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TA~BLE • 3A RESULT ~OF SYNGAS OPERATION 
b 

RUN NO. ~" I0225-01 : " 
CATALYST FE,K ON LZ-10S-6 #10042-88 80 CC 51.6GM (53.3 AFTER 
FEED =:H2:C0:ARGON OF 5 0 : 5 0 : 0  @ 400 CC/~,~ OR 300 GHSV 

RUN 5 SAMPLE N0. 10225-01-01 225-01-02 225-01-05 225-01-0,,4 

RUN+I.7G) 

22s-b -os 

*FEED H2:CO:AR * 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : ~ 0 : 0  
HRS ON STRHAM 2.22 4.67 Z2.0 26.75 

' PRESSUR~,PSIG 305 299 ~ 295 302 
TEMP. C 255 250 250 250 

5 0 : 5 0 :  0 
45 .00  

296 
250 

FEED CC/MIN 400 
HOURS FEEDING 2.22 
EFFLNT GAS LITER 33.63 
G~ AQUEOUS LAYER 2 .04  
GM 01L 0 . 2 3  

.MATERIAL BALAN CH 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % " 
RATIO CHX/(H20+C02) 
RATIO X IN CHX 
USAGE H2/C0 PRODT 
RATIO C02/CH20+C02) 
K SHIFT IN EPFLNT 

CONV]~RS ION 
ON CO % ': 

ON H2 %" ': 
ON CO÷H2 % 

PRDT SELECTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4HI0 
C4H8= 
C5H12 
C5HIO= 
C6H14 ": 
C6H12= ~ CXCL0'S 
C7+ IN GAS 
LIQ HC'S 

7 4 . 2 3  
85 .83  
85 .01  

0 .5308  
2 .7190  
1.0529 
0'-4460 

d 0.88 
.l~o 

3(}'~ 24 
3 4 . 1 5  
3 2 . 3 3  

. ; .  -.  

26.81  
9 .92  
5.%e 
O. 84 
8 .65  
2 .66  
9.01 
1.12 
9 .25  
1 . 2 1  

1 3 . 7 5  
1 1 . 6 6  

" 400 
4 .67  

79.70  
4 .29  
0 .48  

84 .74  
95 .59  
92 .17  

0 .6634  
2.5827 
1.1654 
O. 409"8 

0 .72  

27 .96  
33.41 
30.85~, 

21.94 
9 .34  
4 .58  
1.91 
5 .87  
4 .66  
6.05 
2.53  
8 .08  
3 .50  

21.60 
9.73  

400 
22 .00  

393 .36  
20 .20  

2 .27  

96 .70  
1 0 2 . 6 9  

99 .49  
:0.8860 
2 .4431  
1 . 1 5 3 5  
0.4618 

~0.85 

3 4 . 0 6  
3 8 . 5 6  
36 .38  

15.45 
12.54 

5 . 6 4  
10.02 
3.18 
9 .48  
2 .75  
8.11 
2.10 
4 .02  

20 .09  
6 . 6 7  

400 400 
4 .7 .5  23 .00  

83 .21  408 .50  
4 .96  24 .02  
0 .45  2 .18  

"*94.93 : 9~. 2-7 
102.27 I05J63 

98 .86  97.64 
O; 8446 0 .8663  
2 .4295 2 .4211  
1.1868 1.2007 

0 . 4 2 5 9  0 .4218  
0 .73  0 .76  

33 .83  34 .39  
39 .55  38 .76  
36 .80  3 6 . 7 0  

14.94 14.~1 
12.08 11.76. 

5.53 5 .62  
iO. 0~ 1 0 . 3 9  
3.I0 3.02 
9.51-,, 9 .75  
2.6;8 2 .68  
8.32 8 .45  
2.18 :" 2.10 
4.35 4 . 5 4  

21.0S 20 .89  
6.21 6.09 
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TOTAL i00.00 
~: SUB-GROUP ING 

CI -C4 .54.00 
C5 - 4 2 0  P 3 9 . 9 4  
420-700 F 5 . 0 1  
700-~-ND PT I. 05 
CS+-]~ND PT .46. 00 

ISO/NORMAL HOLE RATIO 
C4 o 0. 9600 
C5 1 .  535,8 
C6 3 . 2 2 5 5  
C4= 1.4588 

PARAPFIN/OLHFIN RATIO 
:' C3 5 . 8 4 8 3  

C4 3 . 1 5 9 9  
,, C5 7. 8268 • O 

LIQ HC COLLECTION. 
PHYS. APPEARANCE 
DENS'I'TY ~ ° - 
N, R~FRACTIVE INDEX 
SIMULT'D DISTILATN 

I0 WT % 8 DEG P~" 

84:~ 
90 

RANG:E[ Z6-  84 %) 

WT % @ 420 F 
WT % 8 70O F 

i00.00 

4 8 . 5 0  
" 4 6 . 3 5  • 

3 . 6 0  
1 . 5 6  

51.50 ~ 

o,. s344 
0 . 8 9 2 1  
3. 3413 

• 0 . 6 1 0 3  

2.  Z896 
1.21.5,6 
z .  3 fz"o 

i00.00 

5 6 . 2 ~  
40.17 

2 . 5 0  
1.05 

4 3 . 7 2 '  

0 . 1 3 0 8  
. 

0 , 3 6 8 1  
0 , 6 1 9 9 ' "  
0 . 0 9 4 9  

0 . 5 3 7 0  
0 . 3 Z 3 3  
0 ' .3Z97 

YLW OIL 
0.797 
1.4469 

'~ 313 
332 
433 
698 
753 

366 

4 6 . 6 6  
84.20 

100.'00 

. 

0.  
~.0. 

0. 

a l  

0.  
' 0 .  

5 5 . 2 0  
41.76 
2.612% 
0 . 4 4  

4 4 . 8 0  

I178: 
3289 
57~~'~ 
0926~ 

5253 
3144 
3134 

m 

r 

1 0 0 . 0 0  

55.15 
41.83:' 

2 . 5 9  
0 . 4 2  

~ 4 . 8 5  
- 

0'.i071 
~ . 3 1 8 8  : 

~ 0 . 5 0 9 6  
0.0915 

0.5166 
0.2991 
0 . 3 6 8 5  ,~ 

YLW OIL 
0 . 7 8 6  
1.4386 

'310 
%331 

419 
59O 
656 

o259 

5 0 . 5 0  
9 3 . 0 6  

- 3 . 6 5  m 

Y 
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TABLE 3B RESULT OF SYNGAS OPERATION 

R[JN -NO. I0225-01 
:CATALYST FE,K ON LZ-10S-6 #10042-88 80 CC 51.6GM (53.3 AFTER 

FEED H2:CO:AgGON"OF 50:50:0 Q 400 CC/MN OR 300 GHSV 

~UN ~" SAMPLE NO,;' 
t;  

10225-01-.06 
"L " I ,% 

:J, 

FEHD HZ'i:~O :AR 
HRS ON STREAM 
PRESSURE D PSI G 
TEMF. C ,, 

FEED CC/MIN 400 :,:. 
HOURS .FEEDING 5.25 
F FFLNT-GAS LITER 91.67 
GM AQUEOUS LAYER 5 . 6 0  

~GM OIL O. 50 
z 

MATERIAL BALANCE 
GM ATOM CAR3ON % 95.82 
GM ATOM HYDROGEN % 101.19 
GM ATOM OXYGEN % 98.12 
RATIO CHX/(H20÷C02) O. 8254 
RATIO X IN CHX 2 . 4 2 6 6  
USAGE H2/C0 PRODT 1.2201 

r. 

RATIO C02/(H20+C02) 0. 3999 
K SHIFT IN EFFLNT~ 0.65 

CONVERS I ON 
ON CO % " 32.12 
ON H2 % : 38 .92  
ON. CO+H2 % :3 '5.65 

PRDT SELECTIVITY,WT % !J 
: CH4 1 4 . 8 0  

C2 HCtS 11.78 
C3H8 5 . 6 9  
C3H6= 10 .68  
C4H10 3 .05  
C4H8= ~ 9 . 7 6  

c .  C5H12 2 . 6 6  
CSHI0= 8 . 9 1  
C6H14 :: 2.16 
C6HI~2= ~ CYCLO'S 4 . 9 3  
C7+ IN~' GAS 19.00 
LIQ HC'S 6 . $ 7  

5 0 : 5 0 :  ~> 
50.25 

294 
250 

.~... 

C=. '. 
"L. ' 

225-01-07 225-01-08 225-01-09 

50:50:0 50:50{: 0 50:50:0 
69.25 77.00 ~ 93.58 
296 303 295 
250 250 250 

400 400 
24.2 '5  7 , 7 5  2 4 . 3 3  

¢ 3 2 . 1 9  1 3 8 . 9 4  435 .62  
25.87 8 . 6 9  2 7 . 2 7 ~  
2.30 0 . 7 4  2.31 

96.70 L 98.74 97.89 
I01.91 : 104.37 103.87 
'100.70 102.01 101.39 
0.8378 0.8724 0.8610 
2 .3850  2 . 3 8 8 9  2 .4012  
1.213S 1.2352 1.2502 
0 .5994  0 .3962  0 .3868  

0 .63  0 .62  0 .59  

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

~ 2 . 6 7  1 3 . 3 6  1 3 . 8 4  
1 1 . 6 2  1 1 . 0 2  I I .00 

5.70  5.51 5.48 
10.80 11.06 11.57 

3 . 0 1  3 . 0 6  3 . 0 7  
9.68 9.94 10.31 
2 . 6 7  2 . 6 4  2 . 6 6  
8 .94  8~48 8.23 
2.12 1 .80  2.02 
5.04 4.94 4.97 

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

~UN+I.7G) 

'.-, 

:::- C'. 
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0 P 

TOTAL 
SUB-GROUPZNG 

C1 -C4 : 
C5 - 4 2 0  F ,, 
420-700 F 
700-END PT 

C5+-END PT 
IS0/NORMALMOLE RATIO 

C4: 
CS 
C6 ~ 
C4= 

PA.P.AFPIN/OLEPIN RATIO 
C5 
C4 
C5 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DBNS~TY 
N, R~FR~kCTIVH INDEX 
S~MULTID DISTILATN 

I0 RT % @ DHG P 
16 ,~ 
50 
84 

90 

.~NGE(16-84 %) 

WT % '~ 420 F 
WT % Q 700 F 

ioo.oo ~ 

5 5 . 7 7  
40.88 

2.96 
0.39 

44.23 

0 . 1 0 8 1  
0 , 2 9 1 9  
0 . 4 7 7 4  
0 . 0 8 9 0  

0 . 5 0 8 7  
0 , 5 0 2 0  
0.2901 

1 0 0 . 0 0  

S 3 . 4 9  
43.20 

2 . 9 4  
0.37 

4.6.51 

0.1151 
0 . 2 8 2 6  
0 . 4 1 8 5  
0.0882 

0 . 5 0 5 5  
0 . 3 0 0 3  
0.2899 

CLR 01L 
0 . 7 7 6  
1.4366 

314 
554 
424 
59Z 
649 

258 

4 8 . 6 6  
9 4 . 1 9  

i00.00 

,: 53.76.. 
43.  O,~C. 

z.7,  
0.4Z 

4 6 . 2 4  

0 . 1 0 2 7  
0.3'844 
0.5196 
O. 0894 : 

0 , 4 5 8 4  
0 , 2 9 7 2  
0.3028 

I00.00 

, .   si. z7 
4]~. 4S 
/:2, 85 
/ 0.43 

/44.75 

0";,101-4 
0 . 2 6 7 0  

~0. 4314 
"0. 0875 

0.4520__ 
:; O. 2875 

0. 3134 

CLR 01L 
o. 7755:  

.:: i. 4566 

311 
533 
429 
610 
666 

277 

4 6 . 6 6  
93.07 

"% 
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TABLE 3C = RESULT OF SYNGAS OPERATION 

RUN NO. 10225-01 '~ 
CATALYST PE,K ON LZ-105-6 #10042-88 80 CC 5~6GM (53.3 AFTER RUN+I.7G) 
FEED HZ:C0:ARGON OF 50:50:0 @ 400 CC/MN OR 500 GHSV 

,t 

RUN ~ SAMPLE NO. I0255-01-11 225~01-13 225-01-14 225-01-15 

FEED HZ:C0:AR 
HRS ON STREAM 
PRESSURE,PSIG 
TEMP. C 

C " 

FEED CC/MI.N 
HOURS FHEDING 
EFFLNT GAS LITHR 
GM AQUEOUS LAYER 
GM 01L 

G 

MATERIAL BALANCE 
GM ATOM C~%RBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
PATIO CHX/(H20÷CO2] 
RATIO X IN CHX 
USAGE H2/CO PRODT 
RATIO C02~CH20+C02) 
K SHIFT IN'BPPLNT 

CONVERSION 
ON CO % 
ON H2 % 
ON CO÷H2~% 

PRDT SELHCTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
~3H6= 
C4HI0 
C4H8= 
C5H12 
C5H10= 
C6H14 
C6HIZ= 6 CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
1 1 8 . 6 7  1 6 7 . 0  

296 293 
250 281 

400 
25.08 

455.08 
27.68 

2.49 ~ 

50:50:0 50:50:0 
145.0 148.5 

301 301 
275 281 

c 
400 400 

24~33 5.50 
362.03 ~ 7 6 . 2 7  

18.28 3.60 
= 8.49 2,61 

400 
24.00 

530.80 
15~71 
11 .40  

99.44 107.67 1 0 2 . 5 1 .  
104.75 113.57 107.50 
102.47 109.61 101.65 
0.8787 0.959~ 1.0194 "" 
2.3940 2:5916 2.5636 
1 .2500 : 0.8356 0.8476 
O. 3901 O, 7763 , 0 .7852 

0.60 6.21 6.55 ; 
0 - 

9 ~  
39.74\  
35.95 

13.62 
10.79 

5.34 
11.50 
3.II 

10.41 
2,69 
8.98 
3.09 
5 . 3 5  

20.00  
6 .35 

77.84 78.51 
62.38 62.95 
69.9O 70;45 

20.87 19.92 
12.31 11.75 

5.50 5 . 2 5  
1.93 : 1.84 
5.37 5.13 
4 .46  4725 
5 .29  ~ 5 . 0 5  '~ 
5 . 5 9  5;34 
3 .79  ~ 3.62 
3.14 : 3.00 

21.30 2~.32.. 
10.43 14.52: 

102.03 
106.34 
102.49  
0.9898 
2 . 5 8 4 6  
0.8351 
0,7892 

6 .77 

78.93 
63.42 
71.01 

Z0.80 
12.30 
5.55 
1.95 
5.00 
4, 32-" 
4.64  
4.37 
3 . 5 3  
5.11 

19.74 
14.69 

~e 

t. ,, 

C 
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TOTAL 
SUB-GROUPING 

C1 -C4 
: CS -420 P. 

4 2 0 - 7 0 0  P 
700-END PT 
CS+-END PT 

ISO/NORMAL MOLE RATIO 
C4 
CS 
C6 
C4= 

PARAFFIN/0LHFIN RATIO 
C3 
C4 
C5 

LIQ HC COLLgCTION 
PHYS~ APPEARANCE 
DENSITY 
N, R~FRACTIVE INDEX 
SIMULTtD DISTILATN 

10 WT ~ @ DEG F .~ 
16 
S0 
84 
90 

~gANG~(16-84 ¢} 

WT % ~ 420 F 
WT % @ 700 F 

I* 

100.00 

5~'56 
42.06 

2.88 
0.50 

45.44 

0.1007 
0.2633 
0.3681 
0 . 0 8 7 6  

0 , 4 5 0 8  
0,2889 
0.291~!~ 

CLDY OIL 
0L761 
1.4360 

100.00 

50.46 
46.57 

2.45 
0.52 

49.54 

0.5772 
1.4480 
2.5070 
0.6057 

2.7201 
1;1638 
0.9192 

LT YL OIL 
0.778 
1,4594 

313 ~ 251 
335 ~278 
429 361 
619 507 
676 588 

284 229 

46,66 71.50 
92.07 95.03 

i00.o0 

48.1S 
48.44 
3.09 
0.32 

51.85 

0.5772 
1.4480 
2.5070 ~ 
0.6057 

2.7201 
1.1658 
0.9192 

I00,.00 

4 9 . 9 2  
46.63 

3.12 
0.33 

50.08 
o *  

0.5078 
1 . 4 0 9 2  
Z.'L3917 
0.5715 

!, 
2.72'31 
1.1174 
1.0326 

LT YL OIL 
O. 781 
1.4395 

249 
276 
352 
459 

~' 513 

183 

76.50- 
97.75 

- 1 0 9  - 

°. 



~° 

V. RUN .IO225-4~ Fe/K.,.on UCC-I04 

This catalyst was,.prepared by the same procedure used for the 

previous one (10225-1),except that UCC~'I04 was used in.stead of 

LZ-105-6. Tt was formed into tablets without a binder. 

k similar catalyst using UCC-108 (an optimized, more active 

version of UCC-104) was previously found no be almost completely 

inactive for syngas converslon. The Molecular Sieve components 

of many catalysts have been deactivated by the metal ions. Not 

since'the shake-down runs a year ago, however, has a metal compo- 

nent been so poisoned as to lose almost all activity. To deter- 

mine whether this is a general phenomenon or merely some problem~ 

with a particular batch, this catalyst was prepared. That the 

phenomenon is in fact a general one for this method of metal 

loading is indicated in Fig. 63. Product selectivity is given i, 

Fig. 64, and detailed material balances in Table 4. 

A physical mixture of promoted iron'and UCC-I04 is an excel- 

lenn F-T catalyst~>with good selectivity for high-octane gasoline. 

When the iron is precipitated onto the UCC-104 by this method, 

however, the catalyst is inactive. 

- II0 - 

o. 
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TABLE 4 RESULT OF SYNGAS OPERATION 

RUN NO. 10225-04 
CATALYST FE,K-PPT ON UCC-104 #10252-9 80 CC 29.8GM(29.0 
FEED H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 500 GHSV 

RUN ~ SAMPLE NO. 

FEED HZ:CO:AR 
HRS ON STREAM 
PRESSURE,PSIG 
TEMP~ C 

FEED CC/MIN 
HOURS FEEDING 
EFFLNT GAS LITER 
GM AQUEOUS LAYER 
GM' OIL 

i0225-04~01 225-04-02 225-04-05 

50:50:0 50:50:0 50:50:0 
i 

5 . 0 8 "  22.75 3 0 . 4 2  
298 298 306 
249 249 249 

400 400 400 
5.08 17.67 7.67 

115.56 408.22 179.67 
O. O0 0.00 O. O0 
O. O0 0.00 O. O0 

MATERIAL BALANCE 
GMATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/(H20+CO2) 
RATIO X IN CHX 
USAGE HZ/CO PRODT 
RATIO C02/(H20+C02) 
K SHIPT IN EPPLNT 

93.62 94.97 95.74 
96.81 98.54 : 100.91 
96.62 98.04 98.62 

0 . 2 0 2 4  0.1945 0, Z530 
2.7759 2.7415 : 2.6064 
1.9242 1,9214 i~9473 
0.0424 0.0407 0,0572 

0.04 0.04 0.0"4 

CONVERSION 
ON CO % 
ON H2 % 
ON C0+H2 % 

PRDT SELECTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4HI0 
C4H8= 
C5H12 
CSHI0= 
C6H14 
C6H12= ~ CYCL0'S 
C7+ IN GAS 
LIQ HC'S 

. , ,  . ,  

0 . 9 8  0 . 9 4  
• 4 . 8 1  4 .74 

2 . 9 3  Z.88 

36.19 34.67 
14.99 14.45 
5.58 4.59 

1 8 . 4 6  16.64 
5 . 0 4  5.08 
9 .09  11.19 
0. O0 O. O0 
3 .43  4.83 
0 . 0 0  0.00 
0 . 0 0  0.00 
9.23 10.55  
0.00 0.00 

1.17 
4.94 
3 . 1 0  : 

25.15 
16.48 

4 . 5 4  
1 6 . 5 4  
2.63 

10.39 
2.18 
8 .08  
1.18 
0.00 

13.05 
0.00 

APTER RUN- ~ 8G) 
t 
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{. 

TOTAL 
SUB-GROUPING 

C1 -C4 
C5 - 4 2 0  P 
4 2 0 - 7 0 0  P 
700-END PT 
C5+-END PT 

IS0/NORMAL MOLE RATIO 
C4 
C5 
C6 
C4- 

PARAFFIN/0LEFIN RATIO 
C3 
C4 
CS 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N~ REFRACTIVE INDEX 
SIMULT ID DISTILATN 

I0 WT % @ DEG F 
16 
5O 
84 
90 "" 

' , L  

m~.NG~.C 1 6 -  84  ~) 

WT % @ 420 P 
WT % @ 700 F 

I00.00 

87.34 
12.66 
0.00 
0.00 

12.56 

0.0000 
0.0000 
0;0000 
0.0000 

0 . 2 8 8 5  
0 . 3 2 2 9  
0 . 0 0 0 0  

I00.00 

8 4 . 6 2  
1 5 . 3 8  

0 . 0 0  
0 . 0 0  

1 5 . 3 8  

0.0000 
0.0000 
0.0000 
0.0000 

0.2634 
0.2655 
0.0000 

I00.00 

75.51 
24.49 
0.00 
0.00 

24.49 

0.0000 
0~0000 
0.0000 
0.0000 

0.26S0 
0 .2444  
0 .2619  

I% 
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vl. Rq~ Io112-11, Fe/~ on ucc-lo7 

This precipitation catalyst was prepared like the two previ- 

ous ones, except with ~CC-107 as the Molecular Sieve componenz. 

It was tested for one day, found to Be inactive, and shut down. 

(~ The material balance for the single sample is shown in Table 5. 

The cause of the inactivity is unknown. 
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TABLE 5 RESULT 0P "SYNGAS OPERATION 

RUN NO. 10112-11 
CATALYST FE,K-PPT-UCC-107 #I0252-13C 80"CC 34.7GM(34.9 AFTER RUN +.ZG) 
F ~ D  H2:CO:ARGON OP 50:50:0 ~ 400 CC/MN OR 300 GHSV 

hUN ~ SAMPLE NO. I0112-Ii-01 

FEED H2:C0:AR 50:50:0 
HRS ON STREAM 23.75 
PRESSURE,PSIG : 308 
TEMP. C ~ 251 

PEED CC/MIN 400 
HOURS PEEDING 23.75 
HFFLNT GAS LITER 5 6 9 . 5 5  
GM AQUEOUS L A Y E R  ~ 0.00 
GM OIL 0.00 

MATERIAL BALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/(H20+CO2) 
PATIO X IN CHX ~" 
USAGE~H2/CO PRODT 

99.16 
104.88 
101.30 
0 . 5 3 7 9  
2 . 5 7 0 5  

1 . 5 9 S 3  
RATIO CO2/(H20+C02] 0.1790 
K SHIFT IN EFFLNT 0.ZZ 

CONVERSION 
ON CO % 3.34 
0NH2 % 6.67 
ON CO÷H2 % 5.05 

PRDT SELI~CTIVITY,WT % 
CH4 19.07 
C2 HC'S " 15.23 
C5H8 7:58 
C3H6= 1 Z. 13 
C4HI0 4.84 
C4H8= 9.58 
C5H12 4.Z5 
CSHI0= 5.76 
C6H14 - 4.04 
C6H12= ~ CYCLO'S 1.30 
C7+ IN GAS 16.23 
LIQ HC'S 0.00 
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13 P 

i 

TOTAL I00.00 
SUB-GROUPING 

C1 -C4 68.42 
CS -_420 P 31.58 
4z~oo F O. O0 
700-END PT 0.00 
C5+-BND PT 51.58 

ISO/NORMAL MOLE RATIO 
C4 0.1705 
C5 0.4079 
C6 0 .6038 
C4= ~ 0.0839 

PARAFFIN/OLEFIN RATIO 
C3 0 .5966 
C4 0 .4871 
C5 0.7181 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, ItEFRACTIVE INDEX 
SIMULT'D D~STILATN 

I0 WT % @ DEG P 
16 
50 
84 
90 

t 

RANG~(16-S4 %) 

WT % @ 4Z0F 
WT % @ 700 

t" 
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VII. RUN i0112-6, Co on LZ-105~6 

This catalyst was~prepared by precIpitatinE CoO-XH29 with 

sodium carHonate from a slurry of cobalt nitrate and. LZ-IOS-6. 

~The cobalt-loaded Molecular-Sieve powder was pressed into pellets 

and calcined at 250C. Cobalt loading level was 20 percent. 

Conversion,, product selectivity, isomerization of the pen- 

fanes, and percent olefins of the C4Ws are plotted against time 

on stream in Fi~s. 65-68° Simulated distillations of the pen- 

tane+ products from two representative samples are shown in Figs. 

69-70. Carbon number product distrlhutlons are shown in Fits. 

71-76. Chromatoerams of simulated distillations of the condensed 

products are repreduced in Figs. 77-82. Detailed material bal- 

ances are given in Tables ~6A and 6B. c 

• At the initial reaction ~emperature of 220C, conversion of 
-°° 

the syngas is only 20-25 percent (FIE. 65), which is-similar to 

the conversion with a corresponding iron-on-LZ-105 catalyst at 

250C. Gram for gram of metal, cobalt catalysts seem much more 

active than iron. At 250C the conversion increases sienificant- 

lyp but so also does the rute of deactivation. An this higher 

~emperature the carbon monoxide and hydroEen conversion levels 

are almost equal, leading to a hydrogen:carbon monoxide usage 

ratio close to the 1:1 hydroeen:carbon monoxide feed ratio, indi- 

cating that this catalyst has euough WGS to use the hydroeen-lean 

syngas efficiently. Few cobalt-containin@ catalysts have signi- 

c 
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ficant WGS activity, nor is the Molecular Sieve known to have it. 

Product selectivity is shown "in F~. 8. 66. Selectivity to 

'methane is quite high even at the lower temper'ature, where it 

averaged more than 15 percent. At 250C, more than 30 percent of 

the hydrocarbon product was methane, fairly typical for cobalt 

F-T catalysts. The extent to which the methane yield differs 
(~ 

from that of other hydrocarbons is best illustrated ~y the car- 
t 

bon-number product distributions, plotted in Figs. 71-76. The 

data poin.ts for methane are unrelated to the line connecting the 

data points for the other hydrocarbons. The same phenomenon was 

observed for all the cobalt catalysts reported last quarter as 

well ms this quarter. 

The yield of the C2-C 4 hydrocarbons is low. For the samples 

taken at 250C, this fraction is lower than predicted from extra- 

polation of the C5+ product distribution, since it has a flatter 
.(. . 

carbon number distribution in the C~-C 4 region. This behavior is 

not unusual.for cobalt catalysts at most conditions. At this 

lower temperature the total motor fuels yield, C 5 - 700F, aver- 

aged a respectable 68 percent. Cobalt pore-filled on UCC-101 

(Second Annual Report, Run 10011-14) produced a similar yield of 

~J 

motor fuels at reaction temperatures of both 220 and 250C. This 

catalyst, however, performed poorly at 25OC, producing'less ~h~n 

half its .hydrocarbons in the motor fuels range, a yi'eld more 

typical of an iron rather than a cobalt catalyst. With its poor 

motor fuel yield and high methane yield, this catalyst is infer- 
J 

ior to most iron catalysts. ' 
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Heavies produced by this catalyst were only about 5 percent, 

"',. except only ,Sample.. _ 5 with 20 percent..-, Thi~anomaly~ . was caused by ~,' 

.~ e heayies build-up in the reactor durinE .the first 65 hours at 

220C. When the reactor temperature was raised to 250Cthe 
t. 

heavies moved more quickly o~t of the reactor, giving Sample'5~.~a~ 
÷ 

:apparently hieh selectivity for heavies. This explanation is ~ 

corroborated by .the hish material balance for'Sample 5, compared 

to that ~.~/~II the other samples. Enoueh heavies were leavln E 

th4 reactdr after 48 hours on stream to convert the condensed 
.t 

product of ~hls catalyst into a solid waz. This was probably the 

first'sample in which t~e effluent products reflected the true 

steady-state products at those reactor conditions." : 

• ~D Diesel oil produced from this catalyst, unlike that from 

similar iron catalysts, can be expected to have a hiEh pour 

point. The C4ts are less olefinic than the 70 percent olefins in 

iron-catalyst C4Vs (Fie. 68~. The pentane is barel~ Isomerized 

at all (Fi S. 67). Chromatoerams of the sim,lated distillations 
'•%•, 

show the condensed product to be primarily straiEht-chaiu 

..paraffins (Fi~ 77-82). StraIEht-chain material packs well in 

the solid state, leadiu8 to very hieh pour points for diesel 
: 

ranee products. The low reaction temperature and partial ion 

exchanee of the cobalt contributed:to the low isomerization of 

the product. Conversely, the partially ion-exchanEed Fe/E-on- 

LZ-I05 catalyst isomerized'the liquid very efficiently (Run 

10225-1), which it was able to do because of the hieher reaction 

- 120 - 
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°, 

temperature, 

The~'simulated distiilation of Sample 9 (Fig. 70) is unlike 

those of the other samples, which resemble Fig. 69. The unusual 

distillatiu~" leads no an unusual carbon number distribution (Fig. 

76). Some of the CIOTCI5 material could have been dimerized into 

the C20-C30 range, a distribution which has been seen with other 

acidic catalysts, but more likely th~f:i.aberration is a, error in 

the simulated distillation. This catalyst does not yield a very 

olefinic product and shows low acid activity, both of which would 

be needed to ollgomerlze the CI0-C15 products. 
=. 

The product distribution of this catalyst at 250C, where its 

conversion activity was significant, is just too light "to make it 

an important Task 2 catalyst. 
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TABLE 6A RESULT OF SYNGAS OPERATION 

RUN NO. 10112-06 
CATALYST COBALT-LZ-105-6 #10042-86 80 CC 40.1GM C55.8 AFTER RUN 16 G] 
PE~D H2:CO:ARGON OF 50:$0: 0 @ 400 CC/MN OR 300 GHSV 

• UN ~ SAMPLH NO. 10112-06-01 112-06-02 112-06-03 112-06-04 112-06-05 

FE~D H2:C0:AR 50;50: 
HRS ON STREAM 22 .0  
PRESSURE,PSIG 301 
TEMP. C 2 2 0  

 EED CC/MIN :" 400  
HOURS FEEDING 22.00 
EPFLNT GAS LITER 390.47 
~GM AQUEOUS LAYER 31.62 
GM OIL 6.98 

t 

MATERIAL BALANC~ 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/(H20+C02) 
RATIO X IN CHX 
USAGH H2/CO PRODT 
RATIO CO2/(H20+CO2) 
K SHIFT IN EFFLNT 

0 50:50:0 50:50:0 50:50:0 
43 .0  47.92 64.75 
296 298 293 
220 220 220 

400 400 400 
21.00 4.92 21.75 

344.89 88.29 406.95 
1 8 . 1 7  3 .81  1 6 . 8 6  

6 . 9 1  1.91 8 . 4 4  

50 :50:0 
74.08 
292 
250 

s IL 
40O 
7.25 

113.24 
3 .77  

12 .24  

88 .96  82 .83  89 .43  91 .80  126.31 
95 .92  84 .04  91 .98  94 .82  1 1 8 . 0 4  

102 .35  89 .48  ~ 94 .26  9 6 . 8 3  109 .54  
0 .4481 0 :6136 0 .7133  0 .6955 1 .4419  
2 .3816  2 .3632 2 .3375  2.3214 2.7045 
1 .3958  1 .3201 1 . 2 9 8 7  1 .3289  1 .0837  
0.2183 0.2845 0.313~ 0.2923 0.7807 

0.25  0 .35  0 .42  0 .38  3 .03  

CONVERSION 
ON CO % 18.17 
ON H2 % 33.2? 
ON C0+H2 % 26.01 

PRDT SHLECTIVITY,WT % 
CH4 16.57 
C2 HC'S 2 .48  
C3H8 5 .09  
C3H6=  1.93 
C4HI0 ,, 2.69 
C4H8= "" 2,23  
C5H12 .. 3 . S 7  
CSHI0= 2 . 6 4  
C6H14 /~ 3.45 
C6H12= ~ CYCLO'S 2.25 
C7÷ IN GAS 18.08 
LIQ HC'S 41.01 

18.68 19.34 17.75 
29.53 27.83 26.56 
24.14 23.64 22.13 

66 .75  
69 .70  
68 .17  

15.79 14.67 13.94 52. I0 
2.37 2.03 2.06 4.26 
2.94 2,80 2.59 4,46 
1.84 1.93 2.10 0.44 
2.56  2 .48  2.41 3 .22  
2 .13  2 .42  2.72 0 .58  
3.40 3.31 3.09 5.81 
2.51 2 .94  2 .85  0 .60  
3 .29  3 .20  3 .18  3 .12  
2.15 2.14 1.30 0.40 

17.23 16.54 16.06 4.58 
43.80  45.53 :47.72 42 .42  
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p 

TOTA/, I00.00 
SUB-GROUPING 

Cl -C4 ~ 28.99 
C5 -420 P 45.11 
420-700 P 22.71 
700-END PT 5.18 
C5+-~ND PT 71.01 

IS0/NORI4ALMOLH RATIO 
C4 0 . 0 0 0 0  
C5 0.0000 
C6 0.0000 
C4= 0.0000 

PA/tAPFIN/OL~FIN RATIO 
C5 1.5Z87 
C4 1.1621 
C5 1.3164 

LIQ HC COLLHCTION 
PHYS. APPEARANCE 
DENSITY 0.755 
N~ R~PRACTIVH INDEX 1.4511 
SI)~LT'D DISTILATN 

i0 WT % @ DEG F 334 
16 357 
50 476 
84 629 
90 675 

i00.00 

27 .63  
4 6 . 3 4  
23 .47  

2 .57  
72 .37  

0.0000 
0.0000 
0.0000 
0.0000 

1 .5287  
1.1621 
1 .3164  

CLR OIL 
0.778 
1 . 4 2 9 2  

303 
325 
469 
630 
669 

RANGEC16-84 %) 272 50S 

WT % @ 420 P 36 .86  40.55 
WT % @ 700 P 92.24 94.13 

1 0 0 . 0 0  

2 6 . 3 3  
4 3 . 6 1  
2 4 . 1 3  
5.92 

75 .67  

0 . 0 2 2 4  
0.0285 
0 . 0 2 8 2  
OLO000 

1.3852 
0.9862 
1.0974 

m 

m 

~° 

I00.00 

25.81 

5 9 . 6 9  
2 8 . 8 2  

5 . 6 9  
7 4 . 1 9  

0.0364 
0.0563 
0.0831 
0.0000 

1.1777 
0.8569 
1.0516 

0IL ~ SLD 
m 

1.4521 

339 
380 
515 
673 

• 717 

295 

27.70 
88. '08"  

100.00 

4 5 . 0 6  
18.80 
1 6 . 0 6  
20.08 
$4.94 

0.0674 
0.1461 
0.1879 
0.1'466 

9.6495 
5.3549 
6.1266 ~ 

CLDY SLD 

391 
436 
685 

1033 
1110 

597 

14;80 
5 2 . 6 7  
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TABLE 6B KESULT OF SYNGAS OPERATION 

RUN NO. 10112-06 
CATALYST COBALT-LZ-105-6 #10042-86 80 CC 40.1GM (55.8 AFTER RUN +16 G) 
FEED HZ:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN ~ SAMPLE NO. 10112-06-06 112-06107 112-06-08 112-06-09 

FEED HZ:C0:AR 
HRS ON STPd~AM 
P~ESSURE,PSIG 
TEMP. C 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
88 .75  9 5 . 8 3  

294 292 
249 249 

F~.ED CC/MIN 400 400 
HOURS FEEDING 16.75 7.08 
HFPLNT GAS LITER 208.49 94.35 
GM AQUEOUS LAYER 15.~1 7.36 
GM OIL 14.01 5.31 

MATERIAL BALANCE 
~M ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/(H20+COZ) 
RATIO X IN CHX 
USAGE HZ/CO PRODT 
PATIO C02/(H20+C02) 
K SHIFT IN EFFLNT 

C0~VHRSION 
ON CO % 
ON HZ % 
ON CO+H2 % 

PKDT SHL~CTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6ffi 
C4H10 
C4H8= 
C5H12 
CSHI0= 
C6H14 
C6H12= ~ CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

50:50:0 50:50:0 
i13.0 119.58 

292 292 
2 4 9  249 

400 400 
24.25 6 .58  

333.00 93 .55  
25.20 6 .87  
18.20 7. O1 

t~ 

9 4 . 4 4  9 3 . 9 5  92.92 
9 3 . 4 9  9 6 . 1 9  _95._62 
94 .95  95.7.~ . . . . . . . .  9[4.-41 

0 .9869  0 . 9 5 0 1  0.95.54 
2. 7479 2. 761.5 2. 7007 
1 . 0 0 6 4  1.06.42 1.0932 
0 . 6 7 5 9  0 . 6 1 7 3  0.5835 

1 .98  1 . 5 1  1 .30  
/ 

I01.05 
~193.65~ 
97.13 

1,1154 
2.6096 
1.1346 
0.5880 

1 . 3 3  

.66.89 6 0 . 1 4  55.09 5 7 . 2 4  
68 .27  6 5 . 5 0  59.37 6 1 . 1 7  
67.58 61.84 57.26 59.23 

32.74 35.50 30.87 26.76 
4.78 4.78 4.41 5.87 
5 .59  5 . 6 5  5 .21 4 . 6 5  ~ 
0 .53  0 .60  0 .69 0°67  
4 .23  4 . 3 9  4.15 3 . 8 6  
0.74 0.81 0.93 1.08 
5.36 4.88 4.64 4.16 
0 .84  0 . 8 4  0 .92 1 . 4 7  
4.70  4 . 6 4  4.41 4 . 7 0  
0 .60  0 . 5 7  0.69 0 . 7 6  
9 .32  9 . 4 0  10.63 9 . 1 4  

3.0.56 29 ,98  52.46 5 8 . 9 1  
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-TOTAL 
SUB-GROUPING 

C1 -C4 
C5 -420 P 
420-700 P 
700-BND PT 
C5÷-END PT 

ISO/NORMAI MOLE RATIO 
C4 
C5 
C6 
C4= 

PARAFFIN/OLEPIN RATIO 
C3 
C4 
C5 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DHNSITY 
N, R~PRACTIV~ INDEX 
SIMULT'D DISTILATN 

I0 WT % @ DEG F 
16 

84 
90 - i 

% 

RANGE(16-84:'%~ 

WT %"@ 420 P 
WT % Q 700 F 

I00.00 100.00 I00.00 i00.00 

48.61 
3 3 . 2 7  
13.00 
5.11 

51.39 

0.0475 
o.11Ol 
0.1444 
0.1375 

lO.6895 
5.5151 
6 . 2 0 3 0  

CLDY SLD 

1.4301 

288 
304 
474 
711 
772 

407 

40 .73  
  7.oo 

49.70 
50.51 

• 15.89 
3.90 

50.30 

46.  Z6 40 .87  
3 5 . 1 2  25 .73  
15.16 , 24.58 

3 . 4 5  8 .82  
53.74 59,13 

0.0516 0.0421 0.0637 
0.0962 0.0857 0.0797 
0.1452 0.1260 0.1613 
0.1490 0.1275 0.1412 

9 .0185  7 . 2 1 9 1  6 .5984  
5 .2564 4 . 3 0 2 9  3 .4567  
5 .6558  4 . 9 2 0 8  2 .7435 

J 

OIL ~ SLD OIL ~ SLD 
0 .75Z  0.750 
1.4255 1.4258 

295 385 
310 447 
454 618 
654 722 
709 745 

t. 

544 275 

42.64 14.15 
89.36 77.33 

I .  
° ,  
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VIII. RUN,I0112-10, Co/,Th/K on LZ-Y-82 

LZ-Y-82 is the acid form of steam-stabilized Y zeolite. This 
J 

catalyst was prepared by preclpitatin8 cobal~ oxide with sodium 

carbonate from a slurry of LZ-Y-82 and cobalt ~itrate. The 

metal-loaded zeolite was promoted by impregnation with potassium 

and thorium nitrates. The dried powder was formed in pellets and 

calcined for t~o hours at 250C. 

Conversion, product selectivity, isomerlzati6n of the pen- 

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

stream in FiBs. 83-86° Simulated distillations of the pentene+ 

product for two samples are given in FiBs. 87 and 88. Carbon 

number product dlsnributions are'Biven in FiBs. 89-93. Chrom- 

atograms from simulated distillations are reproduced,.in FiBs. 94- 

98. Detailed material balances appear in Tables 7A and 7B. 

Unlike the previous catalyst, this one was not tested at 220C 

but only at 250C| the hope was that promotion would allow it to 

operate at 250C with a reasonable product distribution. Activity 

at 250C was good {Fig. 83), but the catalyst did deactivate, 

particularly in its hydroBen conversion. Also, conversion o~ 

hydrogen was twice that of carbon monoxide. Despite its promo- 

tion this catalyst had almost no WGS activity, as indicated by 

the fact that less than I0 percent of the by-producE, oxyBenate 

was carbon dioxide and.more than 90 percent was water. 

Product selectivity is good (Pig. 84). Methane yield is only 
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12 percent, against more than 30 percent with the cobalt-on-LZ- 
b 

105 catalyst at similar process condinionso That this methane 

yield, which is more ~yplcal of the iron and Molecular Sieve- 

containing F-T catalysts~ can nevertheless be obtained from 

cobalt-containing catalysts is show, in Figs. 89r93. As usual, 

the methane yield differs markedly from.those of the other hydro- 

carbons, suggestln 8 a separate mechanism for m~thane formation, 

possibly a separate methanation site. 

Again, C2-C 4 hydrocarbons are produced with p$.~r selectivity~ 

but yields of total motor fuels are excellent. A theoretical 

catalyst following a Schulz-Fiory distribution'~uld be optimized 

to produce 71.9 percent of its product in the pentane--7OOF (total 

motor fuel) range. This catalyst does even better, especially if 

the methane is disregarded. The theoretical catalyst ~ou!d pro- 

duce 74 percent of non-methane product in the motor fuel range; 

the corresponding yield for this catalyst is 83 percent. Methane 

being an undesirable product, the excellent carbon number product 

distribution of this catalyst could be improved still further if 

the methane-produclng mechanism could be blocked. The superior 

selectivity for motor fuels can be explained in two ways: first, 

the low yield of lights other than methane, and second, an appar- 

ent carbon number cut-off Just above the diesel oil range. Both 

effects can be seen in the carbon number product distributions 

(Figs. 89-93)° Most of the pentane+ product boils in the gaso- 

line range (Figs. 87 and 88). 

The C4's are about.half olefins (Fig, 86). The refractive 
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intercept of the condensed product suggests that the liquid is ~5 

percent olefins, the rest paraffins. The pentane i§ well isomer- 

ized (Fi E . 85), althoush not' to its equiiibrlum level. Initial 

samples of the condensed products are quite isomerized, as illus- 

trated b~ the chromatograms of slmulaued d~sti~llatlons (FigSo 94- 

98). Later samples are cleanly dominated by stralght-chaln pro- 

ducts. Loss of lsomerlzlng~'actlvlty is less evident with pe,ntane 

than with the liquid product', hut is shown by £he ratio of 

~3-methyl-pentane to n-hexane; this ratio drops 5y a factor of 2.4 
I " . 

over the course of the run. 

During the run this catalyst showed little deactivation of 
b 

the concersion or general product selectivity, but acid activity 

did:,deactivate significantly. 

L' 

- 146 - 



P 

.3' 

! : 

;' = ~  ~ rm "' 

Fig. 83 

! 
/ 

/ 
/ / 

/ ' 
" f ! 

• / / 
! 
e 

; i / / 
/ , 

* I / , 
l 
! 

/ / 

' 1 
I 
! 

J i / 

. j ,  , 

/ 
/ 

/ 
/ 

! 
l 

/ 
I 
/ 

/ 
i 

° 

/ 
/ 

' ! 

..., i ~ . ~ j ~ l :  

! 

l . !  
! 

| 

i / 
I 

*.5 

0 

-== 

- i i I~, -~IL ['rl i - ~ [ . , -i I ~ IiI I ~ i I I I I~ ] I I ,- i , ~ I[i i I i ] ' I • -I l i ] ;-i [- I - r Ii 1~ ] 

OOT OO Q¢I O/, 09  og 0"I' Q8 O~ OT O 
,. uo!~,ze~oO ~ e c l  

- 1 4 7 -  



intercept of the condensed product suggests that the liquid is 45 

percent olefffns, the rg~t paraffins. The pentane is well isomer- 

iz~d (Fig. 85), although not. to its equillbrlum leve~ Initial 
. 

samples of the con'densed products are quite,lsomerized, as illus- 

trated by th~ chromatograms of sffmulated distillations (Figs. 94- 

98). Later samples are clearly dominated by straight-chain pro- 
.b 

ducts, Loss of i~somerizing activiny is less evident with pentane 

then with the liq'uid product', but is shown Ny the ratio of 

3-methyl-pentene to n-hexane; this .ratio d~3 by a ps factor of 2.4 

I! 

over t~e course of the run. , 

During the run this catalyst shgwed'little deactivation off 

the conversion or general product select}vity~ but acid activity 

did deacuiva~e significantly. ,a 
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TABLE 7A RESULT :OF SYNGAS OPERATION 

RUN NO. 
CATALYST 
FEED 

I0112-10 
C0-PPT,THO2,K-Y-82 #10252-17C CC 31.0GM (48,8 ~PTER RUN +18G) 
H2:CO:~d%GON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN ~ S~4PLE NO. lO112-1o-01 112-10-02 112-1o-o3 112-1o-o4 112-10-o5 

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

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  
19.67 2 7 . 0  4 4 . 0  5 0 . 2 5  6 7 . 9 2  

312 294 305 305 509 
252 250 251 252 250 

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

=MATERIAL BAL~CE 
GM ATOM C~EON % 
GM ATOM hYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/(H20+C02) 
RATIO X'IN CHX 
USAGE H2/CO PRODT 
RATIO C02/(H20÷CO20 
K SHIFT IN EPFLNT 

CONVERSION 
ON CO % 
ON H2 % 
ON CO÷H2 % 

PRDT SELECTIVITY,WT % 
CH4 
C2 HC'S = 
C3H8 
C3H6= 
C4HI0 
C4H8= 
-C5H12 
C5H10= 
C6H14 
C6HIZ= ~ CYCL0'S 
C7+ IN GAS 
LIQ HC'S 

400 400 400 400 
7.33 24.33 6.25 23'.92 

74.85 257.47 67.24 264.38 
22.60 75.02 18.80 71.94 

9.62 31.94 7 . 0 7  27.07 

400 
19.67 

179.50 
56;78 
2 5 . 7 3 ( <  

84.10 91.35 93.96 92,52 91.68 
84.78 93.17 94.81 92.26 94.19 
90.39 97.54 99.66 99.88 99.30 

0.8314 0.8429 0.8556 0.8107 0.8018 
2,2449 2.2523 2.2627 2.2928 2.2838 
1.8322 1.8707 1,~726 1.8578 1.8868 
0.0902 0,0786 0.0803 0.0866 0.0747 

0 . 0 3  0 . 0 3  0 . 0 3  0 . 0 3  0 . 0 3  
; :  

40.82 39.71 ,~39~36 37.71 56.74 
80.99 79.05: : 78.67 77.67 75.11 
60, 98 59.57 59.10 57.66 56.18 

i0.00 10.37 11.03 12.31 11.96 
1.94 1.99 2.10 2.38 2.26 
2 . 2 6  2 , 2 6  2 . 2 4  2 . 4 7  2 . 4 6  
1.54 1.54 1.56 1.68 1.57 
2.O1 2.02 1.94 2.15 2.12 
2.80 2.79 2.88 3.19 3.09 
2.73 2.74 Z. 57 2.81 2.68~ 
.2.98 3.02 3.12 3.49 5.43 
3 . 7 0  3 . 8 1  3 . 4 7  3 . 7 1  3 . 3 6  
2.17 2.22 2.45 2.81 ~2..80 

12,59 ii.15 ii.62 12.26 : 12"~.'30 
55.26 56.08 55.03 50.74 51.97 

I? 
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TOTAL 
SUB-GROUPING 

C1 -C4 
CS -420 P 
420-700  P 
700-END PT 
C5+-~ND PT 

ISO/NORMAL MOLE RATIO 
C4 
C5 
:C5 
C4= 

PARAFFIN/OLI=F IN RATIO 
C5 
C4 
C5 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENS ITY 
N, REFRACTIVE INDEX 
SIHULT 'D DISTILATN 

i0 NT % 8 DBG P 
16 
50 
84 
90 

P,.kRGE(16-84 %) 

WT % @ 420 F 
WT ~ @ 700 F 

I00.00 

20 .56  
51.67 
2~.~1 

2 . 3 6  
7 9 . 4 4  

0 . 3 6 4 3  
0 .6929  
1..3797 
0 .0000  

1 .3991  
0 .6928  

'b. 8925 

CLR 0IL 
0 .757  
1 . 4 2 6 4  

273 
300 
421 
589 
635 

289 

49 .75  
95 .73  6 

i00.00 

~ 20 .97  
48.18 
26 .92  

5 .95  
79 .03  

< 

0 .3660  
0 .6841 
1.3400 
0 .0000  

1.3982 
0.6965 
0 .~834 

1 0 0 . 0 0  

Z1.74 
48 .41  
26 .31  

3 . 5 4  
78 .26  

0 .3197  
0 .5958  
1.1176 
0.0000 

1.5717 
0 .6523  
0.8011 

CLR 0IL 
0.760 
1.4278 

285 
508 
458 
623 
667 

315 

45 .75  
9 3 . 5 6  

100.00 

24.19 
47.91 
24.55 

3 . $ 5  
75 .81  

0 .3236  
0 .5584  
1 .0271  

0 . 0 0 0 0  

1.4034 
0 .6501  
0 . 7 8 3 2  

100.00 

23 .47  
4 7 , 6 9  
24.68 
4.16 

7 6 . 5 3  

0 . 2 7 5 9  
- 0 . 4 7 7 2  

0 .8758  
0 .0000  

1 .4964  
0 .6616  
0 . 7 5 8 7  

CLR 01L 
0.762 

.1.4289 

?.87 
309 
448 
643 
684 

334 

44.50 
92.00 
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TABLE 7B RESULT OF SYNGAS OPERATION 

RUN NO. 
CATALYST 
FEED 

I0112-10 
CO-PPT,THOZ,K-Y-82 #I0252-17C CC 51.0GM [48.8 AFTER RUN÷I8 G) 
H2:CO:ARGON OP 50:50: O @ 400 CC/MN OR 300 GHSV 

RUN ~ SA~iPLE NO. 10112-10-06 112-10-07 112-10-08 

FEED H2 :CO:AK 
HRS ON STREAM 
PKESSURE,PSIG 
TBMP. C 

"<FEED cC>MIN 
HOURS PBEDING 
EFPLNT GAS LITHR' 
GM AQUEOUS LAY:HR 
GM OIL 

50:50:0 50:50:0 50:50:0 
75.42 91.50 122.0 
307 304 304 
251 250 250 

40~ 400 400 
7 .50  23 .58  5 0 . 5 0  

87 .86 .  294 .60  451 .65  
20 .35  63 .99  6 4 . 3 4  
8.92 28 .03  22.97 

MATERIAL BALANCE 
GM ATOM CARBON % 95.63 
GM ATOM HYDROGEN ~ 95.35 
GM ATOM OXYGEN % 98.75 
RATIO CHX/(H20+CO2]'" 019118 
RATIO X IN CHX < 2.2854 
USAGE H2/CO PRODT 1.8772 
RATIO C02/(H20+tO2] 0 . 0 8 6 0  
K SHIFT IN EPFLNT 0.04 

94.50 96.98 
102.84 101.73 
98.15 99.60 

0.8980 0.9102 
2.3017 2.4095 
1.8626 1.8695 
0.0929 0.1084 

0 .06  0 .08  

CONVERSION 
ON CO % 36,94 37.55 30.70 
ON H2 % 72.62 67.57 57,12 
ON CO+H2 % 54.75 53.19 44.22 

PEDT SELECTIVITY,WT % 
CH4 11.94 12.66 15.98 
C2 HC'S 2.24 1,26 3.20 
c .8 2 . 5 3  2 . 7 2  s . 8 3  
C3H6= 1.51 1.17 1.67 
C4HI0 2.21 2.42 3.35 
C4H8= Io01 2.49 2.93 
C5H12 2.79 2.96 4.13 
CSHI0= 3.34 2.69 3% 00 
C6H14 3.57 3.5~ 4.63 
C6H12= ~ CYCLO'S 2.87 2.29 2.55 
C7+ IN GAS 11.88 12.54 14.02 
LIQ HC'S 52.12 52.24 39.70 
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TOTAL 
SUB- GROUP ING 

I, 

C1 -C4 
C5 -420 P 
4Z0-700 P 
700-]~ND PT 
CS÷-~ND PT 

ISO/NORMAL MOLH RATIO 
C4 
C5 
C6 
C4= 

PARAPPIN/0LHPIN RATIO 
C3 
C4 
C5 

LIQ HC COLLHCTION 
PHYS. AI~ ?EARAN CH 
DENSITY 
N~ REPRACTIVE INDEX 
SIMULT'D DISTILATN 

I0 IVT % ~ DHG P 
16 " 
50 
84 
90 

R~GECZ6-84 %) 

WT ~ Q 420 P 

WT % @ 70O F 

100.00 

23.44 
47.90 
25.02 

3 . 6 5  
75.56 

0.2758 
0.48?.4 
0.8329 
0.0000 

1.6001 
0.7073 
0.8105 

I00.00 

"Ci3 t 

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

3.75 
76,  29~ 

0 . 2 5 6 6  
0 . 4 5 6 2  
0.78=72 
0;0000 

2.2107 
0.9363 
1o0684 

CLR OIL 
0 . 7 6 0  
1.4278 

292 
316 i: 
448(  
632  ~ 
677 

316 

44.00 
92.85 

100.00 

31.96 
45.09 
18.90 

4 . 0 5  
6 8 . 0 4  

0.2110 
0.4325 
0.5783 
0.0000 

2.1917 
I.I021 
1.337S 

CLR OIL 
0.751 
1.4278 

301 
329 
456 
656 
701 

327 

42.20 
89.80 
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| 

IX. RUN 10112-9, Co/Th/K on LZ-Y-82 

This catalyst came from the same hatch of metal-loaded Molec- 

ular Sieve used in Run 10112-10, but the pellets were calcined 

for two hours at 500C, instead of 250C. 

Calcination at 500C resulted in a Fery low activity (Fig. 

99). Product selectivity is given in FiE. I00. Detailed mater- 

ial balances are given in Table 8. 
¢ 

Comparison of Runs 100112-9 and 1001],2-10 shows that calcina- 

tion at 500C has a disastrous effect on the catalyst's acnivity. 

An explanation for this will have to await analysis of the two 

catalysts. A prime suspect is sintering of the metal component. 

L 
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TABLE 8 : RESULT OF SYNGAS OPERATION 

RUN NO. 10112-09 
CATALYST CO-PPT-Y-82 I0252-05-C 80CC 31.0 GM (33.0 AFTER RUN +2.0G) 
FEED HZ:CO:ARGON OF 50:50:0 @ 800 CC/MN OR 600 GHSV 

RUN ~" SAMPLE NO. lOllZ-Og-Ol 112-09-02 

FEED HZ:C0:AK 
HRS ON gTRPAM 
PRESSURE,PSIG 
TEMP. C 

5 0 : 5 0 : 0  50:50:0 
47.38 69.00 

291 292 
25O 250 

FEED CC/MIN ' 800 800 
HOURS FEEDING 4 7 . 3 8  21.62 
EPFLNT GAS LITER 2120.95 985.53 
GM ~ AQUEOUS LAYER 0.00 0.00 
GM OIL O.00 0.00 

MATERIAL BALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/{H20+C02) 
RATIO X IN CflX 
USAGE HZ/CO PRODT 
PATIO CO2/(HZO+C02) 
K SHIFT IN EPFLNT 

dO~RSZON 
ON C0 % 
~N H2 % 
ON C0+H2 % 

PRDT SELECTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3H6= 
C4HI0 
C4H8= 
C5H12 
CSHi0= 
C6H14 
C6H12= ~ CYCLOWS 
C7+ IN GAS 

'~' LIQ HC'S 

94.88 
9 7 . 4 3  
95.75 

0.7898 
2 . 7 1 5 6  
1.8642 
0.1411 

0.16 

4.05 
8.18 
6.14 

26.06 
6.16 
8.44. 
1.89 
9.01 
1.81 

10.17 
0 ; 2 7  
9 . 4 3  
0.00 

2 6 . 7 6  
0 .  O0 

95.22 
100.90 
95.99 

0.8182 
2 . 6 7 5 5  
1.8624 
O. 1402 

0.17 

4 . 2 2  
8 . 1 3  
6 . 2 3  

2 4 . 4 1  
5 . 8 7  
8 . 2 0  
2 . 2 2  
8.84 
Z.Z6  
9.45 
0.85 
9.70 
0 . 0 0  

28~21 
0.00 
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TOTAL 
SUB-GROUPING 

C1 -C4 
C5 -420 P 
4Z0-700 F 
700-END PT 
CS÷=F~ND PT 

ISOINORMAL MOLB 'RATIO 
C4 
C5 "" 
C6 
C4= 

PARAFFIN/OLHFIN RATIO 
C3 

~C4 
CS 

LIQ HC COLLECTION 
PHYS. APPEARanCE 
DENSITY 
N, REFRACTIVE INDEX 
SIMULT'D DISTILATN 

10 WT % @ DEG P 
16 
50 
84 

90 

RANG~(16-84 %) 

WT %Q 420 F 
WT % @ 700 F 

I00.00 

53 .37  
46 .63  

O.O0 
O.O0 

46 .63  

0 .4366  
1 .1445 
1 .6422  
O.OOO0 

4 .2712  
4 .8000  

37 .1000  

qmqll 

- - m m  

I l l  

m . m  

i m m  

i00~00 

51 .80  
4 8 . 2 0  
0 . 0 0  

O.O0 
4 8 . 2 0  

0 . 4 0 1 4  
1 . 0 2 2 9  
1 .5000  
O.O000 

3 .5245  
3 . 7 7 9 8  

1 0 . 7 2 7 3  

m m - -  

m l m  

{, 

% 

|I 
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X .  RUN 1 0 1 1 2 - 4 r ~ 2 0  P e r c e n t  C o , o n  U C C - 1 0 1  

This catalyst was prepared by precipitating cobalt oxide from o 

an aqueous zeolite slurry, the same method used for the previous 

cobalt catalysts, It was not promoted with either potassium or 

thorium, b u t  was calcided in air at 250C. 
i 

Conversion, product selectlvity, isomerization of the pen- 

rate, and percent olefins in the C4's are pld~ted against time on 

''str'eam in Figs~ 101-104o Simulated distillations for three sam- 

ples are given in Figs. I05-107. Carbon number product diStribu- 

tions are given in Figs. 108-116. Chromatograms of the simulated 

distillations are illustrated in Figs~ 117-124. Detailed mater- 

ial balances are glven in Tables 9A-9D, 

This catalyst was not very active at. 220C.~(Fig.. I01). The~ 
.l 

cobalt-on-LZ-105 catalyst (Run 10112-6) was sllghtly more active 

at comparable reaction conditions, The LZ-105 catalyst also had 

higher WGS activity and used the I:~ syngas m~re efficiently~.:~;A~ 
.~ 

250C, this catalyst was. again less active than 10112-6, Further- 

more~ at 250C its WGS activity Improved slightly relative to the 

F-T activit~--a behavior which is common for ~hls type of F-T 

catalyst and which implies a lower activation energy for trhe WGS 

reaction than for the F-T reaction. ~he catalyst was ~till n~t 

using the I:I syngas efficiently, although the usage ratio did 

drop from 1.9 to 1.5. While it is preferable to have the feed 

and usage ratios equal, tests of catalysts with Inadequate WGS 

° - 1 7 2  - 



activity..do~show catalyst-stability'with low hydrogen:carbon 

monoxide feed. In a Betty reactor the catalyst seed only the 

product composition, not the feed composltlon. At 250C this 

catal'yst maintained activity despite seeing a syngas with a 

hydrogen:carbon monoxide ratio lower than 0.6. 

Product selectivity at 220C was changing constantly (Fig. 

102), mostly due to increasing quantities of heavies in the eff- 

luent. Also, the material ha!antes show that only ~ the last sam- 

ples taken at 220C truly represent the prod'ucts produced at 

steady-state condlnion. However, the measured product selectlv- 
C 

ity at 250C is much more stable., and yields are~typical for co- 
G 

halt catalysts. The. selectivity of this catalyst at 250C is 
i 

similar to that of the cobalt-on-LZ-105 catalyst at 220C, even 

though the conversion of this catalyst is much higher. The meth- 
i 

a~e yield is high, but low y~elds of the C2-C 4 fraction allow for 

the high selectivity to gasoline ~nd diesel oil. Th'e 70 percent 

yield of gasoline'~n~ diesel oil compares well with that"of the 
°..~ 

best catalysts tested. 
C 

The carbon number distributions again show the methane yield 

to be out of llne with those of the other hydrocarbons~(Figs. 

108-116). High yields of gasoline and diesel oil are mostly due 

to low C2-C 4 yields, While some samples"seem to show oligomer- 

Izatlo, and/or possible c~Sbon-number cut-offs, there does not 

seem to be a general.trend with. this catalyst. The 70 percent 

motor fuel is roughly 40 percent gasoline and 30 percent diesel 

oil. The C5+ product also contains ~ percent heavies. 

- 1 7 3  - 
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' It is jot the quantlty of heavies" a!one whlch contributes to 

the waxy nature of ~he'condensed product. The refractive inter- 

cept for the liquid product, the chromatograms of the slmulated 
.. 

distillations (Fits, I17L124), and the low degree of pentane 

isomerizatiou (FiEJ' ~ . ~ ) ,  all show that the liquid product is 

primarily s~raight-¢hai£ hydrocarbons. Such a product composi- 

tion, typical of cobalt catalysts, produces a solid condensed 

product. UCC-IOI, while not a strong acid, generally isomerizes 

hydrocarbons better'th~n it did in this teat,. Possibly the Mo- 

lecular Sieve was not able to recover'during the test from its 

d e a c t i v a t i o n  a t  2 2 0 C .  
' k  

The activity of this catalyst is similar to those of other 

cobal t  c a t a l y s t s .  The cobalt -on-gZ-Y-82 (Run I0112-I0)  had an 

Initial acid activity which during the ru~decreased to a level 

similar to that of UCC-IOI. ~h~ ='obalt-on-LC-105-6 (Run 10112-6). 

had a ~ower conversion but similar product selectivlty~ however, 

~t both 220C and 250C It was a poor" F-T catalyst. The~20 percent 

cobalt-on-UCC-lOl catalyst reported in this section couldprofit 

from more acid activity to prevent i~ from producing so'waxy a 

product. .  . .  

- 1 7 4  - 
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TABL]~ 9A RESULT OF S't"NGAS OPERATION 

RUN NO. 10112-04 
CATALYST COBALT-UCC-101 #10042-84 80CC 31.4GM ,[39.3G AFTER RUN 
FEED ~---~ HZ:CO:I£EGON OF 50:50:0 @ 400 ~C/MN OR 300 GHSV 

RUN ~ SAMPLE ~0. 10112-04-01 112-04-02 112-04-03 112-04-04 

FH~D:H2:CO:AR 50:50:0 
HRS ON STREAM 16.83 
PRHSSURH,PSIG , 297 
THMP. C 216 

FHED CC/MIN 400 
HOURS FEHDING 16.83 
HFFLNT GAS LITER 331.30 
GH AQUEOUS LAYHR 12.50 
GM OIL ~ 0?86 

MATERIALI!:B~LANCE 
GM ATOM CARBON % 89.77 
GM ATOM HYDROGEN ~:" 91.06 
GM ATOM OXYGEN % 9 6 . 8 3  

RATIO CHX/CH20+C02) 0.3986 
RATIO~X IN CHX 2.4041 
USAGE/HZ/C0 PgODT 2.0184 
RATIO C02/(H20+C02) 0 . 0 2 2 4  
K SHIFT IN ~FFLNT 0 .02  

CONVERSION 
ON CO % 5.50 
ON H2 % 18.76 
ON CO+H2 % 12.18 

PRDT SELHCT!VITY,WT % 
CH4 19.16 
C2 HC'S 1.79 
C3H8 1.83 
C3H6= 4.56 
C4HI0 ~ 2 . 2 3  
C4H8= 5.22 
CSHIZ 2 . 5 6  
CSHI0= 5.93 

/iC6Hl4 2 . 5 7  
" C6H12= ~ CYCLO'S 5.70 

C7+ IN GAS 3 3 . 1 2  
LIQ HC'S ' 1 5 . 3 4  

50:50:0 5 0 : 5 0 : 0  5 0 : 5 0 : 0  
2 3 . 9 9  4 0 . 4 9  4 5 . 4 9  

300 '~300 302 
220 220 219 

400 4 0 0  400 
7.50 24.00 5.00 

137..6.0 438.25 89.82 
8 . 5 3  2 7 . 2 8  5 . 4 8  
1.68 5.39 1.08 

C 

+ 8 . 0  G) 

112-04-05 

5 0 : 5 0 : 0  
64.74 

299 
219 

400 

4s2.13  
2 6 . 5 6  
5.23 

89.80 90.80 88.61 89.50 
91.58 91.11 87.71 91.51 
9 7 . 4 9  9 8 . 4 0  ' 9 6 . 5 9  9 8 . 3 9  

0.5219 0.5281 0,4881 0.4431 
2 . 2 7 0 2  2 . 2 8 0 1  2. Z835 Z . 3 3 2 2  
1.9945 1.9898 1,9808 1.9252 
0 . 0 2 4 9  0 . 0 2 7 5  0 . 0 2 8 0  0 : 0 4 3 6  

0 .02  0 .02  0 .02  0 . 0 4  

9 . 7 9  9 . 8 6  9 . 0 9  8 . 6 8  
2 7 , 5 5  28 .15  2 7 . 2 0  2 5 . 6 9  
18.75 18.97 18.10 17.28 

IZ,80 15.02 13.31 15.66 
1.40 1.44 1.44 1.48 
1.60 1.52 1,37 1.98 
3 . 9 5  3 . 3 7  2 .74  2 .02  
1.84 1.70 1.68 2.02 
3 . 8 3  3 . 4 0  3 . 2 9  2 .56  
1.91 2.16 1.96 2.40 
4.63 4.35 3.98 3.31 
2.40 2.22 2.03 ~2.54 
4.06 3.67 3.62 3.14 

23.71 25.78 24.47 19.87 
37.88 57.56 40.13 43.~91 

'; - 1 9 9  - 



TOTAl,  
SUB-GROUPING, . 

CI -C4 :" 
C5 - 4 2 0  F 
4 2 0 - 7 0 0  F 
700-END PT 

': C5+-HND PT 
ISO/NORMAL MOLE RATIO 

C4 
:,:::'" C5 ':" 

C6 '.' 
C4=  

PA~AFFIN/OLEFIN RATIO 
C3 
C4 ': 

_,: C5 
LIQ HC COLLECTION 

PHYS. APPEARANCE 
DENS ITY (~",':~ : 
N ,  ILEFRACTIVE INDHX 
SIMULT 'D DISTILATN 

I0 ~Fr % @ DEG P 
16 
50" 
84 
:90 

R.A/~GE(16-84 %)" 

WT ~ @ 4 2 0  F 
.:WT ~ ~ 7 0 0  F 

100.00~ 

3 4 . 7 9  
5 5 . 4 5  

9 . 1 4  ,, 
0 . 6 3  

6 5 . 2 1 ~  

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

CLEAR OI ~"t~ 
/:~ 

t 

I00.00 i00.00 100.00 i00.00 

25.40 24.45 23,81 "25.72 
5 0 . 3 6  5 1 . 6 4  5 0 . 1 0  4 3 . 8 7  
22.73 22.33 22.07 26.21 
1.52 1.58 4.01 4.19 

7 4 . 6 0  75.55 7 6 . ] 9  7 4 . 2 8  

0 . 0 4 4 9  0 . 0 5 2 9  0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 0 0 0  0 . 0 4 Z 5  O.OOOO 0.00:00 
0 . 1 7 8 0  0 . 1 0 4 7  0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  

0 . 3 8 7 8  0 , 4 3 0 5  0 . 4 7 6 2  0. :9350 
0 . 4 6 5 5  0 . 4 8 1 9  0 . 4 9 2 0  0 . 7 5 9 0  
0 . 4 0 1 5  0 . 4 8 3 2  0 . 4 7 9 8  0 . 7 0 6 6 -  

t m .  

GR-BR OIL " =-- 
0.766 -'- 
1.4519 -'- 

3 4 5  - - -  339 
37Z - - -  37Z 
464 - - -  475 
58Z - - -  607 
624 - - -  650 

2 1 0  - - -  2 3 S  

~36 .33  - - -  3 6 . 0 0  
9 5 . 9 2  - - -  9 5 . 7 8  

w m ~  

GR-BR O I L  
0 . 7 7 0  
1 . 4 5 3 4  

343 
381 
511 
6 5 9  
599 

278 

2 9 . 3 0  
9o.zs:. 

- 2 0 0  - 
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TABL; 9B RESULT OF SYNGAS OPERATION 

I%UN NO. 10112-04 
CATALYST COBALT-UCC-101 #10042-84 80CC'31.4GM (39~3G APT]~R RUN' +8.0 G) 
F~ED ~ HZ:CO:ARGON OY 50:SQ: o @ 400 CC/MN OR ~300 GHSV 

I~U*N ~ SAMPLE NO. 10112-04-06 112~b4-07 112-04-08 112-04-09 112-04-10 

FEED HZ'C0:AK 50:50:0 50:50:0 50:50:0 50:50:0 S0:50:0 
HRS ON STRF2iM 69.66 88.16 .~ 95.49 11-2.49 119.74 
PRHSSUIt~ pPSIG 300 299 302 304 300 . 
T]~MP. C 219 220 253 253 252 

i, 

F~D CC/MI'~ 4..00 4.00 400  - 400  400  
HOURS P;~DING 4.92 23.42 7.33 24.33 7.25 
~FPLNT GAS LIT~-R 91'.66 441.10 96~:82 314.21 93.-59 
GM AQUEOUS LAYER 4.38 20.86 14.01 46.51 15.34 
GM 01L 3.84 18.30 9.71 :32.22 7.24 

MATER~AL BALANCE -- 
GM ATOM CARBON % 97.93 99.04 1~40 100.21 93.73 
GM ATOM HYDROGEN % 97.21 97.~ I00.15 96.98 95.68 
GM ATOM OXYGEN % 96.24 97.35 101.89 97.38 98.15 
RATIO CHX/CH20÷CO2~ 1.1237 1.1247 1.0725 I~0886 0 . 8 5 6 7  
RATZO X IN CHX 2.1S67 2.1571 2.4217 2.3485 2.3851 
USAGH H2/CO PRODT 1.9409 1.9354 I~4582 1.5410 1.5702 
RATIO C02/(H20+C02) 0.0513 0.0SSS 0.320¢ 0.2633 0.2207 

: K SHIFT IN EPPLNT 0.04 0.05 0.26 0,20 ~: 0.17 
,..-" 

CONVERSION 
ON CO % 16.39 16.33 46.28 43.09 38.4S 
ON H2 % 50.35 30.26 68.52 66.38 64.11 
ON CO÷H2 % 25.54 23.26 57.17 54.54 51.28 

PRDT SHLHCTIVITY,WT % 
CH4 , 7.27 7.27 18.41 15.35 16.80 
C2 HC'S 0 .79  0.87 2.76 2.25 2.56 
C3H8 0 . 9 3  0 .93  3 . 4 9  2 ,83  3 , 0 7  

: C3H6= 0 . 9 2  0 .95  0 . 8 9  1 .00  1 . 2 7  
C4H10 0 . 9 5  0 . 9 4  2 .85  2 .29  2 ,45  
C4H3= 1~32 1.32 1.68 1.85 2.26 
CSHI2 i..16 1.17 3.44 2.81 3.12 
CSHI0= 1.62 1.72 2.04 2.29 "2.77 
C6H14 1.30 1.24 • 5.57 3.03 3.54 
C6H12= ~ CYCLOtS 1.47 1.51 1.72 1.95 2.51 
C7÷ IN GAS 9.65 9.85 9.27 10.71 11.22 
LIQ HC'S 72.fii 72.25 49.89 $3.64 48.82 
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I:) 

TOTAL " I00.00 
~UB-GROUPING 

C1 ~C4 12.19 
C5~-420 F 40.61 
420-700  P 39.93 
700-END PT 7 . Z 6  
CS+-END PT 87 .81  

ISO/NORMAL MOLE RATIO ~. 
* C4 0 .0000  

C5 0 .0000  
C6 0 . 0 8 5 4  
C4= 0 . 0 3 6 9  

,PkRAFPIN/OLEFIN RATIO 
~" C3 ~ 0 .9618  

C4 0 .6944  
C5 0 .6949  

:LIQ HC COLLECTION '" 
-PHYS. APPEARANCE --- 
DENSITY --- 
N, R~FRACTIVE.INDEX .--m 
SIMULT'D DIST~LATN 

I0 l~T % @ DEG P --- 
16 --- 
50 --- 

e 8 4  : --- 
90 - - -  

RANGEC16-84 %] - - -  

WT % @ 4 2 0  F 
WT % @ 700 F ~ D w  

100.00 

12.28 
Z7.51  

3 4 , 7 4  
Z 5 . 4 7 ~  
87 .72  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0.0000 

0 .9379  
0.6'866 
0.6600 

WHITE SLD 

595 
418 
596 
908 

1015 

490 

1 6 . 6 6  
64 ,75  

--1 

I~0.00 

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

4 . 9 9  
6 9 . 9 3  

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

3 .7512  
1 .6335  
4 . 6 3 9 7  

~ w m  

m m D  

I00.00 

m ~ m  

25 .57  
40 .54  
25 .06  
9.03 

74 .45  

0 . 0 4 0 6  
0 . 0 6 7 5  
0.~Z247 
0 . 0 5 9 5  

2 .6949  
1 .1940  
1 .19Z0 

I~IITE SLD 

298 
332 
494 
710 
768 

378 

3 6 . 4 4  
8 3 . 1 7  

1 0 0 . 0 0  

28 .41  
39 .85  
26 .85  

4 . 8 8  
71 .59  

0 .0401  
0 . 0 6 5 7  
0 . 2 2 5 4  
0 . 0 5 6 0  

2 . 3 0 0 3  
1 . 0 4 9 2  
1 . 0 9 2 4  

1 r a m  

- 2 0 2  - " 
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TABLE 9C RESULT OF SYNGAS OPERATION 

RUN NO. 10112-04 
CATALYST COBALT-UCC-101 #10042-84 80CC 5i.4GM C39.3G AFTER 
F E E D  H2:CO:ARGON.OF 50:50:0 @ 400 Cfi/MN OR 500 GHSV 

RUN ~ SAMPLE NO. 

"i 

RUN +8.0 G) 

10112-04-II 112-04-12 112-04-15 112-04-14 112-04-15 

FEED H2:CO:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
HRS ON STREAM 156.52 143.90 160.40 167.57 184.49 
PRESSURE,PSIG 302 300 501 502 502 
TEMP. C 252 252 252 251 284 

FEED CC/MIN 400 400 400 400 400 
HOURS FEEDING 23.83 .7.58 24.08 7.17 24.08 
EFFLNT GAS LITER 509.67 9 9 . 5 5  5 2 0 . 0 7  94.79 272,47 , 
GM AQUEOUS LAYER 50.42 16.18 51.41 12.15 : 40.74 
GM 0IL 23.79 9.53 30.27 10.02 55.68 

i, 

MATERIAL BALANCE 
GM ATOM CARBON % 94.58 99.45 99.87 100.64 119.69 
GM ATOM HYDROGEN % 95.80 98.45 99.01 94.70 116.05 
GM ATOM OXYGEN % 98.34 99.24 : 99.56 95.75 107.45 
RATIO CHX/(H20+C02) 0.8791 1.0057 1.0157 1.2565 1.2434 
RATIO~X IN CHX 2.3720 2.3238 2.3150 222868 2.7031 
USAGE H2/CO PRODT 1.5926 1.6257 1.6508 1;6552 1.2256 
RATIO COZ/(H20÷C02) 0.2107 0.2050 0.1928 0.2154 0.5867 
K SHIFT IN EFFLNT 0.15 ~i 0.15 0.14 0.16 0.55 

I' 

CONVERSION 
ON CO % 57.80 39.93 39.15 59.55 76.96 
ON H2 % 65.94 65.41 64.73 63.Ii 90.81 
ON CO÷H2 % 50.85 52.61 51.87 50.87 83.78 

PRDT SELECTIVITY,WT % 
CH4 16.45 14.20 15.82 12.72 32.05 
C2 HC'S ~ 2.56 2.07 1.95 1.79 4,15 
C5H8 '" 2.95 2.65 2.53 2.29 4,86 
C5H6= 1.27 1.51 1.51 1.24 1.75 
C4HI0 2.55 2.15 2.05 1.87 3.12 
C4H8= 2.29 2.20 2.25 2.10 2.98 
C5H12 2.96 2.82 2.62 2.36 3.51 
CSHI0= 2 . 8 5  2.65 2.66 2.43~ 2.63 

: C6H14 3.29 5.02 2.90 2,53 3.55 
C6H12= ~ CYCLO'S 2.59 2.36 2.40 i2.21 2.I0 
C7+ IN GAS 12.09 10.80 11;51 9.99 8.82 
LIQ HC'S 48.78 55.78 54.04 518.47 30.70 
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P 

TOTAL 
SUB-GROUPING 

Cl -c4 
CS -420 P 
420-700 P 
700-HND PT 
C5+-HND PT 

ISO/NO~MOLE ~TIO 
C4 
C5 
C6 
C4= 

PAEAFPIN/OLEPIN ~TIO 
C3 

~C~ 
C5 

LIQ HC COLLHCTION 
PHYS. ~ P ~ C E  
DENSITY 
N, ~FRACTIVE INDEX 
SIMULT'D DISTILA~ 

i0 WT % @ DEG P 
16 
50 
84 
90 

RANGECZ6-84 %9 

WT % @ 42.0 F 
WT % ~ 700 F 

1oo.oo " 
' 2 7 . 6 5  
42.40 
Z3 ,83  
6.1Z 

7 2 . 3 5  

0 . 0 3 1 9  
0.0634 
0.2234 
0.0541 

2 . 2 1 5 6  
0.9925 

1.0107 

WHITE OIL 
0.774 
1.4302 

Z97 
328 
476 
671 
727 

343 

38.60 
87.46 

I00.00 

24.58 
40.46 
29.58 

5 . 3 8  
7 5 . 4 2  

0.0358 
0.0794 
0.2338 
0 . 0 4 9 3  

1 . 9 3 0 7  
0 . 9 4 5 5  
1.0425 

I t l  

l l m  

i l l  

I I I  

100.00 

2 3 . 8 8  
4 2 . 6 9  
26 .18  
7.25 

76.12 

0 . 0 5 7 4  
0.0829 
0.2108 
0.0450 

1 . 8 4 6 4  
0 .8866  
0 .9578  

mITE OIL 
0 .763  
1.4305 

Z97 
529 
477 
678 
733 

549 

38.13 
86.58 

I00.00 

2 2 . 0 1  
39.98 
32.16 
5.85 

77.99 

0.0364 
0.0797 
0.1993 
0 . 0 4 2 7  

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

m m m  

I O l  

I l l  

I O i  

metal 

I00.00 

48.89 
31.29 
13.03 
6.79 

51.11 

0.1202 
0.3455 
0.8357 
0.0714 

Z.6S30 
1.0107 
1.2208 

GREEN OIL 
0.767 
1.4330 

279 
315 
Sll 
750 
809 

435 

35.44 
77.89 

4: 
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TABLE 9D RESULT OF SYNGAS OPERATION 

RUN NO. I0112-04 
CATALYST COBALT-UCC-101 #1~042-84 80CC 31.4GM (39.3G AFTER RUN +8.0G) 
FEED HZ:CO:ARGON 0F 50~S0:0 @ 400 CC/MN O~ 300 GHSV 

RUN ~ SAMPLE NO. 10112-04-16 

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

5 0 : 5 0 : 0  

191.07 
501 
284 

FEED CC/MIN 400 
HOURS FEEDING 6.58 
EFFLNT GAS LITER 07.67 
GM AQUEOUS LAYER 11.67 
GM 0IL 6.08 

MATERIAL BALANCE 
GM ATOM CARBON % 102.29 
GM ATOM HYDROGEN % I01.Ii 
GM ATOM OXYGEN % '~8'.~$9 
RATIO CHX/(H20+CO2)' 1.0819 
RATIO X IN CHX 2.7628 
USAGE H2/C0 PRODT 1.2443 
RATIO COZ/CH20~C02) 0.5544 
K SHIFT IN EFFLNT 0.43 

CONVERSION 
ON CO % 73.19 
ON H2 % 89.79 
ON CO+H2 % 81.44 

PRDT SELECTIVITY,WT % 
CH4 34.98 
CZ HC'S 4.42 
C5H8 4.89 
C3H6= 2.13 
C4HI0 3.06 
C4H8= 3.58 
C$H12 3.31 
C5H10= 3.06 
C6H14 5.70 
C6H12= ~ CYCLO'S 2.50 
C7+ IN GAS 9.14 
LIQ HC'S 25.24 

i 

-- 2 0 . 5  - 



: ' 4  

TOTAL 100.00 
SUB-GKOUPING 

C1 -C4 53.07 
C5 -420 F 33.30 
4 2 0 - 7 0 0  F 9.41 
700-END PT " 4 . 2 2  
CS+-BND PT 46.93 

ISO/NO~L MOLH RATIO 
C4 0.1235 
C5 0.3264 
C6 0.8412 
C4= ~' 0.0677 

PARAFFIN/OLHFIN RATIO 
C3 2.1902 
C4 0.8246 
C5 1.0501 

LIQ HC COLLECTION 
PHYS. APPEARANCE ," GKEHN 0 I L  
D~NSITY 
N, ILEPRACTIVH INDEX 
SIMULT' D DISTILATN 

10 WT % @ DBG P 261 
15 296 
50 4 4 1  
84 708 
90 ,-- ':~" 765 

~NGI~( 16- 84 %) 412 

WT % @ 420 F 
I~T % @ 700 F 

0 . 7 6 3  
1.4425 

4 6 . 0 0  
8 3 . 2 7  
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XI. RUN IOl12-7~ CofTh on UCC-1OI 

The same lot of metal-loaded Molecular Sieve used to prepare 

the 20 percent cobaltLon-UCC-101 catalyst (Run I0112-~) was imp- 

regnated with thorium to give 1 percent thorium, equivalent to 5 
o 

percent thorium on a cobalt basis. The promoted powder was 

dried, formed into pellets, and calcined at 25OC. 

Conversion, product selectivity, isomerlzation of the pen- 

tare, and percent olefins in the C4Vs are presented in Figs, 125- 

128. Carbon number pr6~uct distributions are given in Figs. 133- 

144. Simulated distillations of representative samples are shown 

in Figs. 129-132. Chromatograms of the slm~lated dlsuillatlons 

are illustrated in Figso 145~156. Material balances are detailed 

in Tables 10A-10E. 

The activity and selectivity of this catalyst differ very 

little from those of its unpromoted form (Run 10112-4). The 

addition of thorium lowered its actlviny slightly, but the pro- 

ducts are almost identical (Fig. 133). The pentane + products 

from the two catalysts may be slightly different. The pentane is 

~o more isomerized, but the liquid product may be a little more 

so, which could be due to the absence of the preliminary, possi- 

bly. debilltatinE period when the unpromoted catalyst was run at 

220C. 

!Thorium had little effect on this catalyst at this level of 

promotion, 

- 207 - 
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TABLE 10A RESULT OF SYNGAS OPERATION 

RUN NO. 10112-07 
CATALYST CO-THOZ-UCC-101 #10042-95 80 CC 30.5GM (58.4 AFTER RUN +7.~G) ~ 
FE~D HZ:CO:ARGON OF 50:50: 0,,~ 400 CC/MN OR 500 GHSV 

t 

-RUN ~ S~MPL~ NO. 10112-07-01 112-07-02 112-07-05 112-07-04 I12-07-05 ~ 

FEED HZ:CO:AK 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : ' 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
• HRS ON STREAM 2 4 . 5 2  28.45 46.85 55.85 71.27 
PRESSURE,PSIG 502" 298 296 Z95 294 
TEMP. C " 252 '252 252 252 252 

FEED CC/MIN 400 400 400 400 400 
HOURS FEEDING 24.60 3.91 22.55 7.00 24.42 
EFFLNT GAS LITER 267.75 49.22 515.55 102.90 566.82 
GM AQUEOUS LAYHR ~! 69.72 8.78 50.12 ~ 15.70 47.78 
GM 0IL 21.85 3.84 21.92 5.79 20.20 

MATERL%L BALANCE 
GM ATOM CARBON % 81.59 90.07 94.55 95.00 96.71 
GM ATOM HYDROGEN % 84.75 87.89 99.89 96.55 98.75 
GM ATOM OXYGEN % 95.00 95.87 98.55 98.54 99.55 
RATIO CHX/CH20÷C02)  0 . 6 2 2 7  0 . 8 0 9 5  0 . 8 6 9 9  0 . 8 7 2 2  , 0 . 9 0 5 0  
RATIO X IN CHX 2.2217 2.2410 2.2998 2.3528 2.3324 
USAGH H2/CO PRODT 1.8420 1.7851 1.8118 1.7922 1.8155 
RATIO C02/CH20÷CO2) 0.0694 0.1056 0.1090 0.1216 0.1158 
K SHIFT IN EFFLNT 0.03 0.06 0.08 0.09 0.09 

CONVERSION 
ON CO % 3 0 . 6 9  3 0 . 9 2  5 1 . 9 7  2 8 . 9 8  
ON H2 % 69 .10  6 2 . 3 8  5 8 . 5 4  5 4 . 5 0  
ON CO+HZ % 5 0 . 2 8  4 6 . 4 6  4 5 . 5 3  4 1 . 8 5  

PRDT SELECTIVITY,WT % 
CH4 10.07 10.89 15.26 14.75 
C2 HC'S 1.39 1.58 1.90 2.04 
C3H8 1.35 1.56 2.21 2.43 
C3H6= 1.97 1.83 1.74 1.58 
C4H10 " 1.37 1.55 2.15 2.27 
C4H8= 2.93 2.77 2.54 2 . 6 6  
C5H12 1.90 2.02 2.68 2.90 
CSH10= 5 . 9 1  5 . 7 5  5 . 2 7  5 . 4 7  
C6H14 2.02 2.06 2.68 2.94 
C6H1Z= ~ CYCLO'S 5 . 6 0  5 . 2 2  2 . 7 4  2 . 8 9  
C7+ IN GAS 15.41 12.22 15.05 15.79 
LIQ HC'S 56.12 5 6 . 5 5  51.76 48.28 

29,10 
54.15 
41.75 

14.67" 
2.52 
2.48 
1.88 
2.40 
2.92 
2.95 
5.65 
2.93 
2.81 

14.21 
4 6 . 7 5  
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TOTAL 
SUB-GROUPING 

C1 -C4 
C5 -420 P 
420-700 F 
700-END PT 
CS÷-END PT 

ISO/NORMAL MOLE RATIO 
C4 
C5 
C6 
C4= 

PARAFFIN/OLEPIN RATIO 
C3 
C4 
C5 

LIQ HC COLLECTION 
PHYS. A2PEARANCE 
DENSITY 
N, P~PRACTIVH INDEX 
SIMULT'D DISTILATN 

I0 WT % @ DEG P 
16 
50 
84 
90 

RANGE(16-84 %) 

WT % ~ 420 F 
WT % @ 700 F 

J 

I00.00 

19.05 
4 8 . 0 6  
28.01 
4.88 

80.95 

0.0544 
0 . 1 0 0 7  
0 .1189 
0.0000 

0;6540 
0 . 4 5 2 5  
0 . 4 7 3 1  

CLDY OIL 
0.759 
1.4290 

3 0 0  
329 
460 
641 
689 

312 

41.38 
91.30 

I00.00 

2o.18 
44.20 
29.97 

5 . 6 5  
79.82 

0.0716 
0.1097 
0,1156 
0.0000 

0.8108 
0.5393 
0.5229 

m 

i 

I00.00 
C, 

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

5 . 0 5  
7 6 . 1 9  

0.0793 
0.1101 
0.1494 
0.0000 

1.2127 
0.8156 
0.7975 

CLDY OIL 
0.760 
1 . 4 3 0 0  

302 
338 
480  
656 
698 

318 

3 7 . 2 2  
9 0 . 2 5  

I00.00 

2 5 . 7 ¢  
4 6 . 7 5  
2 1 . 2 4  

6.28 
74.26 

0.0514 
0.1023 
0.1587 
0 . 0 3 9 6  

1.4731 
0.8237 
0.8120 

100.001 

2 6 . 6 9  
4 3 . 9 8  
24.07 

5 . 2 6  
7 3 . 3 1  

0.0802 
0.1027 
0.1438 
0.0510 

1.2566 
0.7925 
0.7861 

CLDY OIL 
0.764 
1.4296 

303 
340 
483 
672 
711 

332 

37.27 
88.75 
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TABLB 10B RESULT OF SYNGAS OPP.RATION 

RUN NO; I0112-07 
CATALYST CO-THOZ-UCC-101 
FEED HZ:CO:ARGON OF 50:50: 

~.~ , '  : 

RUN ~ SAMPLE'NO. 1 0 1 1 2 - 0 7 - 0 6  

FEED HZ:CO:AR 5 0 : 5 0 : 0  
HRS ON STREAM 7 7 . 6 8  
PRESSURE,PSIG 294 
TEMP. C 252 

FEED CC/MIN 400 
HOURS FEEDING 6.42 
EFFLNT GAS LITER 94.80 
GM AQUEOUS LAYER 11.792j 
GM OIL ~.87 

c 
! 

MATERIAL BALANCE 
GM ATOM CARBON % 93.34 
GM ATOM HYDROGEN % 94.20 
GM ATOM OXYGEN % 96.71 
RATIO CHX/CH20+CO2) 0,~8705 
RATIO X IN CHX 2.3~418 
USAGE H2/CO PRODT 1.8101 
RATIO C02/(H20+C02) 0.1161 
K'~HIFT IN EFFLNT 0 .09  

c 

CONVERSION 
ON CO % 27.48 
ON H2 % 5 2 . 5 2  
ON CO+H2 % 4 0 . 0 6  

PRDT SE~ECTIVITY,WT % 
CH4 '~ ~ 15.16 
C2 HC'S 2.18 
C3H8: 2.48 
C3H6= 1.62 
C4HI0 2.28 
C4H8= 2.71 
C5H12 2.98  
CSHIO= 5 .52  
C6H14 . 2.93  
C6H12= ~ CYCLO'S ~ 2.96  
C7+ IN GAS 13.93 
LIQ HC'S 47.24 

#10042-93 80CC 30.5G. C38.4G AFTER RUN +7.8 G) 
0 @ 400 CC/MN OR 300 GHSV 

112-07-07 112-07-08 112-07-09 112-07-10 

50:50:0 
95.27 
294 
252 

400 
24.02 

363.62 
~4.15 
18.21 

95.54 
95.76 

' 9 8 . 6 2  
0 .8816  
2.3471 
1.8172 
0.1154 

0 .09  

27 .19  
52 .22  
59 .72  

15.46 
2.12 
2.45 
.1.56 
2 . 2 7  
2 . 6 6  
2.98 
3 ;59  
2 .97  
2.94 

1 4 . 7 2  
46.49 

50:50:0 50:50:0 50:50:0 
102.60 118.05 124.52 

291 293 293 
251 251 252 
(. 

400 400 400 
7 .33  22 .76  6 .48  

111 .18  346 .16  9 9 . 9 1  
1 3 . 6 1  4 2 . 2 6  1 1 . 6 3  
6.14 19.06 5 . 2 0  

96 .00  95 .65  96 .13  
97.04 :. 99.0'3 99.01 
98.48 97.66 97.98 

0 .9050  0 .9228 0 .9283  
2 .3195 2 .3405 2 .3658  
1.8316 1.8284 1.8151 
0.1077 0.1159 0.1233 

0.08 0.09 0.I0 

27.52 28.48 28.22 
52.20 52.16 51.43 
39.92 40.52 40.00 

14.17 15.08 16.16 
2.06 2.22 2.25 
2.54 2.60 2.82 
1.73 1.45 1.46 
2.11 2.24 2.34 
2 . 7 4  2.54 2.48 
2.61 2.78 2 . 8 7  
3.54 3 . 2 4  3.08 
2.71 2.84 2.99 
2 . 8 1  2 . 6 2  2 . 5 9  

15.08 13.71 15.80 
50 .08  48 .68  47.15 

" L 
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TOTAL 
SUB-GROUPING 

C1 -C4 
G5 -420 F 
420-700 F 
700-END PT 
C5+-HND PT 

IS0/NORMAL MOLE RATIO 
C4 
CS 
C6 
c4= 

PARAPPXN/OL~PIN RATIO 
C5 
C4 
C5 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N~ REFRACTIVE INDEX 
SIMULT'D DISTILATN 

i0 WT % @ DEG F 
16 
SO 
84 
9O 

R GEC16-84 

~T % @ 420 F 
WT % @ 700 F 

1 0 0 . 0 0  

2 6 . 4 3  
4 6 . 6 4  
2 0 . 7 9  
6.14 

7 3 . 5 7  

0 . 0 4 9 4  
0.I002 
0.1378 
0 . 0 0 0 0  

1.4578 
0 . 8 1 2 0  
0 . 8 2 4 0  

d I I 

m m u  

i l i  

m m ~  

a ~ m  

100 .  O0 

26.51 
44.40 
23.57 

5 . 5 2  
7 3 . 4 9  

0.0389 
0.0885 
0.1263 
0 . 0 0 0 0  

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

CLDY 01L 
0.763 .. 
1.4291 

'502 
339 
482 
673 
717 

336 

3 7 . 4 3  
8 8 . 1 5  

1 0 0 . 0 0  

2 5 . 3 7  
4 6 . 0 9  
2 Z . 0 4  
6.Sl 

74.65 

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

1 . 4 0 7 0  
0~-7447 
0 . 7 6 1 3  

m m ~  

m m m  

i00.o0 

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

7 . 2 5  
73.87 

0.0451 
0.0889 
0 . 1 2 8 0  
0 . 0 0 0 0  

1.7156 
0.8501 
0 . 8 3 2 7  

CLDY 0IL 
0.75Z 
1 . 4 ~ 0 5  

311 
343 
485 
695 
740 

3 5 2  

3 5 . 8 0  
85.11 

1 0 0 . 0 0  

2 7 . 5 1  
45.61 
2 0 . 7 5  

6 . 1 3  
7 2 . 4 9  

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

1.8383 
0 . 9 1 0 3  
0 . 9 0 5 7  

~ w w  

~f 
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TABLE lOC ~ESULT OF SYNGAS OPERATION 

RUN NO. 10112"07 
CATALYST C0-THOZ-UCC-101 #10042"95 80CC 50.5G [38.4G APTHR RUN +7.8G) 
F]~ED HZ:CO:ARGON OF" 50:S0:0 @ 400 CC/MN O1% 300 GHSV 

RUN ~ SAMPL]~ NO. 10112-07-11 1"12-07-12 II-2-07-13 112-07-14 112-07-15 
::I :K :l ;:l L~ ;:E ;:I ::I :L ~ ::R ::B ::l :S ::i ~ :B ::~ :;¢:I ~ I~ :X ~ Z] Zl ::I :Z ~:Z ~ =¢ :S Z~ :~ =~ :l----. ~ ~I ~Z:S~ 

°%, 

F]~ED HZ:CO:AR 50:50:0 50:50:0 50:50:0 50:50:0 50:S0:0 
HRS ON STREAM 143.02 148.77 167.19 173.95 191.1 
PRESSUR3, PSIG 294 292 290 793 294 
TEMP. C 251 252 251 252 280 

FEED C C/MIN 400 400 46() 400 400 
HOURS F;EDING 24.98 5.75 24.17 6.75 25.92 
EPFLNT GAS LIT~-R 387.60 89.13 381.42 106.95 293.87 
GM AQUEOUS LAYER 44.82 I0.07 42.51 14. II 49.99 
GM OIL 20.06 4.90 20.60 9.76 34.59 

MATERIAL BALANC~ 
GM ATOM CARBON %/ 95.57 97.30 97.$9 
GH ATOM HYDROGEN "% 99.12 98.58 101.25 
GM ATOM OXYGEN % 97.7~ 98.14 97.98 
PATIO CHX/(H20+C02) 0.9128 ~ 0.9664 0.9841 
PATIO X IN CHX 2.3600 2.5463 2.3468 
USAGH H2/CO PRODT 1.8571 1.8365 1.8542 
RATIO CO2/(H20+COZ] 0.1128 0.1157 0.1105 
K SHIFT IN EPPLNT 0.09 0.09 0.09 

CON~-HRSION 
ON CO % 27.57 27,85 27.96 
ON H2 % 50.54 51.25 50.54 
ON CO+H2 % 39.17 39.63 39.36 

PRDT SHLECTIVITY,WT % 
CH4 15.94 15,52 15.45 
C2 HC'S 2.29 2.17 2.12 
C3H8 2.85 2.75 2.64 
C3H6= 1.48 1.50 1.35  
C4HI0 2.34 2.26 2.20 
C4H8= 2.48 Z.53 2.51 
CSHI2 2.89 2.92 2.76 
CSH10= 3.05 5.11 2.89 
C6H14 ' "2.95 2.88 2.88 
C6H12= ~ CYCLO'S 2.54 2.61 2.55 
C7+ IN GAS 12.68 12.56 15.92 
LIQ HC'S 48.$5 49.61 48.94 

° :  

106.44 119.52 
113.85 113.21 
102.27 104.85 
1.1443 1.3590 
2 .2611  2 .5371  
1.8703 1.5195 
0.1005 0.5698 

0 . 0 8  0 . 2 2  

33.81 58.48 
55.69 83.94 
45.12 70.88 

ii, 61 24.77 
1.71 3.23 
2.01 3.37 
1.05 2.16 
i. 66 2.36 
1.70 5.04 
2 .02  2 . 7 6  
1.97 5.55 
2.37 3.35 
1.80 2.75 

10.15 10.24 
61.94 56.64 

244 - 



TOTAL I00.00 i00.00 100.00 I00.00 ~00.00 
SUB-GROU?ING 

C1 -C4 27,36 26.51 26.07 19.74 40.93 
C5 -¢20 F 41.61 45.21 43.19 44.95 38.27 
420-700 P 22.35 ZI.83 22.52 27.25 13.75 
700-HND PT 8.68 6.45 8.21 8.05 7.07 
C5÷-PJ~D PT 72.64 73.49 73.93 80.26 59.07 

ISO/NORMAL MOLH RATIO 
C4 0.0387 0.0377 0.0596 0.0593 0.1138 
C5 0.0788 0.0910 0.0827 0.0846 0.5540 
C6 0.1227 0.1311 0.1252 0.2364 0.6992 
C4= 0.0407 0,0000 0.0000 0.0000 0.6143 

PARAPPIN/OLEPIN PATIO 
C3 1.8232 1,7512 1.8661 1.8259 1.4909 
C4 0.9133 0.8639 0 . 9 2 ! 9  0.9447 0.4523 
C5 : 0.9231 0.9109 0.9298 0 .9962 0.8005 

LiQ HC COLLHCTION 
PHYS. APPEARANCH CLDY OIL 
DENSITY 0.757 
N, IUSFRACTIVH INDEX 1,4306 
SIHULT'D DISTILATN 

I0 WT % @ DEG F 304 
16 341 
50 489 
84 716 
90 770 

P,.ANGEC16-84 %) 375 

WT % ~ 420 F 36.09 
WT % @ 700 F 82.13 

I i I  

-T" 

I i I  

w l i  

m I 

CLDY OIL 
0,758 
1.4505 

305 
340 
485 
707 
762 

567 

37.Z0 
83.22 

I I 

I m ~  

~ I m  

m m m  

I l l  

CLDY OIL 
0.758 
1,4304 

260 
300 
460 
73;- 
789 

432 

4 5 . Z 5  
8 0 . 7 1  

lo 
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TABLE 10D RESULT OF SYNGAS OPERATION 

&UN NO. 10112-07 
CATALYST CO~THOZ-UCC-101 #10042-93 80CC 50.5G (38.4G AFTER RUN +7.8 G) 
P~BD HZ:CO:ARGON OF 50:$0:0 @ 400 CC/MN OR 300 GHSV , -  

RUN ~ SAMPLE NO. 10112-07-16 112-07-17 112-07-18 112-07-19 112-07-20 

FHED:HZ:CO:AR 5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  50:50: 
HRS ON STRE~ 198.1 215.27 217.6 222.27 Z39.1 
PRESSURE,PSIG 294 295 292 292 297 
THMP. C Z78 2 7 9  278 278 278 

FEED CC/MIN 400 400 400 400 400 
HOURS FEEDING 7.00 24.17 2.33 $.00 23.83 
EPPLNT GAS LITER 74.50 260.88 25.33 7~.38 262.51 
GM AQUEOUS LAYER 18.06 6Z.35 6.06 18.22 62.01 
GM 01L 8.Z0 2 8 . 5 0  2.52 7.56 25.75 

MATERIAL BALANCE 
GM ATOM CARBON % 98.61 99.75 99.07 98.32 99.16 
GM ATOM HYDROG~N % 99.97 100.73 100.07 99.37 99.85 
GM ATOM OXYGEN % 96.47 97.42 98.15 98.79 98.90 
RATIO CHX/(HZO÷C02) 1.0543 1.0S91 1.0230 0.9884 1.0064 
RATIO X 1N CHX 2 . 5 0 5 0  2 . 5 0 7 9  2 . 5 Z 5 4  2 . 5 2 4 9  Z . 5 2 6 4  
USAGH H2/CO PRODT 1.677S 1.6754 1.6708 1.6426 1.6698 
RATIO C 0 2 / ( H 2 0 + C 0 2 )  0 . 2 2 3 1  0 . 2 2 5 5  0 . 2 Z 5 3  0 . 2 5 2 7  0 . 2 2 5 3  
K SHIPT IN ~FFLNT 0.10 0.I0 0.I0 0,11 0.10 

0 

CONVERSION 
ON CO % 51.17 
ON H2 % 82.87 
0N~C0+H2 % 67.13 

PRDT SEL£CTIVITY,WT % 
CH4 Z 3 . 8 0  
C2 HC'S 3.18 
C3H8 2 . 6 4  
C5H6= 2 . 3 2  
C4H10 1 , 8 0  
C4H8= 3 . 4 7  
C5H12 2 . 3 5  
CSHI0= 4.14 
C6H14 2.31 
C6H12= ~ CYCLO'S 2 . 9 9  
C7+ IN GAS II.82 
L~Q HC'S 39.19 

. : ;  

51.05 50.35 50.15 49.49 
82.76 82.52 81.89 81.85 
66 .98  66 .52  6 6 . 1 !  65 .73 

2 3 . 9 4  ?.4.74 2 4 . 3 8  ?.4.69 
3 . 2 0  3 . 3 0  3 . 3 9  3 . 4 3  
2 . 6 5  2 . 7 4  3 . 0 5  2 . 8 1  
2.53 2.41 Z.67 Z.51 
1.81 1,87 2.15 1.91 

3.49 3.61 4.04 3.69 
2 . 5 6  2 , 4 4  2 . 6 7  2 . 4 6  
4.~6 4.30 4.64 4.41 
2.33 2.40 2.62 2.42 
3 . 0 0  3.10 3.19 3.14 

11.88 12.28 9.56 11.11 
3 8 . 8 4  3 6 . 8 1  3 7 . 6 5  3 7 . 4 3  
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p 

TOTAL 
SUB-GROUPING 

CI -C4 
CS -4Z0 F 
420-700 F 
700-END PT 
C5+-END PT 

ISO/NORMAI MOLE RATIO 
C4 
C5 
C6 
C4= 

P.~%APPIN/0LEPIN RATIO 
C3 
C4 
C5 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, R~FRACTIVH INDEX 
SIHULT'D DISTILATN 

i0 WT % @ DEG F 
16 
50 
84 
90 

RANGE[16m84 %) 

WT % 8 4Z0 F 
WT % @ :700 F 

I00.00 

37.ZI 
4 0 . 4 5  
1 7 . Z 4  

5 . 0 9  
62.79 

0.. 0895 
0, 2154 
0 . 3 0 9 3  
0 . 0 5 5 2  

1.0858 
0.4995 
0 . 5 5 2 1  

H i m  

" R I I  

I00,00 

37.42  
42.$S 
13.36 
6.67 

62.58 

0 .0895 
0.2154 
0.3093 
0.0552 

1.0858 
0.4995 
0.5521 

WHITE WAX 
0.754 
1.43Z2 

260 
298 
430 
716 
790 

418 

48.43 
82.83 

i00.00 

38.67 
40.35 
16.20 

4.78 
61 .33  

0.0895 
0.Z154 
0.5093 
0 .0552  

1 . 0 8 5 8  
0 .4995  
0.5521 

l i d  

i i i  

~ I W  

m I i  

I00.00 

39.69 
38.85 
16.56 
4.89 

60.31 

0.i009 
0.232.4 
0 .3370 
0.0575 

1 .0889 
0.$133 
0.5585 

i l m  

I !  ! 

I I I 

I I  ! 

I I I 

I O I  

100.00 

39.03 
40.43 
15.87 
4.66 

6 0 . 9 7  

0.0914 
O. Z170 
0.3011 
0.0560 

1 .0695  
0.5009 
O. 5434 

GREEN WAX 
0.758 
1.4Z88 

Z63 
301 
444 
661 
733 

360 

4 5 . 1 4  
87 .55  
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TABLE fOE RESULT OF SYNGAS OPERATION 

RUN NO. 
CATALYST 
FEED '~ 

10112-07 
CO-THOZ-UCC-101 #10042-93 80CC 30.56 (38.4G AFTER RUN +7.8G] 
HZ:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 300 GHSV 

RUN '~ SAMPLE NO. 10112-07-21 112-07-22 112-07-23 112-07-24 

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

50:SO: 0 50:50:0 50:50:0 50:50:0 
245.6 263.1 270.I 287.68 

292 291 299 295 
278 278 278 278 

FEED CC/MIN 
HOURS FEEDING 
EPFLNT GAS LITER 
GM AQUEOUS LAYER 
GM OIL 

400 400 .400 400 
6.50 23.99 7.00 24.58 

72.47 269.67 79.60 279.51 
16.99 62.70 18.06 63.41 
5.12 18.90 6.30 22.II 

MATERIALBALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/[H20÷C02) 
PATIO X IN CHX 
USAGE H2/CO PRODT 
RATIO C02/(H20+CO2) 
K SHIFT IN EPPLNT 

9 5 . 9 4  9 6 . 6 9  99~33 9 9 . 3 1  
: 96.41 97.62 99.26 100.50 

99.88 99.69 100.51 99.54 
0.9020 0.9245 0.9705 0.9942 
2,5904 2.5908 2.5695 2.5748 
1.6555 1.6762 1.6669 1.6958 
0.2245 0.2185 0.2267 0.2185 

0.10 0 .10 0.11 0 .10 

CONVERSION 
ON CO % 47.17 47.14 48.01 48.12 
ON H2 % 80.98 80.83 81.07 81.00 
ON CO+H2 % 64.11 64.07 64.53 64.64 

PRDT SELECTIVITY,WT % 
CH4 2 7 . 5 7  2 7 . 7 1  2 6 . 7 0  2 7 . 0 7  
C2 HC'S 3 . 8 3  5 . 6 9  3 . 6 1  3 . 4 8  
C3H8 3 . 1 4  5 . 0 4  2 . 9 7  Z . 9 2  
C3H6= 2.80 2.73 2.67 2.64 
C4H10 2.14 Z.07 2.07 Z.00 
C4H8= 4.12 4.05 4.03 5.90 
C5H12 2.75 2.71 2.67 2.59 
C5HI0= 4.92 4.79 4.75 4.58 
C6H14 2.71 2.74 2.55 2.59 
C6H12= ~ CYCLO'S 3.50 3.50 3 . 3 5  3.36 
C7+ IN GAS 12.40 13.38 12.35 15.04 
LIQ HC'S 30.11 ~ 29.60 32.29 31.85 

f 
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TOTAL 
SUB-GROUPING 

C1 -C4 
C5 -420 F 
420-700 F 
700-END PT 
CS÷uEND PT 

ISO/NORMAL MOLE RATIO 
C4 
CS 
C6 
C4= 

PARAPFIN/OLEPIN RATIO 
C3 
C4 
C5 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE INDEX 
SIMULT'D DISTILATN 

I0 WT % @ DEG F 
16 
50 
84 
90 

RANGE[16-84 %) 

WT % 8 42O F 
WT % @ 700 F 

I00.00 

43 .60  
39 .24  
13.25 
3.91 

56 .40  

0 . 0 9 1 4  
0.2170 
0.3011 
0 .0560  

1 .0695  
0 .5009  
0 .5434  

l m u  

100.00 

43.29 
42.60 

÷ Ii.06 
3 .05  

56.71 

0.0844 
0.2113 
0.2916 
0 .0560  

1 .0658  
0 .4950  
0 . 5 4 9 3  

GREEN OIL 
0.756 
1.4282 

Z60 
297 
413 
626 
704 

329 

5 2 . 3 3  
89 .71  

100.00 

42.04 
39.55 
!4.ZI 
4.20 

57.96 

0 .0885  
0.2139 
0.2875 
0 .0582  

1.0641 
0.4962 
0.5468 

m m - -  

l l m  

m i m  

I, 

i00.00 

42.01 
43.19 = 
11.87 

2 . 9 3  
5 7 . 9 9  

0 . 0 8 5 0  
0 .2098  
0.2831 
0.0580 

1 . 0 5 5 7  
0 .4942  
0 . 5 5 0 4  

GREEN 0 IL 
O...75.7. 
1.4"275 

259 
295 
411 
614 
688 

321 

53.50 
90.80 
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XII. RUN 10225-2~ Co/Th on UCC-107 

This catalyst was prepared by the same method used for the 

previous catglyst (Run 10112-7), except that UCC-107 was substi- 

tuted for UCC-101. The catalyst was thorium-loaded to I percent 

thorium, and calcined at 250C. 
i 

Conversion, product selectivityt isomerization of the pen- 

rate, and percent olefins in the C4Vs are presented in Figs. 157- 

160. Simulat~ distillations of two samples are given in Figs. 

161 and 162. Carbon number product distributions are shown in 

Figs. 165-168. Chromatograms of the simulated distillations are 

reproduced in Figs. 169-17~. Detailed material balances are 

given in Tables 11A-11C. 

The catalyst was initially contacted with syngas at 270C. 

After 24 hours on stream, it was determined that the catalyst was 

producing too much methane. The temperature was then lowered to 

25OC, where it was maintained for the remainder of the test. 

After 95 hours on strean, the selectivity shifted toward the 

production of llghter products. As in Rub i0225=3 (reported 

earlier in this report, but chronolog~cally f011owing this run) 

there was n o  recorded malfunction to explain the sudden change. 

Also, the selectivity recovered in parn during the rest of the 

run. This again was probably a mechanical rather than a catalyst 

problem. 

The catalyst maintained high conversion at 250C (Fig. 157). 
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i 

As with all but one of the other cobalt catalysts, this one 

evinced little WGS activity compared with its F-T synthesis ac- 

tivity~ at 270C, however, it did show good WGS activity. If the 
e 

95 and 119 hour samples are disregarded, in did produce more 

lights at the end of the test. Also, its selectivity was gener- 

ally like that of the cobalt catalysts. Carbon number product 

distributions (Figs. 163-168) show not only the usual high meth- 

ane yields but also an apparent carbon number cut-off, illust~at- 

ed most dramatically in Sample 5. Initial samples contained 70 

percent motor fuel, later samples only 62 percent. All samples 

contained 5 percent heavies. 

The condensed product was not as waxy as those from earlier 

runs. 0nly the last two samples contained some wax. The C4's 

were more olefinic and the pentanes (except the last sample) more 

isomerized than those from other catalysts (Figs. 159, 150), 

Also, the refractive innercept of the liquid product corresponded 

to 50 percent olefins, and the chromanograms of the simulated 

distillations showed the initial liquid products to be quite 

isomerized, although this dropped off significantly about half- 

way through the run. Both the olefinlc and isomeric contents of 

the liquid contributed to its lower wax content. 

UCC-IO7 seems to be an acidicMolecular Sieve, bun as with 

LZ-Y-82 the acid activity seems to deactivate over the test per- 

iod. The LZ-Y-82 seems, however, to deactivate more rapidly than 

the UCC-107. 
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i 

TABLE 'IIA RESULT OF SYNGAS OPERATION 

RUN NO. 10225-02 
CATALYST C0-THO2-UCC-107 010042-97 80 CC 35.6GM (53.1 AFTER 
FEED . H2:CO:ARGON OF SO:S0:0 ~ 400 CC/MN OR 300 GHSV 

I0225-02-0i 225-02-02 225-02-03 225-02-04 RUN ~'SAMPLE NO. 
'j 

FEED HZ:C0:AR 5 0 : 5 0 : 0  
HRS ON STREAM 2 0 . 2 5  
PRESSUP~,PSIG 293 
TEMP. C 266 

FEED CC/MIN 400 
HOURS FEEDING 2 0 . 2 5  
EFFLNT GAS LITER 216.53 
GM AQUEOUS:LAYHR 18.$7 
GM OZL 0.00 

::MATERIAL BALANCE 
GM ATOM CARBON % 
GM:&TOM HYDROGEN % 
GMATOM OXYGEN % 
PATIO CHX/[H20+C02) 
RATIO X IN CHX 

• " USAGH H2/CO PRODT 
RATIO C02/(H20÷C02) 
K SHIFT IN EFPLNT 

CONVERSION 
ON CO % 91.21 
ON H2 % 93.79 
ON CO+H2 % 92.49 

.PRDT SELECTIVITY,WT % 
CH4 48.2,8 
C2 HC'S .~ 7.11 
C3H8 : 8.70 
C3H6= 0.63 
C4HIO 7.08 
C4H8= 0 . 7 5  
C5H12 9.18 
CSHI0= 0 . 2 8  
C6H14" 6 ~ 4 5  . 

C6H12= ~ CYCL0'S 0.21 
C7+ IN GAS 11.30 
LIQ HC'S .~0.00 

% 

RUN +17 G) 

225-02-05 

50:50:0 50:50:0 50:50:0 50:50:0 
24,17 41.50 : 49.0 65.5 

293 299 303 306 
266 2¢7 251 249 

400 400 400 400 
24.17 17.33 7.50 24.00 

2SI.IS 147.62 65.04 213.47 
22.16 60.24 26.35 84.35 
0.00 29.88 11.70 37.44 

102.07 100.98 94.02 94.96 94.55 
101.52 89.82 9S.60 9T.44 97.61 
101.30 103.87 i00.00 103.67 102.12 
1.0149 0.9433 0.8724 0.8265 0.8421 
3.1438 2.9352 2.2244 2.2850 2.?.806 
1.0270 0.9318 1.7098 1.6005 I. 7003 
0.7699 0.76S6 0.1364 0.1856 0. 1460 

2.55 1.72 0.05 0.05 0.04 
io 

'L 

86.29 50.21 53.48 
91.91 89.77 90.57 
88.94 70.16 72.26 

50.06 
89.03 
69.85 

38.09 10.25 13.35 12.74 
5.90 1.61 2.17" 2.04 
7.52 1.35 0.18 1.69 
1.52 2.18 2.17 2.18 
6.88 1.07 1.44 1.35 
2.34 3.36 3.61 3.60 

11.36 1.79 2,46 2.24 
1.34 4.10 4.21 4.24 
9.54 1.89 2.56 2.32 
0.79 3.05 5.24 3.06 

14.92 9.36 9.40 9.82 
0.00 59.99 53.21 54.73 
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TOTAL 
SUB-GROUPING 

C1 ;C4 
C5 -420 F 
420-700 F 
700-END PT 
CS*-END PT 

ISO/NORMAL MOLE RATIO' 
C4 
C5 
C6 
C4= 

PARAFFIN/OLEPIN RATIO 
C3 
C4 
C5 

LIQ HC COLLHCTION ' 
PHYS. APPEARANCE 
DENSITY 
N, REPRACTIVE INDEX 
SIMULT'D DISTILATN 

i0 WT % @ BEG F 
16 
50 
84 
90 

RANGE(16-84 %) 

WT % @ 420 F 
WT % Q 700 F 

I00.00 

72.56 
27 .44  

0 .00  
0 .00  

27.44 

0.4551 
2.6647 
3.9118 
0.0000 

13.1751 
9.0609 

31.4016 

m 

m 

i 

I00.00 

62.25 
37.75 

0 . 0 0  
0 .00  

37 .75  

0.5054 
Z.7395 
3.8977 
0.0000 

4.7Z12 
Z.8576 
8.2168 

m 

i 

100-'00 

19.80 
53.88 
24.11 
Z:21 

80.20 

0.Z359 
0.7188 
0 . 8 9 8 0  
0 . 0 0 0 0  

0.5841 
0.3078 
0 .4252 

GR~N OIL 
0.756 
1.4275 

249 
Z79 
403 
573 
625 

294 

5~ .  14 
' 9 6 .  o~. 

I00.00 

22.92 
49 .94  
21.82 

5.32 
7 7 . 0 8  

0 .3379  
1.0135 
1.183Z 

: 0 . 0 0 0 0  

0 .0775  
0.3857 
0.5681 

m 

'm 

i00.00 

23.59 
49 .04  
2 4 . 3 2  

3 .04  
76.41 

0.2623 
0.7997 
0 .9537 
0.0000 

0.7409 
0.3618 
0 .5144 

GREHN OIL 
0.755 
1.4266 

?.58 
?.92 
4:'0 
616 
659 

;.%24 

50~00 
94 .44  
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TABLE lIB ~ RESULT OP SYNGAS OPERATIO~ 

RUN,NO. 
CATALYST 
FEHD 

10225-02 
CO-THOZ-UCC-107 #10042-97 80 CC 55.6GM C53.I JLPTER RUN +17 G) 
HZ:CO:A-~GON OP 50:50:0 @ 400 CC/MN OR 500 GHSV 

RUN ~ SAMPLE NO. 1 0 2 2 5 - 0 2 - 0 6  2 2 5 - 0 2 - 0 7  2 2 5 - 0 2 - 0 8  2 2 5 - 0 2 - 0 9  2 2 5 - 0 2 - 1 0  

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

PBED CC/MIN 
HOURS FH~DING 
~FFLNT GAS LITER 
GMAQUEOUS LAYER 
GM 01L 

50:50:0 50:50:0 50:50:0 50:50:0 50:50:0 
71.75 90.0 96.0 118.75 144.75 
299 292 291 303 3Ol 
250 252 255 255 251 

~ 0 0  400 400 400 4 0 0  
6.Z5 2 4 . 5 0  6 .00  2 8 . 7 5  ~ 2 6 . 0 0  

5 9 . 4 4  2 3 2 . 9 9  58 .62  2 8 0 . 6 2  234 .70  
20 .89  8 1 . 9 0  2 2 , 5 1  1 0 7 . 8 6  8 2 . 9 0  
11.02 43.21 6.79 30.13 41.70 

MATERIAL BALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGF.N % 
GM ATOM OXYGEN % 
I~AT~O CHX/(HZO+COZ)~ 
RATIO X IN CHX 
USAGE HZ/CO PRODT 
KATI0 CO2/(HZ0÷COZ) 
K SHIFT IN HPPLNT 

CONVERSION 
ON CO % : 
ON H2 % 
ON CO+H2 % 

PRDT SEL~CTIVITY,WT % 
CH4 
C2 HC'S 
C3H8 
C3E6= 
C4HI0 
C4H8= 
C5H12 
C5H10= 
C6H14 
C6H12= 5 CYCLO'S 
C7+ IN GAS 
LIQ HC'3 

103 .48  1 0 4 . 9 0  9 5 . 0 7  9 4 . 9 8  9 1 . 0 9  
1 0 3 . 1 3  1 0 1 . 8 9  1 0 4 . 4 9  1 0 4 . 4 4  1 0 3 . 3 1  
106.08 107.95 I12.18 112.12 94.48 
0 . 9 4 6 4  0 .9381  0.G951 0 . 6 9 4 8  0 . 9 2 6 0  
2 . 5 0 7 3  2 .2803  2 . 5 0 8 1  2 . 5 0 7 9  2 . 4 2 2 6  
1 . 6 2 0 9  1 . 5 8 3 4  1 . 5 4 4 1  1 . 5 4 4 3  1 . 6 8 3 7  
0 . 1 9 6 2  0.2072 0.2215 0.2211 0.1864 

0~06 0 .05  0 . 0 8  0 . 0 8  0 . 0 8  

53 .70  5 3 . 8 2  5 4 . 1 2  5 4 . 1 5  : 5 5 . 9 4  
89 .38  9 0 . 1 1  8 8 . 6 8  8 8 . 6 9  %5,81 
71 .51  7 1 . 7 0  7 2 . 2 2  7 2 . 2 3  7 1 . 8 1  

1 5 . 8 9  1 3 . 1 3  2 2 . 7 0  22 .70  19 .Z3  
2 . 1 7  2 . 1 4  5 .28  3 . 2 8  2.71~ 
1 . 8 7  0 .17  3 .26  3 . 2 6  2 .81  
2 .03  2.14 2 .12  Z.ll 1 . 4 6  
i. 56 1.42 2.75 2 .75  2.29 
3 .42  3.55 3 . 7 9  3 . 7 9  2 . 2 8  
2 .62  Z .4Z  4 .26  4 . 2 6  2 . 6 8  
3 . 9 8  4 . 1 4  4 . 1 2  4 . 1 2  1 . 5 9  
2~4~7: Z. 52 3 . 8 0  3 . 7 9  2 . 7 0  

>2.71  5 .15  . 2 . 9 8  2 . 9 8  1 .85  
9 .15  9 . 2 5  9 . 5 4  9 . 5 3  6 . 6 1  

54.13 5,3.97 3 7 . 4 2  3 7 . 4 3  5 2 . 9 8  
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TOTAL 
SUB-GROUPING 

Cl -C4 
C5 -420 F 
420-700 F 
700-END PT 
CS÷-END PT 

ISO/NORMAL MOLE RATIO 
C4 
CS 

: C6 
C4= 

PARAFFIN/0LEFIN RAT~0 
C3 
C4 
CS 

LIQ'HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, REFRACTIVE INDEX 
SXMULT'D DISTILATN 

10 WT % Q DEG F ~ 
16 
50 
84 

J 

90 

P, ANG~(16-84 %) 

WT% @ 420 F 
WT % Q 700 F 

° 

I 

I00.00 

24.94 
46.91 
21.65 

6 .50  
75.06 

0.3341 
0.9993 
1.1377 
0.0000 

o.88!2 
0.4421 
0.6387 

m 

m 

w 

I00.00 
l 

22.55 
49.11 
21.77 
6.57 

77.45 

0 . 3 3 7 9  
1.0135 
1~1832 
0.0000 

0 . 0 7 7 5  
0 .3857  
0.5681 

GREEN OIL 
0.758 
1.4274 

259 
'Z97 
438 
666 
723 

369 

47.50 
87.83 

I00.00 i00.00 I00.00 

57.90 37.89 30.79 
43.0Z 41.94 41.23" 
IS.34 14.99 21.65 

3 . 7 4  5 . 1 8  6 . 3 6  
62.10 62.11 69.21 

0.Z963 0.2963 0.1326 
0 . 9 8 5 8  0 . 9 8 5 8  0 . 2 3 0 3  
~.g785 0.978S 0 .2259  
0.0000 0 .0000  0.0000 

1.4724 1.4724 1.8349 
0.6996 0.6996 0.9698 
1.0057 1,0057 1.0906 

GREEN OIL MILKY OIL 
0.755 0°757 
1.4266 1.4264 

261 260 
300 30n 
441 4~ 
677 663 
741 724 

5 7 7  363  

- : 46.11 47.18 
- 86.1S 88.00 

I i  
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TABLE IIC RESULT OF SYNGAS OPERATION 

RUN NO. I022S-02 
CATALYST CO-THOZ-UCC-I07 #10042-97 80 CC 35.6GM (55.i AFTER RUN +17 G) 
F~ED HZ:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 400 GHSV 

RUN ~ SAMPLE NO. 10225-02-1.1 

FEED HZ:CO:AR 
HRS ON STREAM 
PRESSURE, PS IG 
TEMP. C 

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

50:50:0 
151.75 

298 
251 

400 
17.00 

183.20 
61.74 
28.80 

I/ 

MATERIAL BALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/(H20+COZ) 
RATIO X IN CPIX 
USAGH H2/CO PRODT 
RATIO C02/[H20+C02) 
K SHIFT IN EFFLNT 

105.56 
118.19 
IIC.85 
0.9001 
Z.4508 
1.6702 
0.1955 

0.09 

CONVERSION 
ON CO % 
ON H2 % 
ON CO+H2 % 

PRDT SELECTIVITY,WT% 
CH4 
C2 HC'S 
C3H8 

C3H6= 
C4HI0 
C4H8= 
CSHIZ 
C5H10= 
C6H14 
C6H12= ~ CYCLO'S 
C7+ IN GAS 
LIQ HC'S 

54.61 
85.19 
70.77 

20.49 
2 . 9 0  
2 . 9 9  
1.56 
2.44 
2 . 4 3  
2 . 8 6  
2.55- 
2.88 
1.97 
7-" 014 

49.92 
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TOTAL 
SUB-GROUPING 

Cl -C4 
C5 -4Z0 P 

• 420-700 F 
700-HND PT 
C5+-END-PT .~ 

iso/.o  MOLS  TIO 
C4 ~: 
C5 
C6 
C4= 

PARAFFIN/0LEFIN RATIO 
C3 
C4 
~S 

I00.00 

32.79 
41.03 
21.13 
5.05 

67.21 

0 . 1 3 2 6  
0.2303 
0,2259 
0.0000 

1.8349 
0.9698 
1.0905 

LIQ HC COLLECTION 
PHYS. APPEAR/~CE 
DHNSITY 
N, REFRACTIVE INDEX 
SIMULTID DIST!LATN 

I0 WT % @ DEG P 
16 
50 
84 
9O 

CLDY-GR OIL 
0.753 
1.4244 : 

261 
302 
439 
646 
701 

RANGE(16-84 %) 344 

WT % @ 4 2 0  F 
WT % @ 709 P 

~7.56 
8 9 . 8 8  

%, 

• • ,..'.. 
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XIII. SUMMARY .o''. 

Results of the last two quarters' investigatio.s show some 

general trends in performance for the Task 2 catalysts. 
J, 

The menal component ha~ the largest effect on the activity 

and on the general dlsnributlon of hydrocarbon products (methane, 

C2-C 4 hydrocarbons, gasoline, diesel", and: heavies) (Table 12). 

All the cobalt catalysts produce significat~t quantities of math- 

aue, bu~'only small amouants of the'C2-C 4 hydrocarbons. The low 

C 2 production gives cobalt catalysts a lower CI-C 2 yield than 

those of t~e iron catalys~s, desplne nhe high production of meth- 

ane. Yields of motor fuels (gasoline and diesel oil) are also 

z 

much higher with cobalt catalysts, many of which, despite high 
I' 

methane production, yielded more than I 70 percent gasoline and 

diesel oil. The iron catalysts tested in this quarter yielded 

45-50 pe£cent hyd.rocarbons in the motor fuel ranEe ,. but some iron 

catalysn 9 tested previously produced more than 55 percen~ The 
,3 

prince,pal difference in motor fuel production between iron and 

cobal catalysts fs in the amo.unt of the diesel oil curl both 

produced similar quantities of gasoline. ~. 

The ~olecular Sieve strongly affects the type, if non the 

carbon number, of the hydrocarbon product. ~ighly acidic Sieves 

li~,~ UCC-I09 and LZ-Y-82 initially produce highly isomerized 

hydrocarbons. Formation of the hydrogen-deficient coke results 

in simultaneous formation of hydiogen-rich paraf~ini~: effluent. 
Ii 

. tS 
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Such coking quickly deactivates the acidity of these Holecuiar 

Sieves, thereby lessening their influence on the hydrocarbon 

,. y 

products. "~ 
.j 

UCC-III has only a minor chemical effect on product hydro- 

carbons, simply Isomerizin.2 the olefinic double bond and leaving 

the c~rbon skeleton unchanged. Small as this chemical effect may 

bet the resulting changes in pour point ~.nd octane number of the 
.° 

liquid are significant and important. Furthermore, this activity 

does not lead to coking or deactivation of t~e Molecular Sieve. 

The activity of 'UCC-I01 falls between the two extremes. Its 

aci'd activity is not s~ 8reap as to induce rapid coklnE, but it 

ot 

is able to effect more than ~: simple double-bo~d migration. 

Also, some UCC-IOI catalysts seem to show a carbon number cut-off 

in the'product which lies just above the upper boiling range of 

diesel oil. 

Based on ~leld of liquid hydrocarbo~ fuels, cobalt catalysts 

seem to be the most promising. They still need modification, 

however, to improve product quality, and to make a less waxy 

heavy product. 

• l "  a 
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TABLE 12 

a) Iron based catalysts 

Conversibn 

• CI-C2 

C3-C 4 

gasoline 
(C 5 - 420OF) 

- diesel oil 
(420-700°F) 

heavies 
(700°F+) 

motor fuel 
(Cs-700°F) 

Fe/K + Fe/K + Fe/K on 
UCC-109 :AIPO4-11 LZ-105-6 

50 77 36 

22.1 22.1 24.8 

28.5 2J.4 30.4 

43.0 38.5 41.4 

5~5 ii.0 2.9 

0.9 1.7 0.4 

: 48.5 49.4 44.3 

- ,| 
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b) 

: TABLE 12 continued 

Cobalt based catalysts 

Conversion 

CI-C 2 

C3-C 4 

gasoline 
(C5-420°F) 

diesel ipil 
(420-700"F) 

heavies 
(700°F+) 

motor fuel 
(C5-.700°F)b 

Co/Th/K Co on Co/Th/K 
Co on on UCC-101 on 
LZ-105 LZ-Y82 UCC-101 

28 55 ~3 52 

16.7 14.2 14.5 16.2 

9.6 9.3 7.5 9.1 

43.6 47.9 40.0 46.1 

24.1 25.0 32.2 2 2 . 0  

5 . 9  3 . ~  5 . 9  6 . 5  

6 7 . 7  ~2% 7 2 . 1  6 8 . 1  

CO/Th 
on 

UCC-107 

70 

14.8 

8.8 

49.0 

23.3 

3,0 

73.4 
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Appendix C. ANALYTICAL TECHNIQUES 

By 3. Mo Basile 

Efforts to evaluate liquid chromatography as a viable alter- 

native t~ FIA'for theseparation of hydrocarbon group types from 

the total C5+ liquid product have been concluded. 

Samples received from the one remaining LC manufacturer, IBm, 

were evaluated with the Envirochem gas chromatograph. 

Results were consistent with those of sample s tested previ- 

ously. Separation of group types was again incomplete, due to 

the inability of present LC column technology to handle the wide 

boiling range of the samples under investigation, 
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Appendix D. SURFACE STUDIES 
k, 

By G. A. $omorjai 

Examination of the catalytic hydrogenation of carbon monoxide 

has progressed in two major directions during the past three 

months. We have continued the study of the thorium oxide cata- 

lysts~.and have characterized several new rhodium catalysts. 

I. Thorium Oxide Catalysts 

:~ Thorium dioxide has been shown to be an active catalyst in 

synthesizing methanol. At a space velocity of 5000 Hr =1, a total 

pressure of 50 atmospheres (carbon monoxide:hydrogen ratio = I), 

and a temperature of 3.P.0C, carbon conversions of 3 percent can be 

obtained. This y'i'e-~ Ls comparable to that obtained with zinc 

N 
oxide-chrome catalysts. The ~'easured activatiou energy for the 

methanol synthesis iS 11 kilocalori:es per mole. 

These thorium catalysts, which were prepared ~Jy low-tempera- 

ture calcination on thorium ox'ycarbonate, show very even activity 

over long periods of time. Unlike catalysts based on cop'per 

oxide, they require no carbon dioxide to maintain the metha1~o! 

synthesis. 

Product distributions can be varied By changing the acid-base 

properties of the thoria catalysts. Alkali metal-promoted thor- 

ins produce more isobutanol and less gaseous hydrocarbons as side 

products than do the more acidic thorias. However~ the intrinsic 
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activity for methanol synthesis does not appear to be a function 

of the alkali metal concentration. 

2. R~odium Catalysts 

We have prepared a number, of rhodium compounds and have char- 

a cterized them by scanninE.electron microscopy, X-ray powder dif- 

fraction, AES and XPS. CuRh204 has Seen shown to be catalytical- 

ly inactiveo Compounds to be tested for catalytic activity in 

the future ~nclude Na2Rh03, K2Rh03, and Cs2Rh03. The X-ray pho- 

ro-electron\~pectremeter for the new UHV system(~s be~E built 

and should be installed in the Fall. 
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