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Teble 11

RESULT OF SYNGAS OPERATION

RUN NG.  11677-17
CATALYST CoThX4U103+U101 11684-92 250 CC 108.GM (111.7AFTER RUN +3.7G)
FEED H2:CO:ARGON OF 50:50:0 @ 1260 CC/MN OR 302 GHSV

11677-17-01 677-17-02 677-17-03 677-17-04 677-17- 05

=2 [IR=

RUN § SAMPLE NO.

FEED H2:CG:AR 49:50: 0 49:50: 0 49:50: 0 49:50: 0 49:50: 0
HRS ON STREAM 6.5 25.0 48,5 55.0 72.5
PRESSURE, PSIG 292 290 291 294 291
TEMP. C 258 263 258 261 260
FEED CC/MIN 1260 1260 1260 1260 1260
HOURS FEEDING 6.50 25.00 23.50 6.50 24.00
EFFINT GAS LITER 394.45 1445.45 1320.65 367.25 1366.00
GM AQUEQUS LAYER 21.66 83.32 96.44 25.47 94.03
M OIL 1.18 4,53 11.26 2,86 10.56
MATERTAL BALANCE
GM ATOM CARBON % 90.85 99,62 93.31 96.76 94.55
GM ATOM HYDROGEN %  102.17 96.23 97.48 98.12 97.83
@1 ATOM OXYGEN % 95.22 98.91 96.87 97.84 97.44
RATIO CHX/(H20+CO2) 0.7083 1,0455 0.8008 0.9385 0.8339
RATIO X IN CHX 2.6247 2.4956 2.4210 2.4281 2.4451
USAGE H2/CO PRODT 2.6396 2.0228 2.2979 2.1024 2.2359
FEED H2/CO FRM EFFINT 1.0892 0.9355 1.0118 0.9821 1.0021
RESIDUAL H2/CO RATIO 0.8792 0.7082 0.7648 0.7372 0.7629
RATIO C02/(H20+C02) 0.0165 0.0628 0,0392 0.0536 0.0479
K SHIFT IN EFFLNT 0.0147 0.0474 0.0312 0.0417 0.0384
SPECIFIC ACTIVITY SA  (0.2287 0.3679 0.3908 0.3920 0.3557
CONVERSION
ON CO % 11.93 17.29 16.11 17.94 16.24
ON HZ % 28.91 37.39 36.59 38.40 56.23
ON CO+H2 % 20.78 27.00 26.41 28.08 26.25
PRDT SELECTIVITY,WT %
CH4 21.20 17.51 15.51 15.71 16.67
CZ HC'S 5.74 4.36 3.75 3.56 3.67
C3H8 12.22 7.66 5.46 5.90 5.57
C3H6= 5.44 5.11 5.08 5.02 5.15
C4H10 8.21 5.90 4.30 4.42 4.21
C4H8= 5.92 6.68 6.42 6.46 6.33
C5H12 7.03 6.09 4.47 4,90 4.96
C5H10= 4,27 6.41 5.95 5.12 6.08
C6H14 6.22 6.11 4,55 4.83 4,65
C6H1Z2= & CYCLO'S 1.41 3.98 5.87 3.98 3.83
C7+ IN GAS 14.95 24.94 26.03 28.36 25.62
LIQ HC'S 7.39 4.86 14.64 11.73 13.25
TOTAL 100.00 100.00 100.00 100.00 100.00
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Table 11 (continued)

SUB-GROUPING
Cl1 -C4
C5 -420 F
420-700 F
700-END PT
C5+-END PT
ISO/NORMAL MOLE RATIO
C4
Cs
Co
C4=
PARAFFIN/CLEFIN RATIO

SCHULZ-FLORY DISTRBIN
ALPHA (EXP{SLOPE))
RATIO CH4/(1-A)**2

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

10 WT % € DEG F
16
50
84
90

RANGE(16-84 %)

NEW FORMAT AUG 29,84

.58.73
37.94
3.15
0.17
41.27

0.1774
0.2726
0.7043
0.0528

2.1433
1.3388
1.6003

0.6038
1.3502

55.00
97.66

47.62
50.19
2.07
0.11
52.38

0.1141
0.1223
0.2230
0.07%99

1.4316
0.8520
0.9237

0.649%
1.4610

CLDY
0.7524
1.4264

303
332
415
517
546

185

55.00
97.66

40.49
51.61
7.49
0.41
59.51

0.0859
0.0987
0.1617
0.0890

1.0266
0.6469
0.7306

0.7268
2.0772

CLDY
Q.7545
1.4270

. 305
Y342
436
585
626

243

46.00
97.17
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41.08
52.41
5.91
0.60
58.92

0.0934
0.0990
0.1589
0.0898

1.1213
0.6602
0.9299

0.7384
2.2962

44.50
94.88

41.60
51.04
6.67
0.68
58.40

0.0801
0.0919
0.1576
0.0915

1.0317
0.6414
0.7932

0.7425
2,5093

CLDY BL
0.7586
1.4272

305
342
447
614
656

272

44.50
94.88



Table 12

RESULT OF SYNGAS OPERATION

RUN NO. 11677-17

CATALYST CoThX4U103+U101 11684-92 250 CC 108.GM (111.7AFTER RUN +3.7G)

FEED H2:CO:ARGON OF 50:50:0 @ 1260 CC/MN OR 108.GHSV
RUN § SAMPLE NO. 11677-17-06 677-17-07
FEED HZ:CO:AR 49:50: 0 49:50: 0
HRS ON STREAM 79.0 96.5
PRESSURE,PSIG 296 293
TEMP. C 258 258
FEED CC/MIN 1260 1260
HOURS FEEDING 6.50 24,00
EFFLNT GAS LITER 383.85 1398.15
(M AQUEOUS LAYER 23.98 88.53
GM OIL 2.64 9.76
MATERIAL BALANCE
GM ATOM CARBON % 95.99 94,82
GM ATOM HYDROGEN % 99.81 98.50
GM ATOM OXYGEN % 98.76 97.85
RATIO CHX/(H20+CO0Z) 0.8332 0.8179
RATIO X IN CGIX 2.4264 2.4463
USAGE H2/C0 PRODT - 2.2442 2.2601
FEED H2/CO FRM EFFLNT 1.0071 1.0060
RESIDUAL H2/CO RATIO  0.7860 0,7822
RATIO CO2/(H20+C02) 0.0434 0.0466
K SHIFT IN EFFLNT 0.0357 0.0382
SPECIFIC ACTIVITY SA  0.3462 0.3516
CONVERSION
ON CO % 15.16 15.15
ON HZ % 33.79 34.03
ON CO+HZ % 24.51 24.61
PRDT SELECTIVITY,WT %
CH4 16,00 16.51
C2 HC'S 3.59 4.20
C3H8 5.38 5.55
C3H6= 5.45 5.25
C4H10 4.29 4.42
C4HB8= 6.52 6.60
CSH12 4.62 4.86
C5H10= 6.10 6.52
C6H14 4.52 4.91
C6Hl2= § CYCLO'S 3.52 2,42
C7+ IN GAS 27.16 25.67
LIQ HC'S 12,85 13.08
TOTAL 100.00 100.00
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Table 12 (continued)

SUB-GROUPING

Cl -C4

C5 -420 F

420-700 F

700-END PT

C5+-END PT
ISO/NORMAL MOLE RATIO

Cé=
PARAFFIN/OLEFIN RATIO
C3
C4
cs
SCHULZ-FLORY DISTRBIN
ALPHA (EXP{SLOPE))
RATIO CH4/(1-A)**2
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT' % @ DEG F
16
50
84
90

RANGE(16-84 %)

WI % @ 420 F
WI'% @ 700 F

NEW FORMAT AUG 29,84

41.23
51.57
6.51
0.89
58.77

0.0847
0.0890
0.1599
0.0894

0.9429
0.6353
0.7363

44,00
93.08

42.52
50,15
6.42
0.91
57.48

0.0854
0.0850
0.1632
0.0915

1.0093
0.6462
0.7245

0.7522
2.6885

CLDY BL
0.7587
1.4272

305
342
450
627
673

285

44.00
93.08
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VI. Run 5 (11677-13) with Catalyst 7 (Cu/Zn/Al1+UCC-101

This is strictly a water gas shift catalyst with no Fischer-
Tropsch-active metal component. The UCC-10l cowmponent is intend-
ed as a diluent,.

The water gas shift component, consisting of Zn:Cu:Al in a
weight ratio of 2:1:0.1, was prepared by adding base to a stir-
red, room-temperature solution of the cations. The dried precip-
itate was calcined in air at 400C, and formed into a 1/8-inch ex-
trudate containing 10 percent of the water gas shift component
and 15 percent $i0p binder, with UCC-101 making up the balance.
Then, even though it contained no Fischer-Tropsch component, the
catalyst was activated in hydrogen at 350C to 'simulate what would
happen if it were part of a Fischer-Tropsch catalyst.

Detailed material balances appear in Table 13.

The catalyst was fed a mixture of water, carbon monoxide and
hydrogen in a volume ratio of 3:3:1 at 525 GHSV, It was rather
active initially, shifting more than 50 percent of the CO+H20 to
COp+Ho, but then deactivated rapidly at a rate of almost 0.6 per~-
cent per hour,

Although it contained only 10 percent water gas shift compo-
nent, this catalyst was sufficiently active that, in combination
with a Fischer-Tropsch catalyst, it should produce some signifi-

cant water gas shift activity at least in the first few samples.

- 125 -



Table 13

RESULT OF WATER GAS SHIFT REACTION

RUN NO. 11677-13 :
CATALYST Cu/Zn/Al § UCC-101 #11684-67C 80 CC 31.4 GM
FEED H20:CO:H2 OF 3:3:1 @ 14CC/HR § 400 CC(CO+H2)/MN,TOTAL 525 GHSV

- e mrmm mamarotom e msmemr rmrsssrs v omae

11677-13-01 677-13-02 677-13-04 677-13-06 677-15-08

FEED H20:C0:H2 31:30:10 31:30:10 31:30:10 31:30:10 31:30:10
HRS ON STREAM 3.0 22,0 46,17 72.0 94.26
PRESSURE,PSIG 303 303 301 298 299
TeMP. C 259 260 260 260 260
 FEED (CO+H2)CC/MN 400 400 400 400 400

FEED WATER CC/HR 14 14 14 14 14
HOURS FEEDING 3.0 22.0 24,17 25,83 22.25
EFFLNT GAS LITER 112.50 761.75 765.56 727.88 532.31
GM AQUEOUS LAYER 17.20 126.13 200,02 277.54 281.04

MATERIAL BALANCE

GM MOLE HZ0 % 97.64 90.44 89.48 90.20 98,34

GM MOLE CO % 98.03 105.28 108.55 107.90 94.17

GM MOLE H2 % 151.92 104.77 105.92 103.25 90.18
K SHIFT IN EFFLNT 2.9174 1.4936 0.343 0.0601 0.0240
CONVERSION ’ :

ON H20 % 54.08 50,75 30.21 11.43 5.58

ON CO % 56.38 45.63 26.06 10.00 6.10

ON H20+CO % 55,21 48.05 27.98 10.67 5.83



VII. Run 6 (11723-11) with Catalyst 6 (Co/Th/Cu+UCC-101+Cu/Zn/Al)

The water gas shift component Cu/Zn/Al was found to be active
when tested separately in the previcus run., However, Catalyst 10
of the Third Annual Report, which contained the same component,
was found to have no water gas shift activity when tested with a
syngas feed, One possible explanation is that the water gas
shift catalyst was deactivated by the high reduction temperature
required to activate the Fischer-Tropsch component.

The effect of adding copper to irom, to lower the temperature
at which iron can be reduced, is well recognized and represents
the state of the art in iron Fischer~Tropsch catalysts. Copper
is known to do the same for cobalt catalysts as well, but is not
ordinarily used since it also usually impairs the catalyst's sta-
bility., The prime objective of this test, however, was high ini~
tial Fischer-Tropsch and water gas shift activity; stability was
not a major concern,

The metal component was formed by precipitating cobalt and
copper with a base from a solution of their nitrate salts, The
precipitated metal oxides were then treated with thorium and sub-
sequently mixed with UCC-101 and with the same Cu/Zn/Al water gas
shift component used in Catalyst 5. After being formed as a 1/8-
inch, S$iOp-bonded extrudate, the final catalyst contained 10 per-

ceant cobalt and about 7 percent of the water gas shift component.
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Since a4 temperature-programed reduction showed that the catalyst
could be reduced at 260C, it was reduced in hydrogen at 260C pri-
or to being contacted with the CO+Hy feed at that same tempera-
ture.

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time om
stream in Figs. 77-80. Simulated distillations of the Cs* pro-
duct are plotted in Figs, 81-82, Carbon number product distri-
butions are plotted in Figs. 83-84, Chromatograms from simulated
distillations are reproduced in Figs. 85-86. Detailed material
balances appear in Table 14,

The initial conversion was fairly high, with about 63 percent
of CO+Hjp converted; but as expected it declined rapidly. The wa-
ter gas shift activity, although higher than that of the first
four catalysts-in this Report, was nonetheless inferior to that
of other catalysts prepared in the same way as this one but with
neither the copper nor the water gas shift component. The ini-
tial usage ratio was 1.58:1, and only 28 percent of the oxygen
was rejected as CO7, whereas with the catalyst in Run 10112-15
(Co/Th+UCC-101) the corresponding values were 1.23:1 and 37 per-
cent respectively. If the water gas shift component in this cat-
alyst was fully active, its activity should have been much high-
er, with at least half the oxygen rejected as CO2.

Both the product éelectivity and product quality were poor,
as the figures and table demonstrate. The water gas - ift com-

ponent was inactive even though it had been spared the high re-
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duction.;emperatﬁre used in earlier tests,

As to why these Fischer-Tropsch water gas shift catalysts are
s¢ inactive, two possible explanations suggest themselves.
First, that one or more components may be migrating from the
Fischer-Tropsch constituent, even at reaction temperatures, to
deactivate the water gas shift constituent. Second, that inter-
mediate products from the Fischer-Tropsch syntheses, such as
small olefins, may be adsorbing onto the water gas shift compo-

nent and deactivating it.
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Fig., 77
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Fig. 78

ures.1}g uo sINoy

og or oe 02 oy

I S WGP W WP

4 00L—-03¥
||Il|l'|l|ll|-|!

(evp)o

/

T9-%

IliflfIillllliffflf!lllll!{l!lill

USRI
oS L1 4

JUS0Iad UM

T

0,008
Bisd 00E
02" 111

H—=ES41T NNY

- 131 -



WILaS U0 SINOH

09 0% oy (1] 02 1)} 0
o " L. M P 1 " N N N [ PR N N '\ N o N 4 b ] N o
| b=
[ =]
/'f 4
[
o
-
wmc.o
2 &
. Lo p
o 3
= L
-3 E
[ O
| O
[ <2
-]
|
K.
| ©
[ @
[ Q@
[
3
0,088
bisd DOE
0 'R 14T

TT—€2411 N(™

- 132 -



urea;s uo saInoy

09 og oy oc 02 o7 0

"N 4 N N } N " 1 » . " " 1 PO Y PR | . ] a
[ 1
[ (-]
-8
[
-
"~

o [

: o
. T 3 o %
o0 IS S w3
o -]

Fx [

,xm m
, .10
 ~3
[©
[ o
o
[ @
[ o
[
Q
0,008 e
niIsd 006
00*H 111

T1—E2411 N(IH

- 133 -



Fig. 81
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Fig. 82
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Fig. 83
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