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!. CONTRACT OBJECTIVE 

The objective of the contract is to cons61idate the advances 

made during the previous contract in the conversion of syngas to 

motor fuels using Molecular Sieve-containing catalysts and. to 

demonstrate the practical utility and economic value of the new 

catalyst/process systems with appropriate laboratory runs. 
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II. SCHEDULE 

The contract work was planned for the twenty-eight month per- 

iod beginning September 18, 1984. 

Work on the program is divided into six tasks. 

Task 1 consists of the preparation of a detailed, non-propri- 

etary work plan covering the entire performance of the contract. 

This work plan was completed in November, 1984. 

Task 2 consists of a preliminary techno-economic assessment 

of the UCC catalyst/process system. This assessment, as well as 

the final nechno-economic evaluation planned for Task 6, will be 

based on a sensitivity analysis that MITRE is expected to conduct 

on their recently completed economic evaluation of the Union Car- 

bide Corporation ( U C C )  system. 

Task 3 consists of the optimization of the most promisin 8 

catalysts developed under prior contract DE-AC22-81PC40077 to- 

wards goals defined by the MITRE and Task 2 studies. This work 

will run through the first 24 months of the contract. 

Task 4 consists of the optimization of the UCC catalyst sys- 

tem in a manner that will give it the longest possible service 

life. This work will run through the first 24 months of the con- 

tract. 

Task 5 consists of t h e  optimization of a UCC process/caualys~ 
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systes based upon a tubular reactor with a recycle loop (i.e., 

the Arge reactor) containing the most promising catalyst develop- 

ed under the Tasks 3 and 4 studies. This optimal performance 

will be estimated from a mathematical model of the tubular reac- 

tor which incorporates reaction rate constants determined from 

appropriate Berry reactor'runs. This effort will run through the 

first 24 months of the contract. 

Task 6 consists of an economic evaluation of the optimal per- 

formance found under Task 5 for the UCC process/catalyst system. 

This effort will run from the eighteenth through the twenty- 

fourth month of the contract, and will be based on the antici- 

pated MITRE sensitivity analysis referred to in the description 

of Task 2. 

The final four months of the contract will be devoted ex- 

clusively to the writing of the Eighth Quarterly Report and the 

Final Technical Report. 
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llI. ORGANIZATION 

This contract is being carrie~ out by the Catalyst Research 

and Development Group of the Molecular Sieve TechnoloEy Depart- 

ment, Catalysts and Process Systems Division, Union Carbide Cor- 

poration, in Tarrytown, New York. 

The principal investigator is Dr. Jule A. Rabo. 

The program manager is Dr. Albert C. Frost. 
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IV. SUMMARY OF PROGRESS 

A. Task i 

Task i, a detailin8 of the work planned for the other tasks 

in the coo,tact, has been completed. 

B. Task 2 

Task 2, 'a preliminary techno-economic assessment of the UCC 

catalyst/process system, will be based on a sensitivity analysis 

that MITRE is expected to conduct on their recently completed 

economic evaluation of the UCC system. 

This sensitivity study is. expected to graphically show the 

differential cost (around the base case cost), expressed as dif- 

ferential cents per Eallon of motor fuels, for chanees in each-of 

the operating parameters of space velocity, catalyst life, meth- 

ane make, alpha, C25-C30 carbon cutoff, overall conversion, feed 

H2:CO ratio, reactor temperature, and reactor pressure. 

These differential cost-operatinE parameter curves will not 

only strikinEly illuminate which of those operating parameters 

have the Ereatest effect on product cost (for Task 2), but they 

will also be used with catalyst performance data and the axis,in S 

tubular reactor desist curves to readily obtain an economic worth 

for each tested catalyst for any set of envisioned process condi- 

tions (for Task 6). 
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C. Tasks 3 and A 

The major effort of this Quarter was directed towards improv- 

in 8 the formulation of Catalyst II, which had demonstrated a high 

initial specific activity (Appendix A of the Second Quarterly Re- 

port and Appendix B of this Quarterly Report). 

Run 26 revealed the temperature sensitivity of a catalyst 

promoted with X 9 and XIO. At 2iOC this catalyst showed excellent 

stability with a specific activity of about 3.1. The catalyst, 

however, was less stable at higher temperatures, i.e., 250 and 

260C. A similar catalyst formulated usin E UCC-I13 in place of 

UCC-103 (Run 27) ~emonstrated poor stability even at 240C. 

Run 32 revealed the effect of usia 8 a promising new additive, 

XII, in this type of catalyst formulation. The catalyst showed 

good to excellent stability up to temperatures of 260C, signifi- 

cantly reduced methane make, and improved olefin content of the 

light san product. Specific activity at 260C was, however, only 

2.0, a value that is comparable to the present Best catalyst, Run 

15 (Appendix A of the Second Quarterly Report and Appendix B of 

~his Quarterly Report). 

Other attempts, at varying the metal concentration, ca!cinin@ 

procedures, and additives X 4 and X3, were unsuccessful. 

The preliminary test results of these three runs, as well as 

five other runs reported for this quarter, are listed in Appendix 

A as Runs 26-33. Additional, detailed analyses of these runs 

will be presented in the next quarterly report. 

Such detailed analyses for the runs (10-25) reported for the 
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second quarter in e preliminary manner are listed'in Appendix B. 

D. Task 5 

A comparison between the UCC and the Gulf-Badger (as sketch- 

ily descri.~ed in a 1983 Hydro, carbon Processin~ artic!e) cata- 

lyst/process systems indicates (with many assumptions) that the 

Gulf-Badger system may operate at a 40-50C lower temperature and 

an ill-defined higher H2:CO ratio than does the UCC system to 

give a product distribution having slightly more naphtha but less 

distillate and wax. See Appendix C for details. 

A small'error was found in the FIXED computer program used ~o 

simulate the ARGE/U~C process design. This error has been cor- 

rected, and the revised program was used to check out some of the 

old design data sent to MITRE for their recently completed eco- 

nomic study. It was found &hat the required changes ~o the MITRE 
m 

study were limited to easily "made changes to the stated specific 

activity, and not to any of the stream compositions or space ve- 

locities. Consequently, only minor corrections will have to be 

made to the MITRE study. 

E. Task 6 

Since this final techno-economic evaluation is scheduled to 

begin in Fiscal Year 1985, no work was done on it this quarter. 

Additionally, the sequential sensitivity studies expected 

from MITRE will substantially aid in satlsfying the objectives of 

this task in addltion to completing ~hose of Task 2 (see B. Task 
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V. CHANGES 

There were no contrac~ chanEes durin8 the Third Quarter. 
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Vl. FUTURE WORK 

Task 2 will be deferred until the expected MITRE sensitivity 

study is completed. 

Tasks 3 and 4 will continue to be devoted to developing new, 

stable catalyst formulations that will have higher specific ac- 

tivities and lower methane makes than do our present ~ata!ysts. 

Task 5 will be devoted to Inco.rporatin 8 heat generation and 

heat transfer terms into the presently isothermal mathematical 

model, so nhat upper space velocity limits can he defined for 

different operating pressures. 
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APPENDIX A. CATALYST TESTING: SUMMARY OF RUNS 
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APPENDIX A. CATALYST TESTING: SUMMARY. OF RUNS 
REPORTED DURING THIS qUARTER 

J. G. Miller% L. F. Elek~ C-L Yang and P. K. Coughlln 

This report is organized around the eight cataly=ic tests 

conducted from April through June 1985, the third quarter of this 

c o n t r a c t .  

A list of the catalysts tested and descriptions of their pre- 

parauio~s are shown in Table AI. All of ~he catalysts tested 

involved cobalt oxide intimately contacted wi~h UCC-103, except 

for Run 27 in which UCC-I13 wss substituted for UCC-103 as the 

catalyst support. One of the eight catalysts, Run 33, was pre- 

pared by the method developed • in the previous three year contracu 

(DE-AC22-81PC40077), while the remainder .were prepared by ~he 

method used for the catalyst tested £n Run 11 (Appendix A of the 

Second Quarterly Report and Appendix B of this report) of the 

present contract. 

An abbreviated table of results for these catalyst runs is 

shown in Table A2. The conversion, weigh~ percent CH4, weight 

percent C5+, specific activity, the methane factor and a quali- 

tative estimate of stabilit7 are listed for each catalyst. A 

more complete report of results and analyses for these runs will 

be presented in the Fourth Quarterly Reporu. 
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Table AI. 
ter. 

Description of most of uhe catalysts tested durinE the third quar- 

.i 
a • 

J 

. o  

. .  

o .  

° .  

Run Caualyst 

26 Co/Xg/XIO/UCC...103 
(12185-14) 

27 Co/X9/XIo/UCC-113 
(12200-15) 

28 Co/X9/XIo/X4/UCC-I03 
(122oo-17) 

29 ColXglXIolUCC.-lO3 
(12200-~8) 

30 ColXglXIoIX31UCC-I03 
(12185-16) 

31 Co/Xg/XIo/UCC-103 
(12185-17) 

32 Co/X11/ucc-10s 
(12200-19) 

33 ColZglXzolX41X31Ucc- 
103 (12185-18) 

Catalyst preparation 
=, ,, , ,, ,ll l , , 

The X 9 and XI0 promoted cobalt oxide was formed in 
close contact with UCC-103 by the method used in Run 
11 (similar to Run 20). The resulting powder was 
bonded wlth 15% silica and extruded to 1/8" pellets. 
Theoretical pct Co=ii.9, pet X9-0.5~ pet X10-0.7. 

The X 9 and X10 promoted cobalt oxide catalyst was 
formulated by the method used for Catalyst 25, except 
that UCC-103 was replaced by UCC-I13 (same formula- 
tion as Run 2~). Theoretical pct 00=7.9, pet X9~0.37, 
pet XlO=0.50. 

The X 9 and If0 .promoted cobalt oxide catalyst was 
formulated similarly to Run 26, then further promoted 
with X 4. Theoretical pct Co=4.1, pct X9~0.19 , pc t  
X10~0.25, pct X4~0.58. 

The X 9 and XIO promoted cobalt oxide catalyst was 
formulated similarly to Run 26. Theoretical pct Co= 
7.8, pct X9~O.35 , pct X10-0.47. 

The X 9, X!o , X 3 promoted coba l t  oxide c a t a l y s t  was 
formulated s i m i l a r l y  to  Run 26. T h e o r e t i c a l  pc t  
Co-7.8, pet X9-0.35 ,pct Xi0~0.47, pct X3~0.06. 

The X 9 and XlO promoted coba l t  oxide c a t a l y s t  was 
prepared us in8 the  same fo rmula t ion  as  t h a t  used i n  
Run 29, except that the preparation contained no cal- 
cination steps. Theoretical pct Co=7.8, pct X9-0.35, 
pct I10=0.~7. 

The Xll promoted cobalt oxide catalyst was formu- 
lated similarly to Run 26. Theoretical pet 0o-8.2, 
pct Xli=1.2. 

The X9, Xl0 , X 3 promoted cobalt oxide was formed in 
close contact ~@th UCC-I03 by the method used in Run 
15, then further promoted with X 4. The resulting pow- 
der was bonded with 15% silica and extruded to 1/8" 
pellets. Theoretical pct Co-8.2, pct X9-0.37, pct 
X10-0.49, pct X4-0.48, pct X3-O.06. 
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Table A2. Preliminary catalyst test results for most of the runs made during 
the third quarter. 

Run Catalyst 

Total Spe- 
Hours conver- cific 
on sien CH4 wtCS+ z acti- 
stresm (CO+H2) wr ~ wlty 

: . . . . . . .  ., 

67.5 45.3 8.1 82.7 3.10 
163.0 44.5 7 .9  83,0 3.11 

Meth- 
ane 
fac- 
tor(l) Stability 

1.57 Excellent 
1.6o (2) 

186.5 51.3 11.2 78.5 2.75 2.60 
332.7 50.1 12.2 76.7 2.29 3.08 

Fair (3) 

354.7 60.6 18.4 ~66.2  2.66 4.12 Fair (4) 
523.0 55.6 22.4 61.2 1.56 4.91 

26 Co/X91XIo/UCC-I03 
(12185-14) 

27 ColX9/XIO/UCC-113 67.0 40.5 8.02 82.0 2.64 1.91 
(12200-15) 139.5 38.2 8.39 81.6 2.55 2.00 

188.5 43.7 12.9 75.5 1.88 3.22 
306.0 42.0 13.4 73.7 1.67 4.32 

28 ColXg/XIO/X4/UCC- 44.0 27.0 18.2 66.5 
103 (12200-17) 68.0 26.4 14.8 73.4 

1.04 3.22 
0.97 2.89 

Fa/r (2) 

Fair (3) 

- -  (2) 
1 

29 Co/Xg/XIo/UCC-103 49.5 45.1 9.4 82.5 2.11 2.97 
(12200-18) 146.0 38.0 11.2 80.0 1.49 3.64 

30 Co/X9/X10/X~/UCC- 114.0 48.7 8.3 81.2 3.09 1.99 
103 (12185---116) 258.0 41.7 10.8 77.3 2.08 3.10 

Fair (3) 

. 

Fair (3) 

31 Co/X9/Xlo/UCC-I03 22.5 27.2 20.8 59.4 0.93 3.43 
(12185-17) 94.0 22.1 19.2 64.8 0.62 3.12 

Poor (2) 

32 Co/XII/UCC-103 43.5 46.5 5.43 85.8 3.11 1.03 Excellent 
(12200-39) 187.0 42.1 5.31 84.5 2.55 0.96 (2) 

211.0 56.5 7.95 81.1 2.11 1.68 
403.0 57.6 8.63 80.8 1.86 1.79 

Very Good 
(4) 

q 

. t 

427.0 62.9 14.2 71.9 1.55 2.85 
499.0 55.7 17.7 66.7 1.31 3.32 

33 Co/Xg/XIO/~4/X31 44.5 59.7 12.2 73.0 2.48 
UCC-I03 (12185-18) 116.5 52.0 15.5 69.7 1.30 

, m 

(i) The ratio of the amount of CH 4 actually produced to the 
dlcted from the Schulz-F!ory equation, [CH~/(I~)2]. 

Poor (5) 

2.04 Poor C4) 
2.79 

amount of CH 4 prm- 
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Appendix B. CATALYST TESTING: DETAILS OF RUNS 
REPORTED DURING LAST ~UARTER 

J. G. Miller, L. F. Elek, C-L Yang and P. K. Coughlin 

Contenus 

I, introduction ...................... - .... B3 

II. Run 10 (12185-06) wlth Catalyst 10 (ColTh/X41UCC-103) ...... B5 
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I. INTRODUCTION 

This report presents detailed analyses of the sixteen cata- 

lyst test runs summarized in Appendix A of the Second Quarterly 

Report, which constituted the major thrust of the work during 

that quarter. 

1 

° 

All sixteen catalysts contained either cobalt oxide or iron 

oxide, in egch case intimately mixed with a Molecular Sieve. 

Fifteen of them also contained the shape selective component UCC- 

103; one contained a newly developed shape selective component, 

UCC-113. 

Two different methods of preparation were employed, and 

the catalysts prepared by each method were used to explore 

several lines of investigation. 

With seven of the catalysts, prepared by the same method em- 

ployed in the previous contract (DE-AC22-BIPC40077), the follow- 

.° 

o,. 

ing possibilities were investigated: 

I. Whether performance can be improved by raising the metal 

loading. 

2. Reproducing the results obtained in the previous contract. 

, I  

J. 
s 

i o 

,M.. 

i! = }I 
, t?, ' l  ".':" :... ,-'. j... 

1" 

3. The effects of replacing radioactive thoria with X 4 and 

XIO. 

4. The effectiveness of the additives UCC~IOI and UCC-II2. 

5. Whether a 6pent catalyst can be regenerated with hydrogen. 
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Preparation of the nine remaining catalysts involved a method 

of intimately contacting a Fischer-Tropsch active meual with UCC- 

103 or ffCC-II3, which has been newly developed with the objective 

of improving the catalyst'~ activity and stability. These were 

used to explore: 

I. The effectiveness in these catalysts of three additives-- 

X9, XI0 and X~--which were found effective in catalysts 

prepared by ~he previous me~hod. 

2. The effect of replacing• nhe Molecular Sieve UCC-103 with 

the newly developed UCC-II3. 

3. The effectiveness of a catalyst based on potassium-pro- 

moted iron. 
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I I .  Run 10 ~12185-06) with Ca ta lys t  10 (Co/Th~X~/UCC-lO3) 

This run continued the search for improvements on the perfor- 

mance of the most promisinE catalyst to date (Catalyst 6, Run 

11677-11, Third Annual Report, Contract DE-AC22-81PC%0077). Spe- 

cifically, the purpose was to test a su~stantially hither level 

o.• 

of cobalt promoted with thorium and ~4. 

The thorium-promoted cobalt o~ide was formed in close contact 

with UCC-103 and further promoted with X%. The resultin8 powder 

was Bonded with 15 percent silics, then extruded to I/8-inch pel- 

lets. The final catalyst contained theoretically 18.8 percent 

cobalt, 2.9 percent thoriu.m and !.7 percent X&. Catalyst 11677- 

L• II, in contrast, contained ~.5 percent cobalt. Catalyst' A, Run 

12185-03, of the First Quarterly Report contained nearly as much 

,.o 

o.° 

.° 

cobalt (17.0 percent) as this one, but no thorium or X 4. 

Conversion, product selectivity, isomerization of the pen- 

rate, and percent olefins of the C~'s are plotted aEainst time on 

stream in Fiaso BI-~. Simulated distillations of the C5 + product 

are plotted in Fits. B5-12. Carbon number product distributions 

are plotted in Fits. B13-20. ChromatoErams from simulated dis- 

tillations are reproduced in FiBs. B21-28. Detailed material 

balances appear in Tables B1-2. 

i 

to about 1.3 at 116 hours on stream; 

- B 5  - 

The specific activity, initially about 2.5, fell off steeply 

.4 

assumlnE this catalyst had 

I' 



, -  ~ .o 

| i I 

the same specific activity ;&r percent cobalt as Catalyst I1677- 

11, it would be predicted to have a specific activity on the 

order of 3.8. Thus, although this catalyst contained four times 

the cobalt concentration of 11677-11, and approxlmately the same 

concentration as Catalyst 12185-03 with the addition of thorium 

and Xd, it ~as substantially less active tha~ either. The 

initial specific activity of Catalyst 12185-03, for example, was 

approximately 8 (but with poor stability). 

Following its initial deactivation, the catalyst appeared 

very stable for the remainlnE 70 hours of the run, but this was 

too short a period to permit reliable conclusions. 

Production of methane was significantly lower than with the 

two other catalysts. Following are the ratios of weight percent 

methane experimentally observed, to weisht percent predicted by 

the mathematical model: 

12185-06 Co/Th/Xd/UCC-103 0.6:1 

11677-11Co/Th/Xd/UCC-IO3+UCC-IOI 1.0:1 

12185'03 Co/UCC-103 1.2:1 

The calculated Schulz-Flory alpha value was fairly high at 

0.86, corresponding to a high wax production of about 12 pe~:cent. 

The Schulz-Flory plots show a falrly linear product distribution 

with little or no observed carbon number cut-off. 

This catalystVs use of cobalt was not very efficient. Its 

selectivity for C5 +, however, was v~ry good, and following the 

initial deactivation period its stabiii~y was, at least poten- 

tially, very good as well. 
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RUN NO. 
CAT~.~ST 
FEED 

RESULT OF SYNGKS OPERATION 

12185-06 

¢OITH/X4-UI03 12006-48 80 CC ~6.76 GM (49,76 AFTER RUN +I3,G) 
H2:CO OF 50:50 @aOOCC/MN OR 300 GHSV 

d 

! 

RUN & SAMPLE NO. 12185-06-01 185-06-02 185-06-04 185-06-05 185-06-06 

FEED H2:CO:AR 50:50:0 50:50:0 50:50:0 
HRS OU STREA~ 20.0 43.0 67.0 
PRESSURE,PSIG 300 300 300 
TEMP. C 26! 241 260 

FEED CCIMI~ 400 400 400 
HOURS FEEDING 20.00 23.00 20.00 
EFFLNT GAS LITER 178.00 219,75 205.65 
GMAQUEOUS LAI'ER 61.73 72.14 56.72 
GH OIL 21.04 30.36 43.50 
MATERL%L PJ%LANCE 

GM A2OMCARBON ~ 76.50 81,50 99.29 95.72 
OM ATOM ffYDROGE~% 82,99 93.20 105,35 100.85 
GM ATOM OXYGEN % 94,35 "94.16 94.73 92.31 

RATIO CHX/(H20-1-C02) 0.5879 0.7027 1.1179 1.0963 
RATIO X I ~ C H X  2.3705 2.3391 2.2829 2.3118 
USAGE H2/C0 PRODT 2.0283 2.0064 1.7109 1.7419 
FEED H2/C0 FRM EFFL~T 1,0849 I,I436 1.0610 1.0536 
P,~:~ZDUAL H2/CO RATIO 0,3812 0.4682 0,4417 0.4816 
RATIO C02/(H20+C02) 0.1666 0.1370 0.1341 0.~304 
K SHIFT IN EFFr.,~'T 0.0762 0.0743 0.0684 0.0722 
SPECIFIC ACTIVITY SA 2.5673 1.9621 2.6727 2.1241 
C01T%'ERSIO~ 

O~ CO % 42.72 43.91 48.79 45.39 
O~ H2 ~ 79.88 77.03 78.68 75.04 
O~ C0+H2 % 62.06 61.58 64.18 60.60 

PZU)Z SELEGTZV/IT,M'~ % 
OH4 12.89 11.16 8.23 9.67 
C2 HC'S 2.42 2 .10 1.58 2 .90  
C3H8 1.91 1 .84  1,44 1.90 
C3H6= 2.63 2.03 1.61 2.18 
C4HIO 2,10 1.96 1.57 1.87 
C4H8= 3,62 2.82 2.19 2.56 
G5HI2 2.85 2.65 2.10 2,43 
C5H10= 1.28 1.17 0,88 1.05 
C6H14 3.03 2 .92  2.22 2.60 
C6H12" & CTCLO'S 1.72 1.37 1.03 1.22 
C7+ ZN GAS 7.47 7.85 6.01 7.68 
LZQ HC'S 58.09 62.13 71,14 64.95 

TOTAL 

3 0 : 5 0 : 0  5 0 : 5 0 : 0  
91.0 116.0 

300 300 
260 260 

'400 400 
24.00 25.00 

258.50 297.64 
62.11 67.19 
42.86 30.69 

89.34 
100.93 

94.90 
0.8463 
2.3668 
1.9720 
1.1297 
0.5965 
0.1119 
0.0752 
1.2304 

38.76 
67.67 
54.10 

12.30 
2.34 
2.63 
2.20 
2.52 
2.73 
3. !0  
1.29  
3.31 
1.26 
9.85 

56.46 

100.00 100.00 100.00 100.00 100.00 

Table BI 
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SUB-OROUPZNG 
CZ -C4 25 .57  21.92 16 .62  
C5 -420 F 38.03. 38.63 31 .09  
420-700 F 33 .52  32.74 32.51 
700-E~D ~T 2.90 6.71 19.78 
CS+-..E~JgD 9T 74.43 78.08 83 .38  

.ISO/NOBMAL MOLE RATIO 
C4 0.0181 0.0181 0 .0185 
C5 0.0531 0.0527 0 .0478 
C6 0 .0962 0.0897 0 .0721 
C4= . 0 .0488 0.0569 0 .0551 

PABA~I~/OLK~'Z~ RATIO 
• C3 0 .6921 0.8685 . 0 . 8 5 2 8 '  
04 0 .5614 0.6710 0 .6900 
C5 2.1656 2.2007 2.3274 

SCHULZ-~LORY DISTRBT~ 
ALPHA (EXP(SLOPE)) 0.8281 0.8523 0.8973 
RATIO C H 4 / ( 1 - A ) ~ 2  4 ,3612 5.1204 7.7949 

LI0 HC COLLECTION 
PHYS.'APPEARANCE CLD OIL 01L WAX 
DE~ITY (~ 40 0) 0 .7410 0.6970 
~,  L~gFIh%CTZVE Z~DE~ 1.4260 1.423 ~ 
SZMULZ'D DISTIL~T~I 

10 ~IT % @ DE(; F 299 299 310 
16 316 320 351 
50 461 483 563 
84 625 661 786 
90 655 710 839 

RANGECI6-84 %) 309 341 435 

~T % @ 420 F 37.30  36.50 26.50 
~ @ 700 F 95.00 89,20 72.20 

OIL  WAX 
0.7730 
3..430* 

2b.op 
35,76 
30.85 
13 • 32 
79,93 

0.0167 
0.0664 
0.0718 
0.0619 

0.8318 
0.?058 
2.2575 

0.8703 
5 . 7 4 1 9  

OIL WaX 
0, 7500 
1. 425:~ 

303. 
342 
516 
737 
802 • 

395 

32 .00  
79.50 

24.73 
39.42 
28.28 

7.57 
75.27 

0.0173 
0 .0631 
0.0810 
0.0686 

1.1378 
0 .8894 
2.3285 

O. 8453 
5.1385 

ozr. WAX 
0.7690 
1. 421 ~ 

300 
339 
484 
673 
732 " 

334 

36 .50  
86 .60  

• i | 
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RUN ~0.  
CATALYST 
FEED 

I - | 

RESULT OF SYNGAS OPERATIOD 

12185-06 
CO/TH/X4-U103 12006-48 80 CC 36.76 GM (49.76 AFTER RUN +I3.G) 
H2:C0 OF ~0:50 @400 CC/M~ OR 300 GHSV 

R',~J& SAMPLE NO. 12185-06-07 185-06-08 185-06-09 

FEED H2:CO:AR 50:50:0 50:50:0 50:50:0 
HRS ON STREAM 140.0 163.0 187.5 
PRE~SURE,PSIG 300 300 300 
TEMP, C 261 260 260 

FEED CCIMI~ 400 400 - 400 
HOURS FEEDING 24.00 23.00 24.50 
EFFLNT ~,%S LITER 285.49 286.37 311.72 
GMAQUEOUS LAZER 64.81 54.01 54.49 
GMO l"r- 33,69 34.54 40,13 
MATERZAE, BALANCE 

GH ATOM CAREO~ % 93.95 94.84 101.63 
GMATO~HYDR~GEN% 102.99 104.32 103.69 
GH ATOM OXYG~% 96.59 "92.51 95.21 

RATIO CHXICH20+G02) 0.9277 1.0724 1,2088 
RATIO X IN CRK 2.3575 2.3471 2.3365 
USAGE H2/C0 PRODT 1.8944 1,7971 1.7218 
FEED H2/CO FR~ EFFL~T 1.0962 I,I000 1.0202 
RESIDUAL H2/CO RATIO 0.5523 0.6273 0.5475 
RATIO CO21(H20+C02) 0o1161 0.1184 0.1216 
K S~IFT IN EFFLNT 0.0725 0.0843 0.0758 
SPECIFIC ACTIVITY SA 1.3883 1.2202 1.4934 
CO~WERSION 

OH C0 % 40.52 40.41 40.26 
0N H2 % 70.03 66.02 67.94 
O~ C0~412 % 55,96 53.82 54.24 

Pm)T SELECT~VZT~,WT% 
CH4 11.80 11.22 10.60 
C2 HC*5 2.21 2.04 2.20 
C3H8 2.55 2.51 2,36 
C3H6= 2.19 1.73 1.93 
C4H10 2.38 2.30 2,27 
C4H8- 2.63 2.24 2.44 
C5H12 3.02 2.87 2,93 
CSHI0= 0.62 0,51 0.55 
CGHI4 3.19 3.07 3.06 
C6H12= & CYCLO'S 1.20 1.01 1.14" 
C7+ IN GAS 9.82 9,19 8.41 
LIO HC'S 58.39 61.30 62.11 

TOTAL 100,00 100.00 100,00 

Table B2 
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SUB-GROUPInG 
C1 -( :4 23 .75  
G5 - 4 2 0  F 3 6 . 8 3  
4 2 0 - 7 0 0  F 25 .74  
700-END 9T 12.67 
C5+--E~0 PT 76.25 

~SO/~ORMAL MOLE RATIo 
C4 
05 
C5 
C4= 

PARAFFIN/OLEFIg RATIO 
C3 
C4 
C5 

SCHULZ-FLOR~ DISTRBT~ 
ALPHA C EXP(SLOPE) ) 
RATIO CH41 (I-A)~-*2 

LZQ HC COLLE&TZO~ 
PHYS. APPEARANCE 
DENSITY (~ 40 C) 
g ,  REFP.ACTZVE Z~/DEX 
SIMULT' D DISTILAT~ 

I0 WT % @ DEG F 301 
16 342 
50 516 
84 749 
90 813 

22.05 21.80 
37.80 36.58 
28.50 27.70 
11.65 13.91 
77,95 78.20 

0.0160 0.0197 ~.0174 
0.0615 0.0543 0.036g 
0,0754 0.0872 0.0677 
0.0687 0,0751 0.0672 

1.1116 1.3819 1,1550 
0.8719 0.9891 0.8985 
4.7111 5.4209 5.1809 

0.8623 0.8628 0,8584 
6.2255 5.9602 6 .1189  

OIL WAX OZLWAX OIL WAX 
0.7620 0.7710 0 7750 
1.4245~ 1.4235= 1.4245= 

301 301 
342 342 
504 515 
727 756 
788 818 

RAHGE(16-84 %) 407 

~T % @ 420 F 32.50 
r,~ % @ 700 F 78.30 

385 414 

34.50 33.00 
81.00 77.60 

Table B2, cone 
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zzz. Run !,] {122oo-o6) ~ i t h  cazaIZ~ 11 {Colucc-lo3) 

The purpose of this run was to test a new method of co~bi~Ing 

cobal~ oxide in close contao~ with UCC-103~ intended to yield a 

more active Fischer-Tropsch catalyst. The cobalt, oxide was ~orm- 

ed in close contact with UCC-I03 using the new procedure. The 

resslt£ng powder was bonded with 15 weight percent silica and 

extruded to.i/B-inch pellets. The final catalyst contained 12.8 

weight percent cobalt. 

Conversion, product se!ect~vity, isomerlzation of the pen- 

~ane, and percent oleflns of the C4ts are plotted against time on 

stream in Figs. B29-32. Simulated distillations of the C5 + pro- 

duct are plotted in Figs. B33-39. Carbon number product distri- 

butions are plotued in Fig~. B40-46. Chromatograms from slmu- 

lated distillations are reproduced in Figs~ B47-53. Detailed ma- 

terial balances appear in Tables B3-4. 

This catalys~ demonstrated some unusual properties not ob- 

served in any previous catalyst. 

Mos~ significant of these was e remarkably high initial syn- 

gas conversion rate of 91.48 percent, equivalent to a specific 

activity of about 12o5. At the end of the 165.5 hour run these 

had deactivated steadily, with an apparent leveling off at the 

very end, ~o 68.49 percent and about 4.0, respectively. 

Another noteworthy property was an extremely high water gas 

- B39 - 
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shlf~ activity. Initially 69 percent of ~he oxyEen was beinE 

con~erted to CO 2. While this also decreased throughout the run 

to a final level of 26 percent, that was still ~wice as hiEh as 

for any previous Innlmanely contacted catalyst. 

Production of methane was vet7 hIEh initially a~ 32 percent, 

decreased to a low of about I0 percent aC 94.5 hours on stream, 
. • 

then rose asaln ~o 16 percent at ~he end of ~he run. The hIEh 

initial value was probably due in par~ to the high H2:CO rstio in 

the reac~or resultln E from the initial hish wa~er Eas shlf~ ac- 

tivity. 

Production of C5 + fluctuated ra~her irresularly. 

The olefln con~enn of the Cd's, Ini~ially around 22 percent, 

rose qulckly to about 50 percent ac 47 hours on stream. Isomer- 

Ization of the pentane was low chroushout the run. The Sch=iz- 

Flory plots were non-llnear for the first three samples, hut ex- 

cept for the usual high methane, were linear for the remainder of 

the run. 

This is an important catalyst for its demonstration of the 

pote=cial for obtaining very high specific actlvlty. The insca- 

billcy bo~h in synsas conversion and in selectivity susses~s uha~ 

~he nature of the catalyst may have chansed drastically durinE 

the course of ~he run. 
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RESULT OF SYNGAS OPERATION 

CATALYST 
FEED H2:CO 

RUN & SAMPLE NO. 

FEED H2:CO:AR 
HRS 04 STREAM 
PRESSURE, PSIG 
TEMP. C 

L ' r ~  ..... ! 
..................... : . . . . . . .  : ~ : : , ; ~  

: : ". . . : ]  .;'~ 

• . .  : .. ": 

, :~' 

12200-06 
CO-U103 12006-55 80 CO 3~.06 GM (45,47 G AFTER RUN +9.410) 

OF 50:50 @400 CCIMN OR 300 GHSV 

12200'06-01 200-06-02 200-06-03 200"06-04 200'06-05 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
22.0 47.0 71.0 94.5 118,5 

300 300 300 300 300 
261 261 261 261 260 

FEED CCIMIN 400 400 400 
HOURS FEEDIHG 22.00 25.00 24.00 
EFFL~TGAS LITEE 191.50 185.55 183,!0 
GHAQUEOUS LAYER 28.47 63.19 67.20 
GH OIL 12.08 36.17 49.00 
MATERIAL BALANCE 

CJ~ATOM CARBON % 91.47 84.85 92.02 
GM ATOM HYOROGEg% 83.91 82~90 90.26 
GMATOM OXYGEN% 99 .70  95 .43  96 .44  

RATIO CHZ/(H20+G02) 0 .8447 0 ,7864 0 .9078 
RATIO X Ig CHX 2.8007 2.4131 2.3169 
USAGE H2/CO PRODT 0,9606 1.3003 1,4147 
FKED H2/GO FEN EFFLNT 0.9173 0.9770 0,9808 
RESIDUAL H21CO RATIO 0.5495 0.2432 0.2159 
RATIO CO2/(H20+CO2) 0.6995 0.4027 0,3178 
K SHIFT IN EFFLNT 1.2790 0.1639 0.1006 
SPECIFIC ACTIVITY SA 12.~050 13.0794 12.3531 
~ONVERSION 

ON CO % 89.46 69.42 63,81 
04 H2 % 93.68 92.39 92.03 
O4 CO+H2 % 91.48 80,77  77.78 

PRDT SELECTIVITY,WT % 
CH4 32.13 15.02 10.09 
C2 HO'S 4.05  1 .97  1 .49  
C3H8 6 .71  2 . 5 2  1 .65  
C3H6= 0 .76  1.95 1.76 
C4H10 6.85 2 .46  1 .86  
C4H8= 2 ,08  3 ,26  2 .84  
C5H12 8 ,37 3 .76  2 .47 
C5HIO= 1.65 2.12 1.65 
C6H14 8,81 4.45 3.03 
C6H12= & CYCLO'S 0.58 1.21 1.07 
C7+ IN GAS 11.26 9,19 5.82 
LIQ HO*S 16.75 52.08 66.27 

400 
23.50 

189.25 
65,49 
49.72 

93.92 
92.63 
95.60 

0 .9632  
2.3112 
1.4679. 
0,9862 
0,2523 
0.2833 
0 . 0 9 9 7  
8,7423 

60.37 
89 .86  
75 .01  

9 .78  
1,41 
1 .70  
1.65 
1.71 
2.50 
2 .34  
1.48 
2 .70  
1.16 
5.39 

68.19 

100.00 

400 
24.00 

214.60 
64.08 
43.97 

93.69 
93.51 
95.79 

0.9515 
2.3660 
1,5101 
0.9980 
0.3282 
0.274& 
0.1241 
5,5424 

56,68 
85.75 
71.20 

12.47 
1.71 
2.18 
1.42 
2.15 
2.31 
2.84 
1.48 
3.24 
1.31 
6,36 

62,53 

100.00 TOTAL 100.00  1~0.00  100.00 

T a b l e  B3 
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S'~-GROUPING 
CZ -C4 52,58 27.19 19.70 18.75 22.24 
(:5 -420 F 43.52 48.44 39.35 37.74 39.05 
420-700 F 2.80 22.60 31.01 30.55 28.39 

700-E~IDPT 1.11 1.77 9.g4 12.96 10,32 
C5+--FJ~ PT 47.42 72.81 80.30 81.25 77.76 

¢SO/~ORMAL MOLE RATZO 
C4 0.0321 0,0113 0,0695 0,0122 0,0166 
05 0,1483 0.0617 0,0535 0.0550 0,0633 
C6 0,3815 0,1431 0,1507 0,1039 0.1176 
C4= 0.2132 0.0568 0.0584 0.0471 0.060? 

PARAFFINIOLEFINEATIO 

I=3 8,3698 1,2358 0,8958 0,9865 1.4682 
C4 3.1793 0.7279 0.6313 0,6613 0.8999" 
C5 4,9340 1,7236 1,4525 1.5407 1.8674 

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0,6845 0,7879 0,8653 0.8732 0.8616 
RATIO CHA/(I-A)**2 3,2282 3,3395 5,5626 6,0800 6,5085 

LIQ HC COLLECTION 

PHYS, APPEARANCE CLD OIL CLD OIL CLD "OIL CLD OIL CLD OIL 
DENSIT?" O. 7287 Q. 7761 O, 7942 O, 7946 0,8108 
N, REFRACTIVE XNDEX 1,4110 1,4200 1,4274 1,4289 1.4274 
SIMULT' D DISTILA.TN 

10 "~T% @ DEG F 210 253 261 275 273 
16 244 270 302 307 303 
50 339 414 485 500 484 
84 453 .573 691 727 706 
90 490 618 748 788 766 

RANGE(16-84 %) 209 303 -3~? 420 403 

WT%@ 420 F 76.70 53.20 38.20 36.20 38.10 
TCZ'% @ 700 F 93.40 96.60 85.00 81.00 83,50 

Table B3, c o n t  
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RUN ~tD. 
CATALYST 
FEED 

RESULT OF SYNOAS OPERATION 

12200-06 
C0-U103 12006-55 80 CC 36.06 GM (45.47 G AFTER RUN +9.41 G) 
H2:CO OF 50:50 @400 CCIMN OR 300 GHSV 

| ~ mm 

. . . . . . . . . . .  :-.~,~.-.-,:~ ",:.~" 

.J , 

. -  , 

RUM & SAMPLE NO. 

FEED H2:CO:AR 
HRS ON STREAM 
PRESSURE~PSIG 
TESP. C 

12200-06-06 200-06-07 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
142.5 165.5 

300 300 
261 261 

Y~,D CC/HIB 400 400 
HOURS FEEDING 24.00 23.00 
EFFT..NT GAS LITER 230.60 223.90 
GMAQUEOUS LAYER 64.22 61.18 
GM OIL 37.24 36.41 
MATERIAL BALANCE 

GHA.TOMCARBOH % 93.95 94.30 
GHA..TO~HYDROGE~'% 93.35 95,43 
GM ATOM OXYGEN% 98.65 97.70 

RATIO CHX/(H204-CO2)' 0.8913 0.9204 
RATIO X IN CHX 2.4173 2.4376 
USAGE H2/CO PRODT 1.5555 1.5688 
FEED H2/CO FRM EFFLHT 0.9936 1.0121 
RESZDUAL H2/CO RATIO 0.3459 0.3677 
RATIO C02/(H20+C02) 0.2703 0.2639 
K SRrZFT IN EFFLNT 0.1281 0.1318 
SPECIFIC ACTZVITYSA 4.3789 4.0024 
CONVERSION 

OH CO ~ 53.55 53.64 
OM H2 % 83.83 83.16 
ON CO+ll2 % 68 • 64 68.49 

PRDT SELECTIV~TY,WT % 
(:HA 14 '97 16.07 
C2 HC'5 2.09 2,11 
C3H8 2.69 2.69 
C3H6= 1.50 1.32 
CAH10 2.59 2.56 
04H8= 2.45 2.20 
C5H12 3.43 3.32 
CSHIO= 1.61 1.45 
C6H14 3.82 3.66 
C6HI2= & CYCLO'S 1.37 1.21 
C7+ IN GAS 7.15 7.04 
LIQ HC'S 56.35 56.36 

TOTAL I00.00 I00 .00 

| 

°° 
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SUB-GROUPZNG 
C1 -C4 26.28 26.95 
C5 -420 F 39.35 39.85 
420-700 F 25.02 25.14 
700-Em) PT 9.35 8.06 
C5+-END PT •73.72 73.05 

Z:~OI~ORMAL HOLE RATZO 
C4 O. 0171 O. 0229 
C5 O. 0618 O. 0721 
C6 0.1249 0.1256 
C4= 0.0691 0.0830 

PARAFFIN/OLEFIN RATIO 

C3 I. 7122 I. 9454 
C4 I. 0178 1.1198 
C5 2. 0749 2. 2226 

SCHULZ-FLORY DISTRBT~ 
ALPHA (EXP(SLOPE)) O. 8523 0. 8479 
RATZO CH4/(I-A)**2 6.8602 6.9509 

LIQ HC COLLECTION 
PHYS. APPEARANCE CLD OIL CLD OIL 
DEN.~IT~ (~t 40 C) O. 7480w O. 7471 ~ 
N, .REFRACTIVE INDEX 1.4276" 1.4210" 
SIMULT' D DISTILATN 

!0 WT % @ DEC F 273 262 
16 303 301 
50 482 472 
84 706 685 
90 767 746 

RANGE(I6-84 %) 403 384 

MT % @ 420 F 39.00 41.10 
W~ % @ 700 F 83.40 85.70 

Table B4, c0nt 
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IV. Run 12 (12185-07) with Catalyst 12 (Cg/Th/X~/UCC-IO3+UCC-IOI) 

This run was an attempt to reproduce the results of Run 

11677-11 of the Third Annual Report of the previous contract. 

The catalyst was formulated in the same way as for that run. The 

thorium-promoted cobalt oxide was formed in close contact with 

UCC-I03, then further promoted with Xd- The resultin8 powder was 

mixed with UCC-IOI in a ,eisht ratio of 1.12511, and the mixture, 

after bondinE with 15 weiEht percent silica, was extruded as I/8- 

inch pellets. The final catalyst contained 4.4 percent cobalt, 

0.6 percent thorium and 0.4 percent X~. 

Conversion, product selectivity, isomer{zation of the pen- 

tane, and percent olefins of nhe CdVs are plotted aEainst time on 

stream in Figs. B54-57. Simulated dlsuillations of the C5+ pro- 

duct are plotted in FiBs. B58-70. Carbon number product distri- 

butions are plotted in FiEs. B71-83. ChromatoErams from simu- 

lated distillations are reproduced in FIEs. B84-96. Detailed ma- 

terial balances appear in Tables B5-7. 

The initial activity was comparable to that of Catalyst 

11677-11. The initial synEas conversion was 50.2 percent for a 

specific activity of 1.2; the values for Catalyst 11677-11 were 

55.5 percent and 0.9 respectively. 

The water Eas shift activity, however, was only one-third 

that of Catalyst I1677-II, with 3 percent of the oxygen converted 

| 
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to C02 as against 9 percent. 

In this run the stability was also inferior. With Catalyst 

11677-11 there was essentially no deactivation throuEhout the 

284.5 hours of the run, whereas this catalyst deactivated at a 

rate of one percentaEe point every 74 hours on stream. The dif- 

ference may be due to an observed differencet determined by ele- 

mental analysis, in the ratios of cobalt to thorium: 

Run 11677-11, ratio cobalt:thorium 27.0:1 

Run 12185-07, " " " 47.6:1 

The initial product selectivity, like the initial activity, 

was similar to that of Catalyst 11677-11, both runs producin8 

about 13-14 percent methane and about 58 percent C5+. The selec- 

tivlty was similarly stable as well, wi~h methane production in- 

creasing at one percentage point every 1300 hours and C5+ produc- 

tlon decreasing a~ one percentage point every 572 hours. In com- 

parison with a mathematical model calculated for Catalyst 11677- 

II, however, the methane production of this catalyst was signifi- 

cantly lower, with a ratio of experimental to ual~ulated methane 

of about 0.7:1 as against about 1:1 for Catalyst 11577-11. 

Except for the loss of stability in this run, possibly due to 

the different cobalt:thorium ratios, and the lower water gas 

shift activity, the two runs compare reasonably well. 
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~:!•~-:~.'~i'-:~..~"!, :/;:.' i .:,i.: " ' 

i~i ~ ' CATALYST COITHIX4-U103~J101 12006-59 250 CC 111.15 G (128.5 G AFTER RU~) 
• Ii, " /  " FEED H2:CO OF 50:50 @ 1260 C C / ~  OR 300 GHSV 

~ RUN & ~ H ~  NO. 12185-07-01 1 8 5 - 0 7 - 0 2  185-07-03 185-07-O4 185-07-05  

• :, ~,, FEED H 2 : C O : ~  

,, PRESSURE, PSIG 
,:~ TEl l .  C 

. °  

.o 

• i. " '  

i 

z 

e '  " i _ "  

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
19.0 43.0 67.0 95.5 211.5 

300 300 300 300 300 
261 261 260 ,260 260 

FEED CC/wnz 1260 
HOURS FEEDIHG 19.00 
EFFLNT GAS LITER 700.35 

AQUEOUS LATER 158.59 
G~ OIL 38.86 
MATERIAL BALANCE 

GH ATOM CARBON % 84.74  
GM ATOM K~'DROGEM % " 91.01 
Ct~ ATOM OX'£GKg % 93.44  

~&TIO C~X] (H20+C02) 0 ,7608 
RATIO Z ZB CH][ 2.3935 
USAGE H2/CO PRODT 2.287~ 
FEED'H2/CO FR~ EFFLZ~ 1.0741 
RESIDUAL H2/C~ RATIO 0.5111 
RATIO C02/(I'1'20,t.C02) 0 .0584 
]: SHII~ IN EFFL.qT 0.0317 
~EOIFIC ACTZVITZ SJ~ 1.1816 
COMVERSZON 

OH CO % 31 .69  
O~ H2 % 67 .50  
ON CO+H2 % 50.24  

PRDT SELECTIV~TY,k~ % 
~ 4  13 .82  
C2 HC'S 2 .g2  
C3H8 4 .06  
C3H6= 2 .87 
C4H10 3 .21  
C4H8= 5 .24  
C5H12 3 .82  
CSI'LI0" #, • 68 
C6H14 4 ,09  
C6H~2= & ~ C L O ' S  2.16 
C7+ IN GAS 16.50  
LIQ HC~S 36.62  

TOTAL 

1260 1260 1260 1260 
2 4 . 0 0  2~ • 00 28 . 50 116 , 00 

9 5 7 . 2 5  981.~5 1193 ,45  5101 .00  
189 . 57 185.49 218 • 36 825 • 96 
53.92 55.77 75.81 279.22 

9 0 . 0 0  90,84 95 .63  96.17 
• "95 . 01 96.04 I01.02 99 . 62 

95.79 96.03 96.81 97.50 
0 .  8198 0,8345 0.  9622 0 .  9542 
2 .4007  2,3985 2 ,3702  2 .3736 
2 .1899  2.1862 2.  0456 2 .0744  
I. 0556 1.0572 I. 0563 I. 0359 
0. 5378 0.5563 0. 5636 0. 583~ 
0. 0592 0. 0553 0. 0566 0. 0498 
0 , 0338 0 • 0326 0 . 0338 0 . 0306 
1 . 0 8 3 3  1.0623 1 .1579  0 .9857  

3 1 . 3 4  30,73 33 .25  30 ,35  
65.02 63.55 64.38 60.77 
48.64 47.60 49.24 45.83 

14.16 13.94 12.32 12.93 
2 , 9 2  2 .94  2 , 4 9  2 .66  
4 . 0 0  4 .09  4 , 3 8  4 .11  
2.8.3 3,15 3 . 2 5  2 .98  
3 , 1 3  3 .18 3 . 7 5  3 • 02 
5 , 2 0  5 • 26 5 • 91 4 • 50 
3 . 6 4  3 .63  3 ,87  3 .41  
4 . 5 2  4 .58  5 . 2 4  a .63  
4 . 0 2  3 .93  3 . 8 2  3 .48  
2 .96  2 .83 3 , 44 3 , 42 

14 . 56 12 • 93 12.00 16 . 12 
3 8 . 0 4  39.55 39 .54  38 .74  

100,00 1 0 0 . 0 0  100.00 100 .00  100 .00  

J] . , . • ,. 
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S~B-GROUPII;G 
C1 -C4 32.13 
C5 -420 F 49.20 
420-700 F 17.03 
700-END PT 1.65 
C5+-.END 9T 67.87 

ISO/~ORMAL~IOLE RATIO 
C4 0.1135 
C5 0.2006 
C6 0.2966 
C4=, 0.0547 

PARA~IN/OLEFI"N 9.A¢/O 
C3 1.3479 
C4 0.5913 
C5 0.7949 

SCHULZ-FLOR~ DISTRBT~ 
ALPHA (EXP(SLOPE)) 0,7724 
RATIO CH4/(1-A)* '~2 2.6673 

32.26 32.56 32 .08  
46.82 45.81 46.76 
17.61 17.99 17;87 

3 .31 3,64 3.28 
67,74 67.44 67.92 

0.0874 0.0858 0.1129 
0.1515 0.1411 0.1249 
0.2364 0.1895 0,0759 
0.0654 0.0633 0.0751 

1.3469 1.2416 
0.5810 0.5827 
0.7839 0.7703 

0.8018 0.8048 
3.6044 3.6590 

1.2857 
0.6121 
0.7172 

0.7970 
2.9893 

30.21 

• i 

~. :. : :~.~'~;~ ~. . 

.. :. ,..'~ 
• ".. ",::~;: 

"" ' *'i 

• .' ~, -.:~. 

49.07 
17.39 

3 ,33  
69.79 

0.0558 
0.1038 
0,1228 
0.0717 

1.3149 
0.6475 
0.7155 

0.7977 
3,1606 

~;~ .~- 
%. .  

¢ u 

% 

. • 

: ' 2  

~o'.' 

°$ 

ALPHA FRM CORRELATION O. 8434 
ALPHA (E][PTL/CORR) O. 9158 

~ff~H4FRMCORREI~TION 16.5927 
b~'H4 (FJ~TL/CORR) 0.8327 
LIQHC CO[LECTIO~ 

PHYS. APPEARANCE CLD OIL 
DEUSZT~ ( *  40 C) 0.7548 
N, REFRACTIVE INDEX 1.4259 
SIMULT'9 DISTZLA.TU 

IOWTS~ DEG F 
16 
50 
84 
90 

262 
300 
423 
596 
641 

0.8410 0.8394 
0.9534 0.9589 

0.8387 
0.9502 

17.3628 17.6464 17,8438 
0.8158 0.7898 0.6goa 

CLR OIL CLR OIL CLR 0 IL .  
0.7567 0.7557 0.7440w 
1.4272 1.4267 1 .4214,  

"271 276 279 
302 302 301 
449 447 441 
644 642 623 
688 690 683 

0.8370 
0.9530 

18.3662 
0.7041 

CLR OIL 
0.7432~ 
1.4205~ 

284 
302 
442 
623 
684 

RANGE(16-84 %) 296 342 340 322 321 

45.30 
90.80 

WT % @ 4 2 0  F 
~T % @ 7OO F 

° 46.50 
91.70 

49.00 
95.50 

~5. O0 
91.30 

46,50 
91.40 

,°" 

°': 

"E': .' 

5 

.: ' . ~  
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~ RUN NO. 
• ' "~ : CATALYST 

FEED 

o. 

. 
o• 

," 

~°: 

-:. 

RESULT OF SYNGAS 0PERATIO~ 

12!85-07 

C01THIX~-UI03+UI01 12006-59 250 CC 111.15 G (128.5 .G AFTER RUN) 
H2:CO OF 50:50 @ 1260 CC/MN OR 300 GHSV 

RU~ & SAMPLE ~0. 

FEED H2:CO:AR 
HE5 ON STREAM 
PRESSURE, P$ IG 
TEMP. C 

12185-07-06 185-0~-07 185-07-08 185-07-09 185-07-10 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
235.5 259.5 379.5 403.5 427.5 

,300 300 " 300 300 300 
260 260 260 260 260 

FEED CC/MIN 1260 1260 1260 1260 1260 
HOURS FEEDING 24.00 24.00 120.00 24.00 24.00 
EFFLMT GAS LITER 1082.40 1089.00 5622.45 1133.60 •1138.00 
G~ AQUEOUS LAYER 165,59 162.4~ 780.33 152.22 152.68 
GM OIL 53.34 52.51 252.60 46 .8 I  45.95 
MATEEIALBALAUCE 

G~&TOM CARBOM % 96.63 9 6 . 3 9  98.13 9a.32 94.56 
GNATOM HYDEOGE~% • 99.26 g9.1~ 100.60 99.46 99.90 
G~ ATO~ OZYGR~r% 98.24 97.81 98.~2 96,79 97.04 

RATIO CEEJ(H20+C02) 0.9430 0.9489 0.9893 0.9060 0,9060 
RATIO X IN~4X 2.3866 2.3889 2.3900 2,Al15 2.#213 
USAGE H2/C0 PRODT 2.0887 2.0884 2.0581 2.1503 2.1543 
FEED H2/CO FE~ EFFLMT 1.0272 1.0286 1.0252 1.0544 1.0565 
8Bs'rnuAL H:2/CO RATIO 0.5913 0.6002 0.6161 0.6604 0.6612 
RATIO 002/(H20+C02) 0.0504 0,0491 0.0478 0.0458 0,0460 
K SHZ~"T Z~ ~FF~T 0.0314 0.0310 0.0309 0.0317 0.0319 
SPECIFIC ACTIVIT~ SA 0.9204 0.8886 0.8~30 0.6975 0 . 6 9 6 4  
CO~FJ~ZON 

ON CO % 29.11 28.79 28.37 26.45 26.~7 
ON H2 % 59.19 58.45 56.95 53.93 53.98 
O! CO+H2 % 44.35 43.83 42,84 40.55 40.60 

PRDT 3ELECTIVZTY,WT% 

CH& 13.58 13.70 13.58 14.8a 15.16 
C2 HC'S 2.8"8 2.76 2.81 2.80 3.19 
C3H8 4.22 4.26 4,53 4.4Q ~.51 
C3H6= 2.95 2.92 3.47 2.96 2.92 
C4H10 3.12 3.15 3.32 3.28 3.41 
04H8= 4.63 4.64 4.71 ~.38 4.56 
C5H12 3.46 3,53 3.60 3.56 3.66 
CSHl0a 4.71 4.75 4.03 A.13 4,00 
C6HIA 3.45 3.56 4.14 3.54 3.53 
C6H12= & CYCL0'S 3.41 3.38 3.47 3.48 3.49 
C7+ ZN GAS 16.46 16.37 17.00 16.06 15.82 
LIQ HC'S 37.12 36.98 35.34 36.57 35.75 

TOTAL 100.00 100.00 100.00 100.00 100.00 

i. 
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~r--.q 

~_.d 

SUB-GROUPING 
C1 -C4 31.40 
C~ -420 Y 48.93 
420-700 F 16~55 
700-E~D PT 3,12 
CS+-Eb'D PT 68.60 

ISO/MORHAL MO~E RATIO 
04 0.0515 
C5 0.1001 
Cfi 0.1263 
C4= 0.0727 

PARAFFZ~/OLEFIJ~ RATIO 
C3 1,3636 
C4 0.6508 
C5 0.7146 

SCHULZ-FLOR~ DISTRBT~ 
ALPHA (EXP(SLOPE)) 0.7937 
RATIO CH~/(I-A)442 3.1905 

ALPHA FRM COR2ELATIOM 0. 8364 
ALPHA CEXPTLICORR) 0 • 9489 

31.44 32.42 32.66 33.75 
48.97 48.92 48.32 46.83 
16,46 15,48 15.61 15.98 
3.1A 3.18 3.40 3.43 

68.56 67.58 67.34 66 .25  

0,060~ 
0.1060 
o.11a3 
0.0718 

1.3952 
0.6559 
0.7219 

0.7944 
3.239~ 

0.0500 
0.0950 
0.2551 
0.0738 

1.2439 
0. 6812 
O. 8687 

o.7899 
3.0761 

0.8344 
0,9467 

19.1893 
0.7076 

OIL WAX 
0.7429* 
1.4201 ~ 

290 
302 
440 
621 
684 

0.0509 
0,0717 
0.1168 
0.0779 

1.4176 
0.7229 
0.8368 

0.7917 
3.4185 

0.8310 
0.9527 

20.2398 
0.7331" 

OZL WAX 
0. 7430* 
1.  41944 

289 
301 
436 
623 
689 

0 .  8357 
0.9506 

T~.J{4 ~RM CORRELATIQB 18.5691 18.7942 
T~.H6 (EXPTL/CORR) 0.7316 0.7288 
LZq HC COLLECTZOM 

PMI'S. A~PEABA~CE CLR OZL CLR OZL 
DB~I'SIT~ (4 40 C) 0.7432* 0 . 7 4 3 0 ~  
~, P.EFRACTIVE ZEDRT 1.4204~ 1.4202" 
SIHULT'D DZSTZLATN 

i0 ~T ~ @ DEG F 288 289 
16 302 302 
50 441 442 
84 620 621 

• 90 682 683 

0.0500 
0.0695 
0.1162 
0.0811 

1.4716 
0.1225 
0.8888 

o.7922 
3,5099 

0.8309 
0.9534 

20.2584 
0.7483 

OIL WAX 
0.7430 4 

293 
308 
~44 
634 
696 

RANGE(16-S4 %) 318 319 319 322 326 

'-.4T % @ 420 F 47.00 47.00 47.20 48.00 45.70 
WZ % @ 700 F 91.60 91.50 91,00 90.70 90.40 

• ,, :..,..r:~[~ 

• ;" :"::':':'~:¢:;'~I: 
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RUN NO. 
CATALYST 
FEED 

t n~wu~-~w-umm~v*m-m m - , - ~ - - - - - - .  

RESULT OF SYNGAS OPERATION 

12185-07 
CO/TH/X4-U103+UIOI 12006~59 250 CC 111.15 G (128.5 G AFTER RUN) 
H2:C0 OF 50:50 @ 1260. CC/HN OR 300 GHSV 

RUN & SANPLE NO. 

FEED H2:CO:AR 
HRS OU STREAM 
PRESSURE, PSIG 
TEHP. 

12185-07-11 185-07-12 185-07-13 

50:50:0 50:50:0 50:50:0 
452 .0  475.5 499.5  

500 500 - 500 
260 260 259 

:.'." 

. °  

° ,  

FEED CCILW~IN 1260 1260 1260 
HOURS FEEDZN~ 24.50  22 .50  25.00 
EFFLNT GAS LITER 1065.70 988.54 1141.36 
GM AQUEOUS LAYER 174.45 159.35 169.85 
GM OIL 56.12 54.92 - 60.80 
MATERIAL BALANCE 

GM ATOM CARBON. % 93.38 93.20 95.93 
GM ATOM HYDROGEN % 97.09 98.60 99.91 
GM ATOM br/'GE/~ % "96.77  96.32 97 .79  

RATIO CHXI (H20+C02) 0.8832 0.8916 0.9335 
RATIO X IN CHX 2.3792 2.3831 2.3814 
USAGE H21CO PEODT 2.1455 ~.1465 2.1047 
FEED H2/CO FRM EFFLEW 1.0398 1.0579 1.0415 
RESIDUAL H21CO RATIO 0.5881 0.6121 0.6181 
RATIO 0021 (H20+C02) 0. 0495 0. 0472 0. 0473 
K SHIFT ZN EFFLHT 0.0306 0.0303 0.0307 
SPECTFZC ACTIVZTY SA 0.5138 0.4842 0.4934 
CO~EESZON 

ON CO % 29.00 29.06 28 .48  
ON ','[2 % 59.84  58 .95  57 .55  
Oh1 CO~'H2 % 44 ,72  44 .43  43 .31  

PRDT SELECTIVITY,WT % 
OH4 13.20 13.29 13.22 
C2 HC'S 2.52 2.71 2.46 
C3H8 4 • 18 4 • 09 4 .21  
C3H6,, 3 .28  3 .16  3 ,23  
C4HI0 3.25 3 .16 3 .25 
C4H8- 4 .82  3 .65  3 .70  
C5H12 3.29 3.20 3.25 
CSHI0= 4.09 3.90 3.92 
C6H14 3.35 3 • 22 3.32 
CGHI2- & CYCLO'S 3.54 3.38 3.42 
C7+ IN GAS 14.63 13.92 14.30 
LZQ HC'S 39.85 42 .33  41 .72  

. o .  

~" I. 

i?fi "'" 

I 

TOTAL 1 0 0 . 0 0  100.  O0 1 0 0 . 0 0  

Table B7 
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SI/S-GROUPIBG 
C1 -CA 31.24 30.06 30.06 
C5 -420 F 47.04 46.24 46,20 
420-700 F 18.13 18.88 18,32 
700-Eked PT 3.59 4.83 5.42 
CS+--E~D PT 68.76 69.94 69.94 

~SO/~0RF, AL MOLE RATIO 
C4 0.0563 0.0569 0.0543 
C5 0.0913 0,0878 0,0874 
C6 0,1148 0.0999 0.1045 
C~= 0.0634 0.0800 0.0774 

PARAFFI~IOLEFI~ RATIO 
C3 1.2179 1,2346 1,2432 
G4 0.6508 0.8346 0,8490 
C5 0.781~ 0.7974 0,8048 

SCH~LZ-FLORY DIS~RBT~ 
ALPHA CEXPCSLOPE)) 0,7931' 0.8064 0,8085 
RATIO CH4/(I-~)~R2 3.0832 3.5446 3.6048 

ALPHA P ~  CORRELATIO~T 0.8367 
ALPHA (EXPTL,'CORR) 0. 9480 

0.8347 0.8343 
0.9661 0.9691 

WC~:H4 FPJ~ COBRELATIOS 18,4878 IS. 0915 19,0114 
W~H4 (EXPTL/CORR) 0,7137 0.6961 0,6951 
LIq HC COLLECTIOn[ 

PHYS. APPEARANCE OIL ~rAX OIL WAX OIL WAX" 
DENSIIT ( *  40 C) 0.7440 ~e 0.7620 0.760 
~, REFRACTIVE T~DEX 1.4198" Io4204~ 1,4210 ~ 
STJ~LZ' D DZSTILAT~ 

i0 WT % @ DEG F 293 291 293, 
16 303 302 305 
50 445 449 451 
84 621 658 666 
90 682 720 736 

RA~TGE(16-84 %) 318 356 361 

WT % @ 420 F 45,50 44.00 43.10 
WT % @ 700 F 91,00 88.60 87.00 

45.50 44.00 43 . ii 
91.'09 " . 8 8 , 5 6  8 7 . 0 0  

Table BT, cone 
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V. Ru.n 13 ~12200-07,) with Catalyst 13,,,,,~Co/Th/X4fUCC-103, } 

The purpose of this run was to try to isolate the effect of 

UCC-IOI in Catalyst 12. As in the preparation of Catalysts 10 

and 12, the thorium-promoted cobalt oxide was formed in .close 

contact with UCC-I03, then further promoted with X~. The result- 

ing powder, after'bonding with 15 percent silica, was extruded to 

1/8-inch pel'lets. The "fi,al catalyst contained 8,3 percent co- 

balt, 1.1 percent thorium and 0.8 percent X 4, 

Conversion, product selectivity, isomerization of the pen- 

Lane, and percent olefins of the C4's are plotted against time on 

stream in Figs. B97-I00. Simulated distillations of the C5 + p r o -  

d u c t  are plotted in Figs. BIOI-110. Carbon number product dis- 

tributions are plotted in Figs. B111-120. ChromatoErams from 

simulated distillations are reproduced in Figs. B121-130. De- 

tailed material balances appear in Tables B8-9. 

The specific activity of this catalyst Was about 2.2, or 

about 1.8 times that of Catalyst 12185-07. But since it also 

contained about 1.8 times the concentration of cobalt, the activ- 

ity per gram cobalt was essentially the same. 

i 

, ; "  
The s t a b i l i t y ,  h o w e v e r ,  was  c o n s i d e r a b l y  p o o r e r .  As e s t i -  

mated  by l i n e a r  l e a s t  s q u a r e s  a n a l y s i s ,  t h e  s y n g a s  c o n v e r s i o n  

d e c r e a s e d  a t  a r a t e  o f  one  p e r c e n t a g e  p o i n t  e v e r y  2 1 . 8  h o u r s ,  

some t h r e e  t i m e s  a s  r a p i d l y  a s  w i t h  C a t a l y s t ' 1 2 1 8 5 - 0 7 .  T h i s  may,  

r 

.- , w  
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however, have been due not so much ~o the absence of UCC-101 as 

to a lower residual H2:C0 ratio in the resctor, 0.~0 versus 0.53 

H2:CO for Catalyst 12185-07. 

The product balance was biased toward the heavier species, 

which is also consistent with a lower residual H2:CO ranlo. With 

both catalysts the ratios of experimentally o b s e r v e d  me~hane to 

methane predicted by the mathematical model are essentially the 

same at about 0o7:1. 

., . .,~ :. "-:.~.~ 
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The Schulz-Flory plots of the product distributions are fair- 

ly linear except for the usual excess of methane. This is true 

for both formulations, with and without UCC-101. Isomerization 

of the pentane was about 6 percent of total pentane produced; 

with Catalyst 12185-07 it was initially 12 percent and decreased 

with time on strea~o 

This run yielded some useful information on the function of 

UCC-101 as an additive~ Its presence apparently has little ef- 

fect on a catalystVs product distribution° The catalyst lacking 

UCC-IOI was less stable, but this may have been an effect of its 

higher activity. 
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