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I. CONTRACT OBJECTIVE 

The objective of the contract is to consolidate the advances 

made during the .previous . contract $.n th e. . 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. 



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 I consists of the preparation of a detailed, non-pro- 

prietary work plan covering the entire performance of the con- 

tract. This work plan was completed in November, 1984. 

Task 2 consists of techno-economic studies that will supple- 

ment those that are presently being carried out by MITRE. These 

studies are tentatively scheduled to be completed by April, 1985. 

Task 3 consists of the optimization of the most promising 

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 the optimization of a UCC process/catalyst 

system based upon a tubular reactor with a recycle loop (i.e., 

the Arge reactor) containing the most promising catalyst devel- 

oped under the Tasks 3 and 4 studies. This optimal performance 
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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 throuzh the twenty- 

fourth month of the contract. 

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

sively to the writing of the Eighth Quarterly Report and the Fin- 

al Technical Report. 
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Ill. ORGANIZATION 

This contract is being carried out by the Catalyst Research 

and Development Group of the Molecular Sieve Technology 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 detai!in~ of the work planned for the other tasks 

in the contract, has been completed. 

B. Task 2 

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

catalyst/process system, is being delayed until the MITRE study 

is completed. , 

It was recommended that both Tasks 2 and 5 (the fina! techno- 

economic study) be replaced by a sequential sensitivity study 

carried out by MITRE. This sensitivity'study would sraphically 

~epresent the differential cost (around the base case cost), ex- 

pressed as differential cents per gallon of motor fuels, for 

ch~S i~ ~h~ bT the operatins parameters of space velocity, 

catalyst life~ methane make, =, C25-C30 carbon cutoff, overall 

conversion, feed H2/CO ratio, reSctor temperature, and reactor 

pressure. 

These differential cost-op~retin~ curves would not oniy 

strikingiy illuminate which of those operatin E parameters have 

the greatest effect on product cost, but they would also be used 

with catalyst performance data and the existing tubular reactor 

design curves to readily obtain an economic worth for each tested 



catalyst for any set of envisioned process conditions. 

C. Tasks 3 and 

The three most important runs reported for this quarter were 

Runs 15, ii and 17. 

In Run 15 replacement of slightly radioactfve hhoria with a 

combination of additives, X 9 and XI0, was very successful. This 

catalyst demonstrated the excellent stability found in Run 6 

(11677-11) of the Third Annual Report of the previous contract, 

as well as a slightly higher specific activity and a lower meth- 

ane make. 

Run II demonstrated the potential use of a new catalyst for- 

mulating procedure to produce catalysts with superior specific 

activities. This catalyst showed a high initial specific activi- 

ty, but lacked stability. A number of subsequent runs th~s quar- 

ter were geared toward incorporating the stabilizing additives 

developed previously. 

In Run 17 iron, instead of cobalt as the Fischer-Tropsch 

a cti~ component, ~as i~tlm~tely mixed into the catalyst with the 

new formulating procedur 9. Unfortunately the catalyst showed 

poor activity. 

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

thirteen other runs reported for this quarter, are listed in Ap- 

pendix A as Runs 10-25. Additional, detailed analyses of these 

runs will be presented in the next quarterly report. 

Such detailed analyses for the runs (1-9) reported for the 

first quarter in a preliminary manner are listed in Appendix B. 



D. Task 5 

The Task 5 process/catalyst optimization work was temporarily 

interrupted by the data preparation work required for the Four - 

teenth and Fifteenth Quarterly Reports of the previous contract. 

E. Task 6 

Since this final techno-economic evaluation is scheduled to 

begin in Fiscal Year 1986, no work was done on it this quarter. 

Additionally, the proposed sequential sensitiv&ty studies re- 

commended for MITRE would satisfy the objectives of this task as 

well as those of Task 2 (see B. Task 2). 
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V. CHANGES 

There were no contract changes during the Second Quarter. 
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V!. FUTURE WORK 

Task 2 will be initiated at the c0mp!etion of the outstanding 

MITRE study. Hopefully, our recommendation that MITRE fulfill 

the requirements of both Tasks 2 and 6 with a sequential sensi- 

tivity study will be accepted by the DOE. 

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

stable catalyst formulations that will have higher specific at- 

tivities and lower methane makes than 40 our present catalysts. 

Task 5 will be devoted to a rough technics! comparison be- 

tween the UCC and Gulf-Badger (as sketchily ~escribed in a 1983 

~ydrocarbon Processina~ article) catalyst/process systems, and to 

incorporating heat generatio~ and heat transfer terms into the ~ 
i 

presently isothermal mathematical model, sothat upper space ve- 

locity limits can be.defined for different operating pressureso 

A. Co Frost 
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Appendix A. CATALYST TESTING 

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

This report is organized around sixteen catalyst tests re- 

ported from January through March 1985, the second quarter of 

this contract. 

A list of the catalysts tested and a description of their 

preparation are shown in Table AI. All but one of the runs (Run 

24) involved catalysts which have cobalt oxide or iron oxide in- 

timately contacted with UCC-I03. The catalyst used in Run 24 

used a newly developed shape selective component, UCC-II3, in in- 

timate contact with cobalt oxide. 

Seven of the catalysts were prepared by the method developed 

in the previous three-year contract (DE-AC22-81PC40077); the re- 

mainder were prepared by a newly developed method. 

An abbreviated table of results for these catalyst runs is 

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

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

tative estimate of stability are listed for each catalyst. A 

more complete report of results and analyses for these runs will 

be presented in the Third Quarterly Report. 
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Table AI. Description of most of the catalysts tested during the second 
quarter. 

Run Catalyst Catalyst preparation 

lO ColThl IuCC-lO3 
(12185-o6) 

I I  

12 

13 

14 

1.5 

16 

17 

18 

~o~rU.~-103 
(1220  

Co/Th/xjucc-io3 
+UCC-101 

co/Th/x4/ucc-!o3 
(12200-07) 

co/Th/x4/ucc-los 
(1220 s) 

Co/X9/XIO/X~/UCC- 
103 (12185-08) 

103 (12200-0g) 

Fe/K/UCC-I03 
(12200-10) 

Fe/K/UCC-IO3 
(12200-11) 

The thorium-promoted cobalt oxide was formed in Close 
conta£t with UCC-103, then further promoted with X 4. 
The res~itins powder, after bonding with 15% silica, 
was extrudedto 1/8" pe!!ets. Pct Co&18.8, pct Th=2.9, 
pct Xd=l.7. 

Coba!t oxide#as formed in close contact with UCC-103 
bye new method. The resulting powder was bonded with 
15% silica and extruded to 1/8" pellets. Pct Co=12.8. 

Theodoric/X4 promoted cobalt o ide wasformed in 
close con~4~with UCC-!O3as described in Run I0; The 
resulting powder'%~smixedwith UCC-IOI in a weight ra- 
tio of 1.125:1, and t~em~xture, after bonding with 15% 
silica, Was extruded as i/8"pel!ets. Pct Co=4.4, pct 
Th---0,6, pct X4=0.4. 

The catalyst was prepared by the method described in 
Run i0 (12185-06). Pct Co=8.3, pct Th=l.l, pct X4=0.8. 

Same catalyst aS Run 3 (12200-07) after attested re- 
generation usin~ H2- 

X 9 and X!0-promotedcoba!t oxidi was formed in close 
contact with UCC-!03, then further promoted with X4. 
The resultin~ powder, after bonding with.15% silica, 
was extruded to 1/8" pellets. Pct Co=8.4, pct X9=0.4 , 
pct XI0=0.5, pct X4=0.8. 

Xg, X_l~, XdTpromo~ed _co~altoxidecata!y~t.was Prepared 
by the method used for Run iI (12200-06). PEt Co=8.4, 
pct Xg=0.4, pct Xio=0.5, pct X4--0.8. 

Potassium promoted iron o~ide was formed in close con- 
tact with UCC-!03 by the method used in Run 11 (12200- 
06). The resulting p0wder, after bonding With 15% sil- 
ica, was extruded to 1/8" pellets. Theoretical pet 
Fe=8.5, pct K=0.2. 

This cata!yst was prepared by the method described in 
Run 17, except that it was calcined at a lower tempera- 
ture. Theoretical pet Fe=8.5, pErK=0.3. 

continued 
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Table AI, continued. 

Run Catalyst Catalyst preparation 

19 Co/Xg/XIo/X4/UCC- Cobalt oxide was formed in close contact with UCC-I03 
103 (12185-09) by the method used in Run II, then further promoted 

with X9, XIO and X 4. The resulting powder, after bond- 
ing with 15% silica, was extruded to 1/8" pellets. 
Theoretical pct Co=II.3, pct X9=0.5, pct XIO=0.7, pct 
X4=1.3. 

20 Co/X9/XIo/UCC-I03 The X 9 and XIO promoted cobalt oxide was formed in 
(12185-11) close contact with UCC-I03 by the method used in Run 

II. The resulting powder, after bonding with 15% sil- 
ica, was extruded to 1/8" pellets. Theoretical pct 
Co=II.9, pct X9=0.5, pct XI0=0.7. 

21 CoTXg/XIO/X4/UCC- The X9, XIO and X 4 promoted cobalt oxide was formed in 
103+UCC-I12 close contact with UCC-103 as described in Run 15. The 
(12200-12) resulting powder was mixed with UCC-II2 in a Weight ra- 

tio of 1.125:1, and the mixture, after bonding with 15% 
silica, was extruded as 1/8" pellets. Theoretical pct 
Co=5.84, pct X9=0.26, pct XI0=0.29, pct X4=1.34. 

22 Co/X9/XIo/X4/UCC- This catalyst was formulated similarly to Run 21, ex- 
103 (12185-12) cept that UCC-II2 was omitted. Theoretical pct Co= 

Ii.0~ pct X9=0.49, pct XI0=0.54, pct X4=2.54. 

23 Co/Xg/XIo/X4/UCC- The UCC-I03 was combined with X 4 before forming in 
103 (12200-13) close contact with X 9 and XlO promoted cobalt oxide by 

the method used in Run II. The resulting powder, after 
bonding wi~h 15% silica, was extruded to 1/8" pellets. 
Theoretical Pct Co=II.5, pct X9=0.50, pct XI0=0.66, pct 
X4=2.21. 

24 Co/X9~XI0/UCC-II3 This catalyst was formulated similarly to Run 20 ex- 
(12185-13) cept that UCC-II3 was substituted for UCC-I03. Theo ~ 

retical pct Co=7.9, pct X9=0.37, pct XIO~0.50. 

25 Co/X9/XIo/X4/UCC- This catalyst was formulated similarly to Run 23, ex- 
103 (12200-14) cept that a different X 4 source was used. Theoretical 

pct Co=7.2, pct X9=0.32 , pet XI0=0.43, pet X4=0.33. 
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Table A2. Preliminary catalyst test results for most of the runs made durin~ 
the second quarter. 

Cata- Total ape- Meth' 
lyst Hours conver- cific ane 
run on sion CH4 wtC5+ % acti- fac- Stabi- 
no. Catalyst stream (CO+H2) wt % vity tot(1) lity 

i0 Co/Th/X4/UCC-I03 43.0 61.6 11.2 78.1 1.99 2.80 Fair 
(12185-06) 187.5 54.2 10.6 78.2 1.53 1.92 

li Co/UCC-103 71.0 77.8 i0.i 80.3 12.54 5.42 Poor 
(12200-06) 165.5 68.5 16.1 73.1 4.01 6.47 

12 Good Co/Th/X4/UCC-103+UCC- 43.0 48.6 14.2 67.7 1.08 3.46 
I0! (12185-07) 499.5 43.3 13.2 69.9 0.50 2.58 

13 Co/Th/X4/UCC-I03 43.5 54.5 9.22 77.9 2.23 1.88 Fair 
(12200-07) 236.5 44.6 11.2 73.2 1.29 2.60 

14 Co/Th/X4/UCC,103 19.5 48.6 8.02 78.3 1.70 1.80 Fair 
(12200-08) 67.8 45.6 11.3 71.7 1.28 2.44 

15 Co/X9/XI0/X4/UCC-I03 45.0 60.5 11.2 74.3 2.44. 2.65 Exce- 
(12185-08) 139.5 56.5 12.6 73.7 2.13 1.55 llent 

358.0 55.7 12.5 71.4 1.87 2.91 

16 Inactive 

17 

i8 

19 

20 Poor 

21 Fair 

Co/X9/XIo/X4/UCC-I03 
(12200-09) 

Fe/K/UCC-103 92.7 21.9 7.9 58.8 0.47 0.52 
(12200-10) 116.7 23.7 8.8 61.0 0.51 0.51 

Fe/K/UCC-103 19.5 18.0 17.6 39.6 0.47 1.12 
(12200-11) 43.0 16.9 18.6 40.1 0.40 1.03 

Co/X9/XI0/X4/UCC-103 24.5 44.8 18.5 58.1 0.74 2.45 
(12185-09) 48.5 42.8 18.1 61.6 0.56 2.11 

Co/Xg/XIo/UCC-103 42.5 85.7 1-2.9 75.2 12.5 5.91 
(12185-11) 115.5 62.1 17.9 66.3 2.31 6.14 

Co/X9/XI0/X4/UCC-103 42.5 44.0 12.6 66.7 1.04 1.28 
+UCC-II2 (12200-12) 163.5 37.9 18.4 63.4 0.61 3.91 

Conditions: 300 psig, 260C, 300 GHSV. 
(I) The ratio of the amount of C}{ 4 actually produced to the amount of CH 4 pre- 

dicted from the Schulz-Fiory equation, [C~4/(I-~)2]. 
~ continued 
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Table A2, continued. 

Cata- Total Spe- Meth- 
lyst Hours conver- cific ane 
run on sion CH 4 C5+ acti- fac- 
no. Catalyst stream (CO+H2) wt % wt % vity tor(1) 

Stabi- 

lity 

22 Co/X9/XIo/X4/UCC-I03 45.5 60.6 12.4 75.6 2.51 4.27 Fair 
(12185-12) 93.5 58.9 12.2 74.8 2.16 3.72 

23 Co/X9/XIo/X4/UCC-103 20.0 52.0 15.2 72.7 1.10 5.68 Poor 
(12200-13) 44.0 41.9 17.4 69.9 0.85 5.92 

24 Co/X9/XIo/UCC-II3 42.5 88.4 18.4 68.6 14.59 6.91 Poor 
(12185-13) 186.5 54.0 18.4 67.1 1.51 5.60 

25 Co/X9/XIo/X4/UCC-I03 44.0 62.6 9.72 79.6 3.72 0.76 Poor 
(12200-14) 140.0 52.6 17.1 67.7 1.54 3.34 

Conditions: 300 psig, 260C, 300 GHSV. 
(I) The ratio of the amount of CH 4 actually produced to the amount of CH 4 pre- 

dicted from the Schulz-Flory equation, [CH4/(I-=)2]. 
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I. INTRODUCTION 

This report presents detailed analyses of the nine catalyst 

test runs which were summarized in the First Quarterly Report, 

and which constituted the major thrust of the work during that 

quarter. 

Seven of the nine catalysts tested were Based on intimate 

mixtures of cobalt and UCC-I03, and two on intimate mixtures of 

X 3 and UCC-I03. Results of each run are compared, as appropr!- 

ate, ~ With those of runs reported earlier. 

Several lines of i~vestigation were explored. Two of the 

catalyst runs tested the effectiveness of the shape-selective 

components UCC-I07 and SI15 on improving product quality, in 

other runs the Fischer-Tropsch active metal X 3 was tested for its 

beneficial replacement of cobalt, X 7 was used as an additive in 

the cobalt system for the potential reduction of excess methane 

production, and a catalyst with a high level of cobalt was 

screened for improving the specific activity. This report also 

describes the first attempted regeneration of an intimatel•y mixed 

cobalt and UCC-103 catalyst. 
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II. Run 1 (12185-01) with Catalyst 1 (Co/UCC-103+UCC-107) 

The purpose of this run was to test the effect of the shape 

selective component UCC-107 on the quality of the Fischer-Tropsch 

product. The catalyst was to be compared with a Co/UCC-103+UCC- 

101 catalyst (Run 12064-02) from the Fifteenth Quarterly Report 

of Contract DE-AC22-84PC70028. 

The cobalt oxide was formed in close contact with UCC-103. 

The resulting powder was mixed with UCC-IO7 in a weight ratio of 

1.125:1, and the mixture, after bonding with 15 weight percent 

silica, was extruded as I/8-inch pellets. The final catalyst 

contained 6.75 percent Co. 

The catalyst was totally inactive. It is not clear whether 

this was due to the method of its preparation, or to problems en- 

countered during the activation procedure. 
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Iii. Run 2 (il2200-01) with Catalyst 2 (XB/K/UCC-IO3+UCC-IO!) 

This run continues the search, begun in the Thirteenth Quar- 

ter of the previous contract, for improvements over the Third An - 

nual Report Catalyst 6 (Co/Th/X4/UCC-~O3+UCC-IOI), which was one 

of the most effective catalysts developed in this program to 

date. The purpose was to test the effect of replacing the cobalt 

with a different Fischer-Tropsch-active metal, X3. 

The X3 mnd~ potassium were formed in close contact with UCC- 

103. The resulting powder was mixed with UCC-IOI in a weight 

ratio of 1.125:'1, and the mixture, after bonding with 15 Weight 

percent silica, was extruded.as i/8-inch pellets. The final cat- 

alyst contafned I.I percent X 3 and 0.45 percent potassium. 

Conversion, product selectivity, isomerizstion of the pen- 

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

stream in Figs. BI-4. Simulated distillations of the C5+ product 

are plotted in Figs. B5-9. Carbon number product distributions 

are plotted in Figs. BIO-14, Chromatograms from simulated dis- 

tillations are reproduced in Figs. B15-19~ Detailed material 

balan=es appear in Table BI. 

During the first 43.5 hours of the run, when the reactor 

pressure was i00 psig, the conversion of CO+H 2 dropped sharply 

from 42.06 percent at 19.5 hours to 15.56 percent at 43.5 hours. 

(From the results of a repeat run--see Run 9--this was apparently 
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due to~ material balance discrepancy resulting from a gas chro- 

matography error.) After 43.5 hours, when ~he pressure was 

raised to 300 psig, the conversion increased to 31.87 percent at 

69.5 hours, then declined to 20.30 percent at the end of the run. 
z 

During the last 48 hours on stream the conversion deactivated at 

a rate of i percentage point every 26 hours. These anomalies, 

coupled with the relatively short duration of the run (164.5 

hours),-make it impossible to form any reliable conclusions about 

the catalyst's stability. 

The specific activity at 69.5 hours on stream was 0.37, as 

against 0.9 for Third Annual Report Catalyst 6 at approximately 

the same time. On the basis of weight percent Fischer-Tropsch 

metal, however, the X 3 in this catalyst was substantially more 

active than the cobalt in Third Annual Report Catalyst 6--0.34 

units of specific activity per weight percent of metal as against 

0.20 units. 

The water gas shift activity was very low, with only about 

0.~ percent of the oxygen converted to C02; the resulting H2/CO 

usage ratio, 2.79:1, was one of the highest observed in this 

study. 

The product selectivity observed for Sample I, showing a pro- 

duct balance of 3.84 percent CH4 and 93.2 percent C5+ , Was prob- 

ably due to errors in gas chromatography analysis. After 69.5 

hours on stream the selectivity was not much different from that 

of a cobalt catalyst. 

As with cobalt catalysts, the production of methane was ex- 
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cessive. From C 3 to about C25 the Schulz-Flory distribution plot 

was almost straight (see, for example, Sample I0, Fig Bl4), 

after which there was an apparent carbon number cut-Off. 

The C 4 product was 80 percent olefins as against 60 perieat 

for Third Annual Report Catalyst 6. Isomerization of the pen- 

tane, however, was much lower, decreasing from about 20 percent 

at 69.5 hours on stream to almost zero at the end of the run~ 

With Third Annual Report Catalyst 6, production of isopentane was 

almost steady at about iO percent of total pentane. 

This catalyst has two desirable properties in its highly ole- 

finic product and its high relative activity per weight percent 

of metal. Judging from this run, however, its product was exces- 

sively high in methane and its stability, except during the last 

4 8  hours of the run, was poor. 
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Fig. B3 
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Fig. B4 

C~ 
C~ 

C~ 

• ",. @= @= 
• W .W @~ 

I 
i 

J / 
! 

/ 
1\ \ 

/ 
/ 

o~ 
r~ 

• 0 

i ° 

-. BII - 



Fig. B5 
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Fig2 B6 
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Fig. B8 
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Fig. B9 
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Table BI 

RUN N0. 
CATALYST 
F~D 

12200-01 
g3/K-UiOS+U10112006=7 80 CC 40.8 (~ (46.�AFT~Rb'~+fi . lG) 
H2:CO 0~ 50:50 6400 CC/;~ OR 300 6Hb"V 

. i  
12200=01-01 200-01-03 200=01-05 200-01-08 200001-10 

Fw~ H2 :CO:ATL 
HP~S ON ~ 

~ 0  C 

HOtRS F~DiNG 
• ~ GAS LXT'~R 
. ~ AQI~0US IAY~ 
.64 OIL 
NAT~IAL BAIANC~ 

GH ATOM ~ N  % 
ATOM h"~RC~ % 

(~ ATe1 OXYGEN % 
RATIO CI-]X/(I ]20-~C02) 
RATIO X 1N CHX 
USAGE H2/CO I~OBT 
FE~.D H2/CO ~ EFFLNT 
R SiDU  HZ/CO P TIO 
RATIO C02/(H20+C02) 
K SH!TT IN HFFLNT 
SPECIFIC ACTIVITY SA 
CONVERSION 
ONCO 
ONH2 % 
ON C0+H2 % 

PRDT SHLECTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4~0 
C4H8= 
C5H12 
CSH!0= 
C6H14 
C6H12= ~ CYCiO'S 
C7+ IN GAS 
LIQ HC'S 

TOTAn 

50:50:0 
19.5 

100 
259 

400 
19.50 

351.10 
21.95 
3.90 

• 117.74 
121.92 
91.65 

2 .6761  
2.0936 
1.4172 
1.0355 
0.8262 
0.0037 
.0.003! 
2.2950 

50:50:0 50:50:0 
43.S 69;S 

100 300 
261 259 

400 400 
24.00 24.00 

473.05 365.40 
19.79 47.55 
1 . 8 2  - 1 2 . 1 6  

93.36 86~S2 
9 3 . 8 7  9t.54 
98.38 96.37 

0.5971 0.6026 
2.4804 2.2846: 
2.8779 2.7788 
1.0054 1.0580 
0.8415, 0.6965 
0.0057 0.0037 

0.0048 0.0026 
0.3761 0.3658 

S0:50:0 50:50:0 
116o$ 164,5 

300 300 
259 259 

400  
24.50 

43!.35 
31.16 

6.59 

89.95 
90.94 
96.64 

0.6106 
2.3598 
2.7893 
1.0110 
0.7745 
0.0046 
0.0035 
0.2093 

400 
48.00 

860.95 
54.49 
11.25 

89.85 
90.47 
95.97 

• 0.6099 
2.3736 

• 2.7946 
1.0069 
0.7919 
0.0051 
0.0041 
0.1849 

35.42 8.05 17.36 11.74 10.73 
48.47 23.03 45.59 32.38 29.79 
42.06 15 .56  31.87 22.12 20.30 

3.84 
0.75 
0.34 
1.18 
0.45 
0.23 
0.89 
1.27 
1.30 
0.52 

82.35 
6.89 

2L39 
3.56 1.34 
1.72 1.15 
6.43 3.58 
2.14 1.70 
8.42 5.73 
3.40 2.46 
6.92 5.76 
5.42 2.65 
2,10 1.87 

24.29 15.53 
14.22 48.02 

1_4_.58 
2.00 
1.52 
4.13 
2.13 
6.11 
2.57 
6.56 
2.84 
2.39 

19.04 
36.12 

15.~8 
1.95 
!.60 
4.54 
2.07 
5.19 
2.35 
6.23 
2.23 
3.25 

19.56 
34 .45  

lO0.OO 100.00 100.00 100.00 100.00 
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Table BI (continued) 

SUB-(;RIX~ING 
C1 -C4 6.79 
C5 -420 F 89.09 
420-700 F 3.13 
700-I~ID PT 0.98 
CS+-END PT 93.21 

ISO/~RMAL Pl)I~ PATIO 
CA 0.3550 
C5 0.8962 
C6 2.1905 
C4- 0.4727 

PARAFFIN/OLEFIN RATIO 
C3 0.2768 
CA 1.9321 
C5 0.6819 

SE]~ILZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE]) 0.7722 
PATIO G-14/(1-A)*.2 0.7401 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, R.EFRACTIVE INDEX 
SII4JLT' D DISTIIATN 

10 k'r t e DEG F 311 
16 337 
50 461 
84 685 
9O 747 

R  ' G C16-84 t) 348 

43.64 
47.35 

8.28 
0.73 

56.36 

o.2656 
0.6455 
1.9643 
0.0566 

0.2550 
0.2455 
0.4777 

0.7385 
3.1273 

332 
359 
456 
579 
622 

220 

23.70 
48.45 
26.41 
1.44 

76.30 

0.1396 
0~2817 
0.4187 
0.0455 

0.3075 
0.285.9 
0.4185 

0.8013 
2.5825 

301 
333 
450 
592 
628 

259 

30.47 
45.51 
21.38 

2.64 
69.53 

0.1056 
0.1362 
0.3089 
0.0437 

0.3515 
0.3360 
O. 3807 

0.8197 
4.4877 

324 
348 
485 
656 
698 

308 

31.93 
43.96 
19.29 
4.82 
68.08 

0.0000 
0.0000 
0.0000 
0.0000 

0.3360 
0.3228 
0.3664 

0.8290 
5.3259 

338 
363 
497 
687 
733 

324 

wr t @ 420 F 40.20 36.70 42.00 33.50 30.00 
kT t e 700 F 85.70 94.90 97.00 92.70 86.00 
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zv. Run 3 (12185-02) with catalyst 3.(c0ixvlucc-!03+ucc-£ol) 

The purpose of this run was to test whether it fs possible to 

reduce the product'ion of~methane~.which hasbeen unacceptably 

high with the coba!t catalysts tested to date~i by the use of a 

metal additive, in this case X7. The cata!yst is to be compared 

with Third Annual Repor V Catilyst 2, (Co/Th/UCC-IO3+UCC-IOI~ Run 

I 1 6 7 7 - 0 9 ) . .  ~ 

The X7-promoted Cobalt • oxide was formed in close contact with 

UCC'I03. The resulting powder was •mixed'with UCC-IOI in a weight 

ratio of 1.125:1, and the mixture, after bonding with 15 Weight 

percent silica, was e x t r u d e d  as ila-<~ch p e l l e t s  , The final cat- 
,. °. 

alyst contained 6.5 percent cobalt and 1.3 percent • X 7. 

i 
Conversion, product selectivity, isomerization of the pen- 

tane, and percent olefins of the C4~s are plotted against time on 

stream in Figs. B20-23. Simulated distillations of the C5+ pro- 

duch are plotted in Figs. B2~-27. Carbon number produqt distri- 

butions are plotted in Figs. B28-3i. Chromatograms from simu- 

!ated distillations are reproduce4 in Fiss~ B32-35. Detailed 

material balances appear in Table B2. 

The specific activity peaked at 0.40 after 41.1 hours on 

stream~ the specific activity of Third Annual Report Catalyst 2, 

at approximately the same time Qn Stream, was 1.3. The duration 

of the run was too short for reliable conclusions as to long term 

: "-B29 - 



stability. From an approximation based on a linear least squares 

analysis of the last 48 hours of the run, the catalyst deacti- 

vated at a rate of one percentage point every 14 hours~ Third An- 

nual Report Catalyst 2, during the first 120 hours, deactivated 

at a rate of one percentage point every 24 hours. 

The water gas shift activity was extremely low, with only 

about 1.3 percent of the oxygen rejected as CO 2 and the remainder 

as H20 , for an unusually high usage ratio of 2.6:1. With Third 

Annual Report Catalyst 2, 9 percent of the oxygen was rejected as 

C02, and the usage ratio was about 2.0:1. 

The selectivity was fairly constant, although again the short 

duration of the run rules out any firm conclusions. The product 

in general was much lighter than that of Third Annual Report Cat- 

alyst 2:43.6 percent CI-C 4 as against 34.7 percent, 10.7 percent 

diesel fuel as against 16.7 percent, and gasoline nearly the same 

at about 45 percent. The differences appear to be due primarily 

to a depressing effect by X 7 on the catalyst's conversion of syn- 

gas, elevating the ratio of hydrogen to carbon monoxide in the 

reactor to 0.73:1, as against 0.41:1 for Third Annual Report Cat- 

alyst 2, leading to ~ values of 0.769 and 0.789 respectively. 

To assess the effect of the additive X 7 on methane produc- 

tion, the mathematical model reported in Contract DE-AC22-81PC- 
/ 

4007 was applied. The ratio of weight percent CH 4 was calculated 

as 

exp/corr = 0.875:1 

where "exp" is the weight percent CH 4 actually produced and 



"corr" is the weight percent predicted by the model. This is 

slightly less than the value of 1.176 calculated for Third Annual 

Report Catalyst 2. 

Both the isomerization of the pentane and the olefin content 

of the C 4 were about the same as with Third Annual Report Cata- 

lyst 2. Aside from the high methane production, the Schulz-F!ory 

,plots show a fairly linear product distribution. " . 

In this catalyst the additive X 7 did reduce the methane pro- 

duction slightly--an effect which was, however, nullified by a 

drastic loss of activity. 
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Fig. B21 
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Fig. B22 
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Fig. B24 
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Fig. B25 
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Fig. B26 
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Fig. B27 
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Fig. B28 
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Fig. B29 
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Fig. B31 
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Table B2 

RESULT OF SYNGAS OPERATION 

P.UN NO. 
CATALYST 
FEED 

12185-02 
CO/XT-U103+U101 12006-34 250 CC 119.GH (115. AFI~RUN -4. G) 
H2:CO OF 50:50 01260 CC/~ OR 300 GItSV 

S LE NO. 

F~DH2:CO:AR 
HRS ON STRFAM 
P~ESSUR£,PSIG 
TEHP. "C 

12185-02L01 185-02-02 185-02-03 185-02-04 
m m l l n s l m n  m l m l l B l l m  u l l m m m l s a  B u l n l ~ s S  

50:50:0 50:50:0 50:50:0 50:50:0 
17.5 41.1 65.4 89.5 

300 300 300 300 
261 261 261 261 

FEED CC/HIN 
HOURS FEEDING 
EFF12~ GAS LITER 
(24 AQUEOUS LAYER 
(~ OIL 
MATERIAL BAIANCE 

(24 ATOM CARBON % 
GM ATOM HYDROGEN % 
~4 ATOM OXYGEN % 

P~TIO CHXI(H20+CO2) 
RATIO X IN CHX 
USAGE H2/CO PRODT 
FEED H2/CO FRM EFFLNT 
RESIDUAL H2/CO RATIO 
RATIO C02/(H20+C02) 
K SHIFT IN EFFI/Cr 
SPECIFIC ACTIVITY SA 
CONVERSION 

ONCO% 
ONH2 % 
ON CO+H2 % 

PRDT SELECTIVITY;WP % 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4H10 
C4H8- 
C5H12 
C5H10= 
C6H14 
C6H12- ~ CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 

1260 1260 1260 1260 
17.50 23.51 24.30 24.10 

874.30 1178.90 1217.55 1239.25 
92.94 155.57 149.34 122.77 
14.40 28.07 22.11 20.05 

88.88 90.64 88.85 90.51 
93.43 101.65 98.90 96.58 
94.65 98.66 96.56 94.71 

0.7368 0.6985 0.6907 0.8020 
2.5879 2.5117 2.5479 2.5557 
2.5615 2.6005 2.6232 2.4307 
1.0512 1.1214 1.1131 1.0671 
0.7064 0.7288 0.7580 0.7404 
0.0186 0.0170 0.0188 0.0220 
0.0154 0.0126 0.0141 0.0166 
0.3732 0.4037 0.3736 0.3641 

18.59 20.98 19.90 19.53 
45.29 48.65 46.89 44.03 
32.27 55.61 34.12 52.08 

22.61 19.21 20.86 21.11 
4.00 4.05 4.10 4.07 
5.87 5.16 5,77 6.12 
2.41 2.20 2.44 2.48 
4.71 4.01 4.34 4.62 
3.95 3.75 5.95 3.57 
5.71 4.80 5.16 5.50 
3.17 3.38 3.78 3.90 
6.99 5.72 5.97 5.86 
1.08 1.11 1.24 1.22 

17.04 18.22 19.10 20.01 
22.46 28.43 23.51 21.55 

100.00 100.00 100.00 100.00 
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Tebie B2 (continued) 

C1 -C,~ 
C5 ,.420 P. 
420=700 F 
700=E~D P"/ ' 
C3,~=,~ID F /  

C4 .• ' 
C3 • 
C6 
C,~ 

C3 
C4 
C5 

SCH~Z-!:iDRY OI~] 

~ T z o  ~4/Cz-A)~z 
LIQ HC C~L!~CTIC~ 

" D~;5I~ 
N~ R~'RACTY~'~ IN'B~( 
SD~LT~D DISTILA~ 

50 
84 
%0 

e.~m~(ze=e4-~), 

ET ~ ~ 420  F 
l ~  ~ ~ 700 F ' 

45055 ...... 38°35 
44°62 44o9~ 
10.71 15044 
1;12 '1.25 

5 6 ~ 4 5 .  ~.' 61055  

0o1176 0.0895 
0o1624 0.1151 
0o4511 005271 
0.033! ' 0o0471 

203219 2.2567 
1.1508 1,0598 
1.7516 1.5787 

0 0 7 4 6 ~  0.7695 
3.5261 3o6114 

CLDOiL CLDOXL 
,0.7554 007570 
1,4259 1;4259 

502 305 
328 .. 332 

-. 426 448 
:559 601 
6~6 642 

231 259 

47.50 41.50 
95000 95 .60  

. 4 1 . 4 5  
44045 
1 2 . 3 6  

.. 1.75 
58.55 

0.079~ 
0.0923 
0.2953 
0o0515 

2.2571 
1.0502 
1.3265 

0 o 7 8 i 5  
4.5738 

CLROIL 
0°7580 
1.4270 

304 
338 
457 
635 

": 677 

297 

3 9 0 5 0  
92.50 

4!.9~ 
45.00 
11.13 

58002 

0 0 0 7 4 5  
o.0e4~ 
0.1697 
0;0664 

2.3~42 
1.2485 
1.3703 

0.7839 
4.5!96: 

CLROIL 
0 . 7 5 7 ~  
1.4269 

504 
539 
457  
649 " 
692 

5!0 " 

59.50 
91.20 

'M : 

"" ..'; 
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V .  Run 4 (12185-03) with Cata lys t  4 (Co/UCC-103) 

The purpose of this run was to test the effect on catalytic 

activity of a relatively high ~oncentration of cobalt in intimate 

contact with UCC-I03 alone, omitting any other metal additives or 

Molecular Sieves. 

The cobalt oxide was formed in close contact with UCC-I03, 

and after bonding with 15 weight percent silica the mixture was 

extruded as I/8-inch pellets. The finalcatalyst contained 17.0 

percent cobalt. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. B36-39. Simulated distillations of the C5 + pro- 

duct are plotted in Figs. B40-4g. Carbon number product distri- 

butiohs are plotted in Figs. B50-59. Chromatograms from simu- 

lated distillations are reproduced in Figs. B60-69. Detailed 

material balances appear in Tables B3-4. 

The catalyst was activated and run at an initial reactor 

pressure of I00 psig, which was raised to 300 psig about half-way 

through the run. During the first half, at 100 psig, the calcu- 

lated specific activity was extraordinarily high, as much as 

15.3, and calculated conversion at 19.25 hours on stream was 71.9 

percent. The mathematical model used to determine specific ac- 

tivity, however, is based mainly on 300 psig pressure tests and 
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breaks down under large changes of pressure. A more realistic 

value was obtained during the last half of the run at 300 paid.: 

at 138.5 hours on stream, after 24 hours at 300 pslg, the specif- 

ic activity was S.0. . 

in agreement with.previous tests of~catalysts lacking the 

stabilizing additives thorium and X4, .the stability was poor. As 

estimated by least squares analysis, the rate of deactivati-0n 

during the-first 1i4 hours on stream, at 100 paid, was one'per- 

centage point every.31.8 hours. During the rest of therun, at 
• .. , , 

300 pslg, 'it 8cdeleratedsharply to one percentage point every 6 

hours, while the specific activity plummeted from8.0 at 138.5 

hours to 1.8 at234.5 •hours. T h e  greatly acce!erated.deactiva- 

tion at 300 psig may havebeen due to the lower residual ratios 

of hydrogen tO carbon monoxide resulting from theobserved inn 

crease in conversion. . - .  

, The pr'oduct se!ecti~!ty e!so deteriorated rapldiy with time 

on stream.. During the first 114.3 hours, at !00 psis~methane 

production rose from 18.8 to 21.4 percent, equiva!ent, by linear 

least squares analysis, to a rate of increase'of one percentage 

point every 40.5 hours. When the pressure was raised to 300 psig 

themethane production dropped to 8.0 percent, then rose again to 

20.2 percent at the end of the run--an estimated rate Of •increase 

of one percentage point every 6.8 hours. . " 

Production of.C5÷ followed a similar (complementary) pattern. 

During the first 114.5hours on stream the C5+ portion of total 

product decreased from 66.1 to62.7 percent, an estimated rate of 
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decrease of one percentage point every 30 hours. When the pres- 

sure was raised to 300 pslg it jumped to 81.2 percent, then de- 

creased to 66,4 percent at the end of the run, an estimated rate 

of decrease of one percentage point avery 6.0 hours, 

Approxlmately 20 percent of the Oxygen was'rejected as C02, 

roughly twice as high as usual for catalysts of this type. The 

H2/CO usage ratio was correspondingly low, in the range of 1.6 to 

1.9. 

The olefin content of the C41s fell from 56 percent butene 

initially to 50 percent after 114.8 hours. When the pressure was 

raised to 300 psig the butene content increased to 60 percent, 

then decllned during the rest of the run to about 42 percent at 

the end. Isomerlzation of the pentane at 100 pslg was constant 

at about 10 percentt and at 300 psig dropped to about 5 percent. 

.Aside from the excess methane, the Schuiz-Flory plots once again 

show a fairly straigh~ line product distribution. 

This test.has demonstrated that substantially higher activity 

may be obtained by confining the catalyst to a single Molecular 

Sieve and raising the concentration of the metal component. But 

additives are still needed to improve the catalystls stability. 
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Fig. B38 
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Fig. B39 
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Fig. B41 

I L i i I I I I l l l  

"! !i11 
0 Q 

0 

8 
qpl  

0 

OOT O0 08 OI OT 0 O& Oe N ~ N 

- B58 - 



Fig. B42 
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Fig. B45 
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Fig. B47 
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Fig. B48 
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Fig. B51 
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Fig. B52 
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Fig. B53 

? 

Plot of  the Nydrocarbon 

Product Distribution 

for  Sample L~185-03-0~ 

I1" • 0 0  

O 0  

V1 "- "" 

i 
! 

0 

0 

0 

0 
0 

10 16 20 
Carbon Number 

• @ ° 

i, 
! 

3O 

- BTo - 



Fig. B54 

T'I 

l~et of th~ Nydr~:m_~ 

~du~t D~tr1~u~om 

f o r  SaZmple ~185-S3--0~ 

o. 
! 

R a 

o 

@ 

@ 0 

e 
0 .  

8 

0 ~  
0 

0 

® .  
0 

0 

0 

® 

Q 

® 

0 

@ 

0 
• . 

0 

C~rbom N ~ b ~ "  

O 

O 
® 

O OO 
@ 

" - B 7 1  - 



Fig. B55 
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Fig. B56 
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Fig. B57 
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Table B3 

RITN NO" 12185=03 
CATALYST CO/VI03 
F~D H2:CO 

F ~  H2 :CO:DR 
~ ON 5q'RYAM 
~ = P S I G  
Ta~. C 

R.~ULT OF ff'fNGAS OPEblTiON 

12006=38 80CC 32.56 (~ (31.92 G AFT~Rb~ -.4G) 
OT 50:50 e400CC/~ Oil 300GF~'V 

12185=03o01 185=03=02 185-03-03 185-03=04 185-03=05 

50:50:0 50 :50 :0  50 :50 :0  50:50:0 50:50:0 
19.25 43.25 65.50 91.50 114.50 

100 100 100 I00 100 
262 261 261 26! 261 --  

FInD CC/MiN 400 400 400 
HOURS F~DING 19.25 24.00 23.50 
EFTI21T GAS LIT~ 180o96 226.43 227.11 
(~ A~m_OUS LAT~ 55.29 67.72 65.41 
G~ OiL 25.42 31.54 30.00 
MAT~IAL BALANCE 

GM ATOM CAR.~N % 91.76 92°44 94.08 
G~/ATOM HYIROG~ % 100.07 100.87 101.71 
G~4 ATOM OXYG~ % 96°74 94°94 95.26 

RATIO CHX/(H20-~,C02) O° 89!7 0. 9435 0.9729 
RATIO X IN CHX 2.4949 2.5039 2.5111 
USAG~ H2/CO PRODT I. 5979 1.6154 1.6185 
FEHD H2/CO FRM EF~2CT 1.0905 1.0912 1.0811 
RESIDUAL H2/CO RATIO 0.3933 0.3869 0.3825 
RATZO C02/(H20.~C02) 0.2646 0.2513 0.2470 
K SHIF/" IN EFFLNT 0.1415 0.1298 " 0.1255 
SPECIFIC ACTIVITY SA 14=5010 15.3414 15.225i 
CO--ION 

ON CO % 57.88 57-33 56.52 
ON H2 % 84.81 84.87 84.62 
ON CO+H2 % 71.93 71.70 71.12 

Y~)T S~,~.CTiViTY~Wi" % 
CH4 18.817 19.17 19.43 
C2 HC'S 2.97 3.15 3.20 
C3H8 3.33 3.54 3.83 
C3H6= 2.61 2.42 2.56 
C4Hi0 2 o 75 2.88 3.03 
C4H8= 3.42 3.19 3.24 
C5H12 4.30 4°55 4,.63 
CSH!0= 2.21 2.14 2.18 
C6H14 4,, 41 4.57 4.72 
C6TLI2= ~ CYCLO"S 0.96 0.88 1.24 
C7÷ IN GAS 9.21 9.78 10.01 
LIQ HC'S 44.95 45.75 41.92 

400 400 
25.00 23.00 

247.45 229.35 
70.48 65°25 
30.51 26.67 

93.93 92.66 
~102.04 101.53 
\\ 95.79 95.95 
0.9568 0.9241 "M 

2o5210 2.5492 
1~@640 1.6948 
1o0863 1~09S7 
0.3908 0~3984 
0.2304 0,2270 
0.1170 0.!170 

13.8321~ 13.0229 \ 

54.63 53.78 
83.68 ~3.20 
69.75 69.16 

19.9s n . 4 3  
3.33 5.60 
3.78 3.81 
2.40 2.09 
3.06 3.29 
3.15 3.10 
4.69 4.10 
3.10 2.84 
4,,78 4.84 
1.25 1.22 
9.45 9.43 

41.07 40.25 

TOTAL 100.00 100.00 100.00 100000  100.00 

'*% 
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Table B3 (continued) 

SUB-gR0~INS 
C1 -C4 33.95 34.34 35.29 35.66 
C5 -420 F 42.00 43.35 43.95 44.42 
420-700 P 21.62 19.16 17.98 17.46 
700-~1D PT 2.43 3.15 2.77 2.46 
C5÷-]~1I) Fr 66.05 65.66 64.71 64.34 

I S O / N O ~  MC)LE RATIO 
C4 0. 0144 O. 0166 0.0170 0:0177 
C5 O. 1069 0.1073 0.1160 0.1153 
C6 O. 2147 O. 2573 O. 2258 O. 2347 
C4- O. 1090 O. I175 O. 1268 O. 1270 

PARAFPIN/OLEFIN RATIO 
C3 1.2155 1.3975 1.4298 1.5050 
C4 0.7754 0.8713 0.9025 0.9379 
C5 1.8884 2.0630 2.0709 1.4702 

S~ULZ-FLORY DISrRB'IN 
ALPHA CEXPCSLOPE)) 0.8118 0.8154 0.8050 0.7991 
RATIO CH4/(I-A)**2 5.3268 5.5086 5.1102 4.9445 

LIQ HC COLLECTION 
PHYS. APPEARANCE CLR OIL CLR OIL CLR OIL CLR OIL 
DENSITY 0.7518 0.7500 0.7487 0.7480 
N, REFRACTIVE INDEX 1.4226 1.4225 1.4220 1.4223 
SIMULT'D DISTILATN 

I0 WT % @ DEG 1= 256 254 253 253 
16 295 290 288 287 

• 50 433 422 419 415 
84 608 619 603 594 
90 653 670 659 648 

37.32 
43.76 
16.66 

2.25 
62.68 

0.0181 
0.0796 
0.2433 
0.1376 

1.7417 
1.0252 
1.4043 

0.7961 
5.1531 

CLROIL 
0.7473 

1.4214 

252 
284 
410 
588 
643 

RANIS(16-84 %) 313 329 315 507 304 

1iT % i! 420 1 = 46.50 49.00 50.50 51.50 53.00 
I~ t e 700 1= 94.60 92.80 93.40 94.00 94.40 
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Table B4 

RESULT OF SYNGAS OPERATION 

RUN NO. 
CATALYST 
FEED 

12185-03 
CO/U i03  1 2 0 0 6 - 3 8  80 CC 3 2 . 3 6  GM ( 3 1 . 9 2  
H2:CO OF 50:50 @4.00 CC/MN OR 300 GHSV 

RUN & SAMPLE NO. 12185-03-06 185-03-07 185-03-08 

FEED H2:CO:AR 
HRS ON STREAM 
PRESSURE,PSIG 
TE~2. C 

50:50:0 50:50:0 50:50: 0 
138.50 162.50 186.50 

300 300 300 
259 258 259 

FEED CC/NIN 400 400 
HOURS FEEDING 22.00 24.00 
EFFLNT GAS LITER 166.90 194-.50 
GM AQUEOUS LAYER 77.00 81.64 
GM OIL 41.07 42.76 
MATERIAL BALANCE 

GM ATOM CARBON ~ 84.89 85.27 
GM ATOM HYDROGEN ~ 95.80 94.59 
GM ATOM OXYGEN ~ 95.87 95.28 

RATIO CHX/(H20+C02) 0.7796 0.7862 
RATIO X IN CHX 2.3132 2.3212 
USAGE H2/CO PRODT 1.7759 1.8639 
FEED H2/CO F~%I EFFLNT 1.1286 1.1093 
RESIDUAL H2/CO RATIO 0.2809 0.2997 
RATIO CO2/(H20+C02) 0.1863 0.1561 
K SHIFT IN EFFLNT 0.0643 0.0554 
SPECIFIC ACTIVITY SA 7:9890 6.5!28 
CONVERSION- 

ON CO ~ 56.70 51.76 
ON H2 ~ 89.22 86.96 
ON CO+H2 ~ 73.94 70.27 

PRDT SELECTIV!TY, WT 
CH~ 9.77 10.22 
C2 HC'S 1.79 1.89 
C3H8 1 ; 6 0  ~.~4 
C3H6= 1.72 1.50 
C4H10 1.61 1.57 
C4H8= 2.26 2.07 
C5H12 2.33 2.20 
C5HI0= 1.14 1.01 
C6Hi4 2.78 2.59 
C6Hi2= & CYCLO'S 1.23 1.07 
C7+ IN GAS 5.91 6.06 
LIQ HC'S 67.86 68.29 

TOTAL I00.00 I00.00 
SUB-GROUPING 

C1 -C4 18.76 18.78 
C5 -420 F 39.51 38.54 
420-700 F 34.33 34.55 
700-END PT 7.40 8.13 

400 
24.00 

244.35 
70.56 
30.76 

85.04 
99.09 
94.17 

0.7836 
2.4791 
i. 8615 
1.1653 
O. 5275 
0.1791 
O. 1151 
2.3665 

47.81 
76.37 
63.18 

17.87 
2.95 
2.93 
1.25 
2.74 
2.01 
3.48 
I. 19 
3.72 
0.57 
7.22 

54.06 

100.00 

29.76 
38.62 
"27.62 
4.00 

G AFTER RUN 

185-03-09 

50:50:0 
214.00 

300 
259 

400 
27.50 

323.35 
69.03 
32.69 

92.90 
101.04 
96.67 

0.9001 
2.5252 
1.7538 
1.0877 
0.5476 
0.2026 
0.1391 
2.0494 

44.77 
72.20 
59.06 

20.18 
3.29 
-3.28 
1.15 
2.98 
1.91 
3.67 
1.92 
4.20 
0.59 
8.12 

48.71 

100.00 

32.8o 
38.32 
25.04 
3.85 

- .4G) 

185-03-10 

50:50: 0 
234.50 

300 
259 

400 
20.50 

259.10 
53.44 
22.08 

96.!2 
103.71 
102.02 
0.8473 
2.5272 
I~8!i0 
1.0791 
0.5538 
0.1907 
0.1305 
1.8239 

41.78 
70.12 
56.49 

20.19 
3.32 
3.43 
1.31 
3.14 
2.18 

4.05 
1.31 
4.78 
1.0! 
9.57 

~5.71 

i00.00 

33.58 
39.68 
22.67 
4.07 
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Table B4 (continued) 

C5+-END PT 81.24 81.22 
ISO/NORMAL MOLE RATIO 

C4 0.0154 0.0154 
C5 0.0421 0.0421 
C6 0.0959 0.0805 
C4= 0.0683 0.0659 

PARAFFIN/OLEFIN RATIO 
C3 0.8900 0.9834 
C4 0.6871 0.7328 
C5 1.9951 2.1091 

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8589 0.8614 
RATIO CH4/(1-A)**2 4.9114 5.3161 

LIQ HC COLLECTION 
PHYS. APPEARANCE CLD OIL CLD OIL 
DENSITY (@40 C) 0.7020 0.6655 
N, REFRACTIVE INDEX 1.4620 1.4270 
SIMULT'D DISTILATN 

I0 WT ~ @ DEG F 267 277 
16 306 309 
50 472 483 
84 660 669 
90 711 719 

70.24 

0.0215 
0.0582 
0.0873 
0.1208 

2.2342 
1.3165 
2.8506 

0.8272 
5.9829 

CLD OIL 
O.7211 
1.4239 

275 
306 
454 
621 
670 

67.20 

0.0194 
0.0593 
0.1343 
0.1256 

2.7102 
1.505S 
1.8608 

0.8267 
6.7189 

0IL WAX 
0.6541 
1.4236 

284 
308 
457 
632 
679 

66.42 

0.0188 
0.0525 
0.1244 
0.1180 

2.5029 
1.3890 
3.0048 

0.8264 
6.6978 

OIL WAX 
0.6499 
1.4240 

289 
307 
454 
643 
691" 

RANGE(16-84 ~) 354 360 315 324 336 

WT ~ @ 420 F 38.50 37.50 41.50 40.70 41.50 
WT X @ 700 F 89.10 88.10 92.60 92.10 91.10 

NEW FORMAT AUG 29,84 
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Vi. Run 5 ~.12200-02).with..,,Cetalyst 5 (co/ucc-!03) 

This catalyst is the same as CatalYst 4 in all respects ex- 

cept.that it was activated at 300 psi S H 2 instead of i00 psig. 

Temperature (260C) and H2:CO ratio (I:!) were the same as in the 

previous run. 

Possibly due to equipment malfunction durin E the activation 

procedure~ in this run the catalyst was totally inactive. It was 

retested in Run 6. 
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VII.  Run 6l,l(12200--93~ with Ca t a ly s t  6 (qo/UCC-103) 

This catalyst is identical to Catalysts 4 and 5, and it was 

activated under conditions identical to those in Run 5 (260C, 1:1 

H2:CO , 300 psig H2). 

These are the same conditions under which cobalt catalysts 

are normally activated; and the same catalyst, when activated at 

I00 pslg H 2 in Run 4, was highly active initially. 

Yet once more, as in Run 5, in this run it was totally inac- 

tive. There is no readily apparent explanation for this anoma- 

lous result. 
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VIII. Run 7 (12185-04) with Catalzst 7 (Co/UCC-I03) 

This run constitutes the first attempt in thepresent program 

to rggenerate a cobalt cataiyst which has been tested and deacti- 

vated in another run. The catalyst used is the spent cetai~st 

remainin s from Run 4 (12185-03), which was regenerated under 5 

percent oxygen in nitrogen, reactivated under i00 psi hydrogen, 

and placed on stream under a reactor pressure of 300 psig. 

Simulated distillations of the C5+ product are plotted in 

Figs. B70-71. Carbon number product distributions are plotted in 

Figs. B72-73. Chromatograms from simulated distillations are re- 

produced in Figs. B74-75. Detailed material balances appear in 

Table B5. 

The conversion of the original catalyst in Run 4, after • 234.5 

hours on stream, was only 56.49 percent. In this ran the initial 

conversion was substantially lower still, at 43.16 percent. This 

attempted regeneration failed to improve the catalyst's conver- 

sion, and based on the calculated specific activity it was only 

one-third as active as in its original ~tate. 

In one respect only, the production of methane, did regenera- 

tion improve the catalyst's performance. Comparison of the meth- 

ane make by the method described in the report of Run 3, the 

"exp/corr" ratio of weight percent methane was 0.80:1, as against 

a ratio of 1.16:1 in the catalyst's original state. The pr0duc- 
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tion of C5 + was about the same initially as in the catalyst's 

original state, but decreased with time on stream; and the butene 

content of the C 4 was less than 5 percent, as against about 42 

pencent in the catalyst's original state. 

Aside from the useful reduction of the methane product, this 

first attempt at regenerating a spent cobalt catalyst with oxygen 

has been unsuccessful. 
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Fig. B73 
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Table B5 

I~ULT Of: SYNGAS O.P~TiON 

RUN N0. 
CATALYST 
F~ 

12185-04 
CO=U!03 12006=38 80 CC 32.36(~4 C31.92 G ~ R L ~  -.4G) 
HZ:CO OF 50:50 ~400CC/'~ 0R300 

RUN ~ SAMPLE NO. 

F~D H?. :CO..AR 
HP~ ON STR//H 
~ ~ P S X G  
Th'HP. C 

12i85-04-0i185-04-02 

50:50:0 50:50:0 
22.00 46°00 

300 300 
260 262 

F~D CC/HiN 4O0 4O0 
HOURS FEEDING 22.00 24.00 
KFFI.NT GAS LiY'~ 300.30 408.20 
GM AQUEOUS LAY~ 52,48 40;97 
GM 0iL 14.61 8o 46 
MATERIAL BALANCE 

GH ATOM CARBON % 84.82 90.74 
GM ATOM HYDROGEN % 100.47 104o$7 
GM ATOM 0XYG~ % 91.66 gS. 31 

RATIO (~E[/[H20+C02) 0. 7667 0 ° 7933 
RATIO X IN CHX 2o 5055 2.5567 
USAGW H2/CO I~ODT 2.5054 2.4950 
FR'~ H2/CO FRM EFYI2~ 1.1845 1.1524 
RESIDUAL H2/CO RATIO 0.6990 0.8258 
RATIO COZ/(H20÷CO2) 0.0117 0.0100 
K SHIFT IN ~FLNT 0.0083 0.0085 
SPECIFIC ACTIVITY SA 0.6953 0.3465 
CO--ION 

ON CO % 26. gl 19. 57 
ON H2 % 56.87 42°36 
ON CO+H2 % 43.16 51.77 

PRDT S~CTIVITY~WT % 
CH4 16o93 19.52 
C2 HC'S 2.60 5.23 
C3H8 5.98 6.61 
C3H6= 0.21 0.26 
C4R10 6.07 6.81 
C4H8= 0.30 0.23 
C5Ht2 6.96 7.85 
CSH10= 0.21 0.06 
C6H14 6.93 7.76 
C6H12= ~ CYCLO'S 0.03 0.00 
C7÷ IN G~ 12.65 19.76 
LIQ HC'S 41.15 27.91 

YOTAL I00.00 I00.00 
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Table B5 (continued) 

SUB-Gt0UPII;G 
C1 -CA 32.09 36.66 
CS -420 F 44.04 46.04 
420-700 F 20.37 15.24 
?O0-]DiDFT 3.50 2.07 
C S + l ~  67"91 63.34 

ISO~NOI ,EI~TI~ ' \  
CA 0.0254 0.0259 
C5 0.0527 0,0312 
C6 0.0551 0.0477 
CA- 0.0000 0.0000 

P.q~I~IN/OL~INP~TIO 
C3 27.3531 23.9636 
C4 19.3933 28.5972 
C5 31.9762 127.6000 

~ - F L O R Y  DISTRB~ 
.~]x~C~PCSI,O~)) 0.8044 0.7923 
RATIO~44/(I-A)ee2 ' 4.4272 " 4.5246 

LIQ HC GOLLECrION 
PHYs. Ae-e~.~c~ OIL WAX CLD OIL 
]3ENSITY 0.7518 0.7415 
N, REPRA~IVBINDEX 1.4252 1.423S 
SD4/LT'DDISTIIATN 

lo 'dr t ! DFuGP 301 305 
16 313 344 
SO 4S3 457 
84 622 626 
90 683 674 

RANGE(16-84 t )  309 282 

k T t  0 420 F 42.00 38.00 
k ' l ' t  e 700 F 91.S0 92.60 
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iX. Run 8 (12200-04) with Catalyst 8 (Co/Th/X4/UCC-!03+SII5) 
-/- 

This catalyst was prepared to test the effect of 8115 (sili- 

calite) as a second Molecular Sieve° This is essentially the 

same catalyst as the Third Annual Report Catalyst 16 (Run 11677- 

ii) of. the previous contract DE-AC22-81PC40077, except that the 

UCC-101 has been replaced by SI15 . . . .  • o " C "  " "  

The thorium-promoted cobalt oxide was formed in close contact 
f "  • " "2 

with UCC-I03, then further promoted with X 4. The resulting pow- • 

der was mixed with SI15 in a weight ratib" of i.i25:i, and the . 

mixture, after bonding with 15 weight percent silica, was extru- 

ded as I/8-inch pellets. The final catalyst. contained'4.4 per- 

cent cobalt, 0.6 percent thorium, and 0.4 percent X 4. 
., . ; 

C o n v e r s i o n ,  p r o d u c t  s e l e c t i v i t y ,  i s o m e r i z a t i o n  o f  t h e  p e n -  
. . : .  . "  " . . -  , . 

tane, and percent olefins of the C4's are plotted against time o,n 

s t r e a m  i n  F i g s .  B 7 6 - 7 9 .  S i m u l a t e d  d i s t i l l a t i o n s  o f  t h e  C5+ p r o -  

d u c t  are -plotted ~-n -F-igs-. B80-88. -C-a-r-Don-~r~ber product distri- 

butions a r e  p l o t t e d  i n  F i g s .  B 8 9 - 9 7 .  C h r o m a t o g r a m s  f rom s i m u -  

l a t e d  distillations are reproduced in Figs., B98-I06. Detailed 

material balances appear in Tables B6-7. 

Excluding the first data point, at 18.5 hours on stream, the 

catalyst deactivated during the remaining 288 hours of the run at 

a rate of one percentage point every 52~.6 hours. With Third An-- 

nual Report Catalyst 6, in contrast, there was no measurable loss 
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of activity after the first 115.5 hours on stream. The differ- 

ence is believed to 5e due, not to the substitution of $115 for 

UCC-101, but to differences in intimately combining the metal- 

UCC-103 component. 

The specific activity, initially 1.12, declined to 0.75 at 

the end of the 306.5 hour run. These levels are comparable to 

those calculated for Third Annual Report Catalyst 6, which, were 

0.97 after 115.5 hours on stream, and 0.89 at the end of the run, 

284.5 hours. 

About 6 percent of the oxygen was converted to CO2, as 

against about 9 percent for Third Annual Report Catalyst 6. The 

usage ratio of this catalyst was a little higher. 

Like the conversion, the product selectivity failed to match 

that of Third Annual Report Catalyst 6 in stability. Methane 

production rose from 10.1 percent after 42.5 hours to 13.4 per- 

cent after 306.5 hours. Fluctuations in the reactor temperature 

make it difficult to calculate the rate of increase precisely, 

but it can be estimated, from a linear least squares analysis, at 

about one percentage point every 140 hours. For the Third Annual 

Report Catalyst 6 the rate oflncrease was estimated at one per- 

centage point every 3700 hours, although the quantities actually 

produced during the run were a little higher than those of the 

present catalyst. Production of C5 + was likewise a little less 

stable than with Third Annual Report Catalyst 6. 

When the two catalysts are compared at about 115 hours on 

stream, the product of this catalyst was slightly heavier, with 
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an a of 0.826 as against 0.806. ' The C5 ÷ was 72.2 percent Of to- 

tal'product.andthe he~vies 5.9 percent, aS a~ainst 69.3 and2.9 

percent respectively for ThirdAnnual Report Catalyst 6o The 

product-from C 5 to 700F, however, was essentially the same for 

both at about 66 percent. + 

0ne+encoura~in~ "result Of this run is the lower methane pro- 

ductiono" Asaincomparin~ the two catalysts at about 115 hours on ~' 

stream~ the ~exp/corr" ratlo of weiaht percent methane produced 

by this catalyst (.as calculated by themethod described in the 

report of Run 3) was 0,69:1 as a~ainst 0,92:1 for Third Annual 

Repor~ Catalyst 6, in the product of this cataiyst~ therefore~ 

the excess of methane~ over and above that which would be expect- 

ed from a linear eztrapo!ation of the Schu!z-Flory p!ot~ has been 

substantially+reduced.- . 

Otherwise there are no noteworthy differences between the 

productsof the two catalysts° They were alike in butane content 

of the C4's (about 60 percen.t)~ in iS0merization of the peutane~ 

aud in aromatic coutent the C5-3S0C Sasolina fraction Class 

than one. percent)~ and aside fro~ the excess of methane the 

Schu!z-Flor~ plots S ho~ falrly iin•ea~ product distributions for 

both. . .  + .  

The substitution of SI15 for UCC-lO! in the formulation of 

this catalyst had no significant effect on mo~orfuel quality. 

The catalyst did sho~ improvement inreducin~ themethane make 
" + + ' ' [ ~ W + " ' W k M + = = W l "  . ~ :  r "  " ~  " ' + k  ; '  " : '  

but lacked good stability. +, '+ . 
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Fig. B76 
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Fig. B77 
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Fig. B78 
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Fig. B79 
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Fig. B80 
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Fig. B82 
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Fig. B83 
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Fig. B84 
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Fig. B86 
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Fig. B88 
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Fig. B95 
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Fig. B96 
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Table B6 

OF OPBATZON 

R ~ I ~ .  12200=04 
CATALYST C0/TH/X4~UIOS~SIIS-H~ 250 CC 132.77 ~ (147.9 G A.~Rtr~ ) 

H2:CO O~ 52°7:47.5 8 1 i95CC/~ OR3OO(~SV 

F ~  I~:C0:A~ 

~~PSIG 
T~IP° C 

F ~  CC/MIN 
F~DING 

Z~:I/~T GAS LIT2~ 

HATg~IAL BAIANC~ 
GH ATOH ~ N  % 
(~i ATOM HY�ROGEN % 
(~ AT@40XYC4~ % 

RATIO C-~I(H20~C02) 
RATIO X IN CHX 
USAG~ H2/CO I~ODT 
FE~D H2/CO ~ EFH2~ 
P/SiDUAL H2/CO RATIO 
RATIO C02/(H20~C02) 
K SHXF/ IN 
SPECIFIC ACTIVITY SA 
CONVERSION 
0NC0% 
0NH2 % 
ON C0~H2 % 

P2DT SELECTIVITY,WT % 
CH~ 
C2 HC'S 
C3H8 
C3H6= 
C4PD.O 
C4H8= 
C5H!2 
Csmo= 
C6Hi4 
C6H12-- ~ CYC!O' S 
C7~ IN C~.S 
LXQ HC' S 

12200=04~01 200°04-02 200-04-03 260-04°04 200-04-05 

52:47: O 
18.50 

3O0 
259 

1195 
1 8 . 5 0  

408.20 
173.72 
62°31 

6L70 
88.86 
76.53 

0.7858 
2.3553 
2.1894 
1.4624 
0.6818 
0.0643 
0.0458 
1.3371 

5 2 : 4 7 : 0  
42°50 

300 
256 

1i95 
24000 
7~5.05 
209.90 

67.65 

85~ 17 
93°78 
94°37 

0.7598 
2.3169 
2.2886 
1.2267 
0.6272 
0.0450 
0.O282 
1.0565 

52:47:O 
• 68.00 

300 
259 

1195 
25.50 

8 4.55 
215.85 

68°94 

52:47 :0  
90.50 

300 
260 

1195 
22.50 
840.25 
182.02 

71.66 

89.33 9 8 ° 9 0  
96oll 97;52 
96.56 102.21 

0.8099 0.9092 
2.3901 2.5562 
2.1844 2.0743 
1.1987 1.0985 
0.6176 0.5558 
0,0624 0.0502 
0.0411 0.0356 
0.9526 1.0178 

5 2 : 4 7 : 0  
-114o$0 

300 
262 

1195 
24.00 
890.00 
202.81 
79.34 

100.20 
98°47 

104.60 
0.8854 
2.3695 
2.0757 

• L0949 
0.5315 
0'0687 
0.0592 
1.0016 

51.78 36°09 37.09 35.75 
77.52 67.32 67.59 67.49 
67.07 53.30 53.71 52.36 

36.49 
69.17 
53.57 

11.~3 10oG6 
2.23 2.29 
3.59 2.99 
1.92 2.48 
2.88 2.51 
3.51 3.76 
3.51 3.05 
3.53 3.13 
3.63 3.30 
1.70 1.94 

.10.49 16o10 
51.78 4~o40 

13.20 t t . ~ 9  12.10 
2.85 2.96 2.71 
3.87 3.44 3.49 
2.64 2.70 2.58 
5.29 3.06 3.09 
3.9i 3.77 3.80 
3.96 3.59 3.77 
3.05 3.72 3.68 
4.17 3.78 4.12 
1.85 2.28 2.64 

13.53 11.18 9.54 
43.67 47.85 48.49 

100000 100.00 100.00 100.00 100.00 
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Table B6 (continued) 

SUB-GROUPING 
C1 -C4 25.56 24.09 29.76 27.51 
C5 -420 F 53.21 50.02 45.57 45.22 
420-700 F 19.36 23.23 20.61 22.73 
700-ENDPT 1.86 2.66 4.06 4.55 
C5+-ENDFI' 74.44 75.91 70.24 72.49 

ISO/~IORK~I,I~LERATIO 
C4 0.0338 0.0310 0.0257 0.0266 
C5 0.1013 0.0941 0.0878 0.0892 
C6 0.1252 0.0915 0.0906 0.0980 
C4- 0.0930 0.0763 0.0889 0.0869 

PARAFFIN/OLEFINRATIO 
C3 1.7880 1.1528 1.3994 1.2156 
C4 0.7907 0.6450 0.8134 0.7843 
C5 1.0245 0.9471 1.2546 0.9647 

SO~.,Z-FLOR¥ DISIRBTN 
(EXP(SLOPE)) 0.7892 0.8144 0.8191 0.8238 

RATIO Oi4/Cl-A)**2 2.5721 2.9232 4.0326 3.7332 
LIQ HC COI/,ECTIOH 

PHYS. APPEARANCE OIL WAX CLR OIL CLR OIL OIL WAX 
DENSITY (* 8 40 C) 0.7459 0.7535 0.7564 0.7431" 
N, REFRACTIVE INDEX 1.4195 1.4232 1.4243 1.4187" 
SD4ULT' D DISTILATH 

10WT t @ DEG F 247 273 284 295 
16 259 299 301 306 
50 384 440 451 451 
84 553 614 644 643 
90 602 658 690 695 

27.76 
45.09 
21.24 
5.92 

72.24 

0.0254 
0.0863 
0.0997 
0.0914 

1.2916 
0.7852 
0.9966 

0.8259 
3.9933 

OIL WAX 
0.7572 
1.419" 

287 
301 
450 
662 
725 

RANGE(16-84 %) 294 315 343 337 361 

WI" % 6 420 F 59.00 46.50 43.50 43.00 44.00 
WT % e 700 F 96.40 94.50 90.70 90.50 87.80 
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Tab-le B7 

PaSU~T OF S ~  O~m~XTXO~ " 

No. 122oooo  
~TAL~ co/'n-I/~4-~o3~s~ls-H~ 250 cc 132o77 @~ {14L9 G ~ ~j'~; ) 
]F][~ IJ,2:CO 0~: 52o7:47.3 @ 1195 CrC/I,~,IOR 300 

R%m ~ S~@L~ NO° 

I ' ~  ON STRF.~ 

~ D  C C Y ~  
FEEDING 
GAS LITE~ 

GM Aq_mOUS !A~ • 
@4 OiL 
MAT~IIAL BAIANCE 

GM ATOM CARBON % 
~4 AYOM HY/~OGEN 
@4 ATOM OXY(~ % 

RATZO CHX/(H20~C02) 
• RATIO X IN CHX 
USAG]~ H2/CO l~OV2 
Fm~D H2/C,,O F ~  EI=FI~ 
RF.S!DUAL I'm/CO RATIO 
RATIO C02/(K20÷CO2) 
K SHIH IN ~FFU~T 
SP~CZFZC ACTXVITY SA 
C0~;v'~Si0N 

0NC0 % 
0NH2 %. 
ON CO+H2 %. 

I=XDT SHLECTIV!TY~WT % 
CH4 
C2 HC~S 

C3H6= 
C4HI0 
C4H8= 
CSH!2 
C5H10= 
C6H14 
C6H12= ~ CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 

12222-04=06 200-04-07 200-04-0~ 200-04a09 

52:47:0  52:47:0 52:47:0 52:47:0 
114.5 258~5 282~5 306.5 

300 300 300 300 
259 257 263 262 

1195 119S 1195 
30.00 114.00 24.00 

1097.00 4690.05 940.20 
251.14 845.50 191.80 
100.12 329.29 71.44 

1195 
24.00 

951.35 
188.97 

69.07 

93.08 
97.54 
99°52 

0.8260 
2.3508 
2.2114 
1.1676 
0o6147 
0.0449 
0.0289 
0°8808 

99.68 99.7S 97.83 
98°78 99°37 99.22 

103.17 103o92  102.92 
0.8956 0.8849 0.8567 
2.3745 2°3975 2,4022 
2.1394 2.1137 2o1595 
1.1041 1.1099 1.1301 
0°6268 0o58S3 0 .6186  
0.0469 0.0611 0°0S66 
0.0308 0 . 0 3 8 !  0.0371 
0.8374 0.7614 0.7084 

34°63 
65.58 
51.30 

31.55 34.33 
61.14 65.37 
47.08 50.66 

33.19 
63.43 
49.23 

11.08 
2.31 
3o13 
2.35 
2.9! 
3.32 

3 .55  
2.19 
3.89 

• 1.59 
9.2.8 

54.40 

12.20 13.25 
2.71 2.87 
3.$5 3.80 
2.72 2;62 
3.27 3.50 
3.56 3.67 
4.03 4.17 
2.16 2.35 
4.32 4o51 
1.78 2.22 

11.65 10.90 
48°08 46.16 

13.42 
2.77 
3.89 
2.48 
3.55 
1.88 
4.19 
2.47 
4.47 
2o17 

11.80 
46.9 i  

100.00 100.00 100.00 100.00 
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Table B7 (continued) 

SUB-GROUPING 
Cl -C4 
CS -420 P 
420-700 P 
700-Eql) PT 
CS+-END PT 

ISO/NORHAL MOLE RATIO 
C4 
C5 
C6 
C4- 

PARAFPIN/OLEPIN RATIO 
C3 
C4 
C5 

S(H/LZ-PLORY DISTRBTN 
(exPCs~Pe)) 

RATIO ~4/(I-A)*'2 
LIQ HC COLLECTION 
PHYS. APPPARANCE 
DENSITY (* e 40 C) 
N, REFRACTIVE INDEX 
SD4/LT' D DISTILATN 

IOWT % # DEGP 
16 
SO 
84 
90. 

P,.~GE( 16-84 t )  

t e 420 F 
I~T t e 200 P 

25.10 
41.83 
27.53 

5.5S 
74.90 

0.0277 
0.0829 
0.0835 
0.0880 

1.2721 
0.8474 
1.5735 

0.8288 
3.7771 

OILWAX 
0.7420* 
1.4186" 

282 
300 
448 
641 
702 

341 

45.50 
89.80 

28.00 
44.12 
23.17 
4.71 

72.00 

0.0235 
0.0757 
0.0767 
0.0912 • 

1.2479 
0.8866 
1.8152 

0.8221 
3.8555 

OILWAX 
0.7837 
1.4185" 

298 
308 
453 
642 
697 

334 

42.00 
90.20 

29.70 
43.53 
21.00 
3.77 

70.30 

0.0238 
0.0810 
0.0906 
0.0960 

1.3863 
0.9202 
1.7231 

0.8238 
4.2684 

OIL i Ca J( 
0.7816 
1.4196" 

297 
309 
455 
666 
731 

357 

42.00 
87.50 

27.99 
45.74 
21.16 
5.11 

72.01 

0.0242 
0.0650 
0.0810 
0.1970 

1.4982 
1.8221 
1.6488 

0.8201 
4.1480 

OIL tCa, X 
0.7734 
1.4194" 

296 
306 
452 
647 
709 

341 

44.00 
89.10 
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X. Run 9 (12200-05)with Catalyst 9 (X~/K/UCC-!O3÷UCC-IO!) 

This catalyst is the same as Catalyst 2, being rerun to vet- 
. ° • 

ify the suspiciously hish initia! C5+ activity obtained in Run 2. 

The simulated distillatlon of the C5+ product from one sample 

is plotted in Fi E . B107. The carbon number product distrlbutlon 

ofone sample is plotted in Fig. ~ BI08. A chromato~ram from the 

simulated distillation of one sample is reproduced in Fis. B109. 

Detailed material balances for one sample appear in Tab!e Ba. 

After 22 hours on stream the conversion was 14.0 percent& 

The apparent 42.1 percent conversion at,19.5 hours on stream~ ob- 

tained in the earlier~ run, is believed to have been Sue to a gas 

analysis error. 

... 
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Fig. BlOT 
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Fig. BI08 
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Table B8 

C.AT.~LYST 

~ T  OY SYN~CA$ O?HRATiON 

1 2 2 0 0 - . 0 S  

X3/K-UI03~J!01 12006=54 80 CC 36=83~4(37~0 AF/J~ RL~ +.I7G) 
H 2 : C O  OF 50:50 ~400 C.~/F~ .OR 3 0 0  GHSV 

E ~ I  ~ S.~'~IPLE NO. 1 2 2 0 0 0 0 S - 0 . ¢  

H 2 : C O : , ~  5 0 = 5 0 : 0  . . . . . . . . . . . . . . . . . . . .  .. . . . . .  : , 
E ~  ON STRT/M 2 2 . 0 0  . . . . . . .  ' ' .::, : 
PRT.SStJI~ ~PSXG . . . .  1 0 0  . : .-~..  

F'~o  C 2S3 " ' ~  :" . . . . .  

CClmN 400 
HOb'RS TJ~HDING , 22°00 
E Y T L ~  GAS L H ' ~  -. 4 1 6 0 ! 0  
GM AqU~0US LA~J~: : "., i. 1 5 . 5 2  : -. 

OIL ' 1 . S l  )j.-- :. ~ .... 
iUAT~iAL BAIANCE .... :'~ -'::" ...... . . . . . .  . ." %.. 

@~ ATO~4 ~ % 88026.  - -  . . . .  " . . . .  . -  .: ~ 
GM ATe4 H'~J~,OG~q % 8g, 00 ........ ".. 
(~4,ATOM OX"YGE~T % • 92,~2 . " :"": " " 

RATIO CH~/(H20->CO2) 0. 5 8 3 9  ...... - .... " . ~. . 
l:~aZiO X iN CHX 2 . 3 1 8 8  ..... .:i.:~.."-. 
USAG-~ H2/CO PRODT 2o 84S7 .......... -" ,,'~ 

H Z / C O  ~ ~ 1 . 0 0 8 4  "- ~': . " 
RESIDUAL H2/C0 PATIO 0o 863S ," ~,'-.-" ,-" ': 
RATIO C02/(H20-~C02) 0 . 0 0 4 0  ; "  • ' 
E ~IF/ IN ]~-i%NF O. O03s  .~ 
SPeCIFiC ACTiViYY SA 0 . 5 6 2 !  
C O ~ i ~  ., ', 

ON CO % . 7.31 
ON H2 % 20.62 
ON C05H2 % 15.99 

S m , W . C i ' M T Y ~ I ~  -% 
CH4 12.92 
C2 I'-~' S 2 .15 
C3H8 1.44 " 
C3H60 5 . 0 6  
C 4 ~ 0  . 2 . . 5 1 . .  ". ... ..: : . : .  " . 
C4H80 6.47 
C5H12 3.86 
CSF£0= 5=4,5 
C6H!4 6 . 0 0  
C6H!20 ~ CXCLO'S 2.10 
C7+ I N  G . ~  3 6 0 9 3  
LIQ HC'S !5o12 

TOTAL 1 0 0 . 0 0  



Table B8 (CONTINUED) 

SUB-GROUPING 
C1 -C4 30.54 
CS -420 F 59.93 
420-700 F 8.39 
700-]~DPT 1.13 
CS+-ENDPT 69.46 

ISO/NORMALMOLERATIO 
C4 0.4022 
CS 1.02S3 
C6 2.4380 
C4- 0.0471 

PARAPPIN/OLEPINRATIO 
C3 0.2712 
C4 0.3745 
CS 0.6897 

SCtttn~-l~ORY DISrRB~ 
( ]~(SLO~))  0.7446 

RATIO CH4/(1-A)**2 1.9806 
LIQHCCOI//CTION 

PHYS. APPPARANCE CLDOIL 
DENSITY (" 40 C) N/A 
N, ~ C T I V E  INDEX 1.4279* 
SIMJLT'D DISTILATN 
10WT % e DHG P 341 
16 368 
SO 4S2 
84 S77 
9O 644 

RANGECI6-84 t )  209 

~T % e 420 F 37.00 
wr % e 700 F 92.50 
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. XI. SUMMARY 

Results of the nine tests conducted during the quarter have 

provided insights into the deve!opment of the intimately contact- 

ed, cobait/UCC-103, class of catalyst which should prove useful 

in guiding future work. 

Attempts at improving motor fuel quality by the incorporation 

of second shape-selective components into the cobait/UCC-!03 cat- 

alyst were unsuccessful. Problems with the testing of a UCC-IOT- 

containing catalyst were inconclusive, but a catalyst containing 

SI15 showed no improved product quality. The metal additive X? 

was shown to have beneficial effects in reducing the production 

of methane, although it also greatly depressed the catalyst's 

conversion activity. 

The advantages of replacing cobalt as the active Fischer- 

Tropsch metal with x 3 was investigated. The X 3 catalysts showed 

desirable propert~es~ ~he hi%hly ol~f~n&c p~o~u~ ~ ~he hi,h- 

er relative activity per weight percent metal; however, the cat- 

alyst produced excessive methane and showed poor stability. 

A catalyst containing 17 percent cobalt produced an initial 

specific activity Of 8; at the usual cobalt levels of 4 to 7 per- 

cenn, the initial specific activity has rarely been as high as 2. 

This catalyst demonstrated the potential activity obtainable by 

increasing the cobalt concentration and removing any second 
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shape-selectlve component, and further demonstrated the need for 

metal additivies for stability. An attempt to regenerate this 

catalyst with oxygen--the first time this idea has been tested-- 

proved unsuccessful. 

• ~ ' U . S .  GOVERNMENT PRINT~G O.~CE:1985 -5~.~, "063/ 10894 REGIONNO. 4 

- B148 - 



I -  :~ 
Ilalm 

' 3 ¢  
'0 " 

m o 

.aE 

Imal ::, ,,=_ ,- 

M,,:. 

'•1¢ 
~'' 

,I,,1 z_ ; l  
i-,,, 0 

E l~  ~L m 

0 
in 
0 ¢D 

g 
o 

N 

2E: 
U ~ _  , 

,9, _. _ . , - . :  m.E__. 

e 

Reproduced by 
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS'does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About  NTIS 

NTIS collects scientific, technical, engineering, and related 
business information -then organizes, maintains, and 
disseminates that information in a variety of formats - including 
electronic download, online accessl CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conducted or sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
http://www.ntis.(jov. 

Ensuring Permanent ,  Easy Access  to 
U.S. G o v e r n m e n t  Informat ion Assets  



U.S. DEPARTMENT OF COMMERCE 
Technology Adminishation 

National Technical Informalion Service 
Springfield, VA 22161 (703) 605-6000 


