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I. CONTRACT OBJECTIVE 

The objeh~;.ive of the contract is to consolidate the advances 

made during %he previous contract in the~conversion of syngas to 

motor fuels using Molecular Sieve-containlng 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 

period 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 a preliminary techno-economic assessment 

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

the final techno-economic e~aluation planned for Task 6, will be 

based on a sensitivity analysis which MITRE will conduct on their 

recently completed economic evaluation of the Union Carbide Cor- 

poration (UCC) system. 

Task 3 consists of the optimization cf the most promising 

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

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

run through the flrst 24 months of the contract. 

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

tem in a manner which 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/cata- 

lyst system based upon a tubular reactor with a recycle loop 
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(i.e., the Arge reactor) containing the most promising catalysts 
ID 

developed under the Tasks 3 and 4 studies. This optimal perfor- 

mance will be estimated from a mathematical model of the~tubular 

reactor which incorporates reac£~on rate constants determined 

from appropriate Berry reactor runs. This effort will ~un 

through the first 2~ months of the contract. : 

Task 6 ~sists of an economic evaluation of the optimal 

performance found under Task 5 for the UCC process/catalyst sys- 

tem. This effort will be based on the MITRE sensitivity analysis 

referred to in the description of Task 2. 

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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III. 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, 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 1 

Task I, a detailing 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, will be based on a sensitivity analysis 

which MITRE is conducting 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 gallon of motor fuels, for changes in each of 

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

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

H2:C0 ratio, reactor temperature, and reactor pressure. 

These differential cost-operating parameter curves will not 

only strikingly illuminate which of those operating parameters 

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

will also be used with catalyst performance data and the existing 

tubular reactor design curves to readily obtain an economic worth 

for each tested ca6alyst for any set of envisioned process condi- 

tions (fur Task 6). 
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C. Tasks 3 and 4 

The focus of the quarter's catalyst testing revolved around 

establishing the validity of previously observed deviations from 

normal Schulz-Flory kinetics and around further improving the XII 

promoted Catalyst 32 (Run 12200-19), which demonstrated promising 

productquality and selectivity. 

Attempts to reproduce the potential "carbon number cut-off" 

observed with two previous X 9 and XIO promoted catalysts were 

unsuccessful. 

Significant improvement was made on the promising XII pro- 

moted Catalyst 32 by using newly developed Molecular Sieves, TC- 

123 and TC-133, as the c~talyst supports in place of TC-I03. 

At 240C the TC-123 catalyst (Run 45) demonstrated superior 

selectivity to comparable TC-I03 catalysts. This was evidenced 

by reduced methane make, high C5+ yield and high olefin content. 

The catalyst's inherently low methane production rate permitted 

it to be operated with a higher H2:CO feed ratio to achieve a 

higher conversion rate. 

The preliminary test results for these catalysts are summa- 

rized in Appendix A. The detailed test results for the catalysts 

first reported in last quarter's report (Appendix A of that re- 

port) are given in Appendix B. 

D. Task 5 

A dual capillary gas chromatographic method for the charac- 

terization of Fischer-Tropsch reaction products, developed by the 

Pittsburgh Energy Technology Center (PETC), has been successfully 
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implemented by Union Carbide Corpora{ion's Tarrytown, N.Y., Cen- 

tral Scientific Laboratory. 

Appendix C details the quahtitative results obtained by this 

method for a sample of the hydrocarbon product produced durin 8 

Run 11677-11 of the previous contract, and reported as Run 6 in 

the Third Annual Report of that contract. 

This comprehensive analysis verifies earlier, less vigorous 

analyses which indicated that the C5-CII gasoline cut lacks aro- 

matics and naphthenes (desirable for high yield reforming) , and 

that the C12-C18 distillate range contains predominantly normal 

paraffins (givin S it a high cetane number). ~=~-.~: 

Work was completed on the conversion of all of the DTSS pro- 

grams (Dartmouth Time Sharing System, an outside computer system) 

over to CAS (Catalysts and Services, an inside computer system) 

before the January 1st termination of DTSS. 

E. Task 6 

The final techno-economic evaluation will begin with the 

promising performance of Catalyst 45 (described in Appendix A). 

Its Berry (CSTR) rate data will be used with our mathematical 

simulation of the tubular reactor to generate a wlde range of 

possible process operating conditions. These conditions, in 

turn, will be costed with the forthcoming results of MITRE sensi- 

tivity studies to define the optimum set of conditions that will 

give the lowest cost/bbl of F-T product. 

This effort will begin in February~ after the ongoing con- 

versiohs of computer programs are completed. 

- 7 - 



-.... 

V. CHANGES 

There were no contract changes during the Fourth Quarter. 

The nomenclature of the shape-selectlve components of our 

catalysts has been amendedp in keeping with the ~esires of our 

Law Department~ to change the prefix letters from "UCC-" to 

"TC-". This new prefix will also be used when describing old 

catalysts prevlously described with the "UCC-" prefix. However, 

the headings of the tables in Appendix B, prepared some months 

ago, are presented with the zeolite components prefixed with "U"t 

a short-hand version of the old "UCC" prefix. 
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VI. FUTURE WOR ~ 

Tasks 3 and 4 will continue to be devoted to developin~ new, 

stable catalyst formulations which will have higher specific ac- 

tivities and lower methane makes than do our present catalysts. 

Task 5 will be devoted to examining the space velocity-meth- 

ane make trade-off with correlated data for the Co/XII/TC-IO 3 and 

~Co/Xll/TC-123 catalyst systems. 

Albert C. Frost 
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APPENDIX A. CATALYST TESTING: SUMMARY OF RUNS 
REPORTED DURING THIS QUARTER 

J. G. Miller, L. F. Blek, C-L Yan S and K. N. Beale 

This report is organized around the five catalytic tests con- 

ducted from October throush December 1985, the fifth quarter of 

this contract. 

A list of the catalysts tested, a description of their prepa- 

ration, and a brief statement of each test's objective, are shown 

in Table AI. All of the catalysts tested involved cobalt oxide 

intimately contacted with one of three Molecular Sieve supports: 

TC-103, TC-123 or TC-133. Two of the catalysts (Runs 44 and 47) 

looked at establishin E the validity of the deviations from the 

Schulz-Flory kinetics observed previously in Runs 20 and 31. The 

remainder of the runs probed the use of the newly developed Molec- 

ular Sieves TC-123 and TC-133. 

An abbreviated table of results for these catalyst runs is 

shown in Table A2. The conversion, weieht percent CH4, weiEht 

percent C5+ , specific activity and methane factor, as well as a 

qualitative estimate of stability, are listed for each catalyst. 

A more complete report of results and .analyses of these runs will 

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

Run Catalyst Catalyst preparation Objective of test 

44 Co/X9/Xlo/TC-I03 The X 9 and XlO promoted cobalt oxide To reproduce the carbon 
(12561-01) catalyst,was formulated similarly to number cut-off observed 

Catalyst 20. Theoretical pct Co=11.9, in Run 20. 
pct X9=0.5 , pct X10=0.7. 

45 Co/X11/TC-123 
(12570-02) 

46 Co/XI1/TC-133 
(12561-02) 

47 Co/Xg/XIO/TC-103 
(11617-06) 

48 CO/XlI/XI2/TC_I2 3 
(11617-07) 

The Xll promoted cobalt oxide catalyst 
was formulated similarly to Catalyst 
32, except that TC-123 was substituted 
for TC-103 and a slightly different 
catalyst pretreatment method was used. 
Theoretical pct Co=8.2, pct XII=I.6. 

The Xll promoted cobalt oxida catalyst 
was formulated similarly to Run 45, 
except that TC-133 was substituted for 
TC-I03. Theoretical pct Co=8.2, pct 
XlI=I.6. 

The X 9 and XIO promoted cobalt oxide 
catalyst was formulated similarly to 
Run 31.'Theoretical pct Co=7.8, pct 
X9--0.35, pct XI0=0.47. 

The Xll and X12 cobalt oxide catalyst 
was formulated similarly to Run 39, 
except that TC-123 was substituted 
for TC-I03; Theoretical pct Co=7.6, 
pet Xli=1.4 ,pct X12=5.0. 

To test the use of TC- 
123 as the catalyst sup- 
port. 

To test the use of TC- 
133 in the catalyst. 

To reproduce the carbon 
number cutoff observed 
for Run 31 and to test 
a new activation proce- 
dure. 

To test the use of XI2 
to improve the activity 
of Run 45, while main- 
taining its good activ- 
ity. 
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Table A2. Preliminary catalyst test results for most of the runs made during the fifth 
quarter. 

Total qpe- Meth- 
Hours conver- cific ane 
on sion CH4 C5+ acti- fac- 

Run Catalyst stream (CO+H2) wt % wt% vity tor a Stability 

44 Co/X9/Xlo/TC-103 47.5 44.7 10.8 77.4 
(12561-01) 235.0 41.3 10.6 78.3 

45 Co/Xll/TC-123 45.3 48.0 3.6 91.7 
(12570-02) 259.3 46.2 3.4 90.3 

282.7 57.7 7.3 85.2 
475.7 57.7 6.1 86.3 

2.45 2.36 
2,14 0.73 

3.36 1.17 
2.95 0.65 

2.32 1.96 
2.37 1.84 

499.8 62.6 11.2 80.7 3.16 17.7 
571.8 62.2 11.5 80.0 2.05 4.61 

595.8 70.1 7.2 85.7 1.84 2.67 
740.~ 66.7 7.8 84.9 1.51 2.11 
{Catalyst was tested a total of 1500 hrs.) 

46 Co/XlI/TC-133 48.0 49.6 6.3 83.7 2.44 2.02 
(12561-02) 170.0 50.3 5.3 85.6 2.64 1.35 

194.5 64.3 13.5 74.8 2.22 4.28 
336.0 63.6 11.5 78.3 2.19 4.03 

360.0 67.3 8 • 3 82.2 1 . 49 1.67 
459.0 66.8 10.7 79.0 1.22 2.62 

480.5 67.9 14.5 74.6 0.97 3.85 
646.5 66.7 15.0 73.8 0.96 3.93 

47 Co/X9/XIO/TC,--I03 26.5 8.2 21.9 62.4 0.17 2.23 
(11617-06) 72.5 8.3 21.0 65.0 0.17 2.12 

Fa i r  b 

Excellent b 

Excel lentC 

E x c e l l e n t f  

Goode 

Exceilent b 

ExcellentC 

Good d 

Excellent e 

__b 

Conditions: 
a. The ratio of the quantity of CH 4 actually produced to the quantity of CH 4 

predicted from the Schulz-Flory equation, [CH4/(I-a)2]. 
b. 240C, 300 psig, 300 GHSV, 1:1 H2:CO. 
c. " " " " " 1.5:1 H2:CO. 
d. " 500 psi8 " " " " 
e. " " " " " I. 75:1 H2,CO. 
f. " 300 psig " " 
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Table A2, continued. 

Run Catalyst 

Total Spe- Meth- 
Hours conver- cific ane 
on sion CH 4 C5 + a c t i -  f a c -  
stream (CO+H2) wt % wt % vity for a s bi1!ty 

48 Co/XII/XI2/TC-I03 43.5 49,6 3.7 87.4 6.50 2.48 
(I1617-07) 189.0 51.8 4.3 87.3 3.75 0.72 

236.0" 65.5 19.2 68.8 2.84 4.15 
333,0 68.1 17.5 71.4 3.01 3.52 

J57.0 69.2 8.4 80.1 2.00 1.02 
501.0 65.2 8.5 78.8 1.65 0.88 

Excellen~ b 

ExcellentC 

Goo~d 

Conditions: 
a. The ratio of the quantity of CH 4 actually produced to the quantity of CH 4 

predicted from the Schulz-Flory equation, [CH4/(I-a)2]. 
b. 240C= 300 psig, 300 GHSV, 1:1 H2:CO. 
c. " " " " " 1.5:1 H2 :CO. 
d. " 500 psig " " " " 
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I. INTRODUCTION 

Presented in this report are detailed analyses of ten cata- 

lyst test runs summarized in Appendix A of the Fourth Quarterly 

Report, which constituted the major thrust of the work during 

that quarter. 

All ten catalysts contained Xll-promoted cobalt oxide, in 

intimate contact with a Molecular Sieve. In Catalysts 34 and 35 

the Molecular Sieves ~ere, respectively, TC-II4 and TC-IIS: in 

the eight remaining catalysts it was TC-103. Catalysts 40 and 41 

were formulated by the method developed in the previous contract, 

and the eight remaining catalysts by the m%thod first used for 

Catalyst Ii of the Third Quarterly Report. 

The purpose of all these tests was to explore a number of 

variations on FOurth Quarterly Report Catalyst 32 (Run 12200-19, 

Co/Xll/TC-103), a promising formulation with superior activity 

and selectivity. Among the variations tested were methods of 

pretreating the catalyst, new Molecular Sieve supports, higher 

concentrations of Co and XI1 , and use of a new additive, X12. In 

addition, an attempt was made to replicate the results of Run 

12200-19. 
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II. Run 34 (.12200-20) with Catal[st 34 (Co/XII/TC-II4) 

The purpose of this run was to test a variation on the highly 

promising Catalyst 32 of the Fourth Quarterly Report (Run 12200- 

19, Co/Xll/TC-lO3)--namely , the substitution for TC-103 of a new- 

ly developed Molecular Sieve, TC-II4. The formulatlon was simi- 

lar to that of Catalyst 32, with the Xll-promote d cobalt oxide 

formed in close contact with TC-II4 by the method developed for 

Catalyst 11 of the Third Quarterly Report. The theoretical con- 

centrations of cobalt and Xll , 8.2 and 1.6 percent respectively, 

were the same as in Catalyst 32. 

Only one sample was taken, at 19.5 hours on stream, after 

which the run was terminated. The simulated distillation of the 

C5+ product in that sample is plotted in Fig. BI, the carbon num- 

ber product ~istributlon in Fig. B2, and the chromatogram from a 

simulated distillation in Fig. B1. Detailed material balances 

appear in Table BI. 

The initial syngas conversion was about 9 percent, only 20 

percent as good as with Catalyst 32. Due to the high residual 

H2:CO ratio in the Berry reactor resulting from the low conver- 

sion, the product selectivity was equally poor. 
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Table B1 

FILE: 1220020A TSS4Q1 A1 

RUN NO. 
CATALYST 
WEED H2 : CO 

RUN & SAMPLE NO. 

FEED H2:CO:AR 
HRS ON STREAM 19.5 
PRESSURE,PSZG 300 
TEMP. C 241 

FEED CC/NIN 400 
HOURS WEEDING 19.50 
EFFLNT GAS LITER 410.05 
GM AQUEOUS LAYER 4.63 
GM OIL 0.62 
MATERIAL BALANCE 

GMATOM CARBON ~ 94.75 
OM ATOMHYDROGEN~ 91.80 
GM ATOM OXYGEN ~ 96.17 

RATIO CHX/(F~O+C02) 0.7678 
RATIO X IN CHX 2.4915 
USAGE H2/CO PRODT . 2 . 4 5 9 6  
WEED H2/CO ERM EFFLNT 0.9688 
RESIDUAL H2/CO RATIO 0.8890 
RATIO C02/(H~0+CO2) 0.0197 
K SHI~T IN EEFLNT 0.0178 
SPECIFIC ACTIVI.-~/ SA 0.1756 
CONVERSION 

ON CO X 5.09 
ON H2 ~ 12.91 
ON CO+B2. X 8.94 

PRDT SELECTIVZTY, WT~ 
CH4 1 5 . 7 5  
C2 HC'S 3.55 
C3H8 5 . 6 9  
C3H6= 1.78 
C4H10 8.37 
C4H8= 1.51 
C5H12 11.44 
C5H10= 0.71 
C6H14 10.32 
C6H12= &CYCLOIS 0.00 
C7+ IN GAS 31.44 
LIQ HCsS 9 . 4 4  

TOTAL I 0 0 . 0 0  
SUB-GROUPING 

C1 -C4 3 8 . 6 6  
C5 -420 E 5 6 . 4 8  
4 2 0 - 7 0 0  F 5.82 
700-END PT 1.04 

RESULT OF SYNGAS OPERATION 

12200-20 
CO/X!I-UII4 80 CC 46.2 G 

OF 5 0 : 5 0  @ 400 CC/MN 

12200-20-01 

5 0 = 5 0 : 0  

AFTER U S E = 4 4 . 6  G ( - 1 . 6  G) 
OR 300  GHSV ( C A T # 1 2 2 5 1 - 9 3 - 6  
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Table 

FILE: 1220020A TSS4QI A1 

CS÷-END PT 63.34 
ISO/NORMAL MOLE RATIO 

C4 I. 0882 
C5 2.4722 
C6 3.4526 
C4= 0 • 0000 

PARAF~IN/OLEFI N RATIO 
C3 3 . 0 4 7 9  
C; 5. 3585 
C5 15.6250 

SCHULZ-FLORY DI S~BTN 
ALPHA (EX~(SLOPE)) 0.7462 
RATIO CH4/(I-A) *'2 2.4454 

ALPHA FRM CORRELATION 
ALPHA (EXPTL/CORR) 

0. 8176 
0 .9127 

W~oCH4 FRM CORRELATION 20.2497  
h~CH4 ( ~ ' ~ . , /CORR ) 0 .7776 
LXQ HC COLLECTZON 

P~S. ~PEAP~.NCE CLR OIL 
DENSITY N/A 
N, REFRACTIVE INDEX N/A 
SIMULT'D DISTILATN 

i0 WT ~ @ DEG F 331 
16 372 
50 505 
84 661 
90 706 

RANGE (18-84 y.) 289 

WT y. @ 420 F 27.30 
WT y. @ 700 F 89 .00  

B1 ( c o n t i n u e d )  
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~.... 

III. R~n 35 (12185-20) with Catalyst 35 (Co/XlI/TC-II5) 

This run tested a second variation on Catalyst 32, the sub- 

stituuion of the Molecular Sieve TC-115 for TC-103. The formula- 

tion was similar to that of Catalyst 34 except with lower levels 

of cobalt and Xll , the theoretical concentrations of which were 

4.1 and 0.8 percent respectively. 

Conversion, product selectivity, isomerization of the pen- 

tane, and percent olefins of the C4Ts are plotted against time on 

stream in Figs. B4-7. Simulated distillations of the C5+ product 

are plotted in Figs. B8-9. Carbon ,lumber product distributions 

are plotted in Figs. BIO-II. Chromatograms from simulated dis- 

tillations are reproduced in Figs. B12-13. Detailed material 

balances appear in Table B2. 

The performance of this catalyst was little better than that 

of Catalyst 34. Initial syngas conversion was only 13 percent, 

and methane production was unacceptably high at about 30 percent. 
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Table B2 

FILE: 1218520A TSS4QI A1 

RUN NO. 12185-20 
CATALYST CO/XII-UII5 
FEED H2:CO 

RUN & SAMPLE NO. 

FEED H2.CO.AR 
HItS ON STREAM 
PRESSURE, P5 IG 
TEMF. C 

FEED CC/MIN 
HOURS EEEDING 
EFFLNT GAS. LITER 
GM AQUEOUS LAYER 
GM 0IL 
MATERIAL BALANCE 

GM ATOM CARBON 
GM ATOM HYDROGEN y, 
GM ATOM OXYGEN 

RATIO CHX/(H20÷C02 ) 
RATIO X IN CHX 
USAGE .H2/CO PRODT 
FEED H2/CO ~'RM EFFLNT 
RESIDUAL H2/CO RATIO 
RATIO C02/(H20+CO2 ) 
K SHIFT IN EFFLNT 
SPECIFIC ACTIVITY SA 
CONVERS I ON 

ON CO % 
ONH2 % 
ON CO+H2 Z, 

PRDT SELECTIVITY, WT Yo 
CH4 
C2 HC'S 
C3H8 
C3H6= 
CSHI0 
C4H8= 
C5H12 
CSHI0= 
C6H14 
C6H12 = & CYCLO'S 
C7+ IN GAS 
LZQ HC'S 

TOTAL 
SUB-GROUPING 

Ci -C4 
C5 -420 F 

420-700 F 
700-END PT 

RESULT OF SYNGAS OPERATION 

80 CC %5.9 G 
OE 50:50 @ 400 CC/MN OR 300.GHSV 

12185-20-01 185-20-02 

50:50:0 50:50: 0 
19.5 43.5 

300 300 
242 242 

400 400 
19.50 24.00 

408.30 497.70 
9 . 8 8  13.46 
0.93 2.21 

93.24 92.72 
9 8 . 8 5  9 8 . 8 8  
9 5 . 9 2  9 5 . 7 6  

0.  7053 .0. 6868 
2 .  6702 2 .  6623 
2. 6958 2.  7348 
i. 0602" I. 0664 
0. 9372 0. 9356 
0. 0109 0. 0096 
0. 0103 0. 0091 
0.2129 0.2215 

7.00 7.27 
17.79 18.65 
12.55 13.14 

30.75 29.53 
1.92 2.61 
4.06 3.73 
5.20 4.19 
3.91 3,59 
5.38 4.45 
3 . 7 2  3 . 6 1  
3.61 2.81 
%.29 3.97 
2.74 2.26 

2 4 . 2 0  20.16 
1 0 . 2 2  1 9 . 0 9  

i00.00 I00 . 00 

51.20 48.09 
42.38 39.14 
5.59 11.2~ 
0.82 1.53 

AFTER USE:44.6 (-1.3 G ) 
( CAT#12251-94 ) 
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Table' B2 

FILE~ 1218520A TSS4Q1 A1 

(continued) 

C5+-END PT 48.80 51.91 
ZSO/NORMAL MOLE RATIO 

C4 0 .0000  0.0000 
C5 0.0000 0.0000 
C5 0 . 0 0 0 0  0 . 0 0 0 0  
C4= 0.0000 0.0000 

PARAEFIN/OLEFIN RATIO 
C3 0.7449 0.8502 
C4 0.7013 0.7773 
C5 1.0035 1.2511 

SCHULZ-ELORY DISTRBTN 
AL~HA (E/~(SLOPE)) 0.7433 0.7767 
RATIO CH4/(I-A)m*2 4.6662 5.9220 

ALPHA ERH CORRELATION 0.8150 
ALPHA (EXPTL/CORR) 0.912~ 

W~CH4 FRMCORRELATION 21.2919 

0.8151 
0.9529 

2 1 . 2 6 6 2  
W~CH4 (EXPTL/CORR) 1 .4440  1 .3886  
LIQ HC COLLECTION 

PHYS. APPEARANCE OLR OIL CLD OIL 
DENSITY N/A N/A 
N, REFRACTIVE INDEX N/A N/A 
SIMULT'D DISTILATN 

10 WT ~ @ DEG Y 335 337 
16 371 374 
50 453 481 
84 610 538 
gO 676 682 

RANGE(16-84 ~)  239 264 

WT ~ @ 420 ~ 37.30 33.10 
WT X @ 700 F 92.00 92.00 
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IV.  Run 36 ( i 2 2 0 0 - 2 1 ~ , , w i t h  C a t a l y s t  36 ( C o / X l l / T C - 1 0 3 ) ,  .~ 

The v a r i a t i o n  on C a t a l y s t  32 t e s t e d  i n  t h i s  r u n  was made-.up- " 

of the same constituents as Catalyst 32 but with a higher concen- 

tration of cobalt oxide. As in Catalyst 32, the X11-promoted 

cobalt oxide was formed in close contact with TC-103 by the 

method first developed for Catalyst 11 of the Third Quarterly 

Report. Pretreatment of the catalyst, however, was by the method 

used for Catalysts 20 and 31, both of which showed potential car- 

bon number cut-offs. The theoretical concentrations of cobalt 

and XII were 12.3 and 2.4 percent respectively. 

Conversion, product selectivity, isomerization of the pen- 

! 
tane, and percent olefins of the C 4 s are plotted against time on 

stream in Figs. B14-17. Simulated distillations of the C5+ pro- 

duct are plotted in Figs. B18-19. Carbon number ~roduct distri- 

butions are plotted in Figs. B20-21. A chromatogram,.from the 

simulated distillation of one sample, is reproduced in Fig. B22. 

Detailed material balances appear in Table B3. 

The initial conversion of C0+H 2 (after obtaining a good mate- 

rial balance), nearly 55 percent, was substantially higher than 

with any other catalyst of this type.tested at 240C to date--not 

excluding Catalyst 32, for which the corresponding initial con- 

version was about 42 percent. The calculated specific activity, 

at 5.9, was nearly twice the value of 3.0 for Catalyst 32° Un- 

- B 2 3  - 



fortunately for these auspicious beginnings , the run was involun- 

tarily aborted by a power failure after only 50 hours on stream, 

not enough time for any measure of stability. 

The selectivity, as far as it went, was equally superior to 

that of Catalyst 32: 

Percent of total product 
(240C, 300 GHSV, 1:1H2.-C_~ 1 

Catalyst 36 Catalyst 32 

CH4 3.4 5.3 
C5+ 88.6 85.0 
Schulz-Flory alpha, 

calculated 0.84 0.89 
C4 olefin/paraffin 3.73 2.05 

The Schulz-Flory plots, like those of Catalyst 32, are linear 

except for the excess methane, and show no potential carbon num- 

ber cut-off such as has been seen with two previous catalysts. 

Despite the short duration of its run, this catalyst has dem- 

onstrated a potentially substantial benefit, in both activity and 

selectivity, of raisin 8 the cobalt concentration of the Xll-pro- 

moted catalyst. The same formulation was accordingly re-tested, 

and is reported as Catalyst 38. 
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FILE: 1220021A TSS4QI A1 

T a b l e  B3 

RESULT OF SI'NGAS OPERATXON 

RUN NO. 12200-21 
CATALYST CO/XII-UI03 80 CC 35.2 G AFTER USE:53.2G (+18.0 G) 
~'EED H2:C0 OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT #12541-1 ) 

RUN & SAMPLE NO. 12200-21-01 200-21-02 

FEED H2:C0:AR 50:50:0 50:60:0 
HRS ON STREAM 24.5 50.0 
PRESSURE, PSIG 300 300 
TEMP. C 238 237 

FEED CC/MIN 400 400 
HOURS FEEDING 24.50 25.50 
EEELNT GAS LZTER 230.01 306.49 
GM AQUEOUS LAYER 64.19 57.95 
GM 0IL 32.81 4 7 . 5 3  
MATERIAL BALANCE 

GM ATOM CARBON Yo 78.04 99.43 
GM ATOM HYDROGEN ~ 80.38 96.27 
OM ATOM OXYGEN ~ 86.34 93.72 

RATIO CHX/(H20+CO2) 0. 7531 i. 1955 
RATIO X IN CHX 2.1894 2. 1787 
USAGE H2/CO PRODT 2. 0949 I. 7853 
EEED El/C0 ERM EEELNT 1. 0300 0. 9682 
RESZDUAL H2/C0 RATIO 0. 4341 0. 4905 
RATZO C02/(H20+C02) 0. 0797 0. 0603 
K SHZET IN EEELNT 0.0376 0.0315 
SPECIFIC ACTIVITY SA 6.3050 5.9101 
CONVERS I ON 

ON CO % 35.88 36.89 
ON I{2 ~ 72.97 68.03 
ON C0+H2 ~ 54.70 52.21 

PRDT SELECTIVITY, WT 
CH4 3.94 3.37 
C2 HC'S 0.91 0.89 
C3H8 0.83 0.76 
C3H6= 2.21 2.33 
C4HI0 0.93 0.88 
C4H8= 2.60 3.17 
C5H12 1.16 1. O8 
C5HIO= 2 • 56 2 • 42 
C5H14 I. 36 I. 25 
C6H12= & CYCLO' S 1.84 1.69 
C7+ IN GAS 6.32 6.08 
LZQ HC'S 75 .34  76.08 

TOTAL I00.00 I00.00 
SUB-GROUPING 

Cl -C4 II . 41 Ii . 40 
C5 -420 F 31.33 28.03 
420-700 F 46.41 30.13 
700-END PT 10.85 30.43 
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FILE: 1220021A TSS4QI A1 

Table B3 (continued) 

C5+-END PT 88.59 88.60 
ISO/NORMAL MOLE RATIO 

C4 0 . 0 0 0 0  0 . 0 0 0 0  
C5 0.0434 O.0518 
C6 0.0546 0.0255 
C4= 0.0000 5.3528 

PARAEFZN/OLEFIN RATIO 
C3 0.3586 0.3131 
C4 0.3443 0.2681 
C5 0.4412 0.4364 

SCHULZ-ELORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8842 0.8919 
RATIO CH4/(1-A)**2 2.9386 2.8842 

0.8527 0.8468 
1 . 0 3 7 0  1.0533 

ALPHA FRMCORRELATION 
ALPHA (EXPTL/CORR) 

W~oCH4 ERM CORRELATION 8.6792 10.2773 
~CH4 (EXPTL/CORR) 0.4538 0 . 3 2 7 7  
LIQ HC C0LLECT~ON 

PHYS. APPEARANCE OIL WAX OIL WAX 
DENSITY N/A N/A 
N, REERACTIVE INDEX N/A N/A 
SIMULT'D DISTILATN 

I0 WT ~ @ DEG F 331 336 
16 372 399 
50 585 631 
84 886 917 
90 973  995  

RANGE(16-84 Z) S14 518 

WT ~ @ 420 F 24.00 20.40 
WT Z @ 700 F 85.60 60.00 
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V. Run 37 (12185-21)  wi th  Catalyst 37 (Co/XI j /TC-I03)  

The purpose of this run was to test the effect of pretreatm~nt 

on the catalyst's performance, the pretreatment in this instance 

being the same as for Catalysts 20 and 31, both of which showed 

potential carbon number cut-offs. In all other respects of com- 

position and preparation this catalyst was identical to Catalyst 

32. The theoretical concentrations of cobalt and Xll were 8.2 

and 1.6 percent respectively. 

Conversion, product selectivity, isomerization of the pentane, 

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

stream in Figs~ B23-26. Simulated distillations of the C5+ pro- 

duct are plotted in Figs. B27-35. Carbon number product distri- 

butions are plotted in Figs. B36-44. Chromatograms from simulat- 

ed distillations are reproduced in Figs. B45-51. Detailed mate- 

rial balances appear in Tables B4-6. 

The initial conversion (at 240C, after obtaining a good mate- 

rial balance) was about 49 percent, somewhat better thanthe cor- 

responding value of about 46 percent for Catalyst 32. Stability 

was only fair, with an estimated loss of conversion of one per- 

centage point every 24 hours. 

At 260C the conversion rose to 62 percent, again higher than 

the corresponding value of 56 percent for Catalyst 32. Stability 

was somewhat better than at 240C, with an estimated loss of con- 
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version of one percentage point every 60-100 hours. 

In selectivity, however, this catalyst was significantly 

poorer than Catalyst 32: 

Percent of total product 
(260c, 3oo GBSV, 1:1B ..co) 

Catalyst 37 Catalyst 32 

CH 4 10.7 7.6 
C5+ 77.4 82.1 
C 4 olefin/paraffin 1.1 1.8 

With three percentage points more methane and five percentage 

points less C5+ , the product was substantially lighter than that 

of Catalyst 32. And with a lower ratio of olefin to paraffin in 

the C 4 fraction, the hydrogenation activity was higher. 

The Schulz-Flory plots showed no deviation from normal kinet- 

ics except for the usual high methane. And although it had been 

thought that a carbon number cut-off is associated with the pre l 

treatment used with this catalyst, no such cut-off was present. 

This run has developed some useful information on the effects 

of pretreatment. Although it seems to have significantly im- 

proved the catalystts activity, the stability was only fair and 

the selectivity was inferior. 

,t. , 
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FILE: 1218521A TSS4QI A1 

Table B4 

RUN NO. 
CATALYST 
rEED H2 : CO 

RUN & SAMPLE NO. 

RESULT OF SYNGAS OPERATION 

12185-21 
CO/XlI-UIG3 80 CC 31.3 G AFTER USE:48.2 G (+16.9 G) 

OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT312251-I00 ) 

12185-21-01 185-21-02 185-21-O3 185-21-04 185-21-05 

EEED H2:CO:AR 50:50:0 50:50: 0 50:50: O 50:50:0 50:50: 0 
HRS ON STREAM 18.7 43.7 66.0 90.0 114.0 
PRESSURE,PSIG 300 300 300 300 300 
TEMP. C 240 240 240 240 240 

FEED CC/MIN 400 400 400 400 400 
HOURS FEEDING IS.75 25.00 22.25 24.00 24.00 
EFFLNT GAS LITER 221.08 306.55 296.~2 325.30 334.60 
GM AQUEOUS LAYER 43.91 60.36 47.59 48.62 48.49 
GM OIL 9.60 34.67 35.98 35~43 35.73 
MATERIAL BALANCE" 

GM ATOM CARBON ~ 86.20 88.15 " 98.11 96.42 99.00 
GM ATOM HYDROGEN ~ 71.05 97.66 103.86 101.67 103.77 
GM ATOM OXYGEN ~ 104.78 91.19 92.70 91.81 93.53 

.RATIO CHX/(H20+CO2) 0.4756 0.9029 1.1923 1.1727 1.2056 
RATIO X IN CHX 2.3169 2.2562 2.2375 2.2453 q.2457 
USAGE .W2/CO PRODT 1.9805 2.0041 1.7954 1.8187 1.8053 
FEED H Z/CO FRM E~FLNT 0.8242 1.1079 1.0587 1.0545 1.O481 
RESIDUAL Ha/C0 RATIO 0.3757 0.6362 0.6420 0.6569 0.6565 
RATIO CO2/(H20+C02) 0.2044 0.0696 0.0691 0.0652 0.0632 
K SHIFT IN EE~LNT 0.0965 0.0476 0.0477 0.0458 0.0443 
SPECIFIC ACTIVITY SA 5.9900 3.4261 3.6485 3.3732 3.2900 
CONVERSION 

ON CO ~ 27.95 34.48 36.12 34.23 34.09 
ON H2 ~ 67.16 62.38 61.25 59.03 58.72 
ON CO+H2 ~ 45.66 . 49.15 49.05 66.96 46.69 

PRDT SELECTIVITY, WT 
CH4 10.66 6.69 5.87 6.17 6.21 
C2 HC'S 2.06 1.60 1.43 1.49 1.60 
C3H8 2.22 1.91 1.78 1.91 1.96 
C3H6= 4.84 2.71 2.58 2.71 2.87 
C4HI0 2.50 1.82 1.76 1.87 1.96 
C4H8= 5.22 2.12 2.91 2.93 3.08 
C5H12 3.17 1.87 1.97 2.11 2.15 
CSHI0= 5.06 1.74 2.67 2.59 2.83 
C6H!4 2.98 2.17 2.16 2.33 2.30 
C6Hi2= & CYCLO'S 3.31 1.09 1.34 1.37 1.62 
C7+ IN GAS 14.08 6.61 7.11 7.52 7.56 
LIQ HC'S 42.89 69.66 68.53 67.00 65.86 

TOTAL 100.00 100.00 I00.00 I00.00 I00.00 
SUB-GROUPING 

Cl -C4 27.51 16.87 16.32 17.07 17.69 
C5 -420 F 47.70 31.80 32.77 49.43 33.97 
420-700 F 21.79 31.49 30.15 26.80 27.40 
700-END PT 3.00 19.85 20.76 6.70 20.94 
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FILE= 1218521A TSS4QI A1 

C5÷-END PT 
ISO/NORMAL MOLE RATIO 

C4 
C5 
C6 
C4= 

PARAFFIN/OLEFIN RATIO 
C3 
C4 
05 

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 
RATIO CH4/(I-A)**2 

ALPHA FRM CORRELATION 
ALPHA (EXPTL/CORR) 

W~C..H4 FRM CORRELATION 
WXCH4 (EXPTL/CORR) 
LIQ HC COLLECTION 

PHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE ~NDEX 
SIMULT' D DISTILATN 

I0 WT y. @ DEG ¥ 
16 
50 
84 
90 

RANGE ( 16-84 ~) 

WT % @ 420 F 
w~ % @ 700 F 

Table B4 (continued) 

72.49 83.13 83.68 82.93 82.31 

0.0200 0.0000 0.0200 0.0254 0.0242 
0.0780 0.0000 0.0767 O.0810 0.0814 
0.0699 0.0000 0.0767 0.0795 0.0810 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  

0.4385 0.5725 0.8599 0.6743 0.6532 
O.4618 0.8348 0.5840 O.6158 0.6149 
0 . 6 0 8 4  1 .0463  0 . 7 4 3 8  0 .7912  0 . 7 4 0 6  

0.8043 0.8847 0.8773 0.7418 0.8686 
2.7853 5.0250 3.8943 0.9253 3.5951 

0.859~ 0-8340 0.8335 
0.9357 1.0608 1.0525 

6 . 9 8 6 6  1 4 . 9 4 7 3  1 5 . 0 8 5 7  
1 . 5 2 6 4  0 . 4 4 7 3  0 . 3 8 8 8  

0.8324 
1.0434 

15.4238 
0.4026 

CLD OIL O~L WAX OIL WAX OIL WAX OIL WAX 

291 335 330 
330 369 370 
447 566 5 6 2 .  
616 789 823 
662 847 892 

286 420  453  

329 
368 
563 
857 
936 

489 

4 2 . 2 0  2 5 . 3 0  2 5 . 7 0  5 0 . 0 0  2 6 . 6 0  
9 3 . 0 0  7 1 . 5 0  6 9 . 7 0  9 0 . 0 0  6 8 . 2 0  
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Table B5 

FILE: 12185216 TSSSQ1 A1 

RUN NO. 
CATALYST 
FEED H2 : CO 

RUN & SAMPLE NO. 

RESULT OF SYNGAS OPERATION 

12185-21 
CO/XI1-UI03 80 CC 31.3 G AFTER USE:48.2 G (+16.9 G) 

OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT#12251-IO0 ) 

12185-21"05 185-21-07 185-21-09 185-21-10 185-21-11 

FEED H2:CO:AR 50:50: 0 50:50: 0 50:50: 0 
HRS ON STREAM 138.O 162.0 281.7 
PRESSURE, PSIG 300 300 300 
TEMP. C 259 259 260 

FEED CC/MIN 400 400 400 
HOURS FEEDING 24.00 24.00 71.67 
EFFLNT GAS LITER 265.10 265.50 833.52 
GM AQUEOUS LAYER 57.57 60.03 185.20 
GM OIL %2.44 41.76 119.52 
MATERIAL BALAI~CE 

GM ATOM CARBON ~ 98.58 97.55 98.67 
GM ATOM HYDROGEN ~ 102.71 102.07 104.79 
GM ATOM OXYGEN ~ 9 4 . 2 6  94.89 96.75 

RATIO CHX/(H20+C02) 1.1178 1.0719 .I.0523 
RATIO X IN CHX 2.3407 2.3317 2.3340 
USAGE H2/CO PRODT 1.5677 1.6268 1.6992 
FEED H2/CO FRM EF~LNT 1.0419 • 1.0463 1.0620 
RESIDUAL H2/CO RATIO 0.5242 0.~114 0.5310 
RATIO CO2/(H20+CO2) 0.2165 0.192~ 0.1630 
K SHIFT IN EFFLNT 0.1448 0.1220 0.1034 
SPECIFIC ACTIVITY SA 2.7000 2.6132 2.2117 
CONVERSION 

ON CO ~ 49.62 47.96 45.45 
ON H2 ~ 7 4 . 6 5  7 4 . 5 6  72.72 
ON CO+H2 ~ 6 2 . 3 9  6 1 . 5 6  59 .50  

PRDT SELECTIVITY, WT~ 
CH% 10.67 10.33 10.56 
C2 HC'S 2.20 2.11 2.18 
C3H8 2.88 2.66 2.59 
C3H6= 1.81 1.84 2.08 
CSHI0 2.46 2.25 2.32 
C4H8= 2.61 2.55 3.13 
C5H12 2.76 2.66 2.66 
CSHI0= . 2.40 2.52 1.74 
C6H14 3.00 2.96 3.04 
C6H12= & CYCLO'S 1.44 1.62 1.98 
C7÷ IN GAS 6 . 9 3  6 . 6 2  7 .19  
LIQ HC'S 60.82 61.88 60.54 

TOTAL 100.00 100.00 100.00 
SUB-GROUPING 

C1 -C4 22.64 21.74 22.85 
C5 -420 F 36.91 20.72 46.88 
420-700 F 25.42 13.61 24.22 
700-END PT 15.02 43.93 6.05 

5 0 : 5 0 :  0 5 0 : 5 0 :  0 
3 0 9 . 7  3 3 1 . 7  

300 300 
260 260 

400 400 
2 8 . 0 0  2 2 . 0 0  

328 .45  2 6 0 . 5 0  
71 .37  5 5 . 0 6  
45.51 3 6 . 3 3  

9 8 . 9 7  1 0 0 . 0 9  
104.54 105.40 

9 6 . ~ 4  9 6 . 2 3  
1.0670 1.1083 
2 . 3 3 6 7  2 . 3 3 0 8  
1.7046 1.6863 
1.0563 1.0530 
0.5287 0.5339 
0.1582 0.1574 
0.0993 0.0997 
2.1370 2.1386 

44.87 45.05 
72.41 72.14 
59.02 58.95 

l O . S 6  lO.31 
2.23 2.18 
2.03 2.57 
2.09 • 2.08 
2.33 2.30 
3.15 3.12 
2.66 2.67 
1.73 1.98 
3.91 3.97 
2.08 2.24 
7.38 7.60 

5 9 . 2 4  5 8 . 9 8  

I00.00 I00.00 

22.99 22.57 
3 3 . 4 7  4 7 . 9 4  
2 0 , 5 6  2 3 . 5 9  
2 2 , 9 9  5.90 
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Table B5 (continued) 

FILE: 1218521B TSS4Q1 A1 

CS+-END PT 77.36 78.26 77.15 77.01 77.43 
ISO/NORMA5 MOLE RATIO 

C4 0.0179 0.0181 0.0201 0.0198 0.0212 
C5 0.1036 0.0969 0.08%3 0.0872 0.0869 
C6 0.1397 0.1304 0.1355 0.4624 0.4599 
C4= 0.0000 0.0000 0.1019 0.i014 0.1031 

PARAFFI~/OLEFIN RATIO 
C3 1.5181 1.3757 1.1903 1.1985 1.1800 
C4 0 .9107  0 .852% 0 . 7 1 4 0  0 . 7 1 2 7  0 . 7 1 2 0  
C5 1.1187 1.0282 1.4886 1.4958 1.2101 

SCHULZ-ELORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8576 0.8946 0.7945 0.8780 0.8525 
RATIO CH4/(1-A)**2 5.2625 9.2978 2.5005 7.0997 4.7408 

AI~PHA ~ CORRELATION 0.8423 0.8435 0.8418 
ALPHA (EXPTL/CORR) 1.0181 1.0606 1.0430 

W~CH4 FRM CORRELATION 16.5194 16.1482 16.8770 
WXCH4 (EX2TL/CORR) '0.6460 0.6395 0.6257 
LIQ HC COLLECTION 

PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX OIL WAX 
.DENSITY 
) N, REERACTIVE INDEX 
SIMULT'D DISTZLATN 

I0 kT ~ @ DEG F 296 471 256 
16 338 561 324 
50 515 852 617 
8% 785 1038 849 
90 864 1070 897 

RANGE(16-84 ~) 447 477 525 

WT ~ @ 420 F 3 3 . 5 0  7 . 0 0  5 0 . 0 0  2 6 . 5 0  5 0 . 0 0  
WT X @ 700 F 7 5 . 3 0  2 9 . 0 0  90 .00  6 1 . 2 0  9 0 . 0 0  
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Table B6 

~ILE: 1218521C TSS4Q1 A1 

RESULT OF SYNGAS OPERATION 

RUN NO. 12185-21 
CATALYST C0/XII-U103 80 CC 31.3 G AFTER USE:48.2 G (+16.9 G) 
~EED H2:C0 

RUN & SAMPLE NO. 

OF 50:50 @ 400 CC/MN OR 300 GHSV 

12185-21-12 185-21-13 

FEED H2;CO:AR 50:50:0 50:50:0 
HRS ON STREAM 356.5 ;01.7 
PRESSURE,PSIG 300 300 
TEMP. C 260 260 

FEED CC/MIN 400 400 
HOURS FEEDING 24.75 45.25 
EFFLNT GAS LITER 291.85 534.70 
GM AQUEOUS LAYER 61.12 113.90 
GH OIL 41.18 71.84 

MATERIALBALANCE 
GMATOM CARBON ~ 99.62 98.41 
GM ATOM HYDROGEN ~ 104.72 104.44 
GM ATOM OXYGEN ~ 95.38 95.45 

RATIO CHX/(H20+CO2) 1.1210 1.0843 
RATIO X IN CHX 2.3317 2.3410 
USAGE H2/CO PRODT 1.6884 1.7323 
FEED H2/C0 FRM EFFLNT 1.0512 1.0513 
RESIDUAL H2/CO RATIO 0.5335 0.5361 
RATIO CO2/(H20+C02) 0.1541 0.1430 
K SHIFT IN EEELNT 0.0972 0.0895 
SPECIFIC ACTIVITY SA 2.1239 2.0474 
CONVERSION 

ON CO ~ ~4.83 43.90 
ON H2 ~ 72.00 71.66 
ON CO+K2 ~ 58.76 58.19 

PEDT SELECTIVITY,WT 
CH4 10.38 10.83 
C2 HC'S 2.12 2.20 
C3H8 2.60 2.63 
C3H6= 2.18 2.17 
C4HI0 2.29 2.40 
C4H8= 3.09 3.22 
C5H12 2.59 2.71 
C5H10= 1.98 2.O1 
C6HI~ 3.74 3.93 
C6H12= & CYCLO'S 2.03 2.10 
C7+ IN GAS 7.25 7.19 
LIQ HC'S 5~.76 58.61 

TOTAL I00.00 I00.00 
SUB-GROUPING 

Cl -C4 22.65 23.45 
C5 -420 F 36.41 37.87 
420-700 F 25.76 27.78 
700-END PT 15.18 10.90 

( CAT#12251-I00 )' 
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Table B6 (continued) 

FILE: 1218521C TSS4QI A1 

CS÷-END PT 77.35 76.55 
ISO/NORMAL MOLE RATIO 

C4 0.0212 0. 0202 
C5 0. 0889 O. 0906 
C5 0.4615 0.4501 
C4 = 0. 1037 O. 1084 

PAP3%FFIN/OLEFIN RATIO 
C3 I. 1405 I. 1557 
C; O. 7167 O. 7191 
C5 1.2717 1.3108 

SCHULZ-~'LORY DISTRBTN 
ALPHA (EX~(SLOPE)) 0.8552 0.8372 
RATIO CH4/(1-A)**2 4.9510 4.0857 

ALPHA FRM CORRELATION 
ALPHA (EXPTL/CORR) 

0. 8414 0.8412 
1.0164 0.9953 

W~CH4 FRM CORRELATION 17.0146 17.0873 
WXCH4 (EXPTL/CORR) O. 6100 0.6337 
LIQ HC COLLECTION 

PHYS. APPEARANCE OIL WAX OIL WAX 
DENS I TY 
N, REFRACTIVE INDEX 
SIMULT t D DISTILATN 

I0 WT ~ @ DEG ~ 301 291 
16 342 308 
S O  520 480 
84 ' " 795 730 
90 879 817 

RANGE( 16-84 ~) 453 422 

WT % @ 420 F 31 .50  34.00 
WT ~ @ 700 ~" 74.60 81.40 
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VI. Run 38 (12200-22).with. CatalTst 38 (Co/Xll/TC-103.) 

This was a repeat of Run 36 which, in the short 50 hours on 

stream before it was cut off by a power failure, produced promis- 

ing results both in activity and selectivity. The catalyst was 

identical in composition and preparation to Catalyst 36, includ- 

ing the same concentrations of cobalt and Xll , 12.3 and 2.4 per- 

cent respectively. 

Conversion, product selectivity, £somerization of the pentane, 

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

stream in Figs. B52-55. Simulated distillations of the C5+ pro- 

duct are plotted in Figs. B56-64. Carbon number product distri- 

butions are plotted in Figs. B65-73. Chromatograms from simulat- 

ed distillations are reproduced in Figs. B74-82. Detailed mate- 

rial balances appear in Tables B7-I0. 

.During the first stage of the run, at 240C, the act~vlty o£ 

this catalyst was somewhat lower than in Run 36. At about 50 

hours on stream the conversion of CO+H 2 was aLout 50 percent, as 

against 52 percent in Run 36. The difference may be due, wholly 

or in part, to a temperature control failure early in the run 

which exposed the catalyst to a temperature of 248C {eight de- 

grees above specification) for some part of the time until the 

first sample was taken. 

The selectivity was essentlally the same as in Run 36, with 
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methane content less than 4 percent, C5+ content about 88 per- 

cent, and high olefin content in the C 4 fraction. 

The stability at 240C was fairly poor, with conversion falling 

from 50 percent initially to 44 percent after 100 hours. At the 

same time the methane production, as usual during deactivation, 

was increasing. 

When the reactor temperature was raised to 260C the conversion 

increased to about 54 percent, approximately the same as with 

Catalyst 32. On a basis of weight percent cobalt, however, Cata- 

lyst 32, with only 8.2 percent cobalt, was substantially more 

active. 

In selectivity, this catalyst was somewhat better than Cata- 

lyst 32: 

Percent of total product 
~260C~ 300 GHSV~ 1:1H2:C0) 

Catalys t 38 Catalyst 32 

CH4 6.5 7.6 
C5+ 82.8 82.1 
C 4 olefin/paraffin 2.2 1.8 

The stability, however, was poorer than that of Catalyst 32, 

with a loss of conversion, as estimated by linear least squares, 

of one per=enrage point every 70 hours. An interestin 8 feature 

of this process was the fact that the methane production remained 

stable throughout, with an estimated increase of only one per- 

centage point every 2000 hours. 

The Schulz-Flory plots, as in Run 36, were linear, with no 
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evidence of a carbon number cut-off. 

Near the end of the run the H2:CO ratio was increased to test 

the effect on conversion and methane make. When the ratio was 

raised from I:I to 2:1 the methane production increased sharply 

to more than 30 percent and the conversion to 90 percent. Upon 

lowering the ratio to 1.5:1, methane production dropped to abo~t 

18 percent and conversion to about 70 percent. In each of these 

stages the time on stream was too short for any conclusions as to 

stability. 

From this test it appears that a substantial increase in the 

cobalt concentration of this type of catalyst has mixed effects, 

improving activity but impairing stability. The results from 

manipulating the H2:CO ratio suggest that raising this ratio may 

enhance the activity of a catalyst which has an inherently low 

production of methane. 
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Table B 7 , '  
t 

FILE: 1220022A TSS4Q1 A1 

RESULT OF SYNGAS OPERATION "" 
' , . , 

RUN NO~ 12200-22 
CATALYST CO/XII-UI03 80 CC 33.1 G'AETER USE:49.2 G (+16.1 G) 
FEED" H2:CO 'OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT~12524-5 ) 

RUN'& SAMPLE NO. 12200-22-01 200-22-02 200-22-03 200-22-04 200-22-05 
m w - - - - ~ m - -  

FEED H2:CO:AR 50:50:0 
HRS ON STREAM 25.0 
PRESSURE,PSIG 300 
TEMP. C 248 

FEED CC/MIN 400 
HOURS FEEDING 25.00 
EFFLNT GAS LITER 194.50 
GM AQUEOUS LAYER 71.61 
GM OIL 19.66 
MATERIAL BALANCE 

GMATOM CARBON ~ 6 0 . 3 3  
GHATOMHYDROGEN ~ 70.92 
GM ATOM OXYGEN~ 7 9 . 4 6  

RATIO CHX/(H20+CO2) 0.4740 
RATIO X IN CHX 2.2393 
USAGE H2/CO PRODT 2.6144 
FEED.H2/CO FRM EF~LNT 1,1755 
RESIDUAL H2/C0 RATIO 0.4528 
RATIO C02/(H20+C02) 0.0806 
K SHI~'T IN EFELNT 0.0397 
SPECIFIC ACTIVITY SA 3.1689 
CONVERSION 

ON C0 ~ 33.43 
ON H2 X 74.36 
ON CO+H2 ~ 55.55 

PRDT SELECTIVITY, WT 
OH4 6.40 

. C2 EC'S 1.36 
C3H8 1.47 
C3H6= '2.67 
C4HI0 1.56 
C4H8= 3.47 
C5H12 1.84 
CSHI0= 2.72 
C6E14 2 .84  
C6H12= & CYCLOIS 2.64 
C7+ IN GAS 8.29 
LZQ HCIS 64.75 

TOTAL I00.00 
SUB-GROUPING 

Cl -C4 16.91 
C5 -420 F 46.37 
4 2 0 - 7 0 0  F 32.89 
700-END PT 3.82 

50:50:0 50:50:0 50:50:0 50=50:0 
48.5 72.5 i01.0 148.0 

300 300 300 300 
240 240  240  240 

400 400 400 400 
23.50 24.00 28.50 47.00 

284.70 301.85 366.07 641.08 
4 8 . 4 0  4 7 . 3 7  ' 5 4 . 2 6  9 1 . 9 1  
4 2 . 5 0  4 5 . 7 8  4 5 . 4 2  6 5 . 7 0  

96.60  100 .58  96 .58  97 .29  
94.21 96 .99  93.23 9 4 . 1 7  
90 .11  91 .15  90.65 94 .56  

1.2429 1 .3669  1;2397 1 .1075  
2 .1776 "  2 .1772  2 .1866 2 .1929  
1.7557 1.7021 1.7804 1.8769 
0.9752 0 .9642  "0.9654 0.9680 
0.5341 0.5406 0.5613 0.5771 
0.0621 0.0597 0.0533 0.0471 
0.0353 0.0343 0.0316 0.0285 
4.6006 4.6112 3.8048 3.2358 

36.11 36.47 33.14 30.07 
65.01 64.38 61.12 58.31 
50.38 50 .17  46 .89  43 .96  

3.26 3.20 
0.71 0 84 
0.73 0 75 
2.04 2 12 
0.86 0 88 
2.53 2 59 
1.05 1 06 
2.07 2 14 
1.55 1 54 
1.98 1.91 
5.63 5 . 6 1  

77.60 77 .36  

3.75 4.30 
0,85 1.16 

, 0.90 1.09 
2.47 2.93 
1.05 1.23 
3.04 3.51 
1.22 1.40 
2.45. 2.74 
1.78 0.43 
2.19 3.37 
6.32 6.91 

73,98 70.94 

100.00 I00.00 I00.00 100.00 

10.13 10.38 12.06 14.21 
27.79 27.73 28.02 29.27 
31.04 30.95 28.38 27.76 
31.04 30.95 31.55 28.76 

- BI07 - 



FILE: 1220022A TSS4QI Al 

Table B7 (c'ontinued) 

C5+-END PT 83.09 89.87 89.62 
ISO/NORMAL MOLE RATIO 

C4 0.0218 0.0000 0.0000 
C5 0.0546 0.0%70 0.0425 
C6 0.3264 0.2610 0.2525 
C4 = 0 . 0 5 3 0  • 0 . 0 2 7 2  0 . 0 2 6 2  

PARAFFIN/OLEFIN RATIO 
C3 0.5244 0.3414 0.3402 
C4 0 . 4 3 2 7  0 . 3 2 7 5  0 . 3 2 9 2  
C5 0.6593 0.4915 0.4804 

SCHULZ-FLORY DISTRBTN 
ALPHA (EX~(SLOPE)) 0.8561 0.8466 0.8321 
RATIO CH4/(I-A)**2 3.0910 1.3835 1.1354 

ALPHA ERM CORRELATION 
ALPHA (EXPTL/CORR) 

~CH4 FRM CORRELATION 
h-j~c~4 (EXPTLICO~R) 
LIQ HC COLLECTION 

PHYS. APPEARANCE OIL WAX 0IL WAX OIL WAX 
DENS ITY 
N, REERACTIVE INDEX ' ~" " 
SIMULT'D DISTILATN 

i0 WT ~ @ DEG F 
16 
50 
84 
90 

RANGE(16-84 ~) 

NT ~ @ 420 F 43.30 20.00 20.00 
WT ~ @ 700 F 94.10 60.00 60.00 

8 7 . 9 4  8 5 . 7 9  

0 . 0 0 0 0  0 , 0 0 0 0  
0 . 0 3 9 6  0 . 0 4 2 0  
0 . 2 5 3 6  0 . 0 0 0 0  
0 .0272  0.0280 

034s7 0 .3 .6  
0 . 3 3 2 5  0 . 3 3 9 6  
0 . 4 8 6 6  0 . 4 9 5 7  

0 , 8 8 3 6  0 . 8 7 9 5  
2 . 7 6 5 9  2 . 9 6 0 5  

0.8401 0 . 8 3 8 7  
1.0518 1.0487 

!3.0561 13.4749 
0.2871 0.3188 

OIL WAX OIL WAX 

345 344  
389 386 
646 624 
949 935 

!029  1015 

560 549 

1 9 . 0 0  20~33 
5 7 . 3 6  5 9 , 4 6  
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Table 68 

FILE: 12200226 TSS4QI A1 

RESULT OF S~GAS OPERATION 

RUN NO1 12200-22 
CATALYST CO/XII-UI03 '80 CC 33.1 G "ATER USE:%9.2 G (÷16.1 G) 
FEED H2:CO OE 50:50 @ 400 CC/MN OR 300 GHSV ( CA~12524-5 ) 

RUN ~ SAMPLE NO. 12200-22-06 290-22-07 200-22-08 200-22-09 200-22-10 

FEED E2:CO:AR 50~50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRS ON STREAM 157.5 191.5 215.5 239.5 263.5 
PRESSURE,PSIG 300 300 300 300 300 
TEPIP. C 256 257 256 258 258 

~EED CC/MIN 400 400 400 400 400 
HOURS EEEDING 19.50 24.00 24.00 24.00 "'2%.00 
EFFLNT GAS LITER. 231.90 278.70 283.05 280.15 281.20 
GM AQUEOUS LAYEE' %3.47 53.75 56.55 58.88 57.05 
GN OIL /' 31.97 %0.64 38.73 37.68 36.87 

~ATERIAL BALANCE 9 5 . 9 6  
GMATOM CARBON ~ 99.24 97.93 97.45 96.33 
GM ATOM HYDROGEN ~ 93.89 94.49 9%.66 95.23 93.72 
GM ATOM OXYGEN ~ 95.71 93.56 95.45 95.79 95.08 

RATIO CHX/(H20÷C02) 1.1139 1.1414 1.0633 1.0156 1.0273 
RATIO X IN CHX 2.2479 2.2411 2.2390 2.2471 2.2%%4 
USAGE H2/CO PRODT 1.7037 1.6985 I. 7821 I. 8143 I. 8120 
EEED H2/CO FRM EEFLNT 0.9461 0.96%9 '0.9713 0.9885 0.9767 
RESIDUAL H2/CO RATIO 0.4639 0.4756 0.4730 0.4750 0~4740 

0.1310 0.1261 0.1062 0.1058 0.1036 
RATIO C02/(H20+C02) 0.0686 0.0562 0.0562 0.0548 
K SHIET IN EFELNT 0 . 0 6 9 9  
SPECIEIC ACT~UZTY SA 2.5421 2.4279 2.3870 2.1653 2.1193 

CONVERSZON 37 57 
ON CO ~ 38.89 40.01 38.07 38.34 • 
ON H2 ~ 70.0% 70.43 69.85 70.37 69.71 
ON CO+H2 ~ 54.04 54.95 53.73 54.27 53.%5 

PRDT SELECTIVITY,WT ~ 6~53 6.39 
CH% 6.53 6.17 6.14 
C2 HC'S 1.42 1.49 - 1.32 1.48 1.38 
C3H8 1.58 1.49 1.48 1.54 ~ 1.57 
C3H6= 2.64 2.55 2.72 2.73 2.80 
C4HI0 1.61 1.52 1.53 1.60 1.62 
C4H8= 3.45 3..37 3.50 3.58 3.57 
C5H12 1.87 1.81 1.81 1.91 1.91 
CSHIO= 2.54 2.49 2.57 2.58 2.72 
C6H14 2.83 2.84 2.73 2 . 9 7  2.98 
C6H12= & CYCLO'S 1.89 2.09 2.10 1.95 1.93 
C7+ IN GAS 6.31 6.07 6.21 6.55 6.59 
LIQ HC'5 67.34 68.11 67.90 66.57 66.55 

TOTAL I00.00 100.00 I00.00 I00.00 I00.00 

SUB-GROUPING C1 -C4 17.23 16.60 16.68 17.47 17.32 
C5 -420 F 34.42 49.35 37.69 49.25 49.41 
420-700 F 28.48 27.24 31.85 26.63 26.62 
700-END PT 19.86 6.81 13.78 6.66 6.65 
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Table B8 

~ILE: 1220022B TSS4QI A1 

(continued) 

C5÷-END PT 82.77 83.40 83.32 82.53 
ISO/NORMAL MOLE RATIO 

C4 0.0169 0.O168 0.0171 0.0161 
C5 0.0624 0.0647 0.0611 0.0595 
C6 0.3890 0.4354 0.3996 0.4143 
C4= 0.0560 0.0551 0.0540 0.0571 

PARAEEIN/OLEFIN RATIO 
C3 0.5712 0.5573 0.5184 0.5386 
C4 0 .4493  0:4355 0.4231 0.4303 
C5 0.7145 0.7072 0.6868 0.7185 

SCHULZ-FLORY DISTRBTN 
ALPHA (E]~P(SLOPE)) 0.8613 0.8322 0.8623 0.8171 
RATIO CH4/(I-A)**2 3.3918 2.1918 3.2389 1.9542 

ALPHA FRM CORRELATION 0.8484 
ALPHA (EXPTL/CORR] 1.0151 

W~CH4 FRM CORRELATION 13.9839 
~CH4 (EXPTL/CORR) 0.4668 
LIQ HC COLLECTION 

PHYS. APPE~CE OiL WAX 
DENSITY 
N, REFRACTIVE INDEX 
SIMUL~'D DISTILATN 

10 WT ~ @ DEG F 309 
15 348 
50 548 
8~ 853 
90 945 

RANGE(16-84 ~) 505 

WT ~ @ 420 F • 28.20 
wT % @ 7oo F 7o . so  

0.8475 
1.0175 

14.2772 
0 . 4 2 9 9  

82.68 

O.0174 
0.0527 
0.4163 
0.0550 

0 . 5 3 5 4  
0 . 4 3 7 6  
0 . 6 8 2 7  

0.8136 
1.8372 

OIL WAX OIL WAX OIL WAX OIL WAX 

304 
34:3 
514  
736 
798 

393 

5 0 . 0 0  3 2 . 8 0  5 0 . 0 0  5 0 . 0 0  
90 .  O0 7 9 . 7 0  90 .  O0 90 .  O0 

: .  - ' .  
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Table B 9 .  

FILE~ 1220022C TSS4Q1 A1 

RESULT OF SYNGAS OPERATION 

RUN NO. 12200-22 
CATALYST CO/XI1-UI03 80 CC 33.1G AFTER USE:49.2 G (+16'.1 G) 
FEED H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT#12524-5 ) 

RUN & SAMPLE NO. 12200-22-11 200-22-12 200-22-13 '200-22-14 200-22-15 

£EED H2:CO:AR 50:50:0 50:50:0 
HRS ON STREAM 287.5 311.5 
PRESSURE,PSIG 300 300' 
TEMP., C 257 257 

FEED CC/MIN 400 400 
HOURS FEEDING 24.00 24.00 
EFFLNT GAS LITER 290.50 293.20 
GN AQUEOUS LAYER 56.25 55.58 
GM OIL 37.35 36.98 
MATERIAL BALANCE 

GM ATOM CARBON ~ 97.53 98.44 
GM ATOM HYDRCGEN ~ 95.18 95.45 
GM ATOM OXYGEN ~ 95.90 9 6 . 1 7  

RATIO CHX/(H20+C02) 1.0522 1.0735 
RATIO X IN CHX 2 . 2 4 0 6  2 . 2 4 2 8  
USAGE H2/C0 PRODT 1.8179 1.8064 
FEED H2/CO FRH EFFLNT 0.9759 0 .9696  
RESIDUAL H2/C0 RATIO 0.4879 0.4858 
RATIO 002 / (H20÷C02)  0.0944 0 .0943  
K SHIFT IN EFFLNT 0.0509 0.0505 
SPECIFIC ACTIVITY SA 2.0878 2.0645 
CONVERSION 

ON CO ~ 3 6 . 6 9  36 .62  
ON H2 ~ 6 8 . 3 5  6 8 . 2 5  
ON CO+H2 ~ 5 2 . 3 3  5 2 . 2 0  

PRDT SELECTIVITY,WT 
CH4 6.23 6.32 
C2 HC'S 1.38 1,48 
C3H8 1.55 1,54 
C3H6= 2.84 2.88 
C4H10 1.57, 1.64 
C4H8= 3.60 3,53 
C5H12 1.85 1.88 
C5HI0= 2.67 2.88 
C6H14 2.69 2.93 
C6H12= & CYCLO'S 1.81 2.16 
C7+ IN GAS 6.54 6.80 
LIQ HC'S 67.26 65.96 

TOTAL I00.00 100.O0 
SUB-GROUPING 

C1 -C4 17.16 17.39 
C5 -420 F 49.21 35.98 
4 2 0 - 7 0 0  F 2 6 . 9 0  2 9 . 3 5  
700-END PT 6.73 17.28 

6 6 : 3 3 : 0  6 6 : 3 3 : 0  6 0 : 4 0 : 0  
3 3 5 . 5  3 5 9 . 5  3 8 3 . 5  

300 300 300 
259 258 2 5 8  

400 400 400 
2 2 . 5 0  2 4 . 0 0  2 2 . 5 0  

156.90 154.80 184.75 
7 4 . 2 2  76.56 76.29 
3 5 . 0 5  2 3 . 2 9  2 9 . 4 1  

119.04 104.07 87.68 
103.94 94 .66  9 0 . 9 6  
102.01 9 7 . 9 7  9 7 . 1 8  
1.2275 1.0829 0.8271 
2.7814 "2.8967 2.5036" 
1 . 6 9 2 2  1.7453 2 . 0 7 7 0  
1 . 7 4 9 0  1.8220 1.5562 
2.3925 3.0243 0.8283 
0.2340 0.2471 0.1032 
0,7307 0.9926 0.0953 
2.1748 2.2070 1.7389 

91.89 94.00 58.29 
88.91 90.05 77.80 
8 9 . 9 9  91.45 " 70.17 

31.26 36.40 18.71 
4 . 4 7  5 ,43  2 • 67 
7 . 5 4  9 . 0 3  3 . 7 4  
0 . 3 6  0 . 3 8  1 . 1 6  
5 . 6 8  6 .33  3 . 4 9  
0 • 8 9  0 . 9 9  2 • 02 
4.80 5.16 3.87 
0.45 0.51 1.16 
4.51 5.13 5.16 
0.44 0 . 3 0  1.00 
4.80 5.53 6.92 

34.80 24.81 50.10 

100.0O 100.00 100.00 

50.19 58.55 31.78 
30.77 30,58 42.42 
1 2 . 7 7  7 . 3 2  2 0 . 0 4  

6 . 2 6  3 ,55  5 . 7 6  
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Table B9 

FILE: 1220022C TSS4QI A1 

(continued) 

C5+-END PT 82.84 82.61 49.81 41.45 68.22 
ISO/NORMAL MOLE RATIO 

C4 0.0000 0.0170 0.0676 0.0705 0.0332 
C5 0.0507 0.0502 0.1531 0.1717 0.1027 
C6 0.4459 0.4471 0.3%13 0.3843 0.3231 
C4= 0.0532 ' 0.0581 0.3281 0.3751 0.1491 

PARAFFIN/OLE~INRATIO 
C3 0.5201 0.5095 20.1335 22.7590 3.0769 
C4 0.4204 0.4491 6.1915 6.1909 1.6642 
C5 0 .6757  0 .6338 10.3663 9 .7532 3.2406 

SCHULZ-ELORY DISTRBTN 
ALPHA (EX~(SLOPE)) 0.7897 0.8844 0.8234 0.7947 0.8116 
RATIO CH4/(I-A)t*2 1.4097 3.4343 10.0198 8.6368 5.2719 

ALPHA ERMCORRELATION 0.8451 0.7683 0.7570 0.8201 
ALPHA (EX~TL/CORR) 1.0218 1.0716 1.0498 0.9897 

W~CH4 FRMCORRELATION 14.9137 39~4675 42.7805 23.2060 
W'~,CH4 (EX~TL/CORR) 0.4235 0.7921 0.8509 0.8061 
LIQ HC COLLECTION 

PHYS. AgPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX OIL WAX 
DENSITY 
N, REERACTIVE INDEX 
SIMULT'D DISTILATN 

I0 WT X @ DEG F 304 253 237 257 
16 345 288 257 298 
50 541 452 389 423 
8% 797 720 575 640 
90 873 785 761 727 

RANGE(16-84 ~) 452 , 432 419 342 

WT ~ @ 420 F 50.00 29.30 ~5.30 56.20 48.50 
WT ~ @ 700 F 90.00 73.80 82.00 85.70 88.50 

-j 
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£1LE: 1220022D TSS4Q1 A1 

Table 'BIO, 

RESULT OF S~NGAS OPERATION 

RUN NO. 12200-22 
CATALYST CO/ZII-UI03 80 CC 33.1G AFTER USE:49.2 G (+16.1 G) 
EEED H2:CO OF 60:40 ~ 400 CC/MN OR 300 GHSV ( CAT~12424-5 ) 

RUN & SAMPLE NO. 12200-22-16 

FEED H2:CO:AR 60:40:0 
HRS ON STREAM 407.5 
PRESSURE, PSIG 300 
TEMP. C 258 

EEED CC/MIN 400 
HOURS FEEDING 24.00 
EE~'LNT GAS LITER 220.00 
GM AQUEOUS LAYER 70.71 
GM OIL 34.22 
MATERIAL BALANCE 

GM ATOM CARBON Y6 97 .35  
GM ATOM HYDROGEN 7. 92.01 
GM ATOM OXYGEN y, 97.84 

RATIO cHX/(H20+C02 ) 0.9902 
RATIO X IN CHX 2.4847 
USAGE H2/CO PRODT 1.8717 
EEED H2/CO ~'RM EFELNT 1.4177 
RESIDUAL H2/CO RATIO 0.8084 
RATIO CO2/(H20+C02 ) 0.1312 
K SHIFT IN EFELNT 0.1221 
SPECIFIC ACTIVITY SA 1.7690 
CONVERS I ON 

ON CO ~ 57.30 
ON H2 ~ 75 .65  
ON CO+H2 y. 68.06 

9RDT SELECTIVITY,WT y, 
CH4 17.73 
C2 HC'S 2 . 6 7  
C3H8 3.72 
C3H5= 1.32 
C4H10 3.48 
C4H8= 2.25 
C5H12 3.86 
C5H10= 1"29 
C6H14 4 . 9 9  
C6H12= & CYCLO' S I. 12 
C7+ IN GAS 7.08 
LI~ HC'S 50.48 

TOTAL I00.00 
SUB-GROUPING 

C1 -C4 3 I. 18 
C5 -420 F 39.80 
4 2 0 - 7 0 0  F 21 .71  
700-END PT 7.32 
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Table BIO 

FILE: 1220022D TSS401 A1 

C5÷-END ?T .~ 6 8 . 8 2  
ISO/NOR~ MOLE RATIO , 

C4 
C5 
C6 
C4= 

PARAFFIN/OLEFIN RATIO 
C3 
C4 

J C5 
SCHULZ-ELORY DISTRBTN 

ALPHA (EX~(~LOPE)) 
RATIO CH4/(1-A)**2 

ALPHA FRM CORRELATION 0.8213 
ALPHA (EXPTL/CORR) 1.0082 

0 . 0 2 7 6  
0 . 0 8 9 0  
0 . 3 1 7 9  
0 . 1 3 0 6  

2.6881 
1.4902 
2.9028 

0 . 8 2 6 4  
5 . 8 8 0 4  

W~CH4 FRM CORRELATION 22.8392 
M'~CH4 (E~TL/C0RR) 0.7783 
LIQ HC COLLECTION 

PHYS, A~PEARANCE OIL WAX 
DENS ITY 
N, REERACTIVE INDEX 
SIMULT' D DISTILATN 

I0 WT ~ @ DEG E 259 
16 300 
50 454 
84 686 
90 762 

RANGE( 16-84 X) 386 

WT ~ @ 420 F 42.50 
WT % @ 700 F 85.50 

(continued) 
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VII. Run 39,,(I1617-04) wlth"Catal[st 39'(Co/XI~/XI2/TC-103 ) 

This catalyst is a variation on Catalyst 32 with the.addltion 

of a new promoter, X12. The object of the run was to investigate 

whether the presence of XI2 will improve the catalyst's activity 

while maintaining the superior selectivity and stability of Cata- 

lyst 32. 

Aside from the addition of XI2 , and the same pretreatment as 

with Catalyst 37, the composition and preparation were similar to 

those of Catalyst 32. The theoretical concentrations of cobalt, 

Xll and X12 were 7.6, 1.4 and 5.0 percent respectively. 

Conversion, product selectivity, isomerization of the pentane, 

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

stream in Figs. B83-86. Simulated distillations of the C5+ pro- 

duct are plotted in Figs. B87-96. Carbon number product distri- 

butions are plotted in Fiss. B97-106. Chromatograms from simu- 

lated distillations are reproduced in Figs. B107-115. Detailed 

material balances appear in Tables B11'13. 

To provide a fair measure of stability, the run was conducted 

for more than 200 hours at each of two temperatures, 240C and 

260C. At 240C the initial conversion was more than 50 percent, 

substantially higher than the 45 percent obtained with Catalyst 

32. Stability over this period was excellent, with a ~ain of 

activity, as estimated by linear least squares analysis, of one 
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percentage point every I00 hours. Due to the large quantities of 

wax produced, however, there was a large scatter in the data. 

The selectivity at 240C was comparable to, or better than, 

that of Catalyst 32. The methane production fluctuated around 4 

percent, and p~oduction of C5+ was more than 85 percent; the cor- 

responding levels for Catalyst 32 were 5 percent and about 85 

percent. Some part of the improvement in selectivity can perhaps 

be attributed to the reduced residual H2:CO ratio in the reactor 

due to the catalyst's higher activity| however~ such parameters 

as the weight percent methane (experlmental/correlation, as des- 

cribed in pre~ious reports) show a real reduction in methane 

make. This formulation has produced the highest activity to date 

for the TC-103 catalysts of its type. 

At 260C the catalyst was also more active than Catalyst 32, 

with 60 percent syngas conversion as against 56 percent. The 

stability, however, was poorer than at 240C, with conversion 

deactivating ~t an estimated rate of one percentage point every 

40 hours. The selectivity at 260C was approximately the same as 

that of Catalyst 32, with initial methane production of about 8 

percent and up to about 11 percent after some 220 hours on 

stream. 

The Schulz-Flory plots at both 24OC and 260C were linear, 

again except for the usual high methane. The olefin content of 

the light gas frac~:ion was lower than for Catalyst 32| the ole- 

fin:paraffin ratio of the C 4 fraction was about 1.5 at 260C, as 

against about 1.75 for Catalyst 32. 
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5- 

This run has demonstrated sev.eral potentially valuable func- 

tions of XI2 in enhancing the performance of Xll-promoted cata- 

lysts, among them improved activity, lower methane production, 

higher production of C5+ , and better stability at 240C. At 260C, 

however, Xll appears from this test to impair the stability of 

these catalysts. 
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