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I .  CONTRACT OBJECTIVE 

The  o b j e c t i v e  o f  t h e  c o n t r a c t  i s  t o  c o n s o l i d a t e  t h e  a d v a n c e s  

made d u r i n g  t h e  p r e v i o u s  c o n t r a c t  i n  t h e  c o n v e r s i o n  o f  s y n g a s  t o  

motor fuels using Molecular S£eve-~ontalning catalysts and to 

demonstrate the praculcal 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-elght month 

period beginning September 18, 1984. 

Work on the program is divided int~ six tasks. 

Task 1 conslsUs 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 evaluation planned for Task 5, will be 

based on a sensitivity analysis which MITRE will conduct on an 

updated version of their previously completed economic evaluation 

of the Union Carbide Corporation (UCC) system. 

Task 3 consists of the optimization of the most promising 

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

goals defined by the MITEE 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 which will glve it the longest possible service 

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

1 

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 ArEe reactor) contalnin 8 the most promisin E catalysts 

developed under uhe Tasks 3 and 4 studies. This opulmal perfor- 

mance will be estimated from a mathematical model of the tubular 

reactor which Incorporates reaction rate constants determined 

from appropriate Berry reactor runs. This effort will run 

throuEh the first 2~ months of the contract. 

Task 5 conslsts 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 EIEhth 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 Developmenu Group of the Molecular Sieve Technology Depart- 

ment, Catalysts and Services Division, Union Carbide Corporation, 

Tarrytown, New York. 

The principal invesuigauor is Dr. Jule A. Rabo. 

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

A. Task I 

Task 1, a detailing of the work planned for the other tasks 

in the contract, has been completed. 

B. Task 2 

Task 2, a preliminary techno-economlc assessment of the UC C 

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

which MITRE is conducting on an updated version of their prevl- 
/ 

ously completed economic evaluation of the UCC s~stemo 

This sensitivity study is expected to graphically show the 

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

ferentlal cents per Eallon of motor fuels, for chanEes in each of 

the operatln s parameters of space velocity, catalyst llfe, meth- 

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

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

These dlfferennlal cost-operatlnE parameter curves will not 

only strlkinEly illuminate which of those operatln 8 parameters 

have the Ereaues~ effect on product cost (got Task 2), but they 

will also be used with s~mulated process operatinE curves to 

readily obtain an economic worth for each tested catalyst for any 

set of envisioned process conditions (for Task 6). 

I 



C. Tasks 3 and & 

The catalytic testing dnrlnE ~his quarter was focused on 

further developlnE and nnderstandinE 111 promoted cobal~ oxide 

catalysts intimately c o n t a c t e d  with t h e  Molecular Sieve TC-123. 

Included in the testlnE were attempts a~ determlnlnE ~he 

beneficial effects of incorporatlnE the promoter X 9 into the car- 

alyst formulation (flrs~ used in Run 55), at in6orporatlnE hiaher 

cobalt coneen~ranlons into the catalyst, and at screenlnE the ef- 

fects of usln E a new Molecular Sieve support, TC-124o 

Two catalysts were tested to determine the potential benefi- 

cial effect of the promoter 19 under hIEh temperature and pres- 

sure conditions (260C, 500 psia, 1.5:1H2:C0). Catalyst 60, con- 

talnln E no Xg, showed inferior stability to Catalys~ 55, which 

contained 1.1 percent 19 (described in Run 55, Appendix B of this 

report)° Increasln E the concentration to 1.6 percent also showed 

decreased catalyst s~ability, indica~In 8 that an optimum quantity 

of 19 lies between zero and 1.5 percent. 

A new method of Increasln E the cobalt concentration was 

tried to further improve the catalyst's activity (Run 59)° The 

/ 

catalyst demonstrated an Ini~lally hiah activity, but it quickly 

dropped to the level normally observed for a typical 8.2 percent 

loadln S. . 

A new support, TC-124, was tested for its effect on catalyst 

performance. Both attempts (Runs 58 and 61) produced catalysts 

vi~h poor performance, but these catalysts did show improved Iso- 

merlzatlon activity as evidenced by the C5+ fraction. 
i 
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D. Task 5 

Berty reactor 4ata for the promising Catalyst 45 were corre- 

lated into rate and selectivity expressions. These correlations 

were then incorporated into the FIXBD compuner simulation of the 

Arge reactor to yield preliminary design curves for a "kick-off" 

presentation to MITRE, who will be carrying out an updated eco- 

nomic evaluation of our new catalyst system (see Task 5, below). 

E. Task 6 

As mentioned above, MITRE is expected to begin ~heir eco- 

nomic evaluation of our Catalyst 45 shortly. This evaluation 

will be for a base case which will run at 400 psig, 250C, and 

with an 85 percent overall syngas conversion. 

The feed space velocity chosen for that conversion will re- 

quire a certain H2:CO feed ratio, which, in Turn, will determine 

how much CH 4 is produced (high H2:CO feed ra~ios will allow high 

space velocities, bu~ they will also creane high CH 4 makes). 

The relationship between feed space velocity and methane 

make was presented to MITRE in the form of a sinEle curve. This 

plot was accompanied by additional plots which showed what the 

feed E2:CO ratio, the C 2 make, and the alpha for the C3 + product 

would be for any chosen combination of feed space velocity and 

CH4 make. See Appendix C. 

MITRE is expected to use these operatln~ curves in conjunc- 

tion with their techno-economic background ~ o  plck a single space 

velocity-CH~ make combination as the basis for a complete eco- 

nomlc evaluation. 

-7 - 
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This evaluation will be accompanied by a thorouEh sensitiv- 

ity analysis which could be in the form of ten plots, one for 

each of the ten operanlnE variables of pressure, temperature, 

overall conversion, methane make, feed space velocity, feed H2:CO 

ratio, C 2 make, alpha for C3+~product, catalyst cost, and cata- 

lyst life. 

Each of these operauin8 variables would be plotted aEalnst 

the correspondinE cos~ differential (cents per 8allot, plus or 

minus) which would arise if the value of that variable (and only 

that variable)were chanEed to a different value from that used 

in the base case. Three or four such determinations by MITRE 

would thus define a sensltivit 7 curve for that operatin E varla- 

b l e .  

The sensitivit 7 curves would be used in conjunction with 

sets of new ~peratin8 curves for new cases. Values for ten new 

operatinE variables for a new case would be taken from these new 

operatin~ curves and costed with the sensitivit 7 curves. The sum 

of all the plus and minus differentials thus determined from the 

sensitivity curves would define the total cost (relative to the 

cost of the base case) for that new case. 

In other words, these MITRE supplied sensitivity curves will 

allow UCC to determine the worth of any set of operatin E condi- 

Lions for Catalyst 45, or for any set of operatinE conditions for 

any new, improved catalyst that we may develop in the future. 
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V. CHANGES 

There were no contract changes ~uring nhe Seventh Quarter. 

-9- 
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V I .  FUTURE WORK 

T a s k s  3 a n d  A w i l l  c o n t i n u e  t o  b e  d e v o t e d  t o  d e v e l o p i n g  n e w ,  

stable catalyst formulations which will have hiEher specific ac- 

tivlnies and lower methane makes than do our present catalysts. 

Task 5 will continue to be devoted to examininE various op- 

eratin E conditions for Catalyst ¢5p as well as to supplyin8 MITEE 

with any requested supportlnE material. 

- 10 - 
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APPENDII A. CATALYST TESTING: SUMMARY OF RUNS 
REPORTED DURING THIS qUARTER 

Jo G. Miller, L. F .  Elek, C-L YanE and K. N. Beale 

This report describes the five catalyst tests conducted from 

April through June 1985, the seventh quarter of this contract. 

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

aration, and a brief statement of each testis objective, are 

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

oxide ~nd additive XII intimately contacted with.one of two 

Molecular Sieve~sup~orts: TC-123 in Runs 57, 59, 60, and TC-124 

in Runs 58 and 61. Runs 57 and 60 were desiEned to assess the 

effects of the promoter X9, which was. first used in combination 

with the XII promoter in Run 55 (described in Appendix B of this 

report)° Run 59 tested a new method of Increasln 8 the cobalt 

concentration in the catalyst° Runs 58 and 51 examined the use 

of the newly developed catalyst support, TC-12~. 

An abbreYiated table of results for these catalyst runs is 

shown in Table A2o The conversion, weiEht percent CH4, weIEht 

percent C5+ , and specific activity, as well as a qualitative es- 

timate of stability, are listed for each catalyst° A more com- 

plete report of results and analysis of these runs will he pre- 

sented in the EiEhth Quarterly Report. 

- A 2  - 
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Table AI. Description of catalysts tested during the seventh quarter. 

Run C a t a l y s t  C a t a l y s t  p r e p a r a t i o n  Object ive  of t es t  

57 Co/XII/TC-123 The Xll promoted cobalt oxide catalyst To determine the effects 
(11617--10) was formulated similarly to Catalyst of  X 9 in Catalyst 55. 

55, except that the additive X9was 
not included. Theoretical pct Co=8.2, 
pct Xll=l.6. 

58 Co/Xg/XII/TC-124 
(1~61--o7) 

S9 ColXnlTC-125 
(12561-08) 

6o ~/xg/xn/~r,-.l~ 
(1257o-o5) 

61 Co/Z9/Xll/TC-124 
(11617-11) 

The X9, X l l  promoted cobalt oxide ca t -  
a lys t  was formulated s im i l a r l y  to Cat- 
alyst 55, except that TC-123 was re- 
placed with the new Molecular Sieve 
TC-124, Theoretical pct Co=8.2, pct 
Xl1=1.6, put  X9=l . l .  

The X l l  promoted ¢o]:)alt oxide ca ta lys t  
was formulated s im i l a r l y  to  Catalyst 
57, except that a new formulation step 
was added. Theoretical pct Co=II.6, 
pct XII.2.3. 

The X9, XII promoted cohsl t  oxide ca t -  
s l ys t  was formulated similarly to Cat- 
a l y s t  55, except  t h a t  the X 9 concen- 
tration was i n c r e a s e d  1.5 rimes. Theo- 
retical pet Co-7.9,  pct XII -1 ,6 ,  pc t  
x9-1.6. 

The X9, XII promoted cobalt oxide cat- 
alyst was formulated similarly to Cat- 
alyst 58, except that an additional 
ca l c in tnE  step was incorporated in the 
fo rmula t ion  procedure .  T h e o r e t i c a l  pc t  
Co=8.2, pct Xg=l.l, pct XII=I.6. 

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

To tes t  a new method o f  
i n c r e a s i n g  the  c o b a l t  
c o n c e n t r a t i o n  i n  the  
c a t a l y s t .  

To tes t  the e f fec t  of  
varying the  X 9 conce~- 
trallion. 

To t e s t  t he  use o f  TC- 
124 as t he  c a t a l y s t  
suppor t .  

-A3- 
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Table A2. Prel'h-'~-'~" 7 car~Llys t  t e s U  r e s u l t s  f o r  r u n s  made d u r i n g  ~he s e v e n t h  q u a r t e r .  

To~l Spe- 
Hours  c o n v e r -  c i f i c  
o- sion C~ C5 + a c t i -  

Run Catalyst stream (COfH2) wt Z wt Z vi~y Stability 

57 Co/I11/TC-123 52.5 46.8 3.7 87.6 3.40 ___I 
(11617-10) 97.5 47.8 3.3 88.9 3.17 

145.5 79.6 12.8 77.6 1.67 Fair2 
599.5 75.0 9.9 81.6 1.23 

58 Co/Xg/X11/TC-124 20.0 39.7 10.6 74.9 2.05 Poor 1 
(12561-07) 114.0 35.1 11.1 75.1 1.34 

138.5 38.5 9.1 78.6 1.02 ___3 
163.0 39.0 8.7 79.8 1.02 

59 Co/X11/TC-123 43.0 55.2 4.6 86.6 3.40 Good a f te r  
(12561-08) 182.0 49.5 4.5 86.0 2.69 i n i t i a l  de- 

acLivatlon I 

60 Co/Xg/XI1/TC-123 39.5 47.4 3.9 88.6 3.57 Excellent 1 
(12570-05) 89.5 47.5 3.5 88.9 3.35 

61 Co/Xg/Il l/TC-124 
(11617-11) 

169.0 76.8 9.8 80.7 1.40 Fair2 
737.0 71.0 11.9 76.3 0.97 

21.5 30.1 10.3 73.3 1.72 Poor 1 
209.5 21.9 12.5 69.9 0.63 

Reactor condi t : J .ons :  
1. 240C, 300 psIz, 1:1 H2:C0. 
2. 260C, 500 pslg, 1.5:1 H2:CO. 
3. 240C 500 pslg, 1:1 H2:CO. 
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APPENDIX'B. CATALYST TESTING: DETAILS OF RUNS 
INITIALLY REPORTED DURING LAST QUARTER 

J. G. Hiller, L. F. Elek, C-L Yang and E. N. Beale 
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Io INTRODUCTION 

Presented in this reporu are detailed analyses of the first 

six catalyst test runs (Runs 59-54) of the eIEht runs summarized 

in Appendix A of the Sixth Quaruerly Report, which constituted 

the major thrust of the work during that quarter. Runs 55 and 56 

will be discussed in the Eishth Quarterly Report. 

One run (Run 52) was a blank in which quartz chips alone 

were used. 

In the five remalnlnE runs the catalysts contained cobalt 

oxide promoted with XI1. All were formulated by the method first 

used with Caualyst 11 (Run 12185-07) of the ThlrdQuarterly Re- 

port. 

One of these also contained a new Molecular Sieve, TC-121| 

one contained T-alumlna; and three contained TC-123, the most 

effective Molecular Sieve developed to date. The three latter 

tests were run to assess the effects of the promoters X9, X13 and 

E/Ni/Mo-7-alumlna when used in combination with the Co/XII/TC-123 

type of catalyst. The X 9 and XI3 were intimately mixed with the 

catalyst, while the K/Ni/Mo-T-alumlna, a water Eas shift compon- 

ent, was physically mixed. 

- B2 - 



II. Run 49 (12561-04) with Catalyst 49 (COI11117-A12031 
The purposes of this run were (l) to establish a reference 

benchmark by which to isolate the effects of the promising cata- 

lyst support TC-123 (Catalyst 45, Sixth Quarterly Report), and at 

the same time (2) no compare these with the effects of the sup- 

ports TC-103 and TC-133 (Catalyst 32, Fourth Quarterly Report, 

and Catalyst 46, Sixth Quarterly Eeporu, respectively). 

The catalyst consisted of cobalt oxide promoted with Xll and 

intimately contacted with T-A1203. Preparation was by the same 

method used for Catalyst 45. The theoretical content of cobalt 

and Ill was 8.2 and 1.5 percent respectively, the same as in Cat- 

alysns 32, 45 and 46° 

Conversion, product selectivity, isomerlzatlon of the pen- 

rate, and percent olefins of the C4ts are plotted agalns~ time on 

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

are plotted in Figs. BS-II. Carbon number product dlstrlbuulons 

are plotted in Figs. B12-18. Chromatograms from simulated dis- 

tillatlons are reproduced in Figs. B19-25. Detailed material 

balances appear in Tables BI-3. 

The following table compares the actlvi~y and selectivity of 

this catalyst with those of Catalysts 32, 45 and 46, all consist- 

ing of XII promoted cobalt oxide but intimately contacted with 
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different supports. 

Performances of Co/X11 catalysts with four different sup- 
ports. Condltlons.- 240C, 1:1H2:CO , 300 pslg, 300 GHSV. 

Catalyst number and support 

Cat. 49 Cat. 32 Cat. 45 Cat. 46 
7-A1203 TC-103 TC-123 TC-133 

Conversion, C0+H2, pct ~5.0 42.8 46o7 50.3 
C1, pct  7.1 5.3 3.8 5.3 
C2-C4, pc t  10.4 9.7 6.0 9.0 
C5-420F, pc t  36.5 31.2 28.1 33.2 
420-700F, pet 28.7 27.8 31.2 29.5 
70OF+, pet  17.3 26.0 30.9 23.0 
C5+ ,pct 82.5 85.0 90.2 85.6 
C 4 olefin:paraffln I°8 2ol 2°7 2.0 

The syngas conversion of this 7-A1203 catalyst was well 

within the range of the conversion values demonstrated by the 

three catalysts with Molecular Sleves--somewhat hlgher than that 

of Catalyst 32 wlth TC-103, but a llttle lower than that of Cat- 

alyst 45 wlth TC-123 and substantially lower than that of Cata- 

lyst ~6 wlth TC-133. 

Comparison of the selectivity showed thls catalyst to be the 

poorest of the four, Its yield both highest In methane and lowest 

In C5+ and olefins. The catalysts with TC-103 and TC-133 were 

nearly identical In selectivity. By far the best selectivity of 

the four belonged to the one wlth TC-123, demonstrating a low 

methane level of 3.8 percent and a hlgh C5+ yield of 90°2 per- 

cent. Its olefln content, as indicated by the Iso-normal ratio 

of the C 4 fraction, was also substantially superior to that of 

the other three catalysts. 
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The s~ahility of all four catalysts, at least for the rela- 

tively short duration of their runs, was excellen~. Bu~ when its 

operanlnE temperature was raised from 240C to 260C, the stability 

of this 7-A1203 catalyst dropped to an estimated loss in conver- 

sion of one percennaEe point every 30 hours on stream, well below 

that of Catalyst 32 with TC-103. 

When the H2:CO feed ratio was raised from 1:1 to 1.5:1, and 

the pressure from 300 no 500 pslg, the conversion of thls cata- 

lyst rose to about 70 percent snd the methane production to about 

15 percent. Durln E the short ~Ime under these conditions, howev- 

er, the stability appeared only fair. 

The testln8 of nhls non-Molecular Sieve catalyst provided 

Impornann reference dana to illustrate ~he role that the Molecu- 

lar Sieve has on the performance of these Xll promoted cobalt 

Fischer-Tropsch catalysts. The Molecular Sieve catalysts demon- 

strafed seleculvlty benefits over the 7-A1203 catalyst, wi~h TC- 

123 heine the superior of the three testedo 
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E I L E :  1256104A Z6Q1 A1 

Table B1 

RESULT GE SlZNGAS C~ATION 

RUN NO. 12561-04 
CATALYST CO/Xll- AL203 80 CC 24.7 G ~ USE:46.S G (*-22.2 G) 
=-"EED H2:CO 0~" 5 0 : 5 0  @ 400 CC/MN OR 300 ~ ( CAT#12524-31 ) 

RUN & SAMPLE NO. 1 2 5 6 1 - 0 4 - 0 1  5 5 1 - 0 4 " 0 2  5 6 1 - 0 ; - 0 3  5 6 1 - 0 4 - 0 4  5 6 1 - 0 ~ ' 0 5  

H2:CO:AR 50:50:0 50:50: 0 50:50: 0 50:50:0 50:50: 0 
~ S  ON STREAM 18 .00  6 6 . 0 0  90 .00  1 1 4 . 0 0  1 3 8 . 0 0  
PRESSURE, ~SZG 297 • 00 3 0 4 . 0 0  304 .00  3 0 2 . 0 0  3 0 1 . 0 0  

. C 2 4 3 . 0 0  2 4 3 . 0 0  2 6 2 . 0 0  2 4 0 . 0 0  2 4 1 . 0 0  

FEED CC/MTN 400 .00  4 0 0 . 0 0  4 0 0 . 0 0  4 0 0 . 0 0  4 0 0 . 0 0  
NOURS FEEDING 18.  GO 4,8. (30 2 4 . 0 0  2 4 . 0 0  2 4 .  O0 
Et"ELNT GAS LZTER 178 .80  6 0 3 . 4 0  329 .15  3 3 4 . 5 5  3 3 8 . 5 0  
GM A~UEOUS LAYER 53 .42  122 .23  58 .19  5 0 . 6 4  5 1 . 7 2  
GM OIL  15 .54  8 2 . 2 5  24 .19  3 3 . 4 9  3 1 . 9 5  
MATERIAL BALANCZ 

GN ATOM CARBON ~ 74 .85  8 8 . 2 9  9 0 . 3 4  9 6 . 3 6  9 6 . 5 2  
GN ATOM HYDROGEN ~ 82 .71  102 .33  9 9 . 5 7  103 .93  1 0 3 . 9 8  
GH ATOM ~ ~ 89 .87  9 1 . 1 6  9 6 . 2 1  9 2 . 7 0  9 4 . 1 6  

RATZO C~Ef4' (E20+C02) 0 .5832  0 .9092  0 .8066  1 .1375  1 . 0 8 6 8  
RATIO X LH C~X 2 .2687  2 . 2 6 6 3  2 . 3 0 0 4  2 . 2 5 3 3  2 . 2 5 8 7  
USAGE E2/C0 PRODT 2 .6584  2.1272 2 . 2 6 3 8  1 . 9 3 2 8  1 . 9 7 5 7  

: ' ) / ¢ 0  ~ ~ 1.1050 1.158S I.I033 1.0785 1.0773 
RESIDUAL H2/CO RATIO 0 . 4 5 3 9  0 . 6 6 8 4  0 . 6 4 8 2  0 . 6 7 1 3  0 . 6 6 6 4  
RATIO C 0 2 / ( ~ 2 0 " C 0 2  ) 0 . 0304  0 . 0 3 0 7  0.03:12. 0 . 0 2 8 3  0 . 0 2 7 1  
K SHI~F2 IN  EFFLNT 0 .0142  0 . 0 2 1 2  0 .0209  0 . 0 1 9 6  0 . 0 1 8 6  
S2ECZEIC ACT IV ITY  SA 4 .9684  3.2784; 2 .9323  3 . 6 7 6 9  3 . 4 7 5 3  
CON~E?.S I ON 

ON CO ~ 29 .53  3 3 . 6 3  2 8 . 1 7  3 2 . 2 8  3 1 . 3 8  
ON H2 ~ 71 ,05  6 1 . 7 2  5 7 . 8 0  5 7 . 8 5  5 7 . 5 6  
ON C04.H2 ~ 51 .33  4 8 . 7 1  4 3 . 7 1  4 5 . 5 5  4 4 . 9 6  

PRDT SELECTZVITY, WT 
C~4 7 . 8 0  6 . 9 0  8 • 8 0  6 • 7 3  7 . 1 2  
ca  ~ c ' S  : 1 .02  1 . 1 4  1 .52  1 . 0 2  0 . 9 9  
C3H8 1 . 7 4  1 . 8 2  2 . 2 9  Z. 72 1 . 8 0  
c3;r6= 3 . 4 5  2 . 3 1  2 . 8 9  2 . 2 6  2 . 3 1  
C4~[I0 2.18 1.99 2.48 1.91 1.95 
C4HB=, 4 . 9 2  3 . 5 5  4 . 2 9  3 . 2 9  3 . 3 7  
C5R12 2 . 8 1  2 . 5 7  3 . 1 9  2 . 3 9  2 . 4 9  
~ O =  3 .42  2 . 0 9  1.99 1 . 5 5  1.58 
CEHI4 4.62 6 . 1 9  4.96 3.69 3.78 
C6H12= & C%'CLO'S 2 , 6 4  1 . 4 6  2 .33  4 . 7 4  4 . g l  
C7+ I N  GAS 7.41 6 . 0 0  7.12 5 . 5 0  5 . 8 7  
LZQ HC' S 5 8 . 2 0  6 3 . 9 7  5 8 . 1 4  8 5 . 1 9  6 3 . 8 4  

TOT.EL I00.00 I00.00 I00.00 I00.00 I00.00 
SUB-GROUPING 

Cl -C4 21. II 17.72 22.28 16.93 17.53 
C5 -420 E 38.14 36.50 
420-700 E 31.79 28.66 
700-END ~T 12.35 17.30 

- B31 - 
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T a b l e  B1 ( c o n t i n u e d )  

FILE: 1256!04AT6QI ,%1 

CS+-E~D ~ 7 8 . 8 9  
ISO/NOI~AL MOLE RATIO 

C4 O. 0206 
C5 0 . 0 3 7 5  
C6 O. 1974 
C4 = O. 0427 

P~IN/On;~'I~ RATIO 
C3 0.4819 
C4 0 . 4 2 7 0  
CS O. 7973 

SC~ULZ-L~LORY D i S'Z3.B'ZN 
(z:xP ( s~..o~F~ ) ) 

1~b~.-TI 0 C H 4 / ( 1 - A ) ' ' 2  

FRM CORRELATION 
A r . m ~  (EXl~ZL/c0m~) 

W~cH4 FRM CORRELATION 
W~C~4 (EXI~L/C0P.R) 
LIQ RC COLLECTION 

PHYS. APPEAR.~:E OIL WAX 
DENSITY 
N, REERACTIVE INDEX 
SZMULT' D DISTILA2N 

l0 WT ~ @ DEG ~" 
16 
SO 
84 
90 

RaNGE(~6-84 X) 

~ ~ 420 E 
~ @ 700 

8 2 . 2 8  

0 .0148  
0 .0350  
0 .8804  
0 .0513  

O. 7511 
0.  5422 
I .  1936 

0 . 8 5 6 4  
3 . 3 4 8 0  

0 . 8 3 1 4  
1 .0301  

16 .4259  
0 . 4 2 0 4  

OIL WAX 

303 .00  
343 .00  
517 .00  
7 2 8 . 0 0  
7 8 4 . 0 0  

3 8 5 . 0 0  

3 1 . 0 0  
8 0 . 7 0  

77 .72  

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

0.7572 
0.5581 
1.5597 

OIL WAX 

8 3 . 0 7  

0 .0171  
0 .0285  
0 .1953  
0 .0459  

0 . 7 2 4 1  
0 .5603  
1.504.2 

OIL WAX 

8 2 . 4 7  

0 . 0 0 0 0  
0 . 0 3 0 1  
0 . 1 9 1 9  
0 . 0 4 6 6  

0 . 7 4 1 7  
0 . 5 5 8 1  
1 . 5 3 3 3  

0.8.565 
3 . 4 5 7 6  

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

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

OIL WAX 

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

4 3 4 . 0 0  

2 8 . 0 0  
7 2 . 9 0  
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EZLE: 1256104B TSQI A1 

Table B2 

RESULT 0FSYNGAS 0~ERATION 

FEED E2:CO:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  
ON ~ 162 .00  : . 8 6 . 0 0  

PI~ESSU'AE, ]~S iG 299 .00  303 .00  
TZIuJ[P. C 261 .00  261 .00  

FEED CC/MZN 4 0 0 . 0 0  400 .  O0 4 0 0 . 0 0  
HOURS FE~)ZNG 2 4 .  O0 24 .  O0 24 .  O0 

GAS L I~EP. 236 .50  256 .00  2 6 0 . 3 7  
G~ A~UEOUS ~ 6 1 . 8 1  7 0 . 6 1  7 0 . 7 4  
G~ OIL  4 3 . 2 8  4 0 . ! 6  3 8 . 9 1  
NA~:ERIAL 

GH ~ CARBON ~ 91 .63  9 5 . 9 4  9 6 . 7 ~  
GN ATOM m"nRDGEN ~ 9 8 . 3 9  103 .20  1 0 3 . 4 4  
GN A_-'ON 0X~G;EN ~ 8 5 . 7 5  9 4 . 8 1  9 5 . 8 2  

RATIO ¢:~[/(I~r';0+C02 ) 1 . 1748  1 .0301  1 .0249  
PJ~IO X IN  ~ 2 .2823  2 . 2 9 8 8  2 . 3 0 7 8  
USAGE ~2/¢:0 PRODT 1 .7723  1 .9060  1 . 9 2 0 6  
EE~D B2/CO ~ E2"ELNT 1 .0738  1 .0757  1 . 0 6 9 1  
P.E;SZDUAL ~2/CO RATIO 0 .4651  0 .4399  0 . 4 3 4 8  
RATIO C02 / (H20~"02  ) 0 .0933  0 .0759  0 .0733  
K ~ I Z L ~  IN ~ 0 .0478  0 . 0 3 6 1  0.0344.  
SFECIE~C ACTIVITY SA 3 . 3 7 0 1  3 . 2 3 3 8  3 . 2 4 5 ;  
CONVERSION 

ON CO ~ 4 6 . 5 7  4 3 . 3 6  4 2 . 6 9  
ON H2 ~ 7 6 . 8 6  7 6 . 8 4  7 6 . 6 9  
ON CO~B2 ~ 6 2 . 2 5  6 0 . 7 1  6 0 . 2 6  

PI~'~ S ' E L E ~ Z V Z T Y , ~  :~ 
¢214 8 . 0 6  8 . 8 0  9 . 2 6  
¢:2 R~::' S 1 .53  1 .56  1 .72  
¢:3~t8 1 .93  2 . 1 2  2 . 2 4  
C : 3 ~ =  2 . 0 3  2 . 3 2  2 . 4 2  
C4HI0 I. 87 2. Ii 2.23 
¢4HB= 3 . 6 3  3 . 9 9  4 . 2 5  
CS~2.2 2 . 4 4  2 "82  2 . 9 5  
C5"~.0= 2 . 3 7  1 . 5 7  1 .63  
~H: ] .4  3 . 7 6  4 . 4 8  4 . 4 2  
C~12= & CZCL0'S 2.17 2.47 2.54 
C7+ IN  GAS 5 . 6 6  6 . 7 4  6 . 8 3  
LI~ ~'S 64.55 61.0% 59.41 

TOTAL 100 .00  100 .00  100 .00  
SUB-GI~I:~ rNG 

C1 --(=4, 19 .05  2 0 . 8 9  2 2 . 1 2  
C5 -4.20 F 3 8 . 3 5  4 2 . 1 8  
4 2 0 - 7 0 0  ~' 2 7 . 6 9  2 6 . 8 0  
700-END 1:~ 14.91 I0.13 

1 2 5 6 ! - 0 4  
C O / X 1 1 - A L 2 0 3  80 CC 2 4 . 7  G ~ USE:46.9  G (~'22.2 G) 
H2=CO OE 50=50 • 400 ¢C/NN OR 300 ~ ( ~ 1 2 5 2 4 - - 3 1  ) 

:~..561-04-06 5 6 1 - 0 4 - 0 7  5 6 1 - 0 4 - 0 8  561-04"-09 561-04- -10 
m ~  

5 0 : 5 0 : 0  S 0 : 5 0 : 0  5 0 : 5 0 : 0  
2 1 0 . 0 0  2 3 4 . 0 0  2 5 8 . 0 0  
2 9 9 . 0 0  2 9 9 . 0 0  3 0 0 . 0 0  
2 6 1 . 0 0  2 6 1 . 0 0  2 6 1 . 0 0  

4 0 0 . 0 0  4 0 0 . 0 0  
2 4 . 0 0  2 4 . 0 0  

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

9 7 . 2 1  9 9 . 3 2  
106 .33  104 .25  

9 5 . 4 2  9 7 . 0 9  
1.04,77 1 .0620  
2 . 3 0 8 2  2 . 3 2 3 2  
1 .9043  1 . 9 0 0 8  
1 . 0 9 3 8  1 . 0 4 9 6  
0 . 4 7 6 6  0 . 4 5 6 1  
0 . 0 7 3 7  0 . 0 7 4 1  
0 . 0 3 7 9  0 . 0 3 6 5  
2 . 7 8 6 8  2 . 8 8 2 2  

4 3 . 2 3  4 1 . 0 8  
7 5 . 2 5  7 4 . 4 0  
5 9 . 9 7  58 .1~  

9 . 4 5  9 . 9 7  
1 . 7 4  1 . 8 7  
2 . 2 9  2 . 4 3  
2 . 2 5  2 . 4 7  
2 . 2 6  2 . 4 1  
4 . 0 7  4 . 4 0  
2 . 9 1  3 . 1 5  
1 . 5 1  1 . 6 5  
4 . 8 3  5 . 1 4  
6.04, 2 . 7 2  
7 . 1 0  7 . 8 8  

5 5 . 5 5  5 5 . 9 4  

1 0 0 . 0 0  I 0 0 . 0 0  

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

8 . 3 3  
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EILE: 1256104B T6Q! 

T a b l e  B 2  ( c o n l : i n u e c ~ )  

A1 

CS÷-E~D I~T 80 .95  
ISO/NORMA; MOLE RATIO 

CA, 0 .0178  
C.5 0.0508 
C.:6 0 .3494  
C4~ 0.0626 

PARAF~IN/OLEFIN RATIO 
C3 O. 9062 
C4 0.49(;7 
CS 0 .9975  

SCEUZ,Z-ST.,01~ D Z ~  
(EXP(SLOPE)) 0.8599 

RATIO C~4/(I-A)*'2 4.1049 

FRM CORRELATION 0.8480 
(EXPI~/CORR) 1.0139 

W~c~r4 ERM CORRELATION 15 .1660  
W~C~4 (EXPTL/CORR) 0.5316 
LIQ HC C3:LLECTION 

FRI'~. A~PEARANCE OIL WAX 
DENSITY 
N, REERACTT~E INDEX 
SIMULT'D DIST~ 

10WT~ ~ DEGr 2 9 5 . 0 0  
16 336 .00  
50 515 .00  
84 7 0 4 , 0 0  
90 833 .00  

RANGE(16 -84~ )  4 2 8 . 0 0  

WT ~ @ 420 F 3 4 . 0 0  
WT ~ @ 700 E 76 .90  

79. II 77.88 

0,0182 0.0197 
0 .0507  0 .0503  
0 .3846  0 .3122  
0 . 0 5 9 5  0 . 0 5 0 4  

0 .8706  0 .8843  
0.5118 0 .5062  
!. 7462 1.7567 

0.8418 
3.5016 

0.8507 
0 .9892  

14 .3262  
0 .6139  

OIL WAX OIL WAX 

289.00 
3 0 4 . 0 0  
480.00 
707.  O0 
780 .  O0 

4 0 3 . 0 0  

3 9 . 5 0  
8 3 . 4 0  

77.93 

0.0188 
0.0514 
O. 3982 
0.0623 

0. 9722 
0.5355 
I. 8676 

OIL WAX 

7 6 . 4 6  

0 . 0 1 9 2  
0 . 0 4 9 4  
0 . 4 0 6 5  
0 . 0 6 0 4  

0 . 9 3 6 9  
0 . 6 2 8 2  
1 .8548  

0 . 8 4 5 8  
4 . 1 9 1 8  

0.  ~ ; 9 0  
0 . 9 9 6 2  

1 4 . 8 7 0 7  
C.6706  

OIL WAX 

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

3 4 9 . 0 0  

3 3 . 0 0  
8 5 . 1 0  
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~ZL,e:: :Z2S610e,.C T.~.~f" A1 

Table B3 

% w  i 

RESULT OF SYNGAS OPERATION 

RUN NO. 12561-04 
CATALYST C0/X/1- AL203 80 CC 24.7 G 
L="EED H2:CO OE" 50 :50  @ 400 CC/MN OR 300 G~SV 

RUN & S ~ L E  NO. 12561-04-11 561-04-12  561-04-13 

FEED B2:CO:AR 60=40= 0 60=40= 0 60=40= 0 
ON STREAM 283.50 307 .00  331.00 

~RESSURE, PSIG 500.00 S00.00 500.00 
TEMP. C 260.00  260 .00  260.00 

FEED CC/MIN 400 .00  400 .00  400.00 
HOURS FE~I~ Z~-. 25 .50  23 .50  24 .00  
EEELNT GAS LZTER 170.30 195.70 214.80  
GM AQUEOUS LAYER 85 .64  81 .10  85.22 
GM OZL 34.33 32 .80  32 .30  
MATER'r AL BALANCE 

GM ATOM CARBON ~ 76 .68  88 .72  91 .75  
GM ATOM HYDROGEN ~ 87.29 97 .27  101.73 
GM ATOM OX'/GEN ~ 83 .10  92.23 95 .74  

RATIO C~X/(E20~,02)  0 .8762 0 .9342 0.9272 
RATIO X ZN CRX 2 .4360  2 .4327  2 .4712 
USAGE H2/CO PRODT 2.1267 2. 0954 2.1181 
~-EED E2/C0 ERM ~ 1.7076 1.6446 1.6632 
RESI'DUAL H2/CO RATIO 0.9717 0 .9720 1.0105 
RATIO CO2/(H20+C02) 0.0652 0.0608 0.0883 
K S~IET IN ~ 0 .0677 0 .0629 0.0625 
SPECIEIC ACTZVZTY SA 1.1869 1.0335 0.9568 
CONVERS ION 

ON CO X 63.71 59 .87  58.93 
ON H2 ~ 79.35 76 .28  75.05 
ON CO+H2 ~ 73.58 70 .08  69 .00  

~RDT SELECTIVITY,WT 
CE4 14.77 15.60 16.4.8 
C2 HC'S 2.39 2.58 2.61 
C3H8 4 .24  4.33 4.63 
C3~5= 1.41 1.58 1. S1 
C~[10 3.59 3.71 4.00 
C~8= 2.88 3.08 3.18 
C51[12 4.29 4.35 4.73 
CSHZ0= 0 .92 I .  30 0 .93  
C6~14 5 .51  S. 95 S. 96 
C5H12= & CYCLO'S 1.59 1 .58  1.42 
C7÷ IN GAS 6 .61  7 .02  8 .36  
L IQ ~C'S 51o81 48.92  46 .18  

TOTR~ I00.00 i00.00 I00.00 
SUB-GROUPING 

C1 -C4 29.27 30.89 32.41 
CS -a-20 E 43 .27  43 .11  
420-700 E 21.03 18.80 
700-END I~T 6.42 5 .58  

AETER USE:46.9 G (÷22 .2  G) 
( CAT~12524-31 ) 
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EILE: 1256104<: Z6QI 

Table B 3  (continued) 

A1 

"CS+-END~2T 70 .73  
ISO/NORMAL MOLERAT~O 

C4 0.0246 
C5 O.OSSS 
C6 0 . 1 9 2 8  
C4= 0.0891 

PARAEFIN/OLEFINRATIO 
C3 2.8614 
C4 1 .2043  
CS 4 . 5 2 9 3  

SC~13LZ-ELORYDIS~ 
AL~HA (EX~(SLOPE)) 0.8195 
RATIO CH4/(I-A)t~2 4.5360 

ALPHA ERMC0RRELA2ZON 0.8122 
AL~NA (EXP2L/CGRR) 1.0091 

~CH4FRMCORRELATION 2 6 . 0 7 7 3  
W~C354 (EXPTL/CORR) 0.5665 
LI~ HC C:OLLECTZON 

P~rvs. APPEARANCE OIL WAX 
DENSITY 
N, REFRACTIVE INDEX 
SIMULT'D DIST~ 

I0 WT X @ DEG F 256.00 
16 2 9 7 . 0 0  
S0 4 2 8 . 0 0  
84 6 6 0 . 0 0  
90 729.00 

~ ' , I G E ( 1 6 - e 4  X) 3 6 3 . 0 0  

wT~ @ 420 ~ 47.00 
W T ~  @ 700 ~ 8 7 . 6 0  

69.11 67 .59  

0.0288 
0.0529 
0.2431 
0.0875 

0.0268 
0.0510 
0.1772 
0.0918 

2 . 5 1 3 4  2 .9143  
1 .1525  1 .2146 
3 .2573  4 .9513  

OIL WAX 

0 .7931  
3 .8478  

0 .8103  
0 . 9 7 8 7  

2 6 . 6 6 7 8  
0 .6179  

0 I L  WAX 

3 0 1 . 0 0  
34.0.00 
457 .00  
618 .00  
865 .00  

2 7 8 . 0 0  

3 8 . 5 0  
9 3 . 3 0  

- B 3 6  - 
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Ill. Run 50 ~I1617-08) with Catalyst 50 (Co/XII/TC-121 

The purpose of this run was to test the new Molecular Sieve 

TC-121 as the catalyst support. The catalys~ was formulated in 

the same way as the Xl! promoted, TC-123 supported Catalyst'45 of 

the Sixth Quarterly Report, with which it is to be compared. The 

theoretical content of cobalt and Xll was 8.2 and 1.6 percent 

respectively. 

Conversion, product selectivity, isomerlzation of the pen- 

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

stream in Figs. B26-29. Simulated distillations of the C5+ pro- 

duct are plotted in FiBs. B30-33. Carbon number product distri- 

butions are plotted in Figs. B34-37. Chromatograms from simulat- 

ed distillations are reproduced in Figs. B38-~I. Detailed mate- 

rlal balances appear in Tables B4-5. 

The performance of this catalyst was significantly poorer 

than that of Catalyst 45. Its syngas conversion, after good ma- 

terial balances were obtained, was about 34 percent as against 

about 47 percent with Catalyst 45 under similar conditions. Pro- 

duct selectivity was also poorer with about I0 percent methane 

and 77 percentC5+ as against about 4 and 90 percent respectively 

with Catalyst 45. The poorer selectivity may be due in part to 

the elevated H2:CO ratio in the Berry reactor resulting from the 

- B 3 7  - 



lower activity. 

The stability of this catalyst was difficult to determine 

due to the shortness of the test, but there was a significant 

decrease in syngas conversion over the test period. 

Only in its isomerization activity did this catalyst outper- 

form Catalyst 45. After about 115 hours on stream the iso:normal 

ratlos of its C5's and C6's were 0.11:land 0.57:1 respectively, 

as against 0,04:1 and 0.2~:1 respectively for Catalyst 45. The 

Schulz-Flory plots were linear except for the usual excess of 

methane. 

The Molecular Sieve TC-121 proved inferior to TC-123 as a 

catalyst support with one exception, its higher isomerizatlon 

activity. 

- B38 ~- . 
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EILE: I161708A T601 A1 

Table Bi 

RE..~'ULT OE S '~C;~  O P T I O N  

RUN NO. 11617-08 
P.~'ZALYS~ CO/EI.1-TC1.21 215 CC 114.9 G /L.'~'ER.USE:158.1 (.t.43.2 0)  
E"EED W;:C0 OF 50:50  @ 1080 CC/MN OR 300 ~ (CAT~12524-33 )  

RUN & SAMPLE NO. 11617-08-01 617-08-02 617-08-03 517-08-04  517-08-05  

FEED H2:CO:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
HRS ON STRY, AM 24.50 48 .50  72 .50  117.00  145.00 
PRESSURE, PS ZO 310.00 300.00  300.00 300.00  300 .00  
TEMP. C 240.00 240.  O0 240.00 240 .00  240 .00  

FEED CC/MIN 1080. DO 1080.00 1080.00 1080.00 1080.00 
HOURS EEEDING 24.50 24 .00  24 .00  44 .50  28 .00  
E~/E, NT GAS L Z ~  835.40 1084.20 1028.20 2015 .80  1311.10 
G~! AQUEOUS LAYER 154.42 124.98 120.15 208.59  132.47 
GM OIL 61.81 55 .24  54.73 100.80 63 .65  
MATERIAL BALANC~ 

G~I .,~"OM CARBON ~ 81.99 99 .44  93.73 96.83 99 .72  
GH ATOM RI'DROGEN ~ 93.28 102.36 98 .90  102.70 104.11 
GM ATOM OXZGEN ~ 90.99 103.39 97.33 98 .89  102.36 

RATIO C~X/(E20~'C02 ) 0 .7020 0.8396 0.8473 0 .9083 0.8839 
RATIO X IN CHX 2.2866 2 .3181 2 . 3 2 3 4 "  2 .3324  2 .3262 
USAGE ~2/C0 FRODT 2.5291 2 .3081 2.2966 2.2249 2 .2504  
FEED H2/C~ ~ EI~ELNT 1.1376 1 .0294 1.0552 1.0608 1.0441 
RESIDUAL E2/CO RA.TZO 0.6457 0 .6889 0.7120 0 .7451  0.734,8 
RA.TZO C02/(~20+C02) 0 .0077 0.01C6 0.0116 0.0119 0 .0120 
K SHIFT IN ~ 0.0050 0 .0074 0.0084 0 .0090  0 .0089 
SPECIEIC ACTIVZTY 5A 1.7037 1.2903 1.2701 1.1705 1.1339 
CONVERSION 

ON CO ~ 25.12 21.03 21 .66  21 .32  20 .41  
ON E2 ~ 58.06 47.15 47.14 44.73 43.99 
ON CO+w; X 43.12 34.28 34.74 33.37 32.45 

PRDT SELECTIVITY, WT 
C~[% 8.15 I0.24 I0.51 I0.98 I0.74 
C2 RC'S 1.05 1.18 1.42 1.48 1,25 
C3H8 1.79 2 .15  2 .20  2 . 3 1  2 .31  
C.3~= 2 .12 2 .77  2 .75  2 .77  2 .70  
C~I10 2 .02  2 .08  2 .09  2 . 1 4  2 . 1 2  

3 .22  4 .28  4 .27  4 . 3 1  4 . 3 2  
2.51 2.40 2.38 2.42 2.48 

CSI~0= 0.59 1 .85  0 .78  0 . 8 8  0 . 8 0  
cs~r't4 6 .67  5 .02  3 .99  4 . 1 0  4 .03  
C5H12= & ~ ' S  1.71 2.44 e.65 2.93 2.88 
C~7÷ IN GAS 7 .75 7 .32  7.43 7 .66  7 .26  
L IQ ~IC'S 62.41 58 .27  59.52 58 .04  59 .15  

TOTAL I00.00 I00.00 I00.00 i00.00 100.00 
SUB-GROU~ZNG 

C1 -C4 18.35 22.70 23.25 23.97 23.42 
CS -420 E 44.83 44 .85  46 .99  4 7 . 0 1  3 4 . 5 8  
420-700 ~" 27.46" 26 .57  23 .81  23 .22  2 9 . 6 4  
700-£ND I:~ 9 .36 5 .89  5 .95  5 .80  12 .36  
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~ILE: I161708A T6QI 

Table B4 ( c o n t i n u e d )  

A1 

CS+-ElqDI:'T 81.65 77.30 7 6 . 7 5 '  76 .03  7 6 . 5 8  
ISO/NORMAL MOLERA¢ZO 

C4 0.3079 0.1418 0.1053 0.0857 0.0795 
CS 0.5249 0.2030 0.1399 0.1122 0.1109 
C5 2.6349 1.2308 0.6787 0.5723 0.5452 
C4= 0.0233 0.0388 0.0391 0.0380 0.0418 

PARA~'IN/OLE~INRA.TIO 0.8064 0.7390 0.7632 0.7954 0.8158 C3 
C4 0 .6058  0 . 4 6 8 7  0 .4722  0 .4792  0 . 4 7 4 1  
C5 4 . 1 0 9 8  1 .2584  2 . 9 5 9 2  2 . 6 6 6 7  3 . 0 3 0 7  

SCHOLZ-FLOR~DZSTRB2N 
ALl-HA (~(SLOPE)) 0.8417 0.8199 0.8086 0.8191 0.8S93 
RATIO C~4/~I-A)~'2 3.2498 3.1572 2.8674 3.3544 5.4226 

AT.~HAERMCORRELA.TION 0.8332 0.8301 0.8270 
ALPHA (EX~/CORR) 1.0101 0.9877 1.0391 

W~C:~4 ERM COR.RELA.TION 15.1731 
W~.CH4 ( EXLQ'~/C0P, R ) 0 .5369  
LIQ HC COLLECTION 

~'ErYS. APPEARANCE OIL WAX 
DENSITY 
N, REERAC~IVE INDEX 
SIMULT'D DISTILA2N 

I0 WT ~ @ DEG ~" 283.00 
16 303.00 
SO " 482.00 
84  6 8 7 . 0 0  
90 7 5 7 . 0 0  

R A N ~ ( 1 6 - 8 4  :~) 3 8 4 . 0 0  

WT ~ @ 420 E 41.00 
wJ: ~ @ 700 F 8 5 . 0 0  

16.1514 
0.6339  

17.1252 
0 .6289  

OIL WAX OIL WAX OIL WAX OIL WAX 

2 5 4 . 0 0  
298 .00  
431 .00  
640 .00  
702 .00  

344 .00  

4 8 . 0 0  
8 9 . 9 0  

3 2 6 . 0 0  
3 6 0 . 0 0  
529 .00  
738 .00  
795 .00  

378 .00  

29 .  O0 
7 9 . 1 0  
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FILE: I161708B T6QI A1 

Table B5 

RESULT OF S Y ~ A S  0PERATZON 

NO. 1 1 6 1 7 - 0 8  
CATALYST CO/XII-TCI21 215 CC 114.9 G 
EEED H2:CO 0~' 5 0 : S 0  @ 1080 C C / t ~  

RUN & SAMPLE NO. 1 1 6 1 7 - 0 8 - 0 6  

FEED E2:CO:AR 50:50:0 
RRS ON. STREAM 166.00 
PRESSURE, PS IG 300.00 
TEMP. C 240.00 

FEED CC/MIN 1080.00 
HOURS FEEDING 21.00 
EEFLNT GAS LITER 9 7 9 . 0 0  
GM AQUEOUS LAYER 9 0 . 8 7  
GR OZL 47.89 
MATERIAL BALANCE 

G~I ATOM CARBON ~ 98.38 
G~ ATOM BYDROGEN ~ 102.81 
G;M A.TOel OXYGEI~ ~ 9 9 . 4 8  

PATIO CEX/(H20'~C02) 0 . 9 4 7 9  
RATIO X ~I~ C~X 2.3055 
USAGE H2/CO FRODT 2 . 1 6 3 6  
FEED ~2/C0 ERM ~ 1.0450 
RESIDUAL H2/CO RATIO 0.7557 
RATIO C02/(~20~,02 ) 0.0134 
K S~!ET ZN E~'LNT 0.0103 
S?ECZEIC ACTIVZTY SA 1.0990 
CONVERSION 

; 

ON CO ~ 20.55 
ON H2 ~ 4 2 . 5 4  
ON C0~'E2 ~ 3 1 . 7 9  

PRDT SELECTZVZT/,WT Z 
CH4 9 . 9 3  
C2 ~:'S 1.00 
C3H8 2.27 
C3H6= 2.48 
C4~E.0 2 . 0 5  
C4HS= 3 . 9 6  

2 . 3 6  " 
CSIE.O= 3 . 6 0  
C5H!4 3.05 
C6R12= & ¢TCLO'S 2.S0 
C7÷ IN  GAS 6 . 9 5  
LIQ ~C'S 59.85 

• "OT.AL I00.00 
SOB-GROUP ING 

C1 - 0 4  2 1 . 6 9  
C5 . 4 2 0  ~' 3 4 . 9 2  
420-700 F 29.33 
700-END I~T 14.07 

AETER U S E : I S S . 1  ( * 4 3 . 2  G) 
OR 300  ~ ( C A ~ 1 2 S 2 4 - 3 3  
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FZLE: I161706B T6QI 

Table B5 

A1 

¢ - ~ ÷ - ~  ~ 78.31 
ISO/NORMAL MOLE RATIO 

C4 0.0846 
C5 0.1066 
C5 0. 2024 
(::4= 0.0337 

(;:3 0.  8726 
C4 0.4993 
C5 0.8374 

SCHULZ-FLORY DIS2RB'/N 
AL~HA (EX~(SLOPE)) 0.8641 
RATIO C~4/(l-A) ~'2 5.3754 

ALPHA ERM CORRELA210N 0.8256 
ALPHA (EXPTL/CORR) i. 0466 

W~C~4 ERM CORREI.J~TZOH 17.5503 
W~CH4 (EXP2L/C.~It~) 0 .5658 
LZQ HC COLLECTION 

IalK'/S. APPEARANCE OIL WAX 
DENSI2Y 
N, REFRACTIVE ZNDEX 
SIMULT' D DISTILA~; 

I0 WT ~ @ DE(; E 334.00 
16 366.00 
50 540.00 
84 761.00 
90 816.00 

RANGE ( 16-84 ~) 395.00 

WT ~ ~ 420 I/ 27.50 
WT ~ @ 700 ¥ 76.50 

(co.t inue~) 
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IV. Run 51 (12570-03) with Catalyst 51 (ColX9/XlIITC-123) 

The purposes of this run were to test the effect of adding 

the promoter X 9 no the promlsin 8 formulation (Co/Xll/TC-123) of 

Catalys~ 45 of the Sixth Quarterly Report, and also to test its 

stability under hiEh temperature and pressure conditions. This 

catalyst will be compared both with Catalyst 45 and with Catalyst 

49 of this report. 

The catalyst was formulate~ in the same way as Catalyst 45 

except for the addition of X 9. The theoretical content of co- 

balt, X 9 and Xll was 8.2, I.I and 1.6 percent respectively. 

Conversion, product selectivity, isomerlzation of the pen- 

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

stream in FiEs. B42-45. Simulated ~istillations of the C5+ pro- 

duct are plotted in Figs. B46-54. Carbon number product distri- 

butions are plotted in Figs. B55-63. Chromatograms from simulat- 

ed distillations are reproduced in FIESo B64-72. Detailed mate- 

rial balances appear in Tables B6-9. 

Once a Eood material balance had been obtained, the syngas 

converslon of this catalyst remalne~ highly stable at about 46 

percent, nearly the same as with Catalyst 45 (with TC-123) and 

Catalyst 49 (with T--A1203) , neither of which contained X 9. The 

product selectivity was similar to that of Catalyst 45, yielding 

- B59 - 



a b o u t  3 -4  p e r c e n t ' m e t h a n e  and a b o u t  90 p e r c e n t  C5 +.  

When the temperature was raised from 240C to 260C the syngas 

conversion rose sharply to about 55 percent, with no significant 

deterioration during 144 hours at this temperature. The conver- 

sion of Catalyst 49 at 260C, although some five percentage.polnts 

higher initially, degraded rapidly at an estimated rate of one 

percentage point every 30 hours. Catalyst 45 has not yet been 

tested at 260C. 

During the last 120 hours of the run the catalyst was sub- 

Jected to still more severe conditions designed to improve con- 

version while hopefully maintaining acceptable selectivity: H2:CO 

ratio raised from 1:1 to 1.5:1, pressure raised from 300 to 500 

psIg, temperature 260C. Under these conditions the conversion 

rose sharply to about 78 percent,-substantlally higher than Cata- 

lyst 49's conversion of about 70 percent un&er similar condl- 

tlons. The selectivity to methane was less than or equal to I0 

percent, and C5+ production was about 81 percent--both far @uper- 

ior to the selectivity of Catalyst 49, which demonstrated levels 

of about 15 and 70 percent respectively. However, due to mechan- 

ical problems near the end of the run, and the short duration of 

this stage of the run, the catalystts stability under these con- 

ditions could not be reliably determined. 

This run has demonstrated the potential benefits of using X 9 

as a promoter in the Co/XI1/TC-123 type of catalyst at elevated 

temperatures, pressures, and H2:CO feed ratios. More extended 
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testing of this catalyst is needed, as well as testing of Cata- 

lys= 45 under the same conditions of high temperaKure, pressure 

and feed ranio. 
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Table B6 

~S13LT OF S'Zl;GAS O~L.%'~:ON 

H0.  ~ . 5 7 0 - 0 3  
CA.T.AL~/3T C 0 / x g / X l l - T C 1 2 3  80 CC 4 1 . 3  G ~ US~ :60 .2  G ( + 1 8 . 9  G) 
FE:~) H2:C0 OF 5 0 : 5 0  @ 400 CC/MN OR 300 GHSV ( CA.T~1252e*-27 ) 

& S ~  N0. I2570-03" -02  5 7 0 " 0 3 - 0 3  570-03-04;  5 7 0 - 0 3 - 0 5  5 7 0 - 0 3 - 0 6  

E2:CO:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
~S~ ON ~ 2 1 . 5 0  4 5 . 5 0  6 9 . 5 0  9 3 . 5 0  1 1 8 . 5  
PRESSD'P2, I~SZG 3 0 0 . 0 0  3 0 0 . 0 0  2 9 8 . 6 0  3 0 0 . 0 0  293 • 00 
'2Z1~. C 2 3 9 . 0 0  2 3 9 . 0 0  2 3 9 . 0 0  2 3 9 . 0 0  2 3 9 . 0 0  

CC/MZN 4,00.00 4 0 0 . 0 0  4 0 0 . 0 0  4 0 0 . 0 0  4 0 0 . 0 0  
H ~  I~E::ED ZI~  1 7 . 0 0  2 4 . 0 0  2 4 . 0 0  2 4 . 0 0  24 , .00  

GAS LZ~P.  180 .55  3 0 6 . 9 5  3 0 4 . 4 5  3 1 0 . 0 0  3 2 4 . 7 4  
Gt~ A ~ . . ~ = S  Z,AY~. 44;.58 4,8.61 4 8 . 2 9  4 8 . 0 9  48.12. 
G~ OIL  8 . 6 8  3 8 . 0 4  3 9 . 0 9  3 7 . 6 8  4 2 . 5 8  

GM ATOM ~ ~ 66 .83  9 4 . 2 0  9 4 . 4 8  9 4 . 6 1  100 .47  
G:M ATOM B~DB~GEN ~ 7 5 . 3 0  9 1 . 8 2  9 2 . 2 6  9 1 . 4 9  9 7 . 7 1  
GM A..-'0M OX:~"~I ~ 8 7 . 2 8  9 2 . 5 4  93..52 9 2 . 8 4  9 5 . 2 4  

~*.TZ 0 C~r. / (  ~20-,'CO2 ) 0 . 3 7 5 4  1 . 0 6 2 7  1 .1129  1 .0678  1 . 2 0 1 0  
ZUs..~ZO X ~ C~X 2 . 2 7 8 1  2 . 1 9 5 9  2.188.5 2 . 1 9 2 1  2 . 1 8 3 I  

~2 /C0  ~ 3 . 2 5 5 7  1 . 8 6 4 8  1.84,97 1 .8808  1 .8052  
EEED B2/CO ERN ~ 1 .12.58 0 . 9 7 4 7  0 . 9 7 6 7  0 . 9 6 7 1  0 . 9 7 2 5  
I:~SZDUAL H2/CO l:lA~IO 0 . 5 6 9 1  0.56:I2. 0 . 5 6 0 7  0 .5579  0 .5733  
I~:Z'ZO C02/(=r'~0+CO2 ) 0.04,83 0 . 0 8 4 6  0 . 0 5 5 9  0 .0563  0 . 0 5 1 0  
K SK~:~"T ZN ~ 0 .0289  0 . 0 3 8 7  0 . 0 3 3 2  0 .0333  0 . 0 3 0 8  
S~CZTZC AC'21"9"ZT~ SA 1 .7570  3.044,7 3 . 1 7 8 5  3 .0559  3 . 1 7 5 0  
~ Z O N  

ON CO ~ 2 0 . 7 8  3 1 . 7 2  3 2 . 2 7  30 .93  3 2 . 4 1  
ON ~2 ~ 5 9 . 9 8  6 0 . 6 9  6 I . ~ 2  6 0 . 1 6  6 0 . 1 5  
ON C0+~2 ~ 4 1 . 5 3  4 6 . 0 2  4 6 . 5 3  4 5 . 3 0  4 6 . 0 9  

PKDT 5~,ZC'2 I"V'Z~'X, WZ 
r '~4 8 . 4 8  4 . 0 0  3 . 5 4  3 . 7 2  3 .25  
C2 ~ : : '  S 1 .09  0.r iO 0.64, 0 . 6 2  0 . 6 4  
C3158 1 . 6 5  O. 77 0 . 7 9  O. 86 O. 79 
C3H6= 3 . 3 0  1 . 7 9  1 . 7 9  1 .95  1 . 8 1  
C4H~0 2.09 0.89 0.90 0.97 0.88 
C4K8= 4 . 6 7  2 . 3 4  2 . 5 1  2 . 6 5  2 . 3 9  

2 . 3 3  1 . 1 3  1 . 1 5  1 . 2 I  1 . 13  
CSB:IO= 3 . 2 7  1 . 5 1  1 . 7 0  0 . 1 8  i .  42  
C6113.4 3 . 8 0  1 . 8 2  1 . 8 6  1 . 8 1  1 . 7 4  
¢.6~m9: & C'Z(::T~'5 2 . 1 4  1 . 3 1  1 . 2 4  1 .43  1 . 2 5  
C7÷ tN GAS 8 . 3 9  3 . 7 3  3 . 9 5  4 . 1 7  3 . 7 5  
LZ~ ~ ' S  5 8 . 8 0  8 0 . 1 1  7 9 . 9 2  8 0 . 4 3  8 0 . 9 5  

TOZAL 100 .00  I 0 0 . 0 0  1 0 0 . 0 0  100 .00  1 0 0 . 0 0  
S l ~ - G R 0 1 ~ q G  

C1 ~ 2 1 . 2 7  1 0 . 4 0  1 0 . 1 8  10 .78  9 . 7 6  
CS - 4 2 0  F 3 5 . 8 0  2 1 . 7 5  
4 2 0 - 7 0 0  ~' 34,.28 3 2 . 3 7  
700-END ~ 8 . 6 4  3 5 . 4 9  
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EZLE: 1257003A TSQI 

Table B6 ( c o n l : i n u e d )  

A1 

C N * - £ N D ~ T  78 .73  $9.60 
ISO/NORMAL MOLE RATIO 

C.% 0 .1332  0 .0000  
C5 0 .0483  0 .0562  
CS 0 .  3475 0 . 3 4 2 8  
C4= 0 .  0534  0 .  0445  

PAIU~'~IN/0LE~ZN RATIO 
(=3 0 .4766  0.4112 
C,,4 0 . 4 3 1 4  0 .3678  
C5 0 .6933  0 .7311  

SC:~ULZ-FLORYDI:Y~R~'2N 
ALPHA (EXP(SLOPE)) 0.8429. 0 . ~ 0 8 4  
RATIO CEG/(I-A)~"2 3 .4366  4 . 7 6 6 4  

~ E R M C O P . R E L A 2 I O N  0 .8395  0 . 8 4 0 1  
ALPRA (EXIW~L/CORR) 2..00@1 1.0812 

W~CH4ERMCORRELAZION 13.0182 
w~c~4 ( E : a ~ , / c o R ~ )  0.653.2 
LZQ ~C COLLF..CTZON 

PHYS. APPEARANCE OIL WAX 
DENSITY 
N, REFRACTIVE n~EX 
SIMULT' D DISTILA2N 

I0. WT ~ @ DEG E 343.00 
16 3 8 0 . 0 0  
5 0  5 1 5 . 0 0  
84 690 .  O0 
90 753 .00  

~(16-84 X) 3 1 0 . 0 0  

WT ~ @ 420 ~' 2 7 . 0 0  
WT ~ @ 700 ~' 8 5 . 3 0  

2.2 .8053 
0 . 3 1 2 4  

0 I L  WAX 

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

1034 .00  

523 .00  

15 .30  
5 5 . 7 0  

89 .82  

O. 0000 
O. 0259 
0.2.9O0 
O. 0266 

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

OIZ. WAX 

8 9 . 2 2  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 1 5 2 3  
0 . 0 2 6 1  

0 . 4 2 0 1  
0 . 3 5 3 3  
6 .4536  

O IL  WAX 

9 0 . 2 4  

0 . 0 0 0 0  
0 . 0 3 4 7  
0 . 2 0 7 2  
0 . 0 1 5 5  

0 . 4 1 5 7  
0 . 3 5 3 7  
0 . 7 7 7 0  

o I  r- WAX 

- B 9 4  - 
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Table B7 

RESU;,T OF ~ OPERATION 

PUN NO. 12570-03  
CATAL~-'T CO/Xg/X I1 -TC123 80 CC 4 1 . 3  G AE'ZER I[~"E:EO.2 G ( ÷ 1 8 , 9  G) 
EEED B2:C0 OF SO=S0 • 400 CC/MN O~ 300 ~ ( CA,T#I2,524--27 ) 

~ ,  ~ ~ NO. = . . ; 7 0 - 0 2 - 0 7  5 7 o - 0 3 - 0 8  5 7 0 - 0 2 - 0 ~  5 7 0 - 0 3 - z 0  5 7 0 - 0 3 - 1 1  

F = 0 - ~ : c o  ~ 5 0 - 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  SO:SO: 0 
HI~  ON S'2REA~ 
PRZSSURE,PSZG 
~ENP. C 

FEED ~/MIN 
HOURS FEEDII~; 
EEELNT GAS LZ2ER 

G~ 0ZL 
HATERIAL BALANCE 

G~ A.~m( CARBON ~ 
o~ AT~ ~DSOOEN ~ 

RA~O CSX/(XSO~C02) 
RATIO X INCHX 
USA~ m2/C0 

RESIDUAL H2/C0 RATIO 
RATIO CO2/(H20~C02 ) 
K SHIFT IN EEEr, NZ 
SFECITIC ACTIVITY SA 
CONV~SZON 

0~COZ 
0NB2~ 
ON C0~m2 

FRDT SELECTIVZTY, WT 
CE4 
C2 ZC'S 
C3H8 
C3E/:: 
C4HI0 
C4H8~ 
CSSI2 
CSEI0: 
C6B14 
CE]SD.2,. & CYCLO'S 
C7÷ ~ G A S  
LZO HC'S 

TOTAL 
SUB-GROUPING 

Cl -C4 
C3 - 4 2 0  F 
420-700 F 
700-END PT 

1"66.50 190 .50  214.  S0 2 3 8 . 5 0  267 . 50 
3 0 0 . 0 0  2 9 7 . 0 0  299 .00  300 ,00  3 0 0 . 0 0  
2 3 8 . 0 0  260.00 259 .00  259 .00  2 5 9 . 0 0  

4 0 0 . 0 0  4 0 0 . 0 0  400 .00  4 0 0 . 0 0  4 0 0 . 0 0  
4 8 . 0 0  2 4 . 0 0  2 4 . 0 0  2 4 . 0 0  2 4 . 0 0  

6 2 8 . 5 6  2 6 6 . 8 5  262 .95  2 8 5 . 1 0  2 8 6 . 9 9  
9 3 . 9 1  5 1 . 7 0  54 .72  5 5 . 9 5  5 4 . 8 7  
7 1 . 1 9  4 0 . 5 4  4 0 . 2 5  3 8 . 8 8  3 8 . 4 4  

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

1.0902 0 . 7 8 5 9  1.0731 1.0397 1.0614 
2 . 1 8 6 1  2 . 2 7 8 8  2 .2565  2 . 2 5 7 4  2 . 2 5 9 5  
1.8854 1.7754 1.6970 1.7437 1.7209 
0 . 9 7 3 8  0 . 9 4 1 0  0 .9846  0 .9987  0 . 9 5 8 1  
0.5749 0.4727 0.4764 0.4877 0.4708 
0.0472 0.1802 0.1445 0.1314 0.1369 
0.0285 0.1039 0.0804 0.0738 0.0747 
2 . 9 6 8 8  1 . 4 8 1 7  1 .8516  1 .7266  1 . 7 0 4 6  

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

3 . 5 1  10 .59  6 . ' / 7  6 . 8 5  7 . 0 1  
0 . 5 7  2 . 1 5  1 . 3 8  1 . 4 2  1 . 4 9  
0 . 9 0  2 . 5 2  1 . 5 8  1 .57  1 . 6 2  
2 . 0 3  3 . 1 6  2 . 1 8  2 . 2 1  2 . 2 9  
1.02 2.43 1.58 1.55 1.58 
2 . 7 7  4 . 0 2  3 .36  3 . 3 5  3 . 5 0  
1 . 2 8  3 . 1 5  2 . 0 2  2 . 0 3  2 . 0 4  
3 . 3 7  2 . 2 6  1 . 5 8  1 ,53  2 . 2 7  
2 . 1 7  5 . 2 7  3 .19  3 . 2 7  3 . 5 5  
1 .34  3 . 0 8  1 . 9 0  2 . 0 0  2 . 2 0  
4 . 3 0  8 . 5 6  5 . 2 0  5 . 5 9  5 . 5 5  

76 .74  5 2 , 8 0  6 5 . 2 7  68 .63  8 6 . 9 0  

I00.00 I00.00 I00.00 I00.00 I00.00 

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

16.95 17.49 

P j 
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TZT.~: 12,57003B ¢ISQZ 

T a b l e  B 7  ( c o n t i n u e d )  

AZ 

CS'~-Zb~ PC 8 9 . 2 0  75.3.2 8 3 . 1 6  
Z S O / b T O ~  MOLE ~ 0  

CA 0 . 0 0 0 0  0.0Z':J5 0 . 0 1 9 2  
C5 0 . 0 0 0 0  0 . 0 4 7 1  0 . 0 4 ~  
C~ 0 .2075  0 .3706  0 . 3 2 3 7  

0 . 0 2 8 0  0 o 0 7 1 9  0 . 0 5 0 4  
PA~E'~ Zl'I/OTJ~:L~J~ R~CZ0 

(=3 0 .4225  0 . 7 5 9 0  0 . 6 9 2 0  
C4 0 .3569  0 . 5 8 4 1  0 . 4 5 4 2  
C5 0 . 3 7 0 4  1 .3526  1 .2441  

SCmF..Z-lrLORY D ~  
( ~[:P ( ST,,,01:~ ) ) 0 . 8 9 4 0  0 .8650  0 . 8 6 8 6  

1~.~10 C H 4 / ( Z - A ) * * 2  3 . 1 2 0 2  5 . 8 1 3 7  3.92712. 

AL~NA r~M CO~V.~.,A~ZON 0 . 8 3 9 0  0.8,;,73 0 . 8 4 7 0  
A r , ~ A  (EXL:CL/C01~.) 1 .0655  ~..0209 1 .0256  

W'D::~4 ~ C 0 ~ 0 N  12 .9241  15 .1865  15 .0740  
027 4 0 . 6 , 7 5  0 . 0 4 , 0  

LZQ ~ ¢  C O - - I O N  
~=q~l"S. A.I~2.EA.qA.NCE OZT., WAX OIL WAX OZT., WAX 
D ~ S Z T Y  
No ~ ZNDZX 
SlI~ULT' D D - Z ~  

10 W'2 X @ DF.G ~" 3 8 1 . 0 0  3 3 3 . 0 0  3 0 5 . 0 0  
16 4 2 1 . 0 0  373 . O0 348 • 00  
S0 703 .00  5 7 3 . 0 0  5 6 8 . 0 0  
84 10715.00 8 8 2 . 0 0  8 5 2 . 0 0  
90 1093 .00  970 .  O0 9 4 0 . 0 0  

Z~ IG¢(  16 -84  X) 594 .00  5 0 9 . 0 0  5 0 4 . 0 0  

~ @ 420 r :15.50 2 6 . 0 0  2 7 . 0 0  
/4¢ ~ @ 700 F 4 9 . 7 0  6 6 . 5 0  6 g . 4 0  

8 3 . 0 5  

0.0/..S8 
0.04.58 
0.290:1 
0.  O499 

0 . 6 7 ~ 6  
0 . 4 4 6 0  

OIn  WaX 

8 2 . 5 1  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 2 3 5 8  
0 . 0 4 8 3  

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

OIL WAX 
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A1 

T a b l e  B8 

Z:.UN & SAt"mT.~ 1~0. 

H2:CO:AIL 

~ e c ~  

GM OZT., 

I~.X.;~ 0 C:SX/(E2.0-C02) 

~ 0  CO2/(:'~0+O22) 

SPECIFIC ~ 

~ co~B2 

e~r4 

C ~ 8  
c:3Er~ 
C4E~O 

C7", Z~T GAS 
LIg. BI:::" S 

SO~S-G~ZZ~G 
C 1 - C 4  
CS -420 
420-700 
700-EI~D 2"2 

12870-03 
C0/X9/3:I1- '2C~.3 80 CC 41.3  G ~ USE;60.2 G (~-18.9 G) 

Ot" 50 :50  • 400 CC/~T 01~. 300 ~ ( C.~'#1252o,-27 ) 

22.570-03-12 570-03-13 570-03-14  570-03-15 570-03-16  

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  6 0 : 4 0 : 0  60 :40 :  O 
287 .50  310.50 334.SO 358.50 383.50 
298.00  298.00  299.50 500.00 S00.00 
259.00 259 .00  259.00  259.00  260 .00  

400.00  400 .00  400.00  400 .00  400.00  
25 .00  47 .00  24 .00  23 .00  25 .00  

278.76 535.54  271 .90  163.63 155.70  
58.80 I l l . 2 8  54 .72  67 .98  83 .99  
42 .59  78.4,0 39 .89  50.23 57 .13  

95.70 97 .54  • 96 .84  100.15 92 .67  
93.46 93 .97  92.$7 90 .94  90 .46  
92 .91  94.69 93.32 92 .91  90 .46  

1.0869 1.0886 1.1127 1.1369 1.0399 
2.2493 2 .2475 2.2545 2 .3668 2.3164, 
1 .7388 1.7471 1.7289 1.6292 1.7829 
0.9766 0 .9634 0.9559 1.3622. 1.4646 
0 .4571 0 .4487 0 .4458 0 .7420 0 .7318 
0.12.14 0.1170 0.1211 0.1875 0.1259 
0.0632 0.0591 0 .0614 0.1713 0.105<; 
1.8967 1.9090 1.9100 1.4234 1.3426 

40 .53  39 .78  39.76 69.90 69 .71  
72 .17  72 .14  "/1.91 83 .60  84 .87  
56.16 55 .66  55 .47  77 .80  78 .72  

6 .48  6 .41  6 .76  1: i .89 9 .50  
1.29 1.33 1 .30  1 .91  1.63 
1 .48  1 .50  1 .53  2 .74  2 .15  
2 .18  2 .26  2 .27  1.22 1 .15  
1 .50  1 .$4  1.56 2 .36  1 .86  
3 . 26 3 .48  3 .41  2 .41  2 . 1 4  
2 .09  2 .14  2 .11  2.91; 2 . 31  
1 .66  2 .42  2 .33  0 .86  0 .78  
3 .28  3 .88  3.43 3 .98  3 .29  
2 .16  2 .22  2 .04  1.25 1.1S 
5 .38  5 .61  5 .39  4 .54  4 .07  

69.28 67 .54  " 67 .87  63 .91  69 .97  

I ~ . ~  I ~ . ~  I ~ . ~  I ~ . ~  I ~ . ~  

16 .  :19 1 6 . 4 9  :16.83 22.52 :].6.43 
30.83 32 .24  
22.43 28 .41  
24.22 20 .92  
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FILE: 1257003C T6~I 

C5+-~1D PT 
ISO/NORMAL ~0LE RATIO 

C~ 
CS 
C8 
C4= 

PARAF~IN/0LE~'IN RATIO 
C3 
C4 
CS 

SCEOT.Z-FLOR~ D I ~  
ALF~A (ZXP(S~0FZ)) 
RATIO C ~ 4 / ( 1 - A )  m'2 

FRM ~ 0 N  
ACm~A (Ex~2~4r.~zm) 

LI0 HC COLLEC~ION 
PHYS. APPEARANC~ 
DENSI2Y 

SIMOLT' D DZSTILA2N 
10 WTXeDEC; r 
18 
S0 
84 
90 

WT ~ • 420 F 
WT X • 7OO F 

Table B8 ( c o n ~ : i n u e d )  

A1 

83.81 83.51 83.17 T7.48 81.57 

0.0166 0.0140 0.0152 0.0262 0.0234 
0.0464 0.0454 0.0464 0.0666 0.0617 
0.2938 0 .3661  0.3746 0 .2971  0 .3106 
0.0482 0 .0470 0.0483 0 .0848 0 .0755 

0.6457 0.6344 0.6432 2.1473 1.7838 
0.4427 0 .4293 0.4411 0.9478  0 .8397 
1.2204 0 .8620  0.8780 3 .3076  2 .8613 

0 .8678  0 .8661 
6.8032 5.2S97 

0.8254 0.8260 
1.0514 1.0486 

L 

21.7723 21.7921 
0.5460 0 .4360 - 

OIL WAX 017.,WAX OIL WAX OIL WAX OIL WAX 

302.00  
346 .00  
596.00  
9 1 9 . 0 0  

1004.00 

573.00  

27 .00  
52 .10  

301.00  
344.00 
546.00 
874.00  
978.00  

5 3 0 . 0 0  

29 .50  
70 .10  
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rIT.,Z: 1257003D %'601 A~. 

T a b Z e  B9 

C.%::Xr;£S'2 
L~ZZD X2:CO 

FEED H2:CO:AP. 
Z2S (~; S'ZI~.AX 
L=eJ~SSUK~, L='S ZG 

~ D  CC/ t , r~  

Sm m;2m'mm~ LAX1~ 
GK O17, 
Ms%.~ZR.ZAL ~ 

QsX ~ KZDitO&'~ Z 
~ A..q'Cm (:C~'mq X 

;U,,~O (mX/(X20-,<:O2) - 
IU~'ZO X IN C~X 
0 S A ~  H2/C0 
L:'JZ~) H2/CO i : ' l~  ~ : Z ; , I ~  
I ~ S Z D ~ ' ~  H 2 / C O  ~%.%'I0 
]~%..m~O C 0 2 / ( ~ r : , 0 + ~ 0 2 )  
]~ S~XZ'2 ZN ~: ' rs~ '2 

c o l ~ v ~ s  IOlq 

o~1KZ % 

c~4 
c2  ~ c ' s  

C3BE1 
C.A~ftZO 
C.AmB~ 
c 5 ~ 2  
C 3 ~ O I  
CS~., ;  
CSKI~,' & CZCL0'S 
C7~ ~I~I G%S 
LZQ I ]C 'S 

(=L --C~ 
~S - 4 2 0  ~" 
4,20-700 ~" 
700-~l~iD 

12570-03  
¢0/X9/~12,-¢C~2.3 80 C¢ 4 1 . 3  G ~ 0 S Z : 6 0 . 2  G ( - 1 8 . 9  G) 

OF 50=50 • 400 CC/M~ OR. 300 ~ ( C .~ -~ .524 - -27  ) 

Z2570-03 -17  5 7 0 - 0 3 - Z 8  570-03- :19 5 7 0 - 0 3 - 2 0  

60=40= 0 6 0 : 4 0 : 0  60=40= 0 60=40= 0 
407 .50  #,29.00 4 5 6 . 0 0  4 7 8 . 5 0  
500 .00  5 0 0 . 0 0  S00 .00  5 0 0 . 0 0  
2 6 0 . 0 0  2 6 0 . 0 0  2 6 0 . 0 0  2 6 0 . 0 0  

4 0 0 . 0 0  4 0 0 . 0 0  4 0 0 . 0 0  4 0 0 . 0 0  
24 .  O0 2:1.50 2 6 . 0 0  2 2 . 5 0  

1.51.50 1 3 9 . 5 0  ] 7 2 . 2 0  1S1 .90  
8Z. 4"8 70 . 57 87 . 81 76.75 
5 4 . 5 6  5 4 . 4 7  5 7 . 4 6  5 2 . 0 6  

9 2 . 8 2  9 8 . 4 9  9 2 . 2 8  9 4 . 3 8  
91.4,2 94;.18 9 0 . 6 6  9 2 . 3 6  
9 0 . 9 9  8 9 . 1 4  9 0 . 8 6  9 1 . 8 0  

1.  0326 1 - 1 7 5 8  Z. 0264 1.04,75 
2 .3289  2 . 2 9 2 5  2.32,36 2 . 3 0 6 2  
1.7970 1.744,9 3..86:]3 1.8559 
~.. 4774  1 . 4 3 4 3  Z.  4736  1.. 4 6 8 0  
0 .7444  0 . 7 3 4 6  0 .7306  0 . 7 2 9 2  
0 . 1 2 4 0  0 . 1 0 7 9  0 . 0 9 6 8  0 . 0 9 2 5  
0 . 1 0 5 4  0 . 0 8 8 8  0 . 0 7 8 3  0 . 0 7 4 3  
'1 . 3289 ~.. 3074  :1. ~L577 3.. :1398 

6 9 . 6 3  6 9 . 2 6  6 5 . 7 1  6S .58  
8 4 . 7 0  84, .26 8 3 . 0 0  8 2 . 9 0  
7 8 . 6 2  . 78. :10 7 6 . 0 1  7 5 . 8 8  

:10.12 8 . 4 7  9 . 4 6  9 . 2 0  
2,.73 2,.48 :1.56 1 . 6 0  
2 .31  :1.89 2 .0S 2.02, 
1 . 1 7  "t . 9 8  3.. 2 8  1 . 2 5  
2,.94, :1.65 1 . 8 2  :1.77 
2 . 2 0  2 . 0 0  2 . 1 6  2 . 2 5  
2 . 3 0  2 .0S  2 . 2 4  2 . 1 8  
0 . 7 5  :1 . 2 6  :1 .38  :1 .66  
3 . 1 4  2 .8S  2 . 9 9  2 . 5 6  
l . : . O  1 . 0 9  1.3..5 1.:10 
3 . 7 9  3.6~. 3 . 5 2  3 . 9 4  

69 .46  7:1.67 70 .39  7 0 . 4 6  

3.00. O0 "100. O0 :100. O0 :100. O0 

:19 • 46  :17 .47  :18.33 3 . 8 . 0 9  
29.4,9 29.4:1 
2 7 . 2 3  2 6 . 7 8  
2 5 . 8 0  2 5 . 7 2  
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F I L E :  2257003D ~ 1  

C3"-EI~D 
ISO/NOI~AL More R~ ' IO 

i c 4  
CS 
C8 
C4= 

P ~ / O ~  RATIO 
(:3 
C4 
C5 

RATIO (2[4/{ I-A}**2 

ALPHA FRM CORRELATION 
(EXP~/COR~) 

W~CH4 ~ CO'ELATiON 
w-~cm4 (E:CF~/COIZ~) 
L IQ ~ ~ O N  

FHYS. AFFEARANCE 
D ~ S I 2 T  
N, ~ ZI~EX 
SIMULT' D D Z ~  

10"~ • DEO F 
16 
S0 
84 
90 

RAS0~(16-e4 ~) 

WT ~e 420 r 
WT Z 0 700 F 

T a b l e  B9 C c o n c i n u e d )  

AI  

8 0 . 5 4  82 .53  8 1 . 6 7  

0.0251 0.0246 0.0257 
0 . 0 6 2 8  0 . 0 6 0 4  0 .0568  
0.2367 0.2254 0.2311 
0 . 0 7 8 7  0 .0746  0.  0208 

1.8763 0 .9070  1.5299 
0 . 8 5 0 7  0 .  ~ 5 9  0 .8137  
2 . 9 8 5 2  1 .5852  1 .5786  

0 .8757  
5 .4785  

O, 8258 
1.0604 

21.84.82 
0 .3875  

OIL ~ OIL WAX OIL WAX 

3 0 4 . 0 0  
3 4 8 . 0 0  
592 .00  
917 .00  

1010 .  O0 

569 .  GO 

2 6 . 0 0  
6 4 . 0 0  

81. gl 

0.0243 
0.0589 
0.0809 
0.0750 

1 .5369  
0 .7611  
1 .2795  

0 .8" /72  
6 . 1 0 0 8  

0 . 8 2 6 2  
1.0618 

2 1 . 7 3 6 8  
0 .4223  

OZL WAX 

3 0 4 . 0 0  
3 4 9 . 0 0  
595.  G0 
9 0 9 . 0 0  
997.  GO 

5 6 0 . 0 0  

?.S.50 
6 3 . 5 0  
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V. Run 52 (12561-03) with Quartz Chips 

The purpose of this run was Ro ~es~ the reactor system for 

any residual Fischer-Tropsch activluy. The reactor, containing 

quartz chips, was subjected to a typical activation procedure and 

exposed to synEas feed. 

No residual activity was observed. 
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Vii Run 53 (12561-05) with Catalyst 53 
~lllTC_123+K/Ni/MO_7_alumina) 

This run continued the search for ways to improve the water 

Eas shift (WGS) acnlvity of Co/TC-123 type catalysts. Previous 

attempts, which have consisted in adding to the Fischer-Tropsch 

formulation either new promoters or separate WGS catalysts, have 

been unsuccessful. The promoters tested showed little or no ~m" - 

provement, and the separate WGS catalysts have actually degraded 

the combined catalyst's overall performance, due apparently to 

mutual poisoning of the WGS and Fischer'Tropsch components (exam- 

ple, Catalyst 1, Fifteenth Quarterly Report, of the previous con- 

tract, DE-AC22-81PCdO077). 

The additive in this test was the WGS catalyst E/Ni/Mo- 

T-alumlna, reported by M. Eantschewa [J.Catal., (198~), 87, 482], 

which appears potentially compatible with the cobal~ Fischer- 

Tropsch catalyst. 

The X11 promoted cobalt oxide catalyst was prepared simi- 

larly to Catalys~ 45 and formed into I/8-1nch exErudates. This 

was combined with I/8-1nch extrudates of E/Ni/Mo-T-alumlna, which 

made up 30 percent of the total catalyst volume. The theoretical 

conten~ of cobalt and XII was 5.7 and I.I percent respectively. 

Conversion, product selectivity, Isomerlzation of the pen- 

rate, and percent olefins of the C$'s are plotted against time on 
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stream in Figs. B73-76. Simulated distillations of the C5 + pro- 

duct are plotted in Figs. B77-81. Carbon number product distri- 

butions are plotted in Figs. B82-86. Chromatograms from simulat- 

ed distillations are reproduced in Figs. B87-91. Detailed mate- 

rial balances appear in Table BIO. 

During the first stage of the test (at I:I K2:CO ratio, 

240C, 200 pslg, 300 GHSV), 4.5 percent of the oxygen was convert- 

ed to C02--poor even in comparison with the 6.5 percent conver- 

sion of Catalyst 45, a similar catalyst with no WGS component. 

The equilibrlum constant K shift, which should be insensitive to 

variations in catalyst conversion, were similar, each fluctuating 

between 3 and 4, indicating again that the WGS component was not 

improving the WGS activity of the Fischer-Tropsch catalyst. 

In succeeding stages (1) the temperature and pressure were 

raised to 260C and 500 pslg respectively, and (2) the H2:C0 feed 

ratio was increased to 1.5:1. In neither case was there any slg- 

nificant improvement in the WGS activity. 

Once again the addition of a WGS component has failed to 

improve the cohalt/TC-123 catalystTs WGS activity. Unlike the 

WGS components previously tested, this component did not impair 

the catalystts overall Fischer-Tropsch activity. 
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EILE: 125fi105A T601 A1 

Table BI0 

RESULT OE SYNGAS OPERATION 

RUN NO. 12561-05 
CAT.,%LYST CO/Xl l -TC123 ÷ K/~I /MD-AL203 80 CC 34 .2  G AE'/ER USE: 

4-8.8 G (-,-1,~.E G) CAT# 12524-39 
FEED ~2:C0 OF 50:50 ~ 400 CC/MN OR 300 

RUN & SAMPLE NO. 12561-05-01 561-05-02  561-05-03 551-05-04 581-05-0.5 

FEED H2:CO:AR SO:SO: 0 5 0 : 5 0 : 0  5 0 : 5 0 : 0  50=40= 0 60=40= 0 
ON STREAM 19.15 43 .55  65.16 91.16 163.66 

PRESSURE. 2SZG 300.00 300 .00  500.00 500.00 500.00  
TEKP. C 240.00 240 .00  250.00 261.00  250.00  

FEED CC/MI'N 400.00 4430.0O 400.00 400 .00  400 .00  
HOURS ]FEEDING 19.1G 24.50  24.50 23 .00  72 .50  

G,%S LZTER 210.30 327.20 240.70 189.50 822.00 
GM A~D'EOES LAYER 63.08 57.94 65.55 73 .68  245.28 
GM OIL 15.94 26 .14  49 .11  42 .87  123.83 
~ : A L  BALANCE 

(;M ATOM CARBON ~ 74.15 89.36 93.67 99.35 96.67 
GM ATOM R~DROGEN ~ 96.19 100.55 98.83 103.77 102.87 
GM ATOM OXI'GEN ~ 93 .50  93 .08  88.59 90 .91  94.23 

RATIO ~ (H20+CO2) 0.5234, O. 8764 1.1413 1 • 1581 I. 0448 
RATIO X IN CHX 2.2729 2.2528 2.2190 2.49;8 2.4722 
USAGE ~2/CO PRODT 2.7205 2.0993 1.7402 1.8072 1.9268 
EEED H2/CO FRM EFELNT 1.2973 1.1252 1.0550 1.5667 1.5952 
RESIDUAL H2/CO RATIO 0.6524 0.6844 0.4529 1.0343 1.0042 
RATIO C02/{~20+C02 ) 0.0459 0.0475 0.1022 0.1253 0.0951 
K S~IET IN EEELNT 0.0314 0.0342 0.0515 0.1481 0.1055 
S~ECZ~ZC ACTZVITY SA 2.6337 2.5298 1.4878 0.9294 0.8441 
COI~VEP,~ Z ON 

ON CO ~ 31.18 31.15 46.77 68.89 64.16 
ON R2 ~ G5.39 58.12 77.15 79.46 77.45 
ON CO+H2 ~ 50.50 45.43 62.37 75.34 72.33 

I~RDT SELECTIVITY, WZ 
~% 7.0~ 6.07 4.50 17.42 16.36 
C2 HC'S 2.02 2.02 1.32 2.82 2.71 
C..31:rm 2 .72  2 .62  1.77 4 .77  • .  63 
C3H6= 3 .11  3 .29  2 .11  0 .56  0 .79  
C4HIO 2 .81  2 .65  1 .74  3.89 3 .82  
C.&HS= 4 .98  5 .14  3 .37  1.42 1 .80  
C5R12 3 .53  3 .43  2-.26 4 .38  4 .35  
CSHIO: 4.04 3 • 96 2.78 1 • II I. 35 
C6H14 4.59 4 .37  2.97 4.95  4 .97  
CEHI2: & CYCLO'S 1.57 1.54 0.94 0.25 0.31 
C7~ IN GAS 8.17 7.63 5.40 5.72 G.47 
LI• ~:'S 55.42 57.29 70.85 52.60 52.44 

TOTAL I00.00 10O. 00 I00.00 I00.00 I00.00 
SUB-GRO~ ING 

Cl -C~ 22.68 21.78 14.81 30.98 30.ii 
C5 -420 E 42.77 . 40.46 3 6 . 3 7  40.35 40.57 
4 2 0 - 7 0 0  F 3 1 . 4 5  2 8 . 5 5  3 0 . 0 0  2 0 . 2 5  2 1 . 4 2  
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FZLE: 1256105A T6QI 

Table B10 (con1:inued) 

A1 

700-ENDIDT 3.10 9.21 18.83 8.42 7 . 9 0  
CS÷-EI~DPT 77.32 78.22 85.19 69.02 69.89 

ISO/NORMALMOLERA~ZO 
C4 0.0171 0.0178 0.0246 0.0427 0.0390 
C5 0 .0402  0 .0476  0 . 0 4 2 0  0.0634 0.0577 
C5 0.0660 0.0632 0.0671 0.I058 0.0871 
C4~ 0.0485 0.0501 0.0532 0.1268 0.I174 

PARAEFIN/OLEEINRA2ZO 
C3 0.834.8 0 .7586  0 . 8 0 0 4  6 .9151  5 . 5 9 8 4  
C4 0 . 5 4 3 4  0 . 4 9 6 9  0 . 4 9 6 9  2 . 6 5 3 9  2 . 0 5 1 7  
C5 0 . 8 4 9 0  0 . 8 4 1 9  0 . 7 9 0 4  3 . 8 3 1 7  3 . 1 2 4 4  

SC~ULZ-ELORY D I ~  
ALPHA (EXP(SLOPE)) 0.8047 0.8375 0.8882 0.8229 0.8278 
RATIO C~[4/(I-A)*~ 1.8462 2.2987 2.5929 5.5542 5.5004 

ALPHA FRMCORRELATION 0.8327 0.8304 0.8494 0.8091 0.8106 
(EXI:WI'L/C0RR) 0.9664 1.0085 1.0222 1.0171 1.0209 

~4ERM CORRELA~ION 15.3289 
~ C ~ 4  (EXPTL/CORR) 0.4593 
LIQ~C COLLECTION 

I:~'YS. AP~EARR.NC~ CLDOIL 

16 .0531  14 .8379  2 7 . 2 4 6 8  2 6 . 5 7 4 1  
0 . 3 7 8 0  0 .3098  0 .8393 0 . 6 1 5 5  

0IL WAX 01L WAX OIL WaX OLL WAX 
DENSITY 
No REI~RACTIVE INDEX 
SIMULT'D D I ~  

I0 WT~ @ DEG E 300.00 298.00 300.00 254.00 258.00 
16 339 .00  3 4 0 . 0 0  3 3 8 . 0 0  2 9 5 . 0 0  2 9 9 . 0 0  
50 480 .00  5 0 7 . 0 0  5 3 4 . 0 0  447 .00  4 5 2 . 0 0  
84 603 .00  7 0 1 . 0 0  797 .00  700 .00  685 .00  
90 549.00 758.00 872.00 795.00 766.00 

RANGE(16-84 ~) 264.00 361.00 459.00 405.00 386.00 

W T ~  ~ 420 E 37 .67  3 4 . 0 9  3 1 . 0 9  4 5 . 5 0  4 4 . 0 9  
WT~ @ 700 F 94.41 83.93 73.43 84.00 84.94 
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VII. Run 54 (!1617-09) with CatalTst 54 (Co/XII/XI3/TC-123) 

The purpose of this run was to test the effect of X13, a 

newly developed promoter, on the Co/X11/TC-123 catalyst (Catalyst 

45, Sixth Quarterly Report). The results are to be compared with 

those of Catalyst ¢5, and also those of Catalyst 51 of this re- 

port (Co/Xg/Xll/TC-123) . 

The catalyst was prepared in the same way as Catalyst 45 

except for the addition of XI3. The theoretical content of co- 

balt, Xll and XI3 was 8oi, 1.6 and 0.7 percent respectively. 

Conversion, product selectivity, isomerlzatlon of the pen- 

rate, and percent oleflns of the C4Vs are plotted against time on 

stream in Figs. B92-95o Simulated distillations of the C5+ pro- 

duct are plo:ued in Figs. B96-I08. Carbon number product distri- 

butions are plotted in Figs. B109-121. Chromatograms from simu- 

lated distillations are reproduced in Figs. B122-134. Detailed 

material balances appear in Tables Bl1-15. 

The run was conducted in six stages of varying temperatures, 

pressures and syngas feed ratios for a total of 507 hours: 

Stage A, 123 hrs: 240C, 300 pslg, 
Stage B, 47 hrs: " 
Stage C, 23 hrs: 260C, 300 pslg, 
Stage D, 73 hrs: " 
Stage E, 220 hrs: " 
Stage F, 21 hrs: 250C, " 

1:2 H2:C0 
1.5:1H2:C0 

N 

1:1H2:CO 
1:2 H2:CO 

N 

The initial activity (after a good material balance was ob- 
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rained at about 28 hours on stream) of this catalyst was signifi- 

cantly higher than that observed for the Xl3-free Catalyst 45, 

55.2 percent syngas conversion as against about 46 percent re- 

spectively. The catalyst quickly deactivated to a level of about 

51 percent, where it held constant for the next 72 hours, still 

five percentage points higher than the conversion of the Xl3-free 

catalyst. The water gas shift activity, with about 8 percent of 

the oxygen converted to C02, was twice as high as that of Cata- 

lyst 45. This increased water gas shift resulted in raising the 

H2:CO ratio in the reactor and could account for the improved 

syngas conversion. 

Product selectivity, however, was inferior to that of Cata- 

lyst 45--about 4.5 percent methane and 83 percent C5+ , as against 

about 3.7 and 90 percent respectively. The olefin content of the 

C 4 was lower as well, with a paraffin:olefin ratio of 0.44:1 as 

against 0.36:1 for Canaiyst 45. 

In Stage B, when the H2:CO feed ratio was raised from 1:1 to 

1.5:1, the syngas conversion rose sharply from about 51 to about 

66 percent, again well above the 58 percent conversion of Cata- 

lyst 45 under similar conditions. Again, as compared with Cata- 

lyst 45 under similar conditions, the water gas shift activity 

was hIsher but with inferior selectivity: 

- B126 - 



C0+H 2 conversion, pet 
Ratio C02:(H20+C02) 
Weight pet CH 4 
C5+ product, pct 

Catalyst 5A 
Co/XII/XI3/TC-123 

Catalyst 45 
Co/XII/TC-123 

66 58 
0.143:1 0.058:1 
16.5 7.3 
68.1 85.2 

I n  S t a g e  C t h e  t e m p e r a t u r e  w a s  r a i s e d  f r o m  2 4 0 C  t o  260C a n d  

t h e  p r e s s u r e  f r o m  3 0 0  t o  5 0 0  p s i g ,  t h e  s a m e  s e v e r e  c o n d i t i o n s  a s  

with Catalyst 51 (Co/XII/Xg/TC-123). While the conversion rose 

to about 85 percent, the methane production also rose steeply to 

nearly 29 percent. Corresponding values for Catalyst 51 were 

about 70 and 15 percent. 

In Stages D and E the catalyst was also tested for stability 

at successive H2:CO feed ratios of 1:1 and 1.2:1 (temperature and 

pressure constant at 260C and 500 psig). In bbth stages there 

was rapid deactivation with time, accompanied by a corresponding 

loss in water gas shift activity. Selectivity, however, improved 
/ 

with deactivation. 

This run has demonstrated that the additive X13 has a si E- 

nlflcant effect on the performance of the Co/XI1/TC-123 catalyst. 

The addltlve's principal effect resulted in Increasln 8 the cata- 

lyst's water gas shift activity, which subsequently improved the 

catalyst's activity hut adversely affected selectivity. 
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FI.LE: II617GgAT6Q! A! 

Table Bll 

RESULT OE SYNGAS OPERATION 

RUN NO. 11617-09 
CA.TALYST CO/XZ.VXZ3-TC123 

E2:CO OE 5 0 : 5 0  

RUI~ & SAMPLE NO. 

FEED H2:C0:AR 
HRS 0N 5TRF.AM 
PP..ESSURE, PS ZG 
TEMP. C 

FEED CC/MZN 
HOURS E'EEDING 
EEELNT GAS LITER 
GK AQUEOUS LAYEE 

OZL 
MATERIAL BALANCZ 

GN A,TOM ~ : 
GN ATOM B1~RCGEN ~: 
~ A20M 0 ~ ' G ~  ~ 

I~,TZO c ~ x / ( ~ 2 o + c o 2 )  
P J ~ i o  x ~ 

E 2 / c o  PRoz~ 
EEED ~21C0 ~ EFETAqT 
RESIDUAL H2/C~ RATIO 
LI,.T'r 0 Co2/(H2O*CO2) 
K SHIET IN EEFLNT 
SPECIEIC ACTIVITY 8A 
CONWERSION 

aNC0~ 
aNH2~ 
ON CO÷H2 

~RDT SELECTIVITY,WT 
CE4 
C2 HC'S 
C3H8 
C3Z6= 
C4~I0 

C, SHI2 
CSHIO= 
CSHI4 
C,6H12= & CYCL0'S 
CT.0. INGAS 
LIg HC'S 

TOTAL 
SUB-GROUPING 

Cl -C4 
C5 -420 F " 

420-700 E 
700-END PT 

250 CC 120 .2  G AETERUSE:186 .9  G (÷66 .7  G) 
@ 1 2 6 0  CC/MN OR 300GESV (CA2~12524~41) 

1 1 6 1 7 - 0 9 - 0 1  6 1 7 - 0 9 - 0 2  6 1 7 - 0 9 - 0 3  6 1 7 - 0 9 - 0 4  6 1 7 - 0 9 - 0 5  

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 :  0 5 0 : 5 0 :  0 
7 . 2 5  2 7 . 7 5  7 7 . 0 0  9 9 . 0 0  122 .75  

3 0 0 . 0 0  3 0 0 . 0 0  3 0 0 . 0 0  3 0 0 . 0 0  3 0 0 . 0 0  
2%0.00 2 3 8 . 0 0  2 3 9 . 0 0  2 3 9 . 0 0  2 3 9 . 0 0  

1 2 6 0 . 0 0  1260 .00  1260 .00  1260.0G 1 2 6 0 . 0 0  
8 . 2 5  1 9 . 5 0  4 9 . 2 5  2 2 . 0 0  2 3 . 7 5  

179 .70  592 .60  1 9 3 6 . 2 0  8 7 8 . 6 0  9 6 3 . 7 0  
8 6 . 7 0  155 .32  3 8 5 . 3 2  1 7 1 . 3 7  181 .13  
2 1 . 3 6  9 9 . 5 6  2 3 9 . 3 0  1 1 2 . 2 7  119 .26  

5 4 . 1 5  9 2 . 3 1  9 7 . 0 1  9 9 . 0 7  9 9 . 9 4  
7 6 . 5 9  9 6 . 4 3  1 0 0 . 4 8  1 0 2 . 3 4  " 1 0 2 . 7 1  
7 7 . 1 9  93.3.3 9 6 . 8 7  9 7 . 4 7  9 7 . 5 4  

0 .4376  0 .9760  1 .0045  1 . 0 4 9 0  1 .0754  
2 . 2 3 0 4  2 .2175  2 . 2 2 2 5  2 . 2 2 0 3  2 . 2 1 7 6  
2 . 8 8 8 0  1 .8080  1 .8562  1 . 8 3 8 7  1 .8273  
1 . 4 1 4 4  1 .0445  1 .0357  1 . 0 3 3 1  1 .0277  
0 .5316  0 .5316  0 . 5 5 5 4  0 . 5 5 7 0  0 .5623  
0 .0577  0 . 1 1 3 1  0 . 0 8 8 1  0 . 0 8 3 1  0 . 0 8 0 4  
0 .0325  0 . 0 6 7 8  0 . 0 5 3 7  0 . 0 5 0 4  0 .0492  
3 .9197  5 .1487  4 . 1 3 0 3  4 . 1 5 5 3  3 . 9 8 8 6  

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

5 . 0 4  4 . 4 3  4 . 7 6  4 . 6 6  4.%9 
1 . 6 9  1 .49  1 . 6 9  1 . 5 9  1 .63  
2 . 0 6  1 .82  1 . 7 9  1 . 7 6  1 . 7 9  
2 . 8 8  2 . 5 3  2 . 9 7  2 . 9 1  3 . 0 0  
2 . 0 7  1 .82  1 . 9 0  1 . 8 6  2 . 0 0  
4 . 3 8  3 . 8 6  4 . 3 5  4 . 2 4  4 . 2 7  
2 . 6 4  2 . 3 3  2 . 4 4  2 . 3 5  2 . ~ 6  
3 . 5 8  3 . 1 5  3.%1 3 . 3 8  3 . 5 1  
3 . 2 7  2 . 8 8  3 . 0 0  2 . 8 6  3 . 0 1  
1 . 6 4  1 . 4 4  1 . 7 2  1 . 6 2  1 . 6 4  
5 . 8 2  4 . 9 5  5 . 4 2  5 . 2 5  5 . 9 6  

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

1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  ! 0 0 . 0 0  1 0 0 . 0 0  

1 8 . 1 2  15 .95  17 .45  1 7 . 0 2  1 7 . 1 9  
5 2 . 2 5  3 3 . 8 6  4 9 . 2 7  4 9 . 2 2  3 5 . 9 7  
2 4 . 3 7  3 2 . 5 2  2 6 . 6 2  2 7 . 0 1  2 6 . 2 1  

5 . 2 6  1 7 . 6 7  5 . 6 6  6 . 7 5  2 0 . 6 2  

- B 1 7 1  - 



T a b l e  B l l  ( c o n t i n u e d )  

FILE: I!61709A T6QI A1 

CS+-ENDPT 81.88 84.05 82.55 82.98 82.81 
ISO/NORMAL MOLE RATIO 

C.4 0.0185 0.0185 0.0204 0.0199 0.0329 
C5 0.0506 0 .0508 0.0466 0 .0484 0 .0480  
C6 0.0920 0 .0920 0 .0690 0.0760 0 .0859 
C4= 0.0493 0 .0493 0.0503 0.0527 0 .0506  

PARAEEIN/OLEEINRATIO 
C3 0.6837 0.6837 0.5758 0.5766 0.5698 
C4 0.4588 0.4568 0.4221 0.4231 0.4531 
CS 0.7173 0.7173 0.6952 0.6765 0.5800 

SCHULZ-FLORY DIS'~RBZN 
AL_VHA (EXP(SLOPE)} 0.8232 0.8648 0.8601 
RATIO CH4/(I-A)**2 1.6113 2.4229 2.2959 

ALInHA ERM CORRELATION 0.8427 0.8428 0.8400 
ALPHA (EXPZL/CORR) 0.9768 1.0260 1.0239 

W~CH4 ERMCORRELA.TION 12.2340 11.7410 12.8361 
0.4117 0.3775 0.3500 

CLD OIL Oi~ WAX OIL WAX OIL WAX OIL WAX 

tegC~4 (EXPZL/C0P,~) 
L IQ BC COLLECZZON 

PHYS. APPEARANCE 
DENSITY 
N, REERACTIVE INDEX 
SIMULT' D DISTI~ 

10 ~T % @ DEG r 288.00 
16 308.00 
50 454.00 
84 61 '7 .00  
90 6 7 7 . 0 0  

RANGE(16-84 ~) 311.00 

WT ~ @ 420 F 54.50 
WT ~ @ 700 ~" 91.93 

328.00  
366.00  
537.00 
799.00 
881.00 

433.00  

2 7 . 5 8  
74.50 

299 .00  
338 .00  
558 .00  
858.00  
945.00  

520.00 

29 .29  
58 .86  
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EILE: !161709B T6QI A1 

Table BI2 

RUN NO. 
CATALYST 
FEED H2:CO 

RUN & SAP~LE NO. 

FEED E2:C0:AR 
~RS 0N STREN~ 
PRY.SSURE, ~SIG 
• EMP. C 

FEED CC/MIN 
HOURS FEEDING 
EEELNT GAS LITER 
GM A~EOUS LAYER 
GM OIL 
MATERIAL BALANCE 

GM ATC~ CaR3~; ~ 
G~ ATC~ ~DROGEN ~ 
GM ^TC~ OX~'E~ ~ 

RATIO C~X/(520+C02) 
RATIO X IN CRX 
USAGE H2/CO PRODT 
FEED H2/CO FRM E~'LNT 
RESIDUAL H2/CO RATIO 
RATIO C02/(~20~C02) 
E S"E~ZT ~N E~'LNT 
S~ECZFIC ACTIVITY SA 
~ Z O N  

oN 0 o ~  
oN ~r~ ~ 

C~4 
ECwS 

C~H6= 

C~3~10= 
C~3.4 
C8~12= & CYCLO'S 
C~, INGAS 
LIQ ~C' S 

TOTAL 
SUB-GR~I~ I~G 

C1 - C 4  
CS --420 E 
420-700 F 
700-END lOT 

RESULT 0ESYNGAS OPERATION 

11617-09 
CO/XII/XI3-TCI23 250 CC 120.2 G AE'ZERUSE:I86.9 G (+66.7 G) 

OE 50 :50  ~ 1260 CC/MN OR 300 G~SV (CAT#12.524--41) 

11617-09-06 617-09-07 617.-09-08 617-09-09 617-09-10  

60=40= 0 60=40= 0 60=40= 0 5 0 : 5 0 : 0  5 0 : 5 0 : 0  
147.25 170.25 193.25 216.25  240.75  
300.00 300.00  500.00 500.00 500.00  
240.50 241.00 258.00 259.00  259.00 

1260.00 1260.00 1260.00 1260.00 1260.00 
24 .50  23 .00  23 .00  23 .50  24 .00  

839.00 705.00 555.20 645.80  706.50  
220.47 225.63 219.45 202.93 215.23 
122.21 118.39 62.50 164,.42 178.80 

107.32 I00.05 95.13 97.20 100.16 
104.77 101.03 98.13 100.73 102.82 
101.1.5 98.90 97 .45  92 .46  94.63 
1.1250 1.0221 0.9629 1.1116 1.1356 
2.4799 2.4459 2.7641 2.2273 2.2216 
1.7754 1.8631 1.6153 1.4739 1.5828 
1.4643 1.5147 1.5473 1.0363 1.0265 
1.0287 1.0059 1.2163 0.4014 0.38%0 
0.1432 0.1208 0 .2965 0 .2424 0 .1796 
0.1720 0.1382 0.5125 0.1284 0.0841 
3.1584 3.2517 1.6376 2.5807 2.2766 

58 .34  59.35 82.94, 59 .20  53 .59  
70.73 73 .01  86 .59  84 .20  82 .64  
65.70 67.58 85.16 71.92 68.31 

16.45 14.92 28 .90  5 .27  4 . 8 4  
3.27  2 .83  5 .21  1 .50  1 .45  
4.74 4.36 9.47 1.65 1.44 
1.15 I.!I 0.57 2.02 2.08 
4 .08  3 .76  6 .92  1 .60  1 .45  
2 . 1 4  2 .05  1.13 3 .15  3 .13  
4 .60  4 .33  6 .40  1 .98  1 .83  
1 .62  1.55 0 .90  2 .05  2 .16  
5 .30  4 .92  6 .73  3 .03  2 .69  
0 .87  0 .92  0 .48  1.99 1 .86  
6 .02  5 .45  8 .84  8 .96  4 .56  

49.74 53.80 24.46 66.79 72.52 

I00.00 I00.00 I00.00 i00.00 I00.00 

31.84  29.03 52 .20  15 .20  14.39 
34 .96  36 .82  37 .80  39 .60  49 .35  
19.49 21.27 8.80 25.52 2g.01 
13.71 12.88 1.20 19.68 7.25 
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Table B12 ( c o n t i n u e d )  

FZLE: 1Z6Z709B ¢6QI . ~  

Cb.I--~Z'4D~T 6B.16 70.97 47.80 
ZSO/NO~AL MOT.~ ~%TZO 

CA 0.0454. 0 . 0408  0 .0533  
C5 0 . 0 7 4 3  0 .0580  0 .1100  
CE 0 . ~ . 2 7  0 .Z126  0 .1863  
CA= 0 . I .2Z9 0 .ZZ68  0 .1935  

PAP.AZ~I~/OT.m~IN~%.TIO 
C:3 3 .9423  3 .7305  :15.9363 
CA. 1 . 9410  1.7"728 5 . 9 0 0 1  
C,5 2 . 7 5 9 2  2 . 7 1 2 0  6.9488 

SCHULZ-~'~50:ELYDIS'~ 
ALP~ (~DCP(SLOPE)) 0.84,~2. 0.8397 0.7537 
RA~ZO C H 4 / ( Z T A ) ' ' 2  6 . 5 2 3 8  5 . 8 0 3 4  4 .7649  

~ % M ~ O N  0 . 8 1 0 5  0 . 8 1 1 6  0 . 8 0 1 4  
.q~UA (E:XL:'~/COP.R) 1 .0378  1 .0348  0.94~06 

W~P'=r4 ~ M  C O ~ O N  2 2 . 3 3 4 5  2 2 . 1 1 8 0  2 9 . 0 1 3 0  
~P~CH4 (~¢L:'~/COLqLR.) 0 . 7 3 6 7  0 .6745  0 .996Z  
L Z Q E  C0rr=CTZON 

"2H~S. A P P ~  OZL WAX OZLWAX OIL WAX 
DEZaSITY 
N . ~ I V Z  INDEX 
8Z~J0£,T'D DZb-'~ZT.,A..TN 

10 WT~  e DEG ~ 29Z .00  2 8 8 . 0 0  2 3 8 . 0 0  
16 3 3 3 . 0 0  3 2 4 . 0 0  2 5 3 . 0 0  
50 5 2 8 . 0 0  5 0 2 . 0 0  3 8 0 . 0 0  
84 827 .00  792 .00  575 ,00  
90 93.2.00 890 .00  632 .00  

I~NGE(16-84  ~ )  4 9 4 . 0 0  468 .00  322 .00  

~ J ~  ~ 420 ~ 3 3 . 2 5  3 6 . 5 4  5 9 . 1 2  
~ X @ 700 E 72 .43  7 6 . 0 7  9 5 . 1 0  

84.80 85.61 

0.  0207 0.  0209 
0 .0702  0 .0525  
0 . 3 1 1 6  0 .3083  
0.  0650 0 .  0589 

0 . 7 8 1 0  0 . 6 6 1 6  
0 . 4 9 0 9  0 . 4 4 7 6  
0 .9433  0 . 8 2 3 4  

0 . 8 5 8 1  
2 . 6 1 6 5  

0 . 8 5 5 3  
Z. 0032 

12..4857 
0 . 4 2 2 2  

OZL WAX O'rL WAX 

2 9 8 . 0 0  
3 3 7 . 0 0  
5 3 9 . 0 0  
852 .00  
9 4 6 . 0 0  

S15 .00  

3 2 . 3 3  
70.54 
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EILE: I161709C TTOI A1 

Table B13 

RESULT Or SYNGAS OPERATION 

NO. 11617-09 
CATALYST CO/X I1 /X I3 -TC123  250 CC 120 .2  G ~ USE: IS6 .9  G ( '~66.7  G 
EEED H2:CO OF 50:50 • 1250 ¢C/I~N OR 300 ~ {CAT#12524-41) 

REN & SAMPLE NO. I1617~09-II 617-09-12 617-09-13 617-09-14 617-09-15 
. ± 

EEED E2:CO:AR 5 0 : 5 0 : 0  54=45= 0 54=45= 0 5 4 : 4 5 : 0  54=45= 0 
HRS ON STREAM 266 .25  2 8 9 . 2 5  3 1 3 . 2 5  341 .25  3 8 2 . 2 5  
PRESSURE, 1DSIG 500 .00  5 0 0 . 0 0  500 .00  500 .00  5 0 0 . 0 0  

. ¢ 259.  O0 2 5 9 . 0 0  2 5 9 . 0 0  260 .00  2 5 7 . 0 0  

¢C:/ l "~ i  1260 .00  1260 .00  1250 .00  1260 .00  1 2 6 0 . 0 0  
~[0URS FEXD I'NG 2 5 . 5 0  2 3 . 0 0  2 4 . 0 0  2 8 . 0 0  2 1 . 0 0  
EEI~LNT GAS LITER 789 .00  6 3 1 . 6 0  6 5 1 . 5 0  780 .30  5 9 0 . 5 0  
G~ A~UEOUS LAYER 2 3 6 . 3 0  222 .95  239 .76  278 .47  210 .29  
G)I OIL 178.17 166 .43  164.40 187.67 140 .24  
~ BALANCE 

GM ATOM ~ N  ~ 99.93 102.65 99.06 99.34 98.23 
GM ATOM R T D ~  Z I03.04 103.97 101.81 101.86 99.62 
GM ATON OX~"EN ~ 96.48 96.41 96.01 96.4~ 95.82 

RATIO CET~'(E204~02 ) 1.085% 1.1295 I. 0631 1.0603 1.0528 
RATIO X IN C~X 2.2254 2.30?7 2.3021 2.30~S 2.2688 
WAGE I[2/CO PRODT 1.6798 1.6210 1.6948 1.7136 1.8004 
EEZD E2/CO ~ ~ 1.0311 1.2132 1.2311 1.2282 1.2148 
RESIDUAL R2/CO PATIO 0 .3899  0 . 5 6 1 0  0 , 5 5 3 1  0 .5573  0 . 5 2 8 9  
RATIO C02/(H20+C02 ) 0.1435 0.1802 0.1566 0.1492 0.1067 
K SHEET IN ~ 0.0853 0.1233 0.1027 0.0977 0.0632 
SPECZEIC ACTIVITY SA 1.9368 1.8900 1.8081 1.4525 I.$632 
CONVERSION 

ON CO Z - 49 .71  6 1 . 5 3  5 9 . 3 8  5 8 . 0 2  5 3 . 9 4  
ON H2 ~ 80 .99  8 2 . 2 1  8 1 . 7 5  80 ,95  7 9 . 9 5  
ON C0÷K2 ~ 6 5 . 5 9  7 2 . 8 6  71 .73  70 .66  6 8 . 2 1  

2RDT SELECZIVZTY.WT 
CH4 5 . 0 1  8 . 8 9  8 . 5 1  8 . 7 3  7 . 0 2  
(=2 EC'S 1 .55  2 . 0 6  2 . 0 1  2 . 0 2  1 . 7 8  
C3E8 1 .47  2 . 4 2  2 . 3 2  2 .4S  2 . 0 8  
C 3 ~  2 .22  1 . 7 1  1 .82  1 .98  2 . 1 7  
¢ 4 ~ I 0  1 .50  2 . 0 7  2 . 0 6  2 . 1 7  1 . 9 8  

3 . 3 1  2 . 9 5  3 . 0 7  3 . 2 3  3 . 2 0  
CSH12 1 .88  2 , 4 8  2 . 5 0  2 . 6 4  2 . 3 7  
~0= 2.24 1.80 1.89 2.51" 2.40 
C8H14 2.7( ;  3 . 4 6  3 . 5 4  3 . 0 9  2 . 6 7  
C~12: & C~:LO'S l.g0 1.53 1.62 1.50 1.40 
C7~ IN GAS 4.35 5.16 4.71 4.28 4.34 
LIQ EC'S 7 1 . 8 2  6 5 . 4 7  6 5 . 8 6  65 .39  6 8 . 5 8  

T0~RL 100.00 I00.00 100.00 I00.00 100. O0 
~ I N G  

C1 -C~ 15.06 20.10 19.89 20.59 18.24 
C5 -420 F 32.63 32.11 47.18 46.72 31.69 
420-700 F 26.98 24.73 26.34 26.15 25.97 
700-END ~T 25.33 23.06 6.59 6.54 24.10 
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FILE: I161709CT~I 

Table B13 C c o n c i n u e d )  

A1 

CS'*'-END 1~  84.94  79.90 
ISO/NORMAL MOLE RATIO 

C4 0. 0241 0. 0237 
C..5 0.0595 O. 06G6 
C,6 0.2941 0.2609 
C4= O. 0588 O. 0744 

PARAF~IN/0LEFIN RATIO 
C3 0.6296 1.3488 
CA O. 4365 O. 6767  
C5 0. 8153 1. 3408 

Sc~ur, z-~T,0RY DISTR3"n~ 
ALFHA (EX~(SLOPE)) 0.8709 0.8664 
RA.TZO CH4/(I-A) w,~2 3.0047 4.9784 

E'RM CORRELATION O. 8567 O. 8390 
(~/CORR) 1.0165 1.0326 

W~CH4 FRM CORRELA.TION 12.6457 
W'/C~4 (EXP2L/CORR) 0.4160 
LIQ ~[C COLLECTION 

PHYS. APPF_ARAI~ OIL WAX 
DENSITY 
N, REFRACTIVE ~DEX 
SIRITLT' D DISI~I~ 

I0 WT ~ • DEG E 303.00 
16 345.00 
50 579.00 
84 903.00  
gO 992.  O0 

RA.~'E( I6-84 :~) S58.00  

W'~ ~ ~ 420  ~" 27.17  
NT X • 700  F 6 4 . 7 3  

17.5463 
0.5066 

OIL WAX 

303. O0 
346.00 
575. O0 
895. O0 
982.00 

549.00 

27.00 
64.78 

80.11 

0.0241 
0.0676 
0.2498 
0.0713 

1.2186 
0. 6473 
1.2864 

OIL WAX 

7 9 . 4 1  

0.0236 
0.0634 
0.0860 
0.0674 

1.1813 
0.6491 
1.0209 

0ZL WAX 

81.76 

0.0255 
0.0597 
0.0735 
0.0649 

0 . g l T 7  
0.5973 
0 .g576 

0.8666 
3.9471 

0.8420 
1.0292 

16.1962 
0.4336 

OIL WAX 

313.00 
3 5 5 . 0 0  
576.00 
907, O0 

1011.00 

552.00 

27. oo 
64.86 

- B176 - 



~ZLE: I161709D IT~QI A1 

T a b l e  B 1 4  

RUN NO. 
CATALYST 
FEED 

REN & SAMPLE NO. 

FEED E2:CO:AR 
HRS ON ~ 
~ , P S I G  
TEMP. C 

FEED CC/IT~N 
~R~RS FEEDING 
EEET.,NZ GAS LITER 
U~ A~OE0US LAYER 

OZL 
K~TERZAL BALANCE 

GK ATOM CARBON ~ 
~ A20H ~DROGEN Z 
G~ AT~ ~ X 

RATIO (mX/(E20~C02) 
RATIO X IN C~X 
USAGE H2/C0 FRODT 
FEED E2/CO FRM EEFLNT 
RESIIXIAL H2/C0 RATIO 
RATIO C02/(R20+C02 ) 
K SEITT IN EI~'LNT 
SPECZFIC ACTIVITY SA 
CONVERSION 

0NC0~ 
ONE2 Z 
ON O0~E2 ~ 

R~T ~ , W T  ~ 
CH4 
C2 ~:'S 
C3~18 

C.4EIO 
C~Ss 
CSEI2 
CSXI0- 
~ 4  
C8R12= & CYCZ, O'S 
C7~- INC.,AS 
LIQ BC'S 

TOTAL 
SUB-GROUPING 

Cl-C& 
CS -420E 
<;20-700 E 
7 0 0 - Z N D  P T  

RESULT OF~0PERATION 

11617-09 
CO/Y,.II/XI3-TCI23 250 C~ 120.2 G AETERUSE:I86.9 G (~6.7 G 
H2:CO OF 50:50 # 1260 (3C/I~N OR 300 GR~V (~1252~r'41) 

11617-O9-16 617:'09-17 617-09-18 617-O9-19 617-09-20 

54=45= 0 $4 :4S:  0 54=45= 0 54=45= 0 5 4 : 4 5 : 0  
385.25 435.25" 440.25  45,8.7S 485.75  
500.00 500.00 S00.00 500.00 500.00 
259.00  259.00  260.00 259.00  260 .00  

1260.00 1260.00 1260.00 1260.00 1260.00 
17.00 50.00 5 .00  18 .50  27 .00  

373.10 1416.40 142.00 $34.50 771.00 
191.33 490 .27  4,8.73 185.86 254.83 

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

72.41 I 1 0 . 0 8  99.85 I 0 1 . 5 6  99 .16  
82 .10  110.63 101.02 102.85 99 .15  
92 .08  94.41 95.95 9 7 . 5 4  94 .86  

0.6200 1.3415 1.0852 1.0863 1.0960 
2.3168 2 .2472 2 .2997 2 .2822  2.3013 
2.1434 1.6186 1.7Z64 1.7567 1.7191 
1.3581 1.2038 1.2118 1.2131 1.1977 
0.4665 0 . 5 4 6 9  0.5451 0 .5392  0 .5399 
0 .1238 0.12,83 0.1319 0 .1202 0 .1387 
0.0659 0°0805 0.0828 "0.0736 0.0869 
1.6480 1.7441 1.3699 1.4003 1.3286 

53.17 61 .29  55.67 55 .35  55 .78  
83 .92  82.4,2 80 .15  80 .15  80 .07  
70.88 72 .83  69 .17  68 .95  69 .02  

10.11 6 .76  8 .$8  7 . 9 0  8 .61  
2 .55  1 .51  1.95 1 .85  1 .98  
2 .88  1.94, 2 .26  2 .11  2 .39  
2 .77  1 .58  1 .86  1 .88  1 .93  
2 .66  1 .92  2 .05  1 .97  2 . 0 8  
4,.59 2 .93  3 .14  3 .03  3 .18  
3 .22  2 .74  2 .49  2 . 3 4  2 .61  
3 . 7 3  2 . 7 4  1 . 9 4  1 . 9 0  4 . 4 5  
4 .10  3 .51  2 .08  2 .79  5 .65  
2 .62  1 .32  0 .41  4 .64  2 .19  

1G.79 18 .28  3 .90  4 . 0 6  5 .79  
43 .97  54.77 69 .35  65 .66  59.15 

100.00 !00 .00  100.00 100.00 100.00 

25 .56  16 .64  19.84 18 .71  20 .16  
51 .87  43 .44  34 .81  48.4,6 50 .26  
2 1 . 0 8  2 2 . 8 7  2 S . 1 4  2 6 . 2 6  2 3 . 6 6  

1.49 17.06 20.21 6 .57  5 .92  
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FI r ,Z :  I161709D '~:~1 

T a b l e  BI,& ( c o n t i n u e d )  

A! 

C S ' * ' - ~  ~.~ 74.44, G3.3G 8 0 . ! 6  
Z S O / ~ ] ~ A L  ~ P.A.~O 

C4 0 .  0237 0 .  0219 0 .  0229 
CS 0 .0597  0 . 0 6 0 9  0 .  0633 
(=6 O. 0832 0 . 1 0 2 0  0 .  4887 

0 .0633  0 . 0 6 6 9  0 .0893  
PA~I "J~ IN /o r~Y lN  P.A~O 

¢3 0 .9926  1 .1740  1 .1582  
C4. 0 . 5595  0. 6333 0.633.2 
CS 0 . 8 3 8 4  0.9712. 1 .2526  

s¢:sur~-rr...o~Y D Z S ' ~ 3 ' ~  
(Z:X~{SLOPE)) 0.7(J04 0.85=,0 0 .860S 

RATZO C~4/ (  1 - A ) * t 2  2 . 3 0 1 4  3.043.8 4 .4067  

~ ~ ~  0 . 8 4 8 0  0 .8403  0 .8404  
(ZX:P'ZL/C01~.) 0 . 9 3 2 1  1.012.7 1 .0239  

~*CH4 ~ ~ G N  1 4 . 7 5 7 0  17.1G00 17 .3392  
~ : : Z 4  ( ~ J Y . , / C 0 1 ~  ) 0 . 6849  0.:3938 0 .4948  
LZ~ HC C 0 ~ ¢ ~  

PHYS. ~ OiT.. WAX OIL WAX 0ZL WAX 
DZI~S 1"2Y 
N, ~Z~"RaC2ZV~ ;2GZX 
S l l ~ L T '  D DZSTILA2:N 

10 ~ ~ e DZG F 2 6 0 . 0 6  3 2 3 . 0 0  2~4 .00  
16 3 0 1 . 0 0  3 6 4 . 0 0  332 .00  
50 4 2 2 . 0 0  5 6 1 . 0 0  523 .00  
84 575 .00  8 5 6 . 0 0  854 .00  
90 6 2 1 . 0 0  9 5 2 . 0 0  951 .00  

! ~ G Z (  16-84  : )  2 7 4 . 0 0  4 9 2 . 0 0  522 .00  

X e 420 r 4 8 . 6 7  2 7 . 1 I  3 4 . 8 0  
W'~ :~ 0 700 ¥ 9 6 . 6 1  6 8 . 8 6  70 .88  

8 z . 2 g  

0 .0263  
0 . 0 5 9 7  
0 . 2 8 4 9  
0 .0663  

1.082" /  
0.627"7 
1.197G 

OZL WAX 

7 9 . 8 4  

0.02GS 
0 . 0 6 6 0  
6 . 0 1 0 0  
0 . 0 7 1 1  

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

0 IL  WAX 

P 
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rlT..E: I161709E T6~I A1 

T a b l e  B I 5  

RESULT OF ~ OPERATION 

RUN NO. I1617-Og 
C.A2aLYST C0/XlI/XI3-TCI23 250 CC 
FEE~ E2:CO O~" 50 :50  @ 12.60 CO/RN 

R;~ & SAMPLE N0. I 1617 -09 -21  

EEED H2:CO:AR .54,=45= 0 
ON S2REAM 506.75 

PRESSURZ, PS ZG 500.00 
T E ~ .  C 250.00 

FEED CO/RIN 1200.00 
HOURS FEEDING 21 .00  

GAS L ~  599.30 
GM AQDEO~; LAYER 210.63 
GK O I L  144.66 
MA.~Z2.TJ~ B~.~qCE 

~ (  ATOM ~ :: 95.59 
Gt~ ~ I~07RDGEN y. 100.38 
(2( ATON OXYGEN X g2 .21  

RA.TZO CEX/(~r~o+C02) 1 .0785 
I~2Z0 X . I N  CHX 2.2203 

H2/CO ~ 1 . ~  
FEED E2/CO Elm ~ 1.2579 
t ~ I ~ $ D ~  ] [ 2 / ¢ 0  RA..-"~O 0.5911 
~4.TZ0 C02/(H20+C02) 0 .0510 
lq s H I r T  IN Et"FEJ4T 0 .0318 
SFJ~'ZrIC ,t.~l'~£'2Y SA 1.7569 
CONVERS TON 

(~q CO :~ 50.93 
O~i ~2  ~ 76.95 
0~ C0*H2 ~ 65.4,3 

4 .75  
C2 HI::' S 1.15 
C 3 ~  1.49 
C3]~m 1.92 
~ 0  I . S 0  

2 .67  
C5E12 1.86 
CSH10= 1 .76  
C6X14 . 2 .85  

& ¢1'¢Z,0 * S 1.S1 
C7.*" IN  G ~  S.06 
LZQ H:'S 7 3 . 4 7  

TOTAL I00.00 
SUB-GROUPINC 

C l  -C4 13.48 
C5 -'420 E 49.78 
420-700 Y 29.39 
700 -EN D  PT  7 . 3 5  

120.2 G ~ EL'E:~I86.9 G (+66 .7  G 
OR 300 ~ (C..AT#12524,"41) 
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r ir . ,z:  1161709E TSQ1 

T a b l e  B i 5  ( c o n ~ : i n u e d )  

CS,~.EI~ ~2 

C4 
C5 
C5 

P ~ . : T Z N / 0 L ~ I N  2ATZ0 
(:3 
C4 
CS 

sc~ur,2,-z~r.~l~ D ZS'ZI~r~N 
(E:(2(Sr, OPE) ) 

I~Z'Z 0 C ~ 4 / ( Z - A ) * * 2  

( ZXI:'ZZ,/COI~a ) 

LZQ ]~: C O - - a N  
PE~S. APPE, t .~ :E  
D Z h ~  
N, ~ZL='RJt~TZV~ ZNDZX 
S ~ ' D  D Z S ' ~ L A ~  

I 0  W T X e D Z 0 r  
16 
.50- 
84 
9O 

w'~ ~ / I  420  F 
w~ g @ 700 r 

86.52 

0 .0247  
0 .0598  
0 .3656 
0 .0591  

0 .7438  
0 .5433 
1.02f i2  

o ~r- WAX 
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VII. Summary 

In the work reported in this Quarter, consisting of six runs 

directed toward improving on the promising Catalyst 45 (Co/111/ 

TC-123) of the Sixth Quarterly Report, two lines of InvestIEation 

were explored. One was a search for a new Molecular Sieve to im- 

prove on TC-123, the other a search for additives to improve the 

performance of Catalyst 45. 

Run 49, a Ill promoted cobalt 7-alumlna catalyst, served as 

a reference with which to compare the performance of Molecular 

Sieve supported catalysts° The three Molecular Sieves compared-- 

TC-103, TC-123 and TC-133--all demonstrated improved performance 

in product selectivity with TC-123 belt E best. 

A newly developed Molecular Sieve~ TC-121, improved on the 

Isomerlzatlon activity typically observed for TC-123o In all 

other respects, however, its performance was inferior. 

Three addltITes--X9, XI3 and.E/Ni/Mo-7-alumlna--were tested 

in combination wlth the Catalyst 45 formulation° The addition of 

XI3 improved the catalyst's water Eas shift activity bun impaired 

its overall performance. The additive K/Ni/Mo-7-alumlna, al- 

thouEh itself an effective water Eas shift catalyst, failed t o  

improve the water Eas shlfu activity of Catalyst 45° However, 

unlike other WGS components previously tested, it didntt act 
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adversely on the Fischer-Tropsch catalyst. 

The mos= promising finding was the apparent beneficial ef- 

fect of the additive'X 9 on both the acEivity and selectivity of 

the CO/Xll/TC-123 caualysr ~n conditions of hiEh nempera~ure and 

pressure. F~rnher invesrIEatlon is required Uo verify these ef- 

fects, and also to explore how X 9 may ~ffecu catalysn s~abili~y° 

J 
- B182 - 



APPENDII Co BASE CASE OPERATTNG CURVES 

FOE UPDATED MITRE STUDY 
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