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TABLE 18 RESULT OF SYNGAS OPERATION

RUN NO.  10112-17

CATALYST CO/TH/X2+UCC~101 #10252-61C 80 CC 35.0 CM *{33.9 AFTER RUN -1.1G)

FEED H2:CO:ARGON OF 50:5G: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10112-17-01 112-17-02 112-17-03 112-17-04 112-17-05

FEED H2:00:4R 50:50: 0 S0:50: O 50:50: 0 50:50: O 50:50: O

HRS ON STREAM 20.0 27.5 43,5 50.5 140.5
PRESSURE,PSIG 302 -290 294 293 293
TEMP. C 271 271 271 266 269
FEED CC/MIN 400 400 400 400 400
HOURS FEEDING 20.00 7.50 23.50 7.00 97.00
EFFLNT GAS LITER 261.20 109.50  350.50  107.08 1584.10
GM AQUEOUS LAYER 40.00 14.28 44,75 10.30  142.77
@ OIL . 9.47 3.64 11.42 1.86  25.78
MATERTIAL BALANCE :
GM ATOM CARBON % ©0.82 99.96 99.83 96.97 100.27
GM ATOM HYDROGEN % 91.79 98.17 99,72 93.08 98.79
GM ATOM OXYGEN % 94,96 101.91  102.16 96.97 101.03
RATIO CHX/(H20+C02) 0.8662  0.9367 0.,9236  1.0000  0.9696
RATIO X IN CHX 2.4780  2.5043  2.5262 2.5664  2.6211
USAGE H2/CO PRODT  1.6369  1.6234  1.6475  1.6%48  1.6613
RATIO 002/(H20+CO2) 0.2070  0.2290  0.2198  0.2183  0.2385
K SHIFT IN EFFLNT 0.15 0.18 0.18 0.18 0.21
CONVERSION :
oN 00 % . 36.58 " 35.87 34.90 30.48 30.27
ON H2 % 62.95 60.91 59.48 53.82 51.68
OoN COHI2 % : 49.83 48.28 47.18 41.91 40.90
PRDT SELECTIVITY,WT % 2 '
CH4 20.07 21.21 22.28 23.83 25.78
C2 HC'S 4.62 4.96 . 5.52- 5.72 7.30
C3H8 4,38 4,74 4.79 5.53 6.50
C3H6= 5.03 5.37 5.25 7.00 5.76
C4H10 3,31 3.43 3.35 3.94 3,76
ChH8= 5.87 6.27 6.04 7.24 5,84
C5H12 3.57 3.51 3.19 3.34 5.05
CSH10= 4.71 4.95 4.67 5.61 4.49
CEH14 4,13 3.92 3.45 3.35 . 3.02
C6H12= §& CYCIO'S 3.30 3.47 3.32 - 3.50 2.95
C7+ IN GAS 16.36 14.70 14.12 15.73 16.48
LIQ HC'S 24.65 23.47 24,03 15.20 15.08
TOTAL . 100,00 100.00  100.00  100.00 “100.00
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SUB~-GROUPING
Cl -C4
C5 -420 F
420-700 F
700-END PT
C5+—END PT

.Iso/mNORML MOLE RATIO

(;

G5

Cé :

Clim -

PARAFFIN/OLEFIN RATIO

C3

Ch

C5

LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY

43.29
43.65

12.06 .

1.00
56.71

0.2356
0.5599
0.8712

0.0000 -

0.8311
0.5454
0.7368

CLDY BL OIL

0.760

N, REFRACTIVV INDEX 1.4290

SIMULT'D DISTILATN
10 WI' % @ DEG F
16 :
50
84
%0
RANGE(16-84 7) !

.WI7Z @420 F
"WrZ@evoF

300
323
428
569
617

246

47.00
95.95

45.99
40.40
12.64

0.97
54.01

0.2166

- 0.4770

0.7211
0.0000

0.8413

0.5280
0.6885

42.00
95.86

47.23
38.84
12.94

0.99
52.77

Q.1852
0.3814
0.5716
0.0000

0.8717
10,5350
0.6651

CLDY BL QIL
0.765
1.4308

309
335
445
591
634

256

42.00
95.86
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53.2%
36.71
8.92
1.11
46.74

'0.2085

0.3018

0.5007-

0.0000

0.7551
0.5252
0.5790

34.00
92.67

4.9
35.11
8.85
1.11
45.06

0.1320
0.2249
0.3571
0.0000

1.0763
0.6212°
0.6607

CLR GR OIL
0.768
1.4329

329
360
466
627
674

267

34.00
92.67



IX., RUN 8 (10112-18) with Catalyst 8 (Co/X3_+ UCC-101)

This catalyst, the third of five treated with a metal addi-
tive, was prepared by a' diffenent techniqueithan Catalyst 7. The
metal component.-was prepared by imprﬁgnaping a precipitate of
cobalg oxide-XHio with a salt of thek;fditive to give & percent
additive on the cobalt., This was phyégcally mixed with UCCiiOI
in a MC:SSC ratio of 3:14, bonded with 15 percent 8i0s, and
formed as an extrudate. )

Conversion, product selectimity; isomerization of the pen-
tane, and percent olefins of the C4{s are plotted égainst time on
stream in Figs. 126-129, Simulated distillations of the Cs* pro-
duct for two samples are plotted in Figs. 130-131. Carbon numbér
product distributions are plotted in Fipgs. 132-138, Chromato-
grams from simulated @istillations are reproduced in Figs. 139-
145, Detailed material balances appear in Tébles 19-20.

The conversion was only 75 percent of that of Cat;lyst 3,
even though this catélyst, lacking any thorium, contained more
cobalt, Coﬁalt catalysts normallf have low water gas shift ac-
tivity at best; with this catalyst it was“fgggr still, only 7
percent of the oxygen héving been rejected as CO3. The usage
ratio, 2:1, is an inefficient use of a 1:1 syngas. The additive,

although present in such small quantity, seems to have inhibited

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

- 190 -




counted "for by the absence oh;%horium. N

The product selectivity remained cénstant throughohg the fun.
The methane yield, initially higher than 'usual, ﬁecliqed with
hours on stream to a fairly typical level at the end of the r’un. ’
The products were predomi&antly in the lighter end of the range,
Jith more Cs* than usual in the gas phase, fewer 1iquiQ§, espe--
cially diege; oil and wax, and a lower yield of %otal motor
fuels. Percent olefins of’the C4's was normal. Isomerization of
the pentanes was below normal. The chromatograms of the simulat-
ed Histillatio;; show that the liquid was mostly straight chain
hydrocarbons. The Schulz-Flofy plo;s show the usual excess meth-
ane, and no carbon number cut-off. * .
This catalyst shows no advantage over th; usual Co/Th cata-

lysts.
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Fig. 132
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Fig. 138"
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TABLE 19 RESULT OF SYNGAS OPERATTON .
RUN NO.  10112-18"
CATALYST ~CO/X3+UCC-101 #10252-75C 80 CC 36,0 GM (37.8 AFTER RUN +1.86)
FEED H2:C0:ARGON OF 50:50: 0 @ 4007CG/MN OR 300 GHSV

RUN & SAMFLE NO. 10112-18-02 112-18-03 112-18-04 112~-18-05 112-18-08

FEED H2:CO:AR 50:50: 0 50:50: O 50:50: 0 50:50: O 50:50: O
HRS ON STREAM 54.5  71.0 78.5 95.0 118.9
PRESSURE,PSIG 301 294 302 290 289
TEMP. C . 272 271 271 271 272
FEED CC/MIN 400 400 400 400 400
HOURS FEEDING 30.50 16.50 7.50 24,00 23.92
EFFLNT GAS LITER 442,50  246.50 111.40  365.15  368.11
@M AQUEOUS LAYER 64.28 33.37 14.76 47.23 46.94

M OIL 18.33 9.02 3.65 11.69 10.15

@M ATOM CARBON % 101.97 "100.79 99.83 99.74 99.00
GM ATOM HYDROGEN 7 97.54 97.61 95,38 97.55 96.86
GM ATOM OXYGEN % 101.58  101.14  100.46  100.87  101.57
RATIO CHX/(H20+C02) 1.0138  0.9871  0.9760 0.9572  0.9024
RATIO X IN CHX 2.4964  2.5066  2.5209  2.5331  2.5774&
USAGE H2/CO FRODT  2.0219  2.0387 2.0411  2.0492  2.0561
RATIO CO2/(H20+002) 0.0760-. 0.0696  0.0702 0.0679  0.0678

K SHIFT IN EFFLNT 0.04 0.04 0.04 0.04 0.04
CONVERSION
N Co 7% 30.06  28.28 27.59 27.05 25.75
ONHZ % ‘ 63.13 59.91 59.61 57.85 56.84
ON COHI2 7 46.23 43.84 43.23 42.28 41.13
PRDT SELECTIVITY,WT 7
Ch4 21.80 22.67 . 23.20 24.05 26.17
C2 HC'S 3.75 3.47 - 3.64 3.68 4.17
C3H8 3.79 3.67 . 3.76 3.62 3.58
C3H6= 3.08 3.28 3.28 3.27 3.22
C4H10 2.99 2.87 2.96 2.81 2.76
C4HB= 4.19 4.26 4.49. 4.33 -4.27
C5H12 3.33 3.14 3.24 3.09 3.02
C5HLO0= 3.97 4.04 4.14 4,12 3.99
CoH14 3.93 3.65 3.83 3.68 3.59
C6Hl2= & CYCLO'S 3.10 3.14 2.54 3.44 3.43
C7+ IN GAS 16.70 17.21 17.64 17.03 16.99
LIQ HC'S ‘ 29.38 28.60 26.38 26,89 24,81
TOTAL 100.00  100.00  100.00 100.00 100.€0
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Cl -C4 * 39,59 40.23 41.33 41.76 44,17

C5 =420 F 44,18 44,16 44,10 43,39 42.09
420-700 F 14.34 13.85 12,88 13.13 12.19
700-E2D PT 1.90 1.77 1.69 1.73 1.56
C5+END PT 60.41 59.77 58.67 58.24 . 55.83
ISO/NORMAL, MOLE‘RATIO ) -
c4 0.1347 0.1246 0.1190 0.1075.  0.1034
- C5 0.2460 0.2134  0.2082 0.1971  0.1836
co6 ’ 0.3662: 0.3108 0.3127 0.2856 0:2732
Ch= . . 0.G300 0.0000 0.0000 0.0000 0.0000
PARAFFIN/OLEFIN RATIO T . . -
c3 ' 1.1761  1.0664 *© 1.0941 1.06573  1.0516
> Ch 5 0.6889 0.6509 0.6358 0.6267 = 0.6244
© C5 0.8144  0.7569. 0.7612 0.7272 0.7353
LIQ HC COLLECTION :
PHYS. APPEARANCE CIDY L. BL CLDY L BL CLDY L BL CIR LT BL
DENSITY ' 0.759 0.761 - , 0.762 0.762
N, REFRACTIVE INDEX 1.4279  1.4276 1.4279  1.4280
SIMULT'D DISTILATN ’ '
IOWI'7% @DEG F 301 302 - 302 303
16 328 - - 328 330 331
50 445 443 445 . 445
84 618. 604 612 608
%0 . ) Y 665 ¢ 657 661 659
. RANGE(16-84 7)., 290 276 282 . 277
WI % @ 42G°F 44.75 45.40 44,75 44,60

WI.% @ 700 F 93.55 93.82 93.58 93.73
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TABLE 20 RESULT OF SYNGAS OPERATION

RUN*NO.  10112-18

CATALYST CO/X3+UCC-101 #10252-75C 80 CC 36.0 GM (37.8 AFTER RUN +1. BG)
. FEED H2:CO:ARGON OF 50: 50 .0 @ 400 CC/MN OR 300 GHSV

RUN & SAMFLE NO. 10112-18-09 112-18-10 112-18-11 112-18-12 112~18-14

FEED H2:C0:AR
HRS ON STREAM
PRESSURE, PSIG
TEMP. C

@f ATOM OXYGEN %
RATIO CHX/(H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATTO C02/(H20+C02)
K SHIFT IN EFFLNT

CONVERSTON
ON CO %
ON H2 %
ON COH12 %
PRDT SELECTIVITY,WT %
. CH4
C2 HC'S
C3H8
C3H6=
C4H10
C4HB=
C5H12
CSH10=
C6H14
C6H12= & CYCLO'S
C/+ IN GAS
LIQ HC'S
TOTAL

St L ]

50:50: 0 50:50:20 50:50: 0 50:50: 0 50:50: O

124.5
299
271

400

5.58
86.53
10.47

2.38

100.14
96.37
101.33
0.9533
2.5593
2.0551
0.0696
0.04

25.85
56.46
40,86

25.43
3.86
3.51
3.23
2,72
4.27
2.98
3.97
3.57
3.38

18.58

24,51

100.00

144.3
288
271

400
25.33
396.47
47.52
10.79

100.32
96.60
101.97
0.9347
2.5738
2.0605
0.0685
0.04

. 25.30
55.90
40.31

26.18
4.01
3.47
:3.26
2.70
4.23°
2.95
4.00
3.56
3.47
17.19
24.98

151.3
289
271

400
7.00
110.19
12.63
2.83

100.07

96.09
101.23
0.9527
2.5711

2.0630 -

0.0687
0.04

24.97°

54.89
39.62

26.05
4.01
3.42
3.21
2.68
4.22
2.9
4.02

- 3.54
3.44

167.0
289
271
400

22.75
361.67
41.06
9.21

101.30.

97.28
101.91
0.9754
2.5635
2.0647
0.0688

0.04

25.25
. 54.92
39.78

18.38._.»~ 19.27

24,09

100.00 100.00
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23.51
100.00

191.0 -
294,
271

400
24.00
374.70
48.19
10.68

100.06
98.28
102.97
0.8913
2.5309
2.0473
0.0630
o.OLl"

25.49
56.16
40.68

25.98
100.00




. SUB-GROUPING .
C1L -Ch 43,01 43.85  43.59  43.17  41.00

C5 -420 F 43.23 . 42,13 42 .44 43.19 43.80
420-700 F * 0 11.89 12.12 11.87 11.59 13.22
700-END PT 1.87. 1.90 2.10 2,05  1.97
. C5+END FT - 56.99 56.15 .  56.41 56.83 ¥ 59.00 "
ISO/NORMAL MOLE RATIO
s Ch oo 0.0966  0.1067 0.1005 0.0936  0.0869
C5 0.1848  0.1732  0.1735 0.1569  0.1493
¢ s, CH 0.2723  0.2535  0.2491  1.2749 » . 0.2350
HCh= 0.0000 .0.0000 0.0000 0.0000  0.0000
PARAF"]N/OLEF]N RATIO :
c3 1.0369 , 1.0162  1.0187  0.9653  0.9939
C4 0.6154  0.6163 . 0.6133  0.5832  0.5915
c5 0.7286  0.7166 ~ 0.7109 0.6421  0.7098
LIQ HC COLIECI‘ION -
PHYS. APPEARANCE CLDY L BL CLDY L BL CLDY L BL
DENSITY 0.762" - 0.763 . 0.762
N, REFRACTIVE INDEX . ¢ 1.4285 1.4290 , 1.4286
SIMULT'D DISTILATN : “
10WT % @DEG F 300 304 - 304
16 ) 2 - 332 N 340 340
50 - 443 " 452 453
84 " 3 624 _ 634 629 -
£ 90 , - o - 673 T, 688 676
RANGE(16-84 %) 292 -294 289.
WL 7% @420 F 43.86 43,86 42.00 - 42,00 - 41.50

WI7Z@700F 92.38 92.38 ==91.27 91.27 92.40
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X. RUN 9 (10225-8)'with Catalyst (Co/Th/XL, + UCC- 101{)

Thls is the fourth of five catalysts treated with a metal
adaitive. The,metal comporent was composed of cobalt with 15
percent thorium, impregnated with 15 percent of a metal additive.
Thls was phy51ca11y mixed with UCC 101 in a MC: SSC ratio of 3:14,
bonded with 15 percent SiOj, and formed as an extrudate.

Conversion, product selectivity, isomerization of the pen-
tane, and percent oleﬁ}na of the C4's are plotted agéinat'time cn
stream in Figs.’ﬁh6~149. Simulated distillations of the Cs* pro-
duct for four samples are plotted in Figs. 150-153, Carbqa nium-
ber product distributions are plotted in Figs. 154-173. Chro-
matograms from simulated distillations are reproduced in Figs.
174-180. Detailed material balances appear in Tables 21-28,

This catalyst shows certaln important advantages over the

‘standard cobalt/thorlum catalysts tested heretofore. The most

notable result of this test is the unusually long run of 480
houre&on stream.. Initially the conversion was 75.2 percent,
about tae same as the 75.7 percent of Catalyst 5. “But since it
deactivated only one-quarter as rapidly as Catalyst 3, the activ-
ity of ‘this catalyst was still as high after 480 hours (even in

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

‘Catalyst 3 was after 122 hours, .:fhe additive in this catalyst

has endowed it with far greater stability than that of'aty other
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cobalt catalyst ﬁested to date. The water gas shift activity,
however, is still low: 37 percent initially, falling-to 22 per-
cent for most of the run, again about thg same as for Catalyst %f?
(37 and 20 percent). . . . E W

Thé selectivity was also far more stable than with other

cobalt catalysts. Initially the selectivity to methane was the

R

- same as that of ﬁatalyst 3; but since iﬁ.increased less than 40
percent as fasti$Fhis~catalyst produced ;o more methane at 480
hours on stream than Catalyst 3 did at 180 hours. The production
of Cy-C4 was also the same initially as for Catalyst 3, -but it :
increased at a higher rate; after 180 hours on stream this cata-
lyst préduced about 33 percent more C3-C4 than did Cétalyst 3.
These twe trends.éffset each other, so that the yields of total -
Ci—C4, and of Cs* as well, were about the same."

Similarly, the gasoline selectivity was initially about the
same as for Catalyst 3, but it dropped so much more slowly that
it was better for this cgtalyst after 480 hours on sﬁ;eam than. -
for Catalyst 3 after 24 hours. églectivities for both diesel o0il |
aﬁd heavies.were initially about 15 percent lower than those of_
Catalyst 3, and remained lower throughout the run. )

One clue to some of this catalyst's activities is thg olefin-
ic content of the C4's. Initially this was a little lower than
for Catalyst 3; but instead of falling off, as usually happens,
if increased slightly, then held steady for the rest of the runm.
After 60 hours on stream the C4 fraction of this catalyst was

more clefinic than that of Catalyst 3.
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" Ispmerization of the pentane was lower than that of Catalyst

gy =

3, andf the chromatograms of the 51mu1ated distillations show that

this whs also true of the liquid product.

Inétial production of total motor fuels‘was a high 67 per-
cent, and though it dropped to 52 percent by 480 hours on stream
it was stlll an improvement over Catalyst 3.

The liquid product’contalneo no wax, the first time that this
has hagpened with a Co+UCC-101 catalyst. The’ absence of wax is
reflected in the lower pour pOldt of the heavier fuel fractions:
the podr points - of the jet fuel and diesel oil were ~10F and 20F
respectgvely, as against @F and 50F for Catalyst 3. In light of
the 1owllsomerlzatlon, and ‘the lack of carbon number cut-off
shown 1L the Schulz-Flory plots, this finding is hard to explain,
P0551Dly it is due to the higher olefin content: 48 and 36 per-
cent respectively in the gasoline and jet fuel fractions, as
againstf36 and 32 percent for Catalyst 3.

I\

Thi% formulation is a‘major improvement in cobalt F~T cata-

l

lysts. |(The additive used has improved the quality of the cata-
lyst's pFoduct, and significéntly extended the catalyst's life

'
and stability.
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TABLE 21 RESULT OF SYNGAS OPERATION

RUN NO.  10225-08

CATALYST €O0/TH/X4+UCC-101 #10252-48C 80 CC 35,8 GM (40.6 AFTER RUN +4.8G)

FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10225-08-01 225-08-02 225-08-03 225-08-04 225-08-05

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

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

MATERTAI, BALANCE
GM ATOM CARBON %
GM ATQM HYDROGEN 7%
GM ATOM OXYGEN %

i1 RATIO CHX/(H20+CO2)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO CO2/(H204C02)
K SHIFT IN EFFLNT

CONVERSION
ON CO %
oN H2 %
ON COHi2 %
PRDT SELECTIVITY,WT %
CHG
C2 HC'S
C3H8
C3H6=
C4H10
C4H8=
C5H12
CSH10=
CoHl4 -
CEHI2= & CYCID'S
C7+ IN GAS
LIQ HC'S

TOTAL

17.0
299
279

400
17.00
149.15
40.72
23.54

88.40
95.03
90.30
0.9576
2.3387
1.3004
0.36382
0.33

67.21
82.61
75.19

14.00
2.89

3.43

2.75
2.70
4.30
3.13
4.26
3.69
0.28
13.10
45.48

100.00

24.0
301
270

400
7.00

Y 67.50

18.20
8.55

92.22
99.12
96.94
0.8996
2.3622
1.3261
0.3452
0.29

63.39
81.37
72.71

15.13
3.21
3.55
3.15
2.73
4,77
3.08
4.76
3.59
0.35

15.00

40.68

100.00

~ 254 -

42,5
304
270

400
25.50
254.92
66.30
31.15

93.38
100.49
95.94
0.9427
2.3601
1.4072
0.3097
0.24

59.86
80.07
70.34

15.36
3.20
3.35
3.20
2.49
4.66
2.70
4.85
3.06
2.56

13.71

40.86 .

100.00

48.0
303
270

400

5.50
57.93,
14.38

5.95

94.53
101.36
98.54
0.9105
2.3854
1.4092
0.3071
0.24

57.74
78.66
. 68.57

16.44
3.41
3.55
3.41
2.63

5.05

2.88
5.20

3.22°

2.77
14.20
37.24

100.00

50:50: O 50:50: O 50:50: 0 50:50: 0 50:50: 0

66.5
305
270

400
24.00
255.03
62.74
25.95

94.76
101.85
97.44
0.9384
2.3837
1.4609
0.2855
0.21

56.16
78.25
67.60

16.53
3.37
3.41
3.38
2.47
4.82
2.68
5.03
3.02
2.75

15.29

: 37 -23

100.00




SUB-GROUPTNG

Cl -C4

C5 ~420 F

420-700 F

700-END PT

C5+~END PT
TSO/NORMAL MOLE RATIO

Ch

c5
c6
Cl=
PARAFFIN/OLEFIN RATIO
C3 -
Ch
c5
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
STULT'D DISTILATN
10WT % @ DEG F
16
50
84
%0

RANGE(16-84 %)

WT % @ 420 F
WT % @ 700 F

30.08  32.54  32.26  34.48  33.99
50.88,  49.62  49.82  48.50  48.99
16.31°  16.13  16.20  14.69  14.68

2,737 1.72 1.72 2.33 2.33
69.02  67.46  67.74 . 65.52 . 66.01

0.2051  0.1861  0.1585 0.1514  0.1381

0.42903  0.3750  0.2930  0.2795  0.2473

0.8211  0.673%  0.5040  0.4820  0.4246

0.0000 0.0000 0.0000 0.0000  0.0000

1.1915  1.0750  0.9995 - C.99%44  0.9633

0.6064  0.5527  0.5159  0.5020  0.4953

0.7138  0.6296  0.312  0.5391  0.5182

CLR OIL - CiR OI1L - CLR OIL

0.748 0.756 0.757

1.423% 1.4255 1.4268

26 261, 262
267 289 203
394 403 408
579 573 599
643 629 654
312 284 . 306
58.14  .56.14 56.14  54.29 54.29
9%.00 95.78  93.73  93.73

95.78

- 255 -



"RESULT OF SYNGAS OPERATION

TABLE 22
RUN NO.  10225-08

CATALYST CO/TE/X4+UCC-101 #10252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G)

FEED HZ:ﬁO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

ey

- RN & SAMPLE NO.

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

FEED CC/MIN
HOURS FEEDING
EFFINT GAS LITER
GM AQUEQUS LAYER
@1 OIL

MATERTAL BALANCE
@4 ATOM CARBON %
GM ATOM HYDROGEN %
GM ATOM OXYGEN %
RATIO CHX/(H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO €02/ (H20+C02)
K SHIFT IN EFFLNT

CONVERSION
ON CO %
OoN H2 %
ON COH12 %
PRDT SELECTIVITY,WT %
CB4
C2 HC'S
C3H8
C3H6=
C4H10
CAHB=
CSH12
C5H10=
CéHl4
C6Hl2= & CYCLO'S
C/+ IN GAS
LIQ HC'S

TOTAL

10225-08-06 225-08-07 225-08.03 225~-08-09 225-08-10

50:50: O 50:50: 0 50:50: 0 50:50: 0 50:50: O

74.0
297
269

400

7.50
79.75
19.61

7.56

93.21
100.57
96.98
0.9125
2.3949
1.4684
0.2790
0.21

55.09
77.73
66.84

17.04
3.37
3.59
3.52
2.58
5.14
2.71
5.07

3.04 .

2.82
15.14
35.98

100.00

90.5
305
270

400
24.00
263.30
62.74
24.19

94.65
102.34
97.84
0.9253
2.4039
1.4913
0.2716
0.20

54.03
76.85
65.88

17.47
3.50
3.60
3.60
2.59

. 5.20
2.72
5.20
3.02
2.91

14,42

35.77

100.00

~ 256 -

93.0
297
270

400

7.50
84.90
19.46

8.31

98.13
105.12
99.36
0.9711
2.3948
1.5017
0.2729
0.20

53.97
76.54
65.84

17.10
3.39
3.50
3.49
2.52
5.07
2.68
5.17
2.9
2.87

© 13.63

37.63
100.00

114.5
300
270

400
24,00
273.70
62.26
26.60

98.43
105.58
99.15
0.9827
2.3978
1.5236
0.2646
0.20

53,37
. 76.32
65.25

122.0
301
270

400
7.50
86.45
19.34
6.90

96.41
103.48
99.23
0.9324
2.4215

© 1.5203
~0.2619

0.19

51.71
75.32
63.93




SUB-GROUPING

Cl -C4 35.24
C5 -420 F 48.12
420-700 F . 14.33
700-END PT o231
C5+~END PT 64.76
ISO/NORMAL MOLE RATIO
ch 0.1383
C5 0.2618
Ccé 0.4066
i Ch= 0.0000
PARAFFIN/OLEFIN RATIO
C3 ) 0.9740
C4 i 0.4851
CS 0.5197

LIQ HC COLLECTION
PHYS. APPEARANCE -
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
I0WL %Z @DEG F
16
50
84
90

RANGE(16-84 %)

WL % @420 F 53.75
Wr%e70F 93.58

35.96
47.50
14.25

2.30
64.04

' 0.1285

0.2376
0.3654
0.0000

0.9566
0.4814
0.5081

CIR OIL
0.758
1.4267

263
296
410
600
656

04

53.75
93.58

- 257 -

35.08
47.61
15.12

2.19
64.92

0.1262
0.2325
0.3565
0.0000

0.9565
0.4798
0.5036

54.00 -

94.18

5.30
47.51
15.10

2.19
64.80

0.1210
0.2182
0.3338

0.0000 -

0.9582

0.4758 -

0.5013 .

CIR OIL
0.756
1.4265:

263
296
Y410
506
651

300

54.00
94.18

37.23
48.39
12.41

1.97
62.77

" 0.1154
- 0.2199.
0.3208

0.0000

0.9481
0.4752
0.4852

56.60
94.06



TABLE 23 RESULT OF SYNGAS OPERATION

RUN NO. 10225-08

CATALYST CO/TH/X4+UCC-101 #10252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.86G)
FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO.,  10225-03-11 225-08-12 225-08-13 225-08-14 225-08-15

FEED H2:C0:AR 50:50: 0. 50:50: O 50:50: 0 50:50: 0 50:50: 0
HRS ON STREAM .. . 138.5 146.0 162.5 170.0 185.0
PRESSURE,,PSIG 302 302 295 299 . 299
TEMP. * C 270 270 270 270 - - 270
FEED CC/MIN 400 400 400 400 400
' BOURS - FEEDING 24.00 7.30 24,00 7.50 22.50
EFFINT GAS LITER . 278.80 86.60 282.00 87.10 268.15
&M AQUEOUS LAYER . 6L.90 19.10 61.13 19.20 57.59
&1 OIL 22,09 7.46 23.87 6.82 20.47
MATERTAL, RALANCE :
M ATOM CARBON % 96.60 97.18 97.21 96.20 96.91
GM ATCM HYDROGEN 7%  103.52 103.95 104.88 103.91 105.03
@1 ATOM OXYGEN % 99.48 98.44 98.61 97.80 99.01
RATIO CHXX/(H20+C02) 0.9304 0.9693 0.9654 0.9604 0.9481
RATIO X IN CHX 2.4317 2.4168 2.4226 2.4258 2.4537

USAGE H2/CO PRODT  1.5331  1.5462  1.5594  1.5724  1.5772
RATIO CO2/(H20+002) 0.2572  0.2548  0.2480  0.2424 0.2433

K SHIFT IN EFFLNT 0.19 0.19 0.19 0.18 0.18
. CONVERSION
ONCO % 51.04 51.48 30.71 50.53 49.81
oN H2 7 75.15 75.35 74.34 74.77 74.06
ON COHI2 7 63.51 63.82 62.98 63.12 62.42 -
PRDT SELECTIVITY,WT 7
Ct4 18.83 18.20 18.53 18.49 19.99
C2 HC'S 3.79 3.60 3.47 3.69 3.83
C3H8 3.67 3.64 3.56 3.69 3.70
C3t6= 3.75 3.65 3.65 4.06 3.84
C4H10 2.60 2.53 2.51 2.72 2.57
C4HB= ) 5.41 5.10 5.19 3.7C 5.26
C5HL2 2.69 2.55 2.58 2.81 2.63
C5F10= © 5.21 5.19 5.24 5.74 5.46
C6H14 2.90 2.77 , 271 2.91 2.81
C6H12= & CYCLO'S 3.01 2.88 2,92 3.08 2.98
C7+ IN GAS 14.78 14.70 14.08 14.29 13.80
LIQ KC'S - 33.37 35.20 35.56 32.82 33.11

TOTAL 100.50 . 100.00 100.00 100.00 100.00

v

- 258 -



SUB~GROUPING

Cl -C4 38.05

C5 -420 F ' 47.47

420-700 F 12.50

700-END PT 1.98

C5+~END PT 61.95
ISO/MORMAL MOLE RATIO

C4 T 0.1091

c5 0.2044

Cb : 0.3098

Ch= .. 0.0000
PARAFFIN/OLEFIN RATIO

c3 0.9338

C4 *0.4651

C5 0.5019

LIQ HC COLLECTION
PHYS - APPEARANCE CLR OIL
DENSITY 0.757
N, REFRACTIVE INDEX 1.4266
SIMULT'D DISTILATN

10 WT % @ DEG F 259:
16 . 291
50 402
84 584
90 648
RANGE (16-84 %) 293
W% @420F 56.60

W % @ 700 F 94.06

36.71
48.01
13.20

2.07
63.29

0.1083
0.2101
0.2929
0.0000

0.9506
0.4787
0.4779

56.60
94.11

- 259 -

36.91
47.66
13.34

2.09
63.09

0.1088
0.1939
0.2918

~ 0.0000

0.9323
0.4663
0.4785

CLR OIL
0.757
1.4267

259
292
402
" 582
647

290

56.60
94.11

-~

4

38.35
47.32
12.34

2.00
61.65

0.1339
0.1996
0.2973
0.0000

0.8663
0.4600
0.4760

56.33

93.92

- 39.20

46,34
12.45

2.01
60.80

0.0963
0.1680
0.2642
0.0000

0.9195
0.4719
0.4687

CIR OIL
0.752
1.4269

259
295
403
585
649

290

56.33
93.92



TABLE 24 RESULT OF SYNGAS OPERATION

RON NO,  10225-08

CATALYST CO/TH/X4+UCC-101 #£10252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4.8G)

FEED H2:CO: ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10225-08-16 225-08-17 225-08-18 225-08-19 225-08-20

FEED H2:C0:AR
HRS ON STREAM
PRESSURE,PSIG
TEMP. C

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

MATERTAL BALANCE
GM ATOM CARBON %
GM ATOM HYDROGEN %
@1 ATOM QXYGEN %
RATIC CHX/(H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO €02/ (H20+02)
K SHIFT I EFFLNT

CONVERSTON
ON CO %
N H2 7%
PRDT SELECTIVITY,WT 7
cH4
C2 HC's
C3H8
C3té=
C4H10
C4Hs=
C5H12
C5H10=
C6H14
C6H12= & CYCLO'S
C/+ IN GAS
LIQ HC'S

TOTAL

50:50: O 50:50: 0 50:50: 0 50:50: 0 50:50: O

192.0
302
270

400

7.00
83,95
17.72
6.23

,98.08
105.40
99.14
0.9735
2.4492
1.5822
0.2443
0.18

49.88

74.23
62.49

209.0 .
296
270

400
24.00
290.25
60.74 .

21.37

96.96
105.74
98.68
0.9571
2.4589
1.5897
0.2398
0.18

49.31
73.17
61.75

20.27

3'85
3.71

- 260 -

215.0
305
270

400

6.00
72.70
15.08
4.97

96.64
104.95
98.53
0.9512
2.4631
1.5912
0.2389
0.18

48.82
73.00
61.41

20.41
3.93
3.75
3.84
2.62
5.47

2.68 ’

© 5.61
2.86
3,13

15.03

30.67

100.00

234.5
304
270

400
25.50
311.95
64.09

21.11

97.38
105.83
98.86
0.9627
2.4650
1.6010
0.2364
0.18

48.68
72.83
61.26

20.50
3.9
3.73
3.88
2.58
5.31

2,61
5.46
2.85
3.13

15.62

30.39

100.00

241.0
300
270

400

6.50
87.10
16.34
5.34

105.42
112.14
105.42
0.9999
2.4752
1.5893
0.2504

0.19

48,07
71.81
60.31

20.99
3.98
3.81
3.90
2.65
5.47
2.69
5.62
2.91
3.20

16.48

28.30

100,00




SUB-GROUPING

Cl -C4 39,16 39.47 40.02 39.93 40,80
C5 =420 F ) 46.94 46.31 46,61 46,82 46,92
420-700 F 12.01 12.28 11.45 11.34 10.47
700-END PT 1.89 1.93 1.92 1.91 1.81
CS~END PT 60.84 60.53 '59.98 60.07  59.20
ISO/NORMAL MOLE RATTIO
C4 0.1001 0.0960 0.1000 0.0910 0.0941,
C5 ' 0.1740 0.1672 0.1634 0.1613 0.1648
cé 0.2529 0.2579  0.2527 0.2502 0.2486
Ch= 0.0000 0.0000 0.0000 0.0000 0.0000
PARAFFIN/OLEFIN RATIO ’ &
c3 0.9508 0.9406 0.9303 “~ 0.9188  0.9317
C4 0.4695 0.4679 0.4615+ 00,4679 - 0.4680
c5 0.4752  0.4789  0.4648 - 0.4653 0.4660
LIQ HC COLLECTION
PHYS, APPEARANCE - CIR OIL - CLR OTL -
DENSITY 0.757 0.758
N, REFRACTIVE INDEX 1.4268 1.4270
SIMULT'D DISTILATN o
10WT % @DEG F " 260 ' 260
16 208 298
50 403 403
84 582 583
%0 647 649
RANGE(16-84 %) 284 285
WI%@420F 56.33 56.33 56.40 56.40 56,60

WI7%@700F 94.06 . 94.06 93.73 93.73 93.60

- 261 -



TABLE 5‘%
RUN NO.  10225-08

RESULT OF SYNCAS OPERA'TION

CATALYST CO/TH/X4+UCC-101 #10252-48C 80 CC 35.8 GM (40.6 AFTER; RUN +4, 8G)
FEED H2:CO: ARLON OF 50:50: 0 @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO.

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

FEED CC/MIN
HOURS FEEDING
EFFLNT GAS LITER
&M AQUECUS TAYER
@ OIL

MATERTAL BALANCE
GM ATOM CARBON %
GM ATOM HYDROGEN %
M ATOM OXYGEN 7
RATIO CHX/(H20+C02)
RATIO X IN CHX
USAGE, H2/CO PRODT
RATIO C02/(H20+C02)
K SHIFT IN EFFLNT

CONVERSION
ON CO %
ON H2 %
ON COHI2 %
PROT SELECTIVITY ,WT %
A
C2 HC'S
C3H8
C3H6=
C4H10
C4HB=
C5H12
C5H10=
CoH14
C6HlZ= & CYCLO'S
C7+ TN GAS
LIQ HC'S

TOTAL

10225-08-21 225-08-22 225-08-23 225-08- 24 225—08 25

50:50: 0 50 50: 0 50:50: 0 50:50: 0 50:50: 0

258.5
297
270

400
24.00
297.65
60.34
19.72

08.38
107.24
99.08
0.9821
2.4603

1.6179 -

0.2310
0.17

48.47
72,46
60.98

£100.00

© 264.5
300
270

406
6.00
76.20

14,32

4.23

96.72
105.31
98.79
0.9459
2.4805
1.5785
0.2472
0.20

47.25°
70.06
59. 14

- 262 -~

281.5
301
270

400
24.00
308.15
57.28

97.23

105.94
98.82
0.9579
2.4927
1.6105
0.2365
0.19

46. 43

100.00

288.5
304
269

<400
! 6.00

- 78.65 -
~ 14.26
16.90

3.81

98.69
106.42
100.26

. 0.9584

2,5032
1.6116
0.2380

0.19

45.81
69.64
58.17

21.%6.

4.45
4.37
4.32
2.95
6.00
2.80
5.60
2.98
+3.25
'16.85
24.46

100.00

307.5
305
269

400
25.00

~325.20

59.43
15.89

97.96
105.28
99.65
0.9548
2.4909
1.6277
0.2277
0.18

44,98
69.44
57.65

21.47
434
424
4.22
2.78
5.82
2.68
5.59

2,92
3.42

17.60
24.91

- 160,00




SUB-GROUPING

Cl -C4 39.47

C5 -420 F 47.62

420-700 F 11.01

700-2D PT . 1.90

C5+~=IFND PT 60.53
ISO/NORMAL MOLE RATIO

4 0.0914

C5 0.1573

c6 0.22%

Ch= 0.0000
PARAFFIN/CLEFIN RATIO

Cc3 "0.9297

C4 0.4685

C5 0.4672

LIQ HC COLLECTION .
PHYS., APPEARANCE CIR OIL
DENSITY 0.756
N, REFRACTIVE INDEX 1.4271
SIMULT'D DISTTLATN

10 WL % @ DEG F 260
16 299
50 , 403
& 583
90 650
RANGE(16-84 7) 284
W% @420F 56.60
W7 @&700F 93.60

42.07
46.11

110.09

1.74
57.93

0.0965
0.1555
C.2534

0.9526
0.4836
0.4868

56.40
93.60

- 263 -

42.58
45.60
10.09

1.74
57.42

0.0872
0.1631

. 0.2323
0.0000 _

0.0000

0.9664
0.4801
0.4702

CLR OIL
0.755
1.4276

262
299
403
583
649

284

56.40
93.60

53.10

92.80 .

42.88
45,44
9.89
1.79
57.12

0.0448
0.1414
0.2181
0.0000 -

0.9590
0.4617
0.4665

CIR OIL
0.755
1.4277

273
302
513
602
665

300

53.10
92.80



TABLE 26
RUN NO.  10225-08

CATALYST CO/TH/X4+UCC-101 #10252-48C 80 CC 35.8 GM {40.6 AFTER RUN

RESULT OF SYNGAS OPERATION

FEED H2:CO:ARGON OF 50:50: 0 @ 400 CC/MN OR 300 GHSY

RUN & SAMPLE NO.

FEED H2:CO:4R
HRS ON STREAM
PRESSURE,PSIG
TRMP. C

FEED CC/MIN
HOURS FEEDING
EFFLNT GAS LITER
GM AQUEOUS LAVER
@1 OIL

MATFRTAT. RALANCE
GM ATOM CARBON %
GM ATOM HYDROGEN %
GM ATOM QXYGEN %
RATIO CHX/(H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO C02/(H20+C02)
K SHIFT IN EFFLNT

CONVERSION
ON CO %
ON H2 %
O QOH12 %
PRDT SELECTIVITY,WT %
e

ChH12= & CYCLOD'S
C7+ IN GAS
LIQ HC'S

‘TOTAL

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

50;50:'0 50:50: 0 50:50: O 50:50: 0 50:30: O

313.5
302
269
400
6.00

78.85
14.15
3.66

97.39

105.36

99.64
©0.9395
2.5022
1.6229

1 0.2284
0.18

44,53
68.53
57.00

330.5
295
269
400

23.00
300.75
54.26
14.02

96.57
104.62
99.21
0.9286
2.5118
1.6301
0.2260
0.18

44.16
68.50
56.82

22.45
4.60
4.22
4.27
2.87
5.77
2.66
5.53
2.85
3.23

16.80

2475

100.00

337.0
297
269
400
€.50

85.10
15.12
4.01

96.73
105.40
98.31
0.9568

2.4835-
1.6245.

0.2281

0.19°

44.77
67.96
56.86

20.78
4.51
4,32
4.35
3.20
6.41
2.68
5.72
3.27
3.38

16.77

24,62

100.00

354.8
299
269
400

24,25
318.15
56.39
14.96

97.05
104.19
99.18
0.9415
2.5167
1.6368
0.2259
0.18

43.85
68.54
56.63

361.5
296
269
400
6.75

89.32
15.73
3.92

97.47
104.64
99.61
0.9412
2.5147
1.6413
0.2235
- 0.17

43.55
68.25
56.34

22.60
4.51
4,19
4,38
2.88
6.00
2.82
5.60
2.95
3.40

17.11

23.55

100.00

+4.8G)

R




SUB~-GROUPING

C1 -C4 "43.35
CS -420 F 45.24
420-700 F 9.65
700-END PT 1.75
C5~END PT 56.65
TISO/NORMAL MOLE RATIO
C4 ' 0.0871
C5 - 0.1433
6 0.2223
Ch= 0.0000
PARAFFIN/OLEFIN RATIO
C3 0.9560
. Ch 0.4841
C5 - 0.4674
LIQ HC COLLECTION ~
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
IOWT 7 @DEGF
16
50
84
90
RANGE(16-84 T)
WL 7 @ 420 F 53.20

WL % @ 700 F 92.80

- 265 -

43,57

4418
44,24 44,98
9.80 9.77
1.78 1.67
55.82  56.43
© 0.0853 0.1376
0.1379 # 0.1345
0.2176*  0.2912
0.0000 . 0.0000
0.9423  0.9475
0.4801  0.4813
0.4683  0.4560
CLR OIL
0.757
1.4273
273
302
412
601
665
299
53.20 53.50
92.80 93.20

P
-

44,62
43.74
9.93
1.70

55.38 -

0.0815
0.1522
0.2079
0.0000

0.9077

0.4648

0.4918

CLR OIL

0.755
1.4274

271
302
412
596
656

294

-+ 53,50

93.20

i

o R R
Bin
0l

FE

55.43

0.0795
0.1550
0.2065

0.0000

0.9137
0.4636
0.4894

53.80
193,90



CTABLIG 2
RUM B, B850

CATRLTET  CO/TI/AA400 =101 FILS2-680 10 G0 5% 1 G (AL AFTER RUN t4 00

WIESULT OF 8YMCAS ORI LOM

FIg HY 0O ARGOIE OF St 90y (@ADL CUJHEE 0”30 Gy

WU b SAMPLE BA), JOZ2 G- i=51 A=D1

FIRI $12 1013 A
R ROl
ARSI, 500
TR,

PR CONHLH
ARG PRI
FIFLIE G 1,105
4RI RRS AT
(i on ‘

MRIEICLAL BALALIE
L4 R LRI
CHRTOM 3T 3 7,
Gl AT LR 7
RATTO G/ GREDICO2)
BATIO R 1 CHE
At V2 v i
BET 1 00 ] (201
AL TG T

UIRIVEIRH TR
e co
TIRIZAA
PREA I VA
MUn LGV ery o
I
U7 bk H
PRtL
(-
VIS
(Al
6ol
enlo-
MO
GOHE2= Loty
G74- T CGAR
L ety

TUEAL

Hirg oo
ok A

Pl 220000

L25-0l=35

50508 0

YA
30
200

A0
29,17
RN ]
WA
1, ol

s

0.0
1. 0h
11,9445
2.9
(NI
1,421

(.17

RIS
I
h’“n ] /

2.0
“hinh
Aol
hohe
LD
.05
2.1
H.04)
7.,40)
1.0
17.4
AU

HVRE

Hh0 0

YL
M
200

L0
LS
T{PRD]
l l -.‘.l'l‘

NN

YRS
Y O
J. 20
TRIVAN
AN YA]
| 4A0GE
0,220

',l 17

/;:J,f‘./_

TAREN
B5, 00

25020
Mt
1)
/)
"I.l',"
£
2.0
S
T
VAY

1), B

LY ERE

oL G0

200

a0 U

H2LA
YAVE
Y

/iK)
RN
AP
5L HY

LY
it

1ty UMD
104,01
i 20
TR $YIH
R LY
| A
.21uh
a7

AP0
‘J/n“l

R

2071
h.17
Ao
Al
ARV
G507
Y
"l“l/l
Rl
SPR N
“'u "')

J2.04

10,00

5035008 )

0.0
N
04

i)
PN}
[0, 20
Y
h. Al

Wy h
10y
LIRS
() B
PR
IRETL
TR

1/

A o/h
07.A1
5.0

o9l
IR
i A
hy. 54
"ill.;l;
0,47
2.0
h00
YRTY
SPR 1|
14,0
21

LOUL LR

a{pantly )
26,0
W

6

HtR)
4,00
020
nh.)
1y, 4]

. ',",.’,’.l‘l
107,00
U
a9y
¢ N
N
2177
(,I ‘/

A 0%
('/ a I‘,:’l.

54,20

00
L
Mo
/111'1",
2.1l
fr.1¥)
d.
I
7.1
YU

16,17

240

.00




SUL=GROUIC TG
L =t
Gh oA
U700 1
JUOSEND
G i~=pMn e
[HO/MBMAL MOLE, RATIO
(¥
1
)
-
FARAFEIN/OLIIN HATIO
[$]
1
13
Pl B cnn e ton
FEVH . APVBARATICL
LEREY
M, RERACTIVED LHISKE
SIMUE D Dy
10 W56
I
")
¥

L9h
RALKINC LoV )

W% @A 1
WI LR 0

A, 50
HEERT

Yol

Ld =

v 1t
K590

g, 07454
U.taly
(U]
tHAHNR)

SRCEIR
04000
0,440

clde uLn,
U, /750

l.-"l :“.,r‘

&
OY
v‘l l z
LU
)

e

HRRLY
RS

LU

B S AN

A% 70
.00
Loy

B lh

U. 07
0. 15
0, 2008
U, oYY

0,440

0, A0
O Al

L el

CLI

07

0 L7
"'l .‘0 .rl
2. 14
‘ .rj| l
r‘l\ A‘.’...‘

IRIFH
TR
U 2
00008

1y
0,471
TR

(HEIBIEN
. /00
A2t

YA
1R
1P
Gl
Nl

S0

A

ERM

A7 0
al.\4
T
102

t . 3
.V‘r':c\.."l

URIFOE

U ang -
Dolttes

U0

Lo hn
“z'l'l'|'l.

1), hhtu

i ah
ER TR

I

P
ERNIV)
1.0i .

:‘“:”':‘

(L7 7L
1At
AN R
UL O

U, 2
L, Ann
1, gt

HETESIIR
0. 7/n/
LAazin

FHn
AN
Al
et
(M%)

MY

EXWAT
N



TABLE 28

RUN_NO, 10225—08

ChY ;LYST _ CO/TH/X&+UCC-101 #10252-48C 80 CC 35.8 GM (40.6 AFTER RUN +4,86G)

RESULT OF SYNGAS OPERATION

FEED - H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO.

FEED H2:C0:AR
HRS QN STREAM
PRESSURE,PSIG
TP, C

FEED CC/MIN
HOURS FEEDING
EFFLNT GAS LITER
GM AQUECUS LAYER
@ omL

MATERTAL BALANCE
@1 ATOM CARBON %
GM ATOM HYDRCGEN %
@ ATOM OXYGEN %
RATIO CHX/ (H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO 002/ (H20+C02)
K SHIFT IN EFFLNT

CONVERSION
oN CO %
oN H2 %
ON COHI2 %
PRDT SELECTIVITY,WT %
ci4
C2 HC'S
C3H8
C3H6=
c4H10
C4H8=
C5H12
CSH10=
CEHL4
CEH12= & CYCIO'S
C7+ IN GAS
LIQ HC'S

TOTAL

10225-08-36 225-08-37 225-08-38 225-08-39

434.0
302

"2 270

400
8.00
104.40
18.69
4.29

96.79
103.40
99.31
0.9312
2.5430
1.6440
0.2256
0.17

43.71
69.28
56.92

23.90
4.91
4,27
4.23
2.89
5.80
2.76
5.45
2.82
3.27

17.81

21.89

100.00

295
270

400
24.00
317.00
56.06
12.88

96.32
103.68
99.20
0.9202
2.5410
1.6612
0.2158
0.16

42.63
68.11
55.84

23.85
4.73

- 4.31

4.39
2.91
5.91
2.81
5.46
2.83
3.27
17.11
22.42 .

100.00

- 268 -

458.0
306
270

400
8.00
106.20
18.54
3.9

96.93
104.02
99.43
0.9309
2.5452
1.6553
0.2209
0.17

42,93
68.21
56.02

24.00
4.81
4.37
4.38
2.94
6.03
2.83
5.29
2.93
3.39

18.65

20.37

100.00

50:50: 0 50:50: 0 50:50: 0 50:50: O
450.0

480.0
297
270

400
30.00
410.80
69.51
14.79

99.22
106.04

£101.22

0.9444

2.5429 °
. 1.6645

0.2186
0.17

42.32
67.49
55.33

23.91
4.80
b.b4
4.55
3.01
6.23
2.87
5.75

2.85

3.64
17.86
20.09

I/‘
100.00"




SUB-GROUPTNG

Cl ~C4 46,00
C5 =420 F - 44,01
420-7G0 F . 8.49
700-END PT 1.49
CS=END PT 54.00
ISO/NORMAL MOLE RATIO
c4 0.0792
c5 : 0.1491
ch 0.1935
Ch= 0.0000 °
PARAFFIN/OLEFIN RATIO
c3 0.9634
Ch4 0.4818
CsS 0.4916
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
I0WTZ @DEG F
16
50
%
90
RANGE(16-84 %)
WI7Z@Q@420F 54.40
WL % @ 700 F 93.20

46.10
43.67
8.70
1.52
53.90

0.0761
0.1463
0.1968
0.0000

0.9367

0.4759 -

0.5008

(IR OIL
0.755
1.4272

265
301
410
595
657

2%

54.40
93.20

- 269 -

46,53
44,18
7.90
1.38
53.47

0.0788
0.1489
0.1838

0.0000

0.9517
0.4716
0.5208

54.40
93.20

46.95
43.89
7.79
1.37
53.05

0.0746
0.1459
0.1293
0.0000 -

0.9329
0.4669

- 0.4844
- CIR OIL

0.758
1.4274

267
301
411
595
656

294

54.40
93.20



XI. RUN 10 (10225-9) with Catelvst 10 (Co/X4 + UCC-101)

This catalyst is similar to Catalyst 9 except that the metal
component was formﬁlated differently. An extrudate of UCC-101,
bonded with 20 percent Alp03 was pore filled with a solution of
cobalt and the additive, to give 10 percent total metal on the
extrudate. Although the metal component contained no thorium, it
did contain 15 percent additive——thé same additive as in Catalyst
9, this time pore filled instead of physically mixed.

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time an
stream in Figs. 181-184. Simulated distillations of the Cs* pro-
duct for two samples are plotted in Figs. 185-186. Carbon number
product distributions are plotted in Figs. 187-195., Chromato-
grams from simulated distillations are reproduced in Figs. 196-
200. Detailed material balances appear in Tables 29-32.

The conversion was lower than normal, but rémained steady
after an initial deactivation. With its low cobalt loading this
catalyst contains only two-thirds as much cobalt as Catalyst 3,
yet at 170 hours an stream its activity per cobalt atom was 93
perceht of that of Catalyst 3, a fairly efficient use of the
cobalt. The water gas shift activity was lower than usual, only
10 percent of the oxygen having been rejected as COjg.

The selectivity remained steady throughout the run, although

- 270 -




it was never very good. Methane production was high, higher than
for Catalys% 9. Production of éafCA wvas also high, about the
same as for Cartalyst 9. The gasoiine yielé wvas about as high as
for Catalyst 9, and higher than for Catalyst 3. The diesel oil
production was much lower than fér Cétalyst 3; and there were
almost no heavies. ~In contrast to Catalyst 9's steady high pro-
duction éf olefiys, the olefin production of tﬁié catalyst was
low to start with, and fell off with hours on'stream. Isomeriza-
tion of the pentane was highly isomerized at first, but deacli-
vated rapidly to a level below that of Catalyst 3. The chromato-
grams of the simulated distillations show a decreaée of isomeri-
zation with time; at ail times the liquid was predominantly
straight chain hydfocarbons. The Schulz-Flory plots show the
usual excess methane and no carbon number cut-off’

This catalyst is inferior to Catalyst 9.
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Fig. 189

Plot of the Hydrocarbon
Product Distribution
for Sample 10225—-09—-086
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a_ Fig. 190
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Fig. 192

Flot of the Hydrocarbon
Product Distribution
- for Sample 10225~08—12
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Fig. 193

Plot of the Hydrocarbon
Produect Distribution
for Sample 10225--09—14
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~ Plot of the Hydrocarbdn
Product Distribution
for Sample 10525—-09—16
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Fign 195“

Plot of the Hydrcearbon
Product Distribution
for Sample 10225-09-18
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TABLE 29 RESULT OF SYNGAS OPERATION

RON NO. 10225-09

CATALYST CO/X4+UCC~101 #10252-63C 80 CC 36.0 GM (38 AFTER RUN +2.0G)
FEED H2:CO: ARGON OF 50:50: G*@ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10225-09-01 225-09~02 225-09-03 225-09-04 225-09-05

o —oees  romssesrsswsaess AIEISSIIIENINISST  SSSSMeIIoterT  SmmrmmmemmmmI

FEED H2:CO:AR 50:50: O
HRS ON STREAM 7.0
PRESSURE,,PSIG 292
TEMP. C " 271
FEED CC/MIN 400
HOURS FEEDING 7.00
" EFFLNT GAS LITER- - - - $6.00
M AQUECUS LAYER 13.20
M OIL - - 2.15
MATERTAL: BALANCE _
GM AT CARBON 7 85.03
GM ATOM HYDROGEN 7% 92.11
M ATOM OXYGEN % 89.55
RATIO CHX/(H20+C02) 0.8272
RATIO X IN GX . 2.5258

USAGE H2/CO PRODT  1.9019
RATIO CO2/(H20K02) 0,1058

= S

50:50: 0 50:50: 0 50:30: 0 50:50: O

23.5
303
271

400
23.50

- arT In

K SHIFT IN EFFLNT “0.08
CONVERSTON :
av co % . 28.68
oy H2 55.0L
ON COHI2 % 42.37
PRDT SELECTIVITY,WT %
CHls 21.30
C2 HC'S 3.04
C3H8 4.46
C3H6= 2.21
C4H10 5.05
CLHg= 2.87
C5H12 6.83
C5HL0= 1.57
C6HL4 8.50
CAH12= & CYCLO'S 0.77
C7+ IN GAS 23.63
1IQ HC'S 19.76

TOTAL 100.00

DOL. LU

44.33
7.21

. %.13
99.12
95.39

0.7988
2.5366
1.9288
0.0950

0.08

25.90
50.%
38.81

22.83
3.84
4.22
2.66
3.98
3.67
4.77
2.89
5.77
1.88

23.06

20.44

100.00

- 292 -

3L.0
299
271

400
7.50

“ns

126,50 -

12.43 .

2.9

98.50
104.06
99.69
0.9500
2.5241
1.9425
0.1036
0.09

25.42
47.85
36. 94

22.56
3.20
4.23
2.96
3.98
4.00
4.79
3.35
5.82
2.36

18.70

24.16

100.00

47.5
301
271

400
24.00

- ﬁl nt 7G

39.76
9'42

95.34
103.47
98.33
0.8733
2.5395

1.9446

0.0976
0.08

24.03
45.87
35.39

23.50
3.31
4.15

2.69 .

3.70
3.68
4.29
3.15
5.31
2.29
17.47
26.47

100.00

55.0
303

400
7.50

" 73.90

11.63
2.59

57.65
68.82
64.11
0.6829
2.4830
1.9557
0.0684
0.06

26.57
52.71
40.80




SUB~GROUPING ' .
cl -C4 ‘ 38.94 41.19 40.82 41,02 37.24

C5 =420 F* 50.58  47.08  44.84  43.27  4L.3L
420-700 ¥ 7976 10.09  13.85  15.18  20.29
700-END PT 0.72 0.7k 0.48 0.53 1.17
C5+END PT 61.06  58.81  50.18  58.98 .  62.76
TSO/NORMAL MOLE RATIO ' .
Ch 0.3843  0.185 0.1775  0.1321  0.1312
c5 1.1817 0.4485 0.3695  0.2877  0.2683
6 7.0952  0.8054  0.6420 = 0.4861L  0.4461
L Ch= 0.0000 0.0000 0.0000 050000  0.0000
PARAFFIN/GLEFIN RATIO _
G 1.9253  1.5153 1.3652  1.4701  1.5146
A 1.6969  1.0462  0.9604  0.9705  0.9645
G5 42245  1.6016  1.3916  1.3248  1.3277
LIQ HC COLLECTION
PHYS, APPEARANCE LT EL OIL LT BL OLL
DENSITY 0.756 - 0.760
N, TNDEX 1.4255 1.4275
SIMILT'D DISTILATN
10 WT % @ DEG F 312 317
16 339 36
50 425 449
84 © 540 574 -
90 585 ' 608
RANGE(16-8% %) 201 228
WL % @ 420 F 47.00 ©  47.00  40.67  40.67  38.00
WI 7 @ 700 F 96.38  96.38  98.00  98.00  96.62

_ 2903 -



TABLE 30 RESULT OF SYNGAS -OPERATION

RUN NO.  10225-09

CATALYST CO/X4+UCC-101 #10252-63C 80 CC 36.0 GM (38 AFIER RUN +2.‘0G)
FEED -  H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10225-09-06 225-09-0;7 225-09-08 225-09-09 225-09-10

TEED H2:C0:AR
HRS ON STREAM 71.5
PRESSURE,PSIG - 296
TEMP. C 271
FEED CC/MIN 400
HOURS FEEDING 24.00
EFFLNT GAS LITER 283.75
(M AQUEOUS LAYER 37.21
‘@ OIL 8.29
MATERIAL BALANCE
&M ATOM CARBON % 67.34
@1 ATOM HYDROGEN 7 77.91
@1 ATOM OXYGEN % 73.04
RATIO CHX/(H204+C02) 0.7272
RATIO X IN CHX 2.5093

USAGE H2/CO PRODT  1.9566
RATIO CO2/(H20+002) 0.0753

K SHIFT IN EFFLNT 0.06
CONVERSTON

ON CO % 24.87
ON H2 % 49,22
ON COHI2 % 37.93

_ PROT SELECTIVITY,WT %
ik 22.35
G2 HC'S 3.26
C3HS 3.93
C3H6= -2.43
CLH10 3.45
C4HB= ‘ 3.32
C5HL2 3.88
C5H10= 2.91
CHHLY 4.61
C6HL2= & CYCLO'S 1.98
C7+ IN GAG 16.19
LIQ HC'S 31.69
TOTAL 100.00

- 294 ~

79.0- < ~95.2
298 298
271 271
400 400
7.50  23.67

129.15  406.95
1.1 35.05
2.42 7.65
97.68  95.21

101.85  101.86
98.91  97.56 °

0.%437  0.8914

 2.5670  2.5870

1.9446  1.9452

0.1091  0.1064
0.09 0.09
23.44 22,72
64,90  43.55
34,39  33.48
24,42  25.44
3.60 3,72
4,70 4.76
2.79 2.70
4.18 4.19
3.96 3.76
4.69 4,64
3.28 3.3
5.46 5.09
2.49 2.23
18.61  16.95
21.81  23.1

'100.00  100.00

100.5
300
271

400

5.33
93.64

7.65

1.652°

96.62
102.85
98.63
0.9056
2.6029
1.9400
0.1123
0.10

22,45
42.81
32,95

26.20
4.25
5.07
3.3
4.39
3.84
4.59
3.12
5.27
2.13

18.72

19.08

1090.00

50:50: 0 50:50: O 50:50: 0 50:50: O 50:50; O
+ 120.2

296
271

400
25.00
438.70
35.88
6.65

96.14
102.17
98.72
0.8791
2.6241
1.9435
0.1112
0.10

21.92
42.53
32.54

26.81
4.00
5.17.
2.67
4'61
3.73
5.08
3.14
5'61
2.12

17.41

19.65

100.00




SUB-GROUPING

Cl -C4 38.73
C5 =420 F 41.62
420~700 F ... 18.58-.
700-EXD PT 1.07
C54~END PT 61.27
ISO/NCRMAL MOLE RATIO
(VA 0.1222
C5 0.2314
cé 0.3989
Clh= 0.0000
PARAFFIN/OLEFIN RATIO
C3 » 1.5450
C4 1.0022
c5 1.2952

LIQ HC COLLECTICN

PHYS. APPEARANCE LT BL OIL

DENSITY G.761

N, REFRACTIVE INDEX 1.4280
SIMILT'D DISTILATN

10 Wr' % @ DEG F 325
16 : 353
50 455
84 : 590
%0 629
RANGE(16-84 %) 237
W Z7Z@Q40F 38.00
WI'% @700 F 96.62

" 43.66
42.34
13.21

0.79
56.34

0.1187
0.2259
0.3778
Oﬂm

1.6054
1.0171

1.3876

35.80
96.40

-

- 295 -

229

35.80
96.40

47.09
40.62
11.56

0.73
52.91

0.1380
0.2087
0.3417
0.0000

1.4511
1.1051
1.43C3

135,60
96.17

47.00
40.35
11.90

0.75
53.00

0.1034

- 0.1924

0.3005
0.0000

1.8458
1.1950
1.5737

LT BL OIL
0.759
1.4274

330
366
460

297 .
636

231

35.60
96.17
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TABLE 31 RESULT QF SYNGAS OPERATION

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

RIN & SAMPLE NO.  10225-09-11 225-00-12 225-09-13 225-00-14

it

FEED H2:C0:AR 50:50: 0 50:50: O 50:50; 0 50:50: 0
HRS ON STREAM 125.1 143.5 . 151.0 167.5 -
PRESSURE,PSIG 300 297 "301 295
TEMP. C 271 271 271 . 271
FEED CC/MIN 400 400 400 400
HOURS FEEDING 4.92 23.33 7.50 24.00
EFFLNT GAS LITER 86.20 412.15 131.90 423.50
& AQUEQUS LAYER 6.84 32.48 10.15 32.47
™ OIL . 1.37 6.52 2,05 = 6.57
MATERTAL, BALANCE ' R
GM ATOM CARBON % 96.67 . 96.83 86.74 97.09 -
GM ATOM HYDROGEN %2 102.34 102.9% 101.55 101.90
GM ATOM OXYGEN 7 98.11 '98.45 . 98.21 98.42
RATTO CHX/(HZ0+C02) 0.9308 0.9225 0.9279 0.9347 .
RATIO X IN.CHX 2.6069 2.6071 2.6279 2.6195

USAGE H2/CO PRODT 1.9392 1.921  1.9383 1.9390
RATIO (02/(H20+C0Z) 0.1161 0.1141  0.11%  0.1186.

K SHIFT IN EFFLNT 0.10 0.10 0.11 0.10-
CONVERSION : R
N C0 % 22.57 ©22.29 - 22,12 22,16
N HZ 7 42,71 C 42.24 =2742.25 0 42.20
& coH12 % 32.93 32.57 . 32.43 32.42
PRDT SELECTIVITY,WT % .
it 26.06 . 26.02 : 26.75  26.47
C2 HC'S 3.73 7. 4.05 . 3.93 = 3.8
C3H8 5.14 - 5.02 4% 5.53 5.15
C% 2. 71 ' 7 2.41 t . ‘fz..sg 2030
C4H10 4,53, " 445 ) 481 4.61
CAHg= 3.85 3.39 - 3.5Z. 3.28
sz 4.97 4-94 5.32 :-‘—'.. 5-27
C5H10= 3.14 2.73 2.37 - 2.86
ceHls 5.48  5.65  5.96  6.03
CEHI2= f CYCLO'S 2.09  1.92 1.3 2.0k
C7+ IN GAS” 18.37 19.28 17.92 18.37..
LIQ HC'S 19.93 20.13 19.95 - 19.82 -,
TOTAL 100.00 100.00 100.00 100.00

- 296 -



SUB-GROUPTNG

Cl -C4&

C5 =420 F

420700 F

700-END PT

C54+-END PT
ISO/ggRMAL MOLE RATIO

C5
co
Ch=
PARAFFIN/COLEFIN RATIO
c3 .
C4
C5
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT Z @ DEG F
16 _
50
84
90

 RANGE(16-84 %)

WI7%@40F
WIZ@700F

46.01
41.15
12.06

0.78
53.99

0.0963
0.1818
0.2997
0.00C0

1.8135
1.1366

1.5373

35.60
96.11

45.35
41.69
12.18

0.78
54.65

.0.08%
0.1760
0.2777
0.0000

1.9915
1.2666
1.7615

LT BL OIL

0.758
1.4271

. 328
367
460
595
634

228

35.60
96.11

- 297 -

47.14
40.43
11.69

0.74
52.86

. 0.0920

0.1799
0.2988

0.0000

2.0369
1.3187
2.1824

37.67 *
96.28

45.62
42.03
11.62

0.74
54.38

0.0932 -
0.1580
0.2688
0.0000

2.1368
1.3560
1.7892

LT HL OIL .
.0.759
1.4265

327
363
457
591
630

228

37.67
96.28
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TAELE 32° RESULT OF SYNGAS OFERATION

RUN NO.  10225-09 o
. CATALYST CO/X4+UCC-~101 #10252-63C 8U cr‘ 36.0 GM (38 AFI“ER RUN +2,0G)
FEED H2:CO: ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV *

RUN & SAMPLE NO. 10225-09-16 225-09-17 225-09-18

FEED H2:C0:AR 50:50: 0 50:50::0 50:50: 0
HRS QN STREAM 215.5 223.0 239.5
PRES_SURE,PSIG 302 298 . 300
TP, C 271 271 271

" RS FEEDING 17.00 7.50 24,00

. EFFLNT GAS LITER 307.22 119.28 396.08

@1 AQUEOUS LAYRR 2291,  9.59  30.70

QM OIL . 3.31- 1.31 4,19

" MATERTAL BALANCE )
QM ATOM CARBON 7 98.08 86.80 89.61
@M ATOM BYDROGEN:7Z 103,71 92.12 94,81

@1 ATOM OXYGEN % 99.75  89.19  91.93
RATIO CHK/(H20+C02) 0.9186  0.8743  0.87%
RATIO X IN CEX 2.6384 2.6386 2.6494

USAGE H2/CO PRODT - 1.9383  1.9413  1.9357
RATIO CO2/(H20+C02) 0.1200  0.1136  0.1379

K SEIFT IN EFFLNT 0.11 0.10 N J.l
CONVERSICN
@™ Co % 21.67 21.70 21.44
N H2 % 41.28 42,22 41,59
N COHI2 % 31.75 32,26 31.80
TRDT SELECTIVITY WI' %
Cis . 26,67 25.56- 27.08
C2 HC'S . 4.31 3.86 4.04
C3H8 6.10, 6.22 6.41
C3H6= 2.38° 2.31 2.29
C4H10 5.47 5.62 5.79
C‘!HS‘-‘ - .'.-: [ 3.24 3 28 3.19
C5H12 6.17 5.99 6.10
C5H10= 2.54 2.29 3.02
C6H14 6.27 . 6.69 5.89
C6Hi2= & CYCLO'S 1.54 1.49 1.39
CH IN GAS 21.01 21.24 20.58
LIQ HC'S 14.30 14.45 14.22

TOTAL 100.00  100.00  100.00

- 298 ~



SUB=-GROUPING

Cl -C4 48.17
CS 420 F 42.77
420-700 F 8.52
700-Exnp PT 0.54
C5+END PT 51.83
ISO/NORMAL MOLE RATIO
c4 0.0866
C5 0.1491
Ch 0.2181 ~
Ch= 0.0000
PARAFFIN/OLEFIN RATIO
c3 2.443)
c4 1.6325
c5 . 2.3613

LIQ HC COLLECTION
PHYS. APPEARANCE (IR OIL
DENSITY - 0.757
N, REFRACTIVE INDEX 1.4262
SIMULT'D DISTILATN

10 WT % @ DEG F 33

16 370
30 461
8 5%
90 632
RANGE(16~84 %) 224
WL 7 @420 F 36.67
WI7Z@70F 96.24

47.84
42.72
8.9
0.51
52.16

0.0825
0.1473
0.2551
0.0000

2.5757
1.6554
2,5395

34.67

96.50

- 299 -

48.80
41.91
8.79
0.50
51.20

0.0827
0.1460
0.0744
0.0000

2.6743
1.7512
1.9595

CIR OIL
0.756
1.4260

336
375
461
588
628

213

34.67
96.50



XIT. RUN 11 (10225-5) with Catalyst 11 (Fe/K + UCC-108)

This catalyst was run to collect samples for a research oc-
tane measurement. It was preparéd by precipitating Fen03<XH20
from a refluxing'solution of ferric nitrate upon the-addition of
a stoichiometric quantity of aqueous ammonial The'washed and
dried precipitate was impregnated with‘KzCO3 solution to give one
. pe£§ent“KéO on the %ron oxide. This metal component was then
physi;aify-ﬁéxed with andequal weight of UCC-108, and pressed
into tablets without a binder.

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. 201-204. Simulated distillations of the Cg+ pro-
duct for two samples are plotted in Figs. 205-206. Carbon number
product distributions are plotted in Figs. 207-210. Chromato-
grams from simulated distillations are reproduced in Figs. 211-
214, Detailed material balances appear im Tables 33-34,

The samples from the first 260 hours-on stream were combined,
"and material balanced as a single sampleiﬁ At 270 hours on stream
the conversion was high. So also waé.the water gas shift activ-
i£y2 85 percent of the oxygen was rejected as GC03. The H5:C0
usage ratio was-0.73;1, which is desirable if a syngas feed with
a Ho:C0 ratio lower than 1:1 is to be used.

Unlike cobalt catalysts, there was no excess production of

- 300 -
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L
O

S, :
methane., The Cs-Cy fractlon, hnwever, was much higher than for

cobalt. The yleld of’ C5+ was low, but this was far into the run;
by 270 hours on stream much of the catalyst may have been deacti-
vated. There was little diesel oml,Land almost no heavies. The
percent olefins of the C4 was unusuall y lew for an iron catalyst,
and may be a sign of deactlvatlon. }

The isomerization of the bentana was also unuaually low. The
gas analyses of the early sam}les (for which there is only one
combined mater1a1 balance) shov a progressive deactlvatlon. Ini-

tially, 61 percent of the pentanes was isopentane. Ey 40 hours
on stream this was éayn to 56 percent; by.130 hours,JSO percent;
and by 250 hours, 26.5 percent.. The loss of isomerizing activity
during collection af the sample for. RON would.significantly lower
thé measured RON from its initial value. The chromatograms og-
the simulated distillations show the RON sample to have been
somewhat isomerized; by the next sample, however, the value was
much lower, which paralleled the isomerization af the pentane.

The RON clear of the distilled gasollne fraction (whick, .due
to poor condensation, lacked many lights) was only 57.6. -The
gasoline did contain 47 percent olefins, and the pour point of
the diesel oil was 20F.

This catalyst deactivated so quickly that the'quality of the
gasoline it produced initially could not be reliably measured. A
probabla reason for the deactivation ls migration of alkali from

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

Sieve.

- 301 -
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%_ Fig. 207
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Plot of the Hydrocarbor;,_.
= 4 ° @ | Product Distribution
| . for Sample 10225-05-22
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< Fig. 208
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Plot of the Hydrocarbon
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iy for Sample 10225—05—23
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TABLE 33 RESULT OF SYNGAS OPERATION =

RON MO.  10225-05

CATALYST FE/K +UCC-108 #10252-18-5 80 CC 59.7@M (72.9 AFTER RIN +13 G)

FEED  H2:CO:ARGON OF 50:50: O @ 400 CC/MN CR 300 GHSV
RIN & SAMPLE NO.  10225-05-22 225-05-23 225-05-24 225-05-25

FEED H2:00:AR

HRS ON SIREAM 258.5
PRESSURE,PSIG 281
TEMP. C 250
FEED CC/MIN 400
HOURS FEEDING * 258.50
EFFINT GAS LITER 3142.47
GM AQUEQUS TAYER 122.27
@& OIL 152.58

MATERTAL BALANCE
GM ATOM CARBON 7 93.31
GM ATOM HYDROGEN 72 100.13

GM ATOM ORYGEN. 7% 97.19
RATIO CHX/(H20+C02) 0.9210
RATIO X IN CHX 2.5107

USAGE H2/C0 PRODT  0.71%4
RATIO C02/(H20+C02) 0.8522
K SHIFT IN EFFLNT 32.43

CONVERSTION .
ON CO % 93.09
ON H2 % 63.80
ON CoHi2 % 77.93

PRDT SELECTIVITY,WT %
CH4 14.79
CZ HC'S - 11.00
C3H8 12.25
C3H6= 5.05
CAH1 5.89
C4HB= : 6,30
C5Hi2 4.38
CSHi 0= 4.97
CEH14 4.11
C6H12= & CYCLO'S 0.44
C/+ IN GAS 12.61
LIQ HC'S 18.22
TOTAL 100.00

282.5
240
250

400
24.00
275.31
10.10
13.69:

86.68
92.52
89.98
0.9253
2.5200
0.7242
0.8518
24.30

- 90.60
62.76

76.23

316 -
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290.0
258
250

400
7.50
61.45
3.30
4.84

64.62
70.47
65.48
0.9738
2.4726
0.7762
0.8096
17.11

90.48
64.86
77.12

14.06
9. 51
11.66
3.98
5.53
5.31
3.90
4.29
3.08
0.29
10.18
28.23

100.00

50:50: 0 50:50: 0 50:50: O 50:50: O

306.5
256
250

400
24.00
273.75
10.57
15.50

85.96
92.13
89.15
0.9268
2.5144
0.7301
0.8450
21.62

89.86
62.47
75.69

15.23
10.37
12.68
4,29
6.00
5.68
4.20
4. 62
3.31
0.33
11.04
22.26

100.00




SUB-GROUPING

Cl ~C4 55.28

C5 =420 F 37.61

420-700 F 6.56

700-END PT 0.55

C5~END PT 44,72
ISO/NCKMAL MOLE RATIO

.Ch 0.1524

C5 ' 0.6290

c6 1.0989

Ch= 0.0834
PARAFFIN/OLEFIN RATIO

c3 -2.3150

¢ - 0.9018

c5 0.8576

LIQ HC COLLECTION .
PHYS. APPEARANCE CIR OIL
DENSITY 0.759
N, REFRACTIVE INDEX 1.4283
SIMULT'D DISTILATN

10 WL % @ DEG F 242
16 270
50 386
& 542
90 395
RANGE(16-84 %) 272
WL 7%@40F 61.00
WI7%@700 F 97.00

54,92
" 36.63
7.10
1.35
45.08

0.1018
0.3863.
--0.6075
0.0693

2.7%7
1.0092

0.8923 -

CIR OIL
0.759
1.4284

246
273
398
596
659

323

56.50
93.06
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50.04
37.66
10.33

1.98
49.96

0.1022
0.3836
0.6035
0.0703

2.7985

, '1.%41

0.8832

56.40

~ 93.00

54.25
36.05
8.15
1.56
45.75

0.1006°
0.3881

" 0.6070
~ 0.0705

2.8226
1.0199
0.8827

CIR OIL
0.758

248
275
392
600
661

325

56.40
93.00



TABLE 34 RESULT OF SYNGAS OPERATION

RUN MO.  10225-05

CATALYST FE/K +UCC-108 #10252-18-5 80 CC 59.7GM (72.9 AFTER
FEED H2:CO:ARGON OF 50:50: 0 @ 400 CC/MN OR 300 GHSV

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

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

FEED CC/MIN
HOURS FEEDING
EFFLNT GAS LITER
&1 AQUEOUS LAYER
@& o1l

MATERTAL BALANCE

M ATOM CARBON %
GM ATOM HYDROGEN %
GM ATQM OXYGEN %
RATIO CHX/(H204+C02)
RATIO X IN CHX
USAGE H2/C0 PRODT
RATIO €02/ (H20+C02)
K. SHIFT IN EFFLNT

CONVERSTON
ON C0 %
ON H2 7
aN COHL2 %
PRDT SELECTIVITY,WT 7
CHA
c2 HC'S
C3H8
C3H6=
C4H10
C4HB=
C5H12
C5H10=
CEH14
C6H12= & CYCIO'S
C7+ IN GAS
LIQ KC'S

TOTAL

50:50: 0 50:50: O

313.5
258
250

400
7.00
89.40
3.21
4.77

95.14
101.30
99.29

0.9138 -

2.5226
0.7203
0.8507

21.33

89.13
61.76
75.02

15.46
10.52
12.80
4,32
6.19
5.75
4.27
4.66
3.37
0.35
10.72
21.59

100.00

330.5
256 -
250

400
24.00
308.90
11.0L
16.37

95.69
101.79

99.64
0.9177 .
2.5206
0.7223
0.8500

20.%

88.61
61.57
74.68

15.36
10.56
12.74
4,35
6.10
5.76
4.31
4.70
3.36
0.36
10.85
21.56

1m.m
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SUB-GROUPIING

ClL -C4

C5 ~420 F

420-700 F

700-END PT

Co~END PT
ISO/E&RMAL MOLE RATTIO

C5
Cé6
Ch=
P /OLEFIN RATIO
'C3
4
- G5
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY '
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
I0WT Z @ DEG F
16
50
.84
90
RANGE(16-84 %)

WI 7 @420F
W% @ 700 F

55.03
35.57
7.82
1.58
44.97

0.11%
0.3878
0.5965
0.0864

2.8246
1.0398
0.8921

56,50
92.70

54.86

7.81
1.57
45-14 ,.‘f

0.1046
0.3&9
0.5992
0.0759

2.7937
1.0208 -
0.8918

(IR OIL
0.758
1.4277

249
275
398
601
665

326

56.50
92.70
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XIII. RUN 12 (10225-10) with Catalyst 12 (Fe/Rh + UCC-108)

According to UK Patent Application GB2099716A, a catalyst
with Fe/Rh and ZSM-S has very high selectivity for gasoline; the
purpose of this.catalyst was to test the properties of the same
metal component in combination with UCC—lOB; A precipitate of
Fe903+XH90 was prepared in the same way as for Catalyst 11, and
impregnated with a solutionlof RhClg to give 2 percent rhodiuéion
the catalyst. This.metal component. was then physically mixed
with an equal quantity of UCC-108, bonded with 15 percent S5iOjp,

and formed as an extrudate. .

Conversion, product selectivity, isomerization of the pen-

tane, and percent olefins of the C4's are plotted against,time on
stream in Figs. 215-218, Simulated distillations of the C5+‘pro—
duct for two samples are plotted in Figs. 219-220. Carbon number
product distributiors are plotted in Figs. 221-227. Chromato-
grams from simulated distillations are reproduced in Figs. 228-
234, Detailed material balances appear in Tables 35-37,

The conversion of this catalyst was low, and did not signifi—j
cantly improve with increasing temperature. At 250C the water
gas shift activity was also low, with 15 percent of oxygen re-
jected és CO2, but at 280C it was up to 35 percent of oxygen
rejected as COg. The H9p:CO usage ratio, however, was still

~1.5:1, not a good usage for 1l:1 syngas.

- 320 -




The selectivity was poor, u%th higk levels of methane and Co-
C4, low Cs5%, and almost no diesel o0il or heaviés. The percent
olefin of the C4's was not particularly good for an iron cata-
lyst. The isomerization of the pentane, while initially high,
lessened with time, althéugh the chromatograms of the 1iquid‘
distillations show that the liquid remained highly isomerized.
The Schulz-Flory plots suggest a possible double with the
change at C33-C15.

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

poor selectivity. -
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Fig. 219
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TABLE 35 RESULT OF SYNGAS OPERATION

RUN NO.  10225-10

CATALYST FE/RH -HICC-108 #10252-78C 80 CC 43.9&M (42.1 AFTE; RUN -1.8G)
FEED 'H2:CO0:ARGON OF 50:50: 0 @ 400 CC/MN OR 300 GHSV

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

FEED H2:C0:AR
HRS ON STREAM
PRESSURE ,PSIG
TEMP. C

FEED CC/MIN
BOURS FEEDING
EFFLNT GAS LITER
M AQUEOUS LAYER
@& OIL

GM ATOM CARBON %
GM ATOM HYDROGEN %
(M ATOM OXYGEN % .
RATIO CHX/(H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO C02/(H20+C02)
K SHIFT IN EFFLNT

CONVERSION
oN G0 %
ON H2 %
ON COHi2 7

PRDT SELECTIVITY,WT 7

i1

C2 KC'S
C3HS8

C3Hb=
CAHIO
CLHB=
C5H12
C5H10=
COHLA
C6H12= & CYCLO'S
C7+ IN GAS
1IQ HC'S

TOTAL

= ]

P e e T L
1 ——

50:50: O 50:50: 0 50:50: O 50:50: 0 50:50:; O

22.0
306
253
400

22.00

&7.25

20.32
0.86

99.79
102.83
99.47
1.0200
2.5571
1.8412
0.1565
0.16

18.81
0 33.32
26.17

19.42
11.92
8.54
7.80
4.17
7.97
2.77
6.23
2.97
3.83
21.06
3.33

100.00

27 .0
305
251

400
Sﬁm
95.35
4.93
0.32

98.10
102.08
98.51

0.9749

2.5210
1.8559
0.1388

0.14

.18.60
33,54

26,22

18.21
10.65
8.26

o

wppon
UNaRIAERE

=t
a8
[
o

44'.5
299
251

400
22.50
433.00
22.18
1.42

98.85
102.95
99.16
0.9816
2.519

1.8363 -

0.1471
0.15

18.91
33.62
26.42

- 342 -

51.0
303
251

400
6.50
125.55
6.73
0.39

100.26
104.36
100.30
0.9976
2.512
1.8422
0. 14%

0.14

19.60
34.74
27.32

17.89
10.12
. 8.58
8.56
4.17
8.17
2.77
6.66
2.82
5‘16
26.19
4.91

100.00

69.5
303
251

400
25.00
474,50
25.89
1.51

97.83
102.18
98.78
0.9446
2.5348
1.8379
0.1445
0. 14

19.06
34.39
26.89




SUB-GROUPING ‘
Cl -C4 59.81

CS -420 F 37.85
420-700 F 2.14
700-END PT 0.20
C5+-END PT 40.19
ISO/NORMAL MOLE RATIO :
Cc4 0.2182
C5 0.8431
Cc6 0.8571
Ch= 0.1789
PARAFFIN/OLEFIN RATIO
c3 1.0440
4 0.5050
C5 0.4315

LIQ HC COLLECTTON .
PHYS. APFEARANCE  CIR OIL
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN

10 WT % @ DEG F 356

16 384
50 - . 479
8 622
%0 662
RANGE(16-8%4 %) 238
WIZ@420F ©  30.00
WIZQ700F 94.14

57.16
39.15
3.42
0.27
42,84

'0.1965
0.7075
0.7187
0.1485

© 1.0072

0.4763
0.4255

33.00
95.14
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57'56
38.82
3.36
0.26

42.44 -

0.1550
0.4890
0.5180
0.1057

0.9631
0.4515
0.4086

CIR OIL

348
376
470

. 608

650
232

33.00
95.14

57.49
39.23
3.04
0.23
42.51

0.1538
0.4539
0.5029

-0.0000

0.9564
0.4925
0.4043

33.33

95.23

58.87
37.67
3.21 -
0.25
41.13

0.1440
0.3842
0.4238
0.0000

0.9648
0.4496
0.4172

CIR OIL

345
374
470
611
651

237

33.33
95.23



TABLE 36 RESULT OF SYNGAS OPERATICHN

RN MO.  10225-10
CATALYST FE/RH +UCC-108 #10252-78C 80 CC 43.9@1 (42.1 AFTER RUN -1.8G)
FEED H2:CO:ARGON OF 50:50: 0 @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10é25-10-06 225-10-07 225-10-08 225-10-09 225-10-10

mamas o mmermeesos mmmtmmsmmos Commomemds  SSSSgIICIETEae

FEED H2:C0:AR 50:50; 0 50:50: 0 50:50: 0 50:50: 0 50:50: 0
HRS ON STREAM 77.0 93.5 101.0 117.5 125.0
PRESSURE,PSIG 305 297 302 . 300 306
TEMP. C ‘ 251 Z51 281~_ 281 281
HX RS FEEDING 7.50 24,00 7.50 24.00 7.50
EFFLNT GAS LITER 142.10 458.95 . 117.15 385.55 118.95
GM AQUECUS LAYER 7.54 23.82 11.03 35.31 10.16
& OIL 0.46 1.48 0.78 2,49 0.54

Q1 ATOM CARBON 7 9,.91 98.12 96.10 96.58 95.83
GM ATOM HYDROGEN Z  99.05  101.88  101.72  103.30  101.26
Q1 ATOM OXYGEN 7 98.29 99.01 " 95.49 97.71 = 95.90
RATIO CHX/(H20+C02) 0.7972  0.9465  1.0229  0.9584%  0.9975
RATIO X IN CHX 2.6633  2.5552  2.6244  2.6703 - 2.6887
USAGE H2/CO PRODT  1.8232  1.8364  1.5999. 1.5506  1.5227
RATIO CO2/(H20+C02) 0.1499  0.1488  €.2785  0.2985  0.3251

K SHIFT IN EFFLNT 0.15 0.15 0.30 0.34 0.38
CONVERSION
ON 00 % 16.62 18.60 35.68 35.40 36.28
™ H2 7 32.14 33.70 53.45 52.17 52.33
OGN CO+HH2 7 24.55 26.29 44,81 44.07 44,52
PRDT SELECTIVITY,WT % -
Ch4 23,29 . 19.74 21.83 24,26 25.04
C2 HC'S 13,32 ° 11.00 13.17 14.58 14.80
C3H8 10.29 8.60 8.13 7.53 7.87
C3H6= 10.43 8.3 6.38 - 6.46 6.74
C4HL 4.87 4.06 4.86 4.02 4.00
C4H8= 8.98 8.64 6.84 6.74 7.04
C5H12 3.35 2.69 3.46 2.88 2.81
C5H10= 7.65 6.04 5.09 5.20 5.36
C6H14 3.12 2.49 3.65 3.22 3.03
CoH12= & CYCLO'S 5.87 4,61 3.39 3.57 3.51
C7+ IN GAS 2.42 ©  18.37 17.90 16.05 15.98
. LIQ HC'S 6.41 5.43 5.32 5.48 3.81
TOTAL 100.00  100.00  100.00  100.00  100.00
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SUB~-GROUPING

Cl -C4 71.18 60.37 61.19 63.59 65.49
C5 -420 F 24,38 35.86 35.90° 33.42 31.85
420-700 F . 3.45 2.93 2.54 2.62 ... .2.35
700-END PT 0.99 0.8 0.37 0.33 . 0.30
CS+=END PT _ 28.82 39.63 38.81 36.41 34.51
ISO/NCRMAL MOLE RATIO )
Ch 0.1400 °0.1336  0.5481  0.4307 0.3921
c5 , 0.3783  0.3636  1.6182  1.3152 1.2624
cé6 0.4146 ~ :0.4027  1.5502  1.3428 1.2721
Cl= 0.0000 0.0000 0.0000 0.5948 '0.5814
PARAFFIN/OLEFIN RATIO '
c3 © 0 0.9421F  0.9847  1.2168  1.1116  1.1144
ch 0.5238  0.4531  0.6854  0.5751  0.5479
s 0.4250  0.4330 0,6602 0.5383 0.5103
LIQ HC COLLECTION .
PHYS. APPEARANCE CIR OIL CIR LT BL
DENSITY : 0.808
N, REFRACTIVE INDEX 1.4542
SIMULT'D DISTILATN ~
10WT % @ DEG F 335 317
16 : ‘ 368 341
50 s 511 ' . 439
84 695 608
90 . 749 667
RANGE(16-84 %) - 327 S 267
WI%Z@420F 30.67 30.67 45.33 45,33 30.33

W 7%@700F B84.56 84.56 93.07 93.07 92.11

..;:}45..



TABLE 37 RESULT OF SYNGAS OPERATION

RUN NO. 10225-10

CATALYST FR/RH +UCC-108 #10252-78C 80 CC 43.9GM (42.1 AFTER RUN ~1.8G)
FEED / H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

I'e

RUN & SAMPLE NO.  10225-10-11 225-10-12 225-10-13

FEED H2:00:AR
HRS ON STREAM
PRESSURE, PSIG
TEMP. C

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

MATERTAL BRALANCE
GM ATCM CARBON %
GM ATOM HYDROGEN 7
GM ATOM OXYGEN %
RATIO CHX/(H20+C02)
RATTO X TN CHX
USAGE H2/CO PRODT
RATIO €02/ (H20+C02)
K SHIFT IN EFFLNT

CONVERSTON

® Q7%

aNH27

ON COH12 %
IE%?;EEIEIHTVIIYJJT %

C2 HC'S
C3HB
C3H6=
C4H10
CAHB=
C5H12
CSHLO=
C6H14
C6HI2= & CYCLO'S
C7+ IN GAS
LIQ KC'S

TOTAL

50:50: 0 50:50: 0 50:50: Q

141.5
301
281

400
24.00
388.55
32.52
1.74

97.15
102.98
98.19
0.9620
2' 7@6
1.479%
0.3496
0.43

36.%
52.31
44.85

149. 0
299
280

400
7.50
107.65
9.35
0.43

85.84
91.96
87.67
0.9272
2.7577
1.4664
0.3509
0.44

'37.35
52.58
‘43,22

28.18

© 15.95

8.09
7.10
3.69
6.90
2.46
4.85
2.54
3.27
13.63 -
3.36

100.00
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165.5
304
280

400
24.00
345.85
29,91
1.37

86.63
93.71
88.51
0.9282
2.7785
1.4238
0.3783
0.51

© 39.52

53.44
46.76

29.14
15.93
8.27
7.48
3.86
1.24
2.30
4.77
2.38
3.05
12.38
3.21

1ml00




SUB~GROUPTING ;
Cl -C& ' 68.55 69.90 71.93

C5 -420 F 28.81  28.05  26.12
420-700 F 2.33 1.77  1.69
700-END PT 0.30  0.28 . 0.27
C54—END PT 31.45  30.16  28.07

ISO/NORMAL. MOLE RATTO -

Cc4 0.3316 0.3184 0.3199
cs 1.1253  1.0632  1.0404
cé 1.1208 --.1.0607 1.0800
Chi= 0.5533 ~ 0.5387  0.5085
PARAFFIN/QLEFIN RATIO
3 1.0795 1.0869  1.0347
Ch 0.5193  0.5160  0.5145
c5 0.4801  0.3927  0.4683

LIQ HC COLLECTION /

PHYS. APPEARANCE  CLR L BL CIR L BL

DENSITY )

N, REFRACTIVE INDEX

SIMULT'D DISTILATN i
OWT%Z@DEGF . 349 - 3%
16 380 . 360
50 484 451
& 642 618
9% . 683 679
RANGE(1684 %) 262 258

WL % @420 F 30.33  39.00  39.00

.WIL@700F - 9211  91.67  91.67
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XIV. SUMMARY .

Considerable knowledge was gained this quarter about cobalt-
containing F~T catalysts. Theae fifst series of runs established
that for cobalt catalysts a far lower percentage of the_F~T ac-
tive metal was desirable in the catalyst than had been the case
for iron F-T catalysts. There are two rTeasons for this differ-
ence, The first is that with the cobalt being more active than
iron on a per gram basis, a lower percentage of metal allo&s an
equivalent conversion at the same process .conditions. The.second

reason is that at a l:1 MC:SSC ratio the primary products of the

cobalt-overwhelm the S55C, which has insufficient activity to
properly upgrade the product. This is not just another manifes-
tation of the higher activity, but is also a result of the lower
product quality (i.e., higher wax content) of the product of
cobalt F-T datalysts.

The many experiments’with the cﬁbalt—containing catalysts
have established general trends for their hydrocarbon products.
The most obvious difference in cobalt and iron catalysts is the
excessive methane produced by cobalt cafélysts. Every Schulz-
PFlory plot shows that the amount cf methane produced is complete-—
1y out of 1ine with the amounts of other hydrocarbons produc’d,
that is, there is a second mechaniém which produces primarily

methanes The yield of the C9-C4 hydrocarbons is often low and is
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a function of the additives to the metal component. Thelamount
of total motor fuel is generally . higher than that from iron cata-—
lysts, but the distribution between gasoline and diesel o0il is a
function of the composition of the catalyst. In'general the
hydrocarbons pro&uced>by the cobalt are more paraffinic and less
isomerized than those produced by iron. This leads to a more

waxy product being produced by the cobalt catalyst. i

! R - e TR T
e quarter's_;gns have -aiso shown that while UCC-101 and

Uce--1G8 héﬁ'draﬁatically different effects on the isomerization

activity and selectivity of catalysts containing iron as their
metal component, these two Molecular Siévés had only slightly
different effects on the isomerization activity and selectivitf
of catalystg containing cobalt as their metal component. More
specifically, while the Fe/UCC-108 catalysts produced a highly
isomerized product containing mostly gasoline with only a small
amount of diesel oil, and the Fe/UCC-101 catalysts produced a
higher yield of motor fuelé that had fewer isomers and more dies-
el oil, such differences vere far less between the products pro-
duced by the Co/UCC-108 and the Co/UGC-101 catalysts.

There was, however, a significant difference between the
olefin contents of the p;oducts produced by these twd cobalt
containing catalysts; the Co/UCC-108 catalyst yielded a far more
olefinic, less waxy product than did. the Co/UCC-101 catalyst,

The last and most important information discovered from this

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

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

- 349 -



9 in this report) not only improved the product quality signifi-
cantly, but greatf} improved the catalyst's stability. This was
the first cobalt and UCC-101 catalyst which did not produce a
waxy liquid product. The catalyst deactivated at a rate 4 times
lower” than did similar cétalysts without the additive. The lig~
uid product was ‘more olefinic and had a lower pour point than
that.from the reference catalyst. .

Gengrally the cobalt catalysts have been very successful.

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

ane production.
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APPENDIX B, SURFACE STUDIES

By G. A. Somorjai

Our study of the catalytic hydrogenation of carbon monoxide
has moved into a new.direction this quarter. We have recently
begun a s%udy of the clean and sulfided Mo(100) surface as a
Fischer—Tropsch catalyst. Also we have continued our work on
potassium and oi}gen promoters in Rhenium Fischer-~Tropsch,
Molybdenum appears to have some interesting properties as a
Fischer-Tropsch catalyst, in that it produces a high turnover of

ethylene. The following are turnover “frequencies found for two

different reaction conditions.

T P Ho:CO CHg CHo=CH» CH3-CHg  CHp=CH-CHj3
550K 1.7 ATM  5:1 25 L.4x102 531043 0
580K 1.0 ATM 1:1 .16 5X10-3-  1.6X10-3  1.5X10-3

As' can be seen, the pro&uctibn of ethylene was about three times
that of ethane. The catalyst has not been observed to poison
over the 6 hour period for which most reactions have been run.
Furthermore, submonolayer amounts of sulfur on the surface tend
to inhibit methane formation but not affect the rate of ethane

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

Qur work in this area since our last report has focused on Fe
and Re samples. We have concentrated on the effects of dosing
these samples with X, O, and S. We have found, as shéwn in Fig-
ures Bl and B2, that the addition of an alkali to the surface of
either Re or Fe before a CO hydrogenatiod reaction changes the
selectivity of the catalyst. For alkali addition this selectivi-
ty change is a shift toward higher molecular weight products.
Conversely, as seen in Figures Bl and B3, the addition of oxygen
to the surface shifts the product distribution to methane.

We have also noted that added.oxygen incresses activity main-
tenance of the catalyst. This seems to be due to the decreased
build-up of graphitic type carbon, as notéd in Auger spectrosco-
Py. Our current iPd plaﬁned interests are to further character-
ize the effect of S on this syétem and to try to further charac-:
'-tq{ize the surfaces before and after reaction with the aid of an

XPS syétemzwe are about to bring on line.

_352_




21z (*H %) P3
b2 92 (*H2) 3
(98s/3}1S/S3|nJ8j0W)
S 2 Jaquinp Jaaoudny
84 ay .

1sd 2¢

YACH/0D M ObS
uo1puabospiy 0D

o

)

Yy

)

A

3

89

1.

ausjhuia 7277
auoyie N

cl

88

THg wnsmﬁh

ool

(%) U0IINGIIISIQ 43R0

- 353 -



Product Distribution (%)

Figure R2

CO Hydrogenation
540 K; CO/Hy= /4, 32 psi
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Product Distribution (%)

co Hydrogé.nction

Figure B3

540 K, CO/H=1/4; 32 psi
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