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I. CONTRACT OBJECTIVE
The objective of the contract is to develoﬁ a éatalyst and
operating conditiong for the direct conversiomn of syngas to
liquid hydrocarbon fuels, using microporous crystals ("Molecular

Sieves") in combination’with transition metals.

[
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IT. SCHEDULE -

[

,&Qﬁécontract work was planned for the 36-month period begin-
c v ,
ning March 6, 1981, "

Work on the program is divided into four tasks.

Task 1, essenfially completed, was thé conversion of low
molecular weight liquidé, such as methanol and propylene, to
gasoline and d?esel fuéi, with catalysts consisting of only a
' Molecular~Sieve component, commonly designated as the shape-

selective component (S5SC).

Task 2 is the conversion of syngas (carbon monoxide and hy-
drogen) to gasoline and diesel fuel, using catalysts consisting
of both aa SSC and a transition-metal coiponentﬂ(MC).

¢ Task S.ié a study of the su;face effects and reaction inter-

mediates present on various catalysts during the hydrogenation of
carbon monoxide, This task'is conducted under' a subcontract with
the University of California at Berkeley, an& is directed by Dr.
Gabor A. Somaorjai.

Task 4 comprises the management and technical repofts for:the

contract,.




III. ORGANIZATION

Synthesizing "Liquid Hydrocarbon- Fuels from Syngas" is the
goal'of a research and development program on catalysis conducted
by the Molecular Sieve Depaftment, Catalysts and Process Systéﬁs
Division, Union Carbide Corporation.

The work is performed at Un;on Carbidée Corporation's Tarry-
town Technical Center, Tarrytown.NY 10591. |

Principal investigator is Dr, Jule A. Rabo.

Program manager is Dr. Albert C. Frost.



IV. SUMMARY OF PROGRESS

A. Task 1

Task 1 has been essentially completed. Only minimal work, if

any, is coﬁfempla%ed in the future,.

S T T —

Twelve cﬁtalystqtes; runs were made from M§y through July.
Ten of thése runs used catalysts that ccntaine& cobalt as the
metal component, while®the remalnlng two runs used catalysts that
contained iron-as the metal component. Five of the ten cobalt,
catalyst test runs were made with the catalysts containing one Bf
two differenf:shape selective components (UCC-101 and UCC-108) at
two different metal coﬁponent°shape selectife cbmpbnent ratios
(i-l and 3-14) The remalnlng five coba]t catalyst test runs
wvere made with:the catalysts contalnlng different additives in-
corporated into the cobalt. The two iron test catalysts used

potassium and rhodlum as addltlves and UCC-108 as thelr shape

selective componenté. g N . e
The five cobalt catalyst test runs using UCC-101 and UCC-108
at the two different levels shéwéq these catalysts performed best
at the 3:14.metal componeht:shépe selecti;e component (MC:SSC)
ratio., : This ratio, unliké<the 1:1 MC:SSE ratio used in the past

for iron catalysts, makes available more molecular sieve to

- b .
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handle the larger quantlty of the more paraffinic intermediate
produced by the more active, but less concentrated cobalt compo-
nent,

While this 3:14 MC:SSC ratio worked well with botd Uycc-101
and UCC~108, the Ucc-108 gontaining catalyst produced a more
olefinic, less ﬁ%xy,.and lower pour'point‘product than did the
UCC-101 containing product. =

The five cobalt cat;lyst test runs using catalysts with dif-
ferent additives showed.that these additives had pronounced ef-
fects on the catalysts' activity, select1v1ty. and stablllty.
The most outstanding effect was reallzed~w1th the add1t1ve used

in the Run 9 catalyst. This additive greatly 1mproved the -sta-

bility of the catalystq Whlle having the same 1n1t1al act1v1ty

“
‘l J P

of an add1t1va—free catalyst, its deactlvatlon rate ‘was only one
fourth of that of the additive~free catalyst. Furthermore, this
additive 1mproved the qualltv of the hydrocarbon product, which )
had a high, stable yield of olefins, and, unlike the product of
any other cobalt/UCC-101, catalyst, was free-of suspended wax.
This lack of suspended wax resulted in Jet fuel and d1esel ‘oil
fractions that had substantlally Lowet pour points than did the
fractions produced from an additive-free catalyst;

The two iron/UCC-108 catalyst test runs gave disappointing
results. The catalyst promoted with rhodium had poor activity
and selectivity, The catalyst promoted with potassium had an
activity that while high initially, deactivated rapidly. By the

time sufficient product had been collected to measure the RON,

-5 -



s

Yoo . . . -
“the catalyst wasyproducing a product that was far less isomerized
=

than its initia}ly produced product, and that had a RON of only
57.6: Y
C.-Task 3
Studies ,at £he University of Califsrnia at Berkeley, uéder
Ehé direction of Professor G. A, Somorjai, have conpentrated on#® =
clean and sulfided molyﬁdendh sgrfaces, as well as the effect of
pdfassium and oxygen promoters ;n rheniuﬁ and iron surfdces., The
molybdenum ca£aiyst produced a high turnover of ethylene,.giviqg
a yield of ethyFene that was three times that of ethane. The
addition of potéssium to either rhenium or iron-shifted the pro-
. duct distribution down to higher molecular weight products. Con-
versély, the adﬂition of oxygen to éither rhenium or iron shifted

ol .
the product distribution towards methane. Furthermore, the oxy-

gen also appears to decrease the deactivation rate, apparently

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

Pt T
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V. CHANGES -

'

There were no contract clianges during the tenth quarter,

u . . ~
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_ .VI. FUTURE WORK
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Bfforts during the next guarter will "be directed at a contifi-

e ?
- ) il N !

1ed’ examation uf cobalt catalysts with additional additives.

Program Manager
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Appendix A. CATALYST TESTING

By P. K. Coughlin, C. L. Yang; G. N. Long and L.

A

I\

Contenfs
I. Inttoduction T T N N I TR P
II. Run 1 (10225-06) with Catalyst 1 (Co/Th + UCC-101) .
III. Run 2 (10112-14) with Catalyst 2 (Co/Th + UCC-101) .
IV. Run 3 (10112-15) with Catalyst 3 (Co/Th + UCC-101) .
V. Run & (10112~13) with Catalyst 4 (Co/Th + UCC-108) .
Vi Run' 5 ( 5-07) with Catalyst 5 ((o/Th + UCC—lOB) .
' VII. Run 6 (10112-16) with Catalyst 6 'fuo/Th/Xl + ucc-101)
VIII. Run 7. (10112-17) with Catalyst 7 (Cq/Th/Xz + UCC-101)
t I;. Ran §:(10112—18) with C§£alyst 8. (Co/¥3 + UCC-101)
¥. Run 9 (10225-8) with Cetalyst 9 (Co/Th/Yj; + UCC-101)
XT. Run 10 (10225-9) with Catalyst 10 (Co/X4 + UCG-101)
XII. Run 11 (10225—5)\with Catalyst 1l (Fe/K + UCC-108) .
XIII. Ruhjlzitf0225-10) with Catalyst 12 (Fe/Rh + UCC-108)

XIV, SUBIALY & &2 & & o0 o « o « o & o
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I. INTRODUCTION

The results of tweslve tests condnctéd from May through July
1983 are detailed in this Quarterly’keport. Ten of the tested
canalysts have metéi components containing cobalt, Thé other two
have i;on netal.components. .

Tneztests can be divided into three.categories. fn runs'lfS
hppropriate.ratios of MC to SSC are established for cobaln cnn—
.taln*ng caégiysts for both UCC-101 and UCC-108 as the SSC's. In
runs 6 10 addltlves to the cobalt metal components are tested to
see if they can improve the product quallty and stab111ty of the
-catalysts. The results of the two iron catalysts are reported in
runs 11 and 12, =

%he data is“presented in the same format as was used in the
previous Quarterly Reports. —_

The catalysts are generally formulated in the sanme mannen.
The catalysts used in ail the tests except number 10 were pre-—
pared as a physical mixture of the MC and SScC. Oﬁhnhnse physical
mixtures, all but the one used in run number lllwené formed as
8i02-bonded extrudates. The catalyst used in‘run nnmbef 11 was
pressed into tablets with no binder. The catalyof used in run

number 10 had the MC pore-filled into a preformed 20 percent

Al903 bonded UCC-101 extrudate. . ' ' f

- 11 -
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. Stream in Figs. 1-4., Simulated distillations_ of the Cs* product

'|
II. RUN 1 (10225-06) with Catalvst{l (Co/Th on UCC-101)

This catﬁlyst, iﬂtended #or use in establishing a Base line
for determining the most productive rétio ;f cobalt to Molecular
Sieve, is to be compared witL Catalyst 2, =which folléws {Run
10112-14). The metal compoqent was prepared by precipitating’
cobalt oxide with sodiuﬁ\cagﬁonate from an aqueoq; solution of
cobalt nitrate, waéhi;g and |drying the cobalt oxide, and impreg-
nating i£ with thorium??itrate solution to give two weight per-
cent bhoriugjqnithe catalyst. The metal component and the Molec-
ular Sieve (UCC-101) were then physically mixed in a 1:1 weight
ratio, bonded with 15 weight percent silica, formed as 1/8" ex-
trudates, and calcined in air at 250C .before loading into the

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

'101:sil;ca in a weight ratio of 42:42:15,

i ) .
Conversion, product selectivity, isomerization of the pen-
7 ' . -

v =

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

o

foE two samples_are plotted in Figs. 5-6. 'Carbah numbef_produéé
distributions a;e plotted in Figs, %—13. Chromatograms from sim-
ulated distillations are.reproduced'in Figs. 14-26.‘ Retailed
méte;;al balances appear®in Tables 1-~3, ﬂ
éon&ersion of both:ﬁydrogen and carbon monoxide was almost

complete at both ZSQC‘énd ZSOC;hét this level of metal component,

&}

- 12 =




the space veloéit§ should have been h;gher.w The water gas shift

activity was good, with 70 percent-of oxygen rejected as carbon

dioxide at 250C and 80 percent at 280C.: Usage of the 1:1 H5:CO

synéas was excellent, with ~0.95 moles of Hy converted per mole

of CO aonverted. Deactivation ;as hard ég detect wvith fPCh high

conversion; even if present, it may have been masked because not
.all the active sites may have been used;

Methane production at 280C was extremely high, 60 percent,
and down to ~40 percent,_still unacceptably high, at.ZSOC. Pro-
ductiod of Co9-Cs (ordinarily lgﬁ with cobalt catalysts) was ﬁigh
qt both temperatures. There Q;Q a little condensed liquid.at

'?§OC?“and:aimost none at - 23QC. Total Cs* at 280C was minimal
~(5“-19 percent), and only up ;o 40 perc;nt at 250C. As would be

expected with so 1light a distribution, there were no heavies.

LR N

The pentane was poorly isomerized, and the Cy's deficient in
desirable olefins. When a gasoline fraction was distilled, the
FIA showed it was 85 percent saturated. 1In agreeﬁent with the
pentane findings, chromatograms of the simulated diﬁyillations'
~show that the 1iqﬁid was poorly isomerized. Although the Schulz-
Flory plots for 280C are highly non-linear, the quantities of
heavier hydrocarbons were negligiblyﬁgmall and hence relatively
inaccurate. At 250C, with a heavier and more accurate distribut-
ion, the plots are fairiy straight,

The combination of high productivity and poor selectivity

1
e

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

poor isomerization suggests that the Molecular Sieve may have

=13 -



been overvhelmed. This undesirable effect can obviously be rem-
edied by increasing the ratio of Molecular Sieve.to metal compo-
nent, thus raising the ratio of space velocity to metal component

and lowering the ratio of space velocity to Molecular Sieve.

<

7
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Fig. 5
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Fig. 14
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TABLE 1 RESULT OF SYNGAS' OPERATION

RN NO.  10225-06

CATALYST CO/TH -UCC-101 #10252-30C 80 CC 35.8Q1 (34.6 AFTER RN -1. G)
FEED H200ARGONOF5050—O@4OOCC/M\IORSOOGHSV

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

FEED H2:00:AR

HRS ON STREAM 22.5
PRESSURE,PSIG 302
TEMP. C 279 :
FEED CC/MIN , 400
HOURS FEEDING 22.50
EFFLNT GAS LITER 236.90
GM AQUEOUS LAYER 11.57
@M OIL 0.58
MATERIAL BALANCE
@1 ATOM CARBON % 91.76
@1 ATOM HYDROGEN %  97.25
Q1 ATOM OXYGEN % 04.37
RATIO CHX/(H20+C02) 0.9484
RATIO X IN CHX .  3.5000

USAGE H2/00 PRODT  0.9889
RATIO C02/(H20+C02) 0.8529
K SHIFT IN EFFLNT 59.88

CONVERSION
ON CO % 99,39
ON H2 94.06.
ON COHIL2 7 . 96.65

PRDT SELECT(VITY,WT %

CHA 65.76
C2 HC'S 10.66
C3H8 9.70
C3H6= 0.10
C4HI0 4.90
C4HB= 0.17
CSH12 3.12
C5HL0= 0.12
C6HLL 2.18
C6H12= & CYCLO'S 0.04
C7+ IN GAS 2.53
LIQ HC'S 0.70
TOTAL : 100.00

29.0
310
278
400
6.50

68.30
3-98
0.27

92.56 -
97.50
96.12
0.9312
3.4477
0.9837
0.8345
22.53

98.54
93.82
96.12

62.89
10.43
10.34
0.12
5.37
0.22
3.63
0.15
2.56
0.03
3.12
1.13

100.00
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308
278
400

2400

250.70

1.00

" 92.75

100.17

93.00
0.9950
3.4075
1.0210
0.8297

25.62

98.64
93.38
95.91

61.54
9.31
9.80
0.24
5.57
0.41
3.99
0.31
3.22
0.09
b2
1.10

100.00

52.5
« 309
278
400
6.00
62.30
4.34
0.55

93.27
97.93
96.66
0.9351
3.3230
0.9782
0.8125
14.23

97.66
92.68
95.11

57.05
9.46
10.22

0.3 -

5.90
0.57
4.38
0.41
3.57
'0.25
5.38
2 .‘47

100.00

1]

50:50: 0 50:50: O 50;‘20; 0'50:50: 0 50:50: 0

71.7
309
278
400

25.17

261.25
. 18.20
2.30

91.84
97.43
96.07
0.9186
3.3443
0.9731
0.8122

. 19.03

98.09
92.09
.05.00

58.74
9.41

- 9.51
0.49
5.24 .

’ - 0.74

3.89
0.51
3.11
0.03
5.80
'2.52

100.00



SUB-GROUPING
Cl ~C4 - . 7 9130  89.38  86.87  83.55 8413
C5 =420 F 8.12  10.06  12.59 15,39  14.79
420-700 F ; 0.36 0.37 0.36 1.02 1.06 .
700-END PT 0.22 0.19 0.18 0.04 0.04
C5+END PT 8.70  10.62  13.13  16.45  15.87
- TSO/NORMAL MOLE RATIO : :
¢4 0.1162 0.1055- 0.0870  0.0821  0.0781
c5 0.2498  0.2226 0.1812 0.1713  0.1551
c6 ; 0.5407  0.4801  0.3869  0.3609  0.3245
= i 0,4140  0.3806  0.2160  0.1620  0.1320
PARAFFIN/OLEFIN RATIO _ :
c3 © 93.2300 82.2922 38.8404 28.3561 18.6704
Ch 27,1787 23.1114 12,9851 10.033%  6.8197
c5 . 24,4467 24,2034 12.3818 10.4409  7.4000
LIQ HC COLLECTION ' _
PUYS, APPEARANCE  CIR OIL - SL CLDY - SL CLDY
DENSITY 0.759
N, REFRACTIVE INDEX-  ° 1.4271
SIMULT'D DISTILATN _
10 WT % @ DEG F 352 300 288"
16 \ 403 330 307
0 -« ‘ 617 418 : 407
84 70 706 523
%0 y 804 764 563
RANGE(16-84 %) 367 376 216
WZQA40F 17.70  51.00  51.00  57.00  57.00

W 7%e70F 69.00 83.45 83.45 98.35 98.35




TABLE 2
RON NO.  10225-06

(SN

RESULT OF SYNGAS OPERATION

i

* CATALYST CO/TH -HUCC-101 #10252-30C 80 CC 35.86M (34+.6 AFTER RUN. -1.-G)

FEED
RIN & SAMPLE NO.™

FEED HZ:Ob:AR

H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV
10225-06-06 225-06-07 225-06-09 225-06-10 225-06-11

===3=-=—="‘

* 50:50: 0 50:50:,0 .50:50: ¢ 50:50: 0 50: 50 0

HRS ON STREAM 78.75 95.5 119.5
PRESSURE,PSIG 302, 306 . 306
TEMP. C 255 247 252
“FEED CC/MIN 400 400 400
HOURS FEEDING 7.08 23.83 24.00 -
- EFFINT GAS LITER 64.10 217.25 ' 239.10
G AQUEOUS LAYFR 9.52 32.03 24.80
@1 OiL 5.59 18.81 12.52
@1 ATOM CARBON % 86.74 90.47 . 93.75
GM ATOM HYDROGEN %  86.40 96.01 ~ 98.70
GM ATOM OXYGEN % 93.88 96.44° - 97.81
RATIO CHX/(H20+CO2) 0.8554  0.8%03  0.9243 .
RATTO X IN CHX 2.7849  2.8615  3,0276
USAGE H2/CO PRODT  0.9586  C.9616  0.9586
RATIO CO2/(H204C02) 0.6646  0.6958  0.7540
'K SHIFT IN EFFINT 1.87 5.56 8.59 .

CONVERSION .
ON CO % '86.43 95.37 96.02

. ONH2 % 87.14 89.41 85.40
ON COHI2 % 86.78 92. 30 92.63

PRDT SELECTIVITY,WT % : _
Cia 34.63 37. 10' 44.18
C2 HC'S_ 5.71 5.84 7.18
CHB -~ .5.98 7.54 8.96
C3H6= 2,13 0.76 0.68
C4H10 3.92 5.20 . =5.58 .
CAHB= 2.77 1.51 "1.30
C5HI2 ", 3.89 5.03 4,90
CSHI0= 7 2.46 1.35 1.14
C6H14 3.61 4,64 4.36%
C6H12= & CYCLO'S 0.28 0.11 0.07
C7+ IN GAS 9.07 8.77 7.50
LIQ HC'S 25.56 22,15 14.15
TOTAL 100.00  100.00  100.00

- 37 -

127.0

309
253 *

400
7.50
73.70
8. 72
4.63

94.28
100.29
97.73
* 0.9360
2.9721
0.979%
0.7289
6.40

95.26
89.40
92,24

41.46
6.89

100.00

144 -
302
251

400
24.50
240.60
28.48
15.12

93.87
97.26
98.32
0.9166
2,9062
0.9531
0.7263
5.00

93.50 -

88.19
90.80

38,70

6.46
8.46
1.09
5,30
2.08
5.01
1.90
4.57
012
9.25
17.08

100.00

z
o



SUB-GROUPING

A 55.13  57.95  67.88  65.37  62.08
v 05 420 F 34.90  33.41  26.46  28.03  31.09
420-700'F © 79,34 8.09 - 4.97 5.78 5.99
700-END PT 0.63 ~  0.55 0.68 0.82 0.85
C54~END PT 44.87 42,05 32,12 34.63  37.92
ISO/NCRMAL MOLE RATIO ik ;
Ch 0.0508  0.0386  0.0450  0.045%  0.0392
cs5 0.0943  0.0785  0.0886  0.0859  0.0771
c6 0.1645  0.1501 0.1677 0.161 _0.143%
Cl= 0.0000 0,1627 0.1848 -0.1757 “ 0.1290
PARAFFIN/OLEFIN RATIO “ '
c3 2.6850  9.4355 12.5361 12.7247  7.4043
Gk . .1.3677  3.3335  4.1454  3.7318  2.4668
S 1.5388  3.6270  4.1883  3.9134  2.5644
LIQ HC COLLECTICN o )
PHYS. APPEARANCE - CIR OIL CIROIL ° = CLR OIL
DENSITY 0.737 = 0.742 0.741
N, REFRACTIVE INDEX 1.4161  1.45171 - 1.4169
SIMILT'D DISTILATN
10 WT % @ DEG F : 249 %54 253
w 16 . 261 266 263
i 50 : L300 301 393
: 84 542 567 553
90 . 556 628 T 622 .
RANGE(16-84 %) 281 301 | 290
W %@420F ° 61.00 6L.00  60.00  60.00  60.00
WL % @700 F 97.52  97.52  95.16  95.04 - 95.04
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TABLE 3 RESULT OF SYNGAS_ OPERATTON

RUN NO.  10225-06 '
CATALYST CO/TH -+UJCC-101 F10252-30C 80 GG ‘35.8@4 (34.6 AFTER RUN -1. 6)
_ FEED H2:CO:ARGON OF 50:50: 0@4OOCC/VNOR300(§15V

RUN & SAMPLE NO.  10225-06-13 '

e

FEED H2:CO:AR 50:50: O
HRS ON STREAM 167.5
PRESSURE, PSIG _ 310
TEMP. C 251
FEED CC/MIN 400
HOURS FEEDING 23.50 :
EFFLNT GAS LITER 225.80 .
& AQUEQUS LAYER 29.82

" @M OIL © . 16.95

MATERTAL BALANCE
GM ATOM CARBON 7 97.17
GM ATOM HYDROGEN % 99.1¢ .
GM ATOM OXYGEN % 98.02 P
RATIO CHX/(H20+CO2) 0.98:0 .
RATIO X IN CHX 2.7846
USAGE H2/CO PRODT 0.9845
RATIO C02/(H204C02) 0.7021L

K SHIFT IN EFFLNT 3.26
CONVERSION N
ON G % 91.96 -
ON H2 Z 89.12 - '
ON COHi2 % 90.53
PRDT SELECTIVITY ,WT %
CH4 33.13
C2 HC'S 5.46
C3H8 7.87
* 031'16': 1435
C4H10 5.12
C4H8= 2.78
csHi2 5.40
C5H10= 2,46
CéHl4 5.15
C6H12= & CYCLO'S 0.27
C7+ IN GAS 12.11
LIQ HC'S 13.90
TOTAL , 100.00 :

- 39 -



SUB-GROUPTNG
*CL =Ch
C5 <420 F
420-700 F . . -
700-END PT
C5+END PT
ISO/NCRMAL MOLE RATIO
m -
Co
C6 3 "
Ch= °
PARAFFIN/OLEFIN RATTO
&
c5
LIQ HC COLLECTION
PHYS. APPFARANCE
DENSITY '
N, REFRACTIVE TNDEX
SIMULT'D DISTILATN

10 WT % @ DEG
16 :
50 ‘
84

%0
RANGE(16-84 7))
WI7%ZQ420F
W %2 @700 F

55.71
36.92
6.49
0.88
44,29

0.0360
0.0868 -
0.1362
0.0881

5.5557
1.7745
2.1349

CLR OIL

0.744
1.4171

253
262
390
557
622

295

61.00
95.33

]
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III. RUN 2 (10112:14) With Catalyst 2 (Co/Th on UCC-101)

Like Catalyst 1, witﬁ which it is to be compared, this cata- -
lyst is to be used in establishing the most favorable ratio of "
metal component to Molecular Sieve in cobalt.catalysts. It was
prepared in the same way as Catalyst 1 except that the metal
component contained 17 weight percent ThO7 and the weight ratio
of Molecular Sieve to metal component was 14:3, with 15 weight
percent SiOy bdinder. ~.

Conversion, product selectivity, isomerization of the ‘pen- -
tane, and percent olefins cf the Cz's are plotted against'time on
stream in Figs. 21-24, Sinulated distillations of the Cg* pro-
duct for two samples are plotted in Figé. 25-26. Carbon numbef
product distributions are plotted in Figs; 27-33. Chromatograms
from simulated distillations are reproduced in Figs, 34-40. De-
‘tailed material ‘balances appeér in Tables 4—6.

As expectéd with its lower concentrggion of metal component,
this catalyst was much less activé (~45 percent conversion) at
250C éhanfCatalyst l; there was an initial deactivation, followed
by a steady conversion. At 270C the conversion was substantially
higher than at 250C, but still not as good as with Catalyst 1.
Because the water gas shift activit& Qas poor, the conversion of

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

jected as H90 at 250C, and 75 percent at 270C--an inefficient use

- 41 -



of 1:1 syngas. Due éb the high conversion of hydrogen and the
CSTR behQQior of the Berty reactor, the effective exposure of
this catalyst to the Hp:CO syngas was in a ratio of only 0.4:1.

The selectivity at 250C was variable, at 270C fairly stable.
Methane producéion was 17-18 percent, a high yield but common
with cobalt catalysts. The C3-C4 fraction was low. The Cs*
product was fairly high: 42 pé;;ent of the total ﬁroduct wvas
gasoline, 29 pefcept diesel oil, and 7.5 percent heavies. The
total motor fuel yield, however, was lower than the Schulz-Flory
limit. The C4 fraction was more olefinic than that of Catalyst
13 measuremenﬁs varied. but without discernible trends. Isomer=-
ization of the pentane, whi{éhgpproximately twice that of Cata-
lyst 1, was still low. Pe;taﬁe production, in molés pef hour,
was ébout half that of Catalyst 1, so that absolute isomerization
was the. same with both. The Schulz-Flory plots are linear except
for the excess methane and some error in the Cg-Cy measurements,
and there is no indication of a carbon number cut-off. The con-
densed liquid contains wax, even though oniy 16 percent of it
boiled above theédiesel range. The chromatograms of the simu-
lated distillati%ns show mostly straight chain hydrocarbons;
isomerization of%the peuntanes was substantially higher than with
Catalyst 1, but tétgl isomerization was-only a little higher,

' The ratio of metél.componeﬂf t; Molecular Sieve in this cat-
alfst is much lower than that -in Catalyst 1, and the Molecular

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

cessive, and a higher degree of isomerization would 'be desirable.
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To test the possibility that in the initial part of the rumn at
250C the catalyst may have lost some of its isomerizing ahilify,
which it could not thereafter recover, it may be useful to run it

first at 270C to see if the isomerization improves.,

2t

- 43 -



- Fig., 21

WiLsI}s U0 SINOCKH

087 1]4) 41 0zt 007 - 08 09 114 (1] 0
.LF-FF»LT-.PL»-L.uF;_F.LP—hJ-r-;v—.Ll.-Ll.F—.u.Ll_l»Ll»-P o
. ] L
I L
o ! L
_TOYEI9AU0] gy | ! "
. UOISISAUO0) "H i o
OIS IdATTON 0D i ﬁ
(INHIDHT : i
- 1 rz
Co X
t X
[]
i [
“ ’.llll.ll‘/\l\\\/ lw
H / ” ?Q
{/ N R
| i W
“ ) ~ 58
— e X
—— [l / a0
L _ ~ g
" o e 0 e ™ TT—. / 3 (¢
e i/ \ !
_ — = . m
! [
i /. . .lmuu
— b
/.l.l-lllll..- 1 Y
Illll.!lll.ll.. — \ “ / . @
. H 1=
4 L
- -
]
1 o o
“ o
; X
! L
1 L
[~ ]
D042 : 0,052 o
— DISd 008
—_— ~ OO*HTIT

" FI-2TI07 N

C a4



22

Fig.

UILAI1S U0 SINOCH

087 097 (134} . 021 007 09 09 oF 02 0
.P.L‘-....—L’.L._-.I.’L-..L-P..- _L.-..--l-’r—-.!-. [=)
i + 1004 A
..;I..V“ e e, “ — o
~—— T -
O “ i [}
/,.H.N..... e - " ﬂm
I i : L
i 4004—02% -3
] 5
——— 1 L
v«l'/, . m \/Jf |
N \ 3
N — 4 \ -8
m \/. f ”
. . t L
. " | 025-bF J -8
. t .
I
. N o\ -
. . . . “ . ‘ n
. ' i
' ®
H K=
i ]
]
' 1
1 3
! o
]
1 L
1 5
! i
' -5
! 3
H
i I
" -3
- r
! +
f -
“ [
. g
D042 0,052
pIsd o0e )
— 0D:%H 3T

VI—21107 Nt

Yus0a9d JYIIOM



WIBAT}S UO SINOL

087 097 (141 023 007 09 _ 09 o 0% 0
....-....»..srhh..-...rt-....hr..u.l.._....Fr-.....»’u
' J
1
H i
i wm
/ |
{ 1
/{Lm .iw
; ¥
: -
i / -8 -
[ ]
- e
m M
: -8
1 L ®
¢ [ @
Pt m rw%
» 1 ¥ L
80 ' F O
-l ! i m
' S
t {
i |
{ - Q
1
' [
[] L
H " ©
. -8
r L
] L
]
1 K-
i X
]
! [
1 =
| 5
N =]
o042 B D052
— pisd 00€
- 00:*H 1iY

HT-2TI0T NOM-

- 46 -



24

Fig.

uIear}s uo SInog

127107 NN

087 00T 134} 0gr 00T 08 09 oy 02 0
I -—IF.P.-PHLLf-_n’br\-hr.-.L—-Jn-.-\—llnr-l_h—-.-—L- Y o
' X
1
P [
“ 5
1 I
t L
1 L
! A
| -8
1 2
N |
H 1
: 2
e 1 A
1 L
i L o
! wmf__
H R
“ @
: Wi N
i \\\)// 7num%
| 3
- : N - B
h . \/\/m/\\u\ -/ lmo
/'\"‘l/‘\\ [ .-. *
o 1
. i 1
o -3
]
— b
“ w
' @
1 &5
] L
1
-}
' @
i =
H [
] L
; -
. a
D042 ) 0,053 e
—_— disd 008
_— 00K Tty

- a7 =



000T

008 004

J, yutod dugriod -
000 00Q i1

0ae oog

25

Fig.

T trrrrrr TR TTY

$0~FT-2T50T odureg
uros3 jonposg snigfy
oY} JO WO eIMSId

pasmmyig oY

etz

T e e

-ii-<-d-i-i<.i.—.-d-ﬂ--;—4.-dq-jlnu—-i

- ourrosep |

LA B e Be Rt I A il ALME B B e I DL B a0 )

Jeotenbedodadod

H
P I dendasinladonbadoc . doa

Sedadadndodeatodad et

ot

08 08 0. 00 05 O
PITINSKI TUS3I0g JUSION

003

Iz



26

Fig.

¥T—-¥T-87107 etdureg
uroy 3onpoag mig
oy} JO UORNIINSIA
pPojemuIls oYLy,

i

4, yutod Furiog

00g

eufosen

ooy

0

¥

FYUPEE SIPUR WPIITUS EIP SUPPT N U

0%

oe

a5
POTINSIA YUS0I9d JUITOM

o8 o8 04 g or
- 49 -

007



In
¥4
Q Fig. 27
«Q 7
I]e
7
'I.
;{’

, Plot of the Hydrocarbon
i . Product Distribution -
for Sample 10112—14--02

) { | '
0 5 10 15 20 25 30 35

Carbon Number

- 50 -



"'5.0 —4'-0 . ‘-é.o —3.0 ‘ - “1-0
1. .____.I i i

Ln{W,/n)
_si » ﬂ

\=)

—9.0
]

-jlp.ﬂ

~11.0

Fig. 28

Plot of the Hydrocarborn
Product Distribution

0

for Sample 10112—14—04. -

60

Y]

. ‘ -]
., eeeeee

Iy
3

: : ; ‘
10 15 20 25 30 35
Carbon Number

- 51 -

g_l



Fig. 29

<
-
I
Q
o‘z—
Plot of the Hydrocarbon
Q] Product Distribution
! for Sample 1011R—-14—06
S
?-
. o0,
o
i
i ®
—
Se
il ®
e’
a :: ¥-]
ok |
S ? @
5 ° ®e
e
@
S e’a )
m—
f @
@ )
- T ;]
‘ D
e’e
Q %o %o
S 0%
f
<
ha
| T T T T T T 1 1
0 5 10 15 20 25 30 . 35 40

Carbon Number

- 52 .




—1-0
]

—2.0
i

Fig. 30

Plot of the Hydrocarbon‘
Product Distribution

- 53 -

o
c;;_
- for Sample 10112—14—-08
i .
q!ﬁ-
®a
Ve
o 8.
15 @ Gg
~ ® ;]
& ®
e o
ET @
E os
o &
o8 Yo
@9
a e
‘e Sg- '
‘ Og i
. e ' ..‘;.':'-”.:
a e -,
- :: NN
] e 8
v 7.\ e
e
< ®e
8
1 Og
Q
b
i 1 =1 T ] L T ™ e |
-0, ] 10 15 20 25 30 35 40

/ ' Carbon Number



Fig. 31

C)
S
H
Q
¢ | '
Plot of the Hydrocarbon
< Product Distribution
! for Sample 10112—14—10
. .
?—
o
1 &
) e®
g °
A o
7 oo
Qe ®
2 o
:: ]
& @ o
o
g- Dg
] ®g
S
Q ®
T e ®
g
Q ®o
S- @
i 2] e
9
b
! T T ) T T T T 1
0. 10 15 20 25 30 35 40

Carbon Number

- 54 -




""1.0
I .

—2.6%

v Fig. 32

Plot of the Hydrocarbon

Q] Product Distribution
|
for Sample 10112—14—12
<
.*—4
I
. 2
Famn
Lo
& @]
oo e
g .
=) @
& ]
| ®
® ;2]
®a
3]
;2
D
Q e
S ®
D
8 ® . .
g- %o ®
| 8g @
<
bt ., :
| T T T T T : T 1 =
0 5 10 15 20 25 30 35 40

Carbon Number

- 55 - .\



)

0

i1

-2
{

—3.0
L

"'4.‘.0
1

In(W_/n)
-0  -80 ~7.0 —q“o 5.0

—1?.0

Fig.

Plot of the Hydrocarbon
Product Distribution
for Sample 10112—14—14

"‘"11.0

I Ul 1 1

_
{0 15 =20 2 30 3 40
Carbon Number

_:56_




Fig. 34
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TABLE 4 RESU];L‘T~.-_9F SYNGAS OPERATION *°

RN NO. 10112-14

)

" CATALYST CO/TH -HICC-101 #10252-42C 80 GC-30.0@M (43.7 AFTER RUN +14 G)

FEED
RON & SAMPFLE NO. .

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

10112-14~01 112-14-02 112-14-03 112-14-04 112-14-05

) SERSCSSSR SNmImmmss S

FEED H2:C0:AR

50:50: ¢ 50:50: 0 50:50: 0 50:50: ¢ 50:50: 0
HRS ON STREAM 4,5 19.75 - 30.25 44,13 52.0
ERESSURE,PSIG 294 295 295 297 296
™me. C 252 251 251 251 251
FEED CC/MIN 400 400 - 400 400 400 .
HBOURS FEEDING 4.50 19.75 - 10.50 24.38 7.87
EFFLNT GAS LITER 36.80  214.30° 148.65  346.65 112.95
GM AQUEQUS LAYER 11.39 49.99 22.26 51.70 15.894{=-
M OIL 4.94 21.67 6.03 14.00 FTe107,
l\% J
MATERTAT, BALANCE =4
G ATOM CARBON 7% 75.17 81.30 92.97 90,33 98.18
GM ATOM HYDROGEN 7  70.54 90.23. 90.97-= . 97.13 94.92
@1 ATOM OXYGEN 7 86.48 89.02 © 102.40 97.44  101.39
RATIO CHX/(H204C02) 0.6903° 0.7770 0.6983  0.7711  0.8907
RATTO X IN CHX 2.1798  2.2921 2.4108  2.3778  2.3074
USAGE H2/Q0 PRODT  1.5204  1.7321 1.6498  1.6823  1.7132
RATTO C02/(H20+02) 0.1854  0.1286 0.1663  0.1592  0.1504
K SHIFT IN EFFLNT 0.07 0.09 0.12 0.13 0.10
OGVERSION N
ON CO % 42,54 38.57 29,09 ' 31.95 31.18
ON H2 % 81.12 67.61 . 57.61  56.14 58.15
ON COH2 % 61.22 53.85° 43,20 . 44,48 44,44
PRDT SELECTIVITY WT % o : \
CH4 _ 7.51 12.66 17.69 -16.46 13.46
C2 KC'S 1.53 2,07 2.96 2.58 2.09
C3H8 1.39 2.45 3.44 3.01 2.52
C3u6= 2.06 1.08 1.90 1.95 1.73
CAH10 1.40 2.11 2,79 2.37 2.00
C4HB= 3.14 1,98 3.28 3.49 3.23
C5H12 2,02 2.56 3.40 3.02 .2.49
C5H10= 3.31 2.10 3.70 4.04 3.58
CEH14L 2.79 3.04 4,08 4,27 3.11
C6H12= §& CYCLO'S 0.17 0.14 0.26 - 0.38 0.27
C7+ IN GAS 12.59 12,15 19.63 24.70 16.84
LIQ HC'S 62.07 57.67 36.87 33.74 48.68
TOTAL 100.00  100.00 . 100.00 100.00  100.00
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SUB-GROUPTNG
" Cl -C4
’ C5 ~420 F
420-700 F
700-END PT
C5+END PT
ISO/NORMAL. MOLE RATIO
ch
C5
(0(3) _
Ch=
PARAFFIN/OLEFIN RATIO
c3
c4
c5
*LIQ HC COLLECTION
PHYS. APPEARANCE
DENSTTY
N, REFRACTIVE INDEX
STMULT'D DISTILATN
10Wl'% @ DEG F
16"
50
84
90

' RANGE(16-84 7)

WL 7% @420 F
WL % @700 F

o

17.04
44,75
32.21

32. 96

0.3564
0.5998
0.8712
0.2793

0.6429
0.4293
0.5931

38.43
90.33

22,34
42.15
29.93
5.58
77.66

0.1006

0.1927
0.3216
0.0000

2,1752
1.0280

1.1808

OIL WAX
0.775

- 1.4304

305
338
475
654
697

316

38.43
90.33
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32.07
46,47

18.47°

2.99
67.93

0.0912
0.1662
0.2781
0.0000

1.7240
0.8204

0.8940

41.80
91.90

29.85 %

50.51

©16.90

" 2.73
70.15

0.0827
0.1352
0.2349

'0.0000

1.4733
0.6559
0.7279

OIL WAX

0.768

1.4302
300
329
453
626
677

297

41.80
91.90

25.03

CbLDD -
23.43

7.51
74.97

0.0778
0.1346

0.2299

0.0000

.1.3893

0.5990
0.6761

'36.43
84.57

Q.



TABIE 5 . RESULT OF SYNGAS OPERATION

RUN NO. 10112-14

CATALYST ©O/TH -HICC-101 #10252-42c 80 CC 30.0M (43 7 AFTER RIN +14 G)
FEED  H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RN & SAMPLE NO.

FEED H2:C0O:AR
HRS ON STREAM
PRESSURE,PSIG
TEMP. C .

FEED CC/MIN
HOURS - FEEDING
EFFLNT GAS LITER
GM AQUECUS TAYER
Q1 OIL

MATERTAL BALANCE
GM ATOM CARBON 7
GM ATQM HYDROGEN %
GM ATOM OXYGEN 7

RATIO CHE/ (H20+C02)

RATIO X IN CHX
USAGE H2/CO PRODT
RATIO C02/(H20+C02)
K SHIFT IN EFFLNT

CONVERSION
Y C0 %
ON B2 7%
ON COHL2 %
PROT SELECTXVITY,WT %

C5H12

C5H10=

C6H14

C6Hi2= & CYCLO'S
C7+ IN GAS

LIQ ‘HC'S

TOTAL

3D11&-14~06 112-14-07 112-14~08 112-14-09 112-14-10

S o b v s g s ey o e S et St hm s e e e

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

70.0
296
251

400
25.87
371.00
52.25
23.35

97.81
94..58
101.08
0.8880
2.3071
1.7295
0.1435
0.10

30.76
58.00
44,15

13.64
1.98
2.40
1.77
1.89
3.26
2.37
3.56
2.86

0.27

16.75
49.24

10€.00

77.0
295
270

400

7.00
89.60
16.3%4
10.93

116.99
105.70
114.17
1.0651

2.3904

1.5981
0.3459
. 0.21

52.11
78.77
64.76
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93.5
296
270

400
23.50
275.C0
54.%
36.70

106.94

98.04
103.53
1.0891
2.3383

"~ 1.5330

0.2653

0.14

48.42
78.29
62.71

15.24
2.41
2.43
1.97
1.86
3.38
2.29
3.49
2.59
0.38

11.11

52.87

100.00

101.0
296
271

400

7.50
&.45
17.95

9.40

100.62

94.17
101.76
0.9709
2.3972
1.5123
0.2681

0.14

OpLPLPPNPY
ONSLEGREIR

55
NG

=
8
(=]
(=]

117.5
296..
271

400
2400

273.05
57.44
30.07 .

99.61
93.25
101.03
0.9626
2.3926
1.5571"
0.2439
0.12

45.98
77.66
61.30

18.02
2.65




SUB-GROUPING

ClL -C4 24,95 31.20 27.28 31.16 30.71 -
C5 =420 F 43.75 40.83 41.68 42:81 42,17
420-700 F 23.70 18.96 21.04 18.67 19,45
700-END PT. 7.60 9.02 10.00 = 7.36 7.67
C5i~END PT 75.05 68.20 72.72 - 6B.84 69.29
ISO/NORMAL MOLE RATIO . ‘ ) )
C4 0.0748 0.1460 0.13%0 0.1373 0.1306
C5 0.1345 0.2683 0.2660 0.2734 0.2600
c6 0.2178  0.4573 0.4199  0.4338  0.4018
Ch= 0.0000  0.0000 0.0000  0.0000 0.0000
PARAFFIN/CLEFIN RATIO )
c3 1.2954  1.5787 1.1782  1.3606  1.1559
Ch 0.5598  0.7085 0.5299  0.5988  0.5089
c5 0.6468  0.8481  0.6379  0.6521 0.5676
LIQ HC COLLECTION ;
PHYS. APPEARANCE OIL WAX - GR-OIL WAX GR OIL WAX
DENSITY 0.784 0.775 0.768
N, REFRACTIVE INDEX 1.4316 1.4305 © 1.4305
- SIMULT'D DISTILATN
IOWI%Z@DEGF 306 : 274 271
16 339 305 . 302
50 : 485 473 452
84 696 . 731 : 699
90 } 751 801 769
RANGE(16-84 %) - 357 426 . 397
W % @420 F 36.43 ~ 41.29 41.29 43.67 43,67
W%@700F 84.57 81.08 81.08 84.07 84.07
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TABLE 6 RESULT OF SYNGAS OPERATION

RUN NO. 10112-14

CATALYST CO/TH +UCC-101 #10252-42C 80 CC 20.0&1 (43.7 AFTER RUN +l4 G)

FEED H2:00:ARGON CF 50:50: 0 @ 400 CC/MN OR 300 GHSV
RUN & SAMPLE NO. 10112914-11:112414-12 112-14<13 112-14-14"

FEED H2:00:4R
HRS ON STREAM
PRESSURE. PSTG
TEMP. C°

FEED CC/MIN
HOURS FEEDING
EFFLNT GAS LITER
GM AQUEOUS LAYER
@ OLL:

MATERTAIL, BALANCE
@M ATOM CARBON 7%
GM ATOM HYDROGEN 7
GM ATOM OXYGEN 7
RATIO CHX/(H?20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO €02/(H20+002)
K SHIFT IN EFFLNT

CONVERSTION
ON CO %
ON H2 %
ON COHI2 %
PROT SELECTIVITY,WT %
CH4
C2 HC'S
C3H8
C3H6=
C4H10
/8=
C5H12
.C5H10=
CoHLS
C6HL2= & CYCLO'S
CH+ INGAS
LIQ HC'S

‘TOTAL

50:50: 0 50:50: 0 50:50: 0 50:50: D

125.0
296
271
400
7.50

86.55
17.88
9.18

99.40
94.22
100.61
0.9678
2.4052
1.5793
0.2365
0.13

45 L] 43
76.70
60.64

18.59
2.74
2.64
2.03
1.91
3.43
2.29
3.64
2.46
0.38

12.56

47.31

100.00

141.5
29
271
400

24,00
28l1.75
57.23
29.37

100.34
95.47
100-%
0.9838
2.4168
1.6063
0.2285
0.12

&4.89
76.29

 60.20
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149.0
299 ~
271
400
7.50
%.25
17.87
8.26

99.21
97.15
101.10
0.9497
2.4488
1.5918
0.2358
0.14

44.86
7447
59.51

20.68
2.85
3.02
2.26
2.23
3.59
2.19
3.51
2.56
0.34

13.56

43.21

100.00

165.0
296

T 272
400
23.50

288.05
55.98
25.89

£100.05

99.62
101.35
0.9654
2.4924
1.6128
0.2366

0.14

45.20
74.26
59.70

22.78
3-10
3.18




SUB~GROUPIING :
ClL -C4 31.36 31.90 °  34.62 36.42

C5 =420 F 41.52 41.20 . 40,75 39.47
Y,  420-700 F 19.76 19.60 . 18.38 18.00
\.  700-END PT 7.36 7.30 6,24 6.11
% C5+END PT 68.64 68.10 65.38 63.58
TSO/NORMAL MOLE RATTO
N\ Ch 0.1238  0.1202  0.1215 0.1093
% C5 0.2438  0.2455  0.2001 0.1865
% C6 0.3807 0.3656  0.3749 0.3614
"-\'ECLI—'-' O-M 0.%00 OOWO 0.0000
PARAFFIN/CLEFIN RATIO
3 1.2403  1.2703 1.2767 1.5720
Ch 0.5383 0.5403  0.5978 0.7467
cs, 0.6117 0.6009  0.6053  0.7187
LIQ HC!COLLECTION
PHYS.: : GR OIL WAX GR OIL WAX
DENSITY 0.773 - 0.767
N, REFRACTIVE INDEX 1.4319 1.4310
SIMULT'iy DISTILATN .
IOWT % @DEG F 287 . 288
16 - 310 311
50 - - 458 454
84 696 686
90 758 o 748
RANGE(16-84 %) 386 375
WI % @420 F 42 .67 42.67 43.00 43.00
WI % @700 F 84.44 84.44 85.55:  85.55
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IV, RUN 3 (10112-15) With Catalyst 3 (Co/Th on UCC-101)

This is a second preparation of Catalyst 2, identical in
formulation.and composition, to be run only at 270C as a test of
any pdssible e@f;ct of temperature on degree of isomerization.

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. 41-44, Simulated distillations of the Cst pro-
duct for two samples are plotted in Figs. 45-46. Carbodn number
product distributions a}e plotted in Figs. 47-51. Chromatograms
from simulated distillations are reproduced in Figs, 52-56. De-
tailed material balances appear in Tables 7-8.

There was an initial loss of activity to ~55 percent-CO and
Hy conversiou, slightly below the level of Catalyst 2. %ater gas
shift ac;ivity was low; initially ~37 percent of the oxygen was
rejected as COp, dropping to 20 percent by the end of the run.
Due to the high conversion of hydrogen, the effective exposure of
the catalyst to the H2:CO syngas vas in a ratio of only 0.5:1.

The product selectivity was essentially the same as in the
previous run, evidently having been ‘'unaffected by_.the difference
in temperature. Based on total hours, on stream, as distinct from
hours at 270C, the selectivity was poorer. At 120 hours on
stream the methane production was slightly higher at ~20 percent.

Wax production was a little lower, There was no essential dif-
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1Y

fe?ence in prpduction of gasoline and diesel fuel, in percent
olefins of ,C4,y or in pentane isomerization. Totgl motor fuels
wvere again below the Schulz-Flory limit. The S-F plots show
excessive methane, as well as an apparent carbon number cut-off
above the diesél range. The condénsed liquid was 'waxy, even
though only ~11 percent of it bqiled.above the diesel range. Thg
chromatograms of the simulated distillations can be almost exact;
ly superimposéd.on those of the previous run. There was little
isomerization of the 1iq&id hydrocarbons.

Distillation and subsequent analysis of the liquid hydrocar-
bons showed that the olefin content of the gésoline.fraction vas
‘3§ percent, and that of the jet fuel fraction was 32 percent
(three timés higher than with gatalysﬁ 1, and similar to the
previous run). The lower percentage of metal cohponent equates
to shorter metal component contact time, curtailing the formétion
of secondary products., The higher olefins, and possibly the
sligﬁt isomerizatioh, both contribute ;5 the very low pour point
of @F for the jet fuel fraction, in contrast to the'pour point
of 65F for the jet fraction from am iron catalyst without Molecu-
lar Sieve, and the diesel fraction's pour point of SOF.

Results were similar to those of the previousurun. The ini-
tial testing at 250C evidéﬁtly had little effect on the results

at 270C. '
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Plot of the Hydrocarbon
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for Sample 10112-15—-01
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) Fig. 48
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Plot of the Hydrocarbon

S . Product Distribution
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Q Fig. 50
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Plot of the Hydrocarbon
Q] Product Distribution
! for Sample 10112—15—09
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TABLE 7 - RESULT OF SYNGAS OPERATION

RIN NO. 10112-15

CATALYST CO/TH -+UCC-101,#10252-46C 80 CC 37. 2GM {52.1 AFTER RUN +15 G)
FEED H2:60:ARGON 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
EFFINT GAS LITER
GM AQUEOUS LAYER
&4 OIL

MATERTAL BALANCE
GM ATOM CARBON %
@1 ATOM HYDROGEN %
@4 ATOM QXYGEN 7
RATIO CHX/(H20+C02)
RATIO X IN CHX
USAGE H2/C0 PRODT
RATIO €02/ (H20+002)

. K SHIFT IN EFFLNT

CONVERSION
ON CO %
ON HZ 7
ON CO+HH2 7
PROT SELECTIVITY,WT 7

10112-15~01 112-15-02 112-15-03 112-15-04 112-15-05

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

19.5
302
272

400
19.50
156.55
47.27
24.32

85.88
79.97
94.42
0.8123
2.3242
1.2272
0.3735
0.16

62.86
89 ll"O
75.66

14.67
2.23
2.12
2.93
1..80
414
2.18
4,24
2.98
2.37

12.74

47.58

100.00

27.0
299
271

4G0

7.50
61.50
18.12

9.60

86.83
80.49
94.44
0.8293
2.3375
1.2590
0.3620
0.15

61.20
89.06
74.61

15.46
2.29
2.11
2.82
1.74
4.08
2.06
4,17
2.63
2.30

11.58

48:77

100.00

- 88 -

115.5
303
269

400
88.50
1049.40
208.20
96.37

95.01
98.12
95.50
0.9862
2.4283
1.6739
0.2001
0.13

44,21
72.07
58.36

19.66
2.82
2.90
1.96
2.18
3.00
2.27
3.09
2.55
1.77

14.13

43.68

100.00

122.5
302
269

400
7.00

.
N
[ 8]

139.5
302
269

400
24.00
324.55
50.54
21.39

99.31
99.38
99.73
0.9870
2.5037
1.6902 -
0.2068

0.14

39.12
66.43
52.78

23.12
3.09
3.29
2.63
2.72
3.73
2.71
3.78
2.80
1.56

11.90

38.66

100.00




SUB-GROUPING
Cl -C4
C5 =420 F
420-700 F
700-END PT
C5+END PT
ISO/Eﬁ?U%AL MOLE RATIO

c5
c6 _
Ch=.
PARAFFH\I/OLEFIN RATIO
. C3
C4
C5
LIQ HC COLLECTION

PHYS. AFFEARANCE ~ GR YL OIL

DENSITY

27.90
50.41
19' 19

2.51
72.10

0.2857
0.5572
0.9660
~0.0000

" 0.6912

0.4206
0.5004

0.741

N, REFRACTIVE INDEX 1.4266

SIMULT'D DISTILATN
10 WI'Z @ DEG F
16
50
84
%

RANGE(16-84 7)

W% @420 F
Wr 7% e700F

257
286
406
578
635

292

54.40
94.72

28.49  32.52
43.30  42.22
22,72 20.35
5.49 4.91
71.51  67.48
0.2632 = 0.1226
0.4990  0.2546
0.8647  0.4117 .
0.0000  0.0000 °
0.7154  1.4156
0.4117  0.7010
0.4803  0.7141
GR OIL waxX
0.765
1.4309
292
318
457
662
712
34
42.16  42.16
88.75  88.75

- 89 -

38.17
40.22
15,94

5.67
61.83

0.1367

0.2493 |

0,4098
0.0000

1.3971
0.7401
0.7302

41.29
84.60

* 38,59

38.71
16.74

5.95
61.41

0.1778
0.2698
0.4181
0.0000

1.1943
0.7044
0.6954

&R YL OIL

0.769
1.4310

292
1320
465
694
755

374

41.29
84.60



TABLE 8 = . RESULT OF SYNGAS OPERATION

RUN NO. 10112-15

CATALYST CO/TH -HICC~101,#10252-46C 80 CC 37.2M (52.1 AFTER RUN +15 G)
'FEED HZCOARGONOF50'>0 0 @ 400 CC/MN OR 300 GHSV

RIJN & SAMPIE NO 10112-15-06 112-15-07 112-15-08 112-15-09

=S|_RSxTa==

FEED H2:00:AR 50:50: 0 50:50: 0 50:50: 0 50:50: 0
HRS QN STREAM - 146.5 “163.5 170.5 187.5
PRESSURE,PSIG anz 300 302 301
TEMP. C 269 270 269 269
FEED CC/MIN 400 400 400 400
BOURS FEEDING 7.00 24.00 7.00 24.00
EFFLNT GAS LITER 94,55 326.45 94,30 328.00
@1 AQUENUS LAYER® 14.55 49.89 14,55 49.89
G OIL : 6.71 23.01 5.88 20.15

MATERIAL BALANCE
GM ATOM CARBON % 100.50  101.89 98.59 99.45
GM ATOM HYDROGEN %  100.39  101.30 . 97.96 09.16

G ATOM OXYGEN % 99.42  100.08 = 99.44 99.78
RATIO CHX/(H20+C02) 1.0334  1.0559  0.9737 0.9896
RATIO X IN CHX 2.4875  2.4874 -2.5214 2.5200

USAGE H2/CO PRODT 1.6872 1.6911  '1.6860 1.7093
RATIO CO2/(H204C02) 0.2121 0.2136  0.2099 0.2017

K SHIFT IN EFFLNT 0.15 0.15 0.14 0.14

CONVERSTON o
oNCOL . 40.12  40.43  38.74  38.3L
ON H2 % ' 66.85  67.26  66.47  65.97
ON OO+2 % 53.48  53.81  52.56 52,12

PROT SELECTIVITY,WT % !
CH4 22.57  22.63 2424 24.15
C2 HO's - 2.95 2.99 3.23 3.23
C3u8 ‘ 3.05°  2.98 3.15 3.1
C3H6= 2.16 ~ 2.22 2.34 - 2.34
CAH10 2.33 2.22 2.37 2.32
C4HB= - 3.37 3.29 3.72 3.56
C5H12 ‘ . 242 2.38 2.41 2.43
CSH10= . 3.29 3.60 3.68 3.84
C6HLYG ‘ .2.81 2.72 2.69 2.72
C6H12= & CYCLO'S 2.02 2.06 2.09 2.07
C7+ IN GAS 13.06  13.88  12.88  13.28
LIQ HC'S 39.97  39.03 - 37.20  36.92
TOTAL | 100.00  100.000 100.00  100.00

- 90 -




SUB-GROUPING

Cl -C4 36.43  36.33  39.05  38.74
C5 420 F 40.39  41.064  39.43  39.90
420-700 F 17.06  16.65  15.90 = 15.78
700-END PT 6.13 5.98 ¢ 5.62 5.58
C5END PT _ 63.57  63.67 ' 60.95  61.26
ISO/NORMAL MOLZ RATTO :
4 © 0.1292 0.1370  0.1316  0.1327
cs 0.2615  0.2540 = 0.2620  0.2473
c6 0.4047  0.4006  0.3968  0.3892
Cli= 0.0000 0.0000 0.0000  0.0000
PARAFFIN/OLEFIN RATIO : |
3 . 1.3523  1.2831  1.2830  1.2776
4 0.6684  0.6503  0.6155  0.6289
. G5 0.7168  0.6438  0.6376  0.6146
LIQ HC COLLECTION : R
PHYS. APPEARANCE CLDY GR CLDY GR
DENSITY 0.747 0.769 -
N, REFRACTIVE INDEX 1.4316 - . 1.4319
SIMULT'D DISTILATN
10 WT % @ DEG F 291 293
16 : 318 320
50 : 462 460
84 604 692
90 755 754
RANGE(16-84 %) . 376 : .372
WT % @ 420 F 42.00 -  42.00  42.14  42.14
WT % @ 700 F 84.67 84,67  B84.89  84.89

-~
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V. RUN 4 (10112-13) with Catalyst 4 (Co/Th on UCC-108)

This is another base line catalyst for use 1n determining the
most productive ratio of metal coﬁponent to Molecular Sieve, Ex-
cept for the substitution of UCC;IOB For UCC-101, it is identical
in preparation and compoSition‘to Catalyst 1,

Conversion, product selectivity, isomerization of the pen-
tane, and perﬁent oléfins of the C4's are plotted against time on
stream in Figs. 57~éb. Simulated distillations cf the Cgt pro-
duct for two samples aré:plotteﬂ'in Figs. 61-62, Carbon‘number
pfoduct distributions are plotted. in Figs. 63-68. Chromatograms
from simulaté;'distillations are feproduced in Figs. 69-74. De-

tailed material balances appear in Tables 9-11.
Y
= S
At 250C the conversicon of this catalyst was 60 percent, much

lower than the 90 percenkt plus of Catalyst 1. The difference at
280C was smaller: 88 percent for this catalyst, 95 percent for

Catalyst 1. The lower activity is hard to explain in a physical-
v e . 1_' 3 .

1A

ly mixed catalyst, since the Molecular Sieve should not be mixed
“ ;

N

intimately ehoﬁgh with the metal component to affect its activi-
ty. The water gas shift activity was lower than for‘Catai;st 1.
At 250C the percent of oxygen rejected as COy was initially SO

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

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

lyst 1 at 230C, with similar conversion. Methane and Cs%* pro-
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)

duction were each ~40 percent, with low wax yield., At 250C,
however, the selectivity was gubstantially bétter: methane pro-
o

duction was ~15 percent, Cg* Qés'more than 70 percent, and the
combined total of gascline plus diesel 0il was ~60 percent. At
firsc the £asgline.p]us diesel o0il was 74 percent of the total
prodﬁct, béyond the Schulz-Flory limit, but this dés a false
{Measurement caused by wax build-up in the reactor; note the in-
crease of heavies with hours on stréam,'and ;hé low materiatl

‘balance until Sample & because this product was not coming out .of

Y n
the reactor. The percent olefins in the G4 fraction.waried wide-
ly, with .no apparent relationship to time or temperature. Iso-

merization of ‘the pentane was qun lower than with Catalyst I

+

characterization of=the liquid indicates that it was .highly sat-

. urated straightyg¢hain hydrocarbons, much like that of Catalyst 1.

Th? initial Schulz-Flory plots show what appears to be a éarbon~

y e
) .

number cut-off, again a false mecasurement caused by wax build-up

in the reactor; by Sample S the distribution is linear except flor¥

the excess methane. The last two samples seem- to show excess.

— T i

. heavies-~yet another false measurement, due this time to thé¢
built-up wax leaving the reactor at high rtemperature.

i

Like Catalyst 1, this cactalyst contains too high a proportion
of metal componenﬁ to Molecular Sieve. The ratio should be ad- =

juste&.
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Fig, 64
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Fig. 66
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TABLE 9 RESULT OF SYNGAS QPERATION °

RIN NO. 101i12-13
CATALYST CO/TH +UCC~108 #10252-28C 80 CC 31.8@1 (33.6 AFTER RUN +1.8G)
FEED H2:CO:ARGON OF 50:50: 0 @ 400 CC/MN OR 300 GHSV :

RIN & SAMPLE NO. 10112-13-01 112-13-02 112-13-03 112-13-04 112-13-05

SITIRDRSCOS SISSUSSSES SESaSUNGS IST[|mmIs steeoemesermme

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

FEED CC/MIN
HOURS FEEDING
EFFINT GAS LITER
GM AQUEOUS LAYER
&1 OIL

MATERTAL BALANCE
&1 ATOM CARBON %
G ATOM HYDROGEN %
QM ATOM QXYGEN %
RATIO CHX/ (H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO 002/ (H20+002)
K SHIFT IN EFFLNT
CONVERSION
oN CO %
o HZ 7%
oN COHI2 2
PRDT SELECTIVITY,WI' %
i
C2 HC's
C3H8
C3H6=
CAH10
VA
c5H12
C5H10=
C6H14
C6il2= & CICLO'S
C7+ IN GAS
LIQ KC'S

TOTAL

50:50: QO 50:50: @ 50:50: 0 50:50: 0 50:50: O

18.5
307
252

400
18.50
142.05
40,78
28.73

86.09

79.40 -

97.75
0.7705
2.3015
1.0183
0.4881

0.36

74.24
89.45
81.54

12.75
1.88
2.37
1.41
2.30
2.79
3.59
2.10
4.24
0.45

10.03

56.08

100.00

25.5
302
251

400

7.00
53.65
14.82

6.60

71.97
62.28
91.36
0.5520
2.2841
1.0088
0.4219
0.24

58.55
83.96

12.53
1‘%
1.83
2.19
1.88
2.49
2.73
2.52
3.15
1.08

11.89

55.86

100.00

42.67
299
250

400
24.17
246.95
51.18
22.79

86.56
77.56
101.42
0.6552
2.4213
1.1175
0.4101
0.31

53.03

;. 76.85
70.33 -

' 64.29

18.58
2.64
2.99
1.67
2.80
2.11

3.55 .

2.06
3.91
0.76
12.14
46.80

100.00

- 112 -

50.17
301
251

400
7.50

94.13.

14.59
9.38

101.73
97.85
101.93
0.9%45
2.4880
1.3802
0.3616
0.31

49,82
71.62
60.51

21.53
2.99
3.66
0.83
3.25
1.34
3'76
1.21
4.00
0.28

10.21

46‘%

100.00

67.08
299
. 251

400
24.42
305.56-
47 - 49'
30.53

100.19
95.63
101.12
0.9744
2.4363
1.3824
0.3451
0.29

47.96
70.13
58.79
18.98

2.86
3.39




SUB-GROUF

Cl <C4 23.51
C5 =420 F - 45.08
420-700 F 28.98
700-EXD PT . 2.43
C5+~END PT- 76.49
_ ISO/NORMAL MOLE RATIO .
Ch _ 0.0000
C5 0.0557
06 ' On 1192
C4= 0.4558
PARAFFIN/OLEFIN RATIO
c3 1.6088"
Ch , 0.7953
C5 1.6586

LTIQ HC COLLECTION
PHYS. APPEARANCE CLR OIL

22.76
44,32
29.67

3.25
77.24

0.0110
0.0443
0.0611
0.0000

0.8006

0.7305°

1.0345

DENSITY i JI45 747
N, REFRACTIVE INDEX1.4195 1.4208

SIMULT'D DISTILATN
10 WT' % @ DEG F 258

'16 304
50 451
84 605
S0 649
RANGE(16-84 %) 301
WL % @420 F 44.00
WT % @ 700 F 95.67

41.07
94.19

30.78
41.64
24.86
2.72
" 69.22

0.0264
0.0797
0.1271
0.0000

1.7139
1.2823
1.6753

CIR OIL
755 759
1.424 1.4245

298
328"
466
628
664

300

41.07
94.19

- 113 -

" 33.60

37.58
22.29

6.53
66.40

0.0355
0.1081

0.1871

0.0000

4.2227
2.3508
3.0211

TR

38.60
86.08

30.69
39.02
23.42

6.87.
69.31

0.029

0.0807
0.1532
0.0000
3.2498
2.0377
2.3520

OIL WAX

743 757

1.4260

299
333
478
688
737

355 -

38.60
86.08



Ve

TABLE 10
RN MO.  10112-13

CATALYST CO/TH -RUCC-108 #10252-28C 80 CC 31.8GM (33.6

RESULT OF SYNGAS OPERATION

FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN CR 300 GHSV )
RIN & SAMPLE NO.  10112-13-06 112-13-07 112-13-08 112-13-09 112-13-10

" FEED H2:C0:AR
HRS ON STREAM
PRESSURE,PSIG
TRMP. G

FEED CC/MIN
HOURS FEEDING .
EFFLNT GAS LITER
@1 AQUEOUS LAYFR
Q1 OLL

MATERTAL BALANCE
GM ATOM CARBON 7
GM ATOM HYDROGEN %
&M ATOM OXYGEN %
RATTO CHX/(H20+C02)
RATIO X IN CHX
USAGE H2/CO PRODT
RATIO C02/(H20+002)
K SHIFT IN EFFLNT

CONVERSTON
ONCO %
. NEH2 %
" ON COHI2 %
PRDT SELECTIVITY,WT %
. % .
C2 HC'S
C3HB
C3H6=
C4H10
C4H8=
C5H12
CS5H10=
CoH14
C6Hi2= & CYCLO'S
C7+ TN GAS
LIQ HC'S

TOTAL

AFTER RUN +1.86)

74.0
295
251

400

6.92
85.54
12.93
11.94

105.81
100.67
99.34
1.1833
2.3658
1.4217
0.3500
0.29

51.22
71.96
61.33

100.00

90.0
297
251

400
22.92
281.89
42.84
39.57

105.09
98.48
99.67

1.1539

2.3448

1.4074

0.3477

0.28

50.30
71.68
60. 64

15.09
- 2.22
2.72
0.91
2.41
1.36
2.99
1.17
3.18
0.34

71.73

59.88
100.00

97.0
298
280

400
7.00
78.90
7.01
6.69

113.80
111.90
105.99
1.1470
2.9797
1.0689
0.7547

1.94

88.83
92.84
90.82

43.08
6'44
7.83
0.76
5.38
1.34
4.51
1.14
3.75
0.16

4,46

21.14

100.00

.- 114 -

114.0
296
280

400
24.00
258.05
24.02
22,92

110.73
104.37
102.79
1.1583
2.8745
1.0559
0.7419

1.47

86.12
92.46
89.19

100.00 —

50:50: 0_ 50:50: 0 50:50: 0 50:50: 0 50:50: 0

121.5

297
281

400
7.50
78.35
9.42
5.20

103.74
101.38
102.16
1.0308
2.9399
1.0667
0.6929

.15

85.35
92.33
88.80

100.00




SUB-GROUPING
Cl -C4&
C5 -420 F
420-700 F
700-END PT
: CS-!-END PT
- ISO/NORMAL MOLE RATTO
Ch Ny
c5

N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10WI'% @ DEG F
16
50
84
90

RANGE(16-84 %)

W %Q@420F
WL % @700F

25.75

35.74
24.77
13.74
74.25

0.0243
0.0853
0.1487
0.0000

3.3276
2.0379

2.5135

33.67 -
76.33 -

24.71
35.57
25.55
14.17
75.29

0.0220
0.0670
0.1334
0.0000

2.8423
1.7126
2.4745

, OIL WAX
765 .759
1.4274

64.83
21.58
7.91
5.68
35.17

0.0720

0.1879
0.4844
0.5016

9.7854
3.8795
3.8362

303 .. .-

339 7

514
=770

431

33.67.
76.33

35.73
73.14

#2115 -

58.90
26.75
8.35
5.59
41 i0

0. 0A26
0.1340
0.3372
0.2165

4.5185
1.8571
2.2380

OIL WAX
0.798
1.4304

262
302°
540
773
827

471

35.73
73.14

62.96
27.45
6.12
3.46
37.04

0.0454
0.1319
0.2339
0.2085

4.0772
1.7493
2.0936

45.86
80.44

,
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TABLE 11 RESULT OF SYNGAS OPERATTON

/ RON NO. © 10112-13 : :
CATALYST CO/TH -HJCC-108 #10252-28C 80 CC 31.8@4 (33.6 AFTER RIN +HL. 8G)
FEED ' H2:CO:ARGON OF 50:50: oet;oocc/mmmoocmsv

« RUN & SAMPLE NO. 10112~13-11
4 R

I ‘ . Ssooosmm=

FEED 12:00: AR 50:50: 0
MRS ON STREAM ° 138.0
‘PRESSURE,PSIG 296
TEMP. C 281
FEED CC/MIN 400
HOURS, FEEDING 24.00
EFFLNT GAS LITER 251.05
@1 AQUEOUS LAYER 30.15

&1 OIL 16.65

MATERIAL BALANCE

GM ATOM CARBON 7 103.74 |
GM ATOM HYDROGEN 7 99.53 ‘ |
QM ATOM OXYGEN % 101.54 ;
: RATIO CHX/(H204+C02) 1.0440 |
“RATIO X IN CHX 2.9077
'USAGE H2/CO PRODT  1.0753
' RATIO C02/(H20tC0Z) 0.6837

K SHIFT IN EFFINT  0.99
CONVERSION
N CO 7% ) 33.07
ON H2 7 91.93
N COHI2 % 87.41
PRDT SELECTIVITY,WT %
C4a 40,68
C2 HC'S 5.31
C3H8 6.37
C3d6= 1.9
C4H10 4.26
CAEB= 2.94
C5H12 4.33
", CSHIO= 2.43
- C6H14 4.21
C6H12= & CYCID'S 0.38
CH IN GAS 9.10
LIQ HC'S 18.05

TOTAL. 100.00
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SUB-GRCUPING
" Cl -C4
C5 420 F
420-700 F
700-END PT =
CH+~END PT )
Iso/NURMALm MOLE RATIO

c5 -~ n

€3 ’

Ch= o
PARAFFIN/O RATIO

c3

% m
G5 :
LIQ HC COLLECTICN.

10WL 7Z @DEG F
16

50

8

90
RANGE(16-84 %)
WL % @ 420 F
WI'% @ 700 F

61.50
28.73
6.24
3.33
38.50

0.0343
0.1176
0.2927
0.1585

3.1353
1.3990
1.7334

- OIL WAX

0.751

1.4255 -

258
298
443
731
778

433

45.86
80.44
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VI. RUN 5 (110225-07) with Catalyst 5 (Co/Th + UCC-108)

Like Catalysts 2 and 3, this catalyst wasi;ntendéd for use in
determining a favorable metal loading ratio of cobalt.metal com-
ponent to Molecufar Sieve, in this case UCC-108., Preparation and
composition were identical to those of Catalyst 2 except the sub-
stitution of UCC-108 for UCC~101.

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time'onﬁ
stream in Figs. 75-78. Simulated distillations of the Cs% pro-
duct for two samples are plotted in Figs. 79-80. Carbon number

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

from simulated distillations are reproduced in Figs. 89-§6. Dg—f
tailed material balances appear in Tables 12-14,

At 270C this catalyst was more active than Catalyst 4 at
250C, but less active than Catalyst 4 at 280C, The initial con-
version was similar to that of Catalyst 3, the two runs having
been the same except for-the different Molecular SieVes: Deacti-~
vation was much lower than with Catalyst 3, resulting in ~25 per-
cent higher syngas coﬂversi&n at the end of the ru;: The water
gas shift activity was low, with ~20 percent of the oxygen réjec-
ted as CO3, the rest as Hp0. Thus the catalyst was effectively

exposed to the H9:CO syngas in a ratio of only 0.25:1. Even in

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

- 118 -




sually stable., .o .
. .

There was some deactivation, the product becoming li%h;er
with time and the proportion of ‘methane higher. The prodﬁ%@
distribution was similar to thag of Catalyst 3, the principaf&
difference being in the 700+ f;action,_qf which this catalyst
produced only 2.5 percent and Catalyst 3 produced 6 percent.

The distribution was much better than that of Catalyst 4 at
280C, and generally better thansghat of Cétalyst 4 at 250C. The
initial selectivity to total'mOQSr.fuels was fairly good ;t'~69
percent. This time, howeve{, the fall-off was due ﬁqt to'wax
build-up iqzthe reactor, since the wax did not increase and the
initiallhaéerial baiance was good, but to a true shift in selec:
tivity as with Catalyst 3.

Thé'é4's w;re only slightly more olefinic than with Catalyst
3, but much more so than with Cat;iyst 4. The pentane was 1eés
isomerized than with Catalyst 3--a result contrary to that with
iron catalysts, in which isomerization is’ higher with UCC-lq%ﬁ
than with UCC-10i., Consistent with this resuit, chromatograms of
the simulated distillations show that the“-liquid was poorly iso-
merized, ) ) N

Both the gasoline and jéé fuel fractions were substantially
more olefinic than wiéh Catalyst 3--respectively ~63 vs, 56 per-
cent, and ~52 vs. 32 percent—«even%thpugh the C4's were equally
olefinic for both. The fall-off of percent olefins with increas-

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

with this catalydt than with Catalyst 3. The olefins also affect

- 119 - N



the pour points of the jet and diesel fuels; compared with Cata-
lyst‘S theﬁjet fuelhpour point is -15F vs..¢F,:and the diesel
fuel pour point 10F vs. 50F, both being signs of improved pro-
duct. The Schulz-Flory pfots, agside from the usual excess of
_methane, are fairly straight,»with a possible slight decrease in g
‘above the diesel range.

This formulation is far superior to Catal&st 4, in which tge
Molecular Sie;ejwas overwhe;med‘gy the metal component. From
comparison of this catalyst with Catalyst 3, however, it is still

not clear whether UCC-101 or UCC~108 is more effective in combi~

nation with cobalt.
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Plot of the Hydrocarbon
Product Distribution
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Fig. 86
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' TABLE: 12° RESULT OF SYNGAS OPERATION

RUN NO. 10225-07
CATALYST CO/TH +UCC~108 #10252-44C 80 CC 51.9GM (59.0 AFTER RUN -+7. G)
FEED . H2:C0:ARGON OF 50:50: 0 @ 400 CC/MN OR 300 GHSV

" RUN & SAMPLE NO. 10225-07-01 225-07-02 225-07 -03 225-07-04 225-07-05

sSSomsmomriees .

FEED H2:CO:AR 50:50: 0 50:50: 0 50:50: 0 50:50: 0 50:50: O
HRS ON STREAM 23.75 30.0 48,08 55.08 72.0
PRESSURE,PSIG ¢ .. 295 299 300 - 298 300
TEMP. C $273 273 269 269 269
FEED CC/MIN ‘ 400 400 - 400 400 400
HOURS FEEDING 23.75 6.25 24.33 7.00 23.92
EFFLNT GAS LITER 182.05 48,00 193.65 57.70 199.80
GM AQUECUS LAYER 56.58 20.29 79.01 23.42 80.01
GM OIL . 31.51 10.14 39.48 11.05 37.75
MATERTAL BALANCE ;
GM ATOM CARBON 7%- 87.71 91.46 90.71 91.90 92.27
GM ATOM HYDROGEM % 86.06 00.43 95,97 97.87 : 98.68
G4 ATGM OXYGEN 7 89.64 98.29 95.62 98.18 97.84
RATIO CHX/(H20+C0O2) 0.9568 - 0.8719 0.8977 0.8725 0.8855
RATIO X IN CHX 2.3926 2.3571 2.3213 2.3367 2.3489

USAGE H2/CO FRODT 1.3068  1.4113 1.5728 1.5808  1.6127
RATIO C02/(H204C02) 0.3755  0.2931 0.2136 0.2090 0.1989

K SHIFT IN EFFLNT 0.15 0.10 0.06 0.06 0.06
CONVERSTON .
ON GO % €8.09 67.95 58.83 57.89 57.10
N H2 7 92.15 93.05 91.48 91.00 90.65
N COHi2 7 80.00 81.03 75.61 74.97 7444
PRDT SELECTIVITY,WT 7 '
Ch4 - 18.25 16.73 15.20 15.96 16.56
C2 HC'S - - 2.39 2.20 2.01 2.07 2.16
Cc3u8 2.74 2.36 1.97 2.01 2,02
C3H6= 2.81 2.79 2.88 2.76 2.65
C4H10 1.88 1.65 1.39 1.43 1.44
C4H8= 4.63 4484 4,08 4.17 3.9
C5H12 1.85 1.66 1.39 1.45 1.47
C5H10= 4.77 4.41 4.15 4.26 4.06
Cé6H14 2.19 1.92 1.63 1.68 1.74
C6Hl12= & CYCLO'S 2.49 2.57 2.79 2.85 2.85
C7+ IN GAS 12.56 10.17 9.40 9.52 9.44
LIQ HC'S © 43,44 49.10 53.12 51.84 51.67 -
TOTAL 100.00  100.00  100.00 100.00  100.00
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SUB43MXHH3E
S 1 ol ¢

C5 ~-420F
420-700 F
700-EXD PT
C5+~END PT

| Iscv3§famgn MOLE RATIO

C5
Co
Ch=

&S PARAFFIN/GEEFIN'RAIIO

c3
Ch
s
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY .
N, REFRACTIVE TNDEX
SIMUET D DISTILAIN
10 WT % @ DEG F
16
50
84
90

RANGE(16-84 7))

WL % @420F
W %@70F

"32.71
49.05
16.40

1.85
67.29

0.0458
0.1159
0.2050
0.0000

0.9307
0.3928
0.3769

CLR OIL
0.748
1.4240

244
261
391
573
628

312

56.00
95.75

30017 ¢

46.10
21.59

2.14
69.83

0.0439

0.1243 *
0.2148 -

0.0000

0.8072

0.3584
0.3660

51.67

95.64

28,397

275537

46.80  46.06
23,36 23.15

2.32 2.41
72.47  71.61

«0.0362  0.0400

0.0862  0.0858
0.14%  0.1455
0.0000  0.0000
0.6526 0,696
0.3288  0.3312
0.3268  0.3317
CIR OIL -
0.754
1.4262

254

283

409

598

645

315

51.67 . 50.71
95.64 ~=95.36
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28.77
45.76
23.07

2.40
71.23

0.0351
0.0838
0.1421
0.0000

" 0.7281

0.3526
0.3531

‘CLR OTL

0.753

" 1.4266

254
285
415
604
650

319

50.71
95.36




TABLE 13 RESULT OF SYNGAS OPERATION

RN NO. . .10225-07 '
CATALYST ~ CO/TH +UCC-108-#10252~44C 80 CC 51.9@1 (59.0 AFTER RN +7. G). _
FEED H2:CO:ARGON OF 50:50: O @:400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10225-07-06 L25-07-07 225-07-08 225-07-09 225-07-10

"“‘—___=====

FEED H2:C0:AR " 50:30: 0 50:35’0: 0 50:50: 0 50:50: 0 50:50: 0
HRS ON STREAM 76.33  -95.0 % 102.0  119.0  126.0
PRESSURE , PSIG .. 303 05 T 299, ¢ -303 303
TEMP. C 269 . 269 269 268 . 268
FEED CC/MIN 400 400 400 400 400 £
HOURS FEEDING 4,33 523.00 7.00 24,00 7.00
EFFINT GAS LITER ~  37.12 207.75  69.45  244.05  73.20

GM AQUEOUS LAYER 14.00 7433 20.67  70.88 ~ 19.35

&M OLL 6.07 32.22 8.80 30.16 7.63

MATERIAL BALANCE b : :
GM ATOM CARBON % 91..07 90.73 95.90 95,57 . ‘93.74
GM ATOM HYDROGEN %7 96.09 - 99.95.. 100.43"  103.41 97.07

GM ATOM QXYGEN 7 47.40.....--57330~ 99.00 98.47 97.9%
RATIO CHX/(H20+C0Z) 08661  0.8607 = ©.9305 0.9350  0.8992
RATIO X IN CHX 2.3757  2.4002 2.4274  2.4651 2.4559

USAGE H2/CO PRODT 1.6089 1.6224  1.6110  1.6303 1.6253
RATIO C02/(H20+C02) 0.2022  0.1996.  0.2200 0.2187 0.2136

K SHIFT IN EFFLNF 0.06 0. 08'.\_ © 0,10 0.11 0.11

CONVERSION T

NI . " 5540 55.13- sy 53.48 53.78 49,41

ON H2 %, . 89.77 786.53  B84.74 83.31 81.06
ON COHH2 % 73.05 71.59  69.47 69.13 "65.51

PRDT SELECTIVITY,WT % , .
CH4 17.79 18.83 19.90 21.5633 21.24
C2 HC'S 2.29 2.41 2.62 2.78 2.81
C3H8 2.19 2.44 2.71 2.92 2.80
C3H6= .. ) 2.81 2,32 2,57 2.24 2.45
c4M0 1.57 1.75 1.99 2.23 2.07
CL4HB8= 4.23 . 3.79 4,24 3.69 3.89
C5H12 ) 1.62 1.78 2.16 2.40 2.20
C5H10= . 4,25 3.77 4.50 . 3.9 4.18
coms 1.87 2.04 2.36 2,57 2.45
C6H12= & CYCLO' s 2,97 2.62 2.79 2.36 2.58
C7+ TN GAS 10.26 9.81 11:72 11.15 12.61
LIQ HC'S 48.15 48.42 42,44 42,15 40,72

TOTAL. 100.00 100.00 100.00 100.00  100.00
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- SUB-GROUFTNG

C5 -420 F
420-700 F
. 700-END PT
C5+END PT
! Isoltégmm MOLE RATIO

/OLEFIN RATIO

LIQ HC COLLECTION
PHYS. APPEARANCE

N, REFRACTIVE, INDEX

SIMULT'D DISTILATN
I0WTr %2 @DEG F

RANGE(16-84 %)

W %@40TF
WI%@700F

- 3L.55
45.50
20.50

2.45
68.45

0.0301L
0.0797
0.1422
0.0000

1.0041
0.4461

0.4593
CIR OIL

0.753
1.4260

255
283
407
586

34.03
M.Oli‘

" 19.61

2.32

65.97

0.0313

. 0.0941

0.1424
0.0000

1.0059
0.4516
0.4654

48.33
94.54

35.42
42.80
19.48

2.30
64.58

0.0323
0.0905
0.1497
0.0000

1.2435
0.5826

0.5939
CIR OIL

0.753

262
305
429
603

. 652

298
48.33

94.54

35.26.
41.80
20.19
2.75
64.74

0.0316
0.0972
0.1444
0.0000

1.0886

0.5145
0.5106

43.67

- 93.25




TABLE 14  ° RESULT OF SYNGAS OPERATION
RON NO.  10225-07 ' - “
CATALYST CO/TH -+UCC-108 #10252-44C 80 CC 5L.9GM (59.0 AFTER RUN +7.0G)
FEED  H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RON & SAMELE NO.  10225-07-11 225-07-12 225-07-13 225-07-14 225-07-15

;

I

FEED H2:C0:4R 50:50: 0 50:50: 0 50:50: 0. 50:50: O 50:50: O
HRS.ON STREAM . 143.0 150.0 167.0 174.0 191.0

- PRESSURE,PSIG - " 297 294 301 298 298
TEMP. C 268 . 269 269 269 269
FEED CC/MIN . 400 . 400 400 414 414
HOURS FEEDING 24.00 ~7.00 24.00 7.00 24.00°
EFFLNT GAS LITER 257.50 75.45  263.60 78.90  272.80
& AQUECUS LAYER 66.34 19.34 - . 66.29 19.01 65.19

@1 OIL 26.17 7.67 26.31 7.14 24.49

GM ATOM CARBON 7 . 95.48 95.83 96.51 93.79 93.76
GM ATOM HYDROGEN 7 101.51  101.57 102.41 99.51. 100.11

@1 ATOM OXYGEN % - 97.99 98.07 98.65 - 95.57 95.31 .
RATTO CHX/(H204C02) 0.9400 0.9462 0.9484 0.9548 0.9603"<.,
RATIO X IN CHX 2,5043 2.5050 2.5133 2.5209 2.5243

USAGE H2/CO PRODT 1.6501 1.6632 . 1.6779 1.6839 1.7031
- RATIO C02/(320+C02) 0.2175 0.2128 0.208L 0.2078 0.2008

K SHIFT IN EFFLNI 0.11 0.11 0.11 0.11 0.17°
CONVERSICON . .
ON CO % . 50.77 -+ 50.33  49.61  48.86  48.40
ol H2 % . 80.8  80.80  80.20  79.05  78.54
ON COHI2 % "66.27 66,00  65.36 °64.40  63.96
" PRDT SELECTIVITY,WT 7% )
CHb ©23.32  23.41  23.78 24,04 24,23
C2 HC'S 3.02 -~ 3.00 3.10 3.11 3.14
C3HS 3.19 .15 3.20 3.37 3.33
C3H6= 2.22 2.25 2.25 2.44 - 2.72
CAHIO 2.41 2.39: . 2.38 2.47 2.48
ChHR=" 3.66  3.59 3.68 3,87 3.99
C5HI2 § 2.59 2.54 2.60 2.67 2.65
C5HL0= 3.92 3.75 3.95 3.97 3.83
COHLY 2.76 2.72 2.66 2.87 2.88
C6HI2= & CYCID'S 2.40 2.28 2.20 2.43 2.39
C7+ IN @4S 11.92  12.13  11.33 12.31  11.82
LIQHC'S . 38.5  38.79  38.87  36.46  36.54
TOTAL 100.00 100,00 - 100.00  100.00  100.00
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SUB-GROUPTNG

Cl ~C4

C5 =420 F
“420-700 F

700-END PT

C5+END PT
Iso/bgszAL_m RATIO

c5
c6
Ch=
PARAFFIN/OLEFIN RATIO
Cc3 *
VA
C5
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
. SIMULT'D DISTILATN

10 Wl Z @ DEG'F
16 -

50

84

90

RANGE(16-84 7)
W 7%@40F
WL 7% @700 F

37.81
40.45
19.13

2.61
62.19

0.0302
0.0909
0.1420
0.0000

1.3747
0.6348
0.6423

CLR OIL
0.754
1.4255

268
315
442
618
667

303

43.67
93.25

37.79
40.36
19.38

2.47
62.21

0.0347
0.0907
0.1420

0.0000.
1.3364.

0.6439
0.6595

43.67
93.64

38.39
39.71
19.42

2.47
61.61

0.0309
0.0908
0.1424
0.0000

1.3597
0.6248
0.%03

CIR OIL
0.752
1.4253

267
312
442
613
662 -

301

43,67
93.&*
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32.30
40.65
17.56

2.49
60.70

0.0338
0.0825
0.1385
0.0000

1.3206
0.6170
0.6535

45.00
93.17

39.88
40.02
17.60

2.50
60.12

0.0311
0.0920
0.1448
0.0000

1.1650
0.5999
0.6720

CLR OIL
0.757
1.4253

270
312
438
614
666

302

45.00
93.17




VII. RUN 6 (10132-16) with Catalyst 6 (Co/Th/X71 + UCC-101)

This cn alyst is the first of a series of five in which the
thorium-promoted cobalt metal component (MC) is treated with
other metals ‘(the exact nature of the metal component.will not,
in general, be discussed). The metal component was first formed
as an equi-molar mixture of cobalt and the additive, tﬁen impreg-
nated with thorium to give 15 percent Th, This was physically
mixed with UCC-101 in a MC:SSC ratio of 3:14, bonded with 15
percent 3102, and formed as an extrudate., Aside from the addi--
tive this is much the same as Catalysts 2 and 3, and should be
compared to the latter. )

Conversion, product selectivity, isomerization of the pen-—
tane, and percent olefins of the -C4's are plotted against time on
stream in Figs. 97-100. Simulated distillations 'of the Cs+ pro-
duct for two samples are plotted in Figs. 101-102. Carbon number
prdduct distributions are plotted .in Figs. 103-108. Chromate-
grams from simulated distillations are reproduced in Figs. 109-
114. Detailed material balances appear in Tables 15—17. |

The conversion was 92 percent of that with Catalyst 3, but
the cobalt, at only half the level in Catalyst 3, was used much
more efficiently. The rate of deactivation was also similar to
that of Catalyst 3. The water gas shift activity was low, ini-

tially 28 percent and falling to 20 percent of the oxygen reject-
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ed as CO9 (not an efficient use of the l:1 -syngas). Due to the
high H9 conversion the c;talyst was effectively exposed to the
HszOrsyngas in a ratio of 0.57:1; without very rapid deactiva-
tion. |

The initial selectivity was similar to that of Catalyst 3
except that ;he yield oé heavies was lower (less than 2 percent
vs, ~6 percent). The total motor fuel yield was ~65 percent,
also like that of Catalyst 3 but with more gasoline and less
diesel o0il. The selectivity is more stable than that .0f Catalyst
3, the shift toward lighter products with hours on stream having
been less pronounced. Percent olefin of the C4 product was the
same as with.Catalyst 3, but the pentane was slighﬁly less iso-

merized. The chromatograms of the simulated distillations appear .

Eo show that the liquid was more isomerized than the pgntane; but
since the liquid contained solid wax this finding may be opea to
guestion. The Schulz-Flory plots are typical of coSalt, with no
apparent carbon number cut-off,

This catalyst shows little improvement overVCataIyst 3. It
does, however, use cobalf more effiéiently, its selecfivity is a

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

isomerized.
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TABLE 15 RESULT OF SYNGAS OPERATION

RUN NO. 10112-16
CATALYST CO/TH/X1+UCC-101 #10252-57C 80 CC 32,0 GM (47,7 AFTER RUN +16G)
FEED H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMFLE NO, 10112-16-01 112-16~02 112-16-03 112-16-04 112-16~05

FEED H2:00:AR 50:50: 0 50:50: 0 50:50: O 50:50: O 50:50: 0

HRS ON STREAM 23.5 28.5 47.5 53.5 73.0 -
PRESSURE,PSIG "300 305 302 301 301
. TRMP. C 270 270 270 270 270
FEED CC/MIM 400 400 . 400 400 400
HOURS FEEDING 23.50 5.00 24.00 6.00 25.50
EFFLNT GAS LITER 195.75 40.76  237.80 70.40  313.00
GM AQUECUS LAYER 67.31 12.62 60.55 13.76 58.48
GM OIL 21.54 4.75 22.81 4.76 20,22
GM ATOM CARBON % 78.09 75.28 83.35 92.22 94.05.
GM ATOM HYDROGEN 7 81.65 . 78.55 88.43 92.23  95:11°
GM ATOM OXYGEN % 94,56 ©  86.79 01.36 98.17 98.66
RATIO CBX/(H20+CO2) 0.6466  0.7213  0.7972  0.8417  0.8731

RATIO X IN CHX 2.3212 2.3413  2.3668 2.4218  2.4208
USAGE H2/CO PRODT 1.3304 1.3683  1.4922 1.4804  1.5495
RATIO CO2/{H20+C02) 0.2811 0.2816  0.2418 0.2645 0.2376

K SHIFT IN EFFINT 0.15 0.16 0.16 0.19  0.17
CONVERSION
ON 00.% 55.39 55.00 49.20 45.07. 42.94
ON H2 % 83.91 82.14 75.95 71.49 69.56
ON COH2 % 69.97 68.86 62.97 . 58.28 56.32
PRDT SELECTIVITY,WT %
CHL : 14.19 15.18 16.28 18.79 18.77
C2 HC'S 2.34 2.36 2.46 2.76 2.91
C3HB 2.39 2.52 2.86 3.23 3.18
C3H6= 2.54 2.25 2,15 2.35 2.44
C4H10 2.12 2.27 2.42 2.74 2.62
CA4HB= 4.20 3.62 3.63 L 4.07 4.11
C5H12 2.46 2.52 2.67 2.91 2.81
* C5H10= 4.90 4.16 4,10 4.41 4.42
C6H14 3.05 3.00 3.10 3.42 3.39
C6H12= & CYCID'S 4.33 3.75 3.64 3.96 4,17
C7+ IN GAS 14.58 13.42 14.22 16.24 16.18
LIQ HC'S 42.90 44,95 42,49 35.14 35.00
TOTAL 100.00  100.00  100.00 100.00  100.00:
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SUB-GROUPING

C5 -420 ¥

420-700 T

700-END PT

C5+END PT
ISO/NMOF‘I'{AL MOLE RATIO

PARAFFIN/OLEFIN RATIO

LIQ HC COLLECTTON
PHYS. APPEARANCE

RANGE(1.6-84 L)

Wi @420 8
wr 4 @ 700 F

27.78
55.05
©15.96
1.20
72.22

0.1874
0.3554
0.6851
0.0000

0.8997
0.4873
0.4883

CIR YL OLL

0.758

N, REFRACTIVE INDEX 1.4246
SIMULL'D DISTLLAIN
10 Wl % @ DIEG F

258
288
395
527
569

239

60.00

97.21

28.20
52.56
17.85

1.39
71.80

0.1740
0.2891
0.5262
0.0000

1.0681
0.6070
0.5889

57.20
96.9L

29.79
52.02
16.87

1.31
70.21

0.1345
0.2508
0.4449
0.0000

1.2690
0.6455
0.6335

CLDY YG OIL

0.797
1..4256

263
299
403
543
597

244

57.20
96.91.

" 33.92

50.35
14.80

0.92
66.08

0.1322
0.2388
0.4198
0.0000

1.3123
0.6501
0.6416

© 55.25

Y7.38

A
A

34.G3
50.31
14.75

0.92
65.97

0.1241
0.2335
0.4129
0.0000

1.2461
0.6166

. 0.61B5
CLDY Bl 0OIL

0.755
1.4259

282
303
410
543
594

240

55,25
97.38




TABLE 16 RESULT OF SYNGAS OPWI‘ION

RUN NO.  10112-16 _
CATALYST CO/TH/XT4UCCI01 #10252-57C B0 €C 32,0 G (47,7 AFTER RUN +16G)
FIED H2:COARGON OF 50:50: 0 @ 400 CC/MN OR 300 Gnsv

RUN & SAMPLE NO. - 10112-16-06 112-16-07 112-16-08 112-16-09 112-16-10

B 52 4 K8 S0 RS B A A L L 1] B ARKA DM P AR R A ek R Sk D 13 03 000 Bl G

FEED H2:00:AR 50:50: 0 50:50: O, 50:50; 0 50:50: 0 50:50: 0
lIRS ON SIRITAM 79.0 - 97.0 103.0 J121.0 127.0
IRESSURE, PSIG 300 301 301 302 299
TmMe. © 270 270 270 270 270
FEED CC/MIN 400 400 400 400 400
HOURS FEEDING ' 6.00 24.00 6.00 24,00 6,00
FEFFLNT GAS LITER 76.05 308.00 84.05 142,80 84,90
GM AQIEOUS PAYER 13.33 53.31 11.77 - 47.08 11.65
M OIL 4.80 19.21 3:50 14.02 3.69
MATER LAL BALANCE ’ :
GM ATOM CARBON % 94.97 96.18 95.22 09.73 098,37
GM ATOM HYDROGIN % 96.18 97.61 07.31 46,46 96.83
- OM ATOM QXYGEN 4 93.8Y 98,84 97.70 101.35 99.76
RATIO CIX/ (120+C0O2)  0.8890 0. 9236 0.9189 0.9468 0.9544
RATIO X IN CHX 2.422) 24010 2.4799 2,4333 2.4550

USAGE 112/C0 PRODY 1.5563 1..5905 1.6635 1.6575 1.6580
RATLO CO2/(11204C02)  0.2374 0.2253 0.2040 0.2026 0.2074

I SHTEET TN FBFELNT 0.18 0.16 0.16 0.15 - 0.15
» CONVERSTON ’
o €O 41.96 4108 35.96 35,14 J35.86
ON 12 4 67.66 07.42 60.64 . - HL.B2 61..60
oN COHIZ 4 5089 - 54,62 48.43 - 48,16 48,63
PRI SELECEIVTEY Wi % <
Cl4 18.89 18.47 2146 19,46 20.49
a2 Nets 2,74 2,72 3. 10 2,96 . 3.01
cum 3.9 3.01 3.74 15« 1.3
C3tlhm 2.50 2.48 2.5} 3.10 3.00
CAINO o 2.62 2.47 2.97 2.51 2,6)
ChlIB= 4.13 4.10 4.05 4,70 4G4
C5HL2 2,80 2.63 2,92 2.60 2.74
C5H10= 41,54 4h.68 4.36 5.03 4,94,
COMA 3.31 3.22 3.39 3.32 3.24
COlL2= R CYCLD'S 3.96 " 4,20 4.04 4,78 4,54
C74 IN GAS 15.65 17.16 18.35 20.05 17.81
LIQ 1C's 35.64 34.87 29,10 28,33 29,66

‘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/NORMAL MOLE RATIO
C4
c5
cé6
Ch=
PARAFFIN/OLEFIN RATIO
c3
CL
c5
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY i
N, REFRACTIVE INDEX
STIMULT'D DISTILATN
IOWT%Z @DEG F
16
50
84
90

RANGE(16-84 %)

WI %@420F
WIZ@700F

34.07
48.74
15.56

64

65.93

0.1310
0.2330
0.4047
0.0000

1.2186
0.6108
0.5933

"51.75
95.41

33.24
49.93
15.22

1.60
66.76

0.1341
0.2328
0.3940
0.0000

1.1609
0.5807
0.5469

CLDY BLUE
0.757
1.4273

285
305
416
573
627

268

51.75
95.41

37.84
47.32
12.89

1.95
62.16

0.1242
0.2154
0.3910
0.0000

1.4204
0.7082
0.6502

49.00
93.31
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35.89
49.66
12.55

1.90
64.11

0.1348
0.2346
0.3955
0.0000

0.9680
0.5148
0.5022

LT BL OIL
0.765
1.4285

293
315
426
600
654

285

49.00
93.31

37.10
47.47
13.27

2.15
62.90

0.1416
0.2318
0.3843
0.0000

1.0566
0.5477
¢ 0.5417

48.00
92.75




TABLE 17 RESULT OF SYNGAS OPERATION

RUN NO. 10112-16 .
CATALYST CO/TH/X1+UCC-101 #10252-57C 80 CC 32.0 GM (47.7 AFTER RUN +16G)
FEED _ H2:CO:ARGON OF 50:50: O @ 400 CC/MN OR 300 GHSV

RUN & SAMPLE NO. 10112-16-11

e e e e e
o it e o

FEED H2:CO:AR 50:50: 0
HRS ON STREAM' 144.0
FRESSURE,PSIG 300
TEMP. C 271
FEED CC/MIN 400
HOURS FEEDING 2370
EFFINT GAS LITER 33440
@ AQUEQUS LAYER 44,66
&1 OIL 14.14
MATERTAL. BALANCE .

G ATOM CARBON % 98.06 -

GM ATOM HYDROGEN % 99.32
GM ATOM OXYGEN % 99.48
RATIO CHX/(H204C02) 0.9523
RATIO X IN CHX 2.4658
USAGE H2/CO FRODT  1.7017
RATIO C0Z/(H20+C02) 0.1899

K SHIFT IN EFFLNT 0.15
CONVERSION
N COZ 34.69
ON H2 7 . 59.50
ON COHI2 7 . 47.17
PRDT SELECTIVITY,WT %
CH4 21.14
C2 HC'S 3.15
C3H8 3.24
. G3H6~= 2.56
C4H10 2.54
C4HB= 3.99
C5H12 2.56
C5HI10= 4.29
C6H14 3.05
C6HI2= & CYCLO'S 4.07
C7+ IN GAS 19.12
LIQ KC'S. 30.28
TOTAL 100.00

- 173 -



SUB-GROUPING

Cl -C4 : 36.62

C5 =420 F 47.63

420-700 F 13.55

700-END PT 2,20

C5+=ED FT 63.38
ISO/NORMAL MOLE RATIO

c4 0.1320

c5 0.2367

Co '0.3820

Ch= 0.0000
PARAFFIN/OLEFIN RATIO

. c3 1.2084

G4 0.6146

c5 0.57%

LIQ BHC COLLEGTION
PHYS. APPEARANCE LT BL OIL
DENSITY 0.761
N, REFRACTIVE INDEX 1.4291
SIMULT'D DISTTIATN

10Wr % @DEGF - 297
16 319
50 430
84 604
%0 665
RANGE(16-84 %) 285 .
WL 72 @420 F 48.00
WT % @ 700 F 92.75
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VITI. RUN 7 (10112-17) with Catalyst 7 (Co/Th/ko + UCC-101)
This<catalyst, the .second of five treated with a metal addi—’
tive, was formulated in exactly the .same way as Catalyst 6 except
with a different additive. . |
Conversion,'product s%lectivity, isomerization of thg pent-
ane, and percent olefinsf%f the C4's are plotted against time on
stream in Figs. 115-118. . A simulated distillation of the Cs* pro-

duct for one sample is plotted in Fig. I19. Carbon number product

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

I ]

simulated distillations are reproduced in Figs. 123-125. Detailed
material balagces appear in Table 18.

This catalyst performed.poorly in comparison with Catalyst 6.
The levels of cobalt in:both:Catalysts 6 and 7 were approximately

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

-

cent as active as Catalyst 3, this catalyst was only 43 percent as
active as Catalyst 6 and only 40 percent as active as Catalyst 3,
Considering that the additive used may Jtself have some Fischer-
Tropsch activity, this catalyst's use of the cobalt was particu-
larly inefficient. The water gas activity was also low, with 20
percent of the oxygen rejected as CO3. The H2:CO usage ratio of
1.65 was an inefficient use of the 1:1 syngas.

Characteristic of cobalt catalysts, the selectivity for meth-

ane was high. The C9-C4 yield, however, was also high, more like
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an iron than a cobalt catalyst. The Cst selectivity was low; very
little diesel o0il was produced, and practically no heavies. Pro-
duction of olefins, as measured by the Cy fraction, was steady,
typical of cobalt catalysts. Isomerization of the pentane was
similar to that of the Co+UCC-101 catalysts previously tested.
Chromatograms of the simulated distillations show that isomeriza-
tion of the liquids was the same as with Catalyst 6. The‘Schu;z—
Flory plots show that the methane production was still excessi?e,
but due to the high production of C3~C4, not as high as usual with
cobalF caéalysts.

The additive used in this catalyst not only fails to enhance

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

with some of the undesirable properties of iron catalysts which

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