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~ILE: 1220017A TSS3Q! A1 

Table B9 

RESULT 0~" SYNGAS OPERATZON 

12200-17 
CO/Xg/XI0/X4-UI03 

RUN NO. 
CATALYST 
FEED H2:CO OF 50:50 @ 440 CC/MN OR 300 GHSV 

RUN & SAMPLE NO. 12200-17-02 200-17-03 

rEED H2:CO:AR 50:50: 0 50:50:0 
HRS ON STREAM 44.0 68.0 
PgESSURE,,~SIG 300 300 
T E ~ .  C 239 240 

~EED CC/MIN 400 400 
HOURS FEEDING 24.00 24.00 
E"I~F.~T GAS LIT~:'J~ 3 6 0 . 6 0  392 .35  
GM AQUEOUS LAYER 39.98 3 5 . 7 1  
~'M OIL 9.40 10.41 
MATERIAL BALANCE 

ATOM CARBON ~ 82 .36  87 .68  
GM ATOM HYDROGEN ~ 81.27 88 .76  
G~ATOM OXYGEN~ 94.03 95.71 

RATIO CHX/(H20÷CO2) 0.4634 0.5998 
KATZO.X IN CHX 2.4546 2.3829 
USAGE52/CO PRODT 3.1266 2.5265 
~EED H2/CO ~ EEELNT 0.9868 1.0124 
RESIDUAL H2./CO RATIO 0.6671 0.7360 
RATIO C02/(E20÷C02) 0.0291 0.0384 
K SHIFT IN E~'FLNT 0.0200 0.0294 
SPECIfiC ACTIVITY SA 1.0313 0.9627 
CONVERSION 

ON CO ~ 13.00 14.62 
ON K2 ~ 41.18 3 7 . 9 3  
O~ CO+K2 ~ 2 5 . 9 9 .  2 6 . 3 5  

PP.DT S.=~/,ECZIV~TY,WT 
_C H4 18.23 14.80 
C2 HC'S 1.97 1.73 
C3H8 1.75 1.85 
C3H6= 4 .46  3.00 
C4HIO 2.12 1.94 
C4H8= " '  4 . 9 8  3 . 2 6  
CSHI2 2.27 2.12 
CSHI0= 4.31 3.07 
C6H14 2.59 2.45 
C8H12= & CYC~,0'S 2.96 1.99 
C7~ IN GAS 0 . 0 0  13.21 
LI~ HC'S 54.36 50.59 

TOTAL 100.00 I00.00 
SUB'GROUPZNG 

C1 -C~ 33.51 25.57 
C$ "420 F 2 8 . 1 7  3 3 . 9 7  
42a-700 F 31.10 25.66 
700-END ~T 7.23 12.80 

80 CC 34.1G ASTER USE:S2.3 G (~18.2 G) 
( CAT#12251-50--31 ) 

6 
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Table B9 (continued) 

FZLE: 1220017A TSS3QI A1 

C5+-END PT 66.49 
ZS0/NORMAL HOLE MATZO 

C4 0.0000 
C5 0.0486 
C6 0.0000 
C~,~- 0.0000 

PARAEFIN/OLE~IN RATIO 
C3 0.3735 
C4 0.4110 
C5 0.5119 

SCHULZ-ELORY DZSTRBTN 
ALPHA (EX~(SLOPE)) 0.8487 
RATIO CE4/(1-A)**2 7,9586 

Ar~HAERMCORRELATION 
A~HA (EXPTL/CORR) 

0.8317 
1.0204 

W~CH4 ERM CORRELATION 15.4198 
W%C~4 CEX~TLICORR) 1.1822 
LIQ HC COLLECTION 

PHYS. APPEARANCZ CLD 0ZL 
DENSZTY 0.7737 
N, REFRACTIVE ~NDEX 1.4300 
SZMULT'D DISTILATN 

I0 WT ~ @ DEG ~ 330 
16 346 
SO 517  
84  686 
90 718 

RANGE(16-84 ~) 340 

WT ~ @ 420 F 29 .50  
WT % @ 700 F 86 .70  

7 3 . 4 3  

0.0000 
0.0000 
0.0000 
0.0000 

0.~879 
0 . 5 7 4 9  
0 .6708  

0 .8691  
8.6411 

0 .8259  
1,0511 

17.1499 
0 .8628  

o~ 
0 . 7 7 4 2  
1.4303 

376 
407 
569 
746 
782 

339 

22.00 
74.70 
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V. Run 29 (12200-18) with Catalyst 29 (Co/XQ/XIo/UCC-II3 

The purpose of this short run was to test the effect of re- 

ducing the cobalt concentration in a cobalt/X9/Xl0 catalyst for- 

mulated by the method used for Catalyst 11. The results are to 

be compared with those o~ Catalyst 26 (Run 12185-14). The theo- 

retical concentrations of cobalt, X 9 and Xl0 were 7.8, 0.35 and 

0.47 percent respectively, as against 11.9, 0.5 and 0.7 percent 

respectively in Catalyst 26. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. B127-130. Simulated distillations of the C5+ 

product are plotted in Figs. B131-133. Carbon number product 

distributions are plotted in Figs. B134-136. Chromatograms from 
# 

simulated distillations are reproduced in Figs. B137-139. De- 

tailed material balances appear in Table BIO. 

The syngas conversion, specific •activity, and specific activ- 
O 

ity per unit cobalt concentration compare as follows with those 

for Catalyst 26 (all at 250C reaction temperature): 

Pct. Syngas con- Specific S.A. per 
C__.S.o ver sion~pct activity pct cobalt 

Catalyst 29 7.8 38.0 1.5 0.19 
Catalyst 26 11.9 50.6 2.4 0.20 

(Values for Catalyst 29 were calculated from a sample taken 

at 146.0 hours on stream, those for Catalyst 26 from averages 

- B157 - 



over the period tested at 250C.) 

Although the syngas conversion was lower than that of Cata- 

lyst 26, from the specific activities per unit cobalt concentra- 

tion the two catalysts are about equally efficient in their use 

of the cobalt. 

The run was too short for any reliable.comparisons of stabil- 

ity. 

There were slight differences in selectivity between the two 

catalysts, most of which can be attributed to the differences in 

residual H2:CO ratios in the reactor resulting from the differ- 

ences in syngas conversion. 

Results of this run demonstrat.e that in the cobalt/Xg/XlO 

catalyst, the efficacy of the cobalt in the Fiscker-Tropsch reac- 

tion is relatively uniform across the concentration range of 7.8 

to 11.9 percent. 
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FILE: 1220018A TSS3Q1 A! 

Table BI0 

RUN NO. 
CATALYST 
FEED 

RESULT OF SYNGAS OPERATION 

12200-18 
CO/Xg/XIO-UI03 80 CC 35.2 G AFI'ER USE:S3.1G (~!7.9 G ) 

H2:C0 OE 50:50 @ 400 CC/MN OR 300 GHSV ( CAT#12251-71-23 ) 

RUN & SAMPLE NO. 12200-18-01 200-18-02 200-18-08 

FEED E2:CO:AR . 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
HRS ON STREAM 22.5 49.5 146.0 
PRESSURE,¥SIG 300 300 300 
TEPIP. C 242 247 247 

EEEDCC/MZN 400 400 400 
HOURS FEEDING 22.50 27.00 27.00 
E~ELNT GAS LITER 255.98 388.70 3S6.50 
GM AQUEOUS LAYER 59.75 48.44 44.29 

0!L i ~ . i 0  37.67 27.50 
P/ATERIALBALANCE 

GN ATON CARBON ~ 72.59 96,89 94 .77  
GMATONHYDROGEN~ 83.02 94.69 90.78 
GNA20M OA'I'GEN~ 90.59 92.65 94.32 

RATIO CHX/(H20+C02) 0.4655 1.1728 1.0202 
RATIO X ZN CID[ 2.3472 2.2987 2.3340 
USAGE H2/CO ~RODT 2.8291 1.7891 1.9854 
EEED H2/CO FRM EEELNT 1.1436 0.9773 0.9579 
RESIDUAL F.2/00 RATIO 0.6005 0.5961 0.5165 
RATIO C02/(H20÷C02) 0.0599 0.0895 0.0553 
K SHIFT ZN EEELNT 0.0382 0.0586 0.0361 
S~ECIFZC ACTIVITY SA 1.9052 2.0852 1.4785 
CONVERSION 

ON 00 ~ 24.37 31.95 24.94 
ON H2 ~ 60.29 58.50 51.70 
ON C 0 ~ .  ~ 43.53 45.07 38.03 

PRDT SELECTIVITY, WT~ 
CH4 12.44 9.41 11.20 
C2 HC'S 1.39 1.42 1.55 
C3ff8 1.87 1.50 1.82 
C3H5= 2.29 1.64 1.81 
C4HIO 1.85 1.50 1.84 
C4H8: 2.86 2.03 1.84 
C5H12 2.33 1.88 2.28 
CSHI0: 2.73 1.80 1.84 
CEHI~ 2.85 2.20 2.64 
C6H12= & CYCLOtS 1.89 1.27 1.32 
C7+ IN GAS 11.18 6.78 7.85 
LIQ HC'S 56.32 68.55 84.04 

TOTAL I00.00 i00.00 100.00 
SUB-GROUPING 

Cl -C4 22.70 17.51 20.05 
C5 -420 F 39.96 • 29.16 24.42 
420-700 F 32.04 31.I~ 33.11 
700-ENDPT 5.29 22.14 22.41 
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FILE: 1220018A TSS3QI 

C5+-END PT 77.30 
ISO/NORMAL MOLE RATIO 

C4 0.0000 
C5 0. 0576 
C6 0.0807 
C4= 0.0000 

PARAFEZN/0LEFZN RATIO 
C3 0 .  7809 
C4 0. 6253 
C5 0.8317 

SCHULZ-FLORY DZSTRBTN 
ALPHA (EX~ (SLOPE)) 0.8385 
RATZ0 CH4/(I-A) *-2 4.7666 

ALPHA ERM CORRELATION 0.8367 
ALPHA (EXPTL/CORR) i, 0022 

Table BI0 

A1 

W~,CH4 FRM CORREZ~...T~ON 14.5642 
W~CH4 (F.J~TT..,/C01~) 0.8539 
LIQ HC COLLECT~0N 

P.K~'S. APPEARANCE CLD OIL 
DENS ITY 0.761 
N, REFRACTIVE INDEX N/A 
SiMULT'D DISTILATN 

I0 WT Z @ DEG E 297 
16 338 
50 501 
84 661 
90 690 

RANGE(16-84 ~) 323 

WT ~ @ 420 F 3 3 . 7 0  
WT ~ @ 700 F 90.60 

.( co n t Inued ) 

82.49 79.95 

0.0000 0.0000 
0.0557 0.0416 
0.0820 0.0544 
0.0000 0.0000 

0.8747 0 . 9 6 1 4  
O.7128 0.9652 
1.0120 1.1966 

0.8951 0.8946 
8.5521 10.0774 

0.8367 0.8351 
1.0697 1.O712 

15 S==~ '16.i677 
0.6012 0.6929 

CLD OIL OIL WAX 
0.805 0.803 

U/A N/A 

338 Q12 
380 445 
594 616 
802 839 
858 904 

422 394 

22.20 13.30 
67.70 65.00 
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VI. Run 30 ~12185-16) with Cata!yst 30 (Co/XwIXIo/X3/UCC-I03 

The purpose of this run was to test the effect of a small 

concentration of additive X 3 on the activity, stability and se- 

lectivity of a cobalt/X9/XlO catalyst. Aside from the addition 

of X~, and slight differences in the concentrations of the other 

constituents, the formulation of the catalyst was the same as 

that of Catalyst 26; the theoretical concentrations of cobalt, 

Xg, XIO and X 3 were, respectively, 7.8, 0.35, 0.47 and 0.06 per- 

cent. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. B140-143. Simulated distillations of the C5+ 

product are plotted in Figs. B144-150. Carbon number product 

distributions are plotted in Figs. B151-157. Chromatograms from 

simulated distillations are reproduced in Figs. B158-164. De- 

tailed materlal balances appear in Tables Bl1-12. 

For the first two samples, at 220C and 90 hours on stream, 

the syngas conversion was about 35 percent, as against 30 percent 

for Catalyst 26. When the reaction temperature was raised to 

240C at 114 hours on stream, the conversion increased to 45 per- 

cent, with a specific activity of 3.1--both approximately the 

same as for Catalyst 26. 

Thereafter, however, the stability of this catalyst was in- 
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ferior to that of Catalyst 26. By linear least squares analysis, 

the conversion decreased by one percentage point every 23 hours 

and the specific activity by one specific activity unit every 165 

hours. 

The initial product selectivity at 24oc was similar to that 

of Catalyst 26--about 8 percent methane, C4's with a paraffin: 

olefin ratio of about 0.7:1, and about 81 percent C5+. As the 

activity declined with time on stream, the proportion of methane 

increased and that of C5+ decreased. Except for the usual excess 

of methane, the Schulz-Flory plots ~ere linear throughout the 

r~n. 

The addition of X 3, even in the minute concentration used in 

this test~ enhanced the initial activity and had little efect on 

the selectivity. But it substantially impaired the catalyst's 

stability. 

- B175 - 
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FILE: 1218516A TSS3Q1 A1 

Table B I I  

RUN NO. 
CATALYST 
FEED 

RESULT OF SYNGAS OPERATION 

12185-16 
C0/X9/XI0/X3-UI03 80 CC 35.0 G AFTER USE:51.O G (+16.0 G) 

P~?.:CO OF 50:50 , @ 400 CC/MNOR 300 GHSV ( CAT#12251-66-11 ) 

RUN & SAMPLE NO. 12185-16-01 185-!6-02 185-16-03 185-16-04 185-16-05 

~'EED H2 :CO:AR 
HRS ON STREAM 
PRESSURE, PSIG 
TEMP. C 

FEED_ CC,~..L% ' 
HOURS FEEDING 
EFELNT GAS LITER 
GM AQUEOUS LAYER 
GM 0IL 
MATERIAL BALANCE 

GM ATOM CARBON 
GM ATOM H'/EROGEN 
~-~ ATOM OXYGEN 

RATIO C~X/(H20+C02) 
RATIO X IN CHX 
USAGE H2/00 PRODT 
FEED H2/C0 FRM EE~LNT 
RESIDUAL H2/CO RATIO 
RATIO CO2/(N20+C02 ) 
K SEZET IN EEFLNT 
SPECIFIC ACTIVITY SA 
CONVERS ION 

ON CO 
ONH2 y. 

ON CO+H2 y. 
PRDT SELZCTIVITY,WT y, 

CH4 
C2 HC'S 
C3H8 
C3H6= 
C4H10 
C4H8= 
C5H12 
C5HI0= 
C6H14 
C6H12= & CYCLO' S 
07÷ IN GAS 
LI~ HC'S 

TOTAL 
SUB-GROUPING 

Cl -C4 
C5 -420  ~" 
4 2 0 - 7 0 0  I: ~ 
700-  ~'~D PT 

5 0 : 5 0 : 0  
6 6 . 0  

300 
218 

400 
6 6 . 0 0  

992 .90  
1 4 6 . 9 4  

4 2 . 2 2  

8 4 . 1 7  
97.74 
9 5 . 9 5  

0 .5766  
2 .2755  
2 .7721  
1 .1613 
0 .7692  
0 .0153  
0.0119 
4.4710 

19.57 
4 5 . 7 3  
34.15 

8 . 4 4  
0 . 7 1  
2 . 0 9  
3 . 0 9  . 
2 . 4 2  
3 . 7 0  
2 . 9 1  
3.07 
3.15 
2 , 1 3  
11,84 
56 .43  

106.00 

20.47 
40.9~ 
26 .92  
11.68 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
9 0 . 0  , 114 .0  1 3 8 . 0  162 .0  

300  300 300  300 
218 241 241 241 

400 40O 
24.00 24.00 

3 9 8 ; 5 4  331.90 
37 .88  53 .99  
2 7 . 7 0  3 6 . 9 4  

400 4~0 
24.00 24.00 

340.55 349.40 
53.65 $3.96 
30.90 27.12 

99.18 100.54 9 8 . 5 6  96 .99  
104.87 106.69  104.84 104.49 
95.78 96.40 97.26 98.10 

1.1644 1.1415 1.0448 0.9613 
2.2379 2.2879 2.3150 2.3294 
1.9235 1.8664 1.9654 2.0710 
1.0573 1.0611 1.0637 1.0774 
0.7719 0 . 6 2 7 3  0 . 6 3 6 0  0 . 6 5 6 1  
0.0216 0.0611 0.0526 0.0419 
0.0170 0.0409 0.0353 0.0287 
5 . 9 6 7 8  3 .0478  2 .6795  2 . 3 2 1 8  

2 4 . 7 8  35 .01  3 2 . 1 7  2 9 . 7 8  
4 5 . 0 9  51 .58  5 9 . 4 4  " 5 7 . 2 4  
3 5 . 2 2  48 .69  4 6 . 2 3  4 4 . 0 2  

6 . 2 3  8 . 5 5  9 . 8 3  10-,59 
0 . 9 5  1 .47  1 . 6 5  1 . 7 7  
1 . 6 7  1 .68  2 . 1 6  2 . 3 9  
2.19 2.25 2.42 2.45 
1.74 1.97 2.31 2.56 
2.57 2.68 2.95 3.05 
2.10 2.43 2.87 3.09 
2 . 2 3  2 . 2 9  2 . 4 5  2 . 5 4  
2 . 3 4  2 . 5 6  3 . 0 3  3 . 2 4  
1.41 1.53 1.68 1.64 
8.88 7.23 8.23 9.09" 

67.89 65.17 60.21 57.59 

I00.00 I00.00 100.00 I00.00 

15 .16  18 .80  
29 .65  33.04, 
2 5 . 1 9  26 .59  
3 0 . 0 1  21 .57  

2 1 . 5 3  2 2 . 8 2  
2 9 . 5 8  3 7 . 5 6  
32 .27  2 5 . 3 4  
15 .62  14 .28  
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FILE: 1218516A ZSS3QI 

Table 

A1 

C5+-END PT 79.53 
ISO/NORMAL MOLE RATIO 

C4 0.0000 
C5 0.0421 
C6 0.0499 
04= 0.0000 

PAP.~,_--~IN/OLEFINRATIO 
C-,3 0.6435 
C4 0.6318 
C5 0.9206 

SC~Z-FLORY DISTRBTS 
ALPHA (E~(SLOPE}) 0.8384 
RATIO CH4/(I-A)**2 3.2353 

ALPNAFRM CORRELATION 0.8261 
AL~HA (EXPTL/CORR) 1.0149 

W'J~CH4 FRM CORRELATION 12.1739 
h'~C:H4 (I~:PTr..J/CORR) 0.6936 
LZQ HC COLLECTION 

PHYS. APPEARANCE OIL WAX 
DENSITY 0.779 
N, REFRACTZVE INDEX N/A 
SIMUL~'D DIST~LATN 

I0 WT~ @ DEG F 302 
16 342 
50 512 
84 751 
90 849 

RANGE(16-84 ~) 409 

~ @ 420 F 31.60 
WT ~ @ 700 ~ 79.30 

BI1 (continued) 

84.84 81.20 78.47 77.!8 

0.0000 0.0210 0.0160 0.0148 
0.0461 0.0622 0.0603 0.0511 
0 . 0 4 7 8  0 .0647 0 .0635  0 .0513  
0.0000 0.0000 0.0000 0.0000 

0.6415 0.8006 0.8520 0.9303 
0.6550 0.7105 0.7549 0.8110 
O.9132 1.0332 1.1397 I.!794 

0 . 8 7 6 2  0 .8685 0 .8588  0 .8550  
4 . 0 6 7 6  4 .9383 4 .9316  5 . 0 3 9 5  

0.8259 0.8346 0.8339 0.8324 
1.0609 1.0406 1.0299 1.0271 

12.2269 14.9807 15.1896 15.6586 
0.5095 0.5704 0.6469 0.6766 

OIL WAX OIL WAX OIL WAX OIL WAX 
0.831 0.808 0.811 0.789 
N/A N/A N/A N/A 

368 321 301 296 
412 370 343 338 
645 573 542 533 
970 878 817 780 

1046 975 914 858 

558 508 474 442 

18.70 26.10 18.80 31.20 
55.8~ 66.90 72.40 75.20 
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FILE: 1218516B TSS3QI AZ 

Table BI2 

RUN NO. 
CATALYST 
FEED 

RESULT OF SYNGAS OPERATION 

12185-16 
CO/X9/XI0/X3-U103 80 CC 35.0 G AFTER USE:51.0 G (-16.0 G) 

( CAT~12251-66-11 ) 

RUN & SAMPLE NO. 

H2:CO OE 50:50 @ 400 CC/MN OR 300 GHSV 

12!8S-16-09 185-16-10 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  FEED H2:CO:AR 
HRS ON STREAM 
PRESSURE,PSIG 
TEMP. C 

FEED CC/MZN 
HOURS ~EED ING 
EEELNT GAS LITER 
GI~ AQUEOUS LAYER 
GM OIL 
MATERIAL BALANCE 

G'M ATOM CARBON 
GM ATOM H~DROGEN y~ 
GM ATOM OXYGEN y, 

RATIO CHX/(R20÷C02 ) 
RATIO X IN CHX 
USAGE H2/CO PRODT 
FEED H2/CO SRM E~FE~T 
RESIDUAL H2/CO RATIO 
RATIO C02/(H2O+C02 ) 
K SHZET IN EFELNT 
SPECIFIC ACTIVITY SA 
CONVERSION 

ON CO 
ON H2 
ON CO+H2 

PRDT SELECTIVITY, W~ 
CH4 
C2 HC'S 
C3H8 
C3H6-- 
C4HIO 
C4H8= 
• C5H12 
C5H10= 
C6R'14 
C8H12= & CTCLO'S 
C7÷ IN GAS 
LIQ HC' S 

TOTAL 
SUB-GROUPING 

Cl -C; 
C5 -420 F 

420-700 F 
700-ENDPT 

258.0  "281.5 
300 300 
241 245 

400 400 
22.00 23.50 

336.20 351.20 
42 .33  47 .59  
23.71 26.15 

98.53 99.94 
!05 .22  103.58 
95.81 98.00 

1.1089 1.0735 
2.3322 2.3626 
1.9700 1.9799 
1.0680 1.0365 
0 .8992  0.6395 
0.0366 0.0479 
0.0265 0.0322 
2.0709 1.9191 

29.02 29.62 
53.53 55.58 
4 1 . 6 8  43 .34  

10.81 12.16 
1.67 1.81 
2.~7 2.73 
2.32 2.38 
2.66 2,82 
2.78 3.01 
2.22 3.37 
2.51 2.65 
3 .48 3.64 
1.61 1.56 

11.57 S.61 
54.90 55.26 

100.00 100.00 

22.70 24.92 
42.71 38.61 ' 

2 4 . 8 7  23 .71  
9.72 12.76 
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Table B12 (continued) 

FILE: 1218518B TSS3QI A1 

C5+-ENDPT 77.30 75.08 
ISO/NORMAL MOLE RATIO 

04 0.0114 0.0137 
05 0.0495 0.0495 
C6 0.0461 0.0567 
0~= 0.0000 0.0000 

PARAE~IN/OLEEZN RATIO 
C3 1.0165 1.0910 
C4 0 . 9 2 4 2  0.9028 
C5 1.2~80 1.2356 

SCRULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8413 0.8520 
RATZO CH4/(1-A)**2 4.2939 5.5540 

ALPHA ERMCORRELATION 
A~HA (EXPTL/C0R~) 

0.8293 0.8334 
1.0145 1.0223 

k7~4 ERM CORRELATION 16.6199 15.2418 
~"~CH4 (EX~TL/C0RR) 0,6507 O. 7490 
LZ~ HC C0LLECTION 

PHYS. APPEARANCE OIL WAX OIL WAX 
DENS ITY 0.781 0. 776 
N, RE~RACTZVE INDEX N/A N/A 
SZMULT' D DISTILATN 

I0 WT ~ @ DEG F 295 295 
16 335 338 
50 483 511 
84 709 761 
90 782 826 

RANGE(16-84 y,) 373  423 

WT ~ @ 420  F 3 7 . 0 0  3 4 . 0 0  
WT ~ ~ 700 F 82.30 76.90 
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VII. Run 31 (12185-!7) wlth Catalzst 31 (Cq/X~/XIo/UCC-I03 

This run was a further test of the effect of calcination pre- 

treatment on a catalyst's activity and selectivity. The catalyst 

was prepared in the same way as Catalyst 20 of the Third Quarter- 

ly Report and Catalysts 26 and 29, with all of which it is to be 

compared, except that it was not calcined before it was activat- 

ed. Catalyst 20 was calcined after bondinE with silica, Catalyst 

26 and 29 both before and after bondin E. The theoretical content 

of cobalt, X 9 and XlO were, respectively, 7.8, 0.35 and 0.47 per- 

cent. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. B165-168. Simulated distillations of the C~ + 

product are plotted in Figs. B169-172. Carbon number product 

distributions are plotted in Figs. B173-176. Chromatosrams from 

simulated distillations are reproduced in Figs. B177-180. De- 

tailed material balances appear in Table BI3. 

The synsas conversion at 2&OC was about 27 percent, with spe-- 

cific activity of about 0.9--much lower than the specific activ- 

ities of Catalysts 26 and 29, which were about 3.1 and 1.9 re- 

spectively. 

The run was too short for any reliable measure of stability. 

Some interesting selectivity effects were observed for this 

- B205  - 



catalyst as evidenced by the Schulz-Flory plots. Even after Eood 

material balances were obtained there were deviations from the 

normal linear distribution predicted by Schulz-Flory kinetics, 

notably an apparent carbon number cut-off at about C25. In this 

respect it was like Catalyst 20, which also was not calcined 

before bondinE, and unlike Catalysts 26 and 29, which were. 

These preliminary results suggest that calcination before 

bonding may introduce novel selectivity effects, possibly by al- 

terin 8 the molecular sieve component crystallinity. But aEain 

the run was too short for reliable conclusions, and more defini- 

tive tests are to be undertaken. 

Of the cetalysts formulated by the method for intimately con- 

tactinE cobalt with UCC-I03, first used for Catalyst il, only 

this one and Catalyst 20 have substantially deviated from normal 

Schulz-Flory kinetics. These results point up the potential im- 

portance of pretreatment for both activity and selectivity. 
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FILE: 1218517A TSS3Q1 A1 

Table B13 

RESULT OF SYNGAS OPERATION 

RUN NO. 12185-17 
CATALYST Co/xg/xI0-UI03 80 CC 37.1 G AETER USE:49.1 G (+ 12.0 G) 
~EED H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT#12251-78-24 ) 

RUN & SAMPLE NO. 12185-17-01 185-17-02 185-17-03 185-17-0; 
m . . . -  T 

h'EEDB2.:C0:AR 5 0 : 5 0 : 0  $ 0 ~ 5 0 : 0  5 0 : 6 0 : 0  50=50= 0 
HRS ON STREAM 22.5 46.0 71.0 94.0  
PRESSURE,~SZG 300 300 300 300 
TEMP. C 240 241 241 241 

~EED C ~ I N  400 400 400 400 
HOURS FEEDING 22.50 23.50 25.00 23.00 
E~LNTGAS LITER 374.05 409.20 439.85 437.50 
GMAQUEOUS LAYER 37.52 38.82 39.13 28.50 
GM OIL 5.12 10.56 12.77 7.10 
MATERIAL BALANCE 

GM ATOM CARBON ~ 90.19 92.83 93.55 95.34 
GMATOMR'¥DROGEN~ 90.00 98.07 99.40 99.11 
GN ATOM OXYGEN~ I00.II I00.44 99.71 101.36 

RATIO CHZ/(H20+CO2) 0.5485 0.6486 0.7050 0.6551 
RATIO X IN CHX 2.4868 2.3815 2.3890 Z.4772 
USAGE H2/CO PRODT 2.8727 2.6438 2.4910 2.6103 
EEED B.2/C0 ~ E~ELNT 0.9979 1.0565 1.0625 1.0395 
RESIDUAL H2/CO RATIO 0.6917 0.7651 0.7844 0.8154 
RATIO C02/(H20+002) 0.0275 0.0158 0.0246 0.0281 
K SHIFT IN EIIFLNT 0.0195 0.0123 0.0198 0.0236 
SPECIFIC ACTIVITY SA 0.9322 0.8442 0.8603 0.8164 
CONVERSION 

ON CO ~ 14.04 15.51 16.30 12.49 
0N H2 ~ 40.41 38.81 38.21 31.36 
ON CO÷H2 ~ 27.21 27.48 27.58 22.11 

PRDT SELECTIVITY,WT 
CI-14 20.76 14.71 14.75 19.18 
C2 HCtS 2.83 1.87 1,80 2.04 
C3H8 2.48 1.97 2.21 3.~0 
C3H6= 5.60 4.32 3.35 3.66 
C4H10 2.95 2.46 2.55 3.26 
C4H8= 5.99 4.55 3.76 3.93 
05H12 2.98 2.46 2.44 3.44 
C5H10= 4.62 3.39 2.77 3.02 
C6H14 3.41 2.81 2.79 3.64 
C6H12= & CYCLOIS 3.75 2.70 2.02 2.20 
C7÷ IN GAS 18.29 13.82 12.86 14.79 
LIQ HC'S 26 .33  44 .93  48.70 37.76 

TOTAL 100.00 100.00 Z00.O0 100.00 
SUB-GROUPING 

C1 -C4 40.61 29.88 28.42 35.17 
C5 -420 E 42.27 38.80 37.64 38.04 
420-700 F 14.38 25.25 ~6.93 21.96 
700-ENDPT 2.74 6.07 7.01 4.63 
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Table B13 (continued) 

FILE: 1218517A TSS3QI A1 

C5+-ENDPT 59 .39  
ISO/NORMAL MOLE RATIO 

C4 0.0445 
C5 0 . 0 9 2 9  
C6 0 . 0 3 5 2  
C4= 0.0000 

PARA~IN/OLEFIN RATIO 
C3 0.4222 
C% 0 .4762  
C5 0 . 6 2 7 0  

SCHULZ-ELORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.7945 
RATIO CH%/(I-A)**2 4.9183 

ALPHA FRM C0~TZ0N 0.8299 
ALPHA (EXPTL/CORR) 0.957% 

WXCH4 FRM CORRELATION 16.2130 
WXCH% (EXPTL/CORR) 1.2807 
"LIQ HC COLLECTION 

PHYS. APPEARANCE CLD 0IL 
DENSITY (* 40 C ) 0.765 
N, REERACTIVE INDEX 1.%208* 
SIMULT'D DISTILATN 

I0 WT ~ @ DEG ~ 298 
16 338 
50 487 
84 662 
90 704 

'aANGE(16-84 ~) 32% 

WT ~ @ %20 E 3 5 . 0 0  
WT ~ @ 700 E 8 9 . 6 0  

70.12 71.58 64.83 

0.0403 0.0325 0.0285 
0.0846 0.0777 0 .0589  
0 .0670  0 .0294  0 . 0 0 0 0  
0 .0000  0 .0000  0 . 0 0 0 0  

0.4346 0.6281 0.8078 
0.5219 0.6542 0.8026 
0.7062 0.8550 1.1062 

0.8,3%1 0,8408 0.8231 
5 .3496  5.8176 6.1315 

0.82%9 0.8237 0.8218 
1.0112 1.0207 1.0016 

17.9825 18.358% 18.9434 
0.8183 0.803% 1.0124 

CLD OIL CLD OIL CLD OIL 
0.7%2 0.757 0.998 
1.4231 ~ I.%229" 1.3314" 

303 303 335 
344 344 372 
517 517 525 
687 688 683 
726 728 721 

343 34% 311 

30.30 30.30 29.00 
86.50 85.60 87.20 
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VIII. Run 32 (12200-19) yith Catal~st 32. (C9/XII/UCC-103 

The purpose of this run was to test the effectiveness of a 

new additive, XII, in an intimately contacted cobalt/UCC-103 cat- 

alyst formulated by the method develo.ped for Catalyst 11. It is 

to be compared with a similar catalyst promoted with X 9 and X10 , 

and with Catalyst 15 (Run 12185-08, cobalt/Xg/X10/X4/UCC-103), 

formulated by the method developed in the previous contract and 

one of the most effective catalysts developed to date. The theo- 

retical concentration of cobalt and XII were, respectively, 8.2 

and 1.6 percent. 

Conversion, product seiectivlny, isomerizatlon of the pen- 

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

stream in Figs. B181-184. Simulated distillations of the C5+ 

product are plotted in Figs. B185-194. Carbon number product 

distributions are plotted in Figs. B195-204. Chromatograms from 

simulated distillations are reproduced in Figs. B205-214. De- 

ta£1ed material balances appear in Tables B14-15. 

The run was conducted at temperatures of 240C, 260C and 270C 

successively. During the first 163 hours on stream at 240C the 

activity was similar to that of Catalyst 26 (cobaltlXg/X10), the 

syngas conversion ranging from 46.7 to 41.7 percent, the specific 

activity from 3.1 to 2.1. (An unusually large scatter of the 

data is probably due to error generated in handling the large 
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quantity of wax produced.) By linear least squares analysis the 

loss of syngas conversion was estimated at one percentage point 

every 36 5 hours, the loss of sp6cific °-~,,~ -~ ,9°r~c 

activity unit every 4340 hours. The errors associated with these 

calculations suggest that longer runs are needed for reliable 

determinations Of stability• 

At 260C the conversion rose to 56.5 percent, with specific 

activity of 2.07. After 216 hours at this reaction temperature 

the conversion was 57.6 percent and the specific activity 1.8. 

By linear least squares this was equivalent to an estimated gain 

in conversion of one percentage point every 370 hours, and a loss 

in specific activity of one specific activity unit every 1065 

hours. Unlike Catalyst 26, the stability at 260C was excellent 

and the activity was comparable to that of Catalyst 15, one of 

the most effective developed to date. 

At 270C, however, both the activity and selectivity deteri- 

orated. After 73 hours at this reaction temperature the conver- 

sion had decreased to 56.4 percent. 

The catalyst compares with Catalyst 15 in detail as follows: 

Syngas conversion, pct 
Specific activity 

Catalyst 32 
co/. /Xl/UCC-lO3 

Catalyst 15 
ColX lXio/X_ lucc-lo3 

56.5 56.0 
2.1 2 . 0  

Methane, pct 7.95 11.68 
C2-C4, pct Ii•00 15.61 
C5-420F, pct 36.73 44.20 
420-700F, pct 26.10 22.96 
70OF+, pct 18.22 5.55 
C 4 olefins/parafflns 1.78 0.93 

- more - 
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Total motor fuels, pc, 
C5+ ,pct 

Catalyst 32 
Co_z /x11ucc 1o3 

62.83  
81.05 

Catalyst 15_ 
co_z /xL!1oL /ucc lO3 

67.16 
72.71 

Total motor fuels, which was below Chat of Catalyst 15, was 

depressed by a combination of reduced production of low-grade 

gasoline and elevated production of wax. 

This was more than offset, however, by four notably useful 

properties. Production of methane was unusually low at about 8 

percent as against nearly 12 percent for Catalyst 15. Total C5+ 

was more than 80 percent a~ a~ainst approximately 70 percent usu- 

ally obtained. Production of 420-700F diesel fuel was more than 

26 percent as against 23 percent for Catalyst 15. And the olefin 

content of the C4ts was 64 percent as against 48 percent for Cat- 

alyst 15. 

The Schulz-Flory plots were linear except for the excess 

methane. Isomerization of the peutanes was at the customarily 

low level of less than 10 percent. 

For its demonstration of XllVS contribution, to both selectiv- 

ity and stability, this is one of the most valuable catalysts 

developed thus far. 
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PILE: 1220019A TSSSQI A1 

Table BI4 

RUN NO. 
CATALYST 
FEED 

RUN & SAMPLE NO. 

RESULT OF SYNGAS OPERATION 

12200-19 
CO/XI!-UI03 Z50 CC 104.3 G AFTER RUN:IS3.9 G (+49.6 G) 

H2:CO OE 50:50 @1260 CC/MN.0K 300 GHSV ( CAT~12006-64 ) 

12200-19-01 200-19-02 200-19-04 200-19-07 200-19-09 

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

FEED CC/MIN 
HOURS WEEDING 
E~FLNT GAS LITER 
GM AQUEOUS LAYER 
GM OIL 
MATERIAL BALANCE 

GM ATOM CARBON 
GM ATOM HYDROGEN Yo 
GM ATOM OXYGEN y. 

RATIO CHX/(H20+C02 ) 
RATIO X IN CHX 
USAGE H2/CO PRODT 
.=EED H2/C0 ~'RM EFELNT 
RESIDUAL H2/CO RATIO 
RATIO C02/(H20+CO2 ) 
K SHIET I~! E.~FLNT 
SPEC~'IC ACTIVITY SA 
CONVERS ~ON 

ON CO % 
0~H2 ?. 
ON CO+H2 ?. 

P.%OT SELECT:CVITY,~ y~ 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C%H!O 
C%HS= 
C5H12 

• C5H10= 
C6H14 
C6H12= & CYCLO ' S 
C7~ IN GAS 
L~Q HC'S 

TOTAL 
SUB-GROUPING 

Cl -C4 
C5 -420 F 
420-700 
700-END ~T 

50:50:0 50:50:0 
19.5 43.5 
300 300 
241 2%3 

1260 1260 
19 .50  24 .00  

642.50 1078.55 
171.63 154.42 
28.85 123.79 

66.65 104.75 
78.63 101.98 
88.20 99.94 

0.3884 1.1743 
2 .3043  2 .2236  
3.0781 1.7591 
1.1797 0.9736 
0 .5866  0.5821 
0.0618 0 .0869  
0 .0386  0 .0554  
2.1516 3.0419 

23.81 33.26 
62.11 60.09 
44.54 46.50 

9.91 5.43 
1.94 I.Ii 
2.30 1.27 
3 . 8 0  2 . 3 8  
2.39 !.38 
6.36 2.63  
2 . 7 8  1 .61  
3 . 5 4  2 .36  
3.17 1.75 
2.48 1.55 

14.85 6.80 
48.48 71.73 

I00.00 I00.00 

24.70 14.20 
44.51 28.56 
26 .76  28.33 
4.02 28.91 

50:50:0 
91.5 

300 
241 

12~o 
24.00 

11%2.30 
140 .32  
112.82 

107.31 
99.98 

101.66 
1.2289 
2 . 2 2 2 6  
1.7944 
0.9317 
0.5693 
0.0574 
0,0347 
3.0719 

29.58. 
56.97 
42.79 

5 34 
1 19 
! 33 
2 70 
1 50 
2 98 
1.74 
2.36 
1.93 
1,82 
7.17 

69.91 

i00.00 

15.04 
31.18 
2 7 . 7 6  
26 .02  

50:50:0 50:50: 0 
163.0 211.0 

300 300 
242 261 

1260 1260 
21.50 24.00 

1025.60 922.15 
126 . 86 174.59 

95.05 129.37 

102,89 103.17 
101.41 99.21 
99.00 99.79 

1.1571 1.C991 
2. 2279 2. 2775 
1. 8520 1.6149 
0.9856 0.9617 
0. 6312 O. 4815 
0.0512 O. 1823 
0 . 0341 O. 1073 
2.%235 2.0702 

29.03 42.37 
54.55 71.14 
41.70 56.47 

5.65 7.95 
1.21 !.85 
1.31 1.92 
2.58 2.41 
i. 50 1.77 
2.90 3. O~ 
i. 74 2.29 
2.55 2.56 
!. 92 2.43 
1.59 1.69 
7 . 2 4  7 . 4 7  

69.70 64.61 

I00. O0 I00. O0 

15.15 18.95 
31.25 36.73 
27.81 26. i0 
25.79 18.22 
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FZLE: 1220019A TSS4QI 

Table  B14 ( c o n t i n u e d )  

A1 

CS~-END PT 75.30 
ISO/I~ORIVLEL MOLE RATIO 

C4 0.0239 
C5 0 .0888  
C6 0 .0906  
C4= 0 .0000  

PARAFFZN/0LEEZN RATIO 
C3 0.5770 
C~ 0 .5300  
C5 0 .7625  

SCBltLZ-ELORY DISTRBTN 
ALPHA (EX~(SLOPE)) 0.81Z3 
RATIO CH4/(I-A)**2 2.7642 

ALPHA ~'RM CORRELATION 
.~5PHA (EX~TL/COR.~) 

0 .8379  
0 .9683  

W~CH~ ERM CORRELATION 13.9666 
W'~=C~4 (E,V~.TL/CORR) 0.7098 
Lzg Hc C0LLECTZO~ 

PHYS. APPEARANCE CLD OIL 
DENSITY (* 40 C) 0.789 
N, REERACTI%'E INDEX 1.4209" 
SIMULT'D DZSTILATN 

I0 WT ~ @ DEG ~ 2~4 
16 334 
50 483 
84 641 
90 683 

RANGE( 18 -84  y.) 307 

WT y= @ 420 ]5' 36 .50  
;','T y. @ 700 ~ 91.70 

85 .80  84 .96  

0 .0322  0 .0328  
0 .0896  0 .0901  
0.0859 0.0807 
0.0000 0 .0000  

0.5108 0.4700 
0.5054 0.4867 
0 .6636  0.7188 

0 .8852  0 .8755  
4.1216 3.4426 

0.8381 0.8393 
1.0562 1.0431 

14.3384 13.5150 
0.3787 0.3949 

OIL WAX OIL WAX 
0.785 0.789 
N/A N/A 

339 337 
399 379 
535 596 
934 915 

1017 999 

535 536 

2 0 . 2 0  23 .10  
59.70 62.80 

84.85 

0 . 0 3 5 2  
0 . 0 9 0 3  
0 . 0 7 7 5  
0 . 0 0 0 0  

0.4847 
0 . 5 0 0 9  
0 . 6 6 3 6  

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

0.8342 
1.0511 

15.3183 
0.3687 

OIL WAX 
0.797 
~/A 

337 
379 
596 
912 
996 

533 

23.10 
.63.00 

Sl .OS 

0.0239 
0.0900 
0.1140 
0.0000 

0.7617 
0.5616 
0.8688 

0 .8582  
3 . 9 5 5 4  

0.8463 
1.0140 

15.6910 
o.5o6  
OIL WAX 
0. 810 
N/A 

293 
336 
538 
830 
923 

494. 

31 .40  
71 .80  

$ 
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FILE: 1220019B TSS3QI A1 

Table BI5 

RUN NO. 
CATALYST 
SEED 

RESULT OF SYI~GAS OPERATION 

12200-19 
CO/XII-UI03 250 CC 104.3 G AFTER USE:f53.9 G (+%9.6 G) 

1-12:CO OF 50:50 @ 1260 CC/MN OR 300 GHSV ( CAT~12006-64 ) 

RUN & SAMPLE NO. 12200-19-I0 200-19-16 200-19-17 200-19-18 200-19-19 

FEED H2:CO:AR 50:50: 0 50:50: 0 50:50: 0 
HRS ON STREAM 235.0 279.0 403.0 
PRESSURE.~SIG 300 300 300 
TEMP. C 264 263 253 

FEED CC/MIN 1260 1260 1260 
HOURS FEEDING 24.00 24.00 24.00 
EFFLNT GAS LITER 908.85 930.75 931.10 
GM AQUEOUS LAYER 169.54 175.73 176.82 
GM OIL 139.07 117.66 141.81 
MATER~AL BALANCE 

GM ATOM CARBON ~ 104.72 100.96 105.70 
GM ATOM HYDROGEN ~ 101.25 99.51 104.79 
GM ATOM OXYGEN ~ 97.71 98.33 98.47 

RATIO CHX/(H20~C02) 1.2099 1.0787 1.2151 
RATIO K IN CHX 2.2674 2.3058 2.2897 
USAGE H2/CO ~RODT 1.~616 1.6825 1.6240 
~EED ~2/C0 FRM EF~LNT 0.9669 0.9856 0.9914 
RESIDUAL K2/CO RATIO 0.4882 0.5014 0.5009 
RATIO C02/(H20÷C02) 0.1882 0.IS98 0.1592 
K SHIFT IN EFFLNT 0.1132 0.095% 0.09%8 
SPECIFIC ACTIVITY SA 1.8631 1.6635 1.8239 
CONVERSION 

ON CO ~ %4.60 41.00 %3.67 
ON H2 ~ 72.03 69.99 71.54 
ON C0~H2 ~ 58.08 55.39 57.55 

P.'%DT SELECTIVI_"I,WT 
CH4 7.61 9.51 8.63 
C2 HC'S 1.70 1.89 1.97 
C3H8 1.81 2.10 1.90 
C3H6= 2.27 2.%7 2.17 
CSHI0 1.67 1.91 1.77 
C%HB= 2.82 3.12 2.86 
C5H12 2.08 2.35 2.09 
C5H10= 2.55 2.28 2.02 
CSHI% 2.25 2.65 2.42 
C6H12= & CYCLO'S 1.51 1.70 1.58 
C7~ !N GAS 9.26 g.03 7.59 
LIQ HC'S 64.48 60.99 65.00 

TOTAL i00.00 i00.00 100.00 
SUB-GROUPIEG 

Cl -C% 17.87 21.00 19.20 
C5 -%20 F 36.61 37.59 36.73 
%20-700 F 26.82 25.19 27.17 
TOO-END PT 18.70 16.22 16.90 

80~50:0 50:50: 0 
427.0 476.0 

300 300 
272 267 

1260 1260 
24.00 49.00 

772.85 1972.35 
176.59 370.70 
98.32 186.55 

89.98 102.42 
91.46 101.12 
91.27 " I03.48 

0.96%7 0.9709 
2.4017 2 ~142 
1.5986 1 6712 
1.0165 0 9874 
0.4608 0 %927 
0.2371 0 2057 
0.1433 0 1276 
1.5200 1.4227 

48.8% 41.97 
76.81 71.04 
62.9% 56.42 

19.21 15.o% 
2.76 2.aO 
3. O0 3 .02  
2 .27  2 . 3 7  
2. %8 2.56 
3.36  3 . 3 4  
2 .96  3 . ! 1  
2.07 1.94 
3.3% 3.31 
1.79 !.6a 

10.03 13.07 
51.74 47.77 

I00.00 100.00 

28.07 29.13 
40.06 44.70 
22.66 19.49 
9.21 6.69 
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Table 

FILE: 12200198 TSS3Q1 A1 

B15 (continued) 

C5~-END PT 82,13 79.00 80.80 71.93 70.87 
ISO/NORMAL MOLE RATIO 

C4 0.0194 0.0200 0.0202 0.0225 0.0199 
C5 0.0979 0.0997 0.1039 0.1171 0.1033 
C6 0.1238 0.1127 0.1162 0.1732 O.1489 
C4= 0 . 0 0 0 0  0 .0000  0 .0000  0 .0000  0 ,0000  

PARAFFIN/OLEFIN RATIO 
C3 0.7623 0.8138 0.8368 1.2612 1.2144 
C% 0.5710 0.5912 0.5991 0.7138 0.7374 
C5 0.7926 1.0054 1.0090 1.3872 1,5E@3 

SCHULZ-~LORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8705 0,8569 0.8654 0.8435 0.9245 
RATIO CHL/(I-A)**2 4.5394 4.7775 4.7653 5.8023 4.8833 

ALPHA ~RM CORRELATION 0.8455 0.8443 0.8443 0.8479 0.5449 
ALPHA (EXPTL/CORR) 1.0296 1.0173 1,0250 0.9949 0.9759 

W~CH% FRM CORRELATION 16.5747 16.7535 16.7399 17.4703 17,3840 
W~.CH4 (EXPTL/CORR) 0.4592 0.5678 0.5155 0.8131 0.8552 
LIQ HC COLLECTION 

~Hxs. APPHARANCE OZL WAX OZL WAX O~n WAX OZL WAX OZL W~ 
DENS IT'I N/A N/A N/A N/A N/A 
N, REFRACTIVE INDEX N/A N/A N/A N/A N/A 
SIMULT' D OISTILATN 

i0 WT ~ @ DEG ~ 297 295 295 282 275 
16 339 337 337 310 296 
50 542 533 531 482 4~5 
84 814 805 799 738 680 
90 877 885 878 803 749 

RANGE(15-8% ~) 475 468 462 428 384 

WT ~ @ 420 F 29.40 32.10 32.20 38.40 45.20 
WT ~ @ 700 F 71,00 73,40 74.00 82.20 86.00 
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IX. ,Run 33 ~12185-18) with Catal~st 33 (Co/Xw/XIo~/X~/UCC-II3) 

The purpose of this run, as of Run 30, was to test the effect 

of a small quantity of the additive X 3 on activity, stability and 

selectivity. Tke X 3 was incorporated this time in a catalyst 

formulated inthe same way as Catalyst 15 (Co/X9/Xlo/X4/UCC-103), 

which was highly stable, with excellent selectivity, when tested 

in Run 12185-08. The theoretical concentrations of cobalt, X9, 

XlO , X 4 and X 3 were, respectively, 8.2, 0.37, 0.49j 0.48 and 0.06 

percent. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. B215-218. Simulated distillations of the C5+ 

product are pl?tted in Figs. B219-223. Carbon number product 

distributioz, s are plotted in Figs. B224-228. Chromatograms from 

simulated distillations are reproduced in Figs. B229-233. De- 

tailed material balances appear in Table BI6. 

The results were similar to those of Run 30, which tested X 3 

in a catalyst of different composition and prepared by a differ- 

ent method. The initial activity, 63 percent syngas conversion, 

was about the same as in Run 15, but after 116.5 hours on stream 

it had dropped to 52 percent as a~ainst 58.3 percent in Run 30. 

In the same period the specific activity dropped from the initial 

2.9 to 1.3, as against 2°6 to 2.3 in Run 30. 
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The selectivity was similar to that of Catalyst 15 initially, 

but deteriorated with t h e  steady loss of activity. 

As in Run 30, adding X 3 failed to improve this catalystfs 

activity or selectivity under the conditions of the test, and 

significantly reduced its stability. 
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FZLE: 1218518A TSS3Q1 A! 

Table B16 

RESULT OF SYNGAS OPERATION 

RUN NO. 12185-18 
CATALYST CO/X9/XIO/X4/X3-UI03 80 CC 34,5 G AETER USE:47.9 0 (+13.4 G) 
TEED H2:CO OF 50=50 @ 400 CC/MN OR 300 GHSV ( CAT#12251-84-27 ) 

RUN & SAMPLE NO. 12185-18T01 185-18-02 185-18"03 185-18-04 185-18-05 

FEED H2:C0: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 STREAM 20.0 44.5 68.5 92.5 116.5 
PRESSURE,PSZG 300 300 300 300 300 
TEMP. C 260 259 ' 257 262 259 

WEED CC/MZN 400 400 400 400 
HOURS EEEDING 20.00 24.50 24.00 .24,00 
F2~LNT GAS LITER 175.50 255.50 256.90 274.55 
GM AQUEOUS LAYER 66.79 75.39 7 4 . 1 7  70.84 
G~OZL 23.46 30.69 29.59 28.94 
MATERIAL BALANCE 

GHATOHCARBON ~ 79.15 89.23 89.57 92.58 
GMATOHHYDROGEN~ 90.25 97.50 99.95 101.02 
GMATOM OXYGEN~ 90.13 95.87 96.54 98.49 

RATZOCHX/(H20+C02) 0.7336 0.8324 0.8261 0.8474 
RATIO X IN CHX 2.3360 2.3628 2.3823 2.4101 
USAGEH2/CO PRODT 2.1743 2.0708 2.0647 2.0361 
EEEDH2/CO ERN EE~LNT 1.1402 1.0927 I.I159 1.0912 
RESIDUAL H2/CO RATIO 0.3764 0.4218 0.4559 0.4725 
RATIO C02/(H20+CO2) 0.0825 0.0846 0.0908 0.0974 
K SHEET IN EFFLNT 0.0338 0.0390 0.0455 0.0510 
SPECIFIC ACTIVITY SA 2.8968 2.4422 2.4544 1.6981 
CONVERSION 

ON CO ~ 42.48 40.68 41.02 39.57 
0N H2 ~ 81.01 77.10 75.91 73.83 
ON CO+H2 ~ 63.01 59.70 59.42 57.44 

PRDT SELECTZVZTY, HT~ 
CH4 10.76 12.18 13.18 .14.53 
C2 HC'S 2.32 2.33 2.44 2.52 
C3H8 2 . 7 3  2 '85  2.93 3.17 
C.3H6= 3 . 2 9  3 . 1 9  2 . 8 8  2 . 8 6  
C4H10 2.55 2 .66  2 .73 2.89 
C4H8= 4.04 3 .81  3.63 3.56 
C5H12 3.28 3.20 3 . 2 7  3.29 
CSHI0= 3.55 3 .29 3 ,04  2.86 
C5H14 3.16 3.28 3.53 3,44 
C6H12= & CYCLO'S 2.10 1.84 1.93 1.74 
C7÷ IN GAS 7.51 7.89 8.11 7.66 
LIQ HC'S 54.71 53.49 52.33 51.47 

4 0 0  
2 4 . 0 0  

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

91 .28  
101.78 

96 .28  
0 .8556 
2.4278 
2.0753 
1.1150 
0.5811 
0.0855 
0.0543 
1.2881 

35.73 
66 .51  
51 .96  

15.51 
2.47 
3.35 
2.65 
3.04 
3.30 
3.40 
2.89 
3.65 
1.64 
9.01 

49.D8 

TOTAL I00.00 I00.00 I00.00 100.00 I00.00 
SUB-GROUPZNG 

Cl -C4 25.69 27.02 27.78 29.54 30.33 
CS -420F 43.13 39.82 43.01 41.27 41.40 
420-700 F 27.63 27.76 24.65 24.04 23.61 
700-END ~'T 3.56 .:~ 5.40 4.55 5.15 %.66 
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Table BI6 (continued) 

FILE" 1218518A TSSSQI AI 

CS÷-END PT 74.31 72.98 72.22 70.46 69.67 
ISO/NORMAL MOLE RATIO 

C4 0.0162 0.0169 0.0163 0.0156 0.0173 
C5 0.05%9 0.0610 0.0569 0.0580 0.0545 
C6 0.0616 0.0637 0.063~ 0.0519 0.0630 
C4= 0.0000 0.0000 0.0000 0,0000 0.0000 

PARAEFIN/0LEFIN RATIO 
C3 0.7911 0.8546 0.9734 1.0564 1.2079 
C4 0.6081 0.8731 0.7250 0.7826 0.8883 
C5 0.8971 0.9474 1.0457 1.1210 1.1426 

SCHULZ-FLORY DISTR~TN 
ALPHA (EXP(SLOPE)) 0.8145 0.8318 0.8203 0.8254 0.8238 
RATIO C~4/(I-A)*'2 3.1271 %.3066 4.0812 4.7659 4.9942. 

ALPHA FRMCORRELATION 
ALPHA (D~TL/C0RR) 

0.858% 0:8529 0.8%92 0.8472 0.8373 
0.9%89 0.9753 0.9659 0.9742 "0 .9838  

~P~C'~4 F.'q,1 CORRELATION 11.7435 !3.2373 13.9524 
W~oCH4 (EX~TL/CORR) 0.9158 0.9202 0.9447 
LIQ HC COLLECTION 

PHYS. APPEARANCE CLD OIL CLD OIL CLD OIL 
DENSITY ( * 40 C ) 0.757 0.763 0.745 
N, REERACTIVE INDEX 1.4171" 1.4192" 1.4194" 
SlMULT'D DISTILATN 

I0 WT ~ @ DEG F 251 255 254 
15 294 299 296 
50 453 484 450 
84 627 665 541 
90 667 701 685 

RANGE(16-84 ~ )  333 366 345 

WT ~ @ 420 F 43.00 38.00 44.20 
kit ~ @ 700 F 93.50 89.90 91.30 

-15.6338 
0.9297 

CLD OIL 
0 . 7 4 6  
1 . 4 2 0 0 "  

257 
297 
452 
643 
701 

346 

4 3 . 3 0  
90.00 

18. 0759 
0 .  8581 

OIL WAX 
0. 747 
1. 4200" 

293. 
301 
453 
643 
895 

342 

4 2 . 4 0  
90.50 
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X. Summer Y 

The work reported this Quarter was directed toward exploring 

the most promising developments of the Third Quarter, and cent- 

ered mostly on catalysts prepared by the new method first used 

for Catalyst II. Catalysts of this type have shown a potential 

for high activity and selec1:ivity. 

Three of the eIsht runs investigated the stability of these 

catalysts as a function of reaction temperature. 

Catalysts which had performed well at 260C were less effec- 

tive at initial temperatures of 250C and below, suffering losses 

both in initial con~ersion and in initial water ga~ shift activ- 

ity. 

A cobalt/Xg/Xl0/UCC-.103 catalyst was found to have good to 

excellent stabillty at reaction temperatures of 250C and below. 

A similar catalyst; with UCC-113 in place of UCC-I03, was 

less stable at all temperatures tested. 

The new additive Xll,'tested in a UCC-103 catalyst, contrib- 

uted excellent stability at temperatures up to 260C, as well as 

interesting selectivity effects. These included a significant 

shift toward a heavier product, with C5 + production more than 80 

percent at 260C, methane production less than 8 percent, and the 

lisht gasoline fraction significantly higher in oleflns. Total 

motor fuels were reduced because of high wax production, but the 

- B289 - 



valuable high-quality diesel fraction (420-700F) was substantial- 

ly higher. 

Two other additives, X 4 and X3, proved ineffective. 

Finally, tests of pre~reatment methods disclosed a possible 

correlation between the Molecular Sieve component crystallinity 

and a carbon number cut-off, which is to be subjected to further 

study. 

i 
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APPENDIX C. TABULATION OF PREVIOUS IRON CATALYST RUNS 

AND THEIR SPECIFIC ACTIVITIES 
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