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I. CONTRACT OBJECTIVE 

The objective of the cbntract is to develop' a catal..yst and 

operating conditions for the direct conversion of syngas to 

liquid hydrocarbon fuels, using microporous crystals ("Mole:cular 

Sieves") in combination with transition metals. 
g ! 
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II'. SCH~,DULE :" 

J~contract work was planned for the 36-month, period begin- 

ning March 6, 1981. 

Work on the program is divided into four tasks. 

Task I, essen~ially completed, was the conversion of low 

molecular weight l~quids, such as methanol and propylene, to 

gasoline and dJ/esel fuel, with catalysts consisting of only a 
i 

M6~I%cu!ar-Siev~ component, commonly designated as the shape- 

selective component (SSC). 

Task 2 is the conversion of syngas (carbon monoxide and hy- 

drogen) to gasoline and diesel fuel, usinE catalysts consisting 

of both an SSC and a transition-metal component,"(MC). 

~:Task 3 is a study of the surface effects and reaction inter- 

mediates present on various catalysts during the hydrogenation of 

carbon monoxide. This task is conducted under, a subcontract with 

the University of California at Berkeley, and is directed by Dr. 

Gahor A. Somorjai. 

Task 4 comprises the management and technical reports for the 

contract. 

: - 2 - 



III. ORGANIZATION J 

Synthesizing "Liquid Hydrocarbon Fuels from Syngas" is the 

goal of a research and development pDogram on catalysis conducte~ 

by the Molecular Sieve Department, Catalysts and Process Systems 

Division, Union Carbide Corporation. 

The work is performed a~ Union Carbid~ Corporation's. Tarry- 

town Technical Center, Tarrytown NY 10591. 

Principal investigator is Dr. Jule A. Raho. 

Program manager is Dr. ~Ibert C. Frost. 

-3 - 
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IV. SUMMARY OF PROGRESS 

A. Task I 

Task I has been e'ssentially completed. Only minimal work, if 

any, is contemplated in the future. 

"Twelve catalyst test runs were made from May through July. 

Ten of these runs used' catalysts that contained cobalt as the 

metal component, while=the remaining two runs used catalysts that 

contained iron as:the metal component. Five of the ten cobalt, 

catalyst test runs were made with the catalysts containing one of 

two different'~shape selective components (UCC-IOI and UCC-I08) at 

I 

two different metal component:shape selectiv~e component ratios 

(I:1 and 3:14). The remaining, five coba]t catalyst test runs 

were made with:~the catalysts containing different additives in- 

corporated into the cobalt. The t~o iron test catalysts used 
• ¢, . I 

potassium and rhodiu~ ~s'additives and UCC-I08 as .their shape 

selective components. "'~ .~ . 
-, -~ c 

The five cobalt catalyst test runs using UCC-IOI and UCC-I08 

at the two different'levels showed these catalysts performed best 

at the 3:14.metal compone'nt:shape selective component (MC:SSC) 

ratio. ~ This ratio, unlike the lli MC:SS~C ratio used in the past 

for iron c'~talysts, makes availabl~ more molecular sieve to 



handle the larger quantity of the more parafKinic intermediate 

produced by the more active, but less concentrated cobalt compo- 

nento 

While this 3:14 MC:SSC ratio worked well with both UCC-IOI 

and UCC-I08, the UCC-I08 ~9ntainin 8 catalyst produced a more 

olefinic~ less waC xy, and lower pour point product than did the 

UCC-101 containing product. 
o- . 

The five cobalt catalyst test runs using catalysts with dif- 

ferent additives showed that these additives had pronounced ef- 

fects on the catalysts' activity, selectivity, and stability. 

The most outstanding ~ffect was realizeld, with the additive u~ed 
U', 

in the Run 9 catalyst. This additive greatly improved the sta- 

bility of the catalys~ While having the same initial activity 

of an additive-free catalystD its deactivation rate was only one 

fourth of that of the additive-free catalyst. Furthermore9 this 

additive improved the qualit~[~,~ of the hydrocarbon product, which 

had a high, stable yield of olefin{,and, unlike the product of > 

any other cobalt/UCC-101~catalyst, was free of suspended wax. 

This lack of suspended wax resulted in jet fuel and diesel oil 

fractions that had substantially lower pour points than did the 

fractions produced from a n  additlve-free catalyst. = 

The two iron/UCC-108 catalyst test runs gave disappointing 

results. The catalyst promoted with rhodium had poor activity 

and selectivity. The catalyst promoted with potassium had an 

activity that while high initially, deactivated rapidly. By the 

time sufficient product had been collected to measure the RON, 

% 

-° 

-,I, 
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"the catalyst was~_oducing a product that was far less isomerized 

th~n its initially produced product, and that had a ~ON of only 
~<. 

57.6; "4. 

C. Task 3 '~ 
i 

Studies~at the University of California at Berkeley, under 

the direction of Professo~ G. A. Somorjai, have concentrated on ~ 

clean and sulfided molybdenum surfaces, as well as the effect of 
,% 

potassium and oxygen promoters on rhenium and iron surfaces. The 

molybdenum catalyst produced a high turnover of ethylene, giving 

a yield of ethyl'ene that was three times that of ethane. The 

addition of potassium to either rhenium or iron shifted the pro- 

duct distribution down to higher molecular weight products. Co'n- 

versely, the addition of oxygen to elther rhenium or iron shifted 

i ,~f: 
the product distribution towards methane. Furthermore, the oxy- 

gen also appears to decrease the deactivation rate, apparently 

because of-a decreased build-up of graphitic type carbon. 

-6- 



V. CHANGES 

f 

Ther~  w e r e  no c o n t r a c t  c h a n g e s  d u r i n g  t h e  t e n t h  q u a r t e r .  



~-Vl. FUTURE;]WORK 
-o 

J 
'" If" 

• Efforts during the next .quarter will ;'be d[rected at a Contig- 

~eg exaMation L~f' 'cobalt catalysts with additional additives. 

i 
u 

m 

A. C. Frost 
Prus"ram Manaser 

,2 
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I. INTRODUCTION 

The :results of twelve tests conducted from May through July 

1983 are detailed in this Quarterly Report. Ten of the tested 
t, 

catalysts have metal components containing cobalt. 

have iron metal, components. 

The :tests can bedivided into three, categories. In runs 'i-5 

'appropriate...ratios of MC to SSC are established for cobalt con- 

tain',:2n g catalysts for both' UCC-101 and UCC-I08 as the SSC's. In 
,, . -_'- 

runs 5-I0, additives to the cobalt metal components are tested to .> ., 

see' if they can improve the product quality and stability of the 

catalysts. The 'i:esults of the two iron catalysts are reported in 
,'..r.'J i' 

runs 11 and 12. 

She data is presented in the same format as wasused in the 

previous Quarterly Reports. _~ 

The catalysts are generally formulated in the same manner. 

The catalysts used in all the tests except number I0 were pre- 

pared as a physical mixture of the MC and SSC. Of'those physical 

mixtures, all but the one used in run humber II were formed as 

Si02-bonded extrudates. The catalyst used in :run number ii was 

pressed into tablets with no binder. The catal.y.~ •used in run 
• ...:.~o~ . , 

number I0 had the MC pore-filled into a preformed,'20 percent 

AI203 bonded UCC-IOI extrudate. 

The other two 

-11- 
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II. RUN 1 (I0225-06) with CatalysJJl (C'o/Th on UCC-IOI) 

This catalyst, intended for use in establishing a "base line 

for determining the most productiv.e ratio of cobalt to Molecular 
f 

Sieve, is to be compared wit'h Catalyst :2, ~which follows (Run 

I0112-14). The metal compon'ent was prepared by precipitating" 
K 

; cobalt oxide with sodium ,car;bonate from an aqueous solution of 
..% 

cobait nitrate, waNhing and i.drying the cobalt oxide, and impreg- 

natin 8 it with thorium-nitrate solution to give two weight per- 

cent thoriuml on-the catalys£. The metal component and the Molec- • 

ular Sieve (UCC-IOI) were then physically mixed in a I:i weight 

ratio, bonded with 15 weight percent silica, formed as 1/8" ex- 

trudates, and calcined in air at 250C.before loading into the 

reactor. The resulting mixture consisted of cobalt/thorium:UCC- 

101:silica in a weight ratio of 42:42:15. 

Conversion, product selectivity, isomeri'zation of the pen- 

tane, and percent~'olefins of the C4's ale plgtted against time on 

stream in Figs. I-4. Simulated dist~..llations of'the C5+ product 
~l "; %: .- 

for two samples are plotted in Figs. 5-6. Carbon number product 

distributions are plotted in Figs. 7-13. Chromatograms from sim- 

ulated distillations are reproduced in F{gs. 14-20. Detailed 

matenial balances appear'~in Tables 1-3 i 1 

Con.version of both'.hydrogen and car.hon monoxide was almost 

complete at both 280C 'ind 250C; at this level of metal component, ¢ 

i- - 12- 



=. 

the space velocity should have ~'een h~gher.': The water gas shift 
• . { - 

activity wls good, with 70 perce~;'%f oxygen rejected as carbon 

dioxide at 250C and 80 percent at 280C.: Usage of the i:I H2:CO 

syngas was excellent, with ~0.95 moles of H 2 converted per mole 

of CO converted. Deactivation was hard £o detect' with ~iuch high 

conversion; even if present, it may have been masked because not 

_all the active sites may have been used. 
9 

Methane production at 280C was extremely high, 60 percent, 

and down to -40 percent, still unacceptably high, at 250C. Pro- 

ductio~ of C2-C 4 (ordinarily low with cobalt catalysts) was high 
:~y. 

at both temperatures. Ther'e was a littl~ condensed liquld,at 

2.50.~i"and:almo~t none at 280C. Total C5+ at 280C was minimal 

(~.I0 perce~t), and only up to 40 percent at 250C. As would be 

expected with so light a distribution, there were no heavies. 

The pentane was poorly isomerized, and the C4's deficient in 

desirable olefins. When a gasoline fraction was distilled, the 

FIA showed it was 85 percent saturated. In agree~eut with the 

pentane findings, chromatograms of the simulated dis.tillations lJ 

show that the liquid was poorly isomerized. Although the Schulz- 

Flory plots for 280C are highly non-linear, the quantities of 

heavier hydrocarbons were negligibly small and hence relatively 

inaccurate. At 250C, with a heavier and more accurate distribut- 

ion., the plots are fairly straight. 

The combination of high productivity and poor selectivity 

suggests that the metal component may be too active, while the 

pobr isomerization suggests that the Molecular Sieve may have 

-- 13 -- 
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b e e n  o v e r w h e l m e d .  T h i s  u n d e s i r a b l e  e f f e c t  c a n  o b v i o u s l y  be r e m -  

e d i e d  by increasing the ratio of Molecular Sieve.to metal compo- 

nent, thus raising the rat'io of space velocity to metal component 

and lowering the ratio of space velocity to Molecular Sieve. 

¢ 
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TABLE i RESULT OF ~ 01~TION 

NO. 10225-06 
CATALYST CO/TH +UCC-101 #I0252-30C 80 CC 35.8GM (34.6 AFTER RUN -1. G) 
FEED H2:CO:~RGON OF 50:50,~,0 @ 400 CC/MN OR 300 GHSV :~ 

RUN & SAMPLE NO.7~ 10225-06-01 225-06-02 225-06-03 225-06-04 225-06-05 

,, 

FEED H2:O0:~ 50:50:0 50:50:0 50:50:0 :'50:50:0 50:50:0 
ON SIBEAM 22.5 29.0 46.5 52.5 71.7 

PRESSUBE,PSIG 302 310 308 , 309 309 
T~MP. C 279 ,: 278 278 : 278 278 
FEED CC/HIN 4O0 40O 400 ~ 400 4OO 
H0{BS FEEDI~ 22.50 6.50 24.00' 6.00 25.17 
EFFI~ GAS LITER 236.90 68.30 250.70 62.30 261.25 
GM AQUEOUS ~ 11.57 3.98 14.7.0 4.34 18.20 
GM OIL 0.58 0.27 1.00 0.55 2.30 

GM ATOM ~ % 91.76 92.56 92.75 ' 93.27 91.84 
~ ~ % 9 7 . 2 5  97.50 100.17 97.93 97.43 

GM ATOM ~ % 94.37 96.12 93.00 96.66 96.07 
RATIO CHX/(H20+C02) 0.9484 0.9312 0.9950 0.9351 0.9186 
RATIO X IN CHX 3.5000 3.4477 3.4075 3.3230 3.3443 
USAGE }]2/00 PRODT 0.9889 0.9837 1.0210 0.9782 0.9731 
RATIO C02/(H2OH302) 0.8529 0.8345 0.8297 0.8125 0.8122 
K SHIFt IN EFFIANT 59.88 22.53 25.62 14.23 19.03 

~ I O N  
ON OO 7. 99.39 98.54 98.64 97.66 98.09 
ON I-I2 7. 94.06 93.82 93.38 92.68 92.09 
ON COH~ 7" 96.65 96.12 95.91 95.11 :95.00 

PRDT SELECTIVITY~WT % 
CH4 65.76 62.89 61.54 57.05 58.74 
C2 HC'S 10.66 10.43 9.31 9.46 9.41 
C3H8 9.70 10.34 9.80 10.22 9.51 
C3H6= 0.10 0.12 0.24 0.34 0.49 
C4}R0 4.90 5.37 5.57 5.90 5.24 
C/4E~ 0.17 0.22 0.41 0.57 0.74 
C5H12 3.12 3.63 3.99 4.38 3:89 
CSHI0 = 0.12 0.15 0.31 • O. 41 0.51 
C6H14 2.18 2.56 3.22 3.57 3.11 
C6H12= & CYCLO'S 0.04 0.03 0.09 '0.25 0.03 
C7+ IN GAS 2.53 3.12 4.42 5.38 5.80 
LIQ HC'S 0.70 1.1.3 !.i0 2.47 2.52 

i00.00 i00.00 100 .00  I00.00 I00.00 

s 

., 
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t., 

- ' ,c: 

SUB~II~ 
C1 -CA. : 91.30 
C5 -420 F 8.12 
420-700 F 0.36 
700-~D PT 0.22 
CS+-E~D PT 8.70 

L~O/~UW.t ~ P,m~O 
C/4 0.1162 
C5 0.2498 
C6 ; 0.5407 
CA= :" 0~414O 

C3 93.2300 
C4 27.1787 
C5 ,. 24.4467 

LIQ [-IC (XELFE~(I'~ 
PHYS. APPEARANCE C[/~ OIL 
I)i~'rTY 
N, ~ IlqDEX- 
SIMULT' D DISTIIATN 
I0 WT %" @ DE F 352 
16 403 
50 ,: 617 
8/+ :770 
9O 804 

~(16-84 D 367 

89.38 
10.06 
0.37 
0.19 
10.62 

0.1055 
0.2226 
0.4891 
0.3806 

82.2922 
23.1114 
24.2034 

86.87 
12.59 
0.36 
0.18 

13.13 

0.0870 
0.1812 
0.3869 
0.2160 

38.8404 
12.9851 
12.3818 

SL CLDY 

00" 
330 
418 
706 
764 

376 

83.55 
15.39 
1.02 
0.04 
16.45 

0.0821 
0.1713 
0.3609 
O. 1620 

28.35~ 
~.~ 
~.4z~9 

WT Z ~ 420 F 17.70 51.00 51.00 57.00 
WT 7. @ 700 F 69.00 85.45 83.45 98.35 

~.13 
14.79 
1.04 
0.04 
15.87 

0.0781 
0.1551 
0.3245 
0.1320 

18.6704 
6.8197 
7.4000 

SLCLDY 
0.759 
1.4271 

288J 
3~ 
4O7 
~3 
5~ 

216 

57.00 
98.35 
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TAm~ 2 RF_St~T OF ~ OPEKaTION 
C 

RLT~ NO. 10225-06 1~,~ : 
" CATALYST C0/TH +UCC-101 #10252-300 80CC 35.8GM (34.6 ~ RUN-1.-G) 

FEED H2:CO:ARGON OF 50:50:0 @ 400 C.Cj~viXl OR. 300 GHSV 

RUN ~ SAMPI~ NO2' 10225-0"6-06 225-06-07 225-06-09 225-06-10 225-06-11 

'F~ED cO/ram 4OO 4OO 
HOtBS FEEDING 7.08 7.50 
E F F ~  GAS ~ 64.10 73.70 
GM ~ S  LAX]~ 9.52 8.72 
GM OfT. 5.59 4.63 

FEED H2:OO:AR ; 50:50:0 50:50:;9 ,50:50:0 50:50:0 
ON SlRF.AM 78.75 95.5" 119.5 127.0 

PKES-~JRE,PSIG 302 306 306 " 309 
TEMP. C 255 247 252 253 = 

2 

400 400 
23.83 24.00 
217.25 239.10 
32.03 24.80 
18.81 12.52 

50:50:0 
144.0 

302 
2 ~  

40O 
24.50 

240.60 
28.~q 
15.12 

~:BAIANCE 
GH ATOM ~ % 
(I~ ATOM ~ Z 
e4 AIIM 0 ~  % 
RATIO C~X/(H20+COZ) 
RATIO X IN CHX 
US~E H2/CO IT, ODT 
~o Go2/(momo2) 
K S KFr IN t~'FINT 

86.74 90.47 :. 93.75 94.28 
86.40 96.01 9.8.70 100.29 
93.88 96"44' 97.81 97.73 

0.8554 0.8903 0 .9243 . :  0.936b 
2.7849 2.8615 3.0276 2:9721 
0.9586 0.9616 0.9586 O. 9794 
0.6646 0.6958 0.7540 0.7289 

1.87 5.56 8.59 , 6.40 

~ T O N  

ON C0 % 86.43 
ONB2 % 87.14 
ON CO+H2 % 86.78 

CH6 34.63 
C2 HC'S 5.71 
C388 ' :5.98 
C3H6= 2,13 
C,A}~0 3.92 
C4H8= I, 2.77 
C.O'-H 12 '~ != ÷:, 3.89 
csmo= 2.46 
C6H14 3.61 
C6H12= g~ CYCLO'8 0.28 
C7+ IN C~.S 9.07 
LIQ HC'S 25.56 

95.37 96.02 95.26 
89.41. 89,40 89.40 
92.30 92.63 92.24 

37.10 44.18 41.46 
5.84 7.18 6.89 
7.54 8.96 9~II 
0.76 0.68 0.68 
5 . 2 0  : =5.58 5 . 7 4  
1.51 1.30 1.49 
5.03 4.90 5.04 
1.35 1.14 1.25 
4.64 4.36~ 4.26 
0.11 0.07 0.06 
8,77 7.50 7.52 

22.15 14.15 16.50 

I00.00 I0().00 I00.00 1~.00 

D 

93.87 
97.26 
98.32 

0.9166 
2.9062 
0.9531 
0.7263 

5.00 

93.50 
88.19 
90.80 

38.70 
6.46 
8.46 
1.09 
5.3o 

.;:: 2~.o8 
5.01 
.!.90 
Z~57 
0.12 
9.25 

17.08 

i00.00 
q 

%'... 
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: - . .  

SUB-(mOUPII~ 
C1 -CA. 55.13 57.95 

~C,5 -420 F 34.90 33.41 
420-700 F ':~ 9.34 8.09 
700-~D PT 0.63 O. 55 
CS-I--~]D PT 44.87 42.05 

ISO/mmMAL ~3LE PATIO 
C/+ 0.0508 0.0386 
C5 0.0943 0.0785 
C6 0.1645 0.1501 
CA= 0. 0000 0.1627 

P~/OLEFm P, AT~O 
C3 2.6850 

_..CA. 1 .3677  
: -  .... C5 1.5388 

FHYS. APPFA?4~CE 
DENSIIX 
N, ~ INDEK 
SIMULT' D DISTIIATN 

10WT 7o ~ DEGF ": 249 
%... 16 261 

/ 50 . 390 
84 542 
9O .. 596 

9.4355 
3.3335 
3.6270 

(IR OIL 
0.737 ~: 
1.4161 

67.88 65.37 
26.46 28.03 
4.97 5.78 
0.68 0.82 
32.1/ 34.63 

0.0450 0.0454 
0.0886 0.0859 
0.1677 0.1619 
0.;1848 0.1757 

12.5361 12.7247 
4.1454 5.7318 
4.1883 3-.9134 

(SLR OrL 
0.742 %1 
1.45171 

254 
266 
391 
567 
628 

RANIS(16-84 %) 281 301 

WT Z @ 420 F : 61.00 61.00 
Wr % ~ 700 F 97.52 97.52 

60.00 
9 5 . 1 6  

60.00 
95.04 

62.08 
31.09 
5.99 
0.85 
37.92 

0.0392 
0.0771 
0.1434 

'~ 0.1290 

7 .4043  
2.4668 
2.5644 

C U ~ O I L  
0 . 7 4 1  
1.4169 

253 
263 
393 
553 
622 

290 

60.00 
95.04 
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TABLE 

RUN N0. 
CATALYST 
FEED 

RUN ~ S~MPLE N0. 

FEED H2:CO:AR 
~BS ON STRFAM 
[gd~SSURE,PSIG 
TEMP. C 

3 RESULT OF ~ OP~4iTION " .' 
! 

10225-06 .. -" 
CO/TH +UCC-101 #IOP.52-30C 80 CC "35.8~ (34.6 AFI'ER RUN. -I. G) 
H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OK 300 GHSV 

b 

10225-06-13 

50:50:0 
167.5 
310 
251 

Faro CC/M~ 
}DURS FEEDING 
EFFLNT C4~ L~ 

GM OIL 

4O0 
23.50 

225.80 
29.82 

:~ 16.95 

l ~ ~  Ea~LANCE 
GM A~N CARBON % 
GM AT~ ~ N  % 
G~ ATOM CEYG~ % 
RATZO ( mo+co2) 
RATIO X IN CI~ 
USAGE H21CO PRODT 
RATIO (021 (H20+C02) 
K SHI~ ~ EFF/.~ 

97.17 
99.1,o.. 
98.02 

O.984O 
2.7846 
0.9845 
0.7021 

3.26 

OZWERSlON 
ON CO % 91.96 
ON I{2 % 89.12 
~N COH£2 % 90.53 

PRDT SELFLTIVITY,WT % 
CH4 33.13 
C2 HC ' S 5,46 
C3H8 7.87 
C3H6= 1.35 
C/4BI0 5.12 
C4HS= 2.78 
c5"m2 5.4o 
CYril0= 2.46 
C6R14 5.15 
C6H12= & CYCLO'S 0.27 
67+ IN GAS 12. Ii 
L~Q HC'S 18.90 

TOTAL 100~00 

;_, 
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C, 

S U B ~ I E G  
~Cl -C4 
C5 -420F 
42O-7OO F . . .  
700-]K~D PT 
CS+-]~D PT 

iso/mmmL RATIO 
C4 
C5 
C,6 
CA= ~ 

P ~ / O L E F I N  m~T[O 
C_,3 , 
C4 
C5 

L Iq  I-IC C0LUm~Om 
PHYS. APPFARA_NCE 
DD~Sn~Z 
1~', REFRAL-qTv'E TIMEX 
SIMULT'D DISTIIAEN 

10 ~r£ 7. @ D~G F 
16 
50 
84 
90 

KANGE(16-84 ~) 

WT~ ~ 420 F 
WT~ @ 700F 

36.92 
6.49 
0.88 

/-'/4.29 

0.0360 
o o868 . . -  

0.1362 
0.0881 

5.5557 
1.7745 
2.1349 

CLR OIL 
0.744 
1.4171 

253 
262 
39O 
557 " 
622 

295 

61.00 
95.33 
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,A 

Ill. RUN 2 (i0112g14) With Catalyst 2 (Co/Th on UCC-IOI) 

Like Catalyst i, with which it is to be compared, t.his cats- - 

I. 

lyst is to be used in establishing the most favorable ratio of 

metal component to Molecular Sieve in cobalt catalysts. It was 

prepared in the same way as Catalyst 1 except that the metal 

component contained 17 weight percent ThO 2 and the weight ratio 

of Molecular Sieve to metal component was 14:3, with 15. weight 

percent Si02 binder. 

Conversion, product selectivity, isomerization of the'pen- 

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

stream in Figs. 21-24. Simulated distillations of the C5+ pro- 

duct for two samples are plotted in Figs. 25-26. Carbon number 

product distributions are plotted in Figs. 27-33. Chromatograms 
-2 "-. 

from simulated distillations are reproduced in Figs. 34-40. De- 

tailed material balances appear in Tables 4-6. 

As expected with its lower concentration of metal component, 

this catalyst was much less active (~45 percent conversion) at 

250C than Catalyst i; there was an initial deactivation, followed 

by a steady conversion. At 270C the conversion was substantially 

higher than at 250C, but still not as good as with Catalyst I. 

Because the water gas shift activity was poor, the conversion of 

H 2 was higher than that of CO; 85 percent of the oxygen was re- 

jected as H20 at 25OC, and 75 percent at 27OC--an inefficient use 
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of i:i syngas. Due to the high conversion of hydrogen and t'he 

CSTR behavior of the Betty reactor, the effective exposure of 

this catalyst to the H2:C0 syngas was in a ratio of only 0.4:1. 

The selectivity at 250C was variable, at 270C fairly stable. 

MBthane production was 17-18 percept, a high yield but common 

with cobalt catalysts. The C2~C4 fraction was low. The C5+ 
~.... 

product was fairly high~ 42 percent of the total product was 

gasoline, 20 percent diesel oil, and 7.5 percent heavies. The 

total motor fuel yield, however, was lower than the Schulz-Flory 

limit. The C 4 fraction was more olefinic than that of Catalyst 

I; measurements varied, hut without discernible trends. Isomer- 

ization of £he pentane, while approximately twice that of Cata- 

lyst I, was still low. Pen bai'e production, in moles per hour, 

was about half that of Catalyst I, so that absolute isomerization 

was the same with both. The Schulz-Flory plots are linear except 

for the excess methane and some error in the C6-C 7 measurements, 

and there is no indication of a carbon number cut-off. The con- 

densed liquid contains wax, even though only 16 percent of it 

boiled above the~[diesel range. The chromatograms of the simu- 

lated dist±llations show mostly straighu chain hydrocarbons; 

isomerization of'!the pentanes was substantially higher than with 

Catalyst I, but to~al isomerizatlon was only a little higher. 

The ratio of metal component to Molecular Sieve in this cat- 

alys~ is much lower than tha~ in Catalyst I, and the Molecular 

Sieve is not being overwhelmed. Methane production is still ex- 

cessive, and a higher degree of isomerization wouid~ba degi<able. 

- 42 - 
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To test the possibility that in the initial part of the run at 

250C the catalyst may have lost some of its isomerizing ab.ilit'y, 

which it could not thereafter recover, it may be useful to run it 

first at 270C to see if the isomerization improves. 
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TABLE 4 RESULT,~F SYNGAS OPERATION ::~ 

RUN NO. 10112-14 
• CATALYST CX)/TII -RICC-101 #I0~2-42C 80 CC-30.0GM (43.7 AFIEK RUN +14 G) 
FEED P~:CO:ARC=ON OF 50:50:0 @ 400 CC/MN OR 300 

10112-14-01 112-14-02112-14-03 112-14-04 112-14-05 

FEED E?.:CO:AR .- 5 0 : 5 0 : 0  5 0 : 5 0 : 0  ': 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
HRS ON ~£RFAM 4.5 19.75 :. 30.25 44.13 52.0 
PRESSURE ,PSIG 294 295 295 297 296 
TEMP. C 252 251 251 251 251 

FEED CClM~ 4OO 4OO 4OO 
IKYJRSFEEDING 4.50 19.75 10.50 
EFFLNTGASLIT~% 36.80 214.30 148.65 
GMAQUF/~SIAYER 11.39 49.99 22.26 
GMOIL 4.94 21.67 6.03 

92.97 
90.97 5 
102.40 
0.6983 
2.4108 
1.6498 
0.1663 
0.1,2 

MAT~,Im~ BAIANUE 
Q~ ATOM CARBON % 75.17 81.30 
GM AEUM }IY[~OGEN % 70.54 90.23 
(24 ATOM QKYGEN % 86.48 89.02 
RATIO CHX/(H20+C02) 0.6903 0.7770 
RATIO X IN C}91 2.1798 2.2921 
USASE H2/C0 PRODT 1.5204 1.7321 
RATIO 002/0{20+002) 0.1854 0.1286 
K SHIFt IN EFFLNT 0.07 0.09 

4OO 4OO 
24.38 7,87 

346.65 112.95 
51.70 15.89 ~ 
].4.00 ~/'77~o,~, 

I" I I  h 

• 90.33 98.19 
97.13 94.92 
97.44 101.39 

0.7711 0.8907 
2.3778 2.3074 
1.6823 1.7132 
0.1592 0.1504 

0.13 0.10 

o~¢vlmsloN 
ON CO 7o 42.54 38.57 29.09 ' 31.95 
ON H2 % 81.12 67.61 : 57.61 \ 56.14 
ON CO+H2 % 61.22 53.85 : 43.20 " 44.48 

PRDT SEI2_LTIVITY,WT % \ 
C~4 7.51 12.66 17.69 ~ 16.46 
C2 ~C'S 1.53 2.07 2.96 2.58 
C3H8 1.39 2.45 3.44 3.01 
C3H6= 2.06 1.08 1.90 1.95 
C4HI0 '; 1.40 2.11 2.79 2.37 
CABS= 3.14 I. 98 3.28 3.49 
C~H12 2.02 2.56 3.40 3.02 
CSHIO= 3.31 2.10 3.70 4.04 
C6H14 2.79 3.04 4.08 4.27 
C6HI2ffi ~ CYCLO'S 0.17 0.14 0.26 - 0.38 
C7+ IN GAS 12.59 12.15 19.63 24.70 
LIQ HC'S 62.07 57.67 36.87 33.74 

TOTAL i00.00 100.00 100.00 i00.00 

31.18 
58.15 
44.44 

13.46 
2.09 
2.52 
1.73 
2.00 
3.23 
• 2.49 
3.58 
3. ii 
0.27 
16.84 
48.68 

i00.00 
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SUB-GR(XmING 
Ol -CJ+ 
C5 -420 F 
420-700 F 
700-~D PT : 
CS+-END PT 

~ o I ~ .  ~ ~ o  
CA 
C5 
C6 . 
CA= 

e ~ l ~  ~c'J:o 
C3 
CA 
C5 

• LZQ Hc COLLFCnON 
PHYS. APPEARANCE 
Dm~srzY 
N, REFRAL'TIVE INDEX 
SIMULT'D DISTILATN 

i0 wr % @ DEG F 
16' 
5O 
84 
9O 

Ra,,~(16-84 ~) 

WT% @ 420 F 
WT % @ 700 F 

17.~ 
~.~ 
32.~ 
6.~ 

82.96 

0.3564 
0.5998 
0.8712 
0.2793 

0.6429 
0.4293 
0.5931 

38.43 
90.33 

22.34 
42.15 
29.93 
5.58 
77.66 

0.1006 
0.1927 
0.32!6 
0.0000 

2.1752 
1.0280 
1.1808 

OIL WAX 
0.775 
1.4304 

305 
338 
475 
6.54 
697 

316 

38'43 
90.33 

32,'~07 
46.4:7 
18.47" 

2.99 
67.93 

0.0912 
0:1662 
0.2781 
0.0000 

1.7240 
O. 8204 
0.8940 

41.80 
91.90 

29;85 
50.51 
16.90 
2.73 
70.15 

0.0827 
0.1352 
0.2349 
0.0000 

1.4733 
0.6559 
0.7279 

OIL WAX 
0.768 
i .4302 

C. 

300 
329 
453 
626 
677 

297 

41.80 
91.90 

25.03 
44.02 
23.43 
7.51 
74.97 

0.0778 
0.1346 
0.2299 
0.0000 

• 1.3893 
0.5990 
0.6761 

J: 

I 

36.43  
84.57 

5 
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TABLE 5 RESULT OF ~ OPERATION 

RD'N NO. 10112-14 
CATALYST CO/TH +UCC-101 #I025i-42C 80 CC 30.0GM (43.7 ~ RUN +14 G) 
FEED HZ:CO:ARC,<~ OF 50:50:0 @ 400 CC/MN 0R 300 GHSV 

RUN ~ SAMPLE NO. ]011Z-14-06 112-14-07 112-14-08 112-14-09 112-14-10 

FEED H2:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRS (3N ~ 70.0 77,0 93.5 I01.0 117.5 
~,PSIG 296 295 296 296 296, 
~MP. C 251 270 270 271 271 

CC/Mm 4OO 4O0 
HOURS FEEDII~ 25.87 7.00 
EFFUqT GAS LITER 371.00 89.60 
GM AQUEOUS iAYER 52.25 16.34 
(24 OIL 23.35 10.93 

MATImlAL BALANCE 
GH ~ CARB~q % 97.81 116.99 
(~M ATOM h'YD~ % 94.58 105.70 
6~ ATOM o.~ % 101.08 114.17 
RATIO CHX/(H20+C~2) 0,8880 1.0651 
RATIO X IN CHE 2.3071 2.3904 
USAGE H2/CO PRODT 1.7295 1.3981 
RATIO O02/(~2) 0.1435 0.3459 
K SHIFt IN EFFLNT. O.I0 0.21 

OON-CEP~ION 
ONCO% 
ONH2% 
C~ O3+H2 % 

PRIE SELF_ETI~TY,WT Z 

C2 HC'S 
C3H8 
C3H6= 
C4H10 , 
C4H8= 
C5~I12 
CSH10= 
c6m4 
C6IR2= ~ CYCLO'S 
C7+IN C4~ 
LIO. :HC'S : 

TOtaL 

30.76 52. ii 
58.00 78.77 
44.15 64.76 

400 400 400 
23.50 7.50 24.00 

275.00 84.45 273.05 
54.86, 17.95 57.44 
36.70 9.40 30.07 

106.94 100.62 99.61 
98.04 94.17 93.25 

103.53 101.76 i01.03 
1.0891 0.9709 0.9626 
2.3383 2.3972 2,39P~6 
I. 5330 I. 517.3 I. 557]? 
0.2653 0.2681 0.2439 

0.14 0.14 0.12 

48.42 48.26 45.98 
78.29 78.90 77.66 
62.71 63.07 61.30 

13.64 16.98 15.24 17.94 18.02 
1.98 2.82 2.41 2.67 2.65 
2.40 3.28 2.43 2.90 2.56 
1.77 1.98 1.97 2,04 2.12 
1.89 2.60 1.86 2.15 1.85 
3.26 3.54 3.38 3.46 3.51 
2.37 3.08 2.29 2.47 2.18 

3.56 3.52 3.49 3.68 3.74 
2.86 3.49 2.59 2.72 2.54 
0.27  0.33 0.38 0.35 0.37 

16.75 10.74 II.II 13.42 12.31 
49.24 47.65 52.87 46.22 48.14 

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

- 66 - 

#if 
I 



SIm~IN~ 
Cl -C4 24.95 31.20 
C5 -420 F 43.75 40.83 
420-700 F 23.70 18.96 
700=END PT, 7.60 9.02 
CS-I---I~D PT 75.05 68.80 

I S 0 / ~ A L  HZ)LE RATIO 
C4 0.0748 O. 1460 
C5 0.1345 O. 268.3 
C6 0.2178 0.4573 

0.0000 0.0000 
Pm~F~/0LEFn~ ~ o  

C3 1.2954 1.5787 
CA. 0.5598 0.7085 
C5 0.6468 0.8481 

LIQ HC (XKI,ECYION 
PHYS. APPFARANCE OIL WAX 
D~SlTY 0.784 
N, BEFRALTIVE INDEX 1.4316 

• SIMULT' D DISTIIATN 
10 WT% @ DESF 306: 
16 339 
50 485 
84 696 
90 751 

~(16-84 %) 357 

WT % @ 420 F 36.43 41.29 
wr % @ 700 F 84.57 81.08 

27.28 
41.68 
21.04 
10.00 
72.72 

0.2660 
0.4199 
0.oooo 

1.1782 
0.5299 
0.6379 

G~:OIL WAX 
0.775 
1.4305 

274 
305 
473 
731 
801 

426 

41.29 
81.08 

" ~.... 

42."81 
:18:67 

7.36 
68.84 

0.1373 
0.2734 
0.4338 
0.0000 

1.3606 
0.5988 
0.6521 

43.67 
84.07 

30.71 - 
42.17 

: 19.45 
7.67 

69.29 

o.1io6 
0.2600 
0.4018 
o.oooo 

i.1559 
0.5089 
0.5676 

GROIL WAX 
0.768 
1.4305 

271 
302 
452 
699 
769 

397 

45.67 
84.07 

<. 
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TABLE 6 RESULT OF ~ OPERATION 

I~3N NO. 
CAT/~YST 
FEED 

10112-14 
CO/TH 4UCC-IOI #i0252-42C 80 CC 30.0GM (43.7 ~RL~ +14 G) 
H2:CO:ARC4JN OF 50:50:0 ~ 400 CC/MN OR 300 

10112-14-11:112-14-12 I12-14-q3 112-14-14: 

FEED H2: CO'.AR 
HRS ON STREAM 
I~BESSt~E :I~IG 
T~4P. C ~' 

cc/  
H~JRS FEEDIN~ 

GAS 
~ ~ S ~  
GM OIL, 

~ ~ C E  
e4 AT(~ CAR]K~ ~ 
GM ATOM ~ Z 
e4 ATOM ~ ~ 

RATIO X IN CI-~ 
 /co 

RAT m 0o2 / (H20+CO2) 
K SHIFr IN EFFI/VI' 

50:50:0 50:50:0 .50:50:0 50:50: 
125.0 141.5 149.0 165.0 

296 294 " 299 :; 296 
271 271 271 272 
400 400 400 400 
7.50 24.00 7.50 23.50 

86.55 281.75 90.25 288.05 
17.88 57.23 17.87 55.98 
9.18 29.37 8.26 25.89 

99.40 100.34 99.21 100.05 
94.22 95.47 97.15 99.62 

100.61 100.94 101. I0 101.35 
O. 9678 0.9838 0. 9497 0. 9654 
2.4052 2.4168 2.4488 2.4924 
1.5793 1.6063 1.5918 1.6128 
0.2365 0.2285 0.2358 0.2366 

0.13 0.12 0.14 0.14 

CONVERSION 
ON CO 70 45.43 44.89 44.86 45.20 
ON H2 % 76.70 76.29 74.47 74.2.6 
ON CO+H2 % 60.64 60.20 59.51 59.70 

PRDT SELECrlVITY,Wr 
CH4 18:59 19.26 20.68 22.78 
C2 HC'S 2.74 2.77 2.85 3.10 
C3HB 2.64 2.63 3.02 3.18 
C3H6= 2.03 1.97 2.26 1.93: 
C4HI0 1.91 1.89 2.23 2.37 
C4HSffi 3.45 3.37 3.59 3.06 
C5H12 2.29 2.16 2.19 2.25 
• C,.~10= 3.64 3.49 3.51 3.05 
C6hUL4 2.46 2.46 2.56 2.56 
C6H12= ~ CYO.O'S 0.38 0.35 0.34 0.34 
C7+ LN GAS 12.56 12.72 13.56 13.08 
LIQ HC'S 47.31 46.93 43.21 42.30 

TOTAL 100.00 100.00 100.00 100.00 
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', SUB-GR£E~ING 
% Cl -c4 

I 

\,, C5 -420 F 
42O-700 F 

~ 700-END PT 
\ ,  CS+-DD t°T 

:YSO/NCSMAL ~ RATIO 
~ c4 

% C6 
% m ~:C4= 

LIQ ~ , ~ O N  
%, P H Y S , % ~  

D~snY 
N~ RE~Ab-X'ZVE INDEX 
SIMULT'i~: D ~  

I0 WT ~ @ D~G F 
16 
50 
84 
9O 

~(16-84 7.) 

WT % @ 420 F 
WT % @ 700 F 

31.36 
41.52 
19.76 
7.36 
68.64 

O. 1238 
0.2438 
0.3807 
0.0000 

1.2403 
0.5383 
0.6117 

42.67 
84.44 

31.90 
41.20 
19.60 
7.30 

68.10 

0.1202 
0.2455 
0.3656 
0,0000 

1.2703 
0.5403 
o.6oo9 

GK OIL WAX 
0.773 
1.4319 

287 
310 
458 
696 
758 

386 

42.67 
84.~ 

: 34.62 
40.75 
18.38 
6.24 
65.38 

0.1/15 
0.2001 
0.3749 
0.0000 

1.2767 
0.5978 
0.6053 

43.00 
85.55: 

36.42 
39.47 
18.00 
6.11 
63.58 

0.1093 
0.1865 
0.3614 
0.OO00 

1.5720 
0.7467 
0.7187 

GK OIL WAX 
0.767 
1.4310 

288 
311 
454 
686 
748 

375 

43.00 
85.55 . 

% 
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IV. RUN 3 (10112-15) With Catalyst 3 (Co/Th on UCC-101) 

This is a second preparation of Catalyst 2, identical in 

formulation and composition, to be run only at 270C as a test of 

any possible effect of temperature on degree of isomerization. 

Conversion, product selectivity, isomerization of the pen- 

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

stream in Figs. 41-44. Simulated distillations of the C5+ pro- 

duct for two samples are plotted in Figs. 45-46. Car bdn number 

product distributions are plotted in Figs. 47-51. Chromatograms 

from simulated distillations are reproduced in Figs. 52-56. De- 

" tailed material balances appear in Tables 7-8. 

There was an initial loss of activity to ~55 percent ~0 and 

H 2 conversiou, slightly below the level of Catalyst 2. Water gas 

shift activity was low; initially -37 percent of the oxygen was 

rejected as CO2, dropping to 20 percent by the end of the rub. 

Due to the high conversion of hydrogen, the effective exposure of 

the catalyst to the H2:CO syngas was in a ratio of only 0.5:1. 

The product selectivity was essentially the same as in the 

previous run, evidently having been unaffected by.:the difference 

in temperature. Based on total hours, on stream, ms distinct from 

hours at 270C, the selectivity was poorer. At 120 hours on 

stream the methane production was slightly higher at--20 percent. 

Wax production was a little lower. There was no essential dif- 
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ference in production of gasoline and diesel' fuel, in percent 

olefins of.C4, or in pentane isomerization. Total motor fuels 

were again below'the Schulz-Flory limit. The S-F plots show 

excessive methane, as well as an apparent carbon number cut-off 

above the diesel range. The condensed liquid was 'waxy, even 

though only ~iI percent of it boiled above the diesel range. The 
• • ",,' 2. 

chromatograms of the sim,Jlated distillations can be almost exact- 

ly superimposed on those of the previous run. There was little 

isomerization 6f the liquid hydrocarbons. 

Distillation and subsequent analysis of the liquid hydrocar- 

bons showed that the olefin content of the gasoline fraction was 

36 percent, and that of the jet fuel fraction was 32 percent 

(three times higher than with Catalyst I, and similar to the 

previous run). The lower percentage oT metal component equates 

to shorter metal component contact time9 curtailing the formation 

of secondary products. The higher olefins, and possibly the 

slight isomerization, both contribute to the very low pour point 

of ~F for the jet fuel fraction, in contrast to the pour point 

of 65F for the jet fraction from an iron catalyst without Molecu- 

lar Sieve, and the diesel fraction's pour point of 5OF. 

Results were similar to those of the previous run. The ini- 

tial testing at 250C evidently had little effect on the results 

at 270C. ' : 
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'-/ 
TABLE ~ ~ T  OF~OPERATION 

RL~NO. 10112-15 
CATALYST CO/TH+UCC-101,#10252-46C 80CC 37.2GM (52.1~RUN+15 G) 
FEED HZ:CO:~GON OF 50:50:0 ~4O0CC/MNOR3OOGHSV 

RUN & SAMPLE NO. I0112-15-01 i12-15-02 I12-15-03 I12-15-0A I12-15-05 

FEED H2:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRSONSTBF2~ : 19.5 27.0 115.5 122.5 139.5 
PRESSURE,PSIG 302 299 303 302 302 
TE~. C 272 271 269 269 269 

FEED CC/MIN 4OO ~ 40O 4OO 4OO 
HOURS FEEDING 19.50 7.50 88.50 7.00 24.00 
EFEZCf GAS LITEK 156.55 61.50 1049.40 91~50 324.55 
-GM~S lAYER 47.27 18.12 208.20 14.74 50.54 
GMOIL 24.32 9.60 96.37 6.24 21.39 

MAT~EAL BAIANCE 
&M ATOM CARBON % 85.88 
~4 AlUM ~ ~ q  % 79.97 
e4klOM OXYGEN % 94.42 
R.~TIO C~/(~L2Ot~2) 0.8123 
RATIO X IN CHX 2.3242 
USAGE H2/O0 PRODT 1.2272 
RATIO 032/(H2.0KD2) 0.3735 
K ~HIFr IN EFF[ZqT 0.16 

86.83 95.01 99.73 99.31 
80.49 98.12 98.28 99.38 
94.44 95.50 99.88 99.73 
0.8293 0.9862 0.9955 0.9870 
2.3375 2.4283 2.5101 2.5037 
1.2590 1.6739 1.6228 1.6902 
0.3620 0.2001 0.2403 0.2068 

0.15 0.13 0.17 0.14 

~ I O N  
ON CO % 62~86 
ON H2 % 89.4O 
ON CO+H2 % 75.66 

PR~r S~uECrlV!TY,Wr % 
C.¢14 14.67 
C2 PE'S 2.23 
C3H8 2.12 
C3H6= 2.93 
C4HIO i..80 
C4H8= ~'. 14 
CO'HI2 2.18 
CSHIOA 4.24 
C6H14 2.98 
C6}~.2= ~ CYCID'S 2.37 
fi7+ IN GAS 12.74 
LIQ E:'S ,, 47.58 

: 100.00 

61.20 44.21 41.99 39.12 
89.06 72.07 69.26 66.43 
74.61 58.36 55.53 52.78 

15.46 19.66 23.52 23.12 
2.29 2.82 3.07 3.09 
2.11 2.90 3.27 3.29 
2.82 1.96 2.23 2.63 
1.74 2.18 2.64 2.72 
4.08 3.00 3.44 3.73 
2.06 2.27 2.72 2.71 
4.17 3.09 3.62 3.78 
2.63 2.55 2.88 2.80 
2.30 1.77 2.02 1.56 
11.58 14.13 13.78 11.90 
48~7 43.68 36.81 38.66 

100.00 I00.00 100.00 100.00 
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Cl ~ 27,90 28.~9 
cs -420 F 50.41 43.30 
420-700 F 19.19 22.72 
700-END PT 2.51 5.49 
CS+-E~D PT 72.10 71.51 

~ o / ~  ~ RATIO 
CA. 0.2857 0.2632 
C5 : 0.5572 0.4990 
C6 O. 9660 0.8647 
C4= 0.0000 0.0000 

P~RAFF~/OIXFIN RATIO 
C3 0.6912 0.7154 
C4 0.4206 0.4117 
C5 O. 5OO4 0.4803 

LIQ HC (X]LIF_L'YlfkN 
PHYS. APPF_.AR~ICE --. fiR YL on'.  
DENSITY O. 741 
N, REFRACTIVE INDEX 1.4266 
SIMULT' D DISTILATN 
1(3 WT % @ DF~ F 257 
16 286 
5O 406 
84 578 
90 635 

RAt~(16-84 70) 292 

WT % @ 420 F 54.40 42.16 
WT % @ 700 F 94.72 88.75 

32.52 
42.22 
20.35 
4.91 
67.48 

0.1226 
0.2546 
0.4117 cJ 
0.00OO 

1.4156 
O. 7010 
0.7141 

GR OIL WAX 
0.765 
1.4309 

292 
318 
457 
662 
712 

344 

42.16 
88.75 

38.17 
40.22 
15:.94 
5.67 

61.83 

0.1367 
0.2493 
0,4098 
0.0000 

1.3971 
0.7401 
0.7302 

41.29 
84.60 

38.59 
38.71 
16.74 
5.95 

61.41 

0.1778 
0.2698 
0.4181 
0.0000 

1.1943 
0.7044 
0.6954 

GRYL OIL 
O. 769 
1.4310 

292 
"320 
465 

• 694 
755 

374 

41.29 
 ,.9o 

C. 

IJFW 

-3 
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TABLE 8 

RUN NO. 10112-15 

[~gJLT OF SYNGAS OPEIRATION 

C~LTALYST 
FEED 
• L 

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

CO/TH+UCC-101,#I0252-46C 80 CC 37.2Q4 (52.1AFrERRUN+I5 G) 
H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 C~ 

10112-15-06112-15-07 112-15-08 112-15-09 

50:50:0 50:50:0 50:50:0 50:50:0 
146.5 "163.5 170.5 187.5 

302 300 302 301 
269 270 269 269 

FEED CC/MIN 
R(XELB FEEDING 
EFF~ GAS LITER 
CM~S LAYER 
GMOIL 

MAmUAL m  NCE 
GM AI~ C~.RBON % 
(,~4 AEI24 ~ % 
Q,I ATOM OXYGEN % 
P, ATZO C~X/(~0+C02) 
RATIO X IN CHX 
USAGE  /00 PRO r 
RATIO 002/(H20+(X)2) 
K SE[~T IN EFFLNT 

4OO 4OO 4OO 4OO 
7.00 24.00 7.00 24.00 

94.55 326.45 94.30 328.00 
14.55 49.89 14.55 49.89 
6.71 23.01 5.88 20.15 

100.50 101.89 98.59 99L45 
100.39 101.30 : 97.96 99.16 
99.42 100.08 99.44 99.78 

1.0334 1.0559 0.9737 0.9896 
2.4875 2.4874 5.5214 2.5200 
1.6872 1.6911 "1.6860 1.7093 
0.2121 0.2136 0.2099 0.2017 
0.15 0,15 0.14 0~'14 

CON~t~RSION 
ON CO?. : 
0NHZ% ' 
ON C0+H2 Z 

PRDT SEL~TY,Wr % 
CH4 
C2 HC'S 
c3H8 
c3H6= 
d4~10 
c4s~ 
c5H12 
CSHIO~ 
c6m4 
C6H.12= &. CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

EDTAL 

40.12 40.43 38.74 38.31 
66.85 67.26 66.47 65.97 
53.48 53.81 52.56 52.12 

22.57 22.63 24.24 24.15. 
2.95 2.99 3.23 3.23 
3.05 2.98 3.15 3.14 
2.16 2.22 2.34 2.34 
2.33 2.22 2.37 2.32 
3.37 3.29 3.72 3.56 
2.42 2.38 2.41 2.43 
3.29 3.60 3.68 3.84 
2.81 2.72 2.69 2.72 
2.02 2.06 2.09 2.07 

13.06 13.88 12.88 13.28 
39.97 39.03 37.20 36.92 

100.00 100.00 I00 .00  100.00 
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SUB~Ii~ 
Cl -C4 
C5 -420 F 
420-700 F 
700-1~D PT 
CS+-~D PT 

ISO/NmMAL ~ R~TmO 
C4 c" 
C5 
C6 
C4= 

PARAFF~/OLEF~ RA~O 
C3 
C4 
C5 

;' LIQ HC O01/2_CI~ON 
PHYS. APPEARANCE 
DI~ISiTY 
N, REH'OL-'YIVE INDEX 
SIMULT'D DISTI3[A~TN 

I0 WT% @ DBG F 
16 
50 
84 
90 

P~a~(1.6-~ %) 

WT% @ 420F 
WT% @ 700F 

36.43 
40.39 
17.06 
6.13 
63.57 

0.1292 
0.2615 
0.4047 
0.0000 

1.35Z3 
0.6684 
0.7168 

42.00 . .  

84.67 

36.33 
41,04 
16.65 
5.98 

63.67 

0.1370 
0.2540 
0.4006 
0.0000 

1.2831 
0.6503 
0.6438 

CLDY GR 
0.747 
1.4316 

291 
318 
462 
694 
755 

376 

42.00 
84.67 

39.05 
39.43 
15.90 
5.62 

60.95 

0.1316 
0.2620 
0.3968 
0.0000 

1.2830 
0.6155 
0.6376 

42.14 
84.89 

38.74 
39.90 
15.78 
5.58 
61.26 

o.1~27 
0.2473 
0.3892 
0.0000 

1.2776 
0.6289 
0.6146 

CLDY OR 
0.769 
1.4319 

293 
320 
460 
692 
754 

.372 

42.14 
84.89 
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V. RUN 4 (I0112-13) with Catalyst 4 (Co/Th on UCC.-I08) 

This is another base line catalyst for use in determining the 

most produc;tive ratio of metal component to Molecular Sieve. Ex- 

cept for the substitution of UCCil08 for UCC-IOI, it is identical" 

in preparation and composition'to Catalyst I. 

Con,!crsion, product selectivity, isomerization o.f the pen- 

tane, and percent olefins of the C4's are plCotted against time on 
L-" 

]': 

stream in Figs. 57-~0. Simulated distillations of the C5+ pro- 

duct for "two samples are plotted 'in Figs. 61-62, Carbon number 

product distributions are plotted, in Figs. 63-'68. Chromatograms 

from simulated distillations are reproduced in Figs. 69-74. De- 

tailed material balances appear in 'Fables 9-11. 

At 250C the conversidn oE this catalyst was 60 "percent,"'much 

lower than the 90 percent [)[us of Catalyst I. The difference at 

280C was smaJler: 88 percent for this catalyst, 95 percent ~or 

Catalyst I. The .lower activity is hard to ex-plain in a physical- 

ly mixed catalyst, since the Mol.ecul.ar Sieve "should not be mixed 

inti'mately enoug:h with the metal component'to affect it's activi- 

ty. The water gas shift activity was lower than for Catalyst 1. 

At 250C ~ the percent of oxygen rejected as CO 2 was ini~ially 50 

percent, then fell off to 35 percent; at 280C it was 75 percent. 

The general selectivity at 280C was similar to that of Care- 

lyst i at 250C with similar conversion. Methane and C5+ pro- 
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duction were each --40 percent, with low wax yield. At 250C, 
,) 

however, the selectivity was.~ubstantially b~tter: methane pro- 
,! , 

duction was ~15 percent, C5+ was more than 70 percent, and the 

combined total of 'gase.line plus diesel oil was --60 percen%. At 

first the-gasoline, plus diesel oil was 74 percent of the total 

product, beyond the Schulz-Flory 'limit, but this ~as a false 

(measurement caused by wax build-up in the reactor- note the in- 

crease of heavies with hours on stream, and th'e low materiat 

"balance until Sample 4 because this product was not com.ilng 0.,.36 of 

the reactor. The percent olefins in the C 4 fraction ,~a'ried wide- 

ly, with . n o  apparent relationship to time or temperature. Iso- 
C' 

merization of the pentane was even lower than with Ca6alyst I: 

characterization of.';<:~he -liquid indicates chat i't was ,h'ighly sat- , 

u r a t e d  s t r a i g h t f ~ h a . i n  h y d r o c a r b o n s ,  much l i k e  t h a t  o[" C a tu l .  y s t  l .  

The  i n i t i a l  S c h u l z - F l o r y  p l o t s  s h o w  w h a t  a p p e a r s  t o  b e  a c a r b o n  • 

number  c u t - o ' f f ,  a g a i n  a [ a . l s e  m e a s u r e m e n t  c a u s e d  hy wax  I ) u , i l d - u p  

i n  t h e  r e a c t o r :  by S a m p l e  5 t h e  d i s t r i b u l i o n  i s  l i n e a r  e x c e p t  [or: '  

the excess methane. The last two sa,nptes seem to show excess 

heavies--yet another fa[se mea,~urement, due t'his time to the' 
, 

built-up wax leaving th~ reactor at high temperature. 
~2 

Like Catalyst 1, this caEalyst contains too h~gh a proportion 

of metal component to Molecular Sieve. The ra~io should be ad- c 

justed. 
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TA]K,E 9 RESULT OF ~ O P ~ O N  ' 

Ei~ NO. 10112-13 
CATALYST CO/TH -R]CC-I08 #I0252-28C 80 CC 31.8GM (33.6 AFTER PJ3N +I.SG) 
FEED H2:CO:,~R(K)N OF 5 0 : 5 0 : 0  ~ 400 CC/MN OR 300 GRBV 

Ri~ k sAMPLE NO. 10112-13-01 112-13-02 112-13-03 112-13-04 112-13-05 

FEED H2:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:50: O 
HRS ON SIRFAM 18.5 25.5 42.67 50.17 67.08 
PRESSURE,PSIG 307 302 299 301 299 
T/RdP. C 252 251 250 251 251 

FEED CC/Hm 4O0 40O 46O 4OO 4OO 
R~(RS FEEDDI~ 18.50 7.00 24.17 7.50 24.42 
EFFI/¢£ GAS LITER 142.05 53.65 246,95 94.13 305.56 
GH AQUK~S ~ 40.78 14.82 51.18 14.59 47 .49  
GH OIL 28.73 6.60 22.79 9.38 30.5.3 

MAIERIAL ~ 
GM ATOM CARBON % 86.09 71.97 86.56 
GM ATOM ~ % 79.40 62.28 77.56 
GM ATOM (IXYGEN 7o 97.75 91.36 101.42 

'* RATIO CHX/(H20+CO2) 0.7705 0.5520 0.6552 
RATIO X IN CHX 2.3015 2.2841 2.4213 
USAGE ]~./co PROIE 1.0183 1.0088 1.1175 
RATIO 002/(H20+002) 0.4881 0.4219 0.4101 
K SHIFT IN EFFI/qT 0.36 0.24 0.31 

co msioN 
ON CO % 74.24 58.55 53.03 
ON I"12 7. 89,45 83.96 [ 76.85 
ON CO+H2 % 81.54 70.33 4 ' 64.29 

PRIE SEIXCIEVlTY,W£ 7. 
Qi4 12.75 12.53 18.58 
C2 HC'S 1.88 1.84 2.64 
C3H8 2.37 1.83 2.99 
C3~6= 1.41 2.19 1.67 
C4}~0 2.30 1.88 2.80 
C4K8= 2.79 2.49 2.11 
C5H12 3.59 2.73 3.55 
CSHIO- 2.10 2.52 2.06 
C6B14 4.24 3.15 3.91 

. C61112= ~ C/CLO'S 0.45 1.08 0.76 
C7+ IN GAS i0.03 Ii. 89 12.14 
LIQ }'E'S 56.08 55.86 46.80 

101.73 100.19 
97.85 95.63 
101.93 I01.12 
0.9945 0.9744 
2.4880 2.4363 
1.3802 1.3824 
0.3616 0.3451 

0.31 0.29 

49.82 47.96 
71.62 70.~3 
60.51 58.79 

21.53 18.98 
2.99 2.86 
3.66 3.39 
0.83 1.00 
3.25 3.02 
1.34 1.43 
3.76 3.70 
1.21 1.53 
4.00 4.01 
0.28 0.4O 

10.21 10.34 
46.94 49.33 

100.00 100.00 100.00 100.00 100.00 
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SUB'GRfYJPII~ 
Cl -C4 23.51 22.76 
C5 -420 F 45.08 44.32 
420-700 F 28.98 29.67 
700-~D PT 2,43 3.25 
CS+-END PT 76.49 77.24 

ISO/NORMAL MOLE RATIO 
C4 0.0000 0.0110 
05 0.0557 0.0443 
06 , 0.1192 0.0611 

• ' ' 0.4558 0.oooo 
P ~ / O L m ~  F, ATIO 

C3 1.6088 0.8006 
C7~ 0,7953 0.7305 
C5 1.6586 1.0545 

LIQ HC COLI2LTION :' 
PHYS. APPEARANCE CI~ OIL 
DENSITY <' .745 .747 
N, REFRACI'I'VE INDEKI.4195 1.4208 
SIMULT' D DISTILATN 

I0 WT % @ DEG F 258 
16 304 
5O 451 
84 605 
9O 649 

RANGE(16-84 %) 301 

WT % @ 420 F 44.00 
Wf % @ 700 F 95.67 

41.07 
94.19 

30.78 
41.64 
24.86 
2.72 

• 69.22 

0.0264 
0.0797 
0.1271 
0.0000 

1.7139 
1.2823 
1.6753 

CIK OIL 
.755 .759 

1.424 1.4245 
i' 

298 
328 
466 
628 
664 

300 

41.07 
94.19 

,2 

33.60 
37.58 
22.29  
6.53 

66.40 

0.0355 
0.1081 
0.1871 
0.0000 

4.2227 
2.3508 
3.0211 

38.60 
86.08 

30.69 
:39.02 
23.42 
6.87 
69.31 

0.0294 
0.0807 
Q,:1532 
0.O0O0 

3.2498 
2.0377 
2.3520 

OIL WAX 
.743 .757 
1.4260 

299 
333 
478 
688 
737 

355 .. 

38.60 
86 .O8 
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TABLE i0 RF6E~T OF , ~  OP~ATION 

 Nm. Z6112:13 ,, 

CATALYST C0/TH+UCC-108 #I0252-28C 80 CC 31.SGM (33 .6~RUN+I .8G)  
FEED H2:CO:AR(DNOFS0:50:0 @400 CC/,'~OR300GHSV 

RUN~SAMPLENO. 10112-13-06 112-13-07 112-13-08 112-13-09 112-13-10 

F~DH2:C6:AK ~ 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRSGNSTRF~ 7~0 90.0 97.0 114.0 121.5 
PRESSIBE,PSIG 295 297 298 296 297 
T~MP. C 251 251 280 280 281 

! 

FEED CC/MIN 400 400 400 400 400 
HOURS ~-EEDIN2 6.92 22.92 7.00 24.00 7.50 
EFFiB/ GAS LITER 85.54 281.89 78.90 258.05 78.35 
GM AQUEOUS LAYER 12.93 42.84 7.01 24.02 9.42 
~M OIL 11.94 39.57 6.69 22.92 5.20 

MATERIAL BALANCE 
e4 A~M CAIIm~ % 
GM ATOM HYI~OG~ % 
e4 ATa~ OXYG~ % 

a x/0mo+co2) 
RATIO X IN CHK 
USma H2/CO n~ODT 
RATIO 002/(1-I20-H302) 
K SHIFT IN EFFI.Z,IT 

105.81 105.09 113.80 110.73 103.74 
I00.67 98.48 iii.90 104.37 i01.38 
99.34 99 • 67 105.99 102.79 102.16 
1.1833 1.1539 1.1470 1.1583 1.0308 
2.3658 2.3448 2.9797 2.8745 2.9399 
1.4217 1.4074 1.0689 1.0559 1.0667 
0.3500 0.3477 0.7547 0.7419 0.6929 

0.29 0.28 1.94 1.47 I. 15 

~ION 
ONCO% 
(Xq K2 % 

.... ON COH~ % 
PRDT SELELTZVITY,WT % 

OH4 
C2 HC'S 
C3H8 
C3H6= 
r.A.}-I10 
CA}B= 
C="}-D.2 
CSI..II0= 
C6H14 
C61~2= ~ CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

51.22 50.30 88.83 86.12 85.35 
71.96 71.68 92.84 92.46 92.33 
61.33 60.64 90.82 89.19 88.80 

16.06 15.09 43.08 38.91 41.86 
2.34 2.22 6,44 5.21 5.49 
2.87 2.72 7.83 6.57 6.84 
0.82 0.91 0.76 1.39 1.60 
2.48 2.41 5.38 4.49 4.62 
1.17 1.36 1.34 2.33 2.55 
3.05 2.99 4.51 4.32 4.51 
1.18 1.17 1.14 1.88 2.09 
3.29 3.18 3.75 4.23 4.32 
0.27 0.34 0.16 0.70 0.31 
8.38 7.73 '4.46 7.64 8.08 

58.06 59.88 21.14 22.32 17.71 

100.00 I00.00 100.00 100.00 -- i00.00 

- 1 1 4  - 



SUB-(mfXmING 
Cl -C4 
C5 -420 F 
420-700 F 
700-EN~ Pr 
CS+-EN6 Fr 

ISO/N0m~L ~0LE PATIO 

C5 
C6 
CA= 

PARAFF'm/OIam'n~ PATIO 
C3 
CA. 
C5 

LIQ HC COL~ON 
PHYS. APPEARANCE 
D~NSITY 
N, REFRACIXVE IND~ 
SIMULT' D DISTILATN 

10WT % @ DF~F 
16 
5O 
84 
90 

mmG~(16-B4 %) 

WT % @ 420 F 
WT% @ 700F 

25.75 24.71 64,83 58.90 62.96 
35.74 35.57 21.58 26.75 27,45 
24.77 25.55 7.91 8.35 6.12 
13.74 14.17 5.68 5.99 3.46 
74.25 75.29 35.17 41410 37.04 

0.0243 0.0220 0.0720 0.0~26 0.0454 
0.0853 0.0670 0.1879 0.1340 0.1319 
0.1487 0.1334 0.4844 0.3372 0.3339 
0.0000 0.0000 0.5016 0.2165 0.2085 

3.3276 2.8423 9.7854 4.5185 4.0772 
2.0379 1.7126 3.87[95 1.8571 1.7493 
2.5135 2,4745 3.8362 2.2380 2.0936 

33.67 
76.33 

: OIL WAX 
.765 .759 
1.4274 

, 303 
339 "~ 
514 

:" 770 
" S4_~ 

43i 

o~ wax 
0 .798  
i .4304 

262 :': 
302 '  
54O 
773 
827 

471 

33,67 35.73 35.73 
76.33 73.14 73.14 

45.86 
80.Z-'A 

l 
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TABLE 
/ 

/ RUN I%D. 

ii RESULT OF ~ OPEP,.~TION 

I0112-13 ' 
CATALYST CO/E}{ +UCC-108 #10252-28(3 80 CC 31.8(~4 (33.6 AFIER KIXq +I.SG) 
FEED H2:CO:ARGON OF 5 0 : 5 0 : 0  (~ 400 CC/MN OR. 300 GKSV 

, KUN & SAMPLE NO. 

i~ / ! 
~'FEED H2:CO:AE 

:FEESSUEE,PSIG 
TI~4P. C 

RATIO eVd 0CO+CO2) 
RATIO X IN CHX 

1-12/(]O PRODT 
C02/0mOHm ) 

K SHIFT llq EFFI/qT 

10112-13-11 

50:50:0 
138.0 

296 
281 

400 
24.00 

251.05 
30.15 
16.65 

103.74 
99.53 

I01.54 
1.0440 
2.9077 
1.0753 
0.6837 

0.99 

~ I O N  
CO % 83.07 

ON 1-12 % 91.93 
ON ODi-H2 % 87.41 

PEDT SELECII-VITY,WT 7. 
(31-14 40.68 
C2 HC'S 5.31 
C3H8 6.37 
C.,3H6- i .  94 
C6/-]I0 4.26 

2.94 
C5H12 4.33 
CSI-110= 2.43 

.. C6B14 4.21 
C6H12= & CYCIE'S 0.38 
C7+ IN GAS 9.10 
LIQ HC'S 18.05 

TOTAL. I00.00 
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SUB@ING 
Cl -C4 61.50 
C5 -420 F 28.73 
420-700 F 6.24 
700-END PT -': 3.53 
CS+-END PT 38.50 

ISO/NORMAL MOLE RATIO 
C4 0.0343 
C5 : 0.1176 C, 
C6 0.2927 
CA= ¢ 0.1585 

P  a /onEmm RATIO 
C3 3.1353 

' C4 1.3990 
C5 : I. 7334 

LIQ HC COLLECTIC~N ..... 
PHYS. APPF.ARANt.~.<' OIL WAX 
DENSITY O. 751 
N, REFRACXIVE INDEX 1.4255 
SIMULT'D DISTILATN 

I0 WT % @ DEG F 258 
' 16 298 

50 44.3 
84 731 
90 778 

RAN~(16-8/~. 7.0) 433 

WT % @ 420 F 45.86 
WT % @ 7OO F 80.44 
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VI. RUN 5 (119225-07) with Catalyst 5 (Co/Th + UCC-108) 

Like Catalysts 2 and 3, '~ this catalyst wasiintended for use in 

determining a favorable metal loading ratio of aobalt metal com- 

ponent to Molecular Sieve, in this case UCC-I08. Preparation and 

composition were identical to those of Catalyst 2 except the sub- 

stitution of UCC-I08 for UCC-I0i. 

Conversion, product selectivity, isomerization of the pen- 
., 

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

stream in Figs. 75-78. Simulated distillations of the C5+ pro- ... 

duct for two samples are plotted in Figs. 79-80. Carbon number 

product distributions are plotted in Figs. 81-88. Chromatograms 

from simulated distillations are reproduced in Figs. 89-96. De-: 

tailed material balances appear in Tables 12-14. 

At 270C this catalyst was more active than Catalyst 4 at 

~" 250C, but less active than Catalyst 4 at 280C. The initial con- 

version was similar to that of Catalyst 3, the ~wo runs having 

been the same except for the different Molecular Sieves. Deacti- 

vation was much lower than with Catalyst 3, resulting in ~25 per- 

cent higher syngas conversion at the end of the run. The water 

gas shift activity was low, with --20 percent of the oxygen rejec- 

ted'as C02, the rest as H20. Thus the catalyst was effectively 

exposed to the H2:CO syngas in a ratio of only 0.25:1. Even in 

such a hydrogen-poor environment, however, the catalyst was unu- 
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sually stable. , ,~- 

There was some deactivation, the product becoming lighter 
.... 

%. 
w i t h  t i m e  and  t h e  p r o p o r t i o n  o f  . 'methane h i g h e r .  The produ~, t  

distribution was similar to that of Catalyst 3, the principaILk:. 

d i f f e r e n c e  b e i n g  i n  t h e  700+ f ' r a c t i o n , . o f  w h i c h  t h i s  c a . t a l y s t  

produced only 2.5 percent and Catalyst 3 produced 6 percent. 

The distribution was much better than that of Catalyst 4 at 

280C, and generally better than ~hat of Catalyst 4 at 25QC. The 
,s-" . 

initial selectivity to total motor.fuels was fairly good at ~69 

percent. This time, however, the fall-off was due not to wax 

build-up in the reactor, since the wax did not increase and the 

initial material balance was good, but to a true shift in selec- 

tivity as with Catalyst 3. ". 
{.. 

The C4's were only slightly more olefinic than with Catalyst 

3, but much more so than with Catalyst 4. The pentane was less 

isomerlzed than with Catalyst 3--a result contrary to that with 

iron catalysts, in which isomerization is" higher with UCC-Iq~'" 

than with UCC-101. Consistent with this result, chromatograms of 

the simulated distillations show that th~'.liquid w~s poorly, iso- 

merized. 

Both the gasoline and j&t fuel fractions were substantially 

more olefinic than with Catalyst 3--respectively ~63 vs. 36 per- 

cent, and ~52 vs. 32 percent--even:though the C4's were equally 

olefinic for both. The~fall-off of percent olefins with increas- 

ing~carbon number, common with F-T catalysts, was more gradual 
• ~ ," -~ 

with this catalyst than wi~h Catalyst 3. The olefins also affect 
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"°, 

the pour points of the jet and diesel fuels; compared with Cata- 

lyst 3 the jet fuel pour point is -15F vs. ~F, and the diesel 

fuel pour point 1OF vs. 50F~ both being'signs of improved pro- 

duct. The Schulz-Flory p'~0ts, aside from the usual excess of 

methane, are fairly straight,(:with a poss±ble slight decrease in 

'above the diesel range. 

This formulation is far superior to Catal'yst 4, in which the 
c 

Molecular Sieve'.was overwhelmed by the metal component. From 

comparison of this catalyst with Catalyst 3, however, it is still 

not clear whether UCC-IOI or UCC-I08 is more effective in combi- 

nation with cobalt. 
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TABLE. 12" RESULT OF SYNGAS OI~IRATION 

RUN NO. 10225-07 
CATALYST CO/TH +UCC-108 #i0252-44C 80 CC 51.gGM (59.0 AFTER RUN +7. G) 
FEED ~ H2:CO:/%RCJ~_N OF 50"~50:0 @ 400 CC/MN OR 300 GHSV 

RUN ~ SA~R~E NO. 10225-07-01 225-07-02 225-07-.03 225-07-04 225-07-05 

FEED B2:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRS ON STREAM 23.75 30.0 48.08 55.08 72.0 
PRESSURE,PSIG ' .~. 295 299 300 298 300 
T~4P. C • 273 273 269 269 269 

FEED CC/MIN 
~ FEEDING 
EFFIZFr GAS LITER 
GM AQUEOUS LAYER 
GM OIL 

MATERIAL BALANCE 
GM ATOM CARBON %. 
GM ATOM ~ % 
(~4 AI~ OXYGEN % 

CRX/(mO+CO2) 
RATIO X IN CHX 
usm  m/co PROUr 
R Tm C02/(mo+oo2) 
K SHIFt IN EFFLNT 

400 400 : 400 400 400 
23.75 6.25 24.33 7.00 23.92 
182.05 48.00 193.65 57.70 199.80 
56.58 2 0 . 2 9  79.01 23.42 80.01 
31.51 10.14 39.48 II. 05 37.75 

87.71 91.46 90.71 91.90 92.27 
86.06 99.43 95.97 97.87 98.68 
89.64 98.29 95.62 98.18 97.84 

0.9568 0.8719 0.8977 0.8725 0.8855 
2.3926 2.3571 2.3213 2.3367 2.3489 
1.3068 1.4113 I. 5728 1.5808 1.6127 
O. 3755 0.2931 0.2136 0.2090 0.1989 

0.15 0.I0 0.06 0.06 0.06 

CONVERSION 
ON CO % 68.09 
ONH2% 92.15 
CN COa-~ % 80.,00 

PRDr SEI2LRTVITY,WT % 
CH4 18.25 
C2 HC'S 2.39 
~C3KB 2~74 
C3H6= 2.81 
C4HI0 I. 88 
/CAH8= 4.63 
C5H12 1.85 
CSH10= 4.77 
c6m4 2.19 
C6H12= ~ CYCLO' S 2.49 
07+ IN GAS 12.56 
LIQ HC'S 43.44 

67.95 58.83 57.89 57.10 
93.05 91.48 91.00 90.65 
81.03 75.61 74.97 74.44 

16.73 15.20 15.96 16,56 
2.20 2.01 2.07 2.16 
2.36 1.97 2.01 2.02 
2.79 2.88 2.76 2.65 
1.65 1.39 1.43 1.44 
4.44 4.08 4.17 3.94 
1.66 1.39 1.45 1.47 
4.41 4.15 4.26 4.06 
1.92 1.63 1.68 1.74 
2.57 2.79 2.85 2.85 
10.17 9.40 9.52 9.44 
49.10 53.12 51.84 51.67 

TOTAL I 00 .00  100.00 100.00 100.00 100.00 
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SUB-GaOUgIN~ 
. . . . .  C1 ~ -C,4 . . . . . . . . . . . . . . . . . . .  -32 .71  .... 30 .17  

C5 -420  F 49.05 46.10 
420-700 F 16.40 21:59 
700-~D PT 1.85 2.14 
CS+-END PT 67.29 69.83 

:r.so/  
C4 0.0458 0.0439 
C5 0.1159 O. 1243 
C6 0.2050 0.2148 
C~ 0.0000 0.0000 

.... P loT.,m-m 
.~:, C3 " ' O. 9307 0 .8072  

0 .3928  0.3584 
C5 0.3769 0.3660 

LIQ HC CD~ON 
PHYS. APPEARANCE CiR OIL - 
I~I~SITZ : 0.748 
N, REFRALTIVE INDEX 1.4240 
SIMULT'D DISTILATN 

10WT % @ DES F 244 
16 261 ,. 
50 391 
84 573 
90 628 

RANGE(16-84 %) 312 

WT % @ 420 F 58.00 51.67 
WT % @ 700 F 95.75 95.64 

..... 27.53 ~ -'28.39 ~- 28,77 
46.80 46.06 45.76 
23.36 23.15 23.07 

2 .32  2.41 2 .40  
72.47 71.61 71.23 

':-0.0362 
;~ 0.0862 

0.1454 
0.0000 

0.0400 0.0351 
0.0858 O.0838 
O. 1455 O. 1421 
0.0000 0.0000 

0.6526 0,6964 0.7281 
0.3288 0.3312 0.3526 
0.3268 O.3317 0.3531 

OIL 
0.754 
1.4262 

CLR 0rr, 
0.753 

• 1.4266 

254 
283 
409 
598 
645 

254 
285 
415 
604 
650 

315 

51.67.  .71 
95.64 "'~95- 36 

319 

50.71 
95,36 
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13 RmULT OF O ZON 

RUN NO .... 10225-07 
CATALYST CO/T~I-+Utt-I08~I025" 2-44C 80 CC 51.9GM (59.0 ~ RI~ +7. G) 
FEED H2:CO:ARGON OF 50:50:0 @/400 CC/MN OR 300 GHSV "~ 

RL~ ~ SAMPLE NO. 10225-07-06 225-07-07 225-07-08 225-07-09 225-07-10 

FEED H2:CO:AK 50:50:0 
HRS ON SlRFAM 7,6.33 
PRF, SSIRE ,PSIG . . 303 
~ .  C 2 6 9 .  

, £' 

5.0:'50: 0"" 50 :50:0  50:50:0  50 :50 :0  
95,0 .'~ 1..02,0 119,0 126.0 

' 1295 .~ 299 ' 303 303 
269 269 268 . 268 

~ED CC/MIN 400 400 400 
HOURS FEEDING 4.33 "::23,00 7,00 
EFFLNT GAS LITER 37,12 207,75 69.45 
GM AQUF/YJS LAYER 14.00 74.33 20.67 
e4 OIL ,6.07 32.22 8.80 

M~TIm.L~ BALANCE 
GM ATOM CARBON % 91.07 90.73 9.5.90 

ATOM I-Ik'I)R(DG~ % 9.6.09 - 99.95~j: 100.43' 
ATOM ~ 1 %  '~7.40_Q~:.~97~-30 -~-~'':-: 99.00 

gATIO CHZJ (I-]20+C0~)--~0.8@1 ..... 0.8607 . 0.9305 
RATIO X IN Ct-]X 2.3757 2.4002 2.4274 
USAGE R2/CO PRODT 1.6089 1.622L~ 1.6110 
RATIO (X)2/(I-L20+OO2) 0.2022 0.1996 0.2200 
K SIU_F~ IN EFFLNT 0.06 0.08, 0.i0 

CDNVERSlON 
ON O3 % 55.4O 
ON H2 % 89.77 
ON COH~ % 73.05 

PRDT ~TY,WT % 
CH4 17.79 
C2 HC'S 2.29 
C3H8 2,19 
C3H6= ,. 2.81 
C4H10 1.57 
C4H8= 4.23 
C5K12 1.62 
C51-K0= 4.25 
C6~14 1.87 
C6R12= E CY[~O'S 2.97 
C7+ IN GAS 10.26 
LIQ l~'S 48.15 

400 400 = 
24.00 7.00 
244.05 73.20 
70.88 19,35 
30,16 7,63 

95;57 93.74 
103.41 97.07 

98.47 97.94 
0.9350 0.8992 
2.4651 2.4559 
1.6303 1.6253 
0.2187 0.2136 
0.ii 0.II 

55~3 53.48 53.78 49.41 
"-8~6.53 : 84.74 83.31 81.06 
71.59 69.47 69.13 65.51 

18.83 i9.9o n.56L  21.24 
2,41 2.62 2"78 2.81 
2.44 2,71 2,92 2,80 
2.32 2.57 2.24 2.45 
1.75 1.99 2.23 2.07 
3.79 4.24 3.69 3.89 
1.78 2.16 2.40 2.20 
3.77 4.50 3.94 4.18 
2.04 2.36 2.57 2.45 
2.62 2.79 2.36 2.58 
9.81 11"72 11.15 12.61 

48.42 42.44 42.15 40.72 

T ~ .  I00.00 I00.00 i00.00 i00.00 I00.00 
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SUB-GRC~ING 
CI-C4 
C5 -420 F 
420-700 F 

~ 700-FA~ PT 
CS+-~D PT 

RATm 
C4 
C5 
C6 
C4= 

p ~ / ~  KATIO 
C3 -~.. 
CA. 
C5" 

LIq BC (DLLECTION 
PHYS. ~ 
D~SITY 
i~, ~ .  INDEX 
SD4ULT'D DISTILATN 

I0 WT % @ DEG F 
16 
5O 
84 
9O 

 RANG (16-84 

~%@420F 
~Z@700F 

30,87, ~: S~; 31.55 34.03 35.42 35.26: 
46.30 45.50 44.04 42.80 41.80 
20.39 20.50 19.61 19.48 20.19 

2,44 2.45 2.32 2.30 2.75 
69.12. 68.45 65.97 64.58 64.74 

0.0366 0.0301 0.0313 0.03~3 0.0316 
0.0809 0.0797 0.0941 0. 0905 0.0972 
0.1406 0.1422 0.1424 0.1497 0.1444 
0.0000 0.0000 0.0000 0.0000 0.0000 

0.7446 1.0041 1.0059 
0,3577 0.4461 0.4516 
0.3697 0.4593 . 0.4654 

CIR OIL 
0.753 
1.4260 

255 
283 
407 
586 
637 

3O3 

52.60 
94.94 

52.60 
94.94 

48.33 
94.54 

i. 2435 
0.5826 
O. 5939 

(XR OIL 
0.753 
1.4260 

262 
3O5 
429 
603 
652 

298 

48.33 
94.54 

1.0886 
0.5%45 
0.5106 

43.67 
93.25 

,° " 
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TABLE 14 RESULT OF SYNCW~ OPI~A~TION 
y 

RUN NO. I0225-07 ..-.~, .:,: 
CATALYST CO/TH +UCC-108 #I0252-44C 80 CC 51.gGM (59.0 AFfER RUN +7.0G) 
FEED BI:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

<i 

smF  No. 

FEED H2:C0:AR 

PREqSURE,PSIG 
TEMP. C 

..-E 

FEED CC/M  
HBURS FEEDh-'~ 
EFELNT GAS LITER 
~ ~ S  IAYER 
GM OIL 

MATERIAL BAIANOE 

GM AT~ HYDKOGEN % 

c x/(too+co2) 
RA.TIO X IN CHX 
U ~  ~L2/CO ~ . 0 ~  

c02/(m  2) 
K SHII~ D~ EFFf/Vf 

10225-07-11 225-07-12 225-07-13 225-07-14 225-07-15 
=--?: ~ .... ---=== 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
143.0 150.0 16'7.0 174.0 191.0 

:Z97 294 . 301 298 298 
268 269 269 269 269 

z 

400 400 400 414 414 
24.00 ' "-: 7i00 24.00 7.00 24.00: 
257.50 75.45 263.60 78.90 272 • 80 
66.34 19.34 66.29 19.01 65.19 
26.17 7.67 26.31 7.14 24.49 

95.48 9.5.83 96.51 93.79 93.76 
101.51 101.57 102.41 99.51 100.11 
97 • 99 98.07 98.65 95.57 95.31 

0.9400 0.9462 0.9484 0.9548 0.9603: ~= 
2. 5043 2. 5050 2. 5133 2. 5209 2. 5243 
1. 6501 I. 6632 I. 6779 I. 6839 1 • 7031 
0.2175 0.2128 0.2081 0.2078 0.2008 

0. II 0.II 0.II 0.II 0. I~': 

~ I O N  
ONCO% 
ONH2% 
ON CO+H2 % 

PRDT SELFLTIVITY,WT % 
CH4 : 23.32 
(]2 HC'S 3.02 
C3H8 3.19 
C~6..~.- 2 .22  
c4mo 2.4.1 
C4H8=" r 3 .66  

ii 2.59 
CSK[0= 3.92 
C6B14 2.76 
C6H12= ~- CYCLO'S 2.40 
C7+ IN GAS 11.92 
LIQ HC'S ..., 38.59 

TOTAL 100.00 

50.77 50.33 49.51 48.86 48.40 
80.84 80.80 80.20 79.05 78.54 
66.27 66.01 65.36 :64.40 63.96 

23.41 23.78 24.04 24.23 
3.00 3.10 3.11 3.14 
3.15 3.20 3.37 3.33 
2.25 2.25 2.44 2 .72  
2.39 2.38 2.47 2.48 

3.59 3.68 3°87 3.99 
2.54 2.60 2.67 -'.65 
3.75 3.95 3.97 3.83 
2.72 2.66 2.87 2.88 
2.28 2.20 2.43 2.39 
12.13 11.33 12.31 11.82 
38.79 38.87 36.46 36.54 

100.00 I00.00 100.00 i00.00 

f 
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SUB-GROUPING 
01-C4 
C5 -420 F 

: 420-700 F 
700-~D PT 
CS+-END PT 

 SO/mmMAL mATZO 
CA 
c5 
c6 
c4= 

PARAFFIN/OLEFIN RATIO 
C3 : 

C5 
LIQ HC CO~GN 

PHYS. APPFARANCE 
DENSITY 
N, REFRACTIVE INDEX 
, SIMULT'D DISTILATN 

IOWT% @ DBG' F 

16 
5O 
84 
9O 

R4.'~m:.(16-84 %) 

wr % @ 420F 
WT % @ 7OO F 

37.81 
40.45 
19.13 
2.61 
62.19 

0.0302 
0.0909 
0.1420 
0.0000 

1.3747 
0.6348 
0.6423 

CI/~ OIL 
0.754 
1.4255 

268 
315 
442 
618 
667 

303 

43.67 
93.25 

37.79 
40.36 
19.38 
2.47 
62.21 

0.0347 
0.0907 
0.1420 
0.0000 

1.3364 
O. 6439 
0.6595 

43.67 
93.64 

38.39 
39.71 
19.42 
2.47 
61.61 

0.0309 
0.0908 
0.1424 
0.0000 

1.3597 
O. 6248 
0.6403 

(XR OIL 
0.752 
1.4253 

267 
312 
442 
613 
662 

301 

43.67 
93.64 

39.30 
40.65 
17.56 
2.49 

60.70 

0.0338 
0.0825 
0.1385 
0.0000 

1.3206 
0.6170 
0.6535 

45.00 
93.17 

39.88 
40.02 
17.60 
2.50 

60.12. 

0.0311 
0.0920 
0.1448 
0.0000 

1.1650 
0.5999 
0.6720 

CIR OIL 
0.757 
1.4253 

270 
312 
438 
614 
666 

302 

45.00 
93.17 

.f 
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7 

VII. RUN 6 (10112-16) with Catalyst 6 (Co/Th/X 1 + UCC-IOI) 

This cn aivst is £he first of a series of five in which the 

thorium-promoted cobalt metal component (MC) is treated with 

other metals (the exact nature of the metal component.will not, 

in general, be discussed). The metal component was first formed 

as an equi-molar mixture of cobalt and the additive, then impreg- 

nated with thorium to give 15 percent Th. This was phy~ically 

mixed with UCC-IOI in & MC:SSC ratio of 3:14, bonded with 15 

percent Si02, and formed as an extrudate. Aside from the addi- 

tive this is much the same as Catalysts 2 and 3, and should be 

compared to the latter. 

Conversion, product selectivity, isomerization of the pen- 

tane, and percent olefins of the-Cd'S are plotted against time on 

stream in Figs. 97-100. Simulated distillations of the C5+ pro- 

duct for two samples are plotted in Figs. 101-102. CNrbon number 

product distributions are plotted in Figs. 103-108. Chromate- 

grams f~om simulated distillations are reproduced in Figs. 109- 

114. Detailed material balances appear in Tables 15-17. 

The conversion was 92 percent of that with Catalyst 3, but 

the cobalt, at only half the level in Catalyst 3, was used much 

more efficiently. The rate of deactivation was also similar to 

that of Catalyst 3. The water gas shift activity was lowj ini- 

tially 28 percent and falling to 20 percent of the oxygen reject- 

.,,| 
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ed as CO 2 (not an efficient use of the i:i syngas). Due to the 
? 

high H 2 conversion the catalyst was effectively exposed to the 

H2:CO syngas in a ratio of 0.57:1, without very rapfd deactiva- 

tion. 

The initial selectivi£y was similar to that of Catalyst 3 

except that the yield of heavies was lower (less than 2 percent 

vs. ~6 percent). The total motol fuel yield was ~65 percent, 

also like that of Catalyst 3 but with more gasoline and less 

diesel oil. The selectivity is more stable than that of Catalyst 

3, the shift toward lighter products with hours on stream having 

been less pronounced. Percent ol@fin of the C 4 product was the 

same as with Catalyst 3, but the pentane was slightly less iso- 

merized. The chromatograms of the simulated distillations appear 

to show that the liquid was more isomerized than the pentane, but 

since the liquid contained solid wax this finding may be open to 

question. The Schulz-Flory plots are typical of cobalt, with no 

apparent carbon n u m b e r  cut-off. 

This catalyst shows little improvement over Catalyst 3. It 

does, however, use cobalt more efficiently, its selectivity is a 

little more stable, and its liquid product may be more highly 

isomerized. 
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TABLE 15 
T: 

RK%lE,T OF ~ OPERATION 

RUN NO. 10112-16 
CATALYST CO/TH/XI+UCC-IOI #I0252-57C 80 CC 32.0 GM (42,,7 AFTER RUN +168) 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 CHSV 

RUN ~ SAMPLE NO. 10112-16-01 112-16-02 112-16-03 112-16-04112-16-05 

FEED H2:CO:AK 50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
HRS ON STREAM 23.5 28.5 47.5 53.5 73.0 
PRESSURE,PSIG 300 305 302 301 301 
TD~P. C 270 270 270 270 270 

FEED CC/MIN 400 400 ~ 4OO 400 400 
HOURSFEEDING 23.50 5.00 24.00 6.00 25.50 
EFF~T/GASLITEK 195.75 40.70 237.80 70.40 313.00 
GMAQUF/3USlAY~R 67.31" 12.62 60.55 13.76 58.48 
C/MOlL 21.54 4.75 22.81 4,76 20,22 

MATERIAL BALANCE : 
C~4 ATOM CARBON % 78.09 75.28 83.35 

ATOM ~ % 81.65 78.55 88.43 
~4 ATOM OXYGEN % 94.56 " 86.79 91.36 

~) RATIO C~//(H20+CO2) 0.6466 0.7213 0.7972 
RATIO X IN CHX 2.3212 2.3413 2.3668 
USAGE H2/CO PRODT 1.3304 1.3683 1.4922 
RATIO C02/(H20+C02) 0.2811 0.2816 0.2418 
K SHIFT IN EFFI~]T O. 15 O. 16 O. 16 

92.22 94.05 
92.23 95. ii" 
98.17 98.66 

0.8417 0.8731 
2.4218 2.4208 
1.4804 1.5495 
0.2645 0.2376 

O. 19 O. 17 

CONVERSION 
ON CO % 55.39 55.00 49.20 45.07 42.94 
ON H2 % 83.91 82.14 75.95 71.49 69.56 
CkN CD+B2 % 69.97 68.86 62.97 . 58.28 56.32 

PRDT SELF2/IV~TZ,WT % 
CH4 14.19 15.18 16.28 18.79 18.77 
C2 HC'S 2.34 2.36 2.46 2.76 2.91 
C3H8 2.39 2.52 2.86 3.23 3.18 
C3H6= 2.54 2.25 2°15 2.35 2.44 
CAHIO 2.12 2.27 2.42 2.74 2.62 
C4K8= 4.20 3.62 3.63 4.07 4.11 
C5H12 2.46 2.52 2.67 2.91 2.81 

C51"II0= 4.90 4.16 4.10 4.41 4.42 
C6HI4 3.05 3.00 3.10 3.42 3.39 
C6H12= & CYCL0'S 4.33 3.75 3.64 3.96 4.17 
C7+ IN GAS 14.58 13.42 14.22 16.24 16.18 
LIQ HC'S 42.90 44.95 42.49 35.14 35.00 

TOTAL I00.00 i00.00 I 0 0 . 0 0  i00.00 I00.00 ~ 
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SUB-GROUPING 
CI -C4 27.78 28.20 29.79 33.92 34.03 
C5 -420 F 55.05 52.56 52.02 50.35 50.31 
420-700F 15.96 17.85 16.87 14.80 14.75 
700-F.ND Fr 1.20 1.39 1.31 0.92 0.92 
CS+-5mID Fr 72.22 71.80 70.21 66.08 65.97 

ISO/NOP~IAL ~ P,A'FIO 
C4 0.1874 (1.1740 0.1345 0.1322 0.1241 
C5 0.3554 O.2891 0.2508 0.2388 0.2335 
C6 0.6851 0.5262 0.4449 0.4198 O.4129 
cY#- 0.0000 0.0000 0.0000 0.0000 0.0000 

PNLAFFIN/OLFJ~INIhE'F[O 
C3 0.8997 1.0681 1.2690 1.3123 1.2461 
C4 0.L~73 0.6070 0.6455 O.6501 O.6166 
C5 0.4883 0.5889 0.6335 0.6416 0.6185 

LIQ I~  GOLJ2L-'IEON ": 
~[YS. AP~-ARANCE CU~ ~ OIL CLDY YG OIL CLDY BL OIL 
D'~NS£'tY 0.758 0.797 O. 755 

L" 
N, ~LACI'£VEIND}~ [.4246 I..4256 I.~259 
SIMUUr'I) DI~rlI-.A'I~ 

i0 VI" % @ I)E; F 258 263 282 
16 288 299 303 
50 395 403 410 
~I 527 ~13 543 
90 569 597 594 

244 240 

VI'% @ 420 F 60.00 57.20 57.20 55.25 55.25 
wr % @ 700 F 97.2]. 96.9L 96.91 97.38 97.38 
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TABLE 16 l '~SULT OF SI~C, AS OPERATION 

RUN NO. 
CATAI,YST 
I"I':I'11) 

10112-16 
(,0/Ill/XI+I.IC(:..,t01 #10252-570 80 CC. 32.0 GN (47.7 AI,TI,'.R RIIN +16C,~ 
II2:CO:ARGON OF 50:50:0 @ 400 CC/NN OR 300 (,IISV 

I~N & SAMI:'LI~ I'~. I0112-16-06 112-16-07 112-16-08 112-16-09 [12-16-I0 

I,EIP_J) tl2:00:AR 50:50." 0 50:50: 0 ,  50:50;  0 
IIILS 0N S11{F_AN 79.0 97.0 103.0 
I'1 ,~:SSUL~, PSIC 300 301 301 
'rl~lP. C 270 270 270 

5 0 : 5 0 : 0  
1.21.0 

302 
270 

5 0 : 5 0 : 0  
t27 .0  

299 
270 

lr]!a~) CC/MIN 400" 400 400 
I l~Jl~'q I;Ii:EDILbK; 6. O0 24. O0 6. O0 
li:I,"FI..NT C~..q I.,I'1.'1~. 76.05 308,00 84.05 
(~,I Af~I.II,3,3US l~Yl~. 13.33 53,3[ 1.i.77 
~I  OIL 4 .80  1.9.2 [ 3;50 

400 4 0 0  
24.00 6 . 0 0  

3:+2.80 84.90 
47.08 L1.65 
t4.02 3 .69  

I~F¢I'I~.:i( IAL l~ldkNCE 
C.M A'~tl CArtoON 7. 94.97 96.18 
C~| A'II~ I'IYDt~;I~ % 96.1H 97,61, 
t;P,I ATOH OKYGI!:N 7. 98.89 98,84 
RA'rto OIX](1120-t-C£)2) 0,8890 0.9236 
llA'rl,O X IN CIL~ 2.4221 2.Z~l.L'i, 
U,qAf;E 112/C0 i"ROllr i,,5563 I,.5905 
IIA'I'I.O C/32/(112Ot.CX)2) 0.23711 0.2253 
I( SIf[I;T IN I,',I~FI,,NT 0.]~I 0.16 

2 

,,, C0~/IPJ~S'L(iN 
Cllq (X) 7. 4'1.. 96 4 I,. 63 
ON !12 7. 67.66 67.42 
ON COHI2 % 54.89 54.62 

l'Itl)T SI,:I,I~'r'I.V£1'Y ,WI' "7. '- 
CI14 "IJL 89 1.1L47 
("2 IIC'S "2.74 2.72 
C3118 3.1.9 3.0 I. 
C3116-. 2.50 2.h8 
C41110 ' 2 .62 2.47 
do118 +- 4 . 1 . 3  4 . 1 , 0  

05111.2 2.80 2.63 
0511].0-. 4 .58 4.68 
061114 3.31 3.22 
06111.2- b CY, CLO'S 3.96 ' 4 .20 
C7-I- IN CA,q 1.5.65 '1.7.1,6 
l , Iq l ie'S 35.6/~ 34.87 

95.22 99.73 98.37 
97.31. 96.46 96.83 
97.70 L01.35 99.7O 

0.9189 0,946B 0.9544 
2.4799 2,4333 2.4550 
1.6635 1.6575 1.6580 
O. 2(.~'~ 0 0.2026 O. 2074 

O. 1.6 O.i.5 O. 11.5 

35.96 
60.64 
4t¢.43 

35.14 35.B6 
61.62 61.60 
48.16 48.63 

21..46 1.9.l~6 20.49 
3.1.0 2.96 .; 3.01. 
3.74 3.1.5 ,' 3 .33 
2.5[ 3. I0 3.00 
2.97 2.51. 2.63 
4.05 4.70 4.64 
2.92 2.60 2.74 
4.36 5.03 4.91, 
3 . 3 9  3.32 3.24 
4.04  4.78 4 .54 

:!.8.35 20.05 1.7.81. 
29.1.0 28.33 29.66 

'l~rAl., 100.00 100.00 "1.00.00 100.00 100.00 
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SUB-<~RDUPING 
Cl -C4 
C5 -420 F 
420-700 F 
700-END PT 
C5+-END PT 

ISO/NORMAL MOLE RATIO 
C4 
C5 
C6 
CA= 

P~/OUmm~ RATIO 
C3 
C4 
C5 

LIQ HC (XX/2L~I(kN 
PHYS. A ~ ~  
DENSI_~ 
N,  EFRACrne  DEX 
SIMULT' D DIS~ 

10WT% @ DEGF 

16 
5O 
84 
9O 

~ ( 1 6 - 8 4  %) 

34.07 
48.74 
15.56 
1.64 

65.93 

0.1310 
0.2330 
0.4047 
0.0000 

I. 2186 
0.6108 
0.5933 

33.24 
49.93 
15.22 
1.60 
66.76 

0.1341 
0.2328 
0.394O 
0.0000 

i. 1609 
0.5807 
0.5469 

CLDY BLUE 
0.757 
1.4273 

285 
305 
416 
573 
627 

268 

37.84 
47.32 
12.89 
1.95 
62.16 

0.1242 
0.2]54 
0.3910 
o.ooqo 

i .42o4 
0,'7082 
0.6502 

35.89 
49.66 
12.55 
1.90 
64.11 

0.1348 
0.2346 
0.3955 
0.0C00 

0.9680 
0.5148 
0.5022 

LT BL OIL 
0.765 
1.4285 

315 
426 

- 600 
654 

285 

37.10 
47.47 
13.27 
2.15 
62.90 

0.1416 
O. 2318 
0.3843 
0.0000 

i.0566 
Q.5477 

" 0.5417 

WT % @ 420 F "51.75 51.75 49.00 49.00 48.00 
WT % @ 700 F 95.41 95.41 93.31 93.31 92.75 
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TABLE 17 RESULT OFSYNGASOPERATION 

RUN NO. 10112-16 
CATALYST CO/TH/XI+UCC-IOI #10252-57C 80 CC 32.0 GM (47.7 AFTER RUN +I6G) 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN &SAMPLENO. 10112-16-11 

FEED H2:CO:A~ 50:50:0 
HRS ON STREAM 144.0 
PRES~,PSIG 300 
T~MP. C 271 

FEED C0/M~N 4O0 
I~]I/RS FF2~ING 23:q0 
EFFhNT GAS LIT~{ 334~I0 
GM AQUEOUS LAYEP, 44.66- 
GM O]I 14.14 

MATERIAL BALANCE 
GM AIDM CARBON % 
Q4 ATOM HYDROGmq % 
GM ATe4 OXYGEN % 
PATIO (H20+C02) 
RATIO X IN CHX 
US~E H2100 PROOf 
RATIO 002 / (H20+CO2) 
K 57%qFr h-N EFFY/V/ 

98.06 
99.32 
99.48 
0.9523 
2.4658 
I. 7017 
0.1899 

0.15 

CONVERSION 
ON CO % 34.69 
ON 1-12 % 59.50 
ON CO+H2 % • 47.17 

PRDT SELFLTIVITY,WT % 
CH4 21.14 
C2 HC'S 3.15 
C3H8 3.24 
C3H6= 2.56 
c4mo 2.54 
C/+HS= 3.99 
C5H12 2.56 
CSHI0= 4.29 
C6H14 3.05 
C6H12= ~ CYCLO'S 4.07 
C7+ IN GAS 19.12 
LIQ HC'S 30.28 

TOTAL I00.00 
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Stm-4R0~II~ 
C1 -C4 36.62 
C5 -420 F 47.63 
420-700 F 13.55 
700-END PT 2.20 
CS+-EZ© PT 63.38 

~SOINmMAL ~ RATIO 
C~ 0.1320 
(35 0.2367 
C,6 0.3820 
CA= 0.0000 

PARAFFZN/OZ.m~n~ ~TZO 
C3 1.2084 
C4 0.6146 
C5 0.5794 

Lmq HC COLLFLT~ON 
PHYS. APPEARANCE LT BL OIL 
DENSITY 0.761 
N, REFRACTYVE INDEX 1.4291 
SIMHLT' D DISTH_ATN 

I0 WT % @ DEG F 297. 
16 319 
50 430 
84 6O4 
90 665 

WT % @ 420 F 48.00 
WT % @ 700 F 92.75 
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VIII. RUN 7 (10112-17) with Catalyst 7 (Co/Th/X9 + UCC-IOI l 

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

tive, was fbrmulated in exactly the same way as Catalyst 6 except 

with a different additive. 

Conversion, product selectivity, isomerization oE the peng- 
" 4; 

7" 

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

stream in Figs. I15-i18. , A simulated ~istillation of the C5 + pro- 

duct for one sample is plotted inFig. 919. Carbon number product 

distributions are plotted in Figs. 120-122. Chromatograms from 

simulated distillations are reproduced in Figs. 123-125. Detailed 

material balances appear in Table 18. 

This catalyst performed poorly in comparison with Catalyst 6. 

The levels of cobalt in both :Catalysts 6 and 7 were approximately 

one half of that of Catalyst 3~ but whereas Catalyst 6 was 92 per- 

cent as active as Catalyst 3, this catalyst was only 43 percent as 

active as Catalyst 6 and only 40 percent as active as Catalyst 3. 

Considering that the additive used may ~tself have some Fischer- 

Tropscb activity, this catalyst's use of the cobalt was particu- 

larly inefficient. The water gas activity was also low, with 20 

percent of the oxygen rejected as CO 2. The H2:CO usage ratio of 

1.65 was an inefficient use of the I:i syngas. 

Characteristic of cobalt catalysts, the selectivity for meth- 

ane was high. The C2-C 4 yield, however, was also high, more like 
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an iron than a cobalt catalyst. The 05+ selectivity was low; very 

little diesel oil was produced, and practically no heavies. Pro- 

duction of olefins, as measured by the C 4 fraction, was steady, 

typical of cobalt catalysts. Isomerization of the pentane was 

sinlilar to that of the Co+UCC-101 catalysts previously tested. 

Chromatozrams of the simulated distillations show that isomeriza- 

tion of the liquids was the same as with Catalyst 6. The Schulz- 

Flory plots show that the methane production was still excessive, 

but due to the high production of C2-C4, not as high as usual with 

cobalt catalysts. 

The additive used in this catalyst not only fails to enhance 

the activity of the cobalt, it actually appears to endow, cobalt 

with some of the undesirable properties of iron catalysts which 

led to abandoning iron in favor of cobalt in the first place. 

• :. o." 
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Fig. 116 
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