6 0.2 0.8 0.4 0.3
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Schuldz-Flory Plot for Co.047 - Run #1
Time on Stream (hrs)

0.00
hrs.
0.50 + - : = (.5
& 2.5
-1.00 4+
* 5.0
L5 o 8.0
T « = 0.73
4 alpha 4 20.5
= -2.00 4 4 24.0
=
-3
2 250 +
-3.00 4 u
-3.50 +
4.00 +
-4.50 — e
‘ 0 5 10 15 20

Carbon Number




Rate (g CH2/g Catalyst/h)

1.000

0.900

0.300

0.700

0.600

0.500

0.400

0.300

0.200

0.100

0.000

Time-opn-Stream Plot for Co.047 - Run #1

7/12/94

10.0 15.0 20.0
Time-on-Stream (h)




7/12/94

(Co0.048 - Run #1

‘ Co wi% ’ NM  wt %% Promotor wt% Support

20 Ru 0.500) K 030 Zr 8.50 Si02

SUMNMARY REACTION DATA

Reaction Conditions:

P = 1.0 atm CO2 (g/g cat/hr) = 0.027
T =220°C" CO2 (% of CO) = 0.2
H2/CO =2 O/P =17.18

weight of catetalyst = 0.245 g
WHSV = 100.48 1/hr

time on streamm = 26.0 hrs Ea = 28.0 kcal/mol
CO conveersion (%) 3.5 I
rate (g CHH2/g cat/hr) 0.16

H alpha 0.77
Cl (wt%)) 16.3
C2-C4 ((wt%) 18.6 "
C5-Cl12. (wt%) 49.1
Cl13 + (vwt%) 16.0 J




7/12/94

(Co0.048 - Run #1

l Co wt% " NM wt %% “ Promotor
20

wt%
Ru 0500 K 030 Zr 8.50

SUMNMARY REACTION DATA

Reaction Conditions:

P=10atm1 CO2 (g/g cat/hr) = 0.027
T =220°C: CO2 (% of CO) = 0.2
H2/CO =2 O/P = 17.18

weight of catatalyst = 0.245 g
WHSV = 100.48 1/br

time on streanm = 26.0 hrs Ea = 28.0 kcal/mol
' CO conveersion (%) 3.5
rate (g CHH2/g cat/hr) 0.16 ﬂ
II alpha 0.77
Cl (wt%)) 16.3
l' C2-C4 ((wt%) 18.6 |
C5-C12 . (wt%) 49.1
Cl13 + (vwt%) 16.0




7/12/94

FPerformance of Co.048
Dates:s: 04/14/94 - 04/15/94  Run #1

flow rate = 90.0 cc/min, loading= 00.2 g, WHSV = 10.5 1/hr, H2/CO ratio in feed = 2

time on stream, hr 1.0 3.0 5.0 8.0 22.0 24.0
reaction temperature, °C . 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 i 1

flow, cc/min 90.0 90.0 90.0 90.0 90.0 20.0

C1 - C15 product distribution, weiglght %

C1 17.11 1731 1670 18.11 18.56 18.28
Cc2 406 412 362 391 433 422
C3 827 825 179 836 847  8.37
C4 897 8.8 825 890 894  8.30
C5 951 930 976 934 941 931
C6 826 7.82 773 8.08 826 874
C7 838 817 859 816 820 8.12
C8 733 721 750 112 712 1.06
C9 630 629 657 615 609 6.14
C10 544 551 567 532 523 535
C11 462 467 481 453 439 4.5
C12 3.85 400 415 393 362 37
C13 3.15 3.31 3.32 3.17 3.03 3.04
Cl4 2.56 2.86 298 2.62 244 266
C15 . 219 232 255 230 191 220
alpha  chain growth probability 077 078 078 0.77 076 0.77

C1 - C50 estimated total product diststribution, weight %

Ct 158 156 149 166 172  16.6
C2-C4 196 191 176 194 201  19.0
Cs - C12 49.1 47.8  49.1  48.1 482 483
C13-C50 155 17.6 185 159 145  16.1
CO conversion, % 5.0 4.1 4.7 4.3 3.4 3.4
rate, g CH2/g cat/hr 023 021 022 020 016 0.16
CO2 formation, % 0.4 0.3 02 02 0.2 0.3
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7/12/94

PPerformance of Co.048
Dates:;: 04/14/94 - 04/15/94 Run #1

flow rate = 90.0 cc/min, loading= ¢ 0.2 g, WHSV = 10.5 1/kr, H2/CO ratio in feed = 2

time on stream, hr 260 29.0 310 330 350
reaction temperature, °C . 220 210 240 230 220
pressure, atm i 1 1 1 1

flow, cc/min 90.0 9%0.0 9%.0 90.0 90.0

C1 - C15 product distribution, weiglght %

Cl1 17.83  15.09 27.91 22.20 18.46
Cc2 414 329 651 541 449
C3 812 659 11.93 9.87 827
c4 8.04 6.82  10.55 970 8.70
C5 958 935 972 958 9.32
C6 8.47 792 762 801 8.50
Cc7 830 847 724 197 8.01
C8 724 7.81 510 622 6.85
C9 633 7.10 3.82 513 6.4
C10 5.46 628 296 427 5.18
Ci1 460 551 216 341  4.48
C12 3.90 494 175 277 3.74
C13 313 419 115 211  3.13
C14 _ 263 3.5 098 181 2.59
C15 225 3.05 0.60 1.52 2.23
alpha  chain growth probability 0.77 080 0.68 074 0.78

C1 - C50 estimated total product disistribution, weight %

C1 163 13.0 272 211  16.8
C2-C4 18.6 143 283 23.7 19.6
C5-C12 49.1 490 397 452 473
C13 - C50 ‘ 16.0 237 4.8 10.0  16.3

' CO conversion, % 3.5 2.2 10.0 6.2 3.0
rate, g CH2/g cat/hr 0.16 010 046 029 0.14
CO2 formation, % 0.2 0.2 0.5 0.2 0.2

. B56
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Co00.048 Arrhenius Plot - Run #1
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7/11/94

FPerformance of Co.049
Dates:s: 04/24/94 - 04/25/94 Run #1

flow rate = 90.0 cc/min, loading= 0.0.2 g, WHSV = 11.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 2.5 5.0 8.5 22.0 24.0
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 50.0 90.0 90.0

C1 - C15 product distribution, weightht %

C1 , 24.62 24.15 2341 2473 2374 24.33
2 477 469 458 474 453 421
C3 12.39  12.01 1143 11.61 10.60 10.55
c4 12.66 12.97 11.91 11.99 10.93 10.87
cs ' 11.54 1144 11.49 11.60 10.89 10.77
c6 852 878 917 937 890  8.66
c7 759 746 175 7.09 7.89  7.91
C3 546 545 578 537 611 612
co 3.81  3.92 426 392 462  4.66
C10 2.98 304 329 296 3.68 3.70
Ci1 2.06 230 245 238 284 3.04
C12 140 146 179 1.67 1.98  2.06
C13 0.93 105 120 1.14  1.41 1.34
Cl4 074 0.76 085 079 115 1.04
C15 055 052 064 063 072 074
alpha  chain growth probability 0.66 065 067 0.67 0.68  0.68

C1 - C50 estimated total product diststribution, weight %

Ci 24.2 23.9 23.1 24.3 23.5 24.0
C2-C4 29.3 29.4 27.5 27.9 25.8 25.3
C5-C12 4.9 43.2 45.1 43.6 45.9 45.6
C13-C50 3.6 3.5 4.2 42 4.9 5.0
CO conversion, % 10.5 10.3 9.4 3.8 7.3 7.3
rate, g CH2/g cat/hr 0.54 0.53 0.48 0.45 0.38 0.38
CQO2 formation, % 0.3 0.4 0.4 0.4 0.3 0.4
B59




PPerformance of Co.049
Dates:s: 04/24/94 - 04/25/94  Run #1

flow rate = 90.0 cc/min, loading= ¢ 0.2 g, WHSV = 11.8 1/hr, H2/CO ratio in feed = 2

time on stream, hr 26.0
reaction temperamre, °C . 220
pressure, atm ' 1.0
flow, cc/min 90.0

C1 - C15 product distribution, weigight %

C1 23.64
C2 4.60
C3 _ 10.57
C4 10.83
C5 10.76
c6 8.85
C7 7.87
C8 6.10
C9 4.72
C10 3.64
C11 2.84
Ci2 2.24
C13 1.51
Cl4 1.06
C1s 0.76
aipha chain growth probability 0.69

C1 - C50 estimated total product didisaibution, weight %

7/11/94

C1 23.4
C2-C4 25.7
Cs-C12 45.8
C13 - C50 5.1
CO conversion, % 7.1
rate, g CH2/g cat/hr 0.37

CO2 formation, % 0.2
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7/11/94

(Co0.049 - Run #2

Co wt% \| NM  wt %% “ Promotor wt% Support

KNS

SUMMMARY REACTION DATA

Reaction Conditions:

P=10am

T = 220 °C

H2/CO =2

weight of catatalyst = 0.175 g
WHSY = 14.4.69 1/hr

time on streanm = 24.0 hrs

CO2 (g/g cat/hr) = 0.056
CO2 (% of CO) = 0.3
O/P = 5.93

Ea = 36.0 kcal/mol

CO conveersion (%) 6.0

rate (g CHH2/g cat/hr) 0.39

alpha 0.68

Cl (wt%)) 23.3
C2-C4 ((wt%) 25.8
C5-C12 (wt%) 46.2 “
Cl13 + (wwt%) 4.6 “




7/11/94

FPerformance of Co.049
Dates:s: 04/28/94 - 04/29/94  Run #2

flow rate = 90.0 ¢c/min, loading= 0.0.2 g, WHSV = 14.7 1/hr, H2/CQ ratio in feed = 2

time on stream, hr 0.5 2.5 50 3.0 21.0 24.0
Teaction 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, weighsht %

C1 2370 2424 2333 2492 21.93 23.46
c2 424 422 453 432 431  4.57
C3 12.32 1198 11,40 11.57 9.98 10.44
C4 12.84 1247 1199 11.91 10.46 10.90
Cs 11.80 11.65 11.49 11.27 11.57 11.06
c6 8.8 8.8 910 871 9.44  9.59
Cc7 751 759 774 755 829 7174
C8 548 560 58 571 648 599
C9 392 4.03 426 419 489  4.50
C10 296 310 332 323 390  3.58
Cl1 222 216 245 230 295  2.69
C12 1.61 1.65 1.82 1.67 229 2.25
C13 1.13 1.14 1.24  1.13 1.56 1.47
Ci4 0.81 076 0.8 0.93 1.11 1.06
Ci5 0.58  0.55 0.61 0.59 0.85 0.68
alpha  chain growth probability 0.66 0.66 0.67 066 069  0.68

C1 - C50 estimated total product dist_srribution, weight %

C1 23.4 240  23.1 246  21.5 23.3
C2-C4 29.0  28.3 276 275 243 25.8
C5-Ci12 438 440 452 440 484 462
C13-C50 3.8 3.7 4.0 4.0 5.8 4.6
CO conversion, % 1.6 7.3 6.7 6.2 6.1 6.0
rate, g CH2/g cat/hr 049 047 0.43 040 Q.39 0.39

CO2 formation, % 0.3 0.2 0.3 0.3 0.3 0.3




7/11/94

PPerformance of Co0.049
Dates:;: 04/28/94 - 04/29/94  Run #2

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 26.0 28.0 30.0 32.0
reaction temperature, °C : 220 220 220 210
pressure, atm 1.0 1.0 1.0 1.0
flow, cc/min 90.0 6.0 60 ' 6.0

C1 - C15 product distribution, weigight %

C1 2421 3193 29.76 18.81
c2 4.16 5.56 4.49 3.09
C3 10.51 995 1074 7.42
C4 10.88 11.67 10.30 9.31
C5 10.93 10.47 10.89 10.17
Cé6 9.13 7.33 6.99 9.15
C7 7.13 7.11 7.74 8.66
C8 6.75 4.87 5.44 7.32
co 4.56 3.34 4.02 6.23
Ci0 3.62 2.54 3.02 5.14
Cl1 2.79 1.87 2.40 4.26
Cl12 2.13 1.36 1.59 3.46
C13 1.39 (.86 1.19 2,82
Cl4 1.09 0.67 0.81 2.29
Cis 0.72 0.47 0.63 1.87
alpha  chain growth probability 0.69 065 067 076

C1-C50 estimated total product disistribution, weight %

Cl1 24.0 31.6 29.3 17.5
C2-C4 25.3 26.9 25.1 18.4
C5-C12 45.8 38.5 41.4 50.5
C13-Cs0 4.9 3.1 4.2 13.5
CO conversion, % 5.9 107.0 102.1  50.5
rate, g CH2/g cat/hr 0.38 0.46 0.44 0.22

CO2 formation, % _ 0.3 11.5 10.1 6.3
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7/11/94

(Co0.049 - Run #3

%
Co wt% NM wt %% Promotor wt% Support
Ra 0500|| K 0.10 ARO3
SUMMMARY REACTION DATA
Reaction Conditions:

P=1.0atm CO2 (g/g cat/hr) = 0.059

T =220°C C0O2 (% of CO) = 0.3

H2/CO =2 O/P =4.73

weight of catatalyst = 0.184 g

WHSV = 133,96 1/hr

time on streanm = 28.0 hrs Ea = 30.9 kcal/mol
CO conveersion (%) 6.7
rate (g CHH2/g cat/hr) 0.41
alpha 0.69
Cl (wt%)) 25.2 I
C2-C4 ((wt%) | 26.6 |

Hi
C5-C12 (wt%) , 44.0
Cl13 + (wwit%) 4.2

B6S




7/11/94

] Performance of Co.049
Dates:s:; 05/02/94 - 05/03/94  Run #3

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 2.5 5.5 8.5 23.0 25.0
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 50.0 90.0 90.0 90.0

C1 - C15 product distribution, weiglght %

C1 26.40 26.19 2572 2640 24.74 24.57
Cc2 5.06 512 494 491 465 4.36
C3 12.93 1273 1227 12,04 11.00 10.90
C4 1296 1276 1238 12.21 1137 11.30
C5 11.57 11.41 1129 1126 11.07 11.06
(o] 8.81 857 852 834 895  8.85
C7 7.05 7.15 7.35 7.25 7.74 7.80
C8 48 503 528 528 585 592
C9 3.3¢ 347 3.8 3.82 436  4.37
C10 - 242 259 275 280 333 345
C11 .72 1.89 208 204 243  2.53
C12 1.12 1.29 1.42 1.50 1.86 1.95
C13 , 0.84 078 093 098 114 129
Cl4 052 063 071 071 0.8 1.02
C15 0.40 0.39 0.49 0.46 0.61 0.63
alpha  chain growth probability 064 064 065 065 0.67 0.67

C1-C50 estimated total product disistibution, weight %

C1 26.1 26.0 25.5 26.2 24.5 24.4
C2-C4 30.6 30.4 263 28.9 26.7 26.3
C5-C12 40.6 40.9 42.0 41.8 44.7 45.0
C13 -C50 2.6 2.6 3.2 31 4.1 4.2
CO conversion, % 10.8 9.4 8.6 8.7 6.8 6.9
rate, g CH2/g cat/hr 0.66 0.57 0.53 0.53 0.42 0.42
CO2 formation, % 0.4 0.3 0.3 0.3 0.3 0.3
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PPerformance of Co.049
Dates:s: 05/02/94 - 05/03/94

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

Run #3

time on stream, hr 28.0 30.0 32.0 34.0
reaction temperature, °C 220 220 220 210
pressure, atun 1.0 1.0 1.0 1.0
flow, cc/min 90.0 15.0 15.0 15.0
C1 - C15 product distribution, weigight %
C1 25.32 25.68 2675 18.23
C2 4.40 4.63 4,29 3.07
C3 11.06 10.00 990 7.83
C4 11.19 11.60 11.33 9.26
C5 1092 11.01 10.84¢ 10.35
Cé6 8.66 8.60 8.66 9.69
c? 7.68 7.86 7.81 8.77
c8 5.80 5.93 5.74 7.28
c9 ‘ 4.26 4,45 4.31 6.03
C10 3.38 3.15 3.32 5.12
C11 2.45 2.41 2.47 4,25
C12 1.93 1.79 1.70 3.40
C13 .36 124 129 278
C14 0.98 0.99 0.98 2.27
C15 0.61 0.66 0.62 1.69
alpha  chain growth probability 0.69 068 067 0.75
C1 - C50 estimated total product didistribution, weight %
C1 25.2 25.3 26.5 17.3
C2-C4 26.6 25,8 25.3 i9.1
C5-C12 44.0 44 4 44.1 51.5
C13 -C50 4.2 4.4 4.2 12.1
CO conversion, % 6.7 446 449 245
rate, g CH2/g cat/hr 0.41 0.45 0.46 0.25
CO2 formation, % 0.3 3.8 3.6 2.2
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