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TABLE 18 RESULT OF ~ OPERATION 

RUN NO. 
CATALYST 
FEED 

10112-17 
CO/TH/X2+UCC-IOI #I0252-61C BO CC 35.0 GM;(33.9 AFTER RUN -I.IG) 
H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN & -~4PLE NO. 

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

10112-17-01 112-17-02 112-17-03 112-17-04 112-17-05 

50:50:0 50:50:0 50:50:0 50:50~ 6 50:50:0 
20.0 27.5 43.5 50.5 140.5 
302 '290 294 293 293 
271 271 271 266 269 

FEED CC/MIN 400 400 400 400 400 
HOURS FEEDING 20.00 7 . 5 0  23.50 7.00 97.00 
EFFLNT GAS LITER 261.20 109.50 350.50 107.08 1584, I0 

AQUEOUS lAYER 40.00 14.28 44.75 10.30 142.77 
GM OIL :~ 9.47 3.64 11,42 1.86 25.78 

MATERIAL BAIANCE 
GM AT(hl CARBON % 90.82 99.96 99.83 96.97 100.27 
GM ~1%3M HYDROGEN % 91.79 98.17 99.72 93.08 98.79 
(~ ATOM OXYGEN % 94.96 101.91 102.16 96.97 101.03 
RATIO CHX/(H20+C~2) 0.8662 0.9367 0.9236 1,0000 0.9696 
RATIO X IN CHX 2.4780 2.5043 2.5262 2.5664 2.6211 
USAGE H2/CO PRODT 1.6369 1.6234 1.6475 1.6948 1.6613 
RATIO C02/(H20+CO2) 0.2070 0.2290 0.2198 0.2183 0.2385 
K SHIY/ IN EFFLIFr 0.15 0.18 O. 18 O. 18 O. 21 

OONVEgBION ~:': 
ON 03 % 36.58 "35.87 34.90 30.48 30.27 
ON H2 % 62.95 60.91 59.48 53.82 51.68 
ON CO+B2 % 49.83 48.28 47~18 41.91 40.90 

PRDT SEnECY!VlTY,WT % ~ 
CH4 20.07 21.21 22.28 23.83 25.78 

. . 4 . 9 6  5 . 5 2 -  5 . 7 2  7 . 3 0  C2 HC'S 4.62 ,. • 
C3~ 4.38 - 4.74 4.79 5.53 6.50 
C3H6= :~ 5.03 5.37 5.25 7.00 5.76 
CARLO "-~:- 3.31 3.43 3.35 3.94 3.76 
C4H8= 5.87 6.27 6.04 7.24 5.84 
C5~I12 3.57 3.51 3.19 3.34 3.05 
CSHIO= 4.71 4.95 4.67 5.61 4.49 
C6H14 4.13 3.92 3.45 3.35. 3.02 
C6R12= ~ CYCLO'S 3.30 3.47 3.32 3.50 2.95 
C7+ IN GAS 16.36 14.70 14.12 15.73 16.48 
LIQ HC'S 24.65 23.47 24.03 15.20 15.08 

TOTAL i00.00 I00.00 I00.00 I00.00 : I00.00 

- 1 8 8 -  



SUB-GROUPh-~G 
CI -C4 43.29 
C5 -420 F 43.65 
420-700 F ii.06 
700-DqD PT 1.00 
C5+-END PT 56.71 

• ISO/N0m,~L ~DLE RATIO 
C4 
C5 
c6 
c4= 

• PARAFFIN/OLEF~ RATIO 
~ .= C3 

C4 
C5 

LIQ HC CO .[2,F.CrI(~'~ 
PHYS. APPEARANCE 
DENSITY 
N, REFKACITVE LNDEX 
SI~/LT' D DIST]XATN 

i0 WT % @ DEG F 300 
16 : 323 
50 428 
84 569 
90 617 

0.2356 
0.5599 
0.8712 
0.0000 

O. 8311 
O.5454 
O. 7368 

CLDY BL 01L 
0.760 
i .4290 

RANGE(16-84 %),, 246 
t 

WT % @ 420 F 47.00 i: 
WT % @ 700 F 95.95 

45.99 
40,~ 
12.64 
0.97 
54.01 

0.2166 
0.4770 
0.7211 

• 0.0000 

0.8413 
0.5280 
0.6885 

42.00 
95.86 

47.23 
38.84 
12.94 
0.99 

52.77 

Q.1852 
0".'3814 
0.5716 
0.0000 

0.8717 
0.5350 
0.6651 

CLDY BL OIL 
0.765 
1.4308 

309 
335 
445 
591 
634 

256 

42.00 
95.86 

s3.25 
36.71 
8.92 
I.ii 

46.74 

o o85 
0.3018 
0 . 5 0 0 7  
0,0000 

0.7541 
0.5252 
0.5790 

34.00 
92.67 

54.94 
35.11 

8.85 
I . I I  

45.06 

0.1320 
0.2249 
0.3571 
0.0000 

1.0763 
0.6212: 
0.6607 

CLR G"R OIL 
0.768 
1.4329 

329 
360 
466 
627 
674 

267 

34.00 
92.67 
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Ix~ RUN 8 (I0112-18) ~ith catalyst 8 (Co/X3+ uccil01) 

This catalyst, the third of five treated with a metal addi- 

tive, was prepared by a'diffe~ent technique than Catalyst 7. The 

metal component.-was prepared by impre:gnating a precipitate of ~:= 

cobalt oxide.XH20 with a salt of the ~ditive to give 4 percent 

additive on the cobalt. This was phys'ically mixed with UCC!IOI 

in a MC:SSC ratio of 3:14, bonded with 15 percent Si02, and 
n 

formed as an extrudate. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. 126-129. Simulated distillations of the C5 + pro- 

duct for two samples are plotted in Figs. 130-131. Carbon number 

product distributions are plotted in Figs. 132-138. Chromato- 

grams from simulated d.istillations are reproduced in Figs. 139- 

145. Detailed material balances appear in Tables 19-20. 

The conversion was only 75 percent of that of Catalyst 3, 

even thou,qh this catalyst, lackin 8 any thorium, contained more 

cobalt. Cobalt catalysts normally have low water gas shift ac- 
i 

tivity at best~ with this catalyst it was-'lower still, only 7 

percent of the oxygen having been rejected as C02. The usage 

ratio, 2:1, is an inefficient use of a i:I syngas. The additive, 

although present in such small quantity, seems to have inhibited 

the activity of the cobalt, and to a degree which cannot be ac- 

- 1 9 0  - 



counted for by the absence oK~thorium. 

The product selectivity remained constant throughoht the run. 

The m e t h a n e  y i e l d ,  i n i t i a & l y  h i g h e r  t h a n " u s u a l ,  d e c l i n e d  wi£h 

hours on stream to a fairly typical level at the end of the run. 

The p r o d u c t s  were  p r e d o m i n a n t l y  i n  t h e  l i g h t e r  end o f  t h e  r a n g e ,  

w i t h  more C5+ t h a n  u s u a l  i n  t h e  gas  p h a s e ,  f e w e r  l i q u i d s ,  e s p e - :  

cially diesel oil and-wax, and a lower yield of total motor 

f u e l s .  P e r c e n t  o l e f i n s  o f  t h e  C 4 ' s  was n o r m a l .  I s o m e r i z a t i o n  o f  

the pentanes was below normal. The chromatograms of the simulat- 

ed distillations show that the liquid was mostly straighi chain 

h y d r o c a r b o n s .  The S c h u l z - F l o # y  p l o t s  show t h e  u s u a l  e x c e s s  m e t h -  

- ane, and no carbon number cut-off, i~ 

This catalyst shows no advantage over the usual Co/Th cata- 

lysts. 

- 191 - 
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TABLE 19 RESULT OF ~ OPERATION ; 

RUN NO. i0112-18 
CATALYST CO/X3+UCC-101 #i0252-75C 80 CC 36.0 GM (37.8 AFTER RUN +I.SG) 
FEED H2:CO:ARGON OF 50:50:0 @ 400-CC/MN OR 300 GHSV 

RUN & SAMPLE NO. I0112-18-02 I12-18-03 i12-18-04 112-18-05 112-18-08 

FEED H2:CO:AR 50:50:0 50:50:0 
ERS ON STREAM 54.5 71.0 
PRKSSZIRE,PSIG 301 294 
Y£MP. C ~. 272 271 

FEED CC/MIN 4OO 4OO 
HOURS FEEDLRG 30.50 16.50 
EFFhNT GAS LITEI~ 442.50 246.50 
GM A(~IF/3US LA_VE~ 64.28 33.37 
GM OIL 18.33 9.02 

MA_TERIAL BALA]~CE 
GM ATOM CAm  101.97 100.79 

BYD '  Z 97.54 97.61 
ATOM O GEN i01.58 101.14 

RATIO CHX/(H2.Ch'-C02) 1.0138 0.9871 
BA."XO X IN CHX 2.4964 2.5066 
USAGE H2/CO PRDDT 2.0219 2.0387 
RATIO O32/(I]20+O32) 0.0760" 0.0696 
K SHIFf IN EFFLNT 0.04 0.04 

~ I O N  
ON CO % 30.06 28.28 
ON H2 % 63.13 59.91 
ON CO+H2 % 46.23 43.84 

PRDT SEiECYIVITY,WT % 
21.80 22.67 

C2 HC'S 3.75 3.47 
C3H8 3.79 3.67 
C3H6= 3.08 3.28 
CAKt0 2.99 2.87 
C4EB= 4.19 4.26 
C5H12 3.33 3.14 
C5H10= 3.97 4.04 
C6EI4 3.93 3.65 
C6B12= & CYCiO'S 3.10 3.14 
C7+ IN GAS 16.70 17.21 
LIQ HC'S 29.38 28.60 

50:50:0 50:50:0 50:50:0 
78.5 95.0 118.9 
302 290 289 
271 271 272 

4OO 4OO 400 
7.50 24.00 23.92 

Iii.40 365.15 368. II 
14.76 47.23 46.94 
3.65 11.69 10.15 

99.83 99.74 99.00 
95.38 97.55 96.86 
i00.46 100.87 I01.57 
0. 9760 0. 9572 0. 9024 
2.5209 2.5331 2.5774 
2.0411 2.0492 2.0561 
0.0702 0.0679 0.0678 

0.04 0.04 0.04 

27.59 27.05 25.75 
59.61 57.85 56.84 
43.23 42.28 41.13 

23.20 24.05 26.17 
3.64 3.68 4.17 
3.76 3.62 3.58 
3.28 3.27 3.22 
2.96 2.81 2..76 
4.49 4.33 4.27 
3.24 3.09 3.02 
4.14 4.12 3.99 
3.83 3.68 3.59 
3.44 3.44 3.43 
17.64 17.03 16.99 
26.38 26.89 24.81 

TOTAL 100.00 I00.00 I00.00 I00.00 I00.00 
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SUB-GROUPh-NG 
Cl -CA. 
C5 ~420 F 
420-700 F 
700-END PT 
CS+-END FT 

ISO/NOte~L MOLE~ ~RA~O 
0.4 
C5 ;, 
C6 
CA= 

P zN/   AnO 
C3 

::,C_~ 
' C5 

LIQ HC O 0 ~ C N  
PHYS. APPEARANCE 
DF/~SITY 
N, ~ V E  INDEX 
SIMULT' D DISTILATN 

I0 WT'% @DEGF 
16 
5O 
84 
9O 

42G-F.. 
W'f. % @ 700 F 

'T 

s .  

=39.59 40.23 41.33 
44.18 44.16 44.10 
14.34 13.85 12.88 
1.90 1.77 1.69 

60.41 59.77 58.67 

0.1347 0.1246 0.1190 
0.2460 0.2134 0.2082 
0.3662: 0.3108 0.3127 
0.0000 0.0000 0.0000 

¢ . 

41.76 
43.:39 
13.13 
5.73 
58.24 

0.i075. 
0,197i 
0.2856 
0.0000 

44.17 
42.09 
12.19'" 
1.56 

55.83 

0.1034 
0.1836 
0~:2732 
0.0000 

1.1761 1.0664 ' 1.0941 1.0573 1.0616 
0.6889 0.6509 0.6358 0.6267 0.6244 
0.8144 0.7569 0.7612 0.7272 0.7353 

CLDY L BL CLDY L BL 
0.759 0.761 
1.4279 1.4276 

301 302 
328 <i 328 
445 443 
618 604 
665 ~ 657 

290 ~!" 276 

44.75 45.40 
93.55 93.82 

¢ 

CLDY L BL CIR LT BL 
0.762 0.762 
1.4279 1.4280 

302 303 
330 331 
445 445 
612 608 
661 659 

,282 277 

44.75 44.60 
93.58 93.73 
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TABLE 20 ~ T  OF S ~  OPERATION 

RUN :N0. ].0112-18 
CATALYST CO/X3+UCC-101 #10252-75C 80 CC 36.0 CM (37.8 AFTER RUN +l.SG) 
FEED H2:CO:ARGON OF 50:50:..0 @ 400 CC/MN OR 300 GHSV 

"' r 

RUN & ~ NO. i0112-18-09 I12-18-I0 I12-18-ii 112-18-12 112"-i8-14 

FEED H2:CO:AR 50:50:0 50:50:<0 50:50:0 50:50:0 50:50:0 
HRS'ONSTP~224 124.5 144.3 151.3 167.0 191.0 
PKESSURE,PSIG 299 288 289 289 294 
TE~4P. C 271 271 271 271 271 

FEED CC/MIN 400 400 400 400" 400 
HOURSFEEDING 5.58 25.33 7.00 22.75 24.00 
EFFINTGASLITER 86.53 396.47 110.19 361.67 374.70 
GMAQUEOUSIAMER 10.47 47.52 12.63 41.06 48.19 
GMOIL Z.38 10.79 2.83 9.21 10.68 

MATERIAL BALANCE 
GM ATOM CARBON % 
GM ATOM }~YDREGEN % 
6M ATOM 0XYGFN % 

CBXI ( 0+C02) 
RATIO X IN CdX 
USAGE H2/CO PRODT 
RAmZo Co21 (H20+COZ) 
K SHIFt IN EFFLNT 

100.14 100.32 100.07 101.30 100.06 
96.37 96.60 96.09 97.28 98.28 

101.33 101.97 101.23 I01.91 102.97 
0. 9533 O. 9347 0. 9527 0. 9754 0. 8913 
2. 5593 2. 5738 2.57 II 2. 5635 2. 5309 
2. 0551 2. 0605 2. 0630 2. 0647 2. 0473 
0.0696 0.0685 0.0687 0.0688 0.0630 

0.04 0.04 0.04 0.04 0.04 

CONVERSION 
ON CO % 25.85 . 25.30 
ON H2 % 56.46 55.9O 
ON CCH-H2 % 40.86 40.31 

PRDT SELECTMTY,WT % 
CH4 25.43 26.18 
C2 HC'S 3.86 4.01 
C3H8 3.51 3.47 
C 3 H 6 =  3.23 . 3.26 
CAHIO 2.72 2.70 
C4H8= 4.27 4.23 
C5H12 2.98 2.95 
CSHIO= 3, 97 4.00 
C6H14 3.57 3.56 
C6H12= & CYCLO'S 3.38 3.47 
C7+ IN GAS 18.58 17.19 
LIQ HC'S 24.51 24.98 

TOTAL I00.00 I00.00 

24.97 25.25 25.49 
54.89 54.92 56~16 
39.62 39.78 40.68 

26.05 25.41 24.17 
4. Ol 3.89 3.90 
3.42 3.46 3.25 
3.21 3.42 3.13 
2.68 2.64 2.49 
4.22 4.37 4.06 
2.94 3.00 2.84 
4.02 4.54 ~:" 3.89 

• 3.54 5.03 3.34 
3.44 1.47 3.39 
18.38 ~,> ~= 19.27 19.56 
24.09~" 23.51 25.98 

i00.00 100.00 i00.00 
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SUB-GROUPh-~ 
Cl -04 43,01 43.85 
C5 -420 F 43.23 42,13 
420-700 F :~ 11.89 12.12 
700-END PT I. 87 1.90 
C5+-END PT 56.99 56.15 

ISO/NOR~L MOLERATIO 
: C4 ' 0.0966 0.1067 

C5 0.1848 0.1732 
" ~" ° ~-,C6 0.2723 0.2535 

" o . o o o o  . o . o o o o  

C3 . . . .  1.0162 
04 , 0.6163 : 

~, C5 ~" ' 0.7166 
LIQ HC CO~ON 

PHYS. APPEARANCE CLDY L BL 
DENSITY O. 762 ~"  

N, REFRAClI3~ h-NDEE :, 1.4285 
SI~[ULT' D DISTILATN .~ 

I0 WT % @ DES F 300 
16 ~- 332 
50 443 
8# :: 624 
90 , ,c 673 

IRANGE(16-84 %) 292 

wr 7o 420 m 43.86 43.86 
WT % @ 700 F 92.38 9.2.38 

1.0369 
0.6154 
0.7286 

43.59 43,17 41.00 
42.44 43. i9 43.80 
11.87 11.59 13.22 
2.10 2.05 1.97 

• 56.41 56.83 :: 59.00 

0.1005 

0.1735 
0.2491 
0.0000 

0.0936 0.0869 
0.1569 0.1493 
1.2749 ;' 0.2350 
0.0000 0,0000 

1.0187 0.9653 0.9939 
0.6133 0.5832 0.5915 
0.7109 0.6421 0.7098 

CLDY L BL CII)Y L BL 
0.763 . 0.762 
1.4290 ,: 1.4286 

304 304 
34O 34O 
452 ,453 
634 629 • 
688 676 

• 294 289. 

42.00 42.00 , 41.-50 
~--~:91.27 91.27 92.40 
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X. RUN 9 (10225-8)-'with Catalyst 9 (Co/Th/X4 + UCC-IO~) 

This is the fourth of five catalysts treated with a metal 

ad.ditive. The metal component was composed of cobalE with 15 

percent thorium, impregnated with 15 percent of a metal additive. 

, This was physically mixed with UCC-IOI in a MC:SSC ratio of 3.:14, 

bonded with 15 percent SiO2, and formed as an extrudate. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs.~i46-149. Simulated distillations of the C5+ pro- 

l 

_ duct for four samples are plotted in Figs. 150-153. Carbqu ~ihm- 

ber product distributions are plotted in Figs. 154-173. Chro- 

matograms from simulated distillations are reproduced Jn Figs. 

174-180. Detailed material balances appear in Tables 21-28. 

This catglyst shows certain important advantages over the 
{.... :" 

stanaard cobalt~thorium catalysts tested heretofore. The most 

: ndtable: result of this test is the unusually long run of 480 

hours [on stream.~ Initially the conversion was 75.2 percent, 

about the same as the 75.7 percent of Catalyst 3. :But since it 

deactivated only one-quarter as rapidly as Catalyst 3, the activ- 

ity of this catalyst was still as high after 480 hours (even in 

the face of two power failures, evident in the plots) as that of 

Catalyst 3 was after 122 hours. :~c:,~ additive in this catalyst 

has endowed it with far greater stability than that of any other 

- 2 1 6  - 



,~o 

cobalt catalyst tested to date. The water gas shift activity, 

however, is still low: 37 percent initially, falling,to 22 per- 

cent for most of the run, again about the same as for Catalyst 3/.~ 

(37 and 20 percent). ~ ~: 

The selectivity was also far more'sta~le than with other 7; 

cobalt catalysts. Initially the selectivity to methane was the 

" same as that of Catalyst 3: but since it .inzreased less than 40 
/ 
:i [ 

percent as fast~[ this.catalyst produced no more methane at 480 

hours on stream than Catalyst 3 did at 180 hours. The production 

of C2-C 4 was also the same initially as for Catalyst 3,-but it ~ 

increased at a higher rate; after 180 hours on stream this cata- 

lyst produced about 33 percent more C2-C 4 than did Catalyst 3. 

These two trends offset each other, so that the yields of total 

CI-C 4, and of C5+ as well, were about the same. 

q,, 

Similarly, the gasoline selectgvity was initialiy about the 

same as for Catalyst 3, but it dropped so much more slowly that 

it was better for this catalyst after 480 hours on s£ream than 
J 

for Catalyst 3 after 24 hours. Selectivities for both diesel oil 

and heavies were initially about 15 percent lower than those of 

Catalyst 3, and remained lower throughout the run.' 

One clue to some of this catalyst's activities is the oiefin- 

ic content of the C4's. Initially this was a little lower than 

for Catalyst 3; but instead of falling off, as usually happens, 

it increased slightly, then held steady for the rest of the run. 

After 60 hours on stream the C 4 fractioi~ of this catalyst was 

more elefinic than that of Catalyst 3. 

- 217 - 

t. ~. 
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Is)merization of the pentane was lower than that of Catalyst 

3, and the chromatograms of the simulated distiliations show that 

this was also true of the liquid product. 
L 

InILtial: production of total motor fuels was a high 67 per- 

cent, nd though it dropped to 52 percent by 480 hours on stream 

it was still an improvement ove~ Catalyst 3. 

The liquid product" contained no wax, the first time that this 

has happened with a Co+UCC-101,catalyst. The< absence of wax is 

reflec{ed in the lower pour poiht of the heavier fuel fractions: 
t 

the po~r points of the jet fuel and diesel oil were -10F and 20F 

respect vely, as against ~F and 50F for Catalyst 3. In light of 
! 

the lowi'isomerization , and 2the lack of carbon number cut-off 

l 
shown ill ~he Schul:z-Flory plots, this finding is hard to explain. 

i 
Possibly it is due to the higher olefin content: 48 and 36 per- 

cent respectively in the gasoline and ~et fuel fractions, as 

! . • against 136 and 32 percent for Catalyst 3 

Thi!' formulation is a~ma~or improvement in cobalt F-T cata- 
i 

lysts. ~he additive used has improyed the quality of the cata- 

lyst's p~oduct, and significantly extended the catalyst'~ life 
I' 
I' 

and stablElity. -, 

I 
i 
I 
I 
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Plot• of the Hydrocarbon 

Product Distribution 

for Sample i0335~-08~01 
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Plot of the Hydrocarbon 

Product Distribution 

f o r  S a m p l e  10225-08-03 
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Plot of the Hydrocarbon 

Product Distribution 
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Plot of the Hydrocarbon 

• Product Distribution I' 
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Plot of the Hydrocarbon 

Product Distribution 
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Procluct Distribution 
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Plot of the Hydrocarbon 

Product Distribution 
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Plot  of t he  Hydroca rbon  
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Plot of the Hydrocarbon 

Product Distribution 

for Sample 10225-08--35 
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TABLE 21 RESULT OF 5-Xh~IS OPEP~,TION 

RUN NO. 10225-08 
CATALYST C0/TH/X4+UCC-101 #I0252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G) 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN~SA~LENO. 10225-08-O1 225-08-02.225-08-03 225-08-04225-08-05 

FEED H2:OO:AIL 50:50:0 50:50: O 
HRS ON STREAM 17.0 24.0 
PRESSURE, PSIG 299 301 
TEMP. C 270 270 

FEED CC/~[AN 400 400 
HOURS FEEDING 17.00 7.00 
EFFLNT GAS LITER 149.15 } 67.50 
GM AQUEOUS LAYER 40,72 18.20 
(~ OIL 23.54 8.55 

MATERIAL BALANCE 
@,4 ATOM CARBON % 88.40 92.22 
C44 ATOM HYDROGEN % 95.03 99.12 
C~I ATOM OXYGEN % 90.30 96.94 

i: RATIO CHX/(H20+CO2) 0.9576 0.8996 
RATIO X IN CHX 2.3387 2.3622 
U~%GE H2/CO PRODT 1.3004 1.3261 
RATIO CO2/(H20+C/32) 0.3682 0.3452. 
K SH//T IN EFFLNT 0.33 0.29 

50:50:0 50:50:0 50:50:0 
42.5 48.0 66.5 
304 3O3 305 
270 270 270 

400 400 400 
25.50 5.50 24.00 
254.92 57.93~ 255.03 
66.30 14.38 62.74 
31.15 5.95 25.95 

93.38 94.53 94.76 
100.49 101.36 101.85 
95.94 98.54 97.44 

0. 9427 0. 9105 0 ~ 9384 
2. 3601 2. 3854 2. 3837 
1.4072 1.4092 1.4609 
0.3097 0.3071 0.2855 
0.24 0.24 0.21 

CONVERSION 
ON CO % 67.21 63.39 59.86 57.74 56.16 
ON H2 % 82.61 81.37 80.07 78.66 78.25 
ON CO+H2 % 75.19 72.71 70.34 68.57 67.60 

PRDT SELFLTIVITY,WT 7o 
CH4 14.00 15.13 15.36 16.44 16.53 
C2 HC'S 2.89 3.21 3.20 3.41 3.37 
C3H8 3.43 3.55 3.35 3.55 3.41 
C3H6= 2.75 3.15 3.20 3.41 3.38 
C4HI0 2.70 2,73 2.49 2.63 2.47 
C4H8= 4.30 4.77 4.66 5.05 4.82 
C5H12 3.13 3.08 2.70 2.88 2.68 
CSHIO= 4.26 4,76 4.85 5.20 5.03 
C6H14 3.69 3.59 3.06 3.22 3.02 
C6H12= ~ CYCLO'S 0.28 0.35 2.56 2.77 2.75 
C7+ IN GAS 13.10 15.00 13.71 14.20 15.29 
LIQ HC'S 45.48 40.68 ' 40.86 37.24 : 37.23 

TOTAL i00.00 I00.00 100.00 I00.00 100.00 

- 254 - 



SUB-GROUPiNG 
CI -C4 i~ 30.08 
C5 -420 F 50.88 
420-700 F 16.31 
700-END PT 2.73' 
CS+-END PT 69.92 

ISO/LNDP~[AL ~3LE _RATIO 
C4 
C5 
C6 
C4= 

PARAFF~/OLh~L~ RATIO 
C3 
C4 
C5 

LIQ HC COLLECYICkN 
PHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE IND~,X 
S]~,~JLT'D DISTIIATN 
i0 Icr % @ DEC, F 246 
16 267 
5O 394 
84 579 
9O 643 

0.2051 
0.4293 
0.8211 
0.0000 

1.1915 
0.6064 
0.7138 

RAnGE(Z6-84%) 312 

CLE OIL 
0.748 
1.4234 

32.54 
49.62 
16.13 
1.72 
67.46 

0.1861 
0.3759 
0.6734 
0.0000 

1.0750 
o.5527 
0.6296 

WT% @ 420 V 58..14 56.14 
WT% @ 700 F 94.00 95.78 

32.26 
49.82 
16.20 
1.72 

67.74 

0.1585 
0.2930 
0.5049 
0.0000 

0.9995 
0.5159 
0.5412 

Ca/% OIL 
0.756 
1.4255 

261 
289 
403 
573 
629 

284 

56.14 
95.78 

34.48 
48.50 
14.69 
2.33 
65.52 

0.1514 
0.2795 
0.4829 
0.0000 

0.9944 
0 . 5 0 2 0  

0 . 5 3 9 1  

5 4 . 2 9  

9 3 . 7 3  

33.99 
48.99 
14.68 
2.33 

66,01 

0.1381 
0.2473 
0.4246 
0.0000 

0.9633 
0.4953 
0.5182 

CLR OIL 
0.757 
1.4268 

262 
293 
408 
599 
654 

306 

54.29 
93.73 

, - 2 5 5  - 



TABLE 22 RESULT OF SYNC4~ OPERATION 

RUN NO. 10225-08 
CATALYST C0/TH/X4+UCC-IOI #10252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G) 
FEED H2:C0:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

f: 

..-RUN ~ S~MPLE NO. 10225-08-06 225-08-07 225-08.03 225-08-09 225-08-10 

• . .  

FEED HI:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRSON SVTREAM 74.0 90.5 98.0 114.5 122.0 
PRESSURE,PSIG 297 305 297 300 301 
TEMP. C 269 270 2Z0 270 270 

FEED CC/MIN 400 400 400 400 400 
HOURS FEEDING 7.50 24.00 7.50 24.00 7".50 
EFFLNT GAS LITER 79.75 263.30 84.90 273.70 86.45 
~4 AQUE(~S LAYI~ 19.61 62.74 19.46 62.26 19.34 
(~I OIL 7.56 24.19 8.31 26.60 6.90 

MATERIAL BALANCE 
~ ~! CARBON % 
~! A~\I HYDROGEN % 
&M ATOM OXYGEN % 
~ 0  CHX/(H20+CO2) 
RATIO X IN CHX 
USAGE H2/CO PROOf 
 rxo co2/( o+co2) 
K SHIF/ IN ~ 

O0~TON .. 
~N CO % 55.09 
ON ~ % 77.73 
ON CO+~2 % 66.84 

PRDT SEI2gTMTY,WT % 
CH4 17.04 
C2 HC'S 3.37 
C3H8 3:59 
C3H6-- 3.52 
CAHIO 2.58 
C4H8= 5.14 
C5H12 2.71 
C5HI0= 5.07 
C6H14 3.04 
C6H12= ~ CYCLO'S 2.82 
C7+ IN GAS 15.14 
LIQ HC'S 35.98 

93.21 94.65 98.13 98.43 96.41 
100.57 102.34 105.12 105.58 103.48 
96.98 97.84 99.36 99.15 99.23 

0.9125 0.9253 0.9711 0.9827 0.9324 
2.3949 2.4039 2.3948 2.3978 2.4215 
1.4684 1.4913 1.5017 1.5236 1.5203 
0.2790 0.2716 0.2729 0.2646 ~0.2619 

0.21 0.20 0.20 0.20 0.19 

54.03 53.97 53.37 51.71 
76.85 76.54 76.32 75.32 
65.88 65.64 65.25 63.93 

17.47 17.10 17.28 18.34 
3.50 3.39 3.56 3.66 
3.60 3.50 3.46 3.67 
3.60 3.49 - 3.44 3.69 
2.59 2,52 2.46 2.60 
5.20 5.07 5.00 5.27 
2.72 2.68 2.60 2.70 
5.20 5.17 5.04 5.42 

. 3.02 2.94 2.79 2.96 
2.91 2.87 2.80 3.22 
14.42 13.63 13.98 15.35 
35.77 37.63 37.59 33.12 

TOTAL 100.O0 I00.00 100.00 100.00 100.00 
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SUB-GROUPh-NG 
CI -C4 35.24 
C5 -420 F 48.12 
420-700 F 14.33 
700-~ND PT 2.31 
C~, ~qD IT_ 64.76 

IS0/NOP~LAL MOLE IL~TIO 
CA 0.1383 
C5 0.2618 
C6 0.4066 
~C4= 0.0000 

PARAFFL-~/OLEFrN RATIO 
C3 0.9740 
C4 :'. 0.4851 
C5 0.5197 

LIQ HC COLIZL'TION 
PHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE INDEX 
SI~[ULT' D DISTILATN 

I0 WT% @ DEGF 
16 
50 
84 
9O 

.. 

(16-  %) 

35.96 
47.50 
14.25 
2.30 

64.04 

O. 1285 
0.2376 
0.3654 
0.0000 

0.9566 
0.4814 
0.5081 

CLK OIL 
0.758 
1.4267 

263 
296 
:410 
600 
656 

304 

35.08 
47.61 
15.12 
2.19 
64.92 

O. 1262 
O. 2325 
0.3565 
0.0000 

O. 9565 
0.4798 
0,5036 

35.20 
47.ii 
15.10 
2.19 
64.80 

O. 1210 
O. 2182 
0.3338 
0.0000 

0. 9582 
0.4758 
0.5013 

cmo  
0.756 
1.4265: 

263 

596 
651 

300 

37.23 
48.39 
12.41 
1.97 

62.77 

0.1154 
O. 2199, 
0.3208 
0.0000 

O. 9481 
0.4752 
0.4852 

WT % @ 420 F 53.75 53.75 54.00 54.00 56,60 
WT % @ 700 F 93.58 93.58 94.18 94.18 94.06 

°, 

i. 
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TABLE 23 ~TOFSYNGASOPERATION 

RUN NO. 10225-08 
CATALYST CO/TH/X4+UCC-IOI #I0252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G) 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN ~ SAMPLE NO. 

FEED H2: C0 :AP, 
BRS ON STREAM . .  
PRESSURE,PSIG 
T~. "C 

10225-08-11 225-08-12 225-08-13 225-08-14 225-08-15 

50:50: 0_ 50:50:0 50:50:0 50:50:0 50:50:0 
. 138.5 146.0 162.5 170.0 185.0 

302 302 299 299 299 
270 270 270 270 , , -  270 

FEED cchm, T 
NDURS FEEDII,,~ 
EFFL.NT GAS LI"J3~ 

• . ACgEOUS  Xm< 
~ OIL 

400 400 400 400 40O 
24.00 7.50 24.00 7.50 22.50 

278.80 86.60 282.00 87.10 268.15 
61.90 19.10 61.13 19.20 57.59 
22.09 7.46 23.87 6.82 20.47 

MARERIAL BALANCE 
e4 AT~ CARBON % 
GM ATOM HYD~ % 
GM ATOM OXYGEN % 

RATIO era/(H20+CO2) 

RATIO X IN CHX 
USAGE H2/CO PRODT 
RATIO 002/(Ii20+CO2) 
[< SHIFt IN EFFIxXf 

96.60 97.18 97.21 96.20 96.91 
103.52 103.95 104.88 103.91 105.03 
99.48 98.44 98.61 97.80 99.01 

0.9304 0.9693 0.9654 0.9604 0.9481 
2.4317 2.4168 2~4226 2.4258 2.4537 
1.5331 1.5462 1.5594 1.5724 1.5772 
0.2572 0.2548 0.2489 0.2424 0.2433 
0.19 0.19 0.19 0.18 0.18 

CONVERSI(I'~ 
ON CO % 51.04 
ON 1-12 % 75.15 
ON CO+B2 % 63.51 

PRDT SE[ZLTIVITY,WT % 
CH4 18.83 
C2 HC'S 3.79 
C3H8 3.67 
C3H6 = 3.75 
C/+HI0 2.60 
C7+H8= 5.41 
C5H12 2.69 
CSE'I0= 5.21 
C6K14 2.90 
C6H12= ~ CfCLO'S 3.01 
C7+ IN GAS 14.78 
LIQ HC'S 33.37 

51.48 50.71 50.53 49.81 
75.35 74.3/-+ 74.77 74.06 
63.82 62.98 63.12 62.42 

18.20 18.53 18.49 19.99 
3.60 3.47 3.69 3.83 
3.64 3.56 3.69 3.70 
3,65 3.65 4.06 3.84 
2.53 2.51 2.72 2.57 
5.10 5.19 5.70 5.26 
2.55 2.58 2.81 2.63 
5.19 5.24 5.74 5.46 
2.77 2.71 2.91 2.81 
2.88 2.92 3.08 2.98 
14.70 14.08 14.29 13.80 
35.20 35.56 32.82 33.11 

TOTAL I 0 0 . ~ 0  , I 0 0 . 0 0  I 0 0 . 0 0  I 0 0 . 0 0  100 .00  
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SUB-GROUPING 
CI -C4 38.05 
C5 -420 F 47.47 
420-700 F 12.50 
700-~qD PT 1.98 
CS+-]KxD Ff 61.95 

IS0/N01~IAL I~DLE RATIO 
04 0.1091 
C5 0.2O44 
C6 0.3098 
IC/4= .. 0.0000 

~ ~ / 0 ~  ~ 0  
C3 0.9338 
C4 '0.4651 
C5 0.5019 

LIQ HC ODI/2LTI(IN 
PHYS ~-, APPEARmNCE CLII OIL 
DENSITY O. 757 
N, KEFRACTIVE INDEX 1.2+266 
SIM[;LT w D DISTILATN 
10 WT % @ DEG F 259: 
16 291 
50 402 
84 584 
90 648 

~(16--84 %) 293 

36.71 
48.01 
13.20 
2.07 
63.29 

0.1083 
0.2101 
0.2929 
0.0000 

0.9506 
0.4787 
0.4779 

36.91 
47".66 
13.34 
2.09 
63.09 

0.1088 
0.1939 
0.2918 
0.0000 

0.9323 
0.4663 
0.4785 

CLR OIL 
0.757 
1.4267 

259 ~::; 
292 " 
402 

• 582 
647 

290 

38.35 
47.32 
12.34 
2.00 
61.65 

0.1339 
0.1996 
0.2973 
0,0000 

0.8663 
0.4600 
0.4760 

39.20 
46.34 
12.45 
2.01 
60.80 

0.0963 
0.1680 
0.2642 
0.0000 

0. 9195 
0.4719 
0.4687 

CLR OIL 
0.752 
1.4269 

259 
295 
4O3 
585 
649 

290 

WT % @ 420 F 56.60 56.60 56.60 56.33 56.33 
WT % @ 700 F 94.06 94.11 94.11 93.92 93.92 
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TABLE 24 RESULT OF SYNGAS OP~TION 

RUN N0. 10225-08 
CATALYST CO/TH/X4+UCC-101 #I0252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G) 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RIKq ~SAMPLENO. 10225-08-16 225-08-17 225-08-18 225-08-19 225-08-20 

FEED-H2:CO:AK 50:502 0 50:50:0 50i50:0 S0:50:0 50:50:0 
HRSONST~! 192.0 209.0 215.0 234.5 241.0 
PRESSURE,PSIG 302 296 305 304 300 
TE~. C 270 270 270 270 270 

FEED CC/M-AN 400 400 400 400 400 
HOURS FEEDING 7.00 24.00 6.00 25.50 6.50 
EFFLN~f GAS LITER 83.95 290.25 72.70 311.95 87.10 
GM AQUFDUS IAYER 17.72 60.74 15.08 64.09 16.34 
M OIL 6.23 21.37 4.97 21.11 5.34 

MATERIAL BALANCE 
~-M AEIkM CARBON % 
C4,! ATOM HYDROGEN % 
tim ATOM ~ % 
RAT:C, CHEI (H20+C02) 
RATIO X IN CHX 
USAGE H2/CO PRODT 
RATIO C02/(H20+CO2) 
K SHIFt IN EFFUNT 

98.68 96.96 96.64 97.38 105.42 
I05.40 105.74 104.95 105.83 112.14 
99.14 98.68 98.5'3 98.86 105.42 

0. 9735 0. 9571 0.9512 O. 9627 0. 9999 
2.4492 2.4589 2.4631 2.4640 2.4752 
i. 5822 I. 5897 I. 5912 I. 6010 I. 5893 
0.2443 0.2398 0.2389 0.2364 0.2504 

0.18 0.18 0.18 0.18 0.19 

CONVFASION 
ON CO % 49.88 
ON 142 % 74.23 
ON C/3+H2 % ~ 62.49 

PRDT SFiXnrnaT~,Wr % 
CH4 19.75 
C2 H~'S 3.82 
C3H8 3.77 
C3H6 = 3.79 
C4H10 2.63 
C4HS= 5.40 
C5K12 2.66 
CSHI0= 5.44 
C6H14 2.79 
fi6H12= ~- CYCLO'S 2.99 
C7+ IN GAS 15.12 
LIQ HC'S 31.83 

TOTAL 100.00 

49.31 48.82 48.68 48.07 
73.17 73.00 72.83 71.81 
61.75 61.41 61.26 60.31 

20.27 20.41 20.50 20.99 
3.85 3:93 3.94 3.98 
3.71 3.75 3.73 3.8]. 
3.76 3.84 3.88 3.90 
2.58 2.62 2.58 2.65 
5.31 5.47 5.31 5.47 
2.63 2.68 2.61 2.69 
5.35 " 5.61 • 5.46 5.62 
2.83 2.86 2.85 2.91 
3.04 3.13 3.13 3,20 
14.13 15.03 15.62 16.48 
32.55 30.67 30.39 28.30 

I00.00 i00.00 100.00 I00.00 
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SUB-GROUPING 
C1 -C4 39.16 39.47 
C5 -420 F 46.94 46.31 
420-700 F 12.01 12.28 
700-END PT 1.89 1.93 
CS+-m~D PT 60.84 60.53 

IS0/Ef~mL MOLERATIO 
C/+ 0. I001 0.0960 
C5 0.17'40 0.1672 
C6 0.2529 0.2579 
c4= 0.0000 0.0000 

P~Fn~/OLEF~ RATIO 
C3 0.9508 0.9406 
C4 0.4695 0.4679 
C5 0.4752 0.4789 

LIQ HC C01XZL'IION 
PHYS. APPEARANCE - CIK OIL 
DI~qSITY 0.757 
N, REFRACTIVE h-NDEX 1.4268 
S~T' D DISTIIATN 

10 l~f % @ DEG F 260 
16 298 
50 403 
84 582 
9O 647 

RA~E(16-84 %) 284 

40.02 
46.61 
11.45 
1.92 

59.98 

0. I000 
0.1634 
0.2527 
0.0000 

/, 

0.9303 ':' 
0.4615,' 
o.464 , 

/ 

J 

39.93 
46.82 
11.34 
1.91 
60.07 

0.0910 
0.1613 
0.25O2 
O.O000 

0.9188 
0.4679 
0.4653 

CLR OIL 
0.758 
1.4270 

260 
298 
4O3 
583 

• 649 

285 

40.80 
46.92 
10.47 
1.81 
59.20 

0.0941 
0.1648 
0.2486 
0.0000 

0.9317 
0.4680 
0.4660 

WT % @ 420 F 56.33 56.33 56.40 56.40 56.60 
WT % @ 700 F 94.06 94.06 93.73 93.73 93.60 
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?. 
T.Ag~ 25 

'b. 
RUN NO. i0225--08 

.[ 

RESULT OF S ~  O~Z~ATION ~ 
/'[ 

/ ;  

CATALYST 
FEED 

CO/TH/X4+UCC-101 #I0252-48C 80 CC 35.8GM (40.6 AFTER:~RUN +4.8G) 
H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV ~ 

I0225-08-21 225-08-22 225-08-23225-08-24:225-08-25 FUN ~ SAMPLE NO. 

FEED H2:CO:A~ 
HRS ON STREAM 
PRESSURE, PS!G 
TEMP. C 

cc/ m  
HOURS FEF/3ING 
EFF;Igr GAS LITER 
e4 AKtIEOUS LAYm~ 
GM OIL 

5 0 : 5 9 : 0  
258.5 

297 
270 

400 
24,00 

297.65 
60,34 
19.72 

50:50:0 
: 264,5 

300 
270 

406~ 
6.00 

76,20 
14,32 
4,23 

98,38 96,72 
107,24 105,31 
99,08 98,79 

0,9821 0,9459 
2,4603 2,4805 
1,6179 1,5785 
0,2310 0,2472 

0,17 0,20 

50:50:0 
281.5 
301 
270 

400 
24.00 

308.15 
57.28 
16.90 "';~ 

2 

97.25 
105.94 
98.82 
0,9579 
2.4927 
I, 6105 
0, 2365 
0,19 

50:50:0 50:50:0 
288,5 307,5 

305 
569 269 

: 4 0 0  400 
{ 6.00 25.00 
78,65 ' ,  ~325,20 
14,26 59,43 
3.81 15.89 

98,69 97.96 
106,42 105,28 
100,26 99.65 

• O, 9584 0,9548 
2,5032 2,4909 
1,6116 1,6277 
0,2380 0,2277 

0.19 0,18 

MATERIAL BAL~CE 
GM ATOM CARBON % 
~[ ATOM HYDROGEN % 
GM ATOM CKYGEN % 

::X/(H20+C02) 
•RATIO X IN CHX 
USAGE 1:2/O3 PRODT 
RATIO CO2/(H204002) 
K SI-IIFr IN EF~':xNT 

CO--ION 
ON CO % 48.47 47,25 ~ 46.43 45,81 44,98 
ON I]2 % 72.46 70.06 69.84 69.64 69.44 
ON CO+H2 % 60.98 59.%4 58.64 58.17 57.65 

PRDT SELF_LqlWITY,WT % :' 
CH4 20.34 20.89. 21.55 21.96 21.47 
C2 HC'S 3,96 4,35 4,42 4,45 4,34 
C3H8 3,65 ~ 4,16 4,09 4,37 4,24 
C3H6= 3.75 4.17 4.04 4.32 4.22 
C4HI0 2.54 ' 2.84 2.81 2.95 2.78 
C/+HS= 5.23 - 5.66 5.66 6.00 5.82 
C5H12 2,61 2,71 2.71 2,80 2,68 
C~ql0= 5.43 5.42 5,59 5,60 5,59 
C6H].4 2,78 3,03 2,92 2,98 ¢.2,92 
C6H12= ~ CYCLO'S 3,12 3,23 3,21 i 3,25 3,42 
C7+ INGAS 16,84 16,43 15,87 ' 16,85 17,60 
LIQ HC'S 29,75 27,12 27,12 24,46 24,91 

TOTAL i00.00 I00.00 I00.00 I00,00 
t 

i00.00 
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SUB-&ROb-PING 
CI -C4 39.47 42.0.7 42.58 
C5 -420 F 47.62 46.11 45.6..0 
420-700 F Ii.01 10.09 10.09 
700-~ID PT 1.90 1.74 1.74 
C5+-~ PT 60.53 57.93 57.42 

ISO/NOR~i~L bDIE RATIO 
C4 0.0914 0.0965 0.0872 
C5 0.15}:3 0.1555 0.1631 
C6 0.2294 0.2534 : 0.2323 
C4= 0.0000 0.0000 0.0000 

P.~RAFFT,N/O~ RATIO ": 
(33 ' 0 . 9 2 9 7  O.  9 5 2 6  O. 9 6 6 4  
C4 0.4685 0.4836 0.4801 
C5 0.4672 0.4868 0.4702 

LIQ HC COII,ECYION 
PHYS. APPFARANCE CIR OIL CLR OIL 
D~SITY 0.756 O. 755 
N, REFRACTIVE INDEX 1.4271 1.4276 
SI~JLT' D DISTILATN 

I0 WT % @ DEGF 260 " 262 
16 299 299 
50 403 403 
84 583 583 
90 650 649 

~(16-84 %) 284" 284 

WT % @ 420 F 56.60 56.40 56.40 
Wr % @ 700 F 93.60 93.60 93.60 

44.05 
44.~ 
9.71 
1.76 
55.95 

0.0915 
0.1,426 
0.2370 
0.0000 

0.9640 
0.4746 
0.4863 

53.10 
92.80 

42.88 
45.44 
9.89 
1.79 

57.12 

0.01'-~+8 
0.1414 
0.2181 
0.0000 

0.9590 
0.4617 
0.4665 

6XR OIL 
0.755 
1.4277 

• 273 
302 
413 
• 602 
665 

300 

53. I0 
92.80 

"° 

%' 
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TABLE 26 

"i 

RESULT OF SYNGAS OPERATION ,~ 

RUN NO. 

CATALYST 
FEED 

10225-08 
CO/TH/X4+UCC-IOI #I0252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G) 
H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN & SA~.'~E'LE NO. 

FEED H2.: CO:AR 
HRS ON STRF_AM 
PRESSURE,PSIG 
T~. C 

cc/,'.rm 
HDUR:.£ I~'EEDI.EG 
EFFI2~ &%S LITER 
&'M A~JEOUS LAYER 
~1 OIL 

10225-08-26 225-08-27 225.-08-28 225-08-29 225-08-30. 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
313.5 330.5 337.0 354.8 361.5 

302 295 297 299 296 
269 269 269 269 269 
400 400 400 400 400 
6.00 23.00 6.50 24.25 6.75 
78.85 300.75 85.10 318.15 89.32 
14.15 54.26 15.12 56.39 15.73 
3.66 14.02 4.01 12+.96 3.92 

I~TKRIAL BAT.#~NCE 
GH ATOM CARBON Z 

ATOM HYDROG&• Z 
~.1 ATOM OXYGFN % 
RATIO C X/(H20+ 2) 
RATIO X IN C~LX 
USAGE H2/CO PRODT 
RATIO CO2/(H20+CO2) 
K SHIFI" IN EFFLNT 

97.39 96.57 96.73 97.05 97.47 
105.36 104.62 105.40 104.19 104.64 
99.64 99.21 98.31 99.18 99.61 

0.9395 0.9286 0.9568 0.9415 0.9412 
2.5022 2.5118 2.4835 2.5167 2.5147 
1.6229 1.6301 1.6245 1.6368 1.6413 
0.2294 0.2260 0.2281 0.2259 0.2235 

0.18 0.18 0.19 0.18 0.17 

CONVLriSION 
ONCO% 
ONH2 % 
oN CO+~ % 

PRDT SEI2LTIVITY,~rf % 

C2 HC'S 
C3H8 
C3H6= 
C4HI0 
C4H8= 
C5H12 
CSHIO = 
C6H14 
C6H12= & CYCLO'S 
C7+ IN C~%S 
LIQ HC'S 

TOTAL 

44.53 44.16 44.77 43.85 43.55 -'..:..,!. 
68.53 68.50 67.96 68.54 68.t-:~ 
57.00 56.82 56.86 56.63 56.34 

22.01 
4.48 
4.18 
4.17 
2.84 
5.67 
'2.69 
5.60 

!" 2.94 
3.35 

17.69 
• 24.37 

22.45 20.78 22.74 22.60 
4.60 4.51 4.62 4.51 
4.22 4.3~ 4.15 4.19 
4.27 4.35 4.37 4.38 
2.87 3.20 2.84 2.88 
5.77 6.41 5.90 6.00 
2.66 : 2.68 2.80 2.82 
5.53 5.72 5.53 5.60 
2.85 3.27 2.83 2.95 
3.23 3.38 3.19 3.40 
16.80 16.77 16.01 17.11 
24.75 24.62 25.02 23.55 

I00.00 I00.00 1(30.00 I00.00 I00.00 
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SUB -GROUPh-NG 
CI -C4 
C5 -420 F 
420-700 F 
700-~3 PT 
CS+-m~) PT 

ISO/~DP~LAL ~.X31.,E RATIO 
C4 
C5 .. 

C6 

P~/OLEFLN RATIO 
C3 

.C4 
C5 

LIQ HC COLLECrI(~N 
PHYS. APPEARANCE 
DF~NSITY 
N, REFRA6TIVE INDEX 
SI~[u'LT' D DISTIL~TN 

IOWT% @ DEGF 
16 
5O 
84 : 

90 

RANGE(16-84 %) 

WT% @ 420 F 
WT% @ 700 F 

43.35 44.18 43.57 
45.24 44.24 44.98 
9.65 9.80 9.77 
1.75 1.78 1.67 
56.65 55.82 56.43 

0.0871 ' 0.0853 /0.1376 
0.1433 0.1379 l! 0.1345 
0.2223 0.2176 ~' 0.2912 
0.0000 0 .00P~ , 0 .0000 

0.9560 0. §423 0.9475 
0.4841 0.4801 0.4813 
0.4674 0.4683 0.4560 

53.20 
92.80 

CLR OIL 
0.757 
1.4273 

273 
302 
412 
601 
665 

44.62 44.57 
43.74 44.55 
9.93 9.44 
1.70 1.44 
55.38 55.43 

$~.- • 

0.0815 0.0795 
0.1522 ! 0.1550 
0.2079 0.2065 
0.0000 0.0000 

0.9077 0.9137 
0.4648 0~4636 
0.4918 0.4894 

CLR OIL 
0.755 
1.4274 

271 
302 
412 
596 
656 

299 294 

53.20 53.50 53.50 
~2.80 93.20 93.20 

s38o 
93.90 
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TABLE 28 KESULT OF SYEGAS OPERATION '"-'~i" 

RUN NO. 10225-08 
C)~: ~.LYST- CO/TH/X4+UCC-101 #I0252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G) 
FE~:-D " H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN~SAI~E;LEEO. I0225-08-36 225-08-37 225-08-38 225-08-39 

FEEDI-12:CO:AK 50:50:0 
HRS CNSTRFAM 434.0 
PRESSURE,PSIG 302 
TEMP. C ""7270 

FEED CC/#~I',I 400 
HOURS FEEDIt~ 8.00 
EFFLNT GAS LITEK 104.40 
(I~ AQUEOUS LAYER 18.69 
f~.I OIL 4.29 

I. 

MATE~LIAL BALANCE 
&M ATIkM CARBON % 96.79 

% 1o3.4o 
Q,I ATOM OXYG.DN % 99.31 
RATIO C~X/(H20+C02) 0.9312 
RATIO X IN CHX 2.5430 
USAGE H2/OD PRODT 1.6440 
RATIO 002/(H20+CO2) O. 2256 
K SHIFT IN E~'FLNT O. 17 

50:50:0 50:50:0 50:50:0 
450.0 458.0 480.0 

295 306 297 
270 270 270 

400 400 400 
24.00 8.00 30.00 

317.00 106.20 410.80 
56.06 18.54 69.51 
12.88 3.94 14.79 

96.32 96.93 99.22 
103.68 104.02 106.04 
99.20 99.43 : I01.22 

0. 9202 0. 9309 0. 9444 
2. 5410 2. 5452 2. 5429 
I. 6612 I. 6553 i. 6645 
O. 2158 O. 2209 0. 2186 

0.16 0.17 0.17 

CO~B~SION 
ON CO % 43.71 42.63 42.93 42.32 
ON H2 % 69.28 68.11 68.21 67.49 
ON CD+H2 % 56.92 55.84 56.02 55.33 

PRDT SELECTMTY,WT % 
CH4 23.90 23.85 24. O0 23.91 
C2 HC'S 4.91 4.73 4.81 4.80 
C3H8 4.27 4 • 31 4.37 4.44 
C3H6 = 4.23 4.39 4.38 4.55 
C4HI0 2.89 2.91 2.94 3.01 
C4H8= 5.80 5.91 6.03 6.23 
C5H12 2.76 2.81 2.83 2.87 
CSh~O= 5.45 5.46 5.29 5.75 
C6H14 2.82 2.83 2.93 2.85 • 
C6H12= ~ CYCLO'S 3.27 3.27 3.39 3.64 
C7+ IN GAS 17.81 17.11 18.65 17.86 
LIQ HC'S . , 21.89 22.42 • .20.37 20.09 : 

• I / 

TOTAL I00.00 I00.00 I00.00 I00.00 ~' 

I 
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Stm-GROUP~ 
Cl -C4 
C5 -420 F 
420-700 F 
700-END PT 
C5+-~I) PT 

ISO/NO~AL MOLE RATIO 
C4 
C5 
C6 
CA= 

PARAFFAN/0~ RATIO 
C3 
C4 
C5 

LIQ HC COU.ZL~ION 
PHYS. APFEARmNCE 
D~-NSITY 
N, REFF~CTIVE INDEX 
SIMULT' D DISTILATN 

10WT % @ DEG F 
16 
50 
84" 
9O 

~ ( 1 6 - 8 4  %) 

WT% @ 420 F 
WT % @ 700 F 

46.00 
44.01 
8.49 
1.49 

54.00 

0.0792. 
0.1491 
0.1935 
0 . 0 0 0 0  

0.9634 
0.4818 
0.4916 

54.40 
93.20 

46.10 
43.67 

8.70 
1.52 

53.90 

0.0761 
0.1463 
0.1968 
0.0000 

0 ,9367  
0 .4759  
0 . 5 0 0 8  

CIA 01L 
0.755 
1.427Z 

265 
301 
410 

• , 595 
657 

294 

54.40 
93.20 

46.53 
44.18 
7.90 
1.38 

53.47 

0.0788 
O. 1489 
0.1838 
0.0000 

0.9517 
0.4716 
0.5208 

54.40 
93.20 

46.95 
43.89 
7.79 
1.37 
53.05 

0 . 0 7 4 6  
0.1459 
0.1293 
0.0000 

O, 9329 
0 .4669  

• 0 . 4 8 4 4  

" CIR O IL  
0.758 
1.4274 

267 
301 
411 
595 
656 

294 

54.40 
93.20 

- 269  



XI. R_UN I0 (10225-9) with Catalyst i0 (Co/X 4 + UCC-IOI) 

This catalyst is similar to Catalyst 9 except that the metal 

component was formulated differently. An extrudate of UCC-101, 

bonded with 20 percent A1203, was pore filled with a solution of 

cobalt and the additive, to give I0 percent total metal on the, 

extrudate. Although the metal component contained no thorium, it 

did contain 15 percent additive--the same additive as in Catalyst 

9, this time pore filled instead of physically mixed. 

Conversion, product selectivity, isomerization of the pen- 

tane, and percent olefins of the C47s are plotted against time on 

stream in Figs. 181-184. Simulated distillations of the C5+ pro- 

duct for two samples are plotted in Figs. 185-186. Carbon number 

product distributions are plotted in Figs. 187-195. Chromato- 

grams from simulated distillations are reproduced in Figs. 196- 

200. Detailed materiai balances appear in Tables 29-32. 

The conversion was lower than normal, but remained steady 

after an initial deactivation. With its low cobalt loading this 

catalyst contains only two-thirds as much cobalt as Catalyst 3, 

yet at 170 hours o11 stream its activity per cobalt atom was 93 

percent of that of Catalyst 3, a fairly efficient use of the 

cobalt. The water gas shift activity was lower than usual, only 

i0 percent of the oxygen having been rejected as CO 2. 

The selectivity remained steady throughout the run, although 

- 2 7 0  - 



it was never very good. Methane production was high, higher than 

for Catalys~ 9. Production of C2-C 4 was also high, about the 

same as for Catalyst 9. The gasoline yield was about as high as 

for Catalyst 9, and higher than for Catalyst 3. The diesel o:il 

production was much lower than for Catalyst 3, and there were 

a l m o s t  no h e a v i e s . . : . I n  c o n t r a s t  t o  C a t a l y s t  9 ' s  s t e a d y  h i g h  p r o -  

d u c t i o n  o f  o l e f i n s ,  the  o l e E i n  p r o d u c t i o n  o f  t h ' i s  c a t a l y s t  was 

low t o  s t a r t  w i t h , . . a n d  f e l l  o f f  w i t h  h o u r s  o n ' s t r e a m .  I s o m e r i z a -  

t i o n  o f  the  pen tane  was h i g h l y  i s o m e r i z e d  a t  f i r s t ,  bu t  d e a c t i -  

v a t e d  r a p i d l y  to  a . l e v e l  be low t h a t  o f  C a t a l y s t  3.  The c h r o m a t o -  

grams o f  r_he s i m u l a t e d  d i s t i l l a t i o n s  show a d e c r e a s e  o f  i s o m e r i -  

"zation with., rime; a~ all times the liquid was predominantly 

straight chain hydrocarbons. The Schulz-Flory plots show the 

usual excess methane and no carbon nu.mber cut-of~' 

This catalyst is inferior to Catalyst 9. 
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TABLE 29 ~ T  OF ~ OI~/RATION 

.RUN NO. 10225-09 :c 
CATALYST CO/X4+UCC-101 #10252-63C 80 CC 36.0 GM (38 AFrER RUN +2.0G) 
FEED H2:C0:ARGON OF 50:50: 0:@ 400 CC/MN OR 300 GHSV 

KUN ~ S.4MPLE NO. I0225-09-01 225-09-02 225-09-03 225-09-04 225-09-05 

FEED H2:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 
HRS ON S~_AM 7.0 23.5 31.0 47.5 
PE]~SURE,PSIG 292 303 299 301 
TN~P. C 271 271 271 271 

F~.~m c~/MIN 4oo 40O 40O 4OO 
~ S  F~DING 7.00 23.50 7.50 24.00 
~----'~"LL,~r-I' GAS L . L ~ -  " " 96.00 " -361 .10  • 126.50-  " 4CA.. 70 
GM ~ S  IAY]K% 13.20 44.33 12.43 39.76 
(2M 01L :" 2.15 7.21 2.94 9.42 i' 

~ I .  ImlANCE 
GM Ak,TM ~ % 85.03 90.13 98.50 95.34 
GM ATI~=~ % 92.11 99.1/ 104.06 103.47 
(24 AT(AM OXYGEN % 89.55 95.39 99.69 98.33 
RATIO CHX/(H2D+CO2) 0.8272 0.7988 0.9500 0.8733 
BATIO X IN CHK 2.5258 2.5366 2.5241 2.5395 
USAGE I-]2/O5 IT, ODT I. 9019 I. 9288 i.. 9425 I. 9446 
IL~'IO G02/(H2OKD2) 0.1058 0.0950 0.1036 0.0976 
K ~ IN EFI;/Cf 0.08 0.08 0.09 0.08 

50:50:0 
55.0 
3O3 

, 271 
1' 

40o 
7.50 

73.90 
11.63 
2.59 

57.65 
68.82 
64.11 
0.6829 
2.4830 
1.9557 
0.06B4 

0.06 

C(X, NEKSI01~ 
QN CO % 28.68 25.90 25.42 24.03 
ON H2 % 55.01 50.54 47.85 45.87 
C~ CO+B2 % 42.37 38.81 36.94 35.39 

PP, Uf S ~ , W T  % 
CH4 21.30 22.83 22.46 23.50 
C2 HC'S 3.04 3.84 3.20 3.31 
C3H8 4.46 4.22 4.23 4.15 
C3H6= 2.21 2.66 2.96 2.69 
CABIO 5.05 3.98 3.98 3.70 
C4H8= 2.87 3.67 4.00 3.68 
C5I']12 .. 6.83 4.77 4.79 4.29 
CSH10= 1.57 2.89 3.35 3. ~5 
C6B14 8.50 5.77 5.82 5.31 
C 6 ~ :  ~ CYCLO'S 0.77 1.88 2.36 2.29 
C7+ IN GAS 23.63 23.06 18.70 17.47 
LIQ HC'S 19.76 20.44 24.16 26.47 

26.57 
52.71 
40.80 

21.09 
2.97 
3.87 
2.44 
3.43 
3.44 
3.88 
2.84 
4.52 
1.93 

14.99 
34.61 

~3TAL i00.00 I(30.00 I00.00 I00.00 I00.00 
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SUB~IN~ 
Cl-C~ 
C5 -42O F" 
420-700 F 
700-1~D PT 
CSe-m~/D PT 

~SO/~ ~ ~0 
C4 
C5 
C6 

:LC4= 
PARAFFIN/OLEFm F~IIO 

C3 
C4 
C5 

LIQ lie COI/2L'TICN 
PBYS. APPF_AP4kNCB 
DENSITY 
N, BEFRAClE~ INDEX 
SIMULT'D DISTILATN 

lowr% @ D~F 
16 
5O 
84 
9O 

 vz, x (z62g D 

% @ 420 F 
Wf % @ 700F 

38.94 
50.58 
9.76 
0.72 

61.06 

0.3843 
1.-1817 
2.0952 
0.0000 

I. 9253 
1.6969 
4.2245 

47.00 
96.38 

41. 9 
47.98 
10.09 
0 . 7 4  
58.81 

0.1845 
0.4485 
0.8O54- 
0.0000 

1.5i53 
1.0462 
1.6016 

LT BL 01"I. 
0.756 
1.4255 

312 
339 
425 
540 
585 

201 

47.00 
96.38 

40.82 
44.84 
13.85 
0.48 
59.18 

0.1775 
0.3695 
0.6420 
0.0000 

O. 96£~, 
1.3916 

40.67 
98.00 

41.02 
43.27 
15.18 
0.53 

58.98 

0.1321 
0.2877 
0.4861 
~;a000 

1.4701 
0.9705 
1.3248 

LT BL OIL 
0.760 

: 1.4275 

317 
346 
449 
574 
608 

40.67 
98.00 

37.24 
41.31 
20.29 
1.17 
62.76 

0.1312 
0.2683 
0.4461 
0.0000 

1.5146 
0.9645 
1.3277 

38.00 
96.62 

s , .  

. .  

- 2 9 3 -  



RUN NO. I0225-09 
CATALYST C0/X4+UCC-1OI #I0252-63C 80 CC 36.0 GM (38 AFTER RUN +2.0G) 
FEED H2:CO=ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

i 

RUN ~ SAMPLE NO. 1022.5-09-06 225-09-07 225-09-08 225-09-09 225-09-10 

FEED H2:CO:AK 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRSONSTREAM 71.5 79.0 : -~95.2 I00;5 120.2 
~ , P S I G  296 298 298 300 296 
T~4P. C 271 271 271 271 271 

FEED CC/MIN 4OO 4OO 40O 4OO 4OO 
RDURS F~EDING 24.00 7.50 23.67 5.33 25.00 
EFFI/qT GAS LITER 283.75 129.15 406.95 93.64 438.70 
GM AQUEOUS LAYER 37.21 II.ii 35.05 7.65 35.88 
~H OIL 8.29 2.42 7.65 1.42 6.65 

METBIIAL BAIAIK~ 
GM ATOM CARIK)N % 
e4 ATOM ~ % 
GM ATOM OXY(I~ % 
P Tm CHX/( D+C02) 
RATIO X IN CHK 
USAGE }L2/OO PROOf 

C02/0 20+c02) 
K SKI~'T 11~ EFH2~ 

CDNV'BIRSION 
ON CO % 24.87 
ON I-I2 % 49.22 
ON COH-12 % 37.93 

PRDT SELFLXEVITY,WT % 
22.35 

C2 HC'S 3.26 
C3H8 3.93 
C3H6= 2 . 4 3  
C4HIO : 3.45 
C4HSffi 3.32 
C5H12 3.88 
CSI-I].O== 2.91 
C6B14 4.61 
C6K12= ~ CYCLO' S I. 98 
C7+ IN GAS 16.19 
LIQ HC'S 31.69 

67.34 97.68 95.21 96.62 96.14 
77.91 101.85 101.86 102.85 102.17 
73.04 98.91 97.56 98.63 98.72 
0.7272 0. 9437 0. 8914 0. 9056 0.8791 
2. 5093 2. 5670 2. 5870 2. 6029 2. 6241 
1.9566 1.9446 1.9452 1.9400 1.9435 
0.0753 0.I091 0.1064 0.1123 0.1112 

0,06 0.09 0.09 0.I0 0.I0 

23.44 22.72 22.45 21.92 
44.90 43.55 42.81 42.53 
34.39 .33.48 32.95 32.54 

24.42 25.44 26.20 26.81 
3~60 3.72 4.25 4.00 
4.70 4.76 5.07 5.17 
2.79 2.70 3.34 2.67- 
4.18 4.19 4.39 ~ 4.61 
3.96 3.76 3.84 3.73 
4.69 4.64 4.59 5.08 
3.28 3.34 3.12 3.14 
5.46 5.09 5.27 5.61 
2.49 2.23 2 . ! 3  2.12 

18.61 16.95 18.72 17.41 
21.81 23.17 19.08 19.65 

TOTAL 100.00 100.00 100.00 I00.00 I00.00 
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SUB-GRO~ING 
CI -04 38.73 " 43.66 44.57 
C5 -420 F 41.62 42.34 40.55 
420-700 F I I 18 D 58 --" " 13"21 ~ 14"04 
700--DD PT I" 07 0" 79 0" 83 
CS+-~qD PT 61.27 56.34 55.43 

~ S O ~  MOLE RATIO 
0.1222 O. 1187 O. 1089 

C5 0.2314 0.2259 0.2131 
C6 0.3989 0.3778 0.3422 .. 

0.0000 0.0000 0.0000 
Pm   N/OU  N RATIO 

C.,3 1.5450 1.6054 1.6812 
04 1.0022 1.0171 ' ]..0736 
C5 I. 2952 1.3876 1.3490 

LIQ HC OGLI~GN 
PHYS. APPEARANCE LT I~ OIL LT ~L OIL 
DENSITY 0. 761 O. 760 
N, REFRALTIVE INDEX 1.4280 1.4275 
SII~LT' D DISTIIATN 

I0 WT % @ DEG F 325 331 
16 353 362 
50 455 459 
84 " 590 591 
90 629 : '630. 

• ,'°2': 

~(16-84 %) 237 229 

47.09 
40.62 
11.56 
0.73 

52.91 

0.1380 
0.2087 
0.3417 
0.0000 

1.4511 
1.1051 
1.4369 

WT % @ 420 F 38.00 35.80 35.80 35.60 
WT % @ 700 F 96.62 96.40 96.40 96.17 

47.00 
40.35 
Ii.90 
0.75 

53.00 

0.1034 
0.1924 
0.3005 
0.0000 

1.8458 
1.1950 
1.5737 

LT BL OIL 
0.759 
1.4274 

330 
366 
46O 
597 
636 

231 

35.60 
96.17 

- 295 - 



,?. 

TABLE 31 P/Z[~T OF ~ 0P~ATION 

RUN NO. 
CATALYST 
FEED 

10225-09 :: 
C0/X4+UCC-101 #I0252-63C 80 CC 36.0 GM (38 AFTER RUN +2.0G) 
H2:C0:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN ~ SAMPLE N0. 

l: 

FE~D H2:C0:AR 
I P, S ON STRFAM 
!T~F~SUEE ,I~IG 
T~4P. C 

10225-09-Ii 225-09-12 225'09-13 225-09"14 

50:50:0 50:50:0 50:50:0 50:50:0 
125.1 143.5 151.0 167.5 

300 297 301 295 
271 271 271 : 271 

F~D CC/NIN 
~ FEEDIlkt3 
E~"U-NT GAS L ITEK 
e 4 ~ ~  
GMOIL 

4OO 4O0 40O 4OO 
4.92 23.33 7.50 24.00 
86.20 412.15 131.90 423,50 
6.84 32.48 10.15 32.47 
1.37 6.52 2.05 6.57 

MATEPJ.,~.., BAIAN(~ 
GM ATOM ~ % 96.83 
GM AT(~ } ~ G ] ~  % 102.94 

~ ~ % 798.45 
RATIO C~1(~20+002) 0.9225 
RATIO X IN CHX 2.6071 
USmE ~ / a o  ~ 1.9421 
RATIO C02/0-~-O+~.2) 0.1141 
K SHIF~ IN EFfLNT 0.I0 

? 

CONVERSION 
(1~ CO % 22.57 9 i .29  
ON H2 % 42.71 42.24 
ON ~ % 3 2 . 9 3  32.57 

SELXLTIVITY,WF % 
CH4 26.06 i 26.02 
C2 l~'S 3.73 ' 4.05 
C3K8 5.14 5.03 

2.71 ' 2.41, 
CAI~0 4.53. : 4.45 

3.85 3,39 
C5H12 4.97 4.94 
CSHI0= 3.14 2.73 
C6H14 ,~; 5.48 5.65 
C6K12= ~, CYCLO'8 2.09 1.92 
C7+ IN GAS" 18.37 19.28 
LIQ HC'S 19.93 20.13 

l 

TOTAL I00.00 I00.00 

96'.67 96.74 97.09 
102.34 101.55 101.90 
98.11 98.21 98.42 

0. 9308 0. 9279 0.9347 
2.6069 2.6279 2.6195 
I. 9392 1 • 9383 i. 9390 
0.1161 0.1194 0.1186 

0.10 0.II 0.10 ~ 

22.12 22.16 
~-'42.25 42.20 
/ 32.43 32.42 

i : 26.75 26.47 
3.93 -" 3.81 

% 5.53 5,15 
:2.59 2,30 

/i 4,81 4.61 
': 3.52~ 3.28 

5.32 ~. 5.27 
2.37 2,86 
5.96 6 .03  
1.34 2.04 
17.92 18.37 
19.95 19.82 : 

t : .  

I00.00 i00.00 ' 
,L 
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SUB-GR(XJPING 
CI-C4 
C5 -420 F 
42O-700 F 
700-END PT 
CS+-m~D PT 

~SO/~ MOLE RATIO 
C4 
C5 
C6 
C4= 

Pm~-~N/Q[XF]m PATIO 
C3 
CA 
C5 

LIQ HC ~ O N  
PHYS. APPFAP,~/~CE 
DENSITY 
N, REFRALTI~ INDEX 
SIMULT' D DISTIIATN 

lO WT % @ DEG F 
16 
50 
84 
9O 

RANGE(16-84 %) 

WT .% @ 420 F 

WT 7. @ 700 F 

46.01 
41.15 
12.06 
0.78 

53.99 

0.0963 
0.1818 
0.2997 
0.0000 

1.8135 
1.1366 
1.5373 

35.60 
96.11 

45.35 
41.69 
12.18 
0.78 

54.65 

0.0896 
0.1760 
0.2777 
0.0000 

1.9915 
1.2666 
1.7615 

LT l£u OIL 
0.758 
1.4271 

328 
367 
46O 
595 
634 

228 

35.60 
96.11 

47.14 
40.43 
11.69 
0.74 
52,86 

• 0.0920 
0,1799 
0.2988 
0.0000 

2.0369 
1.3187 
2.1824 

37.67 " 
96.28 

45.62 
42.03 
ii. 62 
0.74 

54.38 

o.o932 
0.1580 
0.2688 
0.0000 

2.1368 
1.3560 
I. 7892 

L T ] ~  OIL 
0 .759 
1.4265 

327 
363 
457 
591 
630 

228 

37.67 
96.28 

~t 
) 
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TA]K,E 32 ~ EF~JLT OF ~ O~ION 

RIJ'N NO. I0225-~09 . . . .  '. 
CATALYST CO/X4+UCC-.IOI #I0252-63C 8U CC 36,0 GM (38 AFI'ER:RUN +2.OG) 

F/:CO:ARflON OF 50:50:0 @ 400 CC/MN OR 300 GRSV : 

Bi~ ~ SAMPLK NO. 10225-09-16 225-09-17 21,5-09-18 

I~.:00:~ 50:50:0 50:50::0 50:50:0 
ON ~ 215,5 223.0 239.5 

PR~SIBE,PSIG 302 298 300 
T]~4P. C 271 271 271 

CC/HIN :.. "i-. 4,00 400 " 400 
IKX~RS FEEDING ,~ 17.00 7.50 24.00 

GAS LITER 307.22 119.28 396.08 
GM AqJBCX/8 LAYI~ 22.91 .. 9.59 30.70 
GM o'rr. " 3.31 :"' 1.31 4.19 

MATEglAL BAIANCE 
(24 ATOM CARBON % 98.08 86.80 89.61 
GM ATOM I-]Y-~]GEN~% 103.71 92.12 94.81 
GM AT(~ ~ % 99.75 89.19 91.93 
RATIO ~ ( ~ 2 )  0.9186 0.8743 0.8794 
RATIO X IN CHK 2.6384 2.6386 2.6494 

I-I2/C0 PBODT 1.9383 1.9413 1.9357 
RATIO C02/(H20+C02) 0.1200 0.1136 0.].?;79 
K SS,XFr IN EFF/~/ 0.11 0.I0 ~':'~i 

(I1WERSION 
ON 03 % 21.67 21.70 21.44 
ON I¢?. 7, 4]..28 42.22 41.59 
ON 03H-]2 Z 31.75 32.26 31.80 

PRDT ~ , % R '  % 
Ctt4 ,26.67 26 .56  27.08 
C2 HC'S 4.31 3.86 4.04 
C3H8 6.10.: 6.22 6.41 
C3H6= 2.38 2.31 2.29 
C4I-R0 5.47 5.62 5.79 

:~ :- • 3.24 3.28 3.19 
C5H12 6.17 5.99 6.10 
C,5tK0= 2.54 2.29 3.02 
C6H14 6.27 6.69 5.89 
C6m2= ~ CYCLO'S 1.54 1.49 1.39 
C7+ IN GAS 21.01 21.24 20.58 
LIQ IK~'S 14.30 14.45 14.22 

100.00 

; °  

100.00 100.00 
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SUBBING 
C1 -C4 48.17 47.84 
C5 -420 F 42.77 42.72 
420-7(X) F 8.52 8.94 
7oo-~;~ ~ o.s4 o.51 
CS+-IKXD PT 51.83 52.16 

mo/~ ~a 
C4 0.0866 0.08Z5 
C5 0.1491 0.1473 
C6 '= 0.2181 0.2551 
Ch,= 0.0000 0.0000 

P ~ / ~  RATIO 
0.,3 2./-d+3J 2.5757 
C~ 1.6325 1.6554 
C5 2.3613 2.5395 

Ixq PC: cou2cn~ 
PHYS. A2PFARANUE C[E OIL 
D]~ IT 'Z  0.757 
N, ~ INDEX 1.4262 
S~f0LT'D DL.qTIIA~ 

I0 WT % @ DR"- F 334 
16 "::" 370 
50 461 
84 594 
90 632 i 

~(16-84 %) 224 

48.80 
41.91 
8.79 
0.50 

51.20 

0.0827 
0.1460 
0.0744 
0.0000 

2.67Z~3 
1.7512 
1.9595 

cut oil 
0.756 
1.4260 

336 
375 
461 
588 
628 

213 

WT % @ 420 F 36.67 34.67 34.67 
WT % @ 700 F 96.24 96.50 96.50 
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XII. RUN iI(i0225-5) with Catalyst ll(Fe/K + UCC-108) 

This catalyst was run to collect samples fol a research oc- 

tane measurement. It was prepared by precipitating Fe203.XH20 

from a refluxing'solutlon of ferric nitrate upon the addition of 

a stoichiometric quantity of aqueous ammonia. The washed and 

dried prec,.pirate was impregnated with K2CO 3 solution to give one 

percent K20 on the iron oxide. This metal component was then 

physically mixed with an equal weight of UCC-I08, and pressed 

into tablets without a binder. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. 201-204. Simulated distillations of the C5+ pro- 

duct for two samples are plotted in Figs. 205-206. Carbon number 

product distributions are plotted in Figs. 207-210. Chromato- 

grams from simulated distillations are reproduced in Figs. 211- 

214. Detailed material balances appear in Tables 33-34. 

The samples from the first 260 hours on stream were combined, 

and material balanced as s single sample~ [~' At 270 hours on stream 

the conversion was h~gh. So also was the water gas shift activ- 

it~; 85 percent of the oxygen was rejected as C02. The H2:CO 

usage ratio was ~0.73:1, which is desirable if a syngas feed with 

C 

a H2:CO ratio lower than I:I is to be used. 

Unlike cobalt catalysts, there w~s no excess production of 

• , ,. - 300 - 



metha'ne o.  

cobalt. 

The C2-C 4 fraction, however, wa.s much higher than for 

The 5~'i'eld o f " C 5  + was low,  b u t  t h i s  was f a r  i n t o  t h e  r u n ;  

by 270 hours on stream much of the catalyst may have been deacti- 

vated. There was little diesel oil, and almost no heavies. The 

1": 
percent olefins of the C 4 was unusual]~y low for an iron catalyst, 

and may be a sign of deactivation. 
,s 

The isomerization of the ,pentane was also unusually low. The 

gas analyses of the early sam.ples (for which there is only one 

combined material balance) show a progressive deactivation Ini- 

tially, '61 percent of the pentanes was isopentane. By 40 hours 

on stream this was dQwn to 56 percent; by 130 hours, 30 percent; 

and by 250 hours, 26.5 percent.• The loss of isomerizing activity 

during collection of the sample for. RON wouldsignificantly lower 

the'measured R0N from its ~nitial value. The chromatograms of 

the simulated distillations show the RON sample to have been 

somewhat isomerized; by the next sample, however, the value was 

~uch lower, which paralleled the isomerization of the pentane. 

The RON clear of the distilled gasoline fraction (which, .due 

to poor condensation, lacked m~ny lights) was only 57.6. The 

gasoline did contain 47 percent olefins, and the pour point of 

the diesel oil was 2OF. 

This cata'lyst deactivated so quickly that the quality of the 

gasoline it produced initially could not be reliably measured. A 

probable reason for the deactivation is migration of alkali from 

the iron component to the UCC-108, deactivating the Molecular 

Sieve. 
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° .  

CES 8.28 FiB. 21Z 

_.._.----- 

:' ' i,%'" ,, "' ....... . , i 

. _ ~  L r ~  TE~P=26o~ SETPT=26oC LiMIT=4050C 
' "  ' i 

r 

L 

' RT: OVEN TEMP=76°C SETPT=7"6°C L ib±  I=~;- , -~:.  . .  

F - -  

LIMIT=405°C 

SETPT=276 oC LIMIT=4@5'~C 

!( 

RT: OVEN TEMP=176°C 

~ T: OVEN T~MP=276oC 

i i  i ' 1  '1 i i 

I 

RT: OVE~ TEMP .'5=J@°r~ SETPT=35-3oC L I R I T - - 4 0 5 o C  

RT: STOP RUM 

S R ~ P L E : ~ I @ ~ 2 5 - 5 - 2 3 L  
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RT: SLICES @.2@ 
Fig. 213 

/ 
1 

. , .~JJSL~J~_ T E~ P =a6 = C SE'I'PT---~6*C uIHIT=4es;C'" 

RT: OVEN TERP=760C SF_TPT=;'6°C L I R I I ~ ' - . ; . ~  - 

, r .  
_ _  i i ; i .  

r 

. .  , !  

i 

RT: OVEN TE~P=t76°C  S ~  LIRIT= '405oC 

OVEN TEHP=276oC SETPT=27&oC, L IHZT=405oC 

~C 

/, 

P,I~I-" OVEPI TE.MP= 59°C $ETPT=330oC L I M I T = 4 0 5 o C  

RT: STOP RUN 

C:'-.' 

S R ~ P L E : ~ I @ 2 2 5 - 5 - 2 5 L  
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- RT: SLICES .2@ 
Fig. 214 

~ ~ C  SETPT=26~C L I M I T = 4 8 5  °C 
= :5 :=~ l~ l lmm l l . , ,m~  

I l l  

. I  

I . | 

- -  .% 

RT: OVF.N TEMP =76°!; SETPr=?b~u L I M I ~  . . . . . . . . .  . .  

t , i  

RT: OVF.I'i r~.~P=l?6°C ~ - ~ . 7  "~'h'; LI~IT=4r'JS~C 

5oC SETPT=276oC L I M I T = 4 0 5 ° C  

.%  

, ' _ - 3  

. ~ J  

RT: OVEN TEMP=3O@°C SETPT=35Q°C LIME T=4~5~C 

RT: STGP RUN 

SR~Pu~=Dl~225-5-2?L 
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TABLE 33 RESULT OF ~ OPERATION "" 

RUN I~D. 
CATALYST 
FEED 

1022.5-05 
~E/K +UCC-108 #10252-18-5 80 CC 59.7GM (72.9 AFIEE KI~ +13 G) 
H2:CO:AKG~ OF 50:50:0 ~ 400 CC/M~ OR. 300 GHSV 

RUN ~, SAbRK~ NO. 102.25-05-22 225--05-23 225-05-24 225-0'~-25 

FEED I-]2: CO:AE 
HRS ON S~%FAM 
PRF..SSLRE ,PSIG 
TEMP. C 

50:50:0 50:50:0 50:50:0 50:50:0 
258.5 282.5 290.0 306.5 
281 240 258 256 
250 250 250 250 

F~D CC/M~ 4O0 400 400 4O0 
FINDING : 2 5 8 . 5 0  24.00 7.50 24.00 

GAS ~ 3142.47 275.31 61.45 273.75 
~ ! . A Y I ~  ' 122.27 I0.IO 3.30 10.57 

tim Orr. 152.58 13.69: 4.84 15.50 

MATmRIAL BAIANCE 
GM ATOM CARBON Z 
~ ATCM ~aX~EN 7. 
GM ATfM 0XYGEN. 7. 
RATIO C~J 0eowm2) 
RATIO X IN [HX 
USA~ m/CO m0~ 
RATIO 002/(I£20+C02) 
K SHIFt IN EFH~ 

T 

93.31 86.68 64.62 85.96 
100.13 92.52 70.47 92.13 

97.19 89.98 65.48 89.1.5 
O. 9210 O. 9253 O. 9738 0.9268 
2. 5107 2. 5200 2.4726 2. 5144 
0.7194 0.7242 0.7762 0.7301 
0.8522. 0.8518 0.8096 0.8450 
32.43 24.30 17.11 21.62 

CONVI~SION • 
ON CO % 93.09 
ON 1-12 % 63.80 
ON CO+H2 7. 77.93 

SELFLTIVI~ ,WT % 
CH4 14.79 
C2 HC'S 11.00 
C2B8 12.25 
C,3H6= 5.05 
C41{I0 5.89 
C/4-18= 6.30 
C5"d12 4.38 
C5}KO= 4.97 
C6IR4 4.11 
C6H12= & CYCLO'S 0.44 
C7+ IN GAS 12.61 
LIQ HC'S 18.22 

90.60 90.48 89.86 
62.76 64.86 62.47 
76.23 77.12 75.69 

15.31 14.06 15.23 
10.43 9.51 10.37 
12.87 11.66 12.68 
4.39 3.98 4.29 
6.09 5.53 6.00 
5.83 5.31 5.68 
4.38 3.90 4.20 
4.77 4.29 4.62 
3.46 3.08 3.31 
0.38 0.29 0.33 

12.68 10.18 11.04 
19.42 28.23 22.26 

TOTAL I00.00 100.00 I00.00 100.00 
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SUB-GROUPII~ 
Cl -C4 55.28 54.92 
C5 -420 F 37.61 ." 36.63 
4~.0-700 F 6.56 7.10 
7oo- ,  m: o.5s 1.3s 
CS+-END PT 44.72 45.08 

RATIO 
~C~ 0.1524 0.1018 
C5 0.6290 0.3863 
C6 1.0989 0.6075 
C4= 0.0834 0.0693 

v /ou m 
C3 -2.3150 2.7947 
C/4 0.9018 1.0092 

C5 0.8576 0.8919 " 
LIQ HC C~I2£TIC~ 

PHYS. APPFARANCE ~ OIL CLR OIL 
DENSlTf 0.759 0.759 
N, REFRAClT~ INDEX 1.4283 1.4284 
SIMULT'D DISTIIA_TN 

I0 WT 7. @ DEG F 242 246 
16 27O 273 
50 386 398 
84 542 596 
90 595 659 

~(16-84 Z) 272 323 

WT 7. @ 420 F 61.00 56.50 
WT 7~ @ 700 F 97.00 93.06 

50.04 
37.66 
10.33 
1.98 

49.96 

0.1022 
0.3836 
0.6035 
0.0703 

 ..79s; 
• . I . 0 0 4 1  

0.8832 

56.40 
93.00 

54.25 
36.05 
8.15 
1.56 

45.75 

0.1006 
0.3881 
0.6070 
0.0705 

2.8226 
1.0199 
0.8827 

CI2,0~ 
0.758 
1.4280 

248 
275 
399 
60D 
661 

325 

56.40 
93.00 

- ? 
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TABLE 34 RF_~T OF ~ OPERATION 

RUN ~D. 
CATALYST 
FEED 

10225-05 
FE/K +UCC-108 ~t!0252-18-5 80 CC 59.7GM (72.9 ~ ~ +13 G) 
142:CO:ARC<~ OF 50:50:0 @ 400 CC/MN 01% 300 Gfk~V 

RUN ~ SAMPLE NO. 10225-05-26 225-05-27 

FEED H2:CO:AK 

I-~S ON S ~  
PRESSURE ,PSIG 
T~4P. C 

50:50:0 50:50:0 
313.5 330.5 
258 256 
250 250 

FEED CC/M~ 
HTORS FEEDD~ 
EFFI/~ GAS LITBE 
GM ~ LAX~ 
Q4OIL 

4OO 4OO 
7.00 24.00 

89.40 3O8.9O 
3.21 11.01 
4.77 16.37 

GM ATCE CARIK~ % 
GM ATU4 ~ Z 
~ ATU4 OXYGEN % 
P xzo c x/( o+co2) 
RATIO X IN CHE 
USAGE H2/C0 PRODT 
RATIO C02/(m_O+002) 
K sHIFt IN E~W.NT 

95.14 95.69 
101.30 101,79 
99.29 99,64 

0.9138 0.9177 
2.5226 2.5206 
0.7203 0.7223 
0.8507 0.8500 
21.33 20.34 

O3~v'~ICX~ 
ON CO % 89.13 
ON K~ % 61.76 
ON ~ % 75.02 

PRDT ~ , W T  % 
CH4 15.46 
C,9. I~'S 10.52 
C3H8 12.80 
C3H6= 4.32 
C4HI0 ~ 6.19 

5.75 
c, mt12 4.27 
C5}~0= 4.66 
C6KI4 3.37 
C61"]12= ~ CYCLO'S 0.35 
C7+ IN GAS I0.72 
LIQ HC'S 21.59 

88.61 
61.57 
74.68 

15.36 
10.56 
12.74 
4.35 
6.10 
5.76 
4.31 
4.70 
3.36 
0.36 
10.85 
21.56 

TOTAL I00.00 100.00 
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SUB-Q~X~II~ 
C1 -CA 55.03 
C5-42O F 35.57 
420-700 F 7.82 
700-END PT 1.58 
CS+rEND PT 44.97 

CA 0.IL54 
C5 0.3878 
C6 0.5965 
cA= 0.0864 

P ~ / ~  I~ATZO 
CS 2.8246 
C4 1.0398 
CS 0.8921 

PIIYS. A P ~  
DENSITY 
N, REFRACTIVE INDEX 
SIMULT' D DIST]IATN 

IOWT% @DEGF 
16 
50 

.,~-~ 
9O 

RANG~(16,84%) 

WT % @ 420 F 
WT% @ 700F 

56.50 
92.70 

54.86 
35.76 
7.81 
1.57 

45.1/+ 

0.1046 
0.3849 
0.5992 
0.0759 

2.7937 
1 ° 0208 
0.8918 

CLR OIL 
0.758 
1.4277 

249 
275 
398 
601 
665 

326 

56.50 
92.70 

l" 

- 319 - 



XIII. RUN 12 (10225-10) with Catalyst 12 (Fe/Rh + UCC-108) 

According to UK Patent Application GB2099716A, a catalyst 

with Fe/Rh and ZSM-5 has very high selectivity for gasoline; the 

purpose of this catalyst was to test the properties of the same 

metal component in combination with UCC-108. A precipitate of 

Fe203.XH20 was prepared in the same way as for Catalyst II, and 
i' 

J 

impregnated with a solution of RhCl 3 to give 2 percent rhodiu~ion 

the catalyst. This metal component was then physical~y mixed 

with an equal quantity of UCC-IO8, bonded with 15 percent SiO2, 

and formed as an extrudate. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. 215-218. Simulated distillations of the C5+ pro- 

duct for two samples are plotted in Figs. 219-220. Carbon number 

product distributioPs are plotted in Figs. 221-227. Chromato- 

grams from simulated distillations are reproduced in Figs. 228- 

234. Detailed material balances appear in Tables 35-37. 
i 

The conversion of this catalyst wms low, and did not signifi- 

cantly improve with increasing temperature. At 250C the water 

gas shift activity was also low, with 15 percent of oxygen re- 

jected as CO2, but at 280C it was up to 35 percent of oxygen 

rejected as CO 2. The R2:CO usage ratio, however, was still 

--1.5:1, not a good usage for I:] syngas. 
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The selectivity was poor, with high levels of methane and C 2- 

C4, low C5+ , and almost no diesel oil or heavies. The percent 

olefin of the C4's was not particularly good for an iron cata- 

lyst. The isomerization of the pentane, while initially high, 

lessened with time, although the chromatograms of the liquid 

distillations show that the liquid remained highly isomerized. 

The Schulz-Flory plots suggest a possible double with the 

change at C13-C15. 

This is not a promising catalyst, with its low activity and 

poor selectivity. 
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TABLE 35 

;.t 

~ T  OF ~ OPERATION 

P/~ N0. 
C~TALYST 
FEED 

10225-10 
FE/RH +UCC-108 #10252-78C 80 CC 43.9~4 (42.1 AFIE; RU~ -1.8G) 
H2:CO:ARGON OF 50:50:0 @ 400 CC/HI~ OR 300 GHSV 

KUN & SAMPLE NO. 10225-10-01 225-10-02 225-10-03 225-10-04 225-10-05 

FEED~:~:AR 
fBS ON SIEF_AM 
PRF.ZSURE,~ 
T~MP. C 

50:50:0 5 0 : 5 0 : 0  50:50:0 50:50:0 50:50:0 
22.0 27.0 44.5 51.0 69.5 
306 305 299 303 303 
253 251 251 251 251 

~ZD CC/M~ 
HOLP~ FEEDING 
EFFI/~ GAS LITER 
C~ ~ LAYER 
G~OIL 

400 z~0 400 400 400 
22.00 5.00 22.50 6.50 25.00 

427.25 95.55 433.00 125.55 474.50 
20.32 4.93 22.18 6.73 25.89 
0.86 0.32 1.42 0.39 1.51 

~ BALAbra: 
e4 AT(M CARK~ 7~ 
GM ATU~ ~ Z 
Gt~ A_sU~ ~ Z 
~z~o ~ ( ~ > ~ o i )  
RATIO X IN CE{ 

m/co R~o~ 
~T~O O02/(mO+CO2) 
K SHIFt IN EFEII~ 

99.79 98. i0 98.85 I00.26 97.83 
102.85 102.08 102.95 104.36 102.18 
99.47 98.51 99.16 100.30 98.78 

1.0200 0.9749 0.9816 0.9976 0.9446 
2.5571 2.5210 2.5196 2.5124 2.5348 
I. 8412 1.8559 1.8363 I. 8422 I. 8379 
0.1565 0.1388 0.1471 0.1454 0.1445 

0.16 0.14 0.15 0.14- 0.14 

~ I O N  
0~ CO % 18.81 

H2 % 33.32 
CN {D+H2 % 26.17 

PRIE SELELTIVITf,WT % 
CH4 19.42 
C2 HCIS 11.92 
c3H8 8.54 
c2H6= 7.8o 
CABIO 4.17 

7.97 
CSt'R2 2.77 
CSHIO= 6.23 
C6H14 2.97 
C6H12= & CY(~O'S 3.83 
C7+ IN GAS 21.06 
LIQ HC'S 3.33 

TOTAL 100.00 

• 18.60 18.91 19.60 19.06 
33.54 33.62 34.74 34.39 
26.22 26.42 27.32 26.89 

18.21 18.38 17.89 18.94 
10.65 10.35 10.1/ 10.90 
8.26 8.22 8.58 8.34 
7.82 8.15 8.56 8.24 
4.04 3.97 4~17 3.96 
8.18 8.50 8.17 8.50 
2.63 2.64 2.77 2.63 
6.00 6.29 6.66 6.12 
2.86 2.71 2.82 2.48 
4.60 4.67 5.16 4.93 
21.24 20.72 20.19 19.77 
5.51 5.40 4.91 5.19 

100.00 i00.00 I00.00 100.00 
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SUB-(~,OUPII~ 
Cl -CA. 59.81 57.16 
C5 -420 F 37.85 39.15 
420-700 F 2.14 3.42 
700-END Fr 0.20 0.27 
CS+-~qD Fr 40.19 42.84 

CA. 0.2182 0.1965 
(35 0.8431 0.7075 
C6 0.8571 0.7187 
C4= 0.1789 0.1485 

 , TZO 
C3 1.0440 1.0072 
C~ 0.5050 0 .4763  
C5 0 . 4 3 1 5  0.4255 

LIQ HC COL~ON 
PHYS. APPEARANCE CL~ OIL 
DENSITY 
N, REFRACIIVE II~IDEX 
S.I~MULT' D DIS~ 
.i0 WT % @ ,D]K~ F 356 ' 
16 384. 
50 ' 479  
84 622 
90 662 

RAN~(16-84 %) 238 
; 

wr  % @ 420 F 3 0 . 0 0  3 3 . 0 0  
WT % @ 700 F 94.14 95,14 

57.56 
38.82 
3.36 
0.26 

42.44 

0.1550 
0.4890 
0.5180 
0.1057 

0.9631 
0.4515 
0.4086 

CIa OIL 

348 
376 
470 
608 
650 

232 

33.00 
95.14 

57.49 
39.23 
3.04 
0.23 

• 42.51 

0.1538 
0.4539 
0.5029 
0.0000 

0.9564 
0.4925 
0.4043 

33.33 
95.23 

58.87 
37.67 
3.21 
0.25 
41.13 

0.1440 
0.3842 
0 .4238  
0.0000 

0.9648 
0.4496 
0.4172 

63/% OTr. 

345 
374 
470 
611 
651 

237 

33.33 
95.23 
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C 

TA]K~ 36 RE%VdLT OF SYNC:AS OPEEATION 

CATALYST 
FEED 

i0225-I0 
FE/EH +UCC-108 #I0252-78C 80 CC 43.9(24 (42.1 ~ RUN -I.SG) 
I-L2:OO:ARC, ON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

BI~ ~ SAMPI~ NO. 

FEED !42 :CO:AR 

PI~7~StRE,PSIG 
YDIP. C 

FEED CC/M~ 
IDUP~ F~DII~ 
EFT~ GAS LITEK 
e4 Aq~n~ IAYER 
(;MOIL 

I0225-I0-06 225-i0-07 225-10-08 225-10-09 225-10-10 
I ¢ 

J 

50:50:0 50:=_~: 0 50:50:0 50:50:0 50:50:0 
77.0 93.5 i01.0 117.5 125.0 
305 297 302 , 300 306 
251 251 281 281 281 

4OO 400 4OO 40O 4OO 
7.50 24.00 7.50 24.00 7.50 

142.10 458.95 117.15 385.55 118.95 
7.44 23.82 11.03 35.31 10.16 
0.46 1.4B 0.78 2.49 0.54 

MATEaIAL BAIANCE 

(I~ ATOM ~ % 
e4 ATOM ~ % 

era/0momo2) 
BATIO X IN (XgX 

H2/co ~ODT 
RATXO co2/(8zo+co2) 
K SSIF£ IN ~ F I , ~  

94.91 98.12 96.10 96.58 95.83 
99.05 101.88 101.72 103.30 101.26 
98.29 99.01 95.49 97.71 95.90 

0 • 7972 0. 9465 i. 0229 0. 9584 O. 9975 
2.6633 2.5552 2.6244 2.6703 • 2.6887 
1.8232 1.8364 1.5999 1.5506 1.5227 
0.1499 0.1488 0.2785 0.2985 0.3251 

0.15 0.15 0.30 0.34 0.38 

0ONVE~I(]N 
ON CO % 16o62 
ON 112 % 32.14 
ON 00+~ % 24.55 

S~!~rfClrf,WT 7~ 
CH4 23.29 
C2 EC'S 13.32 
C3H8 10.29 
C2H6= I0.43 
C/4tILO 4.87 
C4H8= 8.98 
C5H12 3.35 
CSH10= 7.65 
C6H14 3.12 
C6H12= & Ck'CLO'S 5.87 
C7+ IN GAS 2.42 
L.~ HC'S 6.41 

I00.00 

18.60 35.68 35.40 36.28 
33.70 53.45 52.17 52.33 
26.29 44.81 44.07 44.52 

19.74 21.83 24.26 25.04 
11.00 13.17 14.58 14.80 
8.60 8.13 7.53 7.87 
8.36 6.38 6.46 6.74 
4.06 4.86 4.02 4.00 
8.54 6.84 6.74 7.04 
2.69 3.46 2.88 2.81 
6.04 5.09 5.20 5.36 
2.49 3.65 3.22 3.03 
4.61 3.39 3.57 3.51 
18.37 17.90 16.05 15.98 
5.43 5.32 5.48 3.81 

I00.00 I00.00 100.00 100.00 
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SUB-GROUPINS 
Cl -C/+ 
C5 -420 F 
420-700 F 
700-]K~D PT 
CS+-END PT 

ISO/N~a~ MOLE RATIO 
C4 
C5 
C6 
04= 

e m ~ N / ~  PATIO 
C3 
C4 
C5 

LIQ HC COLL~ON 
PHYS. APPFARANCE 
DI~qSlTY 
N, REFRACTIVE INDEX 
SIMULT' D DISTIIAXN 
10WT% @DES F 
16 
50 
84 
9O 

~ ( 1 6 - 8 4  %) 

WT % ~ 420 F 
Wr% ~ 700F 

71.18 
24.38 
3.45 
0.99 

28'82 

0.1400 
0.3783 
0.4146 
0.0000 

0.9421 ~: 
0.5238 
0.4250 

30.67 
84.56 

60.37 
35.86 
2.93 
0.84 
39,63 

0 .1336  
0.3636 
:0.4027 
0.0000 

0.9847 
0.4531 
0.4330 

(ER OIL 

335 
368 
511 
695 
749 

327 

30.67 
84.56 

61.19 
35.90 
2.54 
0.37 
38.81 

0,5481 
1.6182 
I. 5502 
0.0000 

1.2168 
0,6854 
0,6602 

45.33 
93.07 

63.59 
33.42 
2.62 
0.38 
36.41 

0.4307 
1.3152 
1.3428 
0.5948 

1.1116 
0.5751 
0.5383 

CI.R LT BL 
0.808 
1.4.542" 

317 
341 
439 
608 
667 

267 

45.33 
93.07 

65.49 
31.85 

...... 2~35 
0.30 
34.51 

0.3921 
1.2624 
1.2721 
0.5814 

1.1144 
0.5479 
0.5103 

30,33 
92.11 

,7' 
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:. 
TABLE 37 RESULT OF ~ OPERATION 

RUN NO. 10225-10 
CATALYST FE/RK +UCC-108 #I0252-78C 80 CC 43.9GM (52.1 AFI~R RUN -I.8G) 
~2E~D !/  P,2:CO-.AF~N OF 5 0 : 5 0 : 0  @ 400 C C / ~  OR 300 

~ S~/4PI~ NO. I0225-I0-II 225-i0-12 225-I0-13 

FEED H2:CO'~AK 50:50:0 50:50:0 50:50:0 
ON S11hF/kM 141.5 149.0 165.5 

PRESSIBE, PSiG 301 299 304 
TI~dP. C ' 281 280 280 

CC/MI~ Za)0 40O 4OO 
m:~DD,X~ 24.00 7.50 24.00 
GAS ~ 388.55 107.65 34.5.85 

6M ~ S  LA.Y~ 32.52 9.35 29.91: 
(~M OIL 1.74 0.43 1.37 

~ BAT.ANCE 
el AT~ CARIKm Z 
GH ATOM }iYIXV, Xl~ % 

RATIO C~X/(~2OKm2) 
RATIO X IN C[-]X 

~ / 0 0  ImnDY 
RATIO 0 0 2 / ( ~ 2 )  
K SHIF~ IN EFFIz~ 

97.15 85.84 86.63 
102.98 91.96 93.71 
98.19 87.67 88.51 

O. 9620 0.9272 0.9282 
2.7406 2 .7577 2.7785 
1.4794 1.4664 1.4238 
0.5496 0.3509 0.3783 
0.43 0.44 0.51 

~ ' r O N  
ON CO % 36.94 37.35 39.52 
ON l'Lg. % 52.31 52.58 53.44 
ON COat?. Z" 44.85 '45.22 46.76 

SELF.CEr~ ,WT % 
(H4 27.~7 28.18 29.14 
C2 HC'S 15.73 15.95 15.93 
C3BB 7.87 8.09 8.27 
C3H6= 6.96 7.10 7.48 
C/d~O 3.68 3.69 3.86 
CAB8= 6.85 6.90 7.24 
C5H12 2.50 2.46 2.30 
CSHI0= 5.06 4.85 4.77 
C6H14 2.62 2 .54  2.38 
C6B12= ~, CYCLO'S 3.42 3.27 3.05 
C7+ IN GAS 14.07 13;63 ' 12.38 
LI.Q RC'S 3.78 3.36 3.21 

TO'L~ I00.00 100.00 I00.00 
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CI-C4 
C5 ,-420 F 
420-700 F 
700-DD PT 
C3+-mID PT 

LSO/~ HOLE RATIO 
C4 
C5 
C6 
CA= 

P~/OLEF~ I~ATIO 
CS 
C4 
C5 

PBYS. A?PFARANCE 
DIK~SITY 
N, ~ 151D]DI. 
SDfdLT' D DISTIIAT~ 

IOWT% @D]~GF 
16 
50 
84 
9O ...- .. 

WT % ~ 420 F 
:: WT% @ 700F 

68.55 69.90 
28.81 28.05 
2.33 1.77 
0.30 0.28 
31.45 30. I0 

0.3316 0.3184 
1.1253 1.0632 
1.1208 -:. 1.0607 
0.55~ 0.5387 

1.0795 1.0869 
0.5193 0.5160 
0.4801 0.4927 

CLK L BL 

• .& J 

349- 
38O 
484 
642 
683 

262 

30.33 39.00 
92.11 91.67 

71.93 
26.12 
1.69 

-..,.. 0.27 
28.07 

0.3199 
1.0404 
1.0800 
0.5085 

1.0547 
0.5145 
0.4683 

~aLBL 

334 
360 
451 
618 
679 

258 

39.00 
91.67 
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. XIV. SUMMARY , 

Considerable knowledge was gained this quarter about cobalt- 

containing F-T catalysts. The first series of runs established 

that for cobalt catalysts a far'lower percentage of the F-T ac- 

tive metal was desirable in the catalyst than had been the case 

for iron F-T catalysts. There are two reasons for this differ- 

ence. The first is that with the cobalt being more active than 

iron on a per gram basis, a lower percentage of metal allows an 

equivalent conversion at the same process conditions. The second 

reason is that at a I:I MC:SSC ratio the primary products of the 

cobalt overwhelm the SSC, which has insufficient activity to 

properly upgrade the product. This is not just another manifes- 

tation of the higher activity, but is also a result of the lower 

product quality (i.e., higher wax content) of the product of 

cobalt F-T Catalysts. 

The many experiments with the cobalt-containing catalysts 

have established general trends for their hydrocarbon products. 

The most obvious difference in cobalt and iron catalysts is the 

excessive methane produced by cobalt c~talysts. Every Schulz- 
z 

Fiory plot shows that the amount cf methane produced is complete- 

ly out of line with the amounts of other hydrocarbons produced, 

that is, ahere is a second mechanism which produces primarily 

methane~ The yield of the C2-C 4 hydrocarbons is often low and is 
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a function of the additives to the metal component. The]amount 

of total motor fuel is generally higher than that from iron cata- 

lysts, but the distribution between gasoline and diesel oil is a 

function of the composition of the catalyst. In general the 

hydrocarbons produced by the cobalt ere more paraffinic and less 

isomerized than those produced by iron. This leads to a more 

waxy product being produced by the cobalt catalyst. = 

- - .... .'z .... ~ ~-' "~" --~.~-.z, 

This quarter's runs. ha~e also" shown" that while UCC-IOI and 
;- 2"'" 

UGly108 had dramatically different effects on the isomerization 

activity and selectivity of catalysts containing iron as their 

metal component, these twb Molecular Sieves had only slightly 

different effects on the isomerization activity and selectivity 

i: 
of catalysts containing cobalt as their metal component. More 

specifically, while the Fe/UCC-I08 catalysts produced a highly 

isomerized product containing mostly gasoline with only a small 

amount of diesel oil, and the Fe/UCC-IOI catalysts produced a 

higher yield of motor fuels that had fewer isomers and more dies- 

el oil, such differences were far less between the products pro- 

duced by the Co/UCC-I08 and the Co/UCC-IOI catalysts. 

There was, however, a significant difference between the 

olefin contents of the products produced by these two cobalt 

containing catalystsl the Co/UCC-I08 catalyst yielded a far more 

olefinic, less waxy product than did the Co/UCC-IOI catalyst. 

The last and most important information discovered from this 

quarter's runs was the great effect which additives can have on 

cobalt catalysts. The additive used in experiment 10225-8 (Run 

.% , .  
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9 in this re bort) not only improved the product quality signifi- 
\, 

cantly, but greatly improved the catalyst's stability. This was 

the first cobalt and UCC-101 catalyst which did not produce a 

waxy liquid product. The catalyst deactivated at a rate 4 times 

lower than did similar catalysts without the additive. The liq- 

uid product was more olefinic and had a lower pour point than 

tha£ from the reference catalyst. 

Generally the cobalt catalysts have been very successful. 

The aspect that needs.the most improvement is the excessive meth- 

ane production. 
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APPENDIX B. SURFACE STUDIES 

By G. A. Somorjai 

Our study of:the catalytic hydrogenation of carbon monoxide 

has moved into a new. direction this quarter. We have recently 

begun a s~udy of the clean and sulfided Mo(100) surface as a 

Fischer-Tropsch catalyst. Also we have continued our work on 
t 

potassium and oxygen promoters in Rhenium Fischer-Tropsch. 

Molybdenum appears to have some interesting properties as a 

Fischer-Tropsch catalyst, in that it produces a high turnover of 

ethylene. 'The following are turnover'frequencies found for two 

different reaction conditions. 

T P H2:CO CH 4 C[-12=CH 2 C~3_CH 3 CH2=CH_CH 3 

550K 1.7 ATM 5:1 .25 1.4XI0 -2 5XI0 -3 0 

580K 1.0 ATM i:i .16 5XIO -3. 1.6XI0-3 1.5XI0-3 

~-.. 

As' can be seen, the production of ethylene was about three times 

that of ethane. The catalyst has not been observed to poison 

over the 6 hour period for which most reactions have been run. 

Furthermore, submonolayer amounts of sulfur on the surface tend 

to inhibit methane formation but not affect the rate of ethane 

and ethylene formation. 
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CO Hydrogenation on Promoted (Unsupported) Fe I Re and Pt Samples 

Our work in this area since our last report has focused on Fe 

and Re samples. We have concentrated on the effects of dosing 

these samples with K, O, and S. We have found, as shown in Fig- 

ures BI and B2, that the addition of an alkali to the surface of 

either Re or Fe before a CO hydrogenation reaction changes the 

selectivity of the catalyst. For alkali addition this selectivi- 

ty chang~ is a shift toward higher molecular weight products. 

Conversely, as seen in Figures B1 and B3, the addition of oxygen 

to the surface shifts the product distribution to methane. 

We have also noted that added oxygen increeses activity main- 

tenance of the catalyst. This seems to be due to the decreased 

build-up of graphitic type carbon, as noted in Auger spectrosco- 

py, Our current and planned interests are to further character- 

ize the effect of S on this system and to try to further charac-' 

terize the surfaces before and after reaction with the aid of an 

XPS sys~em~we are about to bring on line. 
" 4  . 
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Figure B2 
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