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I. CONTRACT OBJECTIVE

The objective of the contract is to consolidate the advances
made during the previous contract in the coanversion of syngas to
motor fuels using Molecular Sieve-containing catalysts aad to
demonstrate the practical utility and economic valune of the new

catalyst/process systems with appropriate laboratory ruas.



II. SCHEDULE

The contract work was planned for the twenty-eight month
period beginning September 18, 1984,

Work on the program is divided intc six tasks.

Task 1 consists of the preparation of a detalled, non-pro-
prietary work plan covering the entire performance of the con-
tract. This work plan was completed in November, 1984,

Task 2 consists of a preliminary techno-economic assessment
of the UCC catalyst/process system. This assessmeﬁt, as well as
the final techno-economic evaluation planned for Task 6, will be
based on a sensitivity analysis which MITRE will conduct on an
updated versiocn of their previously completed economic evaluation
of the Union Carbide Corporation (UCC) systenm.

Task 3 consists of the optimization of the most promising
catalysts developéd under prior contract DE=-AC22-81PC40077 toward
goals defined by the MITRE and Task 2 studies. This work will
run through the first 24 months of the contract.

Task 4 consists of the optimization of the UCC catalyst sys~
tem in a manner which will give it the longest possible service
life. This work will run through the first 24 months of the con-
tract. 5

Task S consists of the optimization of a UCC process/cata-

lyst system based upon a tubunlar reactor with a recycle loop
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(i.e., the Arge reactor) containing the most promising catalysts
developed under the Tasks 3 and 4 studies. This optimal perfor-
mance will be estimated from a mathematical model of the tubular
reactor which incorporates reaction rate constaants determined
from appropriate Berty reactor runs. This effort will run
through the first 24 months of the contract.

Task 6 consists of an economic evaluation of the optiﬁal
performance found under Task 5 for the UCC process/catalyst sys-—
tem. This effort will be based on the MITRE sensitivity analysis
referred to in the description of Task 2.

The final four months of the contract will be devoted exclu-
sively to the writing of the Eighth Quarterly Report and the Fin-

al Technical Report.




ITIT. ORGANIZATION
This contract is being carried out by the Catalyst Research
and Development Group of the Molecular Sieve Technology Depart-
ment, Catalysts and Services Division, Union Carbide Corporation,
Tarrytown, New York.
The principal investigator is Dr. Jule A. Rabo.

The program manager is Dr. Albert C. Frost.



IV. SOUMMARY OF PROGRESS

A. Task 1

Task 1, a detailing of the work planned for the other tasks
in the contract, has been completed.
B. Task 2

Tgsk 2, a preliminary techno-economié assessment of the UCC
catalyst/process system, will be based on a sensitivity analysis
which MITRE is conducting on an updated version of their previ-
ously completed economic evaluation of the UCC sf;tem.

This sensitivity study is expected to graphically show the
differential cost (around the base case cost), expressed as dif-
ferential cents per gallon of motor fuels, for changes in each of
the operating parameters of space vélocity. catalyst life, meth-
ane make, alpha, C25-C3p carbon cutoff, overall conversion, feed
Hz:C0 ratio, reactor temperature, and reactor pressure. '

These differential cost-operating parameter curves will not
only strikingly illuminate which of those operating parameters
have the greatest effect on product cost (for Task 2), but they
will also be used with simulated process operating curves to
readily obtain an economic worth for each tested catalyst for any

set of envisioned process conditions (for Task 6).



C. Tasks 3 and 4

The catalytic testing during this quarter was focused on
further developing and understanding Xj] promoted cobalt oxide
catalysts intimately contacted with the Molecular Sieve TC-123,

Included in the testing were attempts at determining the
beneficial effects of incorporating the promoter X9 into the cat-
alyst formulation (first used in Run 55), at incorporating higher
cobalt concentrations into the catalyst, and at screening the ef-
fects of using a new Molecular Sieve support, TC-124.

Two catalysts were tested to determine the potential benefi-
clal effect of the promoter Xg under high temperature snd pres-
sure conditions (260C, 500 psig, 1.5:1 H2:C0). Catalyst 60, con-
taining no Xg, showed inferior stability to Catalyst 55, which
contained 1.1 percent Xg (described in Run 55, Appendix B of this
report). Increasing the concentration to 1.6 percent also showed
decreased cataljst stability, indicating that an optimum quantity
of X9 lies between zero and 1.6 percent.

A new method of increasing the cobalt coacentration was
tried to further improve the catalyst’'s activity (Run 59). The
catalyst demonstrated an initially high activity, but it quickly
dropped to the level normally observed for a typical 8.2 percent
loasding. -

A nevw support, TC-124, was tested for its effect on catalyst
performance. Both attempts ﬁkuns S8 and 61) produced catalysts

with poor performance, but these catalysts did show improved iso-

merization activity as evidenced by the Cst fraction.
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D. Task S

Berty reactor data for the promising Catalyst 45 were corre-
lated into rate and selectivity e;pressions. These corrélations
were then incorporated into the FIXBD computer simulation of the
Arge reactor to yield preliminary desigan curves for a "kick-off"
presentation to MITRE, who will be carrying out an updated eco-
nomic evaluation of our new catalyst system (see Task 6, below).
E. Task 6

As mentioned above, MITRE is expected to begin their eco-
nomic evaluation of our Catalyst 45 shortly. This evaluation
will be for'a base case which will run at 400 psig, 250C, and
with an 85 percent overall syngas conversion.

The feed space velocity chosen for that conversion will re-
quire a certain H2:C0 feed ratio, which, in turan, will determine
how much CH4 is produced (high H9:CO feed ratios will allow high
space velocities, but they will also create high CH; makes).

The relationship between feed space velocity and methane
make was presented to MITRE in the form of a single curve. This
plét vas accompanied by additional plots which showed what the
feed H2:CO ratio, the C2 make,‘and the alpha for the C3+ product
would be for any chosen combination of feed space velocity and
CH; make. See Appendix C.: -

MITRE is expected to use these operating curves im conjunc-

tion with their techno-economic background to pick a single space
velocity-CH; make combination as the basis for a éomplete eco-~

nomic evaluation.



This evaluation will be accompanied by a thorough seasitiv-
ity analysis which could be in the form of ten plots, one for
each of the ten operating variables of presgure, temperature,
overall conversion, methane make, feed space velocity, feed H3:CO
ratio, C2 make, alpha for C3*iproduct, catalyst cost, and cata-
lyst life.

EBach of.these operating variables would be plotted against
the corresponding cost differential (cents per gallon, plus or
minusg) which wbuld arise if the value of that variable (and only
that variable) were changed to a different value from that used
ir the base case. Three or four such determinations by MITRE

would thus define a gsensitivity curve for that operating varia-

ble.

The geasitivity curves would be used in conjunction with
sets of new operating curves for new cases. Values for ten new
operating variables for a new case would be taken from these new
operating curves and costed with the geasitivity curves. The sum
of all the plus and minus differentials thus determined f£rom the
gsengitivity curves would define the total cost (relative to the
cost of the base case) for that new case.

In other words, these MITRE supplied sgensitivity curves will

allow UCC to determine the worth of any set of operating condi-
tions for Catalyst 45, or for any set of operating comnditions for

any new, improved catalyst that we may develop in the fature.




V. CHANGES

There were no contract changes during the Seventh Quarter.




VI. FUTURE WORK
Tasks 3 and 4 will continue to be devoted to developing new,
stable catalyst formulations which will have higher specific ac-
tivities and lower methare makes than do our present catalysts.
Task 5 will continue to be devoted to examining various op-
erating conditions for Catalyst 45, as well as to supplying MITRE

with any requested supporting material.
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APPENDIX A. CATALYST TESTING: SUMMARY OF ROUNS
REPORTED DURING THIS QUARTER

J. G, Miller, L. F. Elek, C-L Yang and K. N. Beale

This report describes the five catalyst tests conducted from
April through June 1986, the seventh quarter of this coatract.

A list of the catalysts tested, a description of their prep-
aration, and a brief statement of each test's objective, are
shown in Table Al. All of the catalysts tested involved cobalt
oxide and additive Xjj intimately contacted with.one of two
Molecular Sieveesnpéorts: TC-123 in Runs 57, 59, 60, and TC-124
in Runs 58 and 61. Runs 57 and 60 were designed to assess the
effects of the promoter Xg, which was. first used in combination
with the X131 promoter in Rum 55 (described ir Appendix B of this
report)., Run 59 tested a new method of increasing the cobalt
concentration in the catalyst. Runs 58 and 61 examined the use
of the newly developed catalyst support, TC-=124,

An abbreviated table of results for these catalyst runs is
shown in Table A2, The conversion, weight percent CH;, weight
perceant Cst, and specific activity, as well as a qualitative es-
timate of stability, are listed for each catalyst. A more conm-
plete report of results and analysis of these runs will be pre-

sented in the Eighth Quarterly Report.

- A2 -




Table Al. Description of catalysts tested dun‘.ng—?he

seventh quarter.

Run Catalyst

Catalyst preparation

Objective of test

57

59

61

Co/Xy1/TC-123
(11617-10)

Co/Xg/X11/TC~124
(12561~07)

Co/X31/TC-123
(12561-08)

Co/Xg/X31/TC-123
(12570-05)

Co/Xg/X11/TC~124
(11617-11)

The X1 promoted cobalt oxide catalyst
was formulated similarly to Catalyst
55, except that the additive Xg was
not included. Theoretical pet Co=8.2,
pct X1181.6-

The Xg, X311 promoted cobalt oxide cat-
alyst was formulated similarly to Cat—
alyst 55, except that TC-123 was re-
placed with the new Molecular Sieve
TC-124, Theoretical pct Co=8.2, pct
X11=1’6’ PCt xg-lnlo

The Xj] promoted cobalt oxide catalyst
was formulated similarly to Catalyst
57, except that a new formulation step
was added. Theoretical pct Co=l11.6,
pct Xji=2.3.

The Xg, X1 promoted cobalt oxide cat-
alyst was formulated similarly to Cat-
alyst 55, except that the Xg concen-
tration was increased 1.5 times. Theo-
retical pct Com=7.9, pct Xj1=1,6, pet

Xgul.6.

The Xg, X33 promoted cobalt oxide cat-
alyst was formulated similarly to Cat-
alyst 58, except that an additional
calcining step was incorporated in the
formulation procedure. Theoretical pct
CO’8.2, pct xg’l-l, Pct x11=1.6.

To determine the effects
of Xg in Catalyst 55.

To test the use of TC-
124 as the catalyst sup-
port.

To test a new method of
increasing the cobalt
concentration in the
catalyst.

To test the effect of

varying the Xg concen-—
tration.

To test the use of TC-
124 as the catalyst
support.




Table A2. Preliminary catalyst test resalts for runs made during the seventh quarter.

Total Spe-
Hours conver- cific
on sion CHg, Cst acti-
Run Catalyst strean (Co+H2) wt % wt % vity Stability
57 Co/X31/TC-123 52.5 46.8 3.7 87.6 3.40 —
(11617-10) 97.5 47.8 3.3 88.9 3.17
' 145.5 79.6 12.8 77.6 1.67 Fair2
599.5 75.0 9.9 81.6 1.23
58 Co/Xg9/X313/TC-124 20.0 39.7 10.6 74.9 2.05 Poorl
(12561-07) 114.0 35.1 11.1 75.1 1.34
138.5 38.5 9.1 78.6 1.02 —3
163.0 39.0 8.7 79.8 1.02
59 Co/X31/TC-123 43,0 55.2 4.6 86.6 3.40 Good after
(12561-08) 182.0 49.5 4,5 86.0 2.69 initial de-
activationl
60 Co/Xg/Xj1/TC-123 39.5 47.4 3.9 88.6 3.57 Excellentl
(12570-05) 89.5 47.5 3.5 88.9 3.35 '
169.0 76.8 9.8 80.7 1.40 Fair?
737.0 71.0 11.9 76.3 0.97
61 Co/Xg/Xy1/TC-124 21.5 30.1 10.3 73.3 1.72 Poorl
(11617-11) 209.5 21.9 12.5 69.9 0.63
Reactor conditions: :
1. 240C, 300 psig, 1:1 Hp:CO.
2. 260C, 500 psig, 1.5:1 Hp:CO.
3. 240C 500 psig, 1:1 Hy:CO.
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APPENDIX B. CATALYST TESTING: DETAILS OF RUNS
INITIALLY REPORTED DURING LAST QUARTER

J. G. Miller, L. F. Elek, C~L Yang and K. N. Beale

Contents

I.IntIOdTlCtion.‘.--.-.-.-----.-.-oo.-..--.Bz

IT. Run 49 (12561-04) with Catalyst 49 (Co/Xj3/v~A1203) + ¢ « « » « » B3
IV. Run 51 (12570-03) with Catalyst 51 (Co/Xg9/X;3/TC-123) .. . . . . B59

V. Run 52 (12561-03) with quartz chips only « « « « ¢ « «

VI. Run 53 (12561-05) with Catalyst 53
(Co/X11/TC~123 + K/Ni/Mo—y-altming) o « « o « » o o o o o BLO2

ViI. Rum 54 (11617-09) with Catalyst 54 (Co/Xj1/X13/TC-123)

* ® e o @ BIOI

0...03125
vm.smryo.........'C..CI............3181

- Bl -



I. INTRODUCTION

Presented in this report are detailed analyses of the first
gix catalyst test runs (Ruas 59-54) of the eight runs summarized
in Appendix A of the Sixth Quarterly Report, which constituted
the major thrust of the work during that quarter. Runs 55 and 56
will be discussed in the Eighth Qu§rter1y Report.

One run (Run 52) was a blank in which quartz chips alone
were used,

In the five remaining runs the catalysts contained cobalt
oxide promoted with Xjj. All were formulated by the method first
used with Catalyst 11 (Rum 12185-07) of éhe fhird.Quarterly Re-~
port.

One of these also contained a new Molecular Sieve, TC-121:
one contained <v-alumina; and three contained TC-123, the most
effective Molecular Sieve developed to date. The three latter
tests were run to assess the effects of the promoters Xg, X33 and
K/Ni/Mo~v-alumina when used in combination with the Co/X11/TC-123
type of catalyst. The X9 and X713 were intimately mixed with the
catalyst, while the K/Ni/ﬁo-?-alumina, a water gas shift compon-

ent, was physically mixed.
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II. Run 49 (12561-04) with Catalyst 49 (Co/Xj71/y-A1203)

The purposes of this run were (1) to establish a reference
benchmark by which to isolate the effects of the promising cata-
lyst support TC-123 (Catalyst 45, Sixth Quarterly Report), and at
the same time (2)‘to compare these with the effects of the sup-
ports TC-103 and TC-133 (Catalyst 32, Foﬂrti Quarterly_Report.
and Catalyst 46, Sixth Quarterly Report, respectively).

The catalyst comsisted of cobalt oxide promoted with X33 and
intimately contacted with y-Al1203. Preparation was by the same
method used for Catalyst 45. The theoretical content of cobalt
and Xj1 was 8.2 and 1.6 percent respectively, tke same as in Cat-
alysts 32, 45 and 46,

Conversion, prodﬁct selectivity, isomerization of the pen-
tane, and percent olefing of the C4's are plotted against time on
stream in Figs. Bl-4. Simulated distillations of the Cs* product
are plotted in Figs, BS-1ll., Carbon number product distributions
are plotted in Figs. B12-18. Chromatograms from simulated dis-
tillations are reproduced in Figs. B19-25. Detailed material
balances appear in Tables Bl-3,

The following table compares the activity and selectivity of
this catalyst with those of Catalysts 32, 45 and 46, all consist-

ing of X1] promoted cobalt oxide but intimately contacted with
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different supports.

Performances of Co/Ili catalysts with four different sup~
ports. Conditions: 240C, 1:1 H2:C0, 300 psig, 300 GHSV.

Catalyst number and support

Cat. 49 Cat. 32 Cat. 45 Cat. 46
7-A1903 TC-103 TC-123 TC-133

Conversior, CO+Hy, pct 45.0 42.8 46.7 50.3
C1, pct 7.1 5.3 3.8 5.3
cz-c&. pct 10.4 907 6.0 goo
C5~420F, pect - 36.5 31.2 28.1 33.2
420-700F, pct 28.7 =~ 27.8 31.2 29.5
700F+, pct 17.3 26.0 30.9 23.0
Cs+, pct 82.5 85.0 90.2 85.6
C4 olefin:paraffin 1.8 2.1 2.7 2.0

The syngas conversion of this y-41903 catalyst was well
within the range of the conversion Qalues demonstrated by the
three catalysts Qith Molecular Sieves-=-gsomewhat higher than that
of Catalyst 32 with TC-103, bgt a little lower than that of Cat-
alyst 45 with TC-123 and substantially lower thaan that of Cata-
lyst 46 with TC-133. |

Comparison.of the selectivity showed this catalyst to be the
poorest of the four, its yield both highest in methane and lowest
in Cs* and olefins. The catalysts with TC-103 and TC-133 were
nearly identical in selectivity. By far the best selectivity of
the four belonged to the one with TC~123, demonstrating a low
methane level of 3.8 percent and a high Cs* yield of 90.2 per-
cent. Its olefin content, as indicated by the iso-normal ratio
of the C4 fraction, was also substantially superior to that of

the other three catalysts.

- B4 =



The stability of éll four catalysts, at least for the rela-
tively short duration of their rumns, was excelleant. But when its
operating temperature was raised £rom 240C to 260C, the stability
of this ¥=-A1203 catalyst dropped to an estimated loss in conver-
sion of one percentage point every 30 hours on stream, well below
that of Catalyst 32 with TC-103.

When the Ez:CO feed ratio was raised from 1:1 to 1.5:1, and
the pressure from 300 to 500 psig, the coaversion of this cata-
lyst rose to about 70 percent and the methane production to about
15 percent. During the short time under these conditions, howev-
er, the stability appeared only fair.

The testing of this noan-Molecular Sieve catalyst provided
important reference data to illustrate the role that the Molecu-—
lar Sieve has on the performance of these Xj1 promoted cobalt
Fischer-Tropsch catalysts. The Molecular Sieve catalysts demon~
strated selectivity bemefits over the v-Al203 catalyst, with TC-

123 being the superior of the three tested.
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Table Bl

FILE: 1256104A T6Ql Al

RESULT OF SYNGAS QPERATION

RUN NO. 12561-04
CATALYST CO/X11~ AL203 80 CC 24.7 G AFIER USE:46.9 G (+22.2 G)

EEED H2:CO COF 50:5C @ 400 CC/MN OR 300 GHSV  ( CAT#12524~-31 )
RUN & SAMPLE NO. 12561-04-01 561-04-02 S561-04-03 561-04-04 561-04-05
EFEED E2:CO:AR 50:50: O 50:50: O S0:50: 0 50:50: O 50:50: O
HRS ON STREAM 18.00 66.00 90.00 114.00 138.00
PRESSURE,PSIG 297.00 304.00 304.00 302.00 301.00
TEMP. C 243.00 243.00 242.00 240.00 241.00
EEED CC/MIN 400.00 400.00 400.00 400.00 400.00
EOURS FEEDING 18.00 48.00 24.00 24.00 24.00
EEELNT GAS LITER 178.80 603.40 329.15 334.55 338.50
GM AQUEQUS LAYER 53.42 122.23 58.19 50.64 51.72
&M OIL 15.54 62.25 24.19 33.49 31.98
MATERIAL BALANCE

GM ATOM CAREBON % 74.85 88.29 90.34 96.36 96.52

GM ATOM HYDROGEN % 82.71 102.33 99.67 103.93 lo3.98

GM ATOM OXYGEN % 89.87 91.16 96.21 92.70 94.16
RATIO CHX/(E20+C0O2) 0.5832 0.90S52 0.8066 1.1375 1.0868
RATIO X IN CHX 2.2687 2.2663 2.3004 2.2533 2.2597
USAGE H2/CO PRODT 2.6584 2.1272 2.2638 1.9328 1.9757

FEED HZ2/CO ERM EFTLNT 1.1050 1.1589 1.1033 1.0785 1.0773
RESTDUAL H2/CO RATIO 0.4539 0.6684 0.6482 0.6713 0.6664
RATIO CO2/(H20+C02) 0.0304% 0.0307 0.0312 0.0283 0.0271
K SHIFT IN EFELNT 0.0142 0.0212 0.0209 0.0196 0.0186
SPECIFIC ACTIVITY SA 4.9684 3.2784 2.9323 3.6769 3.4753
CONVERSION

ON CO % 29.53 33.63 28.17 32.28 31.38
ON H2 % 71.05 61.72 57.80 57.85 57.56
ON CO+H2 % 51.33 48.71 43.71 45.55 44.96
PRDT SELECTIVITY,WT %
CH4 7.80 6.90 8.80 6.73 7.12
¢z BC'S ; 1.02 1.14 1.52 1.02 0.99
c3E8 1.74 1.82 2.29 1.72 1.80
C3H6= 3.45 2.31 2.89 2.26 2.31
C4E10 2.18 1.99 2.48 1.91 1.95
C4HB= 4.92 3.55 4.29 3.29 3.37
CSH12 2.81 2.57 3.19 2.3% 2.49
CSH10= 3.42 2.09 1.99 1.55 1.58
CEmH14 4.42 6.19 4.96 3.69 3.78
CEHI2= & CYCLO'S 2.64 1.46 2.33 4.74 4.91
C7+ IN Gas 7.41 6.00 7.12 5.50 5.87
LIQ EC'S 58.20 63.97 58.14 65.15 63.85
TOTAL 100.00  100.00  100.00  100.00  100.00
SUB-GROUPING
Cl -C4 21.11 17.72 22.28 16.93 17.53
CS -420 F ) 38.14 36.50
420-700 E . 31.79 28.66
700-END PT 12.35 17.30
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Table Bl (continued)

FILE: 1256104A T6Q1 Al
C5+-END PT 78.89 82.28 77.72 83.07 82.47
ISO/NORMAL MOLE RATIO
Cé 0.0206 0.0148 0.0160 0.0171 0.0000
cS 0.0375 0.0350 0.0320 0.0285 0.0301
(=] 0.1974 0.8804 0.2270 0.1983 0.1919
Ca= 0.0427 0.0513 0.0468 0.0459 0.0466
PARAEEIN/OLEEIN RATIO .
c3 0.4819 0.7511 0.7572 0.7241 0.7417
ol 0.4270 0.5422 0.5581 0.5603 0.5581
CcS 0.7873 1.1936 1.5597 1.5042 1.5333
SCEULZ-FLORY DISTRBIN
ALPEA (EXP(SLOPEE)) 0.8564 0.8565
RATIO CH4/(1~A)**2 3.3480 3.4576
ALPHA FRM CORRELATION 0.8314 0.8317
ALPHA (EXETL/CORR) 1.0301 1.0299
WY%CH4 ERM CORRELATION 16.4259 15.8938
WXCE& (EXPTIL/CORR) 0.4204 0.4477

LIQ HC COLLECTION
PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX OIL WAX
DENSITY _ »
N, REERACTIVE INDEX
SIMULT'D DISTILATN

10 WIT X @ DEGF 303.00 337.00
16 343.00 367.00
So 517.00 541.00
84 728.00 801.00
S0 784.00 875.00
RANGE(16-84 %) 385.00 434.00
WD X @ 420 F 31.00 28.00
WIZ@700F 80.70 72.90
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Table B2

FILE: 1256104B T6Ql Al

RESULT OF SYNGAS OPERATION

RON NO. 12561-04
CATALYST CO/X1l- AL203 80 CC 24.7 G AFIER USE:46.9 G (+22.2 G)

FEED H2:CO0 OF 50:50 @ 400 CC/MN OR 300 GHSV  ( CAT#12524-31 )
RUN & SAMPLE NO. 12561-04-06 S561-04-07 561~04-08 561~04-09 561-04-10
P = R~ i
FEED E2:CO:AR $0:50: 0 S0:50: 0 50:50: Q 50:50: 0 50:50: Q
HRS ON STREAM 162.00 186.00 210.00 234.00 258.00
PRESSURE, PSIG 299.00 303.00 299.00 299.00 300.00
TEMP. C 261.00 261.00 261.00 261.00 261.00
EFEED CC/MIN 400.00 400.00 £00.00 £00.00 400.00
EOCURS EFEEDING 24.00 24.00 24.00 24.00 24.00
EEFLNT GAS LITER 236.50 256.00 260.37 267.23 277.90
GM AQUEOUS LAYER 61.81 70.61 70.74 70.35 67.08
GM OIL 43.28 40.16 38.91 37.06 36.29
MATERIAL BALANCE
GM ATICOM CARBON X% 91.63 95.94 $6.75 97.21 99.32
GM ATOM HYDROGEN % 98.39 103.20 103.44 1C6.33 104.25
GM ATOM OXXGEN X 8s8.75 94.81 95.82 85.42 97.09
RATIO CHEX/(E20+CO2) 1.1748 1.0301 1.0249 1.0477 1.0620
RATIO X IN CEX 2.2823 2.2988 2.3078 2.3082 2.3232
USAGE H2/CC PRODT 1.7723 1.9060 1.9206 1.9043 1.9008

FEED H2/CO FRM EFFLNT 1.0738 1.0757 1.0691 1.0938 1.0496
RESIDUAL H2/CO RATIO 0.4651 0.4399 0.4348 0.4766 0.4561
RATIO CO2/(H20+CO2) 0.0933 0.0759 0.0733 0.0737 0.0741
K SHIET IN EFELNT 0.0478 0.0361 0.0344 0.0379 0.0365

SPECIFIC ACTIVITY SA 3.3701 3.2338 3.2454 2.7868 2.8822
CONVERSION

ON CO % 46.57 43.36 42.69 43.23 41.08
ON B2 % 76.86 76.84 76.69 75.26 74.40
ON CO+H2 % 62.25 60.71 60.26 $9.97 $8.1¢
PRDT SELECTIVITY WT %
CHe : 8.06 8.80 9.26 9.45 9.97
C2 BC'S 1.53 1.56 1.72 1.74% 1.87
c3H8 1.93 2.12 2.24 2.29 2.43
C3H6= 2.03 2.32 2.42 2.25 2.47
C4H10 1.87 2.11 2.23 2.26 2.41
C4HEB= 3.63 3.99 4.25 4%.07 4.40
CSH12 2.44 2.82 2.95 2.91 3.15
CS5H10= 2.37 1.57 1.63 1.51 1.65
C6E14 3.76 4.48 4.42 - 4.83 5.14
C6H12= & CYCLO'S 2.17 2.47 2.64 6.04 2.72
C7+ IN GAS 5.66 6.74 6.83 7.10 7.86
LIQ HC'S 64.55 61.04 $9.41 55.55 55.94
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING ' -
Cl -C& 19.05 20.89 22.12 22.07 23.54
C5 -420 F 38.35 42.18 38.99
420-700 F 27.6%9 26.80 29.14
700-END PT 14.91 10.13 8.33
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Table B2 (continued)

FILE: 12561048 T6Ql Al
CS+-END PT * 80.95 79.11 77.88 77.93 76.46
ISO/NORMAL MOLE RATIO
Cc4 0.0178 0.0182 0.0197 0.0188 0.0192
c5 0.0508 0.0507 0.0503 0.0514 0.0494
cs 0.34%4& 0.3846 0.3122 0.3982 0.4065
Ca= 0.0626 0.0595 0.0604 0.0623 0.0604
PARAFEIN/OLEEFIN RATIO
c3 0.9062 0.8706 0.8843 0.9722 0.9369
C4 0.4967 9.5118 0.5062 0.5355 0.5282
cS 0.9975 1.7482 1.7567 1.8676 1.8548
SCHULZ-ELORY DISIRBIN
ALFPHA (EXP(SLOPE)) 0.8599 0Q.841S 0.8458
RATIO CH4/(1-A)**2 4.1049 3.5016 4.1918
ALPHA FRM CORRELATION 0.8480 0.8507 0.8490
ALPHA (EXPTL/CORR) 1.0139 0.9892 0.9962
WYCH4 ERM CORRELATION 15.1660  14.3262 14.8707
WyCH4 (EXPTL/CORR) 0.5316 0.6139 €.6706

LIQ HC COLLECTION
PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX OIL waAX
DENSITY
N, REERACTIVE INDEX
SIMOLT'D DISTILATN

10 WI X @DEGF 295.00. 289.00 308.00
16 336.00 304.00 ’ 341.00
S0 515.00 480.00 501.00
84 764.00 707.00 6590.00
90 833.00 780.00 743.00
RANGE(16-84 %) 428.00 403.00 348.00
WI X@420F 34.00 39.50 33.00
WI % @700 F 76.90 83.40 85.10
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Table B3

oo

FILE: 1256104C TSQL: a1

RESULT OF SYNGAS OPERATION

RUN NO. 12561-04
CATALYST CO/X1ll- AL203 BO CC 24.7 G AFTER USE:46.9 G (+22.2 G)

FEED H2:CO OF 50:50 @ 400 CC/MN OR 300 GESV ( CAT#12524-31 )
RUN & SAMPLE NO. 12561-04-11 561-04~12 561-04-13
FEED H2:C0:AR 60:40: 0 60:40: 0 60:40: O
HRS ON STREAM 283.50 307.00 331.00
PRESSURE, PSIG 500.00 500.00 500.00
- TEME. C 260.00 260.00 260.00
EFEED CC/MIN 400.C0 400.00 400.00
HOURS FEEDING 25.50 23.50 24.00
EFFLNT GAS LITER 170.30 195.70 214.80
GM AQUEQUS LAYER 85.64 81.10 85.22
GM OIL 34.33 32.80 32.30
MATERIAL BALANCE
GM ATOM CARBON % 76.68 88.72 81.75
GM ATOM HYDROGEN ¥% 87.29 97.27 101.73
G ATOM OXYGEN % 83.10 92.23 95.74
RATIO CHX/(H20+C02) 0.8762 0.9342 0.9272
RATIO X IN CEX 2.4360 2.4527 2.4712
. USAGE H2/CO PRODT 2.1267 2.0954 2.1181

FEED E2/CO FRM EEFLNT 1.7076 1.6446  1.6632
RESIDUAL H2/CO RATIO 0.9717  0.5720  1.0105
RATIO CO2/(HZ20+C02) 0.0652  0.0608  0.0583

K SHIFT IN EEELNT 0.0677 0.0629 0.0625
SPECIFIC ACTIVITY SA 1.1869 1.033% 0.5568
CONVERSION
CN CO % 63.71 59.87 58.93
ON B2 % 79.35 76.28 75.05
ON CO+E2 % 73.58 70.08 69.00
PRDT SELECTIVIIY,WZI %
CE4 : 14.77 15.60 16.48
C2 HC'S 2.39 2.58 2.61
c3H88 4.2% 4.33 4.63
C3E6= 1.41 1.58 1.51
C4H10 3.59 3.7 4.00
c4age= 2.88 3.08 3.18
CSH12 4.29 4.35 %.73
CSHI10= ‘ 0.92 1.30 0.93
C6H14 5.51 5.95 5.96
CEH12= & CYCLO'S 1.59 1.58 1.42
C7+ IN GAS 6.61 7.02 8.36
LIQ HC'S 51.81 48.92 46.18
TOTAL 100.00 100.00 100.00
SUB-~-GROUPING
Cl ~-C4& 29.27 30.89 32.41
CS 420 F 43.27 43.11
420-700 F 21.03 18.80
700-END PT 6.42 5.88
[
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Table B3 (continued)

FILE: 1256104C T6€Ql Al
" CS+=-END PT 70.73
ISO/NORMAL MOLE RATIO
C4 0.0246
Cc5 0.0555
C6 0.1928
C4= 0.0891
PARAFFIN/OLEEIN RATIO
e} 2.8614
Ce 1.2043
cS 4.5293

SCHULZ-ELORY DISTRBIN
ALPHA (EXP(SLOPE)) 0.8155
RATIO CH4/(1-A)**2 4&.5360

ALPHA FRM CORRELATION 0.8122

ALPHA (EXPTIL/CCRR) 1.0091
WXCH4 FRM CORRELATION 26.0773
WXCH¢ (EXPTIL/CORR) 0.5665

LIQ HC COLLECTION
PHYS. APPEARANCE OIL WAX
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WI X @ DEGF 256.00

6 . 297.00
so - 428.00
84 660.00
90 729.00
RANGE(16-84 %) 363.00
WL % @ 420 F 47.00
WT % @700 F 87.60

69.11

0.0288
0.0529
0.2431
0.0875

2.6134

1.1625
3.2573

2

67.59

0.0268
0.0510
0.1772
0.0518

2.9143
1.2146
4.9513

0.7931
3.8478

0.8103
0.9787

6.6678
0.6179

OIL WAX  OIL WAX
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301.00
340.00
457.00
618.00
665.00

278.00

38.50
93.30



IIT. Run 50 (11617-08) with Catalyst 50 (Co/X71/TC-121

The purpoée of this run was to test the new Molecular Sieve
TC—121.as the catalyst support. The catalyst was formulated ia
the same way as the Xj; promoted, TC-123 supported Catalyst 45 of
the Sixth Quarterly Report, with which it is to be compared. The
theoretical content of cobalt and Xjj was 8.2 and 1.6 percent
respectively.

Conversio#, product selgctivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. B26-29. Simulated distillations of the Cs+ pro-
duct are plotted in Figs,., B30-33. Carbon number product distri-
butions are plotted in Figs. B34-37. Chromatograms from simulat-
ed distillations are reproduced in Figs. B38-4l. Detailed mate-
rial balances appear in Tables B4-5.

The performance of this catalyst was significantly poorer
than that of Catalyst 45. 1Its syngas cénversion, after good ma-
terial balances were obtained, vas'about 34 percent as against
about 47 percent with Catalyst 45 under similar conditions. Pro-
duct selectivity was also poorer with about 10 percent methane
and 77 percent Cst as against about 4 and 90 percent respectively
with Catalyst 45. The poorer selectivity may be due in part to

the elevated H9:CO ratio in the Berty reactor resulting from the

- B37 -




lower activitye.

The stability of this catalyst was difficult to determine
due to the shortness of the test, but there was a significant
decrease in syngas conversion over the test period.

Only in i;s isomerization activity did this catalyst outper-—
form Catalyst 45. After about 115 hours oan stream the iso:normal
ra;ios of its Cg's and Cg’s were 0.11:1 and 0.57:1 respectively,
as against 0.04:1 and 0.24:1 respectively for Cataiyst 45. The
Schulz-Flory plots we?e linear except for the usual excess of
methane.

The Molecular Sieve TC~121 proved inferior to TC-123 as a
catalyst support with one exception, its higher isomerization

activity.

- B38 ¢
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EILE: 1161708A T6Q1 Al

RESULT OF SYNCGAS OPERATION

RUN NO. 11617-08

CATALYST CO/X11-TCl21 215 CC 114.9 G AFIER-USE:158.1
FEED H2:CO OF 50:50 @ 1080 CC/MN OR 300 GESV

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

FEED CC/MIN
HOURS FEEDING
EEELNT GAS LITER
GM AQUEOUS LAYER
G OIL
MATERIAL BALANCE

GM ATOM CARBON %

GM ATOM EYDROGEN ¥

GM ATOM OXYGEN %
RATIO CHX/(H20+C02)
RATIO X IN CEX
USAGE H2/CO PRODT
FEED H2/CO FRM EFELNT
RESIDUAL H2/CO RATIO
RATIO CO2/(H20+C02)
K SHIET IN EEFLNT
SPECIFIC ACTIVITY SA
CONVERSION

ON CO %

ON B2 %

ON CO+H2 %
PRDT SELECTIVITY,WT %

CHS

¢z HC'S

c3H8

C3HE=

C4H10

C4HS=

CSH12

CSH10=

C6H14

C6H12= & CYCLO'S

C7+ IN GAS

LIQ HC'S

TOTAL
SUB=-GROUPING

Cl -C4

CS ~-420 F

420-700 F

700~-END FT

{+43.2 G)
(CAT#12524~33 )

RUN & SAMPLE NO. 11617-08-01 617-08-02 617-08-03 617-08-04 §17-08-05

50:50: ©

24.50
310.00
240.00

1080.00
24.50
835.40
164.42
61.81

81.99

93.28

90.99
0.7020
2.2866
2.5291
1.1376
0.6457
0.0077
Q.0050
1.7037

26.12
$8.06
43.12

8.15
1.08
1.79
2.12
2.02
3.22
2.51
0.59
6.67
1.71
7.75
62.41

100.00
18.35

50:50: 0 S50:50: O 50:50: O 50:50: O

48.50
300.00
240.00

1080.00
24.00
1084.20
124.98
55.24

99.44
102.36
103.39
0.8396
2.3181
2.3081
1.0294
0.6889
0.01C6
0.0074
1.2903

21.03

47.15
34.28

- B35 -

72.50
300.00
240.00

1080.00
24.00
1028.20
120.18
54.73

93.73

98.90

97.33
0.8473
2.3234
2.2966
1.0552
0.7120
0.0116
0.0084
1.2701

21.66
47.14
34.74

10.51
1.42
2.20
2.76
2.09
£.27
2.38
0.78
3.99
2.65
7.43

$9.52

100.00

23.25
46.99
23.81

5.95

117.00
300.00
240.00

1080.00
44 .50
2015.80
208.59
100.80

96.83
102.70

98.89
0.9083
2.3324
2.2249
1.0606
0.7451
0.0119
¢.0090
1.1705

21.32
44.73
33.37

145.00
300.00
240.00

1080.00
28.00
1311.10
132.47
63.65

59.72
104.11
102.36
0.8839
2.3262
2.2504
1.0441
0.7348
0.0120
0.0089
1.1339

20.41
43.59
32.45

10.74&
1.25
2.31
2.70
2.12
4.32
2.48
0.80
4.03
2.86
7.26

59.16

100.00

23.42
34.58
29.64%
12.36




Table B4 (continued)

FILE: 1161708A T6Ql Al
CS+~END PT 8l.65 77.30 76.75" 76.03 76.58
ISO/NORMAL MOLE RATIO :
cé 0.3079 0.1418 0.1063 0.0857 0.0795
cS 0.5249 0.2030 0.1399 0.1122 0.1109
Cc6 2.6349 1.2308 0.6787 0.5723 0.5452
ca= 0.0233 0.0388 0.0391 0.0380 0.0418
PARAFFIN/OLEFIN RATIO
c3 0.806% 0.739C .0.7632 0.7954 0.8168
Cc4 0.6058 0.4687 0.4722 0.4792 0.4741
=] 4.1098 1.2584 2.9592 2.6667 3.0307

SCHUL2-FLORY DISTRBIN
ALPHA (EXP(SLOPE)) 0.8417 0.8199 0.8086 0.8191 0.8593
RATIO CH4/(1-A)=*2  3.2498 3.1572 2.8674 3.3544 5.4226

ALPHA ERM CORRELATION 0.8332 0.8301 0.8270
ALPHA (EXPIL/CORR) 1.0201 0.9877 1.0391
WY%CE4 FRM CORRELATION 15.1731 16.1514 ’ 17.12s52
Wy CHS (EXPTL/CORR) 0.5369 0.6339 0.6269

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

10 WT Z @ DEG F 283.00 254.00 326.00
16 303.00 296.00 360.Q0
S0 462.00 431.00 529.00
84 687.00 6430.00 . 738.00
90 757.00 702.00 ' 795.00
RANGE(16-84 %) 384.00 344.Q0 378.00
WI X@420F 41.00 48.00 29.00
WL X @ 700 F 85.00 89.90 79.10
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Table BS

FILE: 1161708B T6Q1 Al

RESULT OF SYNGAS OPERATION

RUN NO. 11617-08
CATALYST CO/X11-TCI21 21S CC 114.9 G AFIER USE:1S88.1 (+43.2 G)

FEED H2:CO OF 50:50 @ 1080 CC/MN OR 300 GHSV ( CAT#12524-33
RON & SAMPLE NO. 11617-08-06
EEED E2:CO:AR 50:50: 0
HRS ON' STREAM 166.00
PRESSURE,PSICG 300.00
TEMP. C 240.00
FEED CC/MIN 1080.00
HOURS FEEDING 21.00
EEELNT GAS LITER §79.00
GM AQUEQUS LAYER 90.87
GM OIL 47.89
MATERIAL BALANCE

GM ATOM CARBON % 98.38

GM ATOM HYDROGEN % 102.81

GM ATOM OXYGEN % 99.48
RATIO CHX/(H20+CO2) 0.9479
RATIO X IN CEX 2.3065
USAGE H2/CO PRODT 2.1636

EEED B2/CO FRM EEFLNT 1.0450
RESIDUAL H2/CQO RATIO 0.7557
RATIO CO2/(E20+C0O2) 0.0134

K SHIET IN EEFLNT °  0.0103
SPECIFIC ACTIVITY SA  1.0990
CONVERSION ‘
ON CO ¥ 20.55
ON Hz % 42.54
ON CO+E2 ¥ 31.79
PRDT SELECTIVITY,WT %
cas 9.93
2 Be's 1.00
C3E8 ‘ 2.27
C3E6= 2.48
C4H10 2.05
C4EB= 3.96
CSH12 2.36
CSE10= 3.60
c5H14 3.05
CSH12= & CYCLO'S 2.50
C7+ IN GAS 6.95
LIQ BC'S 59.85
TOTAL 100.00
SUB-GROUPING
C1 -C4 21.69
CS =420 F 34.92
420-700 F 29.33
700-END PT 14.07
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Table B5 (continued)

FILE: 11617088 T6Q1 a1

CS+=END PT 78.31
ISO/NORMAL MOLE RATIO

ca 0.0846

cs 0.1066

cs 0.2024

Ca= 0.0337
PARAFEIN/OLEFIN RATIO

c3 0.8726

cs 0.4993

cs 0.6374

SCEULZ~ELORY DISTRBIN
ALPHA (EXP(SLOPE)) 0.8641
RATIO CH&/(1-A)**2 5.3754

ALPHA ERM CORRELATION 0.8256
ALPHA (EXPTL/CORR) . 1.0466

W%CH4 FRM CORRELATION 17.5503
WX%CH4 (EXPIL/CORR) 0.5658
LIQ EC COLLECTION
PHEYS. APPEARANCE OIL WAX
DENSITY
N, REERACTIVE INDEX
SIMULT'D DISTILATN
10 W2 X @ DEG F 334.00
16

.l 366.00
S0 540.00
84 761.00
90 816.00
RANGE(16-84 X) 395.00
WI X @420 F 27.50
WIX@70F 76.50
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IV. Rur 51 (12570-03) with Catalyst 51 (Co/191§11/T6—123)

The purposes of this runm were to test the effect of adding
the promoter Ig to the promising formulation (Co/X311/TC-123) of
Catalyst 45 of the Sixth Quarterly Report, and also to test its
stability under high temperature and pressure conditions. This
catalyst will be compared both with Catalyst 45 and with Catalyst
49 of this report.

The catalyst was formulated in the same way as Catalyst 45
except for the addit;on of X9. The theoretical conteant of co-
balt, X9 and Xjj was 8.2, 1.1 and 1.6 percert respectively.

Conversion, product selectivity, i1somerization of the pen~
tane, and percent olefins of the C4z's are plotted against time on
stream in Figs. B42-45. Simulated distillations of the Cs* pro-
duct are plotted in Figs. B46-54. Carbon number product distri-
butions are plotted in Figs. B55-63. Chromatograms from simulat-
ed distillations are reproduced in Figs. B64-72. Detailed mate-
rial balances appear in Tables B6-9.

Once a good material balance had been obtained, the syagas
conversion of this catalyst remained highly stable at about 46
percent, nearly the same as wi£h Catalyst 45 (with TC-123) and

Catalyst 49 (with v-A1203), neither of which contained Xg9. The

product selectivity was similar to that of Catalyst 45, vielding




about 3-4 percent methane and about 90 percent Cs¥.

When the temperature was raised from 240C to 260C the syngas
conversion rose sharply to about 55 percent, with no significant-
deterioration during 144 hours at this temperature. The conver-
sion of Catalyst 49 at 260C, although some five percentage points
higher initially, degraded rapidly at an estimated rate of ome
percentage point every 30 hours. Catalyst 45 hag not yet been
tested at 260C,

During the last 120 hours of the run the catalyst was sub-
jected to still more severe conditions designed to improve con-
version while hopefully maintaining acceptaﬁle selectivitys: Ho:CO
ratio raised from 1:1 to 1.5:1, pressure raised from 300 to 500
psig, temperature 260C. Under these condlitions the coaversion
rose sharply to aboat 78 percent, -substantially higher than Cata-
lyst 49's conversion of about 70 percent under similar condi-
tions. The selectivity to methane was less than or equal to 10
percent, and Cst production was about 81 percemt--both far super-
ior to the selectivity of Catalyst 49, which demonstrated levels
of about 15 and 70 percent respectively. However, dﬁe to mechan-
ical problems near the end of the rum, and the short duration of
this stage of the rum, the catalyst's stability under these con-
ditions could not be reliably determined. :

This run has demonstrated the potential benefits of using Xg
as a promoter in the Co/X11/TC-123 type of catalyst at elevated

temperatures, pressures, and Hp:CO feed ratios. More extended

- B60 -




testing of this catalyst is needed, as well as testing of Cata-
lyst 45 under the same conditions of high temperature, pressure

and feed ratio.
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Table B6
FILE: 1257003A T6Q1 a1

RESULT OF SYNGAS OPERATION

RUN NO. 12570-03
CATALYST CQO/X9/X11-TCl123 80 CC 41.3 G AETER USE:60.2 G (+18.9 G)

FEED BE2:CO0 OF 50:50 & 300 CC/MN OR 300 GHSV ( CAT#12524-27 )
RON & SAMPLE NO. 12570-03-02 570-03-03 570-03-04 570-03-05 570-03-06
E —— - - -3 ... ]

FEED H2:C0:AR 50:50: O 50:50: O 50:50: 0 50:50: 0 50:50: ©
HRS ON STREAM 21.50 45.50 69.50 93.50 118.5
PRESSURE, PSIG 300.00 300.00 298.60 300.00 293.00
TEMP. C 239.00 239.00 239.00 239.00 23%.00
FEED CC/MIN 400.00 4Q00.00 400.00 400.00 400.00
HOURS FEEDING 17.00 24.00 24.00 24.00 24.00
EFELNT GAS LITER 180.65 306.95 304.45 310.00 324.74
GM AQUEOUS LAYER 44.58 48.61 48.29 48.09 48.12
GM OIL 8.68 38.04 39.09 37.68 42.58
MATERIAL BALANCE

GM ATOM CARBON % 66.83 94.20 94.46 94.61 100.47

GM ATOM HYDROGEN % 75.30 91.82 92.26 91.49 97.71

M ATOM OXYGEN % 87.28 92.54 91.52 92.84 95.24
RATIO CHX/(H20+C02) Q.3754 1.0627 1.1129 1.0678 1.2010
RATIO X IN CBX 2.2781 2.1959 2.1885 2.1921 2.1831
USAGE H2/CO PRODT 3.2557 1.8648 1.8497 1.8808 1.8052

FEED B2/CO FRM EFFLNT 1.1268 0.9747 0.9767 0.9671 0.972S5
RESIDUAL H2/CO RATIO 0.5691 0.5612 0.5607 0.5579 0.5733
RATIO CO2/(E20+C0O2) 0.0483 0.0646 0.0559 0.0563 0.0510
K SHIET IN EFFLNT 0.0289 0.0387 0.0332 0.0333 0.0308
SPECIFIC ACTIVITY SA 1.7570 3.0447 3.1785 3.0559 3.1750
CONVERSION

ON CO % 20.76 31.72 32.27 30.93 32.41
oN 82 % 5§9.98 60.69 6l.12 60.16 60.15
ON CO+H2 2% 41.53 46.02 46.53 45.30 46.09
PROT SELECTIVITY,WT %
CEY 8.48 4.00 3.54 3.72 3.285
c2 BC's 1.09 Q.60 0.64 0.62 0.54
C3E8 1.65 0.77 0.79 0.86 0.79
C3B6= . 3.30 1.79 1.79 1.95 1.81
C4H10 2.09 0.89 0.90 0.97 0.88
C4HB= %4.67 2.34 2.51 2.65 2.39
cSH12 2.33 1.13 1.15 1.21 1.13
CSHE10= 3.27 1.51 1.70 0.18 | 1l.42
CEHl4s 3.80 1.82 1.86 1.81 1.7%
C6H12= & CYCLO'S 2.1% 1.31 1.24 1.43 1.25
C7+ IN GAS 8.39 3.73 3.95 4.17 3.75
LIQ RC'S 58.80 80.11 79.92 80.43 80.95
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB=-GROUPING

Cl -Ca 21.27 10.40 10.18 10.78 9.76
CS5 -420 F 35.80 21.75

420-700 T 34.28 32.37

700-END PT 8.64 35.49
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FILE: 1257003A T6Q1
CS+-END PT
ISO/NORMAL MOLE RATIO
cs

cs
cs

Ci=
PARAFFIN/OLEFIN RATIO
c3
c4a
cs
SCHULZ-FLORY DISTRETN
ALPEA (EXP(SLOPE))
RATIO CH&/(l-A)**2

ALPHA FRM CORRELATION
ALPHA (EXPTL/CORR)

Table B6 (continued)

Al

78.73

0.1332
0.0483
0.3475
0.0534

0.4766
0.4314
0.6933

0.8429 .

3.4366

0.8395
1.0041

WYCH4 FRM CORRELATION 13.0182

WXCHE (EXPTL/CORR)
LIQ BC COLLECTION
PEYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
JIOWI X @DEGF
16
S0
84
90

RANGE(16-84 X)

WL % @ 420 F
W ¥%e700°F

0.6512

OIL WAX

310.00

27.00
85.30

89.60

0.0000
0.0562
0.3428
0.0445

0.4112
0.3678
0.7311

0.9084
4.7664

0.8401
1.0812

12.8083
0.3124

89.82

0.0000
0.0259
0.1900
0.0266

0.4178
0.3474
0.6584

QIL WaX OIL WAX

381.00
422.00
664.Q0
945.00
1034.00

523.00

15.30
55.70
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89.22

0.0000
0.0000
0.1523
0.0261

0.4201

0.3833
6.4536

OIL WAX

80.24

0.0000
0.0347
0.2072
0.0155

0.4157

0.3537
0.777C

OIL WAX



Table B7
FILE: 12570038 T6Q1 Al

RESULT OF SINGAS OPERATION

RON NO. 12570-03
CATALYST CO/XS/X11-TC123 80 CC 41.3 G AETER USE:60.2 G (+18.9 G)

EFEED H2:CO OF S0:50 € 400 CC/MN OR 300 GBSV ( CATH¥I2524-27 )
RUN & SAMPLE NO. 12570-03-07 570-03-08 570-03-09 S$70~03-10 $70-03-11
AETEICCIITE  RIRERTRTIKE KRR Inies

EEED H2:CO:AR 50:50: O S50:50: 0 50:50: 0 S0:50: 0 50:50: O
HRS ON STREAM 166.50 190.50 214.50 238.50 267.50
PRESSURE,PSIG 300.00 297.€0 299.00 300.00 300.00
TEMP. C 238.00 260.00 259.00 259.00 25%.00
FEED CC/MIN 200.00 400.00 4200.00 400.00 400.00
HOURS FEEDING 48.00 2&.00 24.00 24.00 24.00
EEFLNT GAS LITER 628.56 266.85 262.95 265.10 286.99
GM AQUEOUS LAYER 93.91 51.70 54.72 55.95 54.87
X OIL 71.19 40.5% 40.25 38.88 38.44
MATERIAL BALANCE

M ATOM CARBON % 94.37 85.17 $3.53 S2.64 98.69

GM ATOM HYDROGEN % 91.90 80.14 92.0% 92.53 94.36

GM ATOM OXYGEN X 92.09 91.95 91.20 91.37 96.73
RATIO CEX/(H20+C02) 1.0902 0.7859 1.0731 1.0397 1.0614
RATIO X IN CEX 2.1861 2.2788 2.2565 2.2574 2.2595
USAGE E2/CC PRODT =  1.8854 1.7754 1.6970 1.7437 1.720%

EEED H2/CO FRM EEELNT 0.9738 0.9410 0.9846 0.9987 0.9561
RESIDUAL E2/C0 RATIO 0.5749 0.4727 0.4764 0.4877 0.4708
RATIO CO2/(H20+C02) 0.0472 0.1802 0.1445 0.1314 0.1369
K SHIET IN EEELNT 0.0285 0.2039 0.0804 0.0738 0.0747
SPECIFIC ACTIVITY SA 2.9688 1.4817 1.8516 1.7266 1.7046

ONCO % 30.44 35.94 41.6% 40.69 38.82
ON H2 % 58.94 67.82 71.76 71.03 69.87
ON COo~H2 2 44.50 51.40 56.58 55.85 54.00
PRDT SELECTIVITY,WT X
CES ’ 3.51 10.59 6.77 6.85 7.01
c2 BC'S 0.57 2.15 1.38 . l.42 1.49 -,
c3H8 0.90 2.52 1.58 1.57 1.62
CIE6= 2.03 3.16 2.18 2.21 2.29 .
C4H10 1.02 2.43 1.58 1.55 1.58
C4AHB= 2.77 4.02 3.36 3.38 3.50
CSH12 1.28 3.18 2.02 2.03 2.04
csSH10= 3.37 2.26 1.58 1.53 2.27
- C6H14 2.17 5.27 3.19 3.27 3.55
C6H12= & CYCLO'S 1.34 3.08 1.90 2.00 2.20
C7+ IN GAS 4.30 8.56 5.20 5.59 5.55
LIQ EC'S 76.74 52.80 69.27 €8.63 66.90
‘TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING
Cl -C4 10.80 24.88 16.84 16.95 17.49
CS =320 F 24.35 4.08 32.59
420-700 £ 26.24 38.88 29.37
700-END PT 38.60 32.16 21.20
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Table B7 (continued)

FILE: 12570038 T€Ql Al
CS+—END PT 89.20 75.12 83.16 83.05 82.51
ISO/NORMAL MOLE RATIO
C4 0.0000 0.0195 0.0192 0.0158 0.0000
cs 0.0000 0.0471 0.0464 0.0468 0.0000
cs 0.207S 0.3706 0.3237 0.2901 - 0.2358

C4= 6.0280 0.0719 0.05¢04 0.0499 0.0483
PARAEEIN/OLEEIN RATIO

o} 0.4225 0.7590 C.6920 0.6786 0.6726

c4 0.3569 0.5841 © 0.4542 0.4460 0.4368

CS 0.3704 1.3526 1.2441 - 1.2920 0.8749
SCHULZ-FLORY DISIRBIN

ALPHA (EXP(SLOPE)) 0.8940 0.8650 0.8686
RATIO CH4/(1-A)**2 3.1202 5.8137 3.9212

ALFEA FRM CORRELATION 0.8390 0.8473 9.8470

ALFHA (EXPTL/CORR) 1.0655 1.0209  1.0256
WYCH4 FRM CORRELATION 12.9241 15.1865 15.0740
WYXCH4 (EXPTL/CORR) 0.2714 0.6975 0.4490

LIQ EC COLLECTION
PHYS. APFEARANCE OIL WAX OIL WAX OIL WAX OIL WaX OIL WAX

10 WT X @DEG F 381.00 333.00 306.00

16 421.00 373.00 348.00
=Te) 703.00 573.00 568.00
a4 1015.00 882.00 852.00
S0 1093.00 970.00 940.00
RANGE(16-84 %) 594.00 509.00 504.00
WI X @420 F 15.50 26.00 27.00
WD 2@ 700 F 49.70 66.50 69.40
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FILE: 1257003C €1

Table B8

RESULT OF SYNGAS OPERATION

RON NQ. 12570-03
CATALYST CO/X9/X11-TC123

80 CC 41.3 G AFIER USE;60.2 G (+18.9 G)

FEED H2:CO OF S0:50 @ 4200 CC/MN CR 300 GHSV ( CAT#12524-27 )
RUN & SAMPLE NO. 12570-~03-12 570-03-13 570-03-14 570-03-1S 570-03-16
AEBMENFNER SRR
FEED E2:C0:AR 50:50: 0 50:50: O 50:50: 0 60:40: 0 60:40: O
HRS ON STREAM 287.50 310.50 324.50 358.50 383.50
PRESSURE, PSIG 298.00 298.00 299.50 500.00 500.00
TEMP. € - 255.00 259.00 259.00 259.00 260.00
FEED CC/MIN 400.00 400.00 400.00 400.00 400.00
BQURS FEEDING 25.00 47.00 24.00 23.00 25.00
EEFLNT GAS LITER 278.76 535.54 271.90 163.63 155.70
GM AQUEQUS LAYER 58.80 1il.28 54.72 67.98 83.99
@M OIL 42.59 78.40 39.89 50.23 57.13
MATERIAL BALANCE
GM ATOM CARBON % 95.70 97.54 - 96.84 100.15 92.67
GM ATOM HYDROGEN % 93.46 93.97 92.57 90.9¢ 90.48
G ATOM OXYGEN 92.91 94.69 93.32 92.92 90.46
RATIO CEX/(E20+C02) 1.0869 1.0886 1.1127 1.1369 1.0399
RATIO X IN CEX 2.2493 2.2475 2.2545 2.3668 2.3164
USAGE H2/C0 PRODT 1.7388 1.7471 1.7289 1.6292 1.7829
FEED B2/CO0 FRM IEFLNT 0.9766 0.9634 0.9559 1.3622 1.4646
RESIDUAL HZ/CO RATIO 0.4571 0.4457 0.4458 0.7420 0.7318
RATIO CO2/(H20+C02) 0.1214 6.1170 0.1211 0.1875 0.1259
K SHIFT IN EFELNT 0.0632 0.0591 0.0614 0.1723 0.1054
SPECIFIC ACTIVITY SA 1.8967 1.90%0 1.9100 1.4234 1.3426
CONVERSION
ONCO % 40.53 39.78 39.76 69.90 69.71
ON H2 % 72.17 72.14 71.91 83.60 84.87
ON CO+H2 % 56.16 55.66 55.47 77.80 78.72
PRDT SELECTIVITY W %
cH4 6.48 6.41 6.76 11.89 9.50
.C2 Be's 1.29 1.33 1.30 1.91 1.63
c38s8 1.48 1.50 1.53 .74 2.15
C3H6= 2.18 2.26 2.27 1.22 1.15
C4R10 1.50 1.54 1.56 2.36 l.86
C4HS= 3.26 3.46 3.41 2.41 2.1%
CSH12 2.09 2.14% 2.11 2.94 2.31
CSH10= 1.66 2.42 2.33 0.86 0.78
CE6H14 3.28 3.88 3.43 3.98 3.29
CEH12= & CYCLO'S 2.16 2.22 2.04 1.25 1.15%
C7+ IN GAS 5.38 5.61 . 5.39 4.54 4.07
LIQ BC'S 69.25 67.5¢ - 67.87 63.91 69.97
TOTAL 160.00 100.00 100.00 100.00 106.00
SUB-CROUPING
Cl -C4 16.19 16.49 16.83 22.52 18.43
CS =420 F 30.83 32.24
420-700 F 22.43 28.41
700~-END PT 24.22 20.92

- B97 -




FILE: 1257003C T6Q1

CS+-END FT
ISO/NORMAL MOLE RATIO
(=

cSs
cs

Ch=
PARAEFIN/QLEETIN RATIO
3 .

]
cS
SCHULZ-ELORY DISTRBIN
ALPHA (EXP(SLOPE))
RATIO CH&/(1-A)**2

ALPHA FRM CORRELATION
ALPHA (EXPTL/CORR)

WXCH4 ERM CORRELATION
WXCES (EXPIL/CORR)
LIQ BC COLLECTION
PHEYS. APPEARANCE
DENSITY .
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
%O WIX@DEGFE
&

50
84
90
RANGE(16~84 %)

WI X @420 F
WI 2@ 700 F

Table B8 (continued)
Al

83.81 83.51 83.17
0.0166 0.0140 0.0152
0.0464 Q.0454 C.0464
0.2936 0.3661 0.3746
0.0482 G.0470 0.0483
0.6457 0.6344 0.6432
0.4427 0.4293 0.4411
1.2204 0.8620 0.8780

OIL WAX OIL WAX OIL WAX

- B98 ~

77.48
0.0262
0.0666

0.2971
0.0848

2.1473
0.9478
3.3076

Q.8678
6.8032

0.8254
1.0514

21.7723
0.5460

OIZ WAX

81.57

0.0234
0.0617
0.3106
0.0765

1.7838
0.8397
2.8613

0.8661
5.2597

0.8260
1.0486

21.7921
0.4360

OIL wWax

301.00
344.00
546.00
874.00
978.00

530.00

29.50
76.10



FILE: 1257003D T6Q1

Table B9

RESULT OF SYNGAS OPERATION

RON NO. 12570-03
CATALYST CO/X9/X11-TC123 80 CC 41.3 G AFTER USE:60.2 G (+18.9 G)
EEED H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSV ( CAT#12524-27 )
RUN & SAMPLE NO. 12570-03-17 570-03-18 570-03-19 570-03-20
BRI WEIR b —— - —__ _ ]
FEED H2:CD:AR 60:40: 0 60:40: 0 60:40: O 60:40: 0
ERS ON STREAM 407.50 429.00 456.00 478.50
PRESSURE, PSIG 500.00 500.00 500.00 500.00
TEMP. C 260.00 260.00 260.00 260.00
FEED CC/MIN 400.00 400.00 400.00 400.00
HOURS FEEDING 24.00 21.50 26.00 22.50
EEFLNT GAS LITER 151.50 139.50 172.20 151.90
GM AQUEQUS LAYER 81.48 70.57 87.81 76.75
oM OIL 54.56 54.47 57.46 51.06
GM ATOM CARBON % 92.82 98.49 92.28 94.38
GM ATOM HYDROGEN ¥ 91.42 94.18 90.66 92.36
GM ATOM OXYGEN 90.99 89.14 50.86 91.80
RATIO CEX/(H20+C02) - 1.0326 1.1758 1.0264 1.047S
RATIO X IN CEX 2.3289 2.2925 2.3136 2.3068
USAGE H2/CO PRODT 1.7970 1.7449 1.8613 1.8559
FEED H2/CO FRM EFELNT 1.4774 1.4343 1.4736 1.4680
RESIDUAL H2/CO RATIO 0.7444 0.7346 0.7306 0.7292
RATIO COZ/(H20+4C02) 0.1240 0.1079 0.0968 0.5925
X SHIFT IN 0.1054 0.0888 0.0783 0.0743
SPECIFIC ACTIVITY SA  1.3289 1.3074 1.1577 1.1398
CONVERSION
ON CO % 69.63 69.26 65.71 6€5.58
ONH2 % 84.70 84.26 83.00 82.90
ON CO+H2 % 78.62 .78.10 76.01 75.88
PRDT SELECTIVITY,WT %
[0} 10.12 8.47 9.46 9.20
c2 BC'S 1.73 1.48 1.56 1.60
C3E8 2.31 1.89 2.05 2.01
C3B6= 1.17 1.98 1.28 1.25
CaH10 1.94 1.65 1.82 1.77
C4HB= 2.20 2.00 2.16 2.25
CSH12 . 2.30 2.08 2.2% 2.18 .
CSHE10x 0.75 1.26 1.38 1.66
C6H14 3.14 2.88 2.99 2.56
CS5H1Z2= & CYCLO'S 1.10 1.09 1.15 1.10
C7+ IN GAS a.7s 3.61 3.52 3.94
LIQ Be'S €9.46 71.67 70.39 70.46
TOTAL 100.00 100.00 100.00 100.00
SUB-GROUPING
c1 -Ca 19.46 17.47 18.33 18.09
CS =420 F 29.49 29.41
420-700 F 27.23 26.78
700-END PT 25.80 25.72
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Table B9 (continued)

FILE: 12S7003D T6Ql Al
CS+=END BT 80.54 82.53 81.67 81.51
ISO/NORMAL MOLE RATIO .
| C4 0.0251 0.0246 0.0257 0.0243
c5 0.0628 Q.0604 0.0568 0.0589
c6 0.2367 0.2254 0.2311 0.0809

0.0787 0.0746 0.0208 0.0750

Ch=
PARAFEIN/OLEEIN RATIO
(o< 1.8763 0.5070 1.5299 1.5369

C4 0.8507 0.7959 0.8137 0.7611
cS 2.9852 1.58%52 1.5786 1.2796
SCHULZ-FLORY DISTREIN
ALPHA (EXP(SLOPE)) 0.8757 0.8772
RATIO CH4/(1-A)"*2 : 5.478S 6.1008
ALPHA FRM CORRELATION 0.8258 0.8262
ALPHA (EXPTL/CCORR) 1.0604 l1.0618
WX%CH4 FRM CORRELATION 21.8482 21.7368
WYCH4 (EXPTL/CORR) 0.3875 0.4233
LIQ HC COLLECTION

PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX
DENSITY

N, REFRACTIVE INDEX

SIMULT'D DISTILATN

10 WT % @ DEG F 304.00 304.00
16 348.00 345.00
50 - 592.00 595.00
84 917.00 909.00
90 1010.00 997.

RANGE(16-84 %) 569.00 560.00
WE X @420 F 26.00 25.50
WI % @70 F , 64.00 63.50
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V. Run_52 (12561-03) with Quartz Chips

The purpose of this run was to test the reactor system for
any residual Fiacher-Tropsch activity. The reactor, containing
quartz chips, was subjected to a typical activation procedure and
exposed to syngas feed.

No residual activity was observed.
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VI. Run 53 (12561-05) with Catalyst 53
(Co/X11/TC~123+K/Ni/Mo=y—alumina)

This run continued the search for ways to impfove the water
gas shift (WGS) activity of Co/TC-123 type catalysts. Previous
attempts, which have consisted in adding to the Fischer-Tropsch
formulation either new promoters or separate WGS catalysts, have
been unsuccessful. The proﬁoters tested showed little or no im-
provement, and the separate WGS catalysts have actually degraded
the combined catalyst's overall performance, due apparently to
mutual poisoning of the WGS and Fischer-Tropsch components (exam-
ple, Catalyst 1, Fifteeﬁth Quarterly Report, of ;he previous con-~
tract, DE-AC22-81PC40077).

The additive in this test was the WGS catalyst X/Ni/Mo-
Y~alumina, reported by M. Kantschewa [J.Catal., (1984), 87, 482],
which appears potentiﬁlly compatible ﬁith the cobalt Fischer-
Tropsch catalyst. | V

The X311 promoted cobalt oxide catalyst was prepared simi-
larly to Catalyst 45 and formed into 1/8-inch extrudates. This
was combined with 1/8-inch extrudates of X/Ni/Mo-y-alumina, which
made up 30 percent of the total catalyst volume. The theoretical
content of cobalt and X331 was 5.7 and 1.1 percent regpectively.

Conversioﬁ} product selectivity, isomerization of the pen-

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

stream in Figs. B73-76. Simulated distillations of the Cs* pro-

duct are plotted in Figs. B77-81. Carbon number product distri-
butions are plotted in Figs. B82-86. Chromatograms from simulat-
ed distillations are reproduced in Figs, B87-91., Detailed mate-
rial balances appear in Table BlO.

During the first stage of the test (at 1l:1 H9:CO ratio,
2400, 200 psig, 300 GHSV), 4.5 percent of the oxygen was convert-
ed to COg==poor even in comparisoa with the 6.5 percent conver-
sion of Catalyst 45, a similar catalyst with no WGS component.
The equilibrium constant K shift, which should be insensitive to
variations in catalyst conversiomn, were similar; each fluctuating
between 3 and 4, indicating again that the WGS compohent was not
ihproving the WGS activity of the Figcher-Tropsch catalyst.

In succeeding stages (1) the temperature and pressure were
raised to 260C and 500 psig respectively, and (2) the H9:CO feed
ratio was increased to 1.5:1. In neither case was there any sig-
pificant improvemenf in the WGS activity.

Once again the addition of a WGS component has failed to
improve the cobalt/TC-123 catalyst's WGS activity. Unlike the
WGS components previously tested, this component did not impair

the catalyst's overall Fischer~Tropsch activity.
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Table BlO
FILE: 1256105A T6Q1 Al

RESULT OF SYNGAS OPERATION

RUN NO. 12561-0S

CATALYST CO/X11-TCl23 + K/NI/MO-AL203 80 CC 34.2 ¢ ArIER USE:
48.8 G (+14.6 G) CATH# 12524-39

FEED H2:CO OF 50:50 @ 400 CC/MN OR 300 GHESV

ROUN & SAMELE NO. 12561-05=-01 561-05-02 561-05-03 561~05-04 561-05-Q5

P W = - R W W

FEED H2:CO:AR 50:50: 0 50:50: O 50:50: 0 60:40: 0 60:40: O
HRS ON STREAM 19.16 43.66 68.16 91.16 163.66
PRESSURE, PSIG 300.00 300.00 500.00 500.00 500.00
TEMP. C 240.00 260.00 260.00 261.00 260.00
EEED CC/MIN 400.00 400.00 400.00 400.00 400.00
HOURS FEEDING 19.16 24.50 24.50 23.00 72.50
EEFLNT GAS LITER 210.30 327.20 240.70 189.50 622.00
GM AQUEOUS LAYER 63.08 57.94 65.55 73.68 245.28
oM OIL 15.%4 26.14 49.11 42.87 123.83
MATERIAL BALANCE

GM ATOM CARBON % 74.1S 89.36 93.67 99.35 96.67

GM ATOM EYDROGEN % 96.19 100.55 98.83 103.77 102.87

GM ATOM OXYGEN % 93.50 93.08 B88.69 90.91 94.23
RATIO CHX/(H20+C02) 0.5234 0.8764 1.1413 1.1881 1.0448
RATIO X IN CEX 2.2729 2.2528 2.2190 2.4948 2.4722
USAGE H2/CO PRODT 2.720% 2.0993 1.7402 1.8072 1.9268

FEED H2/CO FRM EEEFLNT 1.2973 1.1252 1.0550 1.5667 1.5962
RESIDUAL H2/C0 RATIO 0.6524 0.6844 0.4529 . 1.0343 1.0042
RATIO CO2/(H20+L02) 0.045% 0.0475 0.1022 0.1253 0.0951
K SHIET IN EFELNT 0.0314 0.0342 0.0516 0.1481 0.1055
SPECIFIC ACTIVITY SA  2.6337 2.5298 1.4878 0.9294 0.8441
CONVERSION

ON CO % 31.18 31.15 46.77 68.89 64.16
ON H2 % ' 65.39 58.12 77.15 79.46 77.45
ON CO+H2Z % 50.50 45.43 62.37 75.34 72.33
PRDT SELECTIVITY ,WT 2%
CES 7.04& 6.07 4.50 17.42 16.36
c2 BC'S 2.02 2.02 1.32 2.82 2.7
C3H8 - 2.72 2.62 1.77 4.77 4.63
C3E6= 3.11 3.29 2.11 0.66 Q.79
C4H10 2.81 2.65 1.74 3.89 3.82
C4HE= 4.98 5.1 3.37 1.42 1.80
CSE12 3.53 3.43 2.26 4.38 4.35
CSH10= 4.04 3.96 2.78 1.11 1.35
C6H14% 4.59 4.37 2.97 4.95 &.97
CEH12= & CYCLO'S 1.57 1.54 0.94 .28 0.31
C7+ IN GAS 8.17 7.63 5.40 5.72 6.47
LIQ BC'S 55.42 57.29 70.85 52.60 52.44
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB~-GROUPING
Cl -Ca& 22.68 21.78 14.81 30.98 .30.11
C5 =420 F 42.77 . 40.46 36.37 40.35 40.57
420-700 ¥ 31.45 28.55 30.00 20.25 21.42
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Table B1l0 (continued)

FILE: 1256105A T6Q1 Al -
700-END PT 3.10 9.21 18.83 8.42 7.90
CS+-END PT 77.32 78.22 85.19 69.02 69.89
ISO/NORMAL MOLE RATIO
Cca 0.0171 0.0178 0.0246 0.0427 0.0390
cs 0.0402 0.0475 0.0420 0.0634 0.0577
cs 0.0660 . Q.0632 0.0671 0.1058 0.0871
ca= 0.0485 0.0501 0.0532 0.1268 0.1174
PARAEFIN/QLEEIN RATIO
o} 0.8348 0.7586 0.8004 6.9151 5.5984
c4 0.5434 0.496% 0.4969 2.6539 2.0517
CS 0.8490 0.8419 0.7904 3.8317 3.1244

SCHUL2-ELORY DISTRBIN
ALPEA (EXP(SLOPE)) 0.8047 0.8378 0.8682 0.8229 0.8276
RATIO CH4/(1-A)*=*2. 1.8462 2.2967 2.5929 5.5542 5.5004

ALPHA ERM CORRELATION 0.8327 0.8304 0.8494 0.8091 0.8106

ALPHA (EXPTL/CORR) 0.9664 1.008S 1.0222 1.0171 1.0209
W2%CH4 ERM CORRELATION 15.3289 16.0531 14.5379 27.2468 26.5741
WXCH4 (EXPTL/CORR) 0.4593 0.3780 0.30%8 0.6393 0.6155

LIQ HC COLLECTION
PHYS. APPEARANCE CLD OIL OIL WAX OIL WAX OIL WAX OIL WAX
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT 2, @ DEG F 300.00 298.00 300.00 254.00 258.00

16 339.00 -340.00 338.00 295.00 299.00
50 460.00 507.00 534.00 447.00 452.00
84 603.00 701.00 797.00 700.00 685.00
90 649.00 758.00 872.00 795.00 766.00
RANGE(16-84 X) 264.00 361.00 459.00 405.00 386.00
WP % @420 F 37.67 34.09 31.09 45.50 44.09
WL Z @700 F S4.41 83.93 73.43 84.00 84.94
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VII. Run 54 (11617-09) with Catalyst 54 (Co/X11/X13/TC-123)

The purpose of this run was to test the effect of Xj;3, a
newly developed promoter, on the Co/X17/TC-123 catalyst (Catalyst
45, Sixth Quarterly Report). The results are to be compared with
thoge of Catalyst 45, and also those of Catalyst 51 of this re-
port (Co/Xg/X11/TC-123).

The catalyst was prepared in the same way as Catalyst 45
except for the addition of Xj3. The theoretical coantent of co-
balt, X331 and X33 was 8.1, 1.6 and 0.7 percent respectively.

Conversion, product selectivity, isomerization of the pen-
tané, and percent olefins of the C4's are plotted against time on
stream in Figs. B92-95. Simulated distillations of the Cs* pro-
duct are plectted in Figs. B96-108, Carbon number product distri-
butions are plotted ia Figs. B109-121. Chromatograms from simu-
lated distillations are reproduced in Figs., B122-134., Detailed
material balances appear in Tables B1ll-15.

The run was conducted in six stages of varying temperatures,
pressures and syngas feed ratios for a total of S07 hours:

Stage A, 123 hrs: 240C, 300 psig, 1:2 H9:CO
Stage B, 47 hrs: i " 1.5:1 H9:CO
Stage C, 23 hrs: 260C, 500 psig, n
Stage D, 73 hrs: " " 1:1 Hy:CO

Stage E, 220 hrs: " " 1:2 Hy:CO
Stage ¥, 21 hrs: 250C, ", "

The initial activity (after a good material balance was ob-




tained at about 28 hours or stream) of this catalyst was signifi-
cantly higher than that observed for the Xj3~free Catalyst 45,
55.2 percent syngas conversion as agalnst about 46 percent re-
spectively, The catalyst quickly deactivateﬂ_to a level of about
51 percent, where it held constant for the next 72 hours, still
five percentage points higher than the conversion of the Xj3-free
catalyst. The water gas shift activity, with about 8 percent of
the oxygen coaverted to CO2, was twice as high as that of Cata-
iyst 45, This increased water gas shift resulted in raising the
H9:CO ratio in the reactor and could account for the improved
synéas conversion,

Produoct selectivity, hovever, was inferior to that of Cata-
lyst 45--about 4.5 percent methane and 83 percent Cs*, as against
about 3.7 and 90 percent respectively. The olefin content of the
C; was lower as well, with a paraffinsolefin ratio of 0.44:1 as
against 0.36:1 for Catalyst 45,

In Stage B, vhen the H9:CO feed ratio was raised from 1:1 to
1.5:1, the syngas conversion rose sharply f£rom about 51 to about
66 perceant, again well above the 58 percent coaversion of Cata-
lyst 45 under similar conditilons. Again, as compared with Cata-
lyst 45 under similar conditions, the water gas shift activity

was higher but with inferior selectivity:

~ B126 -



Catalyst 54 Catalyst 45
Co/X31/X13/TC~123 Co/X331/TC-123

CO+Ho coanversion, pct 66 58

Ratio CO9:(H20+C02) 0.143:1 0.058:1
Weight pct CH; 16.5 7.3
Cst product, pct 68.1 85.2

In Stage C the temperature was raised from 240C to 260C and
the pressure from 300 to 500 psig, the same severe conditions as
with Catalyst 51 (Co/X31/X9/TC-123). While the conversion rose
to about 85 percent, the methane production also rose steeply to
nearly 29 perceat. Corresponding values for Catalyst 51 were
about 70 and 15 percent.

In Stages D and E the catalyst was also tested for stability
at successive H:CO feed ratios of 1:1 and 1.2:1 (temperature and
pressure constant at 260C and 500 psig). In both stages there
was rapid deactivation with time, accompanied by a correspondiag
loss in water ga$ shift activity. Selectivity, however, improved
with d;accivation.

This run has demonstrated that the additive Xj3 has a sig-
nificant effect on the performance of the Co/Xj31/TC-123 catalyst.
The additive's principal effect resulted in increasing the cata-
lyst’s water gas shift activity, which subsequently improved the

catalyst's activity but adversely affected selectivity.
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FILE: 11617C3A T6Ql Al

Table Bl1l

RESULT OF SYNGAS OPERATION

RUN NO. 11617-09

CATALYST CO/X11/X13-TC123 250 CC 120.2 G AFTER USE:186.9 G (+66.7 G)

FEED H2:C0 OF 50:50 @ 1260 CC/MN OR 300 GHSV

(CAT#12524-41)

RUN & SAMPLE NO. 11617-09-01 617-09-02 617-09-03 617-09-04 617-09-05

FEED E2:C0:AR £0:50: 0 50:50: 0
HRS ON STREAM . 7.25 27.75
PRESSURE, PSIC 300.00 300.00
TEMP. C 240.00 238.00
FEED CC/MIN 1250.00 1260.00
HOURS EEEDING 8.28 19.50
EEELNT GAS LITER 179.70 692.60
GM AQUEQCUS LAYER 86.70 155.32
GM OIL 21.36 99.56
MATERTAL BALANCE
GM ATOM CARBON % 54.15 92.31
GM ATOM BYDROGEN 2% 76.59 96.43
GM ATOM OXYCEN % 77.19 93.13
RATIO CHEX/(H20+C02) 0.4376 0.9760
RATIO X IN CEX 2.2304 2.2175
USAGE H2/C0 PRODT 2.8880 1.8080
EEED H2/CO ERM EFFLNT 1l.4144 1.044S
RESIDUAL H2/CO RATIO 0.8316 0.5316
RATIO CO2/(H20+C02) 0.0577 0.1131
K SHIFT IN EEELNT 0.0325 0.0678
SPECIFIC ACTIVITY SA  3.9197 5.1487
CONVERSION
ON CO % 37.46 40.18
oN B2 % 76.50 69.56
ON CO-H2 % 60.33 55.19
PRDT SELECTIVITY WT X
CHES 5.04 4.43
c2 BC'S 1.69 1.49
C3H8 2.06 1.82 |
C3IH6= 2.88 2.53
C4H1O 2.07 1.82
C4HS= 4.38 3.86
CSH12 2.64 2.33
CSH10= 3.58 3.15
C6H14 3.27 2.88
C5H12= & CYCLO'S 1.64% 1l.44
C7+ IN GAS 5.62 4.95
LIQ HC'S 65.12 69.31
TOTAL 100.00 100.00
SUB-GROUPING
€l =C4 18.12 15.95
C5 =420 F - 52.25 33.86
420-700 F 24.37 32.52
700-END PT 5.26 17.67

- B171 -

50:50: O 50:50:
77.00 99.00
300.00 300.00

239.00 239.00

1260.00 1260.00

49.25 22.00
1936.20 878.60
385.32 171.37
239.30 112.27

97.01 99.07
100.48 102.34
96.87 97.47

1.0045  1.0490
2.2225  2.2203
1.89562  1.8387
1.0357  1.0331
0.5554  0.5570
©.0881  0.0831
0.0537  0.0504
4.1303  4.1553

36.93 37.15
66.18 66.11
51.81 51.86
4.76 4.66
1.69 1.59
1.79 1.76
2.97 2.91
1.90 1.86
4.35 4.24
2.%% 2.35
3.41 3.38
3.00 2.86
1.72 1.62
5.42 $.25
66.55 67.52
100.00 100.900
17.45 17.02
49.27 49.22
26.62 27.01
6.66 6.75

0 50:50: O
122.75
300.00
238.00

1260.00
23.75
963.70
181.13
115.26

99.94
“10z.71
97.54
1.0754
2.2176
1.8273
1.0277
0.5623
0.0804
0.0492
3.9886

36.80
65.42
51.30

3.49
1.63
1.79
3.00
2.00
4.27
2.36
3a.st
3.01
1.64
5.96

66.23

100.00

17.19
35.97
26.21
20.62



Table B1ll (continued)
FILE: 1161709A T6Q1 Al

CS5+-END PT 81.88 84.05 82.85 82.98 82.81
ISO/NORMAL MOLE RATIO

C4 0.0185 0.0185 0.0204 0.0199 0.0329

cS 0.0506 0.0506 0.0466 0.0484 0.0480

cé 0.0920 0.0920 0.06%90 0.0760 0.0859

Ca= 0.0493 0.0493 0.0503 0.0527 Q.0506
PARAFEIN/OLEFIN RATIO

fox | 0.6837 0.6837 0.5758 0.5766 0.5698

c4 0.4568 0.4568 0.4221 0.4231 0.4531

cs 0.7173 0.7173 0.6952 0.6765 0.6800
SCHULZ-FLORY DISTREIN

ALPEA (EXP(SLOPE)) 0.8232 0.8648 : 0.86Q1

RATIO CH4/(1-A)**2 1.6113 2.4229 2.2958

ALPHA FRM CORRELATION 0.8427 0.8428 0.8400

ALPHA (EXPTL/CORR) 0.9768 1.0260 1.0239

W2%CH4 ERM CORRELATION 12.2340 11.7410 ) 12.8361

WXCH4 (EXPTL/CORR) 0.4117 0.3775 0.3500

LIQ EC COLLECTION
PHYS. APPEARANCE CLD OIL OiIi WAX OIL WAX OIL WAX OIL WAX
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN

IOWT X @IEGTE 288.00 328.00 - 299.00
16 306.00 366.00 338.00
50 454.Q00 537.00 §56.00
84 617.00 799.00 858.00
90 677.00 881.00 i 945.00
RANGE(16-84 %) 311.00 433.00 520.00
WT % @ 420 F $4.50 27.58 29.29
WIX@700F 91.93 74.50 68.86
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Table Bl2
FILE: 11617098 T6Q1 a1

RESULT OF SYNGAS OPERATION

RUN NO. 11617-09
CATALYST CO/X11/X13-TC123 250 CC 120.2 G AFIER USE:186.9 G (+66.7 G)

FEED H2:C0 OF 50:50 @ 1260 CC/MN OR 300 GBSV (CAT#12524~-41)
ROUN & SAMPLE NO. 11617-09~-06 617-09-07 617~-09-08 617-0S~-09 617-03%-10
FEED H2:CO:AR 60:40: 0 60:40: 0 60:40: O 50:50: 0 50:50: ©
HRS ON STREAM 147.25 170.25 193.25 216.25 240.75
PRESSURE,PSIG 300.00 300.00 500.00 500.00 500.00
TEMP. C 240.50 241.00 258.00 259.60 259.00
FEED CC/MIN 1260.00 1260.00 1260.00 1260.00 1260.00
HOURS FEEDING 24.50 23.00 23.00 23.50 24.00
EEFLNT GAS LITER 839.00 705.00 555.20 €645.80 706.50
GM AQUEQOUS LAYER 220.47 225.63 219.45 202.93 215.23
GM OIL 122.21 118.39 62.50 164.42 178.80
MATERIAL BALANCE

GM ATOM CARBON % 107.32 100.08 95.13 97.20 100.16

GM ATOM HYDROGEN & 104.77 101.03 98.13 100.73 102.82

GM ATOM OXYGEN % 101.15 98.90 97.45 92.46 94.63
RATIO CHX/(H20+C02) 1.1250 1.0221 0.9629 1.1116 1.1356
RATIO X IN CBX 2.4799 2.4459 2.7641 2.2273 2.2216
USAGE H2/CO PRODT 1.775%4 1.8631 1.6183 1.4739 1.5828

EEED H2/CO FRM EFFLNT 1.4643 1.5147 1.5473 1.0363 1.0265
RESIDUAL H2/CO RATIO  1.0287 1.0059 1.2163 0.4014 0.3840
RATIO CQ2/(B20+C02) 0.1432 0.1208 0.2965 0.2424 0.1796
K SHIET IN EFTLNT 0.1720 0.1382 0.5125 C.l284 0.0841
SPECIFIC ACTIVITY SA 3.1564 3.2517 1.6376 2.5807 2.2766
CONVERSION

ON CO % 58.34 59.35 82.94 59.20 53.59
ON B2 % 70.73 73.01 86.59 84.20 82.64
ON CO+H2 % 65.70 67.58 85.16 71.92 68.31
PRDT SELECTIVITY, WD ¥4

cH4 16.45 14.92 28.90 5.27 4.849
C2 HC's 3.27 2.83 5.21 1.50 1.45
C3E8 %.74% 4.36 9.47 1.65 1.44

= 1.15 1.11 0.57 2.02 2.08
C4H10 4.08 3.76 6.92 1.60 1.45
C4HB= 2.14 2.05 1.13 3.15 3.13
CSH12 4.€60 4.33 €.40 1.98 1.83
CSH10= 1.62 1.85 0.90 2.05 2.16
CeH14 $.30 .92 6.73 3.03 2.69
C6Hl12= & CYCLO'S 0.87 0.92 Q.48 1.99 l.86
C?+ IN GAS 6.02 S.45 8.84 8.96 4.56
LIQ BC'S : 49.7% $3.80 24.46 66.739 72.52
TATAL 100.00 100.c0 100.00 100.00 100.00

SUB-GROUPING

Cl -C& 31.84 29.03 52.20 15.20 14.39
C5 =420 F 34.56 36.82 37.80 39.60 49.35
420~-700 F 19.49 21.27 8.80 25.52 23.01
7C0-END PT 13.71 iz.88 1.20 19.68 7.25
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Table Bl12 (continued)

FILE: 1161709B T6Q1 Al
CS+=END PT 68.16 70.97 47.80 84.80 85.61
ISO/NORMAL MOLE RATIO ‘
C4 0.0454 0.0408 0.0633 €.0207 0.0209
cS 0.0743 0.0680 0.1100 0.0702 0.0625
ce 0.1227  0.1126 0.1863 0.3116, 0.3083
CaA= 0.1219 0.1168 0.1935 0.0650 0.0589
PARAFEIN/OLEEIN RATIO
(o 3.9423 3.7305 15.9363 0.7810 0.6616
(=] 1.8410 1.7728 5.9001 0.4909 0.4476
CS 2.7592 2.7120 6.9488 0.9433 0.8234

SCHULZ-FLORY DISTRBIN
ALPHA (EXP(SLOPE)) 0.8412 0.83%7 0.7537 0.8581
RATIO CH4/(1-A)*=2 6.5238 5.8034 4.7649 2.6165

ALPHA FRM CORRELATION 0.8105 0.8116 0.8014 0.8553
ALPHA (EXPTL/CORR) 1.0378 1.0346 0.9406 1.0032

WYCH4 ERM CORRELATION 22.3345 22.1180 29.0130 12.4857
WHCH4 (EXPTL/CORR) 0.7367 0.6745 0.9961 0.4222
LIQ HC COLLECTION
PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX OIL WAX
DENSITY
N, REERACTIVE INDEX
SIMULT'D DISTILATN
10 WS X @DEGFE 291.00 288.00 238.00 296.00

16 333.00 324.00 253.00 337.00
50 528.00 502.00 380.00 539.00
84 827.00 792.00 §75.00 852.00
90 912.00 890.00 632.00 946.00
RANGE(16-84 %) 494.00 468.00 322.00 515.00
WI X @420 F 33.25 36.54 59.12 32.33
WL %@ 700 F 72.43 76.07 95.10 70.54
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FILE: 11617Q9C T&6Q1 Al

Table Bl3

RESULT OF SYNGAS OPERATION

ROUN NO. 11617-09

CATALYST CO/X11/X13-IC123 250 CC 120.2 G ArFIER USE:186.9 G (+66.7 G

FEED H2:CO0 OF 50:50 @ 1260 CC/MN OR 300 GHSV {CAT#12524~41)
RUN & SAMPLE NO. 11617-09~11 617-09=12 617~09~13 617=09~14 617=-09=-15
ERwmwwews
FEED H2:C0:AR S0:50: O 54:45: 0 54:45: O 54:45: C 54:45: O
HRS ON STREAM 266.25 289.25 313.25 341.25 362.28
PRESSURE,PSIG 500.00 500.00 500.00 500.00 500.00
TEMP. C 259.00 259.00 259.00 260.00 257.00
FEED CC/MIN 1260.00 1260.00 1260.00 1260.00 1260.00
HOURS FEEDING 25.50 23.00 24.00 28.00 21.00
EFFLNT GAS LITER 789.00 631.60 651.50 780.30 590.50
AQUEQUS LAYER 236.30 222.95 239.76 278.47 210.29
GM OIL 178.17 166.43 164.40 187.67 140.24
BALANCE
GM ATOM CARBON % 99.93 102.65 59.06 99.34 98.23
M ATOM HYDROGEN % 103.04 103.97 101.81 101.86 99.62
GM ATOM OXYGEN % 96.48 96.41 96.01 96.46 95.82
RATIO CEX/(H20+C023 1.0854 1.1295 1.0631 1.0603 1.0528
RATIO X IN CEX 2.2254 2.3077 2.3021 2.3046 2.2688
USAGE H2/CO PRODT 1.6798 1.6210 1.6948 1.7136 1.8004
FEED H2/CO FRM EEFLNT 1.0311 1.2132 1.2311 1.2282 1.2148
RESIDUAL H2/CO RATIO 0.3899 0.5610 0.5531 0.5573 0.5289
RATIO CO2/(H20+C02) 0.143S 0.1802 0.1566 0.1492 0.1067
K SEIET IN EZFELNT 0.0683 0.1233 0.1027 0.0977 0.0632
SPECIFIC ACTIVITY SA 1.9366 1.6900 1.6081 1.4526 1.5632
CONVERSION
ON CO % . ~ 48.71 61.53 59.38 58.02 53.94
ON H2 % 80.99 82.21 81.75 80.95 79.95
ON CO+E2 % 65.59 72.86 71.73 70.66 68.21
PRDT SELECTIVITY WL %
CHE: 5.01 8.89 8.61 8.73 7.02
<2 EC's 1.88 2.06 2.01 2.02 1.78
C3H8 1.47 2.42 2.32 2.4S5 2.08
C3H6= 2,22 1.71 1.82 l.98 2.17
C4H10 1.50 2.07 2.06 2.17 1.98
C4HB= 3.1 2.95 3.07 3.23 3.20
cSH12 1.88 2.48 2.50 2.64 2.37
CSE10= 2.2% 1.80 1.89 2.5 2.40
CE6H14 2.76 3.46 3.5 3.09 2.687
C6H12= & CYCLO'S 1.90 1.53 1.62 1.50 1.40
C7+ IN GaS 4.35 5.16 4.71 4.28 4.3%
LIQ EC'S 71.82 65.47 65.86 65.39 68.58
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING
Cl -C4 15.06 20.10 19.89 20.59 18.24
CS =420 F 32.63 32.11 47.18 46.72 31.69
420-700 F 26.98 24.73 2€.34 26.1S 25.97
700-END PT 25.33 23.06 6.59 6.54 24.10
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Table B1l3 (continued)

FILE: 116170%C T6Q1 Al
C5+=END PT 84.94 79.90 80.11 79.41 81.76
ISO/NORMAL MOLE RATIO
(= 0.0241 0.0237 0.0241 0.0236 0.0255
cS 0.0595 0.0666 0.0676 0.0634 0.0597
cs 0.2941 0.2609 0.2498 0.0860 0.0735
Ca= 0.0s588 0.0744 0.0713 0.0674 0.0649
PARAFEIN/OLEEIN RATIO
(o= 0.6296 1.3488 1.2186 1.1813 0.9177
<4 0.4365 0.6767 0.6473 0.6491 0.5973
cS . 0.8163 1.3408 1.2864 1.0209 0.9576
SCHULZ-FLORY DISTRETN
ALPHA (EXP(SLOPE)) 0.8709 0.8664 0.8666
RATIO CH4/(1l=-A)"*2 3.0047 %.9784 3.8471
ALPHA FRM CORRELATION 0.8567 0.8390 0.8420
ALPHA (EXPTL/CORR) 1.0165 1.0326 1.0292
WXCH4 ERM CORRELATION 12.0457 17.5463 16.1962
WXCH4 (EXPIL/CORR) 0.4160 0.5066 0.4336

LIQ EC COLLECTION
PEYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX OIL WAX
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN

I0WI X@DEGF 303.00 303.00 313.00
16 345.00 346.00 355.00
50 579.00 575.00 576.00
84 503.00 895.00 907.00
90 992.00 982.00 1011.00
RANGE(16~84¢ %) 558.00 549.00 §52.00
WI X@420F 27.17 27.00 27.00
WIX@ 70 F 64.73 64.78 64.86
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Table Bl4

FILE: 1161705D T6Q1 Al

RESULT OF SYNGAS OPERATION

RON NO. 11617-09
CATALYST CO/X11/X13~TC123 250 CC 120.2 G AETER USE:186.9 G (+66.7 G

FEED H2:CO OF 50:50 @ 1260 CC/MN OR 300 GHSV (CAT#12524~41)
RUN & SAMPLE NO. 11617-08-16 617-09-17 617-09~-18 617-09-19 €17-09-20
Eo o — 3

FEED H2:CO:AR 54:45: 0 54:45: 0 54:45: O S4:45: O 54:45: O
HRS ON STREAM 385.25 435.2%° 440.25 458.75 485.75
PRESSURE, PSIG $00.00 500.00 500.00 5$00.00 500.00
TEMP. € 259.00 259.00 260.00 259.00 260.00
FEED CC/MIN 1260.00 1260.00 1260.00 1260.00 1260.00
HOURS EEEDING 17.00 S0.00 5.00 18.50 27.00
EFFLNT GAS LITER 373.10 1416.40 142.00 §34.50 771.00
M AQUEQUS LAYER 191.33 490.27 498.73 185.86 254.83
M OIL 48.71 340.81 34.98 124.59 159.07
MATERIAL BALANCE

GM ATOM CARBON % 72.41 110.08 99.85 101.56 99.16

G ATOM HYDROGEN X 82.10 110.63 101.02 102.85 99.15

GM ATOM OXYCEN X 92.08 94.41 95.95 97.54 94.86
RATIO CHX/(H20+COZ) 0.6200 1.3415 1.0852 1.0863 1.0960
RATIO X IN CHX 2.3168 2.2472 2.2997 2.2822 2.3013
USAGE H2/CO FRODT 2.1424 1.6186 1.7284 1.7567 1.7191

FEED H2/CO FRM EFFLNT 1.3S581 1.2038 1.2118 1.2131 1.1977
RESIDUAL E2/CO RATIO 0.4665 0.5469 0.5451 0.5392 0.5399
RATIC CO2/(H20+C02) 0.1238 0.1283 0.1319 0.1202 0.1387
K SHIFT IN EFELNT 0.0659 0.0805 c.0828 0.0736 0.0869
SPECIFIC ACTIVITY SA 1.6480 1.7441 1.3699 1.4003 1.3286
CONVERSION

oN CO % 53.17 61.29 55.87 55.35 5§5.78
ON H2 % 83.92 az.42 80.15 80.15 80.07
ON CO+E2 X 70.88 72.83 69.17 68.95 69.02
PRDT SELECTIIVIIY,WI X% i
CH4 10.11 6.76 8.58 7.90 8.61
<2 EC'S 2.5% 1.51 1.95 1.85 1.98 .
C3E8 2.88 1.94 2.26 2.11 2.39
C3E6= 2.7? 1.58 l1.86 1.86 1.93
CARH10 2.66 1.92 2.05 1.97 2.08
C4HB= 4.59 2.93 3.14 3.03 3.18
CSH12 3.22 2.74 2.499 2.34 2.61
CSH10= 3.73 2.74 1.94 1.90 4.45
CEE14 4.10 3.5 2.08 2.79 5.65
CSH12= & CYCLO'S 2.62 1.32 0.41 4.54 2.19
C7+ IN GAS 16.79 18.28 3.90 4.06 5.79
LIQ BC'S 43.97 54.77 69.35 65.66 59.15
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING
Cl -C4 25.56 16.64 15.84 18.71 20.16
CS «420 F 51.87 43.44 34.81 48.46 50.26
420-700 F 21.08 22.87 25.14 26.26 23.66
7Q0-END PFT 1.49 17.06 20.22 6.57 $.92
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Table Bl4 (continued)
FILE: 1l161709D T6Ql Al

C5+=-END PT 74.44% 83.36 80.16 81.29 79.84

ISO/NORMAL MOLE RATIO
C4 0.0237 0.0219 Q.0229 0.0263 0.0265
cSs 0.0597 0.0609  0.0633 0.0597 0.0660
cs 0.0832 0.1020 Q.4867 0.2849 6.0100

0.0633 0.0669 0.0693 0.0663 0.0711

Ch=
PARAEE IN/CLEFIN RATIO
3 0.9926 1.1740 1.1582 1.0827 1.1827
ca 0.5595 0.6333 0.6312 0.6277 0.6313
<] 0.8384 0.9712 1.2526 1.1976 0.5703
SCEULZ~-FLORY DISTRBIN
ALPHA (EXP(SLOFE)) 0.7904 0.851¢ 0.860S5
RATIO CH4/(1-A)**2 2.3014& 3.0418 4.4067

ALPHA FRM CORRELATION O.8480 0.8403 0.8404

ALFHA (EXPTL/CORR) 6.9321 1.0127 1.023%
WXCHS FRM CORRELATION 14.7570 17.1600 17.3392
WXCH4 (EXPTL/CORR) 0.6849 0.3938 0.4948

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

IOWI S @DEGCF 260.00 323.00 294.00
16 301.00 364.00 332.00
50 422.00 561.00 523.00
84 575.00 856.00 854.00
90 621.00 952.00 951.00
RANCE(16-84 %) 274.00 492.00 522.00
WT %@ 420F 48.67 27.11 34.60
WEY%@70rF 96.61 68.86 70.86
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Table BI1S
FILE: 1161705E T6Q1 a1l

RESULT OF SYNGAS OPERATION

RON NO. 11617-09 -
CATALYST CO/X11/X33-TCl23 250 €C 120.2 G AFTER USE:186.9 G (+66.7 G
FEED g2:C0 OF S50:50 @ 1260 cC/MN OR 300 GHSV (CAT#12524-41)

RUN & SAMPLE NO. 11617-09-21
MR
FEED H2:C0:AR 54:45: O
. ERS ON STREAM 506.75
PRESSURE.PSIG 500.00
TEMP. C 250.00
FEED CC/MIN 1260.00
EGURS EEEDING ‘ 21.00
EFFLNT GAS LITER 599.30
GM AQUEOUS LAYER 220.63
GM OIL ‘ 144.66
MATERIAL
GM ATOM CARBON % 95.59
GM ATOM EYDROGEN %  100.38
GM ATOM OXYGEN % 92.21
RATIO CHX/(H20+C02) 1.0784
RATIO X-IN CHX 2.2203
USAGE H2/CO PRODT 1.9003

FEED H2/CO FRM EFFLNT 1.2579
RESIDUAL H2/CO RATIO 0.5911
RATIO CO2/(H20+C02) 0.0510

K SEIFT IN EEFLNT 0.0218
SPECIFIC ACTIVIIY SA 1.7569
CONVERSION
oN CO % 50.93
oN B2 X 76.95
ON CO+H2 % ‘ 65.43
PROYT SELECTIVITY,WT X
ca4 £.75
<2 BEC's . 1.1
QE8 1.49
C3HE= 1.92
C4H10 1.50
C4HB= 2.67
csHl2 1.86
CSH10= 1.76
CSEl4 . 2.85
CE6HI2= & CYCLO'S 1.1
C7+ IN GAsS 5.06
LIQ BC'S : 73.47
‘TOTAL 100.00
SUB-GROUPING
Ccl -C4 12.48
CS5 -420 F 49.78
420-700 F 29.39
700-END PT 7.35
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Table B1S (contipued)

FILE: 1161709E T&6Q1 Al
CS+-END PT 86.52
ISO/NORMAL MOLE RATIO
C4a 0.0247
cs ©0.0598
C6 0.3656
Ca= 0.0591
PARAFFIN/OLEEIN RATIO
[ox] 0.7438
ca 0.5433
¢S 1.0262

SCHULZ-FLORY DISIRBIN
ALPHA (EXP(SLOFE))
RATIO CH4/(1~-A)*=2

ALPHA FRM CORRELATION
ALPHA (EXPTL/CORR)

WYCH4 ERM CORRELATION
WYCHS (EXPTL/CORR)
LIQ HC COLLECTION
PEYS. APPEARANCE OIL WAX
DENSITY
INDEX

N, REFRACTIVE
SIMULT'D DISTILATN
I0OWr Z@DECF

16

so -

84

90
RANGE(16~84 X)

WT % @420 F
WD % @700 F



VII. Summary

In the work feported in this Quarter, consisting of six ruas
directfd toward improving on the promising Catalyst 45 (Co/X1:i/
TC-123) of the Sixth Quarterly Report, two lines of investigation
vere explored. One was a search for a rew Molecular Sieve to im-
prove on TC-123, the other a2 search for additives to improve the
performance of Catalyst 45.

Run 49, a X33 promoted cobalt r-alumina catalyst, served as
a reference with which to compare the performance of Molecular
Sieve supported catalysts. The three Molecular Sieves compared—
TC-IO?, TC-123 and TC-133--all demonstrated improved performance
in product selectivity with TC-123 being best.

. A newly developed Molecular Sieve, TC-~121, improved on the
isomerization activity typically observed for TC-123., In all
other respects, howvever, its performance was inferior.

Three additives~-Xg, X33 and, K/Ni/Mo-y-alumina--were tested
in combination with the Catalyst 45 formulation. The addition of
X13 improved the catalyst's water gas shift activity but impaired
its overall performance. The additive K/Ni/Mo-y-alumina, al-
though itself an effective water gas shift catalyst, failed to
ipprove the water gas shift activity of Catalyst 45. However,

unlike other WGS components previously tested, it didn't act
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adversely on the Fischer-Tropsch catalyst. '

The most promising finding was the appérent beneficial ef-
fect of the additive X9 orn both the activity aasd selectivity of
the Co/X;1/TC-123 catalyst <n conditions of high :emperatﬁre and
pressure. Further investigation is required to verify these ef-

fects, and also to explore how X9 may affect catalyst stability.
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APPENDIX C, BASE CASE OPERATING CURVES
FOR UPDATED MITRE STUDY
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