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FILE: I161704A TSS4QI AI 

Table BII 

RUN NO. 
CATALYST 
FEED H2{CO 

RUN & SAMPLE NO. 

RESULT OE SYNGAS OPERATION ; .. 

11617-04 
CO/XlI/XI2-UI03 250 CC 107.4 G A~2ER USE=IS7.1G (÷49.7 G) 

OF 50:50 @1260 CC/MN OR 300 GHSV ( CAT#12524-3 ) 

11617-04-01 617-04-02 617-04-03 617-04-O9 617-04-10 

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

EEED CC/MIN 
HOURS FEEDING 
EFFLNT GAS LITER 
GM AQUEOUS LAYER 
GM OIL 
MATERIAL BALANCE 

GM ATOM CARBON 
GM ATOM HYDROGEN~ 
GM ATOM OXYGEN 

RATZO CHX/(H20+C02) 
RATIO X IN CHX 
USAGE H2/CO PRODT 
FEED H2/CO FRM ESFLNT 
RESIDUAL H2/CO RAT~0 
RATIO CO2/(H20+CO2) 
K SHIFT IN EFFLNT 
SPECIFIC ACTIVITY SA 
CONVERSION 

ON co 
ONH2 
ON CO+H2 

FRDT SELECTIVITY,WT 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4HI0 
C4H8= 
C5H12 
C5H10= 
C6H14 
C6H12 = & CYCLO'S 
C7+ IN GAS 
LZQ HC'S 

TOTAL 
SUB-GROUPING 

Cl -C4 
C5 -420 F 
420-700 F 
700-ENDPT 

5 0 : 5 0 : 0  5 0 : 5 0 :  0 5 0 : 5 0 : ' 0  50=50:  0 5 0 = 5 0 : 0  
2 ~ . 0  4 4 . 0  68 .0  2 3 6 . 0 ~  "260 .0  

300 300 300 300 300 
242 239 239 240 240 

1260 1260 1260 1260 1260 
24.00 20.00 24.00 24.00 24.00 

647.28 703.80 998.92 749.60 733.00 
211.79 136.22 166.01  156.98 154.92 
57.50 86.81 122.87 135.77 135.30 

62.66 85.53 99.25 83.51 = 81.53 
79.09 90.46 " I00.48 90.04 88.13 
77.18 83.54 94.93  75.65 74.~7 

0.5765 1.0726 1.1536 1.3049 1.2855 
2.2358 2.2072 2.2155 2.1879 2.1868 
2.5917 1.9018 1.8551 1.7907 1.7992 
1.2522 1.0575 1.0124 1.0783 1.0810 
0.5824 0.5828 0 .5769  0.5782 0.5798 
0.0419 0.0496 0.0483 0.0325 0.0331 
0.0254 ~ 0.0304 0.0293 0.0194 0.0199 
3 . 0 3 1 8  4 . 0 4 7 9  3 .8640  4 . 6 3 4 5  4 . 6 6 6 8  

33.83 35.99 34.07 41.24 41.10 
69.47 64.73 62.43 68.49 68.41 
53.71 50.76 48.34 55.38 55.29 

6.46 4.82 4.86 3.51 3.42 
1.16 1.03 0.94 0.84 0.73 
1.84 1.42 1.45 1.04 1.01 
1.87 1.87 2.03 1.61 1.57 
2.04 1.55 1.59 1.18 1.13 
2.21 2.08 2.34 1.95 1.93 
2.50 1.77 1.87 1.40 1.38 
2.15 1.90 2.14 1.47 1.51 
2.97 2.01 2.13 1.90 1.78 
1.38 1.31 1.44 1.29 1.30 

20.78 13.62 8.03 7.67 6.19 
5 4 . 6 3  6 6 . 6 2  7 1 . 1 9  7 6 . 1 4  7 8 . 0 5  

100.0.0 I00.00 100.00 I00.00 I00.00 

15.58 12.77 -13.20 I0.13 9.79 
50.16 36.13 39.10 32.16 51.19 
28.36 28.91 28.69 32.21 31.22 
5.90 22.18 19.01 25.51 7.80 
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Table 

FILE: 1161704A TSS4Q1 A1 

C5+-END PT 84.42 
ISO/NORMAL MOLE RATIO 

C4 0.0135 
05 0.0541 
C6 0 .0426 
C~= 0.0000 

P~FIN/OLEFINRATI0 
C3 0 . 9 3 5 7  
C4 0.8934 
C5 1.1304 

SCHULZ-FLORY DISTRBTN 
ALPHA (EM2(SLOPE)) 0.8384 
P~TIO CH4/(1-A)**2 2.4754 

ALPHA FRMCORRELATION 0.8382 
ALPHA (EXPTL/CORR) 1.0003 

W~CH4 ~RMCORRELATION 14.1027 
WXCH4 (EXPTL/CORR) 0.4581 
LIQ HC COLLECTION" 

PHYS. APPEARANCE CLD O~L 
DENSITY 
N, REFRACTIVE INDEX 
S IMITLT' D DISTILATN 

10 WT ~ @ DEG F 293 
16 333 
50 477 
84 660 
90 705 

RANGE(16-84 X) 327 

~i'  ~ @ 420 F 3 7 . 3 0  
WT ~ @ 700.E 89.20 

BII ( c o n t i n u e d )  

8 7 . 2 3  86.80 89.87 90.21 

0 . 0 i 6 7  0 .0000 0 .0223 0 .0000  
0 . 0 5 3 6  0 . 0 5 0 4  0.0410 0.0411 
0.0430 0.0193 0.1967 0.1799 
0 . 0 0 0 0  0 .0000 0 .0578  0 .0547 

O.7219 0.6818 0.6130 0.6113 
0.7196 0.6577 0.5820 0.5640 
0.9069 0.8499 0.9239 0.8848 

0.8765 0.8682 0.8900 0.8331 
3.1654 2.7948 2.8994 1.2271 

0.8383 0.8386 0.8386 
1.0456 1.0350 1.0613 

13.3760 13.2230 13.5044 
0.3606 0.3674 0.2597 

OIL WAX. OIL WAX OIL WAX 01L WAX 

342 297 339 
381 338 379 
59i 527 582 
862 814 865 
944 892 944 

481 476 486 

2 3 . 3 0  33 .00  24.20 50.00 
66.70 73.30 66.50 90.00 
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FILE: I1617048 TSS4QI A1 

Table B12 

RUN NO. 
CATALYST 
FEED H2:CO 

RUN & SAMPLE NO. 

RESULT OF SYNGAS OPERATION 

11617-04 
CO/X11/XI2-U103 250 CC 107.4 G AFTE'R USE:IS7.1 G (+49.7 G) 

OF 50:50 @1260 CC/MN OR 300 GHSV ( CAT#12524-3 ) 

11617-0%-11 617-04-12 617-04-13 517-04-14 617-04-15 

FEED H2:C0:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 :  0 5 0 : 5 0 : 0  
HRS ON STREAM 308.7 333.0 357:0 381.0' 
PRESSURE,PSIG 300 300 300 300 
TEMP. C 240 240 259 260 

EEED CC/MIN 1260 1260 1260 1260 
HOURS FEEDING 48.75 24.25 24.00 24.00 
EFFLNT GAS LITER 1857.90 924.40 836.16 881.28 
GM AQUEOUS LAYER 349.89 164.60 177.30 191.55 
GM OIL 2.49.98 135.00 126.83 146.09 
MATERIAL BALANCE 

GM ATOM CARBON ~ 93.21 95.34 99.00 106.78 
GM ATOMHYDROGEN ~ "97.38 97.61 97.96 106.74 
GM ATOM OXYGEN ~ 89.75 88.62 93.98 98.34 

RATIO CHX/(H20+C02) 1.1211 1.2473 1.1459 1.2363 
RATIO X IN CHX 2.2078 2.1948 2.2978 2.2679 
USAGE H2/C0 PRODT 1.9005 1.8139 1.6085 1.6231 
FEED H2/C0 FRME~FLNT 1.0448 1.O238 0.9895 0.9996 
RESIDUAL H2/CO RATIO 0.5736 0.5674 0.46!i 0.4603 
RATIO 002/(H20+C02) 0.0369 0.0378 0.1815 0.1507 
K SHIFT IN E~FLNT 0.0220 0.0223 0.1022 0.0817 
SPECIFIC ACTIVITY SA 3.8782 %.0829 2.678% 2.5728 
CONVERSION 

ON CO ~ 35.51 36.62 46.06 46.38 
ON H2 ~ 64.59 6%.87 74.87 75.31 
ON CO,H2 ~ 50 .37  50.91 6 0 . 3 8  6 0 . 8 5  

PRDT ~ECTIVZTY,WT 
CH% 4.43 4.08 8.97 7.81 
C2 HCIS 1.11 0.93 1.73 1.61 
C3H8 1.27 1.21 2.22 1.37 
C3H6= 2.01 1.90 2.00 1.89 
C4HI0 1.42 1.37 2.06 1.82 
C4H8 = 2.48 2.39  2.90 2.74 
C5H12 1.76 1.68 2.46 2.19 
CSHI0 = 1.91 1.81 1.92 1.82 
C6H14 2.43 0.36 3.54 3.14 
C6H12= & CYCLO'S 1.67 3.0! 1.45 1.51 
C7+ IN GAS 7.24 7.00 I0.50 12.11 
LIQ HC'S 72.27 74.26 60.25 62.00 

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

Cl -C4 12.72 11.88 19..88 17.23 
C5 -420 F 51.14 31.98 39.46 41.85 
420-700 ~ 28.91 32.08 27.41 27.40 
700-END PT 7.23 24.06 13.25 13.52 

50:50: 0 
405.0 

'300 
260 

1260 
24.00 

864.00 
204.92 
114.73 

i00.78 
102.83 
98.26 

1.0681 
2.2751. 
1.7500 
1.0203 
0.%530 
0.1258 
0.0652 
2.4247 

43.7% 
75.02 
59.54 

8.36 
1.67 
2.05 
2.15 
1.99 
2.94 
2.37 
2. O0 
3.22 
1.45 

17.33 
54.48 

i00.00 

19.15 
53 .61  
21.79 

5 .45  
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FILE: 1161704B TSSLQ1 A1 

T a b l e  BI'2 (continued) 

C5+-END PT 87.28 88.12 80.12 82.77 80.85 
ISO/NORMAL MOLE RATIO 

C4 0.0000 0.0000 0.0148 0,0143 0.0167 
C5 0.0464 0.046% .0.0754 0.0678 0.0754 
C6 0.1732 O.0000 0.3905 0.3658 0.3566 
C4~- 0.0546 0.0599 0.0732 0.0731 0.0735 

PARAFFIN/OLEFINRATIO 
C3 0.6019 0.6103 1.0578 0.6900 0.9092 
C4 0.5534 0.5512 0.6845 0.6414 0.6514 
CS 0.8945 0.9009 1.2499 1.1709 1.1496 

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8440 0.8872 0.8579 0.8599 0.810% 
RATIO CH4/(I-A)**2 1.8201 3.2034 4.4438 3 .9776  2.3249 

AL~HA ERM CORRELATION 0,8396 0.8488 0.8486 
ALPHA (EXPTL/CORR) 1.0567 1.0110 1.0133 

W~CH4 FRM CORRELATION 13.2172 14.5807 14.7835 
W~CH4 (EXPTL/CORR) 0.3085 0.6153 0.S282 
LIQ HC COLLECTION 

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

I0 WT ~ @ DEG F 330 290 289 
15 371 331 331 
50 582 524 506 
84 850 757 753 
90 921 838 828 

RANGE(16-84 ~) 479 426 422 

WT ~ @ 420 F 50.00 24.40 32.50 34.00 50.00 
WT ~ @ 700 F 90 .00  67 .60  78 .00  78 .20  90 .00  
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Table B13 

FILE: I161704C TSS%QI A1 

RESULT OF SYNGAS OPERATION 

RUN NO. 11617-04 
CATALYST- CO/XII/XI2-U103 250 CC 107.4 G A~IER USE:IS7.1 G (+49.7 G) 
FEED " H2:CO OF 50:50 @1260 CC/MN OR 300 GHSV ( CAT#12524-3 ) 

RUN & SAMPLE NO. 11617-04-16 617-04-17 617-04-18 617-04-19 617-O4-20 

FEED H2:CO:AR 50:50:0 50:50: 0 50:50:0 50:50:0 50:50: 0 
HRS ON STREAM 4 2 9 . 0  4 5 3 . 5  5 0 5 . 0  5 2 6 . 0  5 5 3 . 0  
PRESSURE,PSIG 300 300 300 300 300 
TEMP. C 260 260 260 260 261 

FEED CC/MIN ' 1260 1260 
HOURS FEEDIlaG 24.00 24.50 
EFFLNT GAS LITER 864.33 882.98 
GM AQUEOUS LAYER 206.89 203.83 
GM OIL 108.58 113.50 
MATERIAL BALANCE 

GM ATOM CARBON ~ 97.56 98.15 9 7 . 5 2  9 6 . 3 8  
GM ATOM HYDROGEN X 100.85 100.91 101.05 99.45 
GM ATOM OXYGEN ~ 97.90 96.37 95.17 98.32 

RATIO CHX/(H20+CO2) 0.9907 1.0500 1.0682 0.9462 
RATIO X IN CHX 2.2986 2.2976 2.3044 2.3217 
USAGE H2/CO PRODT 1.8253 1.7978 1.8595 1.9157 
FEED H2/CO ERM EEFLNT 1.0337 1.O281 1.0361 1.0318 
RESIDUAL H2/CO RATIO 0.4634 0.4672 0.4679 0.4657 
RATIO C02/(H20+CO2) 0.1169 O.1139 0.0855 0.0980 
K SHIFT IN E~FLNT 0.0613 0.0600 0.0437 0.0505 
SPECIFIC ACTIVITY SA 2.1664 2.1555 2.0566 1.9518 
CONVERSION 

ON CO ~ 41.88 42.15 40.83 39.04 
ON H2 ~ 73.94. 73.71 73.28 72.49 
ON CO+H2 ~ 58.18 58.15 57.35 56.02 

PRDT SELECTIVITY,WT 
CH4 9.19 8.97 9.44 I0.14 
C2 HC'S 1.92 1.72 1.85 1.93 
C3H8 2.20 2.23 2.25 2.%5 
C3H6= 2.20 2.15 2.12 2.37 
C%HI0 2.14 2.26 2.19 2.37 
C%H8= 3.10 3.13 2 . 9 2  3.20 
C5H12 2.68 2.89 2.64 2.77 
CSHIO= 2.16 2.27 2.08 2.80 
C5H14 3.84 4.32 3.86 3.80 
C6H12= & CYCLO'S 1.44 1.62 1.71 1.85 
C7+ IN GAS 13.58 12.75 12.89 9.48 
LIQ HC'S 55.55 55.69 56.03 56.83 

1260 1260 1260 
51.50 21.00 27.00 

1862.76 773.84 1015.20 
429.31 180.37 227.25 
237.23 90.83 114.41 

9 6 , 9 9  
9 9 . 9 9  
9 8 . 3 5  

0 . 9 6 1 4  
2 . 3 3 7 4  
1 . 9 1 6 6  
1 . 0 3 0 9  
0.4758 
0 . 0 9 6 4  
0.0507 
1.7539. 

38.53 
71.63 
55.33 

10.95 
1.97 
2.46 
2.25 
2.36 
3.11 
2.85 
2.07 
4.00, 
1.79 

10.37 
55.82 

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

Cl -C4 20.74 20.46 20.78 22.46 23.10 
C5 -420 F 42.59 51.70 40.55 49.12 38.94 
420-700 F 24.72 22.28 25.94 22.73 26.52 
700-END PT 11.94 5.57 12.72 5.68 11.44 
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Table BI3 (continued) 

FILE: I1617'24&:' TSS4Q1 A1 

C5+-END PT 79.26 79.54 79.22 77.54 76.90 
ISO/NORMAL MOLE RATIO 

CG 0.0153 0.0150 0.0147 0.0174 0.0120 
C5 0.0685 0.0623 0.0603 0.0683 0.0701 
C6 0.3376 0.3137 0.3060 0.1946 0.3083 
C4= 0.0724 0.0760 0.0765 0.0807 0.0776 

PARAFFIN/0LEFIN RATIO 
C3 0.9547 0.9897 1.0101 0.9851 1.0392 
C4 0 .6682  0 . 6 9 9 5  0 . 7 2 4 5  0 .7162  0 . 7 3 2 7  
C5 1 .2063  1 . 2 3 7 0  1 . 2 3 1 7  0 . 9 6 2 5  1 .3385  

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8513 0.8671 0.8542 0.8331 0.8490 
RATIO CH4/(I-A)**2 4.1567 5.0779 4.4417 3.6393 4.8002 

ALPHA ~RMCORRELATION 0.8483 0.8478 0.8469 
ALPHA (E~TL/CORR] 1.0036 1.0076 1.0024 

W~CH4 rRMCORRELATION 14.8856 
WXCH4 (EXPTL/CORR] O.6171 
LIQ ~C COLLECTION 

PHYS. APPEARANCE OIL WAX 
DENSITY 
N, REFRACTIVE INDEX 
SIMULT'D DISTILATN 

I0 WT ~ @.DEG ~ 292 
16 334 
50 507 
84 750 
90 820 

15.0311 
0.6281 

OIL WAX OIL WAX 

303 
344 
519 
757 
828 

RANGE(16-84 %) 416 

WT ~ @ 420 E 34.00 
WT~ @ 700 F 78.50 

50.00 
9o.oo 

413 

31.00 
77.30 

OIL WAX 

5 0 . 0 0  
9 0 . 0 0  

15.5105 
0.7057 

OIL WAX 

304 
344 
504 
742 
816 

398 

3 2 . 0 0  
7 9 . 5 0  
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VIII .  Run 40,.(12185-!9 ) with Catalyst 40 (Co/XII/Xq/TC-103)' 
Run 41 (ii617L03) with Catalyst 41 ~Co/XII/TC-103 ~ • 

These runs tested the use of the promoter XII in two catalysts 

with formulations otherwise similar to that of Catalyst 15 of the 

Third Quarterly Report; Catalyst 40 contained, in addition, a 

small quantity of X 3. The method of formulation was first de- 

veloped during the previons contract, DE-AC22-81PC40077. 

In Catalyst 40 the concentrations of cobalt, XII and X3, re- 

spectively, were8.2, 1.6 and 0.06 percent. In Catalyst 41 the 

concentrations of cobalt and Xll , respectively, were 12.3 and 2.4 

percent. 

For Catalyst 40, the conversion, product selectivity, isomer- 

ization of the pentane, and percent olefins of the C4ts are plot- 

ted against time on stream in FiEs. BI16-119. Simulated distil- 

lations of the C5+ product are plotted in Fiss. B120-122. Carbon 

number product distributions are plotted in Figs. B123-125. 

Chromatograms from simulated distillations are reproduced in 

Figs. B126-128. Detailed material balances appear in Tables B14- 

15. 

For Catalyst 41, the conversion, product selectivity, isomer- 

ization of the pentane, and percent olefins of the C4's are plot- 

ted against time on stream in Figs. B129-132. Simulated distil- 

lations of the C5+ product are plotted in Fiss. B133-135. Carbon 

'C. .~ ? 
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number product distributions are plotted in Figs. B136-138. 

Chromatograms from simulated distillations are reproduced in 

Figs. B139-141. Detailed material balances appear in Table BI6. 

Catalyst 40 was run for 187 hours at 260C, Catalyst 41 for 

about 58 hours at 240C followed by about 32 hours at 260C. 

The activity of Catalyst 40, about 55 percent conversion of 

CO+H2, was comparable to that of Catalyst 32--relatively as well 

as absolutely since the cobalt concentration was the same in 

both. With Catalyst 41~ in contrast, containing 4 percent more 

cobalt, the conversion was only about 49 percent at 260C. The 

performance of Catalyst 41 was inferior as well to that of Cata- 

lyst 38, which contained the same 12.3 percent concentration of 

cobalt and converted about 54 percent of syngas. 

The catalysts demonstrated similar selectivity trends as pre- 

vious Xll catalysts formulated using the method first used in Run 

ll--low methane, high C5+ yields and high olefin contents. 

Both runs were too short for any useful conclusions as to the 

stability of the catalysts. 

As in Run 32, both Schulz-Flory plots were linear except for 

the usual high methane. Isomerization was also at the usual low 

level of less than I0 percent in the C5+ fraction. 

These runs have further confirmed the effectiveness of the 

additive Xll as a promoter in catalysts formulated by the method 

used for Catalyst 15. 
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g= 

T a b l e  BI4 

FILE: 1218519A TSS4~I A1 

RUN NO. 
CATALYST 
FEED 

RUN & SAMPLE NO. 

RESULT OF SYNGAS OPERATION 

12185-19 
CO/XII/X3-UI03 80 CC 35.2 G AFTER USE:49.8 G (+14.6 G) 

H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT#1225!-87-II ) 

12185-19-01 185-19-02 185-19-03 185-19-04 185-19-05 

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

FEED CC/MIN. 
HOURS FEEDING 
EFFLNT GAS LITER 
GM AQUEOUS LAYER 
GM OIL 
MATERIAL BALANCE 

GM ATOM CARBON ~. 
GM ATOM HYDROGEN y.. 
GM ATOM OXYGEN y, 

RATIO CHX/(H20+CO2 ) 
RATIO X IN CHX 
USAGE H2/CO PRODT 
FEED H2/CO FRM EFFLNT 
RESIDUAL H2/C0 RATIO 
RATIO CO2/(H20+CO2 ) 
K SHIFT IN EFFLNT 
SPECIEZC ACTIVITY SA 
CONVERS I ON 

ON CO 
ONH2~ 
ON CO+H2 

P .~tDT SELECTIVITY, WT 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4H10 
C4H8 = 
C5H12 
C5H10= 
C6H14 
C6H12= & CYCLO' S 
C7+ IN GAS 
LIQ HC'S 

TOTAL 
SUB-GROUPING 

C1 -C4 
C5 -420 ¥ 
420-700 F 
700-END PT 

50:50: 0 50:50: 0 50:50:0 50:50:0 50:50:0 
19.0 43.0 67.0 91.0 163.0 

300 300 300 300 300 
259 262 259 .259 259 

400 400 400 400 400 
19.00 2 4 . 0 0  24.00 24.00 72.00 

117.30 232.35 268.85 269.85 862,40 
58.96 ~-73.16 60.37 61.81 181.44 
25.27 ~'32.61 41;70 44,25 114.29 

68.72 ~ 83.41 96.81 97.27 97.24 
74.20 96.12 99.22 101.94 102.37 
82.85 92.28 94.26 93.71 94.98 

0 . 6 6 7 7  0.7848 1.0737 I,I028 1.0675 
2.2439 2.3637 2.3028 2.2928 2.3285 
1.9320 1.9595 1.7454 1.7713 1.8401 
1.0798 1.1524 1.0248 1.0480 1.0528 
0.1928 0.4839 0.4788 0.4971 0.5242 
0.1566 0.1317 0.1320 0.1122 0.0981 
0.0358 0.0734 0,0728 0.0628 0.0570 

10.7252 1.9514 2.2035 2.0876 1.7366 

51.00 45.30 43.11 43.24 40.17 
91.25 77.03 73.42 ~ 73.08 70.21 
71.90 6 2 . 2 9  58.45 58.~i 55.57 

6.62 12.11 9.25 8.78 10.67 
1.53 2.26 1.75 1.66 1.76 
1.35 , 2.79 2.01 1.82 :' 2.11 
2.81 1~'89 2.08 -,i.88. 2.24 
1.40 2.44 1.88 -1.72 1,93 
3.44 2.79 2.73 2.52 2.62 
1.80 2.73 2.16 2.04 2.40 
2,77 1.83 1.92 1.79 2.12 
2.24 3.02 2.34 2.21 2.71 
2.24 1.69 1.57 1.48 1.69 
7.31 7.36 8.26 5.81 7.15 

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

100.00 100.00 1 0 0 . 0 0  I00.00 100 .00  

1 7 . 1 6  2 4 . 2 9  1 9 . 7 0  1 8 . 3 8  2 1 . 3 4  
50.27 41.74 37.50 37.36 38.10 
29.32 28.71 27.74 28.68 26.29 
3.26 5.26 15.05 15.57 14.27 
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Table 

FILE: 1218519A TSS4QI A1 

C5+-END PT 82.84 
ISO/NORMAL MOLE RATIO 

C4 0.0124 
C5 0.0531 
C6 .0.0736 
C4= O.OOQO 

PARAFFIN/OLEFIN RATIO 
C3 0 .4589  
C4 0.3934 
C5 0.630% 

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8094 
RATIO CH4/(1-A)**2 1.8222 

ALPHA FRM CORRELATION 0.8910 
ALPHA (EXI~TL}~ORR) 0.9064 

W'~CH4 ~RM CORRELATION 1.4033 
W~oCH4 (EX]~TL/CORR) 4.7150 
LIQ HC COLLECTION 

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

I0 WT ~ @ DEG F 250 
16 287 
50 417 
84 593 
90 638 

RANGE(16-84 X) 306 

WT ~ @ 420 F 51.00 
WT~ @ 700 F 9S.10 

'" L' 

BI4' (continued) 

75.71 80.30 81.62 

0.0163 • 0.0131 0.0145 
0 . 0 6 0 1  0.0538 0.0497 
.0.1146 0.0878 0.0836 
~.0000 0.0000 0.0000 

1.4049 " 0.9257 0.9268 ~ 
0.8449 0.6649 0.6589 
1.4512 1.0925 1.1038 

0.8298 0.8630 0.8664 
4~1783 4.9285 4.9227 

0 . 8 4 6 0  0 . 8 4 6 7  0 .8449  
0.9808 1.0192 1.0255 

15.9919 15.1517 15.7178 
0.7572 0.6106 0.5588 

CLD OIL OIL WAX OIL WAX 
N/A N/A N/A 
N/A N/A N/A 

260 292 
300 332 
453 508 
640 761 
685 830 

340 429 

42.50 3~.20 
91.10 77.20 

I 

7 8 . 6 6  

0.0153 
0.0514 
0.0847 
0.0000 

0.9015 
0.7125 
1.0991 

0.8588 
5.3571 

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

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

OIL WAX 
N/A 
N/A 
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T a b l e  B 1 5  ::" 

FILE: 1218519B TSS4Q1 A1 

RESULT OF SYNGAS OPERATION . 

RUN NO. 12185-19 
CATALYST CO/XlI/X3-UI03 80 CC 35.2 G A~TER USE:49.8 G (+14.6 G) ~ 
FEED ~ H2:CO OF 50:50 @ 400 CO/NN OR 300 GHSV ( CAT#12251-87-II ) 

RUN & S~LE NO. 1 2 1 8 5 - 1 9 - 0 6  

WEED H2:CO:AR 50=50:0 
HRS ON STREAM 187.0 
PRESSURE,PSZG 300 
TEMP. C 2 6 0  

FEED CC/MIN 400 
HOURS FEEDING 24.00 
EFFLNT GAS LITER 290.50 
GMAQUEOUS LAYER 5 7 . 7 4  
GMOIL 4 3 . 7 8  
MATERIALBALANCE 

GM ATOM CARBON ~ 101.37 
GM ATOM H~DROGEN ~ .105.09 
GN ATOM OXYGEN ~ 9 ~ . 4 0  

RATIO.CHX/[H20+CO2) 1.2161 
:- RATIO X ZN',CHX 2.3161 

USAGE H2/CO PRODT 1.7498 
FEED H2/C0 FRM EFrLNT 1.0367 
RESIDUAL H2/CO RATZO 0.5218 
RATIO C02/(H20+CO2) 0.1019 
K SHIFT IN EEFLNT 0.0592 
SPECIFIC ACTIVITY SA 1.7683 
CONVERSION 

ON CO X 41.93 
ON EL2 X 7 0 . 7 7  
ON CO+H2 X 56.61 

PRDT SELECTIVITY, WT 
CH~ : 9 . 9 9  
C2 HC~S 1.86 
C3H8 1.95 
C3H6= 2.05 
C4H10 1.85 
C4H8= 2.61 
C5H12 2 . 2 2  
CSHIO= : 1.82 
C6H14 2 . 3 2  
C6H12= ~ CY~O'S 1.42 
C7+ IN GAS 5 . 2 4  
LZQ HC'S 6 5 . 6 6  

TOTAL 100.00 
SUB-GROUPING 

Cl -C4 20.31 
C5 -420 F 37.14 
420-700 r 27.58 
700-END PT I%.97 
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T a b l e  B15 (continued) 

F I L E :  12185198 TSS4~I A1 

C5+-ENDPT 79.69 
ISO/NORMAL MOLE RATIO 

C4 0.0142 
C5 0.0640 
C6 0.0821 
C4= 0.0000 

PARAEFIN/0LE~ IN RATIO 
C3 0.g097 
C4 0.6854 
C5 1.1851 

SCHULZ-FLORY DISTRBTN 
ALPHA (EX~(SLOPE)) 0.8636 
RATIO CH4/(1-A)**2 5.3734 

ALPHA ERMCORRELATION 0.8425 
ALPHA (EXPTL/CORR) 1.0251 

W~oCH4 FRM CORRELATION 16.6788 
H%CH4 (EXPTL/CORR) 0.5990 
LZO HC COLLECTION 

PHYS. APPEARANCE OIL WAX 
DENSITY N/A 
N, RE~'RACTIVE INDEX N/A 
SIMULT' D DISTILATN 

i0 WT y, @ DEG ~" 
15 

• 50 
84 
90 

RANGE (16-84 Yo) 

~%@ 420 
HT % @ 700 F 
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Table "BI6 - " 

FILE: I161703~ TSS4Q1 

RUN NO: 
CATALYST 
FEED 

A! 

\ 

RESULT OF SYNGAS OPERATION 

11617-03 (' 
CO/XII-U103 250 CC 129.7 G AETER USE:ITI.4 G (+41.7 G) 
H2iCO OF 50:50 @1250 CC/MN OR'300 GHSV "( CAT#12251-96 ) 

RUN & SAMPLE N0. 11617-03-01 617-03-02 617-03-03 617'-03-04 

FEED H2:CO:AR 50:50:0 50:50:0 
HRS ON STREAM 24.0 48.0 
PRESSURE,PSIG 300 300 
TEMP. C 242 242 

FEED CC/MIN 1260 
HOURS FEEDING 24.00 
EFFLNT GAS LITER 1123.50 
GM AQUEOUS LAYER 1 6 7 . 6 8  
GM OIL 41.39 
MATERIAL Bi~ANCE 

GM ATOM CARBON g 84.90 
GM ATOM HYDROGEN ~ 92.04 
GM ATOM OXYGEN~ 98.92 

RATIO CRX/(H20+C02) 0.5074 
RATIO X IN CHX 2 .2694  
USAGE H2/C0 PRODT 2.7946 
FEED H2/C0 FRM EFFLNT 1.0841 
RESIDUAL H2/CO RATIO 0.6981 
RATIO C02/(H20+C02) 0.0416 
K SHIFT IN EFYLNT 0.0303 
SPECIFIC ACTIVITY SA 0.9761 
CONVERSION 

ON CO ~ 18.41 
ON H2~ 47.46 
ON CO+H?. ~ 33.52  

PRDT SELECTIVITY, WT 
CH4 9 .36  

"C2 HC'S 0.92 
C3H8 1.15 
C3H6= 2.81 
C4HIO 1.33 
C4H8 = 3.21 
C5H!2 1.63 
CSHI0= 2.80 
C6H14 1.87 
C6H12= & CYCLO'S 2.43 

. C7+ IN GAS 18.82 
LIQ HC'S 5 3 . 8 8  

1260 
24.00 

1047.00 
132.81 
108.03 

92.84 
95.70 
89.12 

1.1821 
2.1873 
1.8489 
140309 
0.6843 
0.0429 
0.0307 
1.7688 

29 .76  
53 .37  
4 1 . 7 4  

4 .26  
0.41 
0.54 
1.53 
0.64 
1.72 
0.76 
1.56 
0.95 
1.22 

I0.01 
7 6 . 4 1  

TOTAL ~00.00 I00.00 
SUB-GR0UPING 

Cl -C4 18.77 '9.10 
C5 -420 F 41.81 24.65 
420-700 F 29.28 29.19 
700-ENDPT 10.15 37.05 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
68 .0  91 .5  

300 300 
259 259 

1260 1260 
20.O0 23 .50  

836.00 882.13 
118.20 145.17 
93.61 98.35 

96.28 86.98 
97.06 91.69 
91 .58  84.50 

1.1793 I. 0940 
2.2549 2 .2557 ' 
I. 7102 1. S077 
1. 0081 I. 0542 
0. 6258 0. 6323 
0 . 1154 0, 0913 
0.0816 0.0635 
0. 9978 0. 9772 

<35.25 35 .89  
59 .81  61 .54  
47.58 49.06 

7.74 7.91 
I. 04 I. 10 
1.12 I. 16 
2.11 1.99 
1.11 1.15 
2 .53  2 .42  
I..30 1.39 
2.08 2.46 
1.48 1.52 
1.65 1.76 
9.70 11.76 

68.14 6 5 . 3 7  

I00.00 100. O0 

15.65 15 .74  
32 .60  34 .61  

' 28 .66  27.50 
23 .09  22.16 

,.4 

2, 

I 
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Table 

FILE: 1161703ATSS401 AZ 

CL÷-END PT 81.23 
ISO/NORMAL MOLE RATIO 

C4 ~=: 0. 0000 
C5 O. 0378 
C6 O. 0365 

i c,.~= o . o o o o  
PARAEEIN/OLEFIN RATIO 

C3 0. 3907 
C4 0. 3992 
C5 0. 5655 

SCmu'LZ-FLORY DISTRBTN .- 
ALPHA (EXP(SLOPE)) 0.8511. 
RATIO, CH4/( 1-A)*,2 4.2222 

./.. 

ALPHA FRM CORRELATION 0.8293 
ALPHA (EXPTL/CORR) 1.0263 

W~CH4 FRM CORRELATION 16.8411 
W~CH4 (EXPTE:/CORR) 0.5555 
LIQ HC COLLECTION 

PHYS. APPEARANCE OIL WAX 
DENSITY 
N, REFRACTIVE INDEX 
5IMULT'D DISTILATN 

i0 WT ~ @ DEG ~ 333 
16 372 
50 534 
84 722 
90 795 

RANGE(16-84 ~) 350 

WT ~ @ 420 F 26 .56  
WT ~ @ 700 ~ 81.1o 

B16 ( c o n t i n u e d )  

90.90 84 .35  84.26 

0.0000 0.0251 0.0183 
0.0539 0.0785 0.0729 
0.1016 0.1208 0.0926 
0.0000 0 .0000  0 . 0 0 0 0 ,  

0.3388 0.5062 0.5527 
0.3583 0 .4256  0.4600 
0:4725 0 .6062  0 .5500 

0 . 9 1 2 9  0 .7806  0 .8802 
5.6145 1.6069 5.5124 

0.8303 O.8332 
1.099% 1.0564 

16.5401 19.3549 
0.2578 0 .4089 

OIL WAX OIL WAX OIL WAX 

401 337 
450 379 
689 592 
961 856 

1034 930, 

511 477 

13.30 24.05 24.05 
51.50 66.11 66.11 

- B I 9 0  - 



IX. Run 42 (11617-05) with Catalzst 42 (Co/XII/TC-I03) ,. 

The purpose of this run was to test a variation of Catalyst 32 

containing an elevated concentration of the promoter Xll . Prepa- 

ration of the catalyst was similar to that of Catalyst 27. The 

concentrations of cobalt and Xll were 8.1 and 2.6 percent respec- 

tively; corresponding concentrations in Catalyst 32 were 8.2 and 

-2 

1.6 percent. ° 

Conversion, product selectivity, isomerization of the pentane, 

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

stream in Figs. Bi42-145. Simulated distillations of the C5+ 

product are plotted in Figs. B146-152. Carbon number product 

distributions are plotted in Figs. B153-159. Chromatograms from 

simulated distillations are reproduced in Figs. B160-166. De- 

tailed material balances appear in Tables B17-19. 
i 

The test was run at 240C during the first 210 hours, followed 

by 120 hours at 260Co In the first stage, at 240C, the conver- 

sion of syngas was about 46 percent initially (after a good mate- 

rial balance was obtained), and declined gradually to about 41 - 

percent. Methane production, about 7 percent initially, ranged 

~rom 5 to 6 percent durin E the rest of this stage, These levels 

closely parallel those of Catalyst 32 at the same temperature. 

At 260C the activity increased sharply to nearly 57 percent 

conversion, and declined to-56 percent at the end of the run 48 

- B I 9 1  - 
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hours later. Methane pro~duction, however, also rose sharply to 

more than II percent. Corresponding values for Catalyst 32 at 

260C were." conversion about 57 percent, methane content 8.0 to 

8.6 percent. At 260C,.therefore, this catalyst appeared compara- 

ble to Catalyst 32 in activity, but inferior in selectivity and 

stability. 

The hydrogenation a~ility o~ this catalyst, while similar to 
/. 

that of Catalyst 32 at 240C, was higher at 250C, as evidenced b ~' y" 

the lower olefin content of the light gas fraction. 

In this test the higher concentration of X11 had little or no 

effect at 240C, and impaired the catalystts selectivity at 260C. 
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FILE: I151705A TSSSQ1 A1 

Table B17 

RUN NO. 
CATALYST 
TEED H2 : C0 

RUN & SAMPLE NO. 

RESULT OF SYNGA3 OPERATION 

11617-05 
CO/XII-U103 250 CC I06.I G AFTER USE:159.7 G (+53.5 G} : 

OF 50:50 @1260 CC/MN OR 300 GESV ( CAT#12524-9 ) 

I1617-05701 617-05-02 617-05-03 617-05-04 617-O5-05 

FEED F,2: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 16 .0  42 .5  66 .5  91 .5  1 2 0 . 0 , -  ' 
PRESSURE,PSIG 300 300 300 300 300 
TEMP. C 241 240 240 240 240 

FEED CC/MIN 1260 1260 1280 1260 1260 
HOURS FEEDING 18.00 24.50 24.00 25.00 28.50 
E E ~ L N T  GAS LITER 762.16 1028.50 1001,04 1146.25 1286.20 
GMAQUEOUS LAYER 121.38 175.19 160.77 162.25 183.65 
GMOIL 20.52 98.33 131.15 117.22 130.75 
MATERIAL BALANCE 

GM ATOM CARBON ~ 86.79 93.g3 97.08 101.40 99.84 
GM ATOMHYDROGEN~ 78.00 95,97 102.86 103.06 101.99 
GM ATOM OXYGEN ~ i00.16 97.92 92.54 98.90 .97.10 

RATIO CHX/(H20+CO2) 0.5281 0.8701 1.1613 1.0907 1.1013 
RATIO X IN CHX 2.3560 2.2498 2.2167 2.2303 2.2301 
USAGE H2/C0 PRODT 2.5606 1.9329 1.7870 1.8369 1.8523 
EEED H2/CO ERHEFFLNT 0.8988 1.0218 1.0595 1.0164 1.0215 
RESIDUAL H2/C0 RATIO 0 .4906 0 .5971 0~5526 0 .6354  0 .8373 
RATIO C02/(H20+C02) 0.0758 0.1013 0.0760 0.075; 0.0660 
K SHIFT IN EEELNT 0 . 0 4 0 2  0.0673 0.0537 0.0519 0.0450 
SPECIFIC ACTIVITY SA 2.3334 3.1952 3.2712 2.9775 2.9032 
CONVERSION 

ON CO ~ 19,72 31.79 35.87 31.58 31.62 
ON H2 ~ 56,18 60,14 60.50 57.22 57.34 
ON CO+H2 ~ 36.98 46.12 48.54 44.55 44.62 

"PRDT SELECTIVITY,WT~ 
CH4 13.41 6.85 5.03 5.74 5.74 
C2 ~C'S 2.37 1.53 ~ 1.04 1.19 1.41 
C3H8 2.14 1.40 1.09 1.34 1.34 
C3H6= 5.11 2.41 1.95 2.53 2.58 
C4HI0 2.67 1.51 1.16 1.44 1.47 
C4H8= 5.74 2.85 2.28 2.85 2.97 
C,,5H12 2.90 1.86 1.27 1.56 1.60 
CSHl0= 4.73 2.23 1.75 2.21 2.23 
C6H14 3 .73  2 .22  1 .79  2 .17  2 . 2 3  
C6H12= &CYCLO'S 3.63 1.68 1.28 , 1.54 1.62 
C7+ IN GAS 19.53 8.10 5.88 7.05 7.36 
LIQ HC'S 34.04 67.56 75.46 70.37 69.44 

TOTAL I00.00 I00.00 i00.00 100.00 i00.00 
SUB-GROUPING 

C1 -C4 31,44 16.55 !2.56 15.10 15.52 
C5 -420  F 44 .73  28.05 24 .88  49 .72  2 6 . 9 9  
420-700  F 19 .64  26.89 28 .45  28.15 2 7 . 1 5  
700-END PT 4.19 28.51 34.11 7.04 30.35 

| 
| 

I 
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Table.B17 (continued) 

FILE: 1161705A TSS4Q1 A1 

C5+-END PT 68.56 
ZSO/NORMAL MOLE RATIO 

C~ 0.0287 
C5 0.0782 
C6 0.1528 
C4= 0.0571 

PARAEFIN/OLE~INRATIO 
C3 0 . 4 0 0 0  
C~ 0.4484 
C5 0 .5968 

SC]~ULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8091 
RATIO CH4/(I-A)**2 3 . 6 6 1 0  

ALPHA ERM CORRELATION 0.8466 
ALPHA (EXPTL/CORR) 0.9558 

k~CH4 ERM CORRELATION 11.2544 
~P~C~4 (EXPTL/C0RR) 1.1904 
LIQ HC COLLECTION 

PHYS. APPEARANCE OIL WAX 
DENS IT'/" 
N, REFRACTIVE INDEX 
SIMULT' D DISTILATN 

IO WT Ye ~ DEG ~" 335 
16 " 347 
50 511 
84 671 
90 718 

RANGE( 16-84 X) 324 

WT ~ @ 420 ~" 30 .00  
WT ~ @ 700 E' 87 .70  

83 .45  

" 0 . 0 2 2 5  
0 .0823  
0 . 2 3 5 6  
0 . 0 5 7 8  

0 . 5 5 2 9  
0.5107 
0 .7225  

0 . 8 8 3 7  
5 . 0 6 3 5 .  

0 . 8 3 7 1  
1 .0557  

13 .9900  
0 . 4 8 9 7  

OIL  WAX 

377 
415 
645 
94 l .  

1016 

526 

18.00 
5 7 . 8 0  

8 7 . 4 4  

0.0223 
0.0714 
0.2210 
0 .0630  

0 .5312 
0 .4921 
0 .7025 

0 .8971 
4 .7561 

0 .8327 
1.0773 

15.3339 
0 .3282 

OIL WAX 

378 
417 
666 

, 962 
1041 

545 

17.10 
54 .80  

84 .90  

0 .0192 
.0.0737 
0 .2405  
0.0619 

0.5064 
0.4862 
0.6861 

0 .7738  
1.1233 

OIL WAX 

50 .00  
' 9 0 . 0 0  

84.48 

0.0213 " 
0.0678 
0.2309.  
0~0581 

0 .4955  
0 .4765  
0 . 5 9 9 5 . .  

0.8848 
4.3281 

0.8339 
1.0611 

Z4.9753 
0 . 3 8 3 4 .  

OIL  W ~  

377 
416 
652 
960 

1044 

544 

17 .20  
56 .30  
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FILE: I161705B TSS4QI A1 

Table Bl8 

RESULT OF SYNGAS OPERATION 

RUN NO. 11617-05 
CATALYST CO/XII-UI03 250 cc 106.1 G AFTER USE:I59.7 G (+53.6 G) 
FEED H2:CO OF 50:50 @1260 CC/MN OR 300 GHSV ( CAT#12524-9 ) 

RUN & SAMPLE NO. 11617-05-06 61":7-05-07 617-05-08 617-05-09 617-05-10 

FEED H2:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:80:0 
HRS ON STREAM 162.5 186.5 210.5 233.5 259.0 
PRESSURE, PSZG 300 300 300 300 300 
TEMP. C 240 239 260 250 260 

~'EED CC/MIN 1260 1260 1260 1260 1260 
HOURS FEEDING 42.50 24. OO 24.00 23.00 25.50 
EFFLNT GAS LITER 1964.78 1146.72 926.40 860.89 961.35 
GM AOUEOUS LAYER 274.96 1 5 0 . 6 5  1 7 2 . 8 2  1 7 2 . 5 7  194.87 
G'M OIL 178.20 95.91 100.83 99.30 116.08 
MATERZAL BALANCE ~; 

G~ ATOM CARBON ~ 99.00 I00.23 98.18 94.65 96.07 
GM ATOM HYDROGEN X 102.46 102.67 99.57 98.48 I00. I0 
GM ATOM OXYGEN ~ 97.79 99.20 98.13 95.81 95.92 

RATIO CHX/(H20÷C02) 1.0451 1.0394 .1.0016 0.9668 "1.0043 
RATIO X IN CHX 2.2365 2.2381 2.3679 2.3477 2.3315 
USAGE .H2/CO PRODT 1.9157 1.9306 1.6201 1.7008 1.7311 
FEED H2/CO ERH EEELNT 1.0349 1.0243 1.0141 1.0404 "I.0419 
RESIDUAL ~2/C0 RATIO 0.6573 0.6818 0.5452 0.5526 0.5451 
RATIO C02/(H20+CO2) 0.0571 0.0534 0.2150 0.1816 0.1582 
K SHIFT IN EFFLNT 0.0398 0.0373 0.1493 0.1226 0.I025 
SPECIFIC ACTIVITY SA 2.6473 2.5746 1.8770 1.7359 1.7629 
CONVERS ZON 

ON CO ~ 30.00 28.57 43.62 42.49 41.89 
ON H2 ~ 55.54 53.85 69.69 69.46 69.60 
ON C0+H2 ~ 42.99 41.38 56.75 56.24 56.03 

PRDT SELECTIVITY,HE X 
CH4 6.05 6.11 12.37 11.29 10.67 
02 HC'S 1.45 1.48 2.54 2.35 2.12 
C3H8 1 . 4 6  1 • 57  2 . 8 6  2 , 6 0  2 . 3 8  
C3H6= 2 • 85 3.14 2.43 2.55 2.34 
P-~,~I0 I. 60 1 • 70 2.54 2 • 38 2 • 14 
C0~58= 3.27 3.58 3.41 3 • 40 3.16 
C5H12 1 • 75 1.84 2 • 78 2.64 2.44 
CSHI0= 2 • 41 2.54 2 • i0 2 • 13 2.09 
C6H14 2.34 2.38 3.91 3.71 3.37 
C6H12= & CYCLO'S 1.76 I~51 1.45 1.42 1.35 
C7+ IN GAS 7.98 8.05 10.40 8.49 9.35 
LIQ HC'S 6 7 . 0 9  66.12 53.20 57.02 58.62 

TOTAL I00.00 i00.00 I00.00 I00.00 I00. O0 
SUE-GROUP ING 

Cl -C4 16 . 68 17 . 57 26 • 16 24.59 22 . 78 
C5 -420 r 49.78 28.54 47.24 36.24 47.91 
420-700 ~ 26.84 26 . 65 21.28 24.12 23.45 
700-F/~D -~T 6.71 27.24 5.32 15.05 5.86 



T a b l e  BI8 

FILE: I161705B TSS4QI A1 

CS+-END PT 8 3 . 8 2  
ZSO/NORMAL MOI.~ RATIO 

C4 0 . 0 2 2 1  
C5 0 . 0 7 5 3  
C6 "0 .2281  
C4= 0 . 0 6 2 6  

PARAFFZN/0LEFINRATIO 
C3 0 . 4 8 9 7  
C4 0.4731 
C5 0 . 7 0 6 6  

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0 . 7 6 9 9  
RATIO CH4/(I-A)**2 1.1428 

ALPHA EP, M CORRELATION 
ALPHA (E~TL/CORR) 

W~CH4 ERM CORRELATION 
t~,cs4 (EX~TL/CORR) 
LIQ HC COLLECTION 

PHYS. APPEAPJ~NCE OIL WAX 
DENS ITY 
N, REFR&CTZVE INDEX 
SIMULT' D DISTILATN 

I0 WT ~ @ DEG E 
16 
50 
84 
90 

PANGE(16-84 ~) 

WT ~ @ 420 F 5o.00 
WT ~ @ 7oo ~ 9 0 . 0 0  

82.43  

O. 0222 
O. 0731 
O. 2129 

:' O. 0655 
I 

V:O. 4770 
0 :4573  
0. ?048 

L: 
0 • 8786 
4 .1469  

O. 8321 
1 • 0559 

15.2991 
0. 3994 

OIL WAX 

376 
414 
640 
935 

1021 

521 

18.50 
58.80 

( c o n t i n u e d )  

7 3 . 8 4  

0 . 0 2 1 7  
0 . 0 9 2 0  
0.4271 
0 . 0 9 5 2  

1.1243 
0.7193 
1.2870 

0.7818 
2 . 5 9 9 0  

OIL WAX 

5 0 . 0 0  
9 0 . 0 0  

75.41 

0.0193 
0.0898 
o.4o78 : 
0 . 0 9 1 0  

o.973~ 
0 . 6 7 5 1  
1.2012 

0.8549 • 
5.3607 

0.8397 
1.0181 

L7.5449 
0 . 6 4 3 4  

OIL WAX 

3 o l  
342 
540 
796 
875 

4 5 4  

3 1 . 3 0  
7 3 . 6 0  

• . °  

• L . 

7 7 . 2 2  

0 .0169  ~' .o 

0 : 0 9 2 2  " 
0.4170 . .' 
0.0861 

0 .9653  
0 .6529  
1.1318 

0 .7828  
2 .2605  

OIL'WAX 

5 0 . 0 0  
9 0 . 0 0  

"° 

• . .  : . : ' . . .~.  

. 7  "o " ,  
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FILE: 

: : Table BI9 ~. 
.),' 

I161705C TSS4QI A1 

RUN NO. 
CATALYST 
~EED H2:CO 

RUN & SAMPLE NO. 

J 

RESULT OF SYNGAS OPERATION 

11617-05 
CO/XII-UI03 250 CC I06.1~G AFTER USE:159.7 G (+53.6 G) 

OF 50:50 @1260 CC/MN OR 300 G]ISV ( CAT~12524-9 ) 

I1617-05-!I 617-05-12 

FEED ~2:CO:AR 50:50:0 50:50:0 
HRS ON STREAM 282.0 330.5 
PRESSURE,PSIG 300 300 
TEMP. C 259 260 

FEED CC/MIN 1260 1250 
HOURS EEEDING 23.00 48.50 
EFFLNT GAS LITER 885.73 1833.79 
GMAQUEOUS LAYER 171.09 363.36 
GMOZL 104.89 220.55 
MATERIAL BALANCE 

GM ATOM CARBON ~ 97.07 95.46  
GM ATOM H~DROGEN ~ 99 .77  98.34 
GMATON OXYGEN~ 96 .36  95.12 

RATIO CHX/(H20+C02) 1.0211 1.0102 
RATIO X IN CHX 2.3326 2.3217 
USAGE H2/CO PRODT 1.7345 1.7659 
FEED.:F~/CO FRM EFFLNT 1.0278 1.0302 
RESIDUAL'~2/CO RATIO 0.5425 0.5362 
RAT10 CO2/(H20+C02) 0.1535 0.1405 
K SH~J~ IN EFELNT 0.0984 0.0877 
SPECIFIC ACTIVITY SA 1.8053 1.6747 
CONVERSION 

ON CO ~ 40.72 40.17 
ON H2 ~ 68.71 68.85 
ON CO+H2 x 54.91 54.72 

PRDT SELECTIVITY, WT 
CH4 10.65 10.12 
C2 HC'S 2 . 1 2  / 2 .0~  
C 3 N 8  2 . 4 1  / 2 .24  
0356= 2 . 5 9  2 .41  
C4ffl0 2.17 2.06 
C4H8= 3.23 3.17 
C5H12 2.41 2.35 
CSHlO= 2.18 2.17 
C6H14 3 . 3 6  3 .29  
C6B12= & CYCLO'S 1.42 1.39 
C7+ IN GAS 8.05 8.24 
LZQ HC'S 59.42 60.52 

TOTAL 100 .00  I 0 0 . 0 0  
Sb'3-GROU'PING 

C1 -C4 23 .17  '22 .04  
C5 -420  F 47 .13  35 .89  
4 2 0 - 7 0 0  F 23 .77  24 .99  
700-END PT . 5 .94  17.07 
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EILE: I151705C TSS4QI 

05+-END PT 
IS0/NORMAL MOLE RATIO 

C4 
C5 :. 
C5 
C4= 

P ~ . F F  I N / O L ~  IN ~ T Z O  
03 
C4 
C5 

SCHULZ-~LOeY DISTRBTN 
AL~HA (EXP(SLOP~-)) 
RATIO CH4/(1-A) *,2 

ALPHA FRM CORRELATION 
ALPHA (EXPTL/CORR) 

W~.CH4 ~RM CORRELATION 
W~oC~ (EXPTL/COR~) 
LIQ HC COLLECTION 

PHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE INDEX 
SIMULT' D DZSTILATN 

I0 WT ~ @ .~EG 
15 
50 
84 
90 

RANGE(16-84 Yo) 

~T ?o @ 420 F 
W~ ~ @ 700 F 

Table B19 (cpntinued) 

AI 

76.83 77 .96  

0.0201 0.0188 
0.0841 0.0865 
0.3993 0 . 3 9 0 0  
0.0839 - 0 . 0 8 6 4  

i ,  

0.8866 0.8857 
0 .6500  0 . 6 2 5 8  
1 .0776 1 .0528  

0 .7711  0 . 8 5 9 6  • 
2 .0323  5 . 1 3 6 3 ,  

0 . 8412  
1 .0220  

17.0918 
0.5923 

OIL WAX OIL WAX 

3 0 1  
' 3 4 3  

5 4 3  
S 1 4  " 

8 9 1  

471 

50.00  3 0 . 5 0  
cJO.O0 7 1 . 8 0  

I h I 
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X. Run 43 (12570-01) with-Catalyst.43 (Co/XII/TC,-i03) 

In this run an attempt was ma'de to replicate the favorable 

results first obtained with Catalyst 32 (Run 12200-19, Third 

Quarterly Report). The catalyst was prepared in exactly the same 

way as Catalyst 32 and contained the same theoretical concentra- 

tions of cobalt and Xll , 8.2 and 1.6 percent respectlvely. 

Conversion, product selectivltys isomerization of the pentane, 

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

stream in Figs. B167-170. Simulated distillations of the C5+ 

product are plotted in Figs. B170-177. Carbon number product 

distributions are plotted in Figs.. B178-184. Chromatograms from 

simulated distillations are reproduced.in Figs. B185-191. De- 

tailed material balances appear in Tables B20-22. 

The results in general closely resembled those obtained with 

Catalyst 32. At 240C, in both runs, the CO+H 2 conversion was in 

the low to middle 40 percent range, methane pr6duction was about 

5.percent, and there ,was a large deviation in conversion levels 

due to high wax production. Both the short duration of the run 

at 240C, end the wide fluctuations of the data points, preclude 

any reliable estimate of" catalyst stability. 

When the temperature was raised to 260C the conversion In- 

creased in both runs to about 56 percent. After about 100 hours 

at 260C, however, the converslon of this catalyst had falien to 

- B224 - 



t, 

52 percent, where'as t~at of. Catalyst 32 had rlsensllghtly to. ." 

about 57 percen't'~ " " 

By linear least squares analysis of the last four s.amples, the 

conversion of this catalyst decreased at a rate of one percentage 
e~ 

point every 100 hours. ~While the duration of the run was again 

too short for reliable estimates of stability, qualitatively it 

appears that this catalyst was not as stable as Catalyst 32. :~ 

As to selectivity, at 260C the product of this catalyst was a 

little lighter than that of Catalyst 32, including I0 percent 

methane versus 9 percent, and 78 percent C5+ versus 80 percent. 

The differences may be due to a higher residual H2:CO ratio in 

the reactor due to the lower CO+H 2 conversion. 

This run has succeeded in large part in replicating the ex- 

cellent results obtained'with Catalyst 32, t h e  only exception 

being a slight deterioration at 260C, 

- B225- 
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FILE: 1257001A TSS4QI 

• . v  Table " ~. 
. -  

A1 ' 

.. , ~- .'? 

• " .  . . ' . -  

"..' 
' .  : . ,  : 

RUN NO. 
CATALYST 
FEED H2:CO 

RUN & S.~PLENO. 

FEED H2:CO:AR 50:50:0 
HRS ON STREAM 21.0 
PRESSURE,PSiG 300 
TEMP. C 242 

FEED CC/MIN 400 
HOURS FEEDING 21.00 
EEFLNT GAS LITER 252.00 
GM AQUEOUS LAYER 52.67  
GM OIL 9.41  
MATERIAL BALANCE 

GMATOM CARBON ~ 75.96 
GM ATOM HYDROGEN~ 79 .24  
GM ATOM OXYGEN ~ 94.98 

RATIO CHX/(H20+C02) 0.4214 
RATIO X IN CHX 2.3451 
USAGE H2/CO PRODT 2.7840 
~EEDH2/C0 FRM EFFLNT 1.0432 
RESIDUAL H2/CO RATIO 0.5546 
RATIO C02/(H20+C02) 0.0848 
K SHIFT IN EFFLNT 0.0514 
SPECIFIC ACTIVITY SA 2.1224 
CONVERSION 

ON CO ~ 21.~ 
ON H2 ~ 58.49  
ON CO+H2 ~ 40.59 

PRDT 8ELECTIV£TY,WT~ 
CH4 12.14 
C2 HCIS 1.93 
C3H8 • 2.56 
C 3 H 6 =  3 . 7 2  
C4HIO 2.62 
C4H8= 4 . 5 9  
C5H12 2.79 
CSHIO= 3".33 
C6H14 3.81 
C6H12= &CYCLO'S 1.97  
C7+ IN GAS 14.97 
LIQ HC'S 45.56 

TOTAL I00.00 
SUB-GROUPING 

Cl -C4 27.57 
C5 - 4 2 0  F 41.91 
4 2 0 - 7 0 0  F 26 .65  
700-ENDPT 3.87 

RESULT OF SYNGAS OPERATION 

12570-01 
CO/XI1-UI03 80 CO 32.0 G AFTER USE:48.7 G (÷16.7 G) 

OF 50:50 @400 CC/NN OR 300 GHSV ( CAT#12524-7 ) 

12576-01-01 570-01-02 570-01-O3570-01-04 570-01-05 

50:50:0 50:50: O 50:50:,0 50:50:0 
45.0 68.0 93~5 117.5 

300 300 300 300  
242 243 243 243 

400 400 400 400" 
24.00 23.00 25.50 24.00 

274.00 293.00 332.00 315.80 
45.54 45.24 48.68 44.88 
36.11 35.52 34.55 32.82 

8 6 . 3 6  9 4 . 5 8  9 2 . 5 8  . 9 4 . 3 3  
8 7 . 4 8  9 4 . 2 0  9 1 . 9 9  9 2 . 3 1  
82.82 90.47 9 0 . 2 6  90.97 

1.1412 1.1574 1.0923 1.1360 
2.2116 2.2172 2.2166 2.2188 
1.7948 1.7890 1.8628 1.8286 
1.0129 0.9960 0.9937 0.9786 
0.5859 0.5863 0.5990 0.5888 
0 .0765  0 . 0 7 6 2  0 .0614  0 . 0 6 4 7  
0.0485 0.0484 0.0392 0.0407 
3 . 5 3 6 ~  3.2778 2.8371 2.8876 

35.33 34.07 31.23 31.44 
62.59 61.19 58.55 58.75 
49.05 47.60 44.85 44.95 

4.74 5.01 5.08 5.13 
1.00 1.13 1.O3 1.43 
1.18 1.26 1.29 1.31 
2.25 2.50 2.76 2.78 
1.25 1.36 1.40" 1.40 
2.62 2.91 3.11 3.13 
1,38 1.53 1.56 1.58 
1.91 2.15 2.42 2 . 4 7  
1.87 2.08 2.26 2.25 
1.10 1.34 1.63 1.61 
5.86 6.II 7.07 7.64 

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

100.00 100.00 100.00 I00.00 

13.04 14.17 14.67 15.18 
28.74 49.52 50.14 29.54 
31.58 29.05 28.15 ~ 25.21 
2 6 . 6 4  7 . 2 6  7 . 0 4  3 0 . 0 6  

- B251 - 



FILE: 1257001A TSS4Q1 
/. -,, 

CS÷-END PT 72.43 86.96 
ISO/NORMAL MOLE RATIO 

C4 0.0235 0. 0274 
05 0.  0680. O. 0668 
C6 0.  3230 0. 3728 
C4= 0 .0607  0. 0555 

PARA~F IN/OLE~'ZN RATIO 
03 0. 6581 0. 5021 
C4 0.  5497 0. 4600 
C5 0.  8143 0. 7013 

SCHULZ-I~LORY DI STRBTN 
ALPHA (EXP(SLOPE)) 0.8192 0.8927 
RATIO CH4/(I-A) "'2 3.7137 4.1138 

ALPHA ERM CORRELATION 0 o 8405 0. 8379 
ALPHA (EXPTL/CORR) 0.9746 1.0654 

W~CH4 FRM CORRELATION 13.3531 14. 1919 
~ C H 4  (EXPTL/C0RR) 0 .9086  0.3338 
L'rQ RC COLLECTION 

PHYS. APPEARANCE CLD OIL OIL WAX 
DENSITY 
N, REERACTIVE INDEX 
SINULTI D DISTILATN 

I0 WT y. @ DEG F 303 342 
16 3~ 382 
50 488 600 
84 647 863 
90 69O 933 

RANGE( 16-84 ~) 303 481 

WT Yo @ 420 F 33 .00  
w¢ y. @ 7oo F 91 .5o  

Table B20 (continued) 

A1 

85.83 

0 o 0 2 2 3  
0 . 0 7 3 9  
0 . 2 7 6 9  
O.0563 

0.4828 
~.4505 
0.6893 

0 .7605  
0 .8736 

OIL WAX 

85.33 

0.0234 
0.0723 
0 . 2 7 7 5  
0.0584 

0.4463 
0 . 4 3 4 9  

0 .6263 

0 . 7 7 4 9  
1.0024 

OIL WAX 

84.82 

0.0196 
0.0647 
0.2732 
0.0545 

0.4509 
0.4318 
0. 6219 

0. 8769 
3.3856 

( ] .8376 
1.0470 

14.5097 
0.3534 

OIL WAX 

345 
3 9 8  
644 
955 

1033 

557 

22.20 50 .00  50 .00  20 .20  
64.40 90 .00  90 .00  56 .60  

- B 2 5 2  - 



~ILE: 1257001B TSS4QI 
• : .,. u. , .~a': '"e B21 

A1 ". 

RUN NO. 
CATALYST 
FEED H2=CO 

RUN & SAMPLE NO. 

RESULT O~ SYNGAS OPERATION 

12570-01 
CO/XII-O~03 80 CC 32.0 G AFTER USE:48.7 G (+16.7 G) 

OF 50:50 @400 CC/HN OR 300 GHSV ( CAT#12524-7 ) 

12570-01-66 570-01-07 570-01-08 570-0i-09 570-01-I0 

FEED H2:CO=AR 50:50:0 50:50:0 50:50:0 
HRS ON STREAM 140.0 165.0 187.0 
PRESSURE,PSIG 300 300 300 
TEMP. C 243 243 243 

FE.V...0CC,'MZN 4o6' 400 400 
HOURS FEEDING '22~50 25.00 22.00 
EFFLNT GAS LITER 2 9 9 . 0 0  333.00 293.00 
GM AQUEOUS LAYER 38.17 46.85 40.91 
GM OIL 25.55 31,75 31.21 
MATERIAL BALANCE 

GMATOM CARBON ~ 90.18 9 2 . 3 1  9 4 . 7 7  
GM ATOMHYDROGEN ~ 87.49 91.32 94.17 
GM ATOM OXYGEN ~ 88.~7. 90.79 90.49 

RATIO CHX/(H20+C02) 1.0764 1.0626 1.1759 
RATIO X IN CHX 1.2238 2.2181 2.2198 
USAGE H2/CO PRODT 1.8959 1.9185 1.8332 
FE~H2/CO FRM EFFLNT 0.9702 0.9893 0.9937 
RESIDUAL H2/CO RATIO 0.6093 0.6045 0.6077 
RATIO C02/(H20+C02) 0.0539 0.0479 0.0528 
K SHIFT IN EFFLNT 0.0347 0.0304 0 , 0 3 3 9  
SPECIFIC ACTIVITY SA 2.4388 2.6022 2.8169 
CONVERSION 

ON CO ~ 28.05 29.28 31.50 
ON H2 ~ 54.82 56.79 58.11 
ON C0+H2 ~ 41.23 42.96 4~.76 

PRDT SELECTIVITY, WT 
CH4 5.54 5.14 5.ii 
C2 HC'S 1.35 1.26 1.49 
C3H8 1.41 1.34 1.32 
C3H6= 3.21 3.02 2.85 
C4HI0 1.51 1.46 1.41 
C4H8= 3.57 3.38 3.12 
C5H12" 1.71 1.61 1.56 
CSHI0= 2.80 2.53 2.47 
C6H14 2.38 2.02 2.17 
C6H12 = & CYCLOIS 1.75 1.23 1.55 
C7+ IN GAS 7 . 7 9  7 . 2 2  6 . 3 7  
LI~ HO'S 6 6 . 9 8  6 9 . 7 9  70.58 

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

cl -04 16.60 15.59 15.30 
C5 -420 F 4 9 . 9 1  49.51 49.41 
420 -700  F 2 6 . 7 9  2 7 . 9 2  2 8 . 2 3  
700-END PT 6 . 7 0  6 . 9 8  7 . 0 6  

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
2 1 1 . 0  2 3 5 . 0  - 

300.  300 
243 262 

! 

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

320 .00  2 7 0 . 0 0  
4 5 . 9 1  5 1 . 7 8  
2 7 . 9 7  3 2 . 9 7 .  

91.i0 92.96 
90 .41  9 1 . 4 2  
9 1 . 3 1  9 1 . 4 8  

0 .9 9 1 3  1 . 0 4 6 6  
2 .2264  2 . 3 3 8 8  
1 .9749  1 . 6 5 9 7  
0 .9925  0 . 9 8 3 4  
0 .6036  0 . 4 9 0 6  
0.0490 0.1830 
0.0311 0.1099 
2.4462 1.9462 

28.36 42.15 
56 .43  71.14 
42.34 56.52 

5.88 IO. 92 
1.60 2.18 
1.50 2151 
3 . 2 4  2 . 3 4 '  
0.15 2 . 2 7  
3 .63  3 . 4 2  
1 .79  2 . 5 9  
2.80 2.24 
2 . 4 9  3 . 9 1  
1.86 1.57 
7 .79  8.00 

6 7 . 2 6  58.05 

I00.00 i00.00 

16.01 23.64 
3 1 . 6 7  3 6 . 4 2  
25 .62  2 4 . 5 0  
2 6 . 7 0  15.44 ° 
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Table 

FILE" 1257001B TSS4Q1 " A1 

CS+-END PT 83.40 
ISO/NORMAL MOLE RATIO 

C4 0. 0000 
C5 0. 0786 
C6 0 . 2 7 2 9  
C4= 0. 0557 

PARAXFIN/OLEFIN RATIO 
C3 " 0.4209 
C4 ~" O. 4 0 9 3  
C5 0.5942 

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP (SLOPE)) 0.7587 
RATIO CH4/(I-A) *'2 0.9518 

ALPHA ;RM CORRELATION 
ALPHA (EKPTL/CORR) 

~,~¢s4 F ~  CO~.E~TZON 
~CH4 (EXPTL/CORR) 
LIQ HC COLLECTION 

PHYS. APPEARANCE OIL WAX 
DENS ITY 
N, ,REFRACTIVE INDEX 
SIMULT' D DISTILATN 

10 WT y. @ DEG E 
16 
50 
84 
S0 

RANGE (16-84 %) 

X @ 4 2 0  F 5 o . o o  
~T ~. ~ 700  F 9 0 . 0 0  

. B 2 1  ( c o n t i n u e d )  

84.41 84.70 8 3 . 9 9  

0 . 0 1 9 3  0 . 0 2 2 7  0 . 0 0 0 0  
0 .0763  0 . 0 6 6 5  0 . 0 5 9 8  
0 . 2 8 2 9  0 . 2 8 1 8  0 .2643  
0 . 0 5 6 4  0.0535 "0.0543 

0.4240 0.4437 0.4427 
0.4165 0.4364 0.0400 
0.6167 0.6141 0.6236 

0 . 7 1 6 4  0 .7586  0 . 8 7 2 1  
0 . 6 3 8 5  0 .8765  3 . 5 9 5 0  

0.8364 
1.0428 

14.8856 
0.3950 

OIL WAX OIL WAX OIL WAX 

342 
382 
620 
940 

1026 

558 

7 6 . 3 6  

0 . 0 1 7 6  
0 .0949  
0 . 4 8 0 8  
0 . 0 9 1 5  

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

0.8557 
5.2453 

0.8454 
1.0122 

16.1995 
0 . 6 7 4 0  

0IL WAX 

300 
341 
540 
801 
883 

460 

5 0 . 0 0  5 0 . 0 0  2 2 . 2 0  3 1 . 2 0  
9 0 . 0 0  9 0 . 0 0  6 0 . 3 0  7 3 . 4 0  
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FILE: 12570010 TSS4Q1 

| 

Table B22 

hl . . : 

RUN NO. 
CATALYST 
FEED 

RUN & SAMPLE NO: 

FEED H2:CO:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  
HRS ON STREAM 3 3 8 . 8  3 5 7 . 0  
PRESSURE,PSIG 300 300 
TEMP. C 262 261 

FEED CC/MIN 400 400 
HOURS FEEDING 103.00 19.00 
EEFLNT GAS LITER 1163.90 217.00 
GM AQUEOUS LAYER 219.68 43.27 
~ o x L  144.86 22.9~ 

GM ATOM CARBON ~ 9 1 . 2 6  :. 89.17 
GM ATOM HYDROGEN ~ 89.29 89.52 
GM ATOM OXYGEN ~ 89.90 91.17 

RATIO CHX/(H20+C02) 1.0454 0.9358 
RATIO X IN CHX 2.3199 2.3253 
USAGE HI/CO PRODT 1.7536 1.8636 
FEED H2/CO FRM E~FLNT 0.9784 1.0039' 
RESIDUAL H2/CO RATIO 0.4881 0.5014 
RATIO C02/(H20÷C02) 0.1378 0.1202 
K SHIFT IN EFELNT 0.0780 0.0685 
SPECIFIC ACTIVITY SA 1.7390 1 . 6 6 4 6  

RESULT OF SYNGAS OPERATION 
? 

12570-01' 
CO/XII-UI03. 80 CC 32.0]G.A~TER USE:48.7 G (+16.7 G) 
H2:CO OF 50:50@400 CC/MN OR 300 GHSV ( 0AT#12524-7 ) 

12570-01"11 570-01-12 570-01-13 570-01114 " 

CONVERSION 
ON CO ~ 38.74 36.89 
ON H2 ~ 69.~4 68.48 
ON CO+H2 ~ 53.92 52.72 

PRDT SELECTIVZTY, WT 
CH4 10.06 10.39 
C2 HC'S 1.95 2.13 
C3H8 2.16 2.29 

. C3H6= 2.49 2.78 
C4HI0 1.95 2.12 
C4H8= ' 3.25 3.59 
C5H12 2.01 2 . 4 2  
CSHI0= 2.11, 2.44 
C6H14 3.18 3.74 
C6H12= & CTCLO'S 1.32 1.63 
C7+ IN GAS 6.07 8.02 
LIQ HC'S 63.45 58.43 

50:50:0 50:50:0 
381.5 405.5 

300 300 
251 •:261 

400 400 
24.50 24.00 

2 8 6 . 5 0  280 .80  
54.54 54.10 
34.25 31.12 

94.37 91.93 
9 4 . 4 9  91 .73  
9 1 . 5 0  9 2 , 1 4  

1.0938 0.9929 
2 . 2 9 5 7  2 . 3 2 0 4  
1 .7596  1 :8356  
1.0013 0 .9978  
0 . 5 1 0 8  0 ,5033  
0 , 1 1 9 9  " 0 . 1 1 6 2  
0 .0696  0 .0661  
1 .7703  1 .6528  

39.28 3 7 . 1 2  
69 .02  68 .29  
54 .16  5 2 . 6 9  

8 . 7 6  10 .05  
1 .71  1 .91  
2 .32  2 . 2 1  
2 .75  2.68 
2.18 , 2.12 
3.71 3.52 
2.52 2.44 
2.55 2.49 
3.89 3.78 
1.71 1.65" 
8.74 7.25 

59.17 59.90 

100 .00  100 .00  

21.42 22.48 
4 8 . 9 9  36 .36  
2 3 . 5 7  2 4 . 2 0  

5 . 9 2  16 .95  

TOTAL I00.00 100.00 
SUB-GROUPING 

C1 -C4 21.86 23.31 
C5 -420 ~ 32.89 47.48 
4 2 0 - 7 0 0  F 2 6 . 3 3  2 3 . 3 7  
700-END PT 18.91 5.84 

• - B 2 5 5  - 
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Table B22 (continued) 

FILE: 1257001C TSS4QI A1 

C5+-END PT 78.14 76.69 78.58 77.52 
ISO/NORMAL MOLE RATIO 

C4 0.0155 0.0192 0.O177 0.O217 
c5 0.0000 0.0857 0.0804 0.0820 
C6 0.4909 0.4511 0.4533 0.4555 
C4= 0.0791 0.0802 0.0789 0.O812 

PARAEFZN/0LEFIN RATIO 
C3 0.8288 0.7865 0.8045, 0.7876 
C4 0 .5790  0 .5689 0 .5663 0 .5807  
C5 0 .9267  0 .9658  0 .9841  0 .9521  

SCHULZ-FLORY DISTRBTN 
ALPHA (EXP(SLOPE)) 0.8643 0.7952 0.8064 0.8530 
RATIO CH4/(I-A)**2 5 .4649  2 .4771  2 .3365 4 .8554  

ALPHA ER~!CORRELATION 0.8456 0.8442 
ALPHA (EY~2L/C0RR) 1.0221 1.0105 

~CH4 FRMCORRELATION 16.1244 16.3597 
~P~CH4 (E~BTL/CORR) 0.6242 0.6145 
LIQ HC COLLECTZOE 

PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX 
DENSITY 
N, REFRACTIVE INDEX 
SIMULT'D DISTILATN 

I0 WT ~ @ DEG r 315 299 
16 347 341 
50 545 540 
84 832 824 
90 904 906 

RANGE{16-84 ~) 485 483 

WT ~ @ 420 F 28.70 50.00 50.00 31.30 
WT ~ @ 700 ~ 70.20 90.00 90.00 71.70 
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X I .  Summary ~'. 

The work reported during this Quarter was ~irected to explor- 

ing and refining the promising developments obtained in the 

Fourth Quarter, and focused primarily on the newly developed pro- 

moter, Xil , which was used in Catalyst 32. 

In two of the ten runs, the performance of the new Molecular 

Sieves TC-II4 and TC-115'was investigated. Neither produced any 

improvement over the performance of TC-103. 

Other runs tested the effects of raising the concentra.tions of 

cobalt and X11 and varying the pretreatment of the catalyst. At 

higher cobalt levels the methane production was reduced but sta- 

bility was impaired. Higher levels of XII produced no apparent 

improvements at 24OC, and had a deleterious effect at 260C. With 

different methods of pretreatlng the catalyst there were some 

improvements in performance,.substantial enough to warrant fur- 

ther investigation. 

A new promoter, XI2 , tested in combination with XII , improved 

the catalyst's activity, had no effect on selectivity, and showed 

excellent stability at 240C but poor stability at 260C. 

Finally, an exact duplicate of the promising Catalyst 32 (Run 

12200-19, Fourth Quarterly R~port) was run in an attempt to rep~ .. 

licate the earlier resu~s. Aside from a slightly inferior per- 
p 

formance at 260C, the replicaclon was successful. 
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APPENDIX C. ANALYSIS OF FISCHER-TROPSCH HYDROCARBONS 

BY DUALCAPILLARY GAS CHROMATOGRAPHY 
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Abstract 

Analysis of sample 11677-11-13 by dual column gas chromatography, for 
classes of Fischer-Tropsch reaction products gave the following weight 
percents (DB-I column): 48.3% n-alkanes, 11.5% branched alIphatics, 1.9% 
l-alkenes, 4.2% mixed 2-alkenes, 9.7% mixed oleflns and 12.5% unidentified 
compounds. 11.9 weight percent of the sample was unaccounted for. Aromatic 
compounds, naphthalenes, and alcohols were not detected in the sample. 

Introduction 

A dual capillary gas chromatographic method for the characterization of 
Fischer-Tropsch reaction products, developed by the Pittsburgh Energy 
Technology Center (PETC) 1 has been successfully mobilized by the Union 
Carbide corporation, (UCC) Tarrytown, N.Y., Central Scientific Laboratories. 

This report will present the quantitative results obtained, by the dual 
column method, for a Fischer-Tropsch sample (11677-11-13) provided by the 
Molecular Sieve Department at Union Carbide corporation, Tarrytown, N.Y. 

Experimental 

Instrument 

Columns 

Carrier 

Perkin-Elmer 900 gas chromatograpil 

J+W DB-I and DB-5 60m x 0.32 mm ID 

H 2 @ 12 PSI ~ = 22 cm sec -I @ 100°C 

Injection Split 2O0:l 3.0~I injection volume 

Temperature Program 0°C hold for 3 minutes then 2" min -I to 
340°C 

Data Acquisition Hewlett-Packard 3354 Laboratory Automation 
System 

Results 

Peak areas obtained for the n-alkanes present in both the neat sample and 
standard addition sample are tabulated in Table la and ibfor the DB-I and DB-5 
columns respectfully. The data presented shows very good agreement between 
the amount of sample each individual column receives from run "to run (mean 
n-alkane ratio ca 6.2% difference). 
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Four s tandard add i t i ons 'were  used to  generate the peak area to%weight;~,. 
percent c o r r e c t i o n  f ac to rs ,  and. these are, tabu la ted  in  Table 2a, 2by~ 2c. "6W%., 
should note the presence"of 2-methyl heptane 'in .the neat sample which is 
subsequently subtracted fromthe standard"addltion area of that component in ~" 
the calculation of the correction factor. "The other standards employed were 
not present in the neat sample. ~n selecting the standard additions, a range 
of structural features and a fairly even RI ~istributlon were sought in order 
to "average" the correction f@ctors even though a wide carbon number 
dlsti'Ibutlon and compound type was present in the sample. 

As cis and trans 2-alkenes wereof major interest, the PETC method 
provided for a individual analysis of this class of compound. The data 
obtained for the cis and trans 2-alk~nes are tabulated in Table 3. 
Rdditionally, a graphical distribution of the 2-alkenes, found in this 
analysis, is presented. " 

The o v e r a l l  d i s t r i b u t i o n  of  the va r i ous  c lasses of  compounds i s  tabulated 
in  Tables 4a and 4b. S l i g h t  d i f f e r e n c e s  are to be expected due to the 
d i f f e r e n t  r e s o l v i n g  capac i ty  o f  DB-1 and DB-5 columns. A g r a p h i c a l  d i s t r i b u -  
t i o n  o f  c lasses  i d e n t i f i e d  i n  sample 11677-11-13 i s  shown i n  F igure  1. 

Conclusion 

The PETC method for analysis of Flscher-Tropsch reaction products has been 
used for the analysis of sample i1677-II-13. Good agreement was obtained with 
the independent analysis oE sample 11677-11-13 by the PETC group. 

Future m o d i f i c a t i o n s  and add i t i ons  to  the method, planned by UCC Molecular  
Sieves and Gas Chromatography departments, w i l l  t a i l o r  the method to our 
s p e c i f i c  needs. -- 

Work Done By:  I .  a .  Ladd,  T.  M. S c h e a r  

Approved By: K . S .  Buxton  

L i t e r a t u r e  C i t e d  

. Hacket t ,  J . P . ,  Gibbon, G.A., Feldman, J . A . ,  J.  Chrom. S c i . ,  2_~3:285 (1985) 

i' 
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2~ 111410. ?J ig4?.  I , I I I P  
24 14lli$. I15111. I.II14 
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RVIRflG[ RRTIO l.14~41~ 

TOTAL ~ I | N  ? .SPs~IE*I?  1 . 3 1 | l | | * 1 7  , l l | I P l  

2~lb].e 111 | 

I 

,'tOllllql. PARIIFFIH ~IIIA RFITIO ~Ol I r lO l t  NEIqT 3 RNII Plll'liT nDIl 3 OV-i7 

¢H S.qm~L[ Am|A S.f l ,  nl l |R S&~LE/S.A. flRTI0 

5 l i f 3 4 4 ,  2 |S49 [ ,  , T l S l g [  
44?221. 3~5623. L,|3e43 

? | . 2 s 2 e l s - I I  ; . l i 8 2 8 1 * l i  1,18551 
I } , 4 ? l i ? [ * l l  3. | ~ | 4 3 ( * 1 i  | . l l O l i  
9 4 .31J51 [ *1 i  3, g92i31-11~ 1.1l?£S 
I I  4. I 3 4 I ~ I + I i  3 . ? : 3 1 = [ * H  l , I | l l t  
l |  4 . 1 S | + 2 I + I i  3 . I ~ I I T E + I I  I . I I I S  
Z2 3.75441EtlltG : . $ 1 7 3 i [ . + i  | , | l l l l  
13 3 .4 t111 l~1 t  3,11413I~1t; | ,11264 
14 3 , 2 Y i g I I * N  3 . 1 3 | I P I * 1 1  I , I I I l P  
15 3 , 1 3 [ t l l i G I ;  2 ,11 t ;451*N | ,1? i3+  
I I  2 , 1 1 1 1 3 1 - I I  2 , 3 1 4 2 4 1 + I I  1.13S15 
1? 2.3131~1-11 a, l l l l m l + l d l  I ,MJ l l a  
; I  { .151~11.1t  l . l l l ? l l . l i  | . I ~ P 4 1  
15 I , + + M I I ~ I I  | . L 3 1 3 1 1 * N  1.11414 
a I  Z , 4 Z l l l l * I I  1.35371~.11 1.12177 . 
~Z 1 ,215?? le l l  1 . 1 1 3 l i ( * 1 1  h l I 1 4 2  
22 |,114211*11 S?l?90. 1 ,12 i l 4  
;3  I ~ l l g 3 ,  I M I : ' 2 .  1,135Sl 
24 119111, i l l | l ~ ,  1.144MII 
25 + I ? I I I ,  4 P i l l ~ .  l . l g l ? 4  
21 3P~'114, 3S2?41, I , I ? | ; I  
g? 2 I l l S 2 ,  211;12:. 1.11349 
II IHIlI. 111lli. l.lll?l 
29 12~II~. Iiili75. 1.134~ 

~VlR~GI llil0 1.14237 

TOTAL AEER ? . IS? l IE+ I?  1 . 4 | I I ? E * I P  . S 2 H i ?  

Tab1, lb 

Table la Noz~Z a l~ne  []elk azta n t to4  (DE-1 c o l ~ ) .  

Tlble 1,b ltoz~l . l ~ n e  peak a~'~ ~ o s  CDB-5 eoluin). 

Nixi~ simple and addi1:ion. 

NR~ Immp1e Ind addition. 
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Addi't::ton 

: 24e1:hyl  hepmne 

1,3-d:tmeChy't -1-cyclohexene 

cyclododecane 

2 , 6 , 1 0 , 1 4 - t e ~ r a ~ ' c h y l -  
penl:adecane 

Xz(sE-3o). 
76$ • , ' .. 

SIS 

1 3 0 5  

1 7 1 2  

Rx.(OV-l ) 
. . .  7 6 2  $ . 5 7  

. . 8 2 0  3 , ' 0 5  

J 1316' 2.07 

i 7 o 8  3 1 3  
• : - .~ 

Table 2a Standard add~t:Lon8 added 1:o Ftseher-T~opeeh 
• mpZe for  due1 eol , . .n  ~ znalys~.s .  

- 

SE-38 :-. 

ADDZTION NEAT CP 
R! nRER 81 RmER 

?i3 3.594441011 ~E3 27131G, 9.17~?4EeQ? 
?G4 1373=2. 9.289ESE-07 

813 2.S928~E~|~ NONE NONE 1.13131E080 

1385 2.29838800G NOHE NONE 9.032S38-67 

1712 3.31936E*06 1711 43118.5 9.571108-07 

Table 2b Corz~c~on r a c o o n  f o r  
8mnclaz~ addi t ions  (DB-1 e o l -  
umn). 

0¥-17 

~DOtTZON 
E! RtER 

• 7E~ 4 . e u ~ e ~ g H  

NE~T" 
8Z 

7E2 
?G3 
?G4 

820 2.033118.e(  82! 

13ZG 2.42728E.8G NONE 

1788 3 * 4 1 E 8 5 8 . 0 6  NONE 

AEE~ CF 

16383~. 9~32389E-87 
11t835 .  9 : 1 8 9 6 8 8 0 8 7  
145041. 9-287338-07 

49438.4 | .893728-08 .  

NONE 8-=23,48-07  

NONE 9.188498-@? 

?able 2e CozTec~ion factors  f o r  
s t a n d a ~  addi t ions  (DB-3 c o l -  
umn). 
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nRMInUM M?~ OF 2*Ok l~ Im l  
i I TECT [~  IY |U+L C{LUnM ClWILLMY GC 

2-OLE~IH CI I  MT~ TRRN;* MT~ 

C-9,2-ENE NO" . l d  
{ ' t . 2 - 1 N E  . i l  ,25 
C-? ,2-1NE . t  . 4 |  
C ' t v 2 - i N l  .2~ ,32 
C-9~2- |NE ,23 ,55 .  
C - I I , 2 - I N i  . i t  ,4  
¢ - 1 1 , 2 - l H i  ,14 ,20 
C * | ~ o 2 - l H {  ,1~ . l l  
¢ - | 3 , 2 - K N (  HI *11 
C - l i , 2 - I H !  , I l l  .11  
¢ - i ~ . ~ - I [ N I  ,17  ,11  
¢ - l i ~ ' [ H [  HI NO 
C - I ? m i - I N [  HI ND 
C - I I ~ 2 - ( N (  Ml NO • 
¢ - 1 9 w 2 - l H I  NI HI 
¢ - 2 l w a ' l H I  Hi  Hi  
C - 2 1 , 2 - l N E  NI NO 
C - ~ 2 ~ - ~ N E  HI  HI 
C ' 2 3 m 2 - l N l  ND HD 
= ' 2 4 t 2 " l N E  Nil HI 
¢ - 2 1 , 2 - 1 N ¢  HI #D 
C - ~ . 2 - E N (  HD ND 
C ' l ? , 2 - l l 4 l  NO HI 
C '21m2" l lN [  Nm NO 
C ' 2 9 o 2 " E H l  NO NI  

TOT@H. 1,21 2 . 9 1  

"HIGHT 
PERCENT 

¢1 | 1 ¥ ,  • 1~) 
1 

. : . , l ' . ' l - I ' l - I ' l ' l ' . -  " .  . . . . . . . . . . . . . . .  
e s I L ] '  t i" I : t 1 2 2 2  2 2 2  • z ; l z  . 

S G ? I 9 I I 2 3 4 8 q; ? I 9 I ,IL ~ 3 4. 5 6 ?~ i 9 
CRtl|Otl N U N l i l  

~%m4T T n ~ s  l - I ~ l  

• PIRC|H? 
C1 OZV. • 1~.) 

l 

. i i  • | 
I I I I I I I 1 1 1  Z ~ 2 2  2 1 2  1 2 2 2  

5 5  7 1  9 1 1  1 3 4 9  $ ? 1  $ I  1 2  3 4 5  i ? 1 9  
IRRII~I ,4uIqll~ 

Table 8 

Wet~h~: pezcents  o f  cLs and ~-ans 2-.alkenes 
de~'ect-ed In sample 1).677-1.1.-13 by dual o o l -  
um ~ l  c h r o ~ o ~ - a p h y .  

i b 

+ 
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~ U n I I R  HIN=OM 

5 . 3  
l , O ?  

7 3 , 2  
8 5 , 1 3  

9 .  L 

I1  9 . l D  
12 8 . 0 9  
13 ? . 2 ~  
14 5 . 1 9  
~5 . 5 . 2 2  
15 ~ . 1 6  
I ?  3 . ~ 4  
11 3 . 2 4  
t 9  2 . ~  
~ |  2 . 2 4  
21 l . S g  
22 & . 4 F  
23 I. 23  
~4 . T &  
25 .S&  
26 . 3 9  
27 . 2 4  
2B . 2 1 ,  
29 . 1 2  
38 - - -  

) 3 0  - - -  

~OT~L 8 8 . 1 8  

Table , l a  

CflRUON YOTFil. ~rH 
H U H I i !  l i iHWOM 

S . 3 2  
I; I . @ 3  
? 3 . 1 5  
O 5 ,  9 3  
$ $ , 1 3 '  

t~l $ .  99  
11 9 . 2 5  
l a  7 . 7 5  
13 6 , ,4  
~,4 5 . 9 5  
~,5 5 . 3 3  
IG 4 . 2  d: 
17 3 . 5 9  
|l~ 3 . 2 3  
L9 2 . 8 3  
21 2 . 3 ?  
21 2 . 1 1  
22 1 . 5 3  
23 1 . 2 2  
24 . 9 t  

. 25 , 5 5  
2~ • 5 
27 . 3 ?  
20 • 2 2  
29 . 1 3  
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TOTRt. | 8 . 1 8  

~ b l e  4 b 

+ + N T X : O F  N ,  IPHN?ZC~NY) IOCI t I I |OH8  
..|ITECTI|.DY,~,ISk..COI.UIIN+CIII, I ~ 6 A S y , , : :  

NOSEnk 1 " I N l  
p m l l w + t m  

• ~a - - -  ' ,141 " 
. 4 1  I g  . 3 1  " ~ - -  

h i l  , i "  . 3 1  : . 3 2  
2 . 2 0  , l l  , ? l  . . ? 9  
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2 . 9 4  m . .  . 4 7  
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; . S 3  - - -  , 2  
1 . 3 5  - - -  . 1 1  
| . | 7  " ' "  , 1 4  

. g 7  - - -  , I t  

. ? &  ° .  . . . .  

. 3 5  . 5 S  - - -  

. 2 4  . . . . . .  
• 21 - - -  ~ .  

4 8 . 3 4  | , ~ 1  1 1 . 5 1  

+ . 

: - I N I  I I K H I |  01 ,1~ IN tC  U N I ) I N T ;  
Rk IPMI tYZC I Y I U C T U I E  | ~ | l l  ' .  

• 13  - - -  

1 . 3 7  . 8 g  
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,~  t . ? 2  
. 2 3  1 . 1 2  
, I S  . $ ?  

. . . . .  • ? t  

. . . . . .  . l !  

" ' "  . 1 1  . ~ 5  
" ' "  " "  . 4 9  
------ . . m  *4  
. . . . . .  • 33  
. . . . . .  • , 1 5  

4 , 2 4  9 .  G8 1 2 , 5  

OveraCT component disCrtbu~.-lon ~.n 11677-].].-13 
(Dn-z col:n). 

( O V a l ? )  

MT~ DV I~, IPHNTZC H Y | 8 O C R I ] I O H I  
M T I C T I D  BY :UR~ COLUIOI /C I IP I I . I .M I I '  GC 

NORRAL I - ! 1 4 [  
P~Rlt l lFZN RLZPNf lT |C  STRUCTURE | F | E D  

• 2G - - "  . | 5  . . . . . . . . .  
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.+ 
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