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Schul:lz-Flory Plot for Co.027 - Run #1
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Schuhiz-Flory Plot for Co.027 - Run #1
High Conversion Study
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Time-opn-Stream Plot for Co.027 - Run #1
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Co0.028 - RRun #3 (re-calcine in flow air)

'#—-‘T—_—_%
Co wt% NM  wt %% Promotor wt% Support

20 Ru 0500 K 0.50 ARO3

SUMNMARY REACTION DATA

Reaction Conditions:

P=1.0atm. CO2 (g/g cat/hr) = 0.037
T=220°C. CO2 (% of CO) = 0.2
H2/CO =2 O/P = 13.49

weight of catztalyst = 0.249 ¢
WHSV = 100.34 1/br
time on streanm = 26.0 hrs

CO conveersion (%) 45
rate (g CHH2/g cat/hr) 0.21
alpha 0.79
C1 (wt%}%) 15.5
" C2-C4 ((wt%) 16.8
“ C5-C12. (wt%) 47.2 “
¥ LCIB + (Wwt%) 20.5
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PPerformance of Co.028
Dates; 04/18/94 - - 04/19/94  Run #3 (re-calcine in flow air)

flow rate = 90.0 cc/min, loading= 0.0.2 g, WHSV = 10.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 2.5 5.0 8.0 24.0 26.0
reaction temperature, °C ) 220 220 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0 1 1

flow, cc/min 50.0 90.0 90.0 90.0 90.0 50.0

C1 - C15 product distribution, weightht %

C1 16.80 16.95 1699 1692 17.21 17.79
c2 321 324 369 379 335 3712
C3 756 742 753 746 133 71.45
C4 855 825 825 818 8.06 8.10
C5 952 9.14 9.06 9.10 889 895
C6 8.87 8.67 824 869 838 847
C7 849 827 8.14 816 8.03 8.02
C8 748 736 732 728 720 1.21
C9 648 649 648 641 643  6.40
C10 565 570 572 567 561 566
C11 475 498 491 494 48  4.80
C12 408 423 423 426 422 416
C13 338 3.5 3.5 349 366  3.53
C14 . 278 310 321 305 346  3.00
C15 240 261 268 261 331 275

alpha  chain growth probability 078 079 079 079 0.81 0.79

C1-C50 estimated total product diststribution, weight %

Ci 15.1 15.0 15.0 15.0 14.2 15.5

C2-C4 17.4 16.8 17.1 17.2 15.4 16.8

C5-Cl12 497 48.6 47.8 48.3 45.6 472

C13-C50 17.8 19.6 20.1 19.6 24.8 20.5
.

CO conversion, % 6.0 5.4 5.2 52 4.7 4.5

rate, g CH2/g cat/br 0.27 0.25 0.23 0.23 0.21 0.21

CO2 formation, % 0.4 0.4 0.3 0.3 0.2 0.2
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PPerformance of Co.028
Dates: 04/18/94 - - 04/19/94  Run #3 (re-calcine in flow air)

flow rate = 90.0 cc/min, loading= ¢ 0.2 g, WHSV = 10.3 1/hr, H2/CO ratio in feed = 2

time on stream, hr 30.0
reaction temperature, °C K 220
pressure, atm 1

flow, cc/min ' 90.0

C1 - C15 product distribution, weigight %

C1 17.43
Cc2 4.00
C3 7.50
C4 8.31
C5 9.02
Cé 2.61
Cc7 8.06
C8 7.18
co 6.38
C10 5.56
C11 4.73
c12 4.03
Ci3 3.36
Cl4 2.92
C15 2.91
aipha chain growth probability 0.80

C1-C50 estimated total product disistribution, weight %

C1 14.9
C2-C4 16.9
C5-Cl12 46.7
Cl13-Cs0 21.5
v

CO conversion, % 4.7
rate, g CH2/g cat/hr 0.21
CO2 formation, % 0.2
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Schulzlz-Flory Plot for C0.028 - Run #3
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(Co0.029 - Run #1

" Co wt% wt %% u Promotor wt% Support
L 30 " 0.500 " ARO3
#

SUMNMARY REACTION DATA

Reaction Conditions:

P=10am: CO2 (g/g cat/hr) = 0.026
T =220 °C ! CO2 (% of CO) = 0.1
H2/CO =2 . O/P=125.95

weight of catatalyst = 0.184 g
WHSV = 133,99 1/hr
time on streamm = 26.0 hrs

CO conveersion (%) 2.8

rate (g CHH2/g cat/hr) 0.17
alpha 0.79 n

{ Cl (wt%}) 15.3

| c2-ca (%) 17.3

C5-C12. (wt%) | 48.0

: Cl13 + (¥wt%) 19.4
— —

B3l




PPerformance of Co0.029
Dates: : 05/19/94 - 05/20/94

Run #1

flow rate = 90,0 cc/min, loading= 0.).2 g, WHSV = 14.0 1/hr, H2/CO ratio in feed = 2

7/11/94

time on stream, hr 0.5 3.0 5.5 3.0 24.0 26.0
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.G 90.0 50.0 90.0
C1 - C15 product distribution, weightht %
C1 15,57 1633 16.51 16.67( 17.87 17.37
Cc2 3.49 3.66 3.70 3.86 3.92 3.83
C3 7.19 7.30 7.32 7.37 7.58 7.49
C4 8.31 8.18 8.15 8.21 8.40 8.30
CS 8.46 9.16 9.11 9.00 8.93 9.12
Cé6 9.02 8.64 8.40 8.51 7.87 8.46
C7 8.73 8.50 8.42 8.30 8.06 8.31
C8 7.66 153 7.52 7.40 7.27 7.39
C9 6.67 6.63 6.67 6.61 6.50 6.56
C10 5.81 5.79 5.86 5.88 5.67 5.60
Cil 4.88 4.90 4.97 4.96 4.86 4.67
C12 4.19 4.30 4.22 4,18 4.18 3.94
C13 3.53 352 354 346 3.54 342
Cl4 3.03 3.03 3.05 2.99 2.91 2.95
C15 2.46 2.52 2.57 2.60 2.43 2.60
alpha  chain growth probability 0.78 0.79 0.79 0.79 0.78 0.79
C1 - C50 estimated total product diststribution, weight %
C1 14.0 14.6 14.7 14.8 i6.1 15.3
Cc2-C4 17.1 17.1 17.0 17.2 17.9 17.3
C5-Ci12 50.5 49.3 49.0 43.5 47.7 48.0
C13-C50 18.5 19.0 19.3 19.5 18.3 19.4
CO conversion, % 4.2 3.8 3.5 3.4 2.7 2.8
rate, g CH2/g cat/hr 0.26 0.23 0.22 0.21 0.16 0.17
CO2 formation, % 0.3 0.2 0.1 0.2 0.3 0.1
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PPerformance of Co0.029
Dates: : 05/19/94 - 05/20/94  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 28.0
reaction temperature, °C 220
pressure, atm 1.0
flow, cc/min 90.0

C1-Cl15 product distribution, weiglght %

1 17.61
c2 3.87
C3 $7.53
C4 8.35
C5 9.03
C6 8.17
7 8.19
C8 7.33
Cc9 6.53
C10 5.64
Cl1 4.77
Cci12 4.06
C13 3.48
Cl4 2.93
C1s5 2.52
alpha  chain growth probability 0.79

C1-C50 estimated total product disistribution, weight %

C1 15.7
C2-C4 17.6
C5-C12 47.9
Cl13-C50 18.8
' CO conversion, % 2.7
rate, g CH2/g cat/hr 0.17
CO2 formation, % 0.2
B33
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Schulilz-Flory Plot for Co0.029 - Run #1
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(C0.039 - Run #2

Co wt% NM wt %% Promotor wt% Support

II ' 12 lI TiO2

SUMMMARY REACTION DATA

Reaction Conditions:

P =1.0atm . | CO2 (g/g cat/hr) = 0.009
T = 220 °C CO2 (% of CO) = 0.2
H2/CO = 2 O/P = 0.95

weight of catatalyst = 0.451 g
WHSV = 2.885 l/hbr
time on streamm = 21.5 hrs

CO conveersion (%) 3.9
rate (g CHH2/g cat/hr) 0.05 "
" alpha 7 0.48
" Cl (wt%)) 42.4
C2-C4 ((wt%) 34.1 |
|
C5-C12 . (wt%) 23.4 “
C13 + (vwt%) | 0.2

B36
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PPerformance of Co.039
Dates:s: 06/01/94 - 06/02/94  Run #2

flow rate = 45.0 cc/min, loading= 0.0.5 g, WHSV = 2.9 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 . 220 220 220 220 220 220
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 45.0

C1 - C15 product distribution, weightht %

C1 39.17 40.81 4138 4167 41.62 41.84
c2 6.29  6.41 642 642 640 640

C3 15.03 14.97 1499 1497 15.14 15.23
C4 12,99 12,73 1263 12,52 12.58 12.60
Cs 1022 9.8  9.73 9.62 970  9.65

(o] 639 600 590 587 585 59

Cc7 449 424 416 412 410 4.05

Cc8 2.62  2.35 2.38 2.28 2.28 2.19

C9 1.24  1.18 1.11 1.18 1.08 1.05

C10 0.73 0.66 0.62 0.63 0.60 0.60

Cl1 , 0.39 037 031 038 033 0.29

Cl12 028 025 024 022 022 0.13

C13 0.16 016 012 013 0.12

Cl4

C15

alpha  chain growth probability 0.51 050 049 051 050 0.49

C1 - C50 estimated total product diststribution, weight %

C1 39.2 40.8 41.4 41.6 41.6 41.8
C2-C4 34.3 34,1 34.0 33.9 34.1 34.2
C5-C12 26.3 24.9 24.4 24.3 24.1 23.9
C13 - C50 0.3 0.2 0.2 0.3 0.2 0.2
CO conversion, % 4.7 4.5 4.3 4.2 4.1 4.0
rate, g CH2/g cat/hr 0.06 0.06 0.05 0.05 0.05 0.05
CO2 formation, % 0.3 0.3 0.2 0.2 0.2 0.2
B37
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I1Performance of Co.039
Dates:s: 06/01/94 - 06/02/94  Run #2

flow rate = 45.0 ce/min, loading== 0.5 g, WHSV = 2.9 1/hr, H2/CO ratio in feed = 2

ttme on stream, hr 18.5 21.5 24.5 27.5
reaction tempezature, °C . 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0

flow, ¢cc/min 45.0 45.0 22.5 22.5

C1 - C15 product distribution, weigight %

C1 4224 42,44 4330 4413
c2 643 644 660  6.67
C3 15.19 1523 13.59 13.48
c4 12.48 12.46 12.35 12.16
Cs 951 949 9.56 9.29
cé 572 567 569 556
Cc7 416 408 400 4.05
C8 2.19 220 232 216
C9 1.08 098 1.17 1.05
C10 0.58 0.56 0.66 0.62
C11 0.29 028 0.30 0.33
C12 0.14 016 0.19 0.19
C13 0.14 Q.15
Cl4 0.08 0.10
C15 0.05 0.06
alpha  chain growth probability - 0.49 048 049 0.50

C1 - C50 estimated total product didistribution, weight %

C1 42.2 42.4 13,4 442
C2-C4 34.0 34.1 32.6 32.3
C5-CI12 23.6 23.4 23.9 23.3
Cl13-Cs50- 0.2 0.2 0.2 0.2
CO conversion, % 4.0 3.9 7.9 7.6
rate, g CH2/g cat/hr - 0.05 0.05 0.05 0.05
CO2 formation, % 0.2 0.2 0.6 0.6
B38
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Schuliiz-Flory Plot for Co.039 - Run #2
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(Co.040 - Run #2

Co wt% . NM wt %% Promotor wt% " Support ll
" 12 “ | “ TiO2 ’I

SUMMNMARY REACTION DATA

Reaction Conditions:

= 1.0 atm 1 CO2 (g/g cat/hr) = 0.007
T =220 °C CO2 (% of CO) = 0.2
H2/CO =2 O/P = 1.12

weight of catatalyst = 0.471 g
WHSV = 2.773 1/hr
time on streamm = 21.5 hrs

CO conveersion (%) 2.8
rate (g CHH2/g cat/hr) 0.03
alpha | 0.46
Cl (wt%)) 44.6

| ca-ca conm 34.5
l»CS -C12  (wt%) 20.8

| c13 + wwt%) o
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PPerformance of Co.040
Dates:s: 06/29/94 - 06/30/94 Run #2

flow rate = 45.0 cc/min, loading= 0.0.5 g, WHSV = 2.7 1/hr, H2/CO ratio in feed = 2

time on stream, hr 0.5 3.5 8.5 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 45.0 45.0 45.0 45.0 45.0 45.0

C1 - C15 product distribution, weightht %

C1 39.82 4194 4260 4299 4379 43.91

2 667 681 681 681  6.83  6.82
C3 15.67 15.67 1569 1572 1575 15.75
c4 12.66 12.33 1224 12,19 1211  12.08
Cs 9.91 941 931 917 910 9.8
Cé 6.13 570 552 540 524 533
C7 452 410 399 395 3.81  3.83
C8 241 236 224 220 1.8  1.90
C9 .12 098 096 091 09 0.8
C10 0.59 045 042 046 040  0.33
o 030 025 023 022 020 0.15
C12 0.18

C13

Cl4

C15

alpha  chain growth probability 0.50 0.48 047 048 047 045

C1 - C50 estimated total product diststribution, weight %

Cl1 39.7 41.8 42.5 42.9 43,7 43.8
C2-C4 34.9 34.7 34.7 34.6 34.6 34.6
Cs5-C12 25.1 23.3 22,7 22.4 21.6 21.5
C13-C50 0.2 0.1 0.1 0.1 0.1 0.1
CO conversion, % 3.6 3.3 3.1 3.0 3.0 2.9
rate, g CH2/g cat/hr 0.04 0.04 0.04 0.04 0.04 0.03

C0O2 formation, % 0.2 0.2 0.2 0.2 0.2 0.2
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Pf’erformance of Co.040
Dates:s: 06/29/94 - 06/30/94  Run #2

flow rate = 45.0 cc/min, loading= 0.0.5 g, WHSV = 2.7 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 45.0 45.0 45.0 45.0 45.0 45.0

C1 - C15 product distribution, weightht %

C1 39.82 4194 4260 4299 4379 4391

c2 6.67 6.81 6.81 6.81 6.83 6.82
C3 15.67 15.67 1569 1572 1575 1575
C4 12.66 12,33 12,24 12,19 12,11 12.08
Cs 9.91 9.41 92.31 9.17 9.10 9.08
Cé 6.13 5.70 5.52 5.40 5.24 5,33
c7 4.52 4.10 3.99 3.95 3.81 3.83
C3 2.41 2.36 2.24 2.20 1.86 1.90
Cc9 1.12 0.98 0.96 0.91 0.90 0.82
C10 0.59 0.45 0.42 0.46 0.40 0.33
C11 0.30 0.25 0.23 0.22 0.20 0.15
C12 0.18

C13

Cl4

C15

alpha  chain growth probability 0.50 0.48 0.47 0.43 0.47 0.45

C1 -CS0 estimated total product diststribution, weight %

C1 39.7 41.8 42.5 42.9 43.7 43.8
C2-C4 34.9 34.7 34.7 34.6 34.6 34.6
C5-C12 25.1 23.3 22.7 22.4 21.6 21.5
C13-C50 0.2 0.1 0.1 0.1 0.1 0.1
CO conversion, % 3.6 3.3 3.1 3.0 3.0 2.9
rate, g CH2/g cat/hr 0.04 0.04 0.04 0.04 0.04 0.03

CO2 formation, % 0.2 0.2 0.2 0.2 0.2 0.2
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PPerformance of Co.040
Dates::: 06/29/94 - 06/30/94 Run #2

flow rate = 45.0 cc/min, loading= ¢ 0.5 g, WHSV = 2.7 1/br, H2/CO ratio in feed = 2

fime on stream, hr 18.5 21.5 24.5 27.5
reaction temperature, °C g 220 220 220 220
pressure, atm 1.0 1.0 1.0 1.0
flow, ¢cc/min 45.0 450 225 22.5

C1 - C15 product distribution, weigight %

C1 44.52 44.64 4552 46.01
Cc2 685 6.87 6.88  6.87
C3 15.73 1577 14.19 14.19
C4 11.95 11.95 11.82 1175
C5 890 88 8.8 879
C6 523 520 531 527
C7 3.66 3.62 377 364
C8 1.78 177  2.00 1.91
) 0.84 081 094 0.89
C1o ‘ 0.37 037 0.46 0.45
C11 0.19 019 023 0.22
C12

C13

Cl4

C15

alpha  chain growth probability 046 046 048  0.48

C1 - C50 estimated total product disistribution, weight %

Ci 44.4 44 .6 45.4 45.9
C2-C4 34.5 34.5 32.8 32.7
C5-Cl12 21.0 20.8 21.7 21.3
C13-C50 ‘ 0.1 0.1 0.1 0.1
CO conversion, ‘% 2.9 2.8 5.6 5.6
rate, g CH2/g cat/hr 0.03 0.03 0.03 0.03
CO2 formation, % 0.2 0.2 0.4 0.4
B43
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Schulilz-Flory Plot for Co.040 - Run #2
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Schuldz-Flory Plot for Co.040 - Run #2
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Time-onn-Stream Plot for Co0.040 - Run #2
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