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I. CONTRACT OBJECTIVE
The objective of the contract is to consvlidate the advances
made during the previous centract in the conversion of syngas to
motor fuels, using Mélecuiar:Sieve-containing catalysts and to
demonstréte the practical utility and economic value of the new

catalyst/process systems with appropriate laboratory rums,




II. SCHEDULE

The contract work was planned for the twenty-eight month per-
iod beginning September 18, 1934.

Work on the program is divided into six tasks.

Task 1 consists of the preparation of a detailed, non-propri-
etary work plan covering the entire performénce of the contract.
This work plan was completed in November, 1984.

Task 2 comsists of a preliminary techno-economic .assessment
of the UCC catalyst/process system. This assessment, as well as
the final techno-economic evaluation planned for Task 6, will be
based on a sensitivity analysis that MITRE will comduct on their
recently completed economic evaluation of the Union Carbide Cor-
poration (UCC) system.

Task 3 consists of the optimization of the most promising
catalysts developed under prior contract DE;ACZZ-81P040077 to-
wards 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 that will give it the longest possible service
life. This work will run through the first 24 months of the con-
tract. S

Task 5 consists of the optimization of a UCC process/catalyst

system based upon a tubular reactor with a recycle loop (i.e.,




the Arge reactor) containing the most promisging catalysts devel-
oped under the Tasks 3 and 4 studles. This opélmal performance
will be estlmated from a mathematlcal model of the tubuilar reac-
tor which incorporates reaction rate constants determ1ned from
appropriate Berty reactor runs.. This effort will run threugh the
first 24 months of the contract.

Task 6 consists of an economic evaluation of the optimal per-
formance found under Task 5 for the UCC process/catalyst system.
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 Fi-

nal Technical Report.



III. ORGANIZATION

This contract is being carried.out by the Catalyst Research
and Development Group of tis Molgcular Sieve Technology Depart-
ment, Catalysts and Process Systems Division, Union Carbide Cor-
poration, in Tarrytown, New Yofk.
| The principal investigator is Dr. Jule A. Rabo.

The progranm manager is Dr. Albert C. Frost.




IV. SUMMARY 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

Task 2, a preliminary techno-economic assessment of the UCC
catalyst/process system, will be based on a sensitivity analysis
that MITRE will conduct on their recently completed economic
evaluation of the UCC system.

This sensitivity study is expected to graphically show the
differential cost (around the base case cqst),‘expressed as dif-
ferential cents per gallon of motor fuels, for changes in each of
the operating parameters of space velocity, catalyst life, meth-
ane make, alpha, C95~C3g carbon cutoff, overall conversion, feed
H9:C0 ratio, reactor temperéture, 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 catalyst performance data and the existing
tubular reactor design curves to readily obtain an economic worth
for each tested catalyst for any set of envisioned process coﬁdi—

tions (for Task 6).



C. Tasks 3 and 4

The major focus of the catalysts tested this Quarter revolved
around further improving the Xj; promoted catalyst of Run 32
(12200-19) which demonstrated improved product selectivity and
quality. .

Two of the catalysts (Runs 34 and 35) looked at the replace-
ment of the_UCC-103 support with UCC-114 and UCC-115 respective-
l1y. Both c;talysts showed poor activity.

The use of the two additives X3 and X7 were tested in Runs
40 and 39 respectively, for improving catalyst activity. The
Jadgiﬁive X3 showed little or no improvement. The catalyst con-

taining Xiz demonstrated improved activity and selectivity while
demonstrating excellent stability when tested at 240C. Stability
was, however, less favorable at 260C.

The remainder of the catalysts tested looked at the effects
of metal loading, synthesis procedure, and the variation in Xij
concentration without attaining any major gains in performance.
D. Task S

The comments of Mr. F. Kunreuther of F.'Kunreuther Associ-
ates. from his review of the MITRE report, were passed along to
MITRE. Although he suggested changes for some of the auxiliary
units and for the method used for costing parallel reactors, he
agreed with MITRE's overall conclusioms.

The activities of almost all of the iron catalysts tested
under this and the preceding contract were recalculated in terms

of their "specific activity," a ratio that has as its numerator
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the CO conversion rate for the catalygt in question and has as
its denominator the CO conversion rate calculated for an early
cobalt~based catalyst operating under the same conditions. The
best specific activity found for the iron catalysts was 1.02 at
250C and after 300 hours on stream, a value that is approximately
one-~half that for the current cobalt catalysts operating at 250C
and for the same period of time. A listing of thg iron catalysts
and their specific activities is given in Appendix C,

The methane make correlation for some of the Co/X;1/U3 cata-
lysts showed that these catalysts produced six percentage points
less methane than did the earlier cobalt catalyst systems over a
wide range of comparable H9/CO ratios. This characteristic may
allow the economical use of a higher Hy/CO feed ratio to gain a
hiéher space velocity at a reasonable methane make. This trade-
off can be costed when the MITRE sensitivity study is completed.

Work has started on the conversion of all of the DTSS (Dart-
mouth Time Sharing System, an outside system) computer programs
over to CAPS (Catalyst and Process Systems, an inside system)
before the planned January lst phase-out of DTSS.

E. Task 6

Since this final techno-economic evaluation.is scﬁgduled to
begin in Fiscal Year 1986, no work was done on it this quarter,

Additionally, the sequential sensitivity studies coming from
MITRE will substantially aid in satisfying the objectives of this

task in addition to completing those of Task 2 (see B. Task 2).



V. CHANGES

There were no contract changes durirg the Fourth Quarter.




VI. FUTURE WORK

Tasks 3 and 4 will continue to be devoted to developing new,
étable catalyst formulations that will have higher specific ac-—
tivities and lower methane makes than do our present tatalysts.

Task 5 will be devoted to continuing the changeover from the
DTSS to the CAPS computer systems, and to examining the space
velocity-methane make trade-off with correlated data for the

Co/X11/UCC-103 catalyst systems.

Albert C. Frost
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APPENDIX A. CATALYST TESTING: SUMMARY OF RUNS
REPORTED DURING THIS QUARTER

J. 6. Miller, L. F. Elek, C-L Yang and K. N. Beale

This report is organized around the ten catalytic tests con-
ducted from July through September 1985, the fourth quarter of
this contracg.

A list of the catalysts tested, a description of their pre-
paration, and a brief statement of each test's objective are
shown in Table Al. All of the catalysts tested involved cqhalt
oxide intimately contacted with UCC~103, except for Rumns 34 and "
35, in which UCC—liA and UCC-115, réspectively, were substituted
for UCC-103 as the catalyst.support. The catalysts tested fbok.
extensively at the use of the additive Xy, shown to be success-
ful in Rum 32 (12200-19) in Appendix B of this Report. Catalysts
in Runs 40 and 41 were prepared by the iﬁtimately mixed method
.develoﬁed in the previcus three year éontfact (DE-ACZZ-BIPC40077)
and the remainder were prepared by the intimately mixed method
used for the catalyst tested in Run 11 (Third Quaréerly Repart)
of the present contract. |

An abbreviated table of results for these catalyst runs is
shown in Table A2. The conversion, weight percent CHg, éeight
percent C5%, specific activity, the metﬁane factor and a quali;

tative estimate of stability are listed for each catalyst. A

- A2 -~



more complete report of results and analyses for these runs will

be presented im the Fifth Quarterly Report.
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Table Al,

ter,

Description of most of the catalysts tested during the fourth quar-~

Run Catalyst

Catalyst preparation

Objective of test

34

35

J6

Co/ %14 JUCC-114
{12200-20)

Co/¥q9/UCC-115
(12185-20)

£o/%q1/UCC-103
(12200-21)

Co/ %11 Jucc-103
(12185-21)

Co/X11/UCC-103
(12200-22)

Co/Xyq/%12/
ucc-103
(11617-04)

Co/. %11 1%3/
uce-103)
(12185-18)

The X44 promoted cobalt oxide catalyst was for-
mulated similarly to Run 32, except that UCC-114
was substituted for UCC-103. Theoretical pet Co=
8.2, pct X11=1 «Bs

The X449 promoted cobalt oxide catalyst was for-
mulated similarly to Run 32, sxcept that UCC-115
was substituted for UCC-103. Theoretical pct Co=
G441y pot Xq4=0.8. '

The Xq4 promoted cobalt oxide catalyst was for-
mulated similarly to Run 32, but was exposed to
different catalyst pretreatment., Theorstical pct
Co=12.3, pct Xq9=2.4.

The X44 promoted cobalt oxide catalyst was for-
mulated similarly to Run 32, except that the cat-
alyst was exposed to the preatment used fer Run
20. Theoretical pet Co=8.2, pct Xgq=1.5.

The X191 promoted cobalt oxide catalyst was for-
milated similarly to Run 37, except that it con-
tained a higher concentration of cobalt. Theoret-
ical pet Co=12.3, pct Xq1=2.4.

The X44 and X495 promoted cobalt oxide catalyst
was formulated similarly to Run 37. Theoretical
mt CO'-"?.E' pct X11=1.4, pct X12=5.ﬂ.

The X494 and X3 promoted cobalt oxide catalyst
was formsed in close contact with UCC-103 by the
method used in Run 15 (3rd Qt Rept). The result-
ing powder was banded with 15% silica and extru-
ded to 1/8" pellets, Theoretical pct Co=8.2, pct
X11=1.S. pet X3=0¢050

Tested the use of UCC-
114 as a replacemsnt
for UCC-103. :

.Tested the use of UCC-

115 as a replacement
for UCC-103.

Tested effects of both
catalyst pretreatment
and inereasing cobalt
concentration.

Looked at the effects
of catalyst pretreat-
mente

Lo
Tested the effects of

increasing the cobalt
concentration.

Tested the new promot-

er Xj2 in improving
catalyst performancee.

Tested the use of the

additive X3 on improv-
ing tha performance of
a catalyst formulated
by the methad used in
Run 15.

- Ab -
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Table Al, continued.

Catalyst preparation

Objective of test

Run Catalyst

& Co/¥%4¢/UCC-103
(11617-03)

42  Co/%yq/UCC-103

43

(11617-05)

Co/X44/UCC-103
{12570-01)

The X411 promoted cobalt oxide catalyst was formed
in elose contact with UCC-103 by the method used
in Run 15 (3rd Qt Rept). Theoretical pct Co=12.3,
pet Xqq=2ebe

The Xqq4 promoted cobalt oxide catalyst was formu-
lated similar ta Run 36. Theoretizal pet Co=8.1,
pet X4=2.6.

The Xqq promoted cobalt oxide catalyst was formu-
lated identical to Run Jz. Theorutical pot Co=8.2,
pct Xq1=1.5.

Tested the effect of
X44 on a catalyst for-
mulated by the method
used in Run 1S5,

Tested the effect of
ircreasing the X4
additive.

Attempted to reproduce
the results cbtained
with the catalyst used
in Run 32,

- A5 =




Table A2. Preliminary catalyst test results for most of the runs made during
the fourth quarter.

Total Spe~ Meth-
Hours conver- cific ane
on sion CH;  Cst  acti- fac-
Run Catalyst stream (CO+H) wt %7 wt & vity tor(l) Stability
34 CO/X11/UCC—114 19.5 8.9 15.8 63.2 0.18 13.8 - (2)
(12200-20)
35 CO/X11/UCC-115 19.0 12.6 30.8 48.8 0.21 3.77 — (2)
(12185-20) 43,5 13.1 29.5 51.9 0.22 3.85
36 CO/X11/UCC-103 24.5 54,7 3.9 88,6 6.43 1.11 - (2)
(12200-21) 50.0 52.2 3.4 88.6 /.08 0.64
(run termirated due to power failure)
37 CO/X11/UCC~103 43.8 49,2 6.7 83.1 3.53 0.78 Fair (2)
(12185-21) 114.0 46.7 6.2 82,3 3.36 0.9
138.0 62.4 10.7 77.4 2.75 2.25 Fair (3)
401.7 58.2 10.8 76.6 2.05 4,01
38 Co/X11/UCC—103 48,5 50.4 3.3 89%.9 4,60 1.38 ©Poor (2)
(12200-22) 148.0 44.0 4.3 85.8 3.30 0.82
167.5 54.0 6.5 82,8 2,57 1.80 Fair (3)
311.5 52.2 6.3 82.6 2.09 1.99
359.5 91.5 36.4 41.5 2.28 3.09 — (4)
407.5 68.1 - 17.7 68.8 1.76 6.31 — (5)
39.  Co/X11/X32/UCC-103 44,0  50.8 4.8 87.2 4.12 1.18 Excellent
(11617-4) 333.0 50.9 ' 4,1 88,1 4,16 1.10 (2)
357.0 60.4 5.0 80.1 2,70 2.93 Fair (3)
505.0 57.4 9,4 79,2 2.06 4,03

40 Co/X11/X3/UCC-103  43.0 2.3 12.1 75,7 1.97 2.61 Fair (3)
(12185-19) 187.0 56.6 10.0 79.7 1.81 1.91

(1) The ratio of the amount of CHj actually produced to the amount of CH4 pre-
dicted from the Schulz-Flory equation, [CHz/(1-a)2].
(2) Conditions: 240C, 300 psig, 300 GHSV, 1:1 Ho:CO,
It

( 3 ) 1] zsoc 1" ” n " 1t
@ " 260 " " mow 9.9 gaaco.
() v 260C " " " " 1.5:] Hy:CO.

continued
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Table A2, continued.

Total Spe-~ Meth-
Hours conver— cific ane
on sion CHy  Cst acti- fac~
Run Catalyst stream (CO+Hp) wt 2 wt Z vity tor(l) Stability
41 Co/X71/UCC-103 48.0 41.7 4,3 90.9 1.81 1.11 —(2)
(11617-03)
91.5 49.1 7.9 843 0.99 2,20
42 Co/X11/UCC-103 42,5 46.1 6.9 83.5 3.25 1.57 Fair (2)
(11617~-05) 186.5 4l.4 6.1 82.4 2,63 0.88
210.5 56.8 12,4 73.8 1.88 2.60 Fair (3)
405.5 52.7 10.1 77.5 1.67 2.75 '
43 Co/X31/UCC-103 45,0 49.1 4.7 87,0 3,64 0.75 Good (2)
(12570-01) 211.0  42.3 5.9 840 2.48 1,32
235,0 56.5 10.9 76.4 1.97 3.02 Cood (3)
405.5 52,7 10.1 77.5 1.67 2.75

dicted from the Schulz-Flory equation, [CH4/ (1-2)2].
(2) Conditions: 240C, 300 psig, 300 GHSV, 1:1 Hyp:CO.
(3) " 2600 " " 1" 1
(4) " 20 " ¢ won 2:1 Hp:CO.
(3) " 260 " " won 1.5:1 Hy:CO.

(1) The ratio of the amount of CH4; actually produced to the amount of CH4 pre- .
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I. INTRODUCTION

This report presents detailed analyses of the eight catalyst
test runs summarized in Appendix A of the Third Quarterly Report,
which constituted the major thrust of the work during that Quar-
ter. |

All eight catalysts cortained cobalt oxide intimately con-—
tacted with a Molecular Sieve--UCC-113 in one catalyst, UCC-103
in the seven others. |

Catalyst’ 33 was formulated by methods developed in the previ-
ous contract (DE-AC22-81PC40077). All others were formﬁlated by
the method developed for Catalyst 11 of the Third Quarterly Re=-
port.

In Runs 26, 27 and 32, three of the newly formulated cata-
lysts, which had shown very high initial activity at 260C, were
tested at other reaction femperatures. The object was to explore
the possibility of iﬁcreasing their stability.

The properties of thé Molecular Sieve UCC-113 were investi-
gated by comparing its performance with that of a similar cata-
lyst containing UCC-103.

Two new additives, X3'and X11, were tested for their effec-
tiveness in a cobalt/UCC-103 catalyst. An additional test of the
additive X4, a proven stabilizer, was also run.

Pretreatment of the catalyst during synthesis was investi-—
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gated, and correlated to some potentially interesting selectivity

properties.




II. Run 26_(12185-14) with Catalyst 26 (Co/Xg/Xjq/UCC~103

This run was a first attempt to test the effects of different
reaction temperatures on the stability of catalysts formulated by
the method developed for Catalyst 11 (Run 12200-06) of the Third
Quarterly Report."

The composition and preparation of the catalyst were identi-
cal to those of Catalyst 20 (Run 12185-11) of the Third Quarterly
Report except that this catalyst was calcined before bonding with
silica. As in Catalyst 20, the theoretical concentrations of co-
balt, Xg, and Xjg were, respectively, 11.9, 0.5 and 0.7 percent.

Conversion, product sele;tivity,'isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. Bl-4. Simulated distillations of the Cs* product
are plotted in Figs. B5-25. Carbon number product distributions
are plotted in Figs; B26-46, Chromaﬁograms from simulated dis- e
tillations are reproduced in Tigs. B47~67. Detailed material
balances appear in Tables Bl-5.

The run was started at 200C, following which the temperature
was systematically raised in increments of 10 and 20 degrees.

The initial activity at 200C was low, with a syngas coaver-
sion of 13.55 percent. The calculated épecific activity, which
ghould be independent of temperature, was only 2.95--much lower

than the value of more than 7 for Catalyst 7 at 260C.
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When the temperature was raised to 220C the conversion in-
creased to 30,0 percent. The specific activity, however, remain-
ed at about 2.9,

The temperature was raised again to 240C, where it was held
for 119.5 hours. The stability during this period was fairly
good. A linear least squares ana;ysis predicted a loss of con-
version of one percentage point every 91 hours; based om specific
activity, in cantrast, the estimated loss was only one specific
activity unit every 1600 hours.

At 250C the pattern was similar: by linear least squares cal-
culation, a loss of conversion of one percentage point every 370
hours and a loss of spécific activity of one specific activity
unit every 512 hours. .

The stability fell off considerably at 260C, with a loss of
conversion of one percentage point every 33 hours and a loss of
specif:c activity of one specific activity unit every 225 hours.
The level of'specific'activity at this temperature was comparable
to that of Catalyst 20 at 115.5 hours on stream--2.6 and 2.3
respectively.

The selectivity at 260C was similar to that of Catalyst 20 at
comparable conversioan lievels., The high initial water gas shift
activity of Catalyst 20, however, was not equalled by this cata-
lyst at any time during the test.

The Schulz-Flory plots of product distribution are linear
except for the usual high methane. Unlike those of Catalyst 20,

they show no potential cerbon aumber cut-off; this is now be-
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lieved to be linked to the catalyst pre-treatment, for which fur-
ther evidence will be presented in the analysis of Run 31.

This test has demonstrated a temperature-dependent property
of the Xg, Xj0 promoted catalyst, with stability good to excel~-
lent at temperatures of 250C and lower. The high initial syngas
conversion and water gas shift activity of Catalyst 20 at 260C
were not obtaine? with this catalyst'when the run was started at

200cC.
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Table Bl

[

E: 1218514A TSS3Q1 Al

RESULT OF SYNGAS OPERATION

RUN NO. 12185-14 .
CATALYST CO/X9/X10-U103 250 CC 108.2 G AFTER USE:155.3 G (+47.1 G)

FEED H2:C0 OF 50:50 @ 1260 .CC/MN OR 300 CHSV ( CAT#12251-38-~32 )
RUN & SAMPLE NO. 12185-14-01 185-14-02 185~14-03 185-14-04 185-14-06
FEED H2:CO:AR 50:50: 0 50:50: O  50:50: 0 S0:50: 0 50:50: O
HRS ON STREAM 19.0 43.5 67.5 92.5 138.5
PRESSURE, PSIC 300 300 300 300 300
TEMP. C 204 222 239 239 239
FEED CC/MIN 1260 1280 12860 1260 1260
HOURS FEEDING 19.00 24.50 24.00 25.00 22.00
EETLNT GAS LITER 1169.50 1194.50 1071.78 1111.00 1002.81
GM AQUEQUS LAYER 50.77 151.39 120.01 133.11 127.61
cM OlL 3.2¢4 35.70 112.03 126.65 105.22
MATERIAL BALANCE
GM ATOM CARBON % $0.70 - 83.11 $8.44 100.66 101.52
GM ATOM HYDROGEN % 91.59 92.39 1090.93 101.20 102.03
GM ATOM OXYGEN % 97.8¢9 96.04 23.88 93.57 95.20
RATIO CHX/{H20+C02) 0.4323 0.4927 1.1778 1.2860 1.2551
RATIO X IN CHX 2.3937 2.3335 2.2769 2.2622 2.26877
USAGE H2/CO PRODT 3.4783 2.8942  1.7528 1.7269 1.7692
FEED H2/CC FRM EFFLNT 1.0098 1.1115 1.0283 1.00S3 1.0049
RESIDUAL H2/CO RATIO 0.8500 0.7650 0.6623 0.68373 0.6378
RATIOQ CO2/(H20+C02) 0.0031 0.0382 0.1004 0.0857 0.0731
X SHIFT IN EFZLNT 0.0026 0.0304 C.0739 0.0597 0.0503
SPECIFIC ACTIVITY SA 2.9534 2.9348 3.0458 3.2876 3.1223
ZONVERS ION
ON CO ¥ 6.08 16.27 33.2 33.78 32.45
ON H2 % 20.95 42.37 56.91 58.02 57.13
ON CO+H2 ¢ 13.585 30.01 45.25 45,93 44.82
PRDT SELECTIVITY,WT &%
o120 17.54 11.41 8.06 7.37 7.72
C2 HC'S 1.G65 1.87 1.3¢ 1.20 1.22
C3k3 2.32 . 2.38 1.71 1.42 1.47
CJH6= 6.76 J.4a4 2.05% 2.08 2.20
C4H10 3.30 2.51 1.70 1.48 1.58
C4HB= 7.186 3.82 2.47 2.34 2.45
CSH12 3.25 2.93 1.95 1.87 1.92
CSH10= 6.15 J.34 Z.12 2.21 2.27
C6H14 3.63 3.22 2.09 1.98 2.17
C6H12= & CYCLO'S 4,52 2.29 1.38 1.28 1.35
C7+~ IN GAS 30.44 21.05 5.65 5.23 6.57
LIQ HC'S 13.88 51.96 69.47 71.49 69.08
TQOTAL 100.00 100.00 ico.o0 100.00 100.00
SUB~GROUPING
Cl ~C3 38.13 25.21 7.34 15.89 16.83
CS -420 ¢ 51.74 35.97 27.292 29.28 31.76
420~700 F 8.79 26.19 29.39 29.10 28.60
T700-ND PT ‘ 1.35 12.83 25.98 25.74 23.00
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Table Bl (continued)

FILE: 1218514A TSS3Q1 Al

C5+-END PT 61.87 74.79 82.66 8¢.11 83.37
ISO/NORMAL MOLE RATIO

ca 0.0000 0.0000 0.0218 0.0256 0.0142

c5 0.0000 0.0677 0.0614 0.0538 0.0550

cs 0.0000 0.0825 0.0775 0.0828 0.0790

Cé= 0.0000 0.0000 0.0000 0.0000 0.0000
PARAFFIN/OLEFIN RATIO

c3 0.3272 0.6567 0.7928 0.6530 0.63%94

ce 0.4443 0.6341 0.6669 0.6110 0.6217

C5 0.5135 0.8545 . 0.8917 0.8205 0.8206

SCHULZ-FLORY DISTRBTN
ALPHA (EXP(SLOFE)) Q.7598 0.8474 0.8780 0.8828 .0.8775
RATIO CH&/(1l-A)**2  3.0381 4.9095 S5.4142 5.3633 '5.1425

ALPHA FRM CORRELATION 0.8222 0.8261 0.8321 0.8340 0.833¢9

ALPHA (EXPTL/CORR) 0.9241 1.0260 1.0552 l.058s 1.0523
W).CH4 FRM CORRELATION 9.8198  13.1548 15.3106 14.7275 14.7396
WZ%CH4 (EXPTL/CORR) 1.7861 0.8671 0.5266 0.5005 0.5235
LIQ HC COLLECTION
PHYS. APPEARANCE CLR OIL OIL WAX OQIL WAX OIL WAX OIL WaX
. DENSITY ( * 40 C) 0.7651 N/A N/A N/A N/A
N, REFRACTIVE INDEX 1.4231* N/A N/A N/A . N/A
SIMULT'D DISTILATN
10 WT % @ DEG F 341 334 365 335 332
15 378 372 407 375 371
S0 S10 560 609 592 584
84 654 779 928 902 866
930 697 872 1007 985 946
RANGE (16-84 %) 2786 407 521 527 495
WL %4 @ 620 F 27.00 25.30 20.30 3.30 25.30
W %2 @700 F 90.30 75.70 62.60 64.00 66.70
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Table B2

FILE: 1218514B TSS3Ql1 Al

RESULT QF SYNGAS OPERATION

RUN NO. 12185-14
CATALYST CO/X9/X10-U103 250 CC 108.2 G AFIER USE 155.3 G (+47.1 G)

FEED H2:CO OF 50:50 @ 1260 CC/MN OR 300 GHSV ( CAT412251-38-32 )
RUN & SAMPLE NO. 12185-14-07 185-14=08 185-14-05 185-13-10 185-14-11
FEED H2:C0:AR 50:50: C 50:50: O 50:50: 0 50:50: O 50:50: O
HRS ON STHEAM 163.0 186.5 210.5 234.5 257.8
PRESSURE, PSIG 300 300 300 300 3G0
TEMP. C 239 249 249 250 249
FEED CC/MIN 1260 1260 1260 1260 1260
HOURS EFEEDING 24.50 23.50 24.00 24.00 23.22
EEELNT GAS LITER 1134.24 1008.90 1000.00 990.40 968.20
GM AQUEOUS LAYER 134.83 131.77  163.47 171.50 163.32
GM OIL 117.09 121.50  102.07 89.55 98.58
MATERIAL BALANCE
GM ATOM CARBON % 102.54 105.39 98.36 95.61 98.85
GM ATOM HYDROGEN %  102.87 100.94 97.98 99.23 101.79
GM ATOM OXYGEN % 94,62 95.90 97.72 97.20 97.29
RATIO GHX/(H20+C02) 1.3336 1.3530  1.0209 0.9503 1.0500
RATIO X IN CHX 2.2708 2.3388  2.3540  2.3898 2.3676
USAGE H2/CO PRODT 1.7308 1.5752 1.8009 1.8438 1.7942
FEED H2/CO FRM EFELNT 1.0032 0.9578  0.9962 1.037% 1.0298
RESIDUAL H2/CO RATIO 0.6506 0.5636  0.5536 0.5811 0.5768
RATIO CO2/(HZ0+C02) 0.075¢  0,1751  0.1296 0.1348 0.1285
K SHIET IN EEFFLNT 0.0530  0.1196 0.0824  0.0306 0.0851
SPECIFIC ACTIVITY SA  3.0611 2.7085  2.4198  2.1759 2.4152
CONVERS ION
ON CO % 32.64 38.97 35.48 36.17 37.21
ON H2 % 56.32 64.09 64.15 64.26 64 .83
ON CO+E2 ¥ 44.50 51.25 49.79 5G.48 §1.22
PRDT SELECTIVITY,WT %
CHa 7.89 11.14 11.91 13.75 12.66
c2 HC's 1.21 1.62 1.87 2.09 1.97
C3H8 1.55 2.20 2.23 2.64 2.42
C3R6= 2.26 1.86 2.10 2.20 2.12
C4H10 1.64 2.08 2.15 2.52 2.32
csane= 2.47 2.56 2.70 2.87 2.71
cSH12 2.05 2.46 2.5¢ 2.98 2.82
CSH10= 2.18 2.12 2.27 2.52 2.38
CEH14 2.24 2.80 2.95 3.45 3,17
CEH12= & CYCLO'S 1.27 1.27 1.40 1.41 1.30
c7+ IN GaS 7.41 6.26 6.49 8.62 8.29
LIQ HC'S 67.82 63.62 61.28 54.95 57.86
TOTAL 100..00 100.00  100.00 100.00 100.00
SUB-GROUPING
Cl -C4 17.03 21.47 22.96 26.07 24,18
CS -420 F 31.63 33.04 34.31 37.77 36.42
420~700 F 29.98 27.93 27.56 25.06 26.27
700-END PT 21.36 17.56 15.16 11.10 13.13
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FILE: 1218514B T8S3gl

CS+=END PT
ISO/NORMAL MOLE RATIO
Cc4
cS
cé
Ca=
PARAEFIN/OLEEIN RATIO
c3
cé
CS
SCHULZ-FLORY DISTRBIN
ALPHA (EXP(SLOPE))
RATIO CH4/(1-~A)**2

ALPHA FRM CORRELATION
ALPHA (EXPTL/CORR)

W#CH4 FRM CORRELATION
WyCH4 (EXPTL/CORR)
LIQ BC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT %, @ DEG F
16
50
84
g0

RANGE(16-~84 %)

WT % @ 420 F
WT % @ 700 F

iy
i
|

Table B2 (continued)

al
82.97 78.53 77.04
0.0236 0.0154 0.0150
0.0620 0.0654 0.0592
0.0742 0.0920 0.0853
0.0000 0.0000 0.0000
0.6537 1.1277 1.0151
0.6426 0.7827 0.7684
0.9151 1.1262 1.0878
0.8778 0.8593 0.8662
5.2873 6.5789 6.6539
0.8329 0.8394 0.8202
1.0539 1.0364 1.0309
15.0411 15.2875 15.0180
0.5248 0.7287 0.7933
OIL WAX OIL WAX OIL WAX
N/A N/A 0.794
N/A N/A N/A
333 294 - 291
372 338 333
566 558 536
844 809 776
926 896 856
472 473 443
24,30 28.50 30.40
68.50 72.40 75.30
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73.93

0.0190
0.0590
0.0935
0.0000

1.1451
0.8463
1.1485

0.5500
6.1087

0.8378
1.0145

15.9885
0.8602

CIL WAX
0.788
N/A

294
335
510
735
807

400

34.20
79.80

75.82

0.0123
0.0644
0.0862
0.0000

1.091s5
0.8259
1.1539

0.8626
6.7Q032

0.8382
1.0291

15.6393
0.8093

QIL wWaX
0.810
N/a

290
331
529
756
820

425

31.90°
77.30




Table B3

FILE: 1218514C TSS3Q1 Al

RESULT OE SYNGAS OPERATION

RUN NO. 12185-14 .
CATALYST CO/X9/X10-U1l03 250 CC 108.2 G AETER USE:155.3 G (+47.1 G)
FEED H2:CO OF 50:50 @ 1260 CC/MN OR 300 GHSV ( CAT#12251-38-32 )

RUN & SAMPLE NO. 12185-14~12 185-14~13 185~14~14 185-14-15 185-14-15

TTSSSSSOSR SSSSSSSST SSQESDDSR SSSSRsiom Sz=soSsSoss

FEED H2:CO:AR 50:5Q0: 0 50:50: O 50:50: 0 50:50: 0 S50:50: O
HRS ON STREAM 282.7 306.7 333.0 355.0 379.0
PRESSURE, PSIC 300 300 300 300 300
TEMP. C 249 248 249 260 261
FEED CC/MIN 1260 1260 1260 1260 1260
HOURS FEEDING 24.22 23.98 26.25 22.00 24.00
EFFLNT GAS LITER 1030.83 1000.67 - 1087.20 815.45 875.05
GM AQUEQUS LAYER 169.13 157.25 l83.44 157.43 181.96
GM OIL 103.58 1¢7.01 106.67 77.66 €68.22
MATERIAL BALANCE
GM ATOM CARBON % +100.08 99.04 96.71 98.84 gl.18
GM ATOM HYDROGEN %  102.33 101.12 100.02 95.90 96.57
GM ATOM OXYGEN % 98.39 94.76 95.78 100.01 '95.97
RATIO CHX/(H20+C02) 1.0547 1.1474 1.0306 0.9687 0.8717
RATIO X IN CHX 2.3663 2,3553 2.3558 2.4794 2.5587
USAGE H2/CO PRODT 1.8010 1.7578 1.8447 1.5716 1.7198
EEED H2/CO FRM EEFLNT 1.0225 1.0210 1.0342 0.9702 1.0592
RESIDUAL H2/CO RATIO 0.5758 0.5852 - 0.5822 0.4494 0.5190
RATIO CO2/(H20+C02) 0.1244 0.1212 0.1100 0.2639 0.2266
X SHIET IN EEFFLNT 0.0819 0.0807 0.0719 0.1611 0.1520
SPECTFIC ACTIVITY SA  2.3518 2.3700 2.2641 2.6348 1.8939
CONVERSION .
ON CO % 36.41 37.17 35.80 46.42 44.99
ON H2 Z 64.13 63.99 63.86 75.18 73.04
ON CO+H2 % 50.42 50.72 50.07 60.58 59.42
PRDT SELECTIVITY WI %
CH¢ 12.587 12.06 12.23 18.35 22.10
C2 HC'S l.98 1.85 1.72 2.83 3.23
C3H8 2.38 2.26 2.28 3.38 4.14
C3H6= 2,21 2.12 2.18 2.49 2.18
C4H10 2.34 2.2% 2.24 3.09 3.59
C4HB= 2.82 2.70 2.67 3.60 3.27
CSH12 2.78 2.77 2.77 3.65 4.11
CSH10= 2,81 2.37 2.43 3.14 1.99
CEH14 3.12 2.96 3.08 3.96 4.33
CBH12= & CYCLO'S 1.35 1.31 1.41 1.75 1.55
C7+ IN GAS 7.35 7.44 8.96 10.37 11.01
LIQ KC's 58.60 §9.90 £8.05 43.38 38.47
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GROUPING
Cl -Ca 24.29 23.25 23.31 33.76 38.53
C5 =420 F 36.16 35.54 36.93 40.78 39.73
420-700 F 26.78 27.14 26.12 19.48 17.39
700-END PT 12.77 l14.08 13.64 5.99 - 4.38
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Table B3 (continued)
FILE: 1218514C TSS3Q1 Al

C5+=END PT 75.71 76.75
ISO/NORMAL MOLE RATIO
c4 0.0137  0.0173
cs 0.0603  0.0622
6 ' 0.0863  0.0853
ca= .~ 0.0000  0.0000
PARAFFIN/CLEFIN RATIO
ca 1.0251  1.0198
cé ‘ 0.8014  0.8046 .
cs 1.0771  1.1350
SCHULZ-FLORY DISTRBTN ,
ALPHA (EXP(SLOPE)) 0.8590  0.8643
RATIO CH4/(1-2)**2 6.3216  6.5444
ALPHA ERM CORRELATION 0.8382  0.8375
ALPHA (EXPTL/CORR) 1.0248  1.0319
WyCH& FRM CORRELATION 15.6385  15.8560
W¥CH4 (EXPTL/CORR) 0.8038  0.7603
LIQ HC COLLECTION
PHYS. APPEARANCE OIL WAX OTL WAX
DENSITY ( *40C ) 0.780  0.775
N, REFRACTIVE INDEX  N/A N/A
SIMULT'D DISTILATN
10 WT % @ DEG F 288 296
16 329 337
50 524 538
84 750 764
90 814 832
RANGE(16~8¢ %) 421 427
WL % @ 420 E 32.50 31.20
WI % @ 700 F 78.20 76.50
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76.69

0.0143
0.0566
Q.0800
0.0000

0.9985
0.808s
1.1068

0.8617
6.3893

0.8378
1.0285

15.7794
0.7748

OIL wWax
0.750
N/A

294
336
837
764
833

428

31.50
76.50

66.24

0.0146
0.0750
0.1159
0.0000

1.2979
0.8292
1.1289

0.8279
6.1970

0.8498
0.9743

14.4207
1.2723

QIL wWax
0.757
N/A

254
298
472
6583
738

38s

41.30
86.20

61.47

0.0168
0.0900
0.134S
0.0000

1.8118
1.0599
2.0064

0.8178
6.6616

0.8427
0.9708

16.8255
1.3137

OIL WAX
0.7585
1.4186*

260
302
453
662
712

360

43.50
88.70




Table B4

FILE: 1218514D TSS3Ql Al

RESULT OF SYNGAS OPERATION

RUW NO. 12185-14
CATALYST CO/X9/X10~U103 250 CC 108.2 G AFTER USE:155.3 G (+47.1 G)

FEED B2:CO OF 50:50 @ 126C CC/MN OR 300 GHSV ( CAT#12251-38~32 )
RUN & SAMPLE NO. 12185~14-17 185-14-18 185-14-19 185~14-20 185-14-21
FEED H2:CQ:AR 50:50: 0 50:50: 0 50:50: 0 50:50: 0 S50:50: 0
HRS ON STREAM 403.0 428.0 452.0 475.0 499.0
PRESSURE,PSIG 300 300 300 300 300
TEMP. C 261 261 261 26l 261
FEED CC/MIN 1260 1260 1260 1260 1260
HOGRS FEEDING 24.00 25.00 24,00 23.00 24.00
EFFLNT GAS LITER 900.30 982.90 918.85 840.25 917.75
GM AQUEOUS LAYER 181.68 186.90 179.33 165.79 181.01
GM QIL 64.08 57.28 60.75 58.91 60.56
MATERIAL BALANCE

GM ATOM CARBON % 92.82 91.71 92.48 89.31 93.35

GM ATOM HYDROGEN % 98.22 "96.31 96.93 93.32 95.78

GM ATOM OXYGEN 7 96.96 96.91 96.93 92.81 97.43
RATIO CHX/(H20+C02) 0.8885 0.8558 0.8753 0.8975 0.8842
RATIO X IN CEX 2.5561 2.5600 2.5496 2.5215 2.5289
USAGE H2/CO PRODT 1.7258 1.7745 1.7812 1.7779 1.8189

FEED H2/CQO ERM EEFFLNT 1.0S881 1.0802 1.0482 1.0449 1.0260
RESIDUAL H2/CO RATIO 0.5263 0.5285 0.5267 0.5207 0.4938
RATIO CO2/(H20+C02) 0.2209 0.2079 - 0.2002 0.1929 0.1808
K SEIET IN EFFLNT 0.1493 0.1387 0.1318 0.1244 0.1090
SPECIFIC ACTIVITY SA  1.8213 1.8680 1.8587 1.6911 1.7363
CONVERSION

ON CO % 44 .34 41.88 41.57 41.69 40.16
ON H2 % 72.31 70.75 70.64 70.94 71.20
ON CO+HZ % , s8.72 - 56.87 56.45 56.64 55.88
PRRDT SELECTIVITY,WT %
CH4 22.14 22.52 21.98 20.72 zl.20
C2 HC's 3.23 3.31 3.15 2.98 2.95
C3H8 4.21 &.24 3.92 3.68 "3.70
C3HE= 2.45 2.43 2.32 2.31 2.26
Cag10 3.60 3.63 3.47 3.33 3.33
CaHg= 3.21 3.50 3.42 3.34 3.22
CSH12 4.19 &.17 3.94 3.9 3.85
C5H10= 2.96 3.06 2.13 3.00 2.90
CEHl4 4.34 4.36 4.34 4.05 3.99
CEH12= & CYCLO'S 1.83 1.47 1.64 1.65 1.83
C7+ IN GAs 12.45 14.65 14.02 14.12 15.17
LIQ HC'S 35.70 32.67 35.67 36.92 35.80
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB=-GROURING :
Cl -C4 38.84 39.63 38,25 36.36 36.66
CS -420 F 41.70 43.05 41.60 40,90 22.47
420-700 F 16.07 14.51 15.77 17.06 16.04
700-END PT 3.39 2.81 4.3% 5.69 4.83
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Table B4 (continued)

FILE: 1218514D TsSsS3¢gl Al

C5+~END PT 61.16 6Q.37 61.75 63.64 63.34%
ISO/NORMAL MOLE RATIO

ca 0.0184 0.0147 0.0145 0.0163 0.0159

C5 0.088¢9 0.0848 0.0852 0.0804 - 0.0827

cé 0.1475 0.1270 0.1245 0.1235 2.1262

Cq= 0.0000 0.0000 "0.0000 0.0000 0.0000
PARAFFIN/OLEFIN RATIO

c3 1.6395 1.6668 1.6086 1.5173 1.5625

ca ‘ 1.0810 1.0025 0.9802 0.964S 0.9989

cs 1.3763 1.3241 1.8018 1.2675 1.2927

SCHULZ-FLORY DISTRBTN
ALPEA (EXP(SLOPE)) 0.8055 0.8000 0.8128 0.8265 0.8190
RATIO CH4/(1-A)**2 5.8496 5.62¢%6 6.2736 6.8855 6.46%4

ALPHA FRM CORRELATION 0.8420 0.82418 0.8420 0.8425 0.8451

ALPHA (EXPTL/CORR) 0.9566 0.9503 0.9654 0.9810 0.9691
W)CH4 ERM CORRELATION 17.0364 17.0984 17.0476 1£.8754¢ 16.0740
WXCH4 (EXPTL/CORR) 1.2994 1.3171 1.2895 1.2278 1.3190

LIQ EC COLLECTION
PHYS. APPEARANCE OIL WAX OIL WAX OIL WAX OIL WAX OIL WAX
DENSITY ( * 40 C ) 0.7632 0.7589 0.7652 0.7619 0.7608
N, REFRACTIVE INDEX 1.4186% 1.4186* 1.4191* 1.4196%* 1.4195*
SIMULT'D DISTILATN

10 WT % @ DEG F 260 260 260 258 285

16 302 302 302 301 298

50 441 428 453 485 468

8a 642 629 669 692 679

90 694 686 725 748 734

RANGE(16-84 ¥%) 340 327 367 3ol 3e1

WT % @ 420 F 45.50 47.00 43.50 38.40 41.70 |

WL ¥ @ 700 F 50.50 91.40 87.70 84.60 86.50
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_Table BS
FILE: 1218514E TSS301 Al
.
'RESULT OF SYNGAS OPERATION

RUN NO.  12185-14 v
CATALYST CO/X9,/X10-U103 250 CC 108.2 G AFTER USE:155.3 G (+47.1 G)
FEED H3.00 OF 50:50 @ 1260 CC/MN OR 300 GHSV ( CAT#12251-38~32 )

RUN & SAMPLE NO. 12185~14~22

EEED H2:CO:AR 50:50:0
HRS ON STREAM 523.0
PRESSURE, PSIG 300
TEMP. C . 261
FEED CC/MIN 1260
HOURS EFEEDING 24.00
EFFLNT GAS LITER 932.50
GM AQUEQUS LAYER 178.99
GM OIL 56.32
MATERIAL BALANCE ’

GM ATOM CARBON 2 92.42

GM ATOM HYDROGEN 7 97.62

GM ATOM OGXYGEN 7, 96,56
RATIO CHX/(H20+CO2) 0.8821
RATIO X IN CHX 2.5562
USAGE H2/CO PRODT 1.8181

FEED H2/CO ERM EFFINT 1.0583
RESIDUAL H2/CO RATIQ  0.5368
RATIO CO2/(H20+CG2) 0.1858

K SHIET IN EFFLNT 0.1225
SPECIFIC ACTIVITY SA  1.5517
CONVERSION
ON CO % 40.54
ON H2 ¥ 69.79
ON CO+HZ % 55.57
PRDT SELECTIVITY,WT %
CH4 22.44
C2 HC'S 3.25
C3HB 3.92
C3H6= 2.39
C4E10 3.49
C4H8= 3.34
CSH12 4.11
C5H10= 3.24
CER14 2.27
C6H12= & CYCLO'S 1.68
C7+ IN GAS 14.46
LIQ EC'S 33.42
TOTAL 100.00
SUB-GROUPING
c1 -C4 38.82
CS =420 F 21.70
420-700 E 15.94
700-END 2T 3.54
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' Table B5 (continued)

FILE: 1218S14E TSS3Q1 Al

CS+=END BT 61.18
ISO/NORMAL MOLE RATIO

ot S 0.0171

es v 0.0866

c6 0.1383

ca= 0.0000
PARAFFIN/CLEFIN RATIO

c3 : 1.5692

ca ' 1.0094

cs : 1.2333

SCHULZ~-FLORY DISTRBTN
ALPHA (EX?(SLOPE)) 0.8161
RATIO CH4/(1-A)**2 6.6356

ALPHA ERM CORRELATION 0.8410
ALPHA (EXPTL/CORR) 0.9704

W)CH& FRM CORRELATION 17.3335
W)CHE (EXPIL/CORR) 1.2944
LIQ HC COLLECTION

PHYS. APPEARANCE  OIL WAX
DENSITY ( * 40 C )  0.7598
N, REFRACTIVE INDEX 1.4191*

SIMULT'D DISTILATN

10 WP % @ DEG F 256
16 298
S0 467
84 672
20 727
RANGE(16-84 %) 374
WE % @ 420 F 41.70
WT % @ 700 F 89.40
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IIT. Run 27 (12200-15) with Catalyst 27 (Co/Xq/X10/UCC-113

This catalyst is‘identical in composition and prepafation to
Catalyst 24 (Run 12185-13) of the Third Quarterly Report, with
theoretical cobalt, Xg and Xjg content of 7.9, 0.37 and 0.50 per-
cent respectivel;. The purpose of the run, as in Run 26, was to
test the effect of temperature on stability. Results are to be
compared with those from both Runs 24 and 26.

Conversion, product selectivity, isomerization of the pen-
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. B68-71, Simulated distillations of the Cs* pro-
duct are plotted in Figs. B72-86. Carbon number produ;t distri-
butions are plotted in Figs. B87-101., Chromatograms from simu-
lated distillations are reproduced in Figs. B102-116. Detailed
magerial balances appear im Tables B6-8.

The run was started at 220C, and as in Run 26 both the ini=-
tial synga. conversion and the initial water gas shift activity
were significantly lower than when the same formulation was test-
ed at 260C in Run 24,

At 240C the activity was significantly lower than that of
Catalyst 26, which contained UCC-103 in place of UCC~113—-the
syngas conversion about 5 percemntage points lower, the specific
activity about 2.6 as against 3.l1l. On a percent cobalt basis,

however, the specific activity of this catalyst was substantially
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higher, indicating a more efficient use of the cobalt:

SA/pet Co (240C)
Catalyst 27 (Co/%q/Xj0/UCC~113) 0.33
Catalyst 26 (Co/Xg¢/X1(/UCC-103) 0.26

The stability at 240C--disregarding the first data point at
240C, when the material balance was poor--was only fair, with a
loss of conversion, as estimated by linear least squares, of one
percentage point every 27 hours and a loss of specific activity
of one specific activity.unit every 178 hours. The stability of
this catalyst, at least during the short period at 240C in this
run, was not as‘good as that of Catalyst 26.

The stability improved substantially at 250C, with a loss of
conversion of one percentage point every 240 hours. But at 260C
it deteriorated drastically to a loss of one percentage point
every 14 hours.

The selectivity was comparable to that of Catalyst 26 but
with both methane production, and olefin content of the Cs's,
slightly higher. Following are the ratios of weight percent
methane experimentally observed to weight percent predicted by
the mathematical model:

Catalyst 27 (Co/Xg/X39/UCC-113) 0.58:1

Catalyst 26 (Co/Xg/X30/UCC-103) 0.52:1
These differences may be due either to the different Molecular
Sieves or to the different concentrations of cobalt. The Schulz-
Flory plots are linear except for the excess methane.

This test has demonstrated once agmin that the initial activ-
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ity of this type of catalyst depends markedly on the initial test
temperature. In additiom, at the reaction temperatures studied,
the UCC-113 catalyst has been generally less stable than the cat-

alyst with UCC-103.
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Table Bé6

FILE: 1220015A TSS3Q1 Al

RESULT OF SYNGAS OPERATION

RUN NO. 12200~-15
CATALYST CO/X9/X10-U113 80 €C 34.2 G AFTER RUN:51.4 G (+17.2 G )

FEED H2:CO0 OF 50:50 @ 400 CCAMN COR 300 GHSV ( CAT # 12251-52-32 )
RUN & SAMPLE NO. 12200-15~01 200-15-02 200-15-04 200-15-05 200-15-06
. ‘ e ee= SemseSe= SEZIDooEmm oo mmmmsmencinseRes
. FEED HZ:CQ:aR $0:50: C S50:50: 0 50:50: 0 50:50: O 50:50: O
HRS ON STREAM 18.0 42.0 93.0 115.0 139.5
PRESSURE, PSIG 300 300 300 300 300
TEMP. C 221 239 239 239 239
FEED CC/MIN 400 4200 400 400 400
HOURS EEEDING 18.00 24.00 26.00 22.00. 24.5C
ZEELNT GAS LITER 247.00 336.20 377.65 325.80 365.50
GM AQUEOUS LAYER 39.83 48.24 44.60 44,80 41.32
M OIL 5.45 12.81 31.54 23.82 26.22
MATERIAL BALANCE
GM ATOM CARBON % 73.02 85.13 97.91 97.26 98.67
GM ATOM HYDROGEN % 82.22 83.95 92.51 95.51 92.85
GM ATOM OXYGEN % 92.03 96.40 95.66 100.40 97.69
RATIO CHX/(H20+C02) 0.303¢ 0.5754 1.0982 0.8816 1.0431
RATIO X IN CEX 2.2923 2.3239 2.2557 - 2.2698 2.2756
USAGE H2/CO PRODT 4.2659 2.5011 1.8890 2.0986 1.9363

FEED H2/CO FRM EFELNT 1.1261 0.9862 0.9448 0.9819 0.9410
RESIDUAL H2/CO RATIO 0.708S 0.6077 0.5987 0.6024 0.6051
RATIO CO2/(H20+C02) 0.0099 0.0655 0.0568 0.0485 0.0569
K SHIET IN EFFLNT 0.0071 0.0426 0.0359 0.0307 0.0365
SPECIFIC ACTIVITY SA  2.4359 1.9015 2.7822 2.5220 2.5199
CONVERSION

ON CO 2% 11.74 18.99 26.99 25.37 25.24
ON B2 % 44.47 $0.70 53.97 $4.21 51.92
ON CO+H2 % 29.07 35.24 40.10 39.66 38.17
PRDT 'SELECTIVITY, WT % '
CH4 10.61 11.18 - 7.43 8.15 8.39
C2 BC'S 0.81 1.98 0.99 1.27 1.30
 C3E8 . 1.18 1.97 1.27 l.42 . 1l.50
C3He= 3.32 3.94 2.32 2.50 2.55
C4H1O 1.65 2.11 1.38 1.56. 1.87
C4HE8= 3.59 4.49 2.68 2.94 T 2.97
CSH12 i.88 2.77 1.77 1.94 2.01
CSH10= 3.63 4.23 2.81 2.70 2.70
C6814 2.19 3.19 1.96 2.21 2.33
C6H12= & CYCLo's 2.78 2.80 1.63 1.64 1.71
C7+ IN GAS 16.79 12.05 7.53 8.08 8.7Q
LIQ FC's §1.57 49.29 68.44 65.58 64.17
TOTAL 100.00 100.00 100.00 100.00 100.00
SUB-GRQUPING
Cl -C4 21.16 25.67 16.07 17.84 18.28
CS5 «420 F 44.49 41.94 27.20 30.62 31.83
420-700 F 28.68 28.69 48.32 27.41 26.31
700-END PT 5.67 3.70 8.42 24.13 23.49
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FILE: 122001S5A TSS3Ql

CS5+-END PT
ISO/NORMAL MOLE RATIO
C4
cs
ce
C4=
PARAFFIN/OLEFIN RATIO
c3

o2
C5
SCHULZ-FLORY DISTRBIN
ALPHA (EXP(SLOPE))
RATIO CH&/(1~A)*=2

ALPHA ERM'CORRELATION
ALPHA (EXPTL/CORR)

WY%CH& ERM CORRELATION
WHCH& (EXPTL/CORR)
LIQ HC COLLECTION
PEYS. APPEARANCE
DENSITY (* 40 C)
N, REFRACTIVE INDEX
SIMULT'D DISTILATN
10 WT % @ DEG |

RANGZ{16-84 %)

WI X @420 F
WL % @ 700 F

Table B6 (continued)

Al
78.84 74.33
0.0000 0.0230
0.0000 0.0592
0.0000 0.0968
0.0000 0.0000
0.3403 0.4779
0.4427 0.4547
0.5027 0.6362
0.8393 0.8154
4.1063 3.2831
0.8299 0.8363
1.0113 0.9751
11.7299 14.0084
0.9042 Q.7986
CLD OIL CLD OIL
0.7768 0.7664
1.4227* 1.42272
289 298
332 338
303 489
662 645
705 683
330 307
33.40 34.30
89.00 92.50
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83.92

0.0aeno
0.0629
0.0835
0.0000

0.5229
0.4982
0.6585

0.8883
5.9478

0.8372
1.0609

13.7081
0.5417

OIL WAX
N/A
N/A

378
416
642
924
1006

508

17.10

87.70

82.186

0.0212
0.0417
0.0713
0.0000

0.5423
0.5124
0.8975

0.8778
5.4542

0.8367
1.0491

13.8779
0.5873

OIL WAX
N/A
N/A

335
388
608
893
980

508 .

21.40
63.20

8l.62

0.0242
0.0499
0.0670
0.0000

0.5595
0.5439
0.7209

Q.8726
5.1701

0.8365
1.0432

13,9452
0.6019

QIL wax
N/A
N/a

334
373
604
892
974

519

22.40
63.40




Table B7

FILE: 122001SB Tss3Q1 Al

RESULT OF SYNGAS OPERATION

RUN NO. 12200-1S
CATALYST CO/X9/X10-U113 80 CC 34.2 G AFTER RUN:51.4 G (+17.2 G)

EEED H2:CO OF 50:50 @ 400 cC/MN OR 300 GHSV (CAT #12251-52-32 )
RUN & SAMPLE NO. 12200-15-07 200-15~-08 200-15-09 200-15-10 200-15-11
. SmRDmooos [UINVINIT SSESITIREES

FEED H2:CO:AR 50:50: 0 50:50: O 50:50¢ 0O 50:50: 0 50:50: O
HRS ON STREAM 163.0 188.5 211.0 234.0 258.2
PRESSURE, PSIG 300 300 300 300 300.
IEMP. C 255 250 250 250 250
FEED CC/MIN 400 400 400 400 400
HOURS FEEDING 23.50 25.50 22.50 23.00 24.25
EXFLNT GAS LITER 324.55 354.85 408.50 339.0S 293.35
GM AQUEOUS LAYER 48.76 49.19 32.47 43.86 46.65
GM OIL 19.37 25.97 22.82 2&4.41 25.2%
MATERIAL BALANCE ‘

GM ATOM CAREBON % 97.67 96.73 120.63 101.59 86.12

GM ATOM HYDROGEN % 93.19 91.05 108.01 95.90  85.20

GM ATOM OXYGEN % 102.47 98.21 119.72 101.39 87.37
RATIO CEX/(H20+C0O2) 0.8470 0.9447 1.0331 1.0073 0.9515
RATIO X IN CEX 2.4976 2.3682 2.4002 2.3743 2.3481
USAGE H2/CO PRODT 1.8067 1.9121 1.8213 1.8718 1.9510

FEED H2/CO FRM EFFLNT 0.9541 0.9413 0.8954 0.9440 0.9893
RESIDUAL H2/CO RATIO 0.5287 0.5428 0.5609 0.5603 0.5536
RATIO CO2/(H20+CD2) 0.1879 0.1073 0.1270 0.1031 0.0884
K SHIEFT IN EFELNT 0.1223 0.0652 0.0816 0.0679 0.0837
SPECIFIC ACTIVITY SA  1.7302 1.8626 1.6145 1.7951 1.982%
CONVERSION

ON CO % 33.29 29.10 26.54 29.26 31.18
ON B2 % 63.03 $9.11 53.99 58.02 - 61.49
ON CO+H2 % 47.81 43.65 39.51 43.22 46.25
PRDT SELECTIVITY,WT % ’
CHS 19.20 12.95 14.71 13.29 11.96
C2 HC's . 2.96 1.97 2.07 1.82° 1.67
C3H8 3.55 2.24 2.353 2.31 2.08
C3H6= 2.27 2.29 2.52 2.32 2.07
C4H10 3.19% 2.20 2.52 2.29 2.04
C4HB= 3.53 2.89 3.26 3.03 2.68
CSE12 3.52 2.57 2.96 2.76 2.49
CSH1Q0= 2.94 2.67 2.97 2.78 T 2.53
C6H14 4.14 3.21 3.74 3.18 2.82
C6H12= & CYCLO'S 1.80 1.38 1.98 1.66 1.48
C7+ IN Gas 9.73 8.96 10.82 8.98 B8.27
LIQ HC'S : 43.18 56.87 49.92 55.58 59.90
TQTAL 100.00 100.00 100.00 100.00 100.00
SUB~-GROUPING
Ccl -C¢ 34.69 24.55 27.61 25.05 22.50
CS -4z0 ¢ 36.94 35.50 39.54 36.87 36.52
420-700 F 20.60 26.24 24.36 26.79 28.69
70Q0-END PT 7.77 12.711 8.49 11.28 12.28
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Table B7 (continued)

FILE: 12200158 TSS3Q1 Al

CS+-END PT 65.31
ISO/NORMAL MOLE RATIO
C4 0.0207
cs 0.0713
c6 0.1321
ca= 0.0000
PARAEFIN/OLEFIN RATIO
c3 1.43908
ca . 0.8731
cs 1.1608

SCHULZ-EFLORY DISTIRBTN
ALPHA (EXP(SIOPE)) 0.8269
PATIO CH4/(1l-A)*%*2 6.4051

ALPHA FRM CORRELATION 0.3421

ALPHA (EXPTL/CORR) 0.9819
WY%CH4 FRM CORRELATION 15.7291
WX4CH4 (EXPTL/CORR) 1.2207
LIQ HC COLLECTION
PHYS. APPEARANCE OIL WAX
DENSITY N/A

N, REFRACTIVE INDEX N/A
SIMULT'D DISTILATN

10 WT X @ DEG F 292
16 331
50 504
a4 720
90 809
RANGE (16~84 %) 389
WT % @ 420 F 34.30
WI % @700 F 82.00

75.45

0.0212
0.0551
0.0785
0.0000

0.9341
0.7362
0.9354

0.8576
6.3909

Q.8411
1.0196

14.9584
0.8658

OIL WAX
0.773
N/A

298.
338
534
773
856

435

29.50
75.80
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72.39

0.0161
0.0489
0.0841
0.0000

0.9601
0.7444
0.9701

0.8354
5.4308

0.8395
0.9951

15.4522
0.9520

OIL WAX
0.769
N/A

289
338
502
708
776

368

34.20
83.00

74.95

0.0163
0.0603
G.G773
0.0000

0.9530
0.7291
0.9658

0.8S01
5.9192

0.8396
1.0126

15.4360
0.8611

OIL WAX
0.777
N/A

300
341
5186
740
8l4

399

31.50
79.70

77.50

0.0140
0.0541
0.0768
0.0000

0.9572
0.7360
0.9542

0.8891
6.0274

0.34cC..
1.0226

15.2543
0.7841

OIL WAX
0.7865
N/A

299
340
516
740
808

400

"31.60
79.50




Table B8

FILE: 1220015C TSS3Q1 Al

RESULT OF SYNGAS OPENATION
RUN NO. 12200~15
CATALYST cc:/xg/)uo-uns 80 CC 34.2 G AFTER RUN:51.4 G (+17.2 G)
EEED H2:CO OF 50:50 @ 400 CC/MN OR 300 GHSY ( CAT#12251-52-32 )

RUN & SAMPLE NO. 12200-15-12 200-15-13 2&0-15-14 200-15-15 200-15 16

mmmmrrgmmee  meetseseeeeres  smpmseposssemes SEEEESSSS S meee s e
TEED E2:C0:AR ©+ S50:50: 0 S0:50: 0 S0:50: 0 350:50: 0 50:50: O
HRS ON STREAM . 282.2 306.0 330.0 354.0 378.0
PRESSURE, PSIG 300 300 300 300 300
TEMP. C 250 250 260 259 259
FEED CC/MIN 400 400 400 400 400
BOURS FEEDING o 24.00 23.75 24.00 24.00 24.00
EFELNT GAS LITER 418.02 333.88 325.85 321.50 328.50
GM AQUEQUS LAYER 44.27 43.80 43.66 46.87 47.05
GM QOIL *23.14 20.90 20.36 18.08 18.67
MATERIAL BALANCE . .
GM ATOM CARBON % 116.48 94.85 97.71 94.71 95.72
GM ATOM HYDROGEN %  105.15 90.15 92.33 91.26 95.27
GM ATOM OXYGEN ¥ 114.69 96.34 98.13 . 97.77 92.57
RATIO CHX/(H20+C02) 1.0677 0.9413 0.9853 0.8968 1.1268
RATIO X IN CEX 2.3932 2.3852 .2.5605 2.5491 2.5390
USAGE E2/CO PRODT 1.8272 1.9552 1.6871 1.8009 2.0%41

FEED H2/CO FRM EEFLNT 0.9027 0.9508 G.9470 0.9637 0.995%
RESIDUAL H2/CQO RATIO 0.5610 0.5652 0.5313 0.5324 0.5300
RATIO CO2/(H20+C02) 0.1158 0.0955 Q.2230 0.1885 0.0228
K SHIET IN EEFLNT 0.0733 0.0597 0.1525 0.1237 0.012¢ .
SPECIFIC ACTIVITY SA 1.64l11 1.6583 1.4498 1.4132 1.1940
CONVERSION

ON CC % 26.98 27.74 35.97 34.00 28.75
ON H2 % . 54.62 57.08 64.08 63.53 62.60
ON CO+H2 ¥% 40.05 42.03 49.64 48.49 46.14
PRDT SELECTIVITY,WT %
CHa 14.47 13.91 22.25 21.87 21.55
C2 HC'S 2.03 1.80 3.02 3.06 2.90
C3H8 2.48 2.47 3.96 3.98 3.77
C3H6= 2.47 2.45 2.01 2.46 2.24
C4H10 2.56 2.49 3.44 3.37 3.33
C4HE= 3.24 3.16 3.19 3.24 3.26
CSH12 3.06 3.04 3.94 3.90 3.78
CSH10= o 3.07 3.04 1.92 2.04 3.05
C6H14 3.57 3.60 4.30 4.18 4.10
C6H12= & CYCLO'S 4.31 1.75 1.54 1.56 1.80
C7+ IN GAS 10.98 10.53 $.35 11.01 1l1.47
LIQ HC's 47.74 51.75 4l.08 39.33 38.74
‘TOTAL 100.00 100.00 100.00 100.00 100.00 -
SUB-GROUPING '
Cl -C4 27.27 26.28 37.87 37.98 37.06
CS =420 F 35.27 38.27 56.53 39.20 40.47
420-700 F 22.20 25.36 20.46 18.96 19.25
7Q0-END PT 11.27 10.09 5.14¢ 3.88 3.22
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Table B8 (continued)

FILE: 1220015C TSsS3Ql Al

CS+-END PT

ISO/NORMAL MOLE RATIO
Ca (s}
cS e
o] o}
C4= (o]

PARAFEIN/OLEFIN RATIO
G3 o
C& o
CS 0

SCHULZ-FLORY DISTRBIN

ALPHA (EXP(SLOPE)) 0.8447
RATIO CH4/(1~A)**2  6.0015
ALPEA FRM CORRELATION 0.8395
ALPEA (EXPTL/CORR) 1.0062
W%CH4 FRM CORRELATION 15.4566
W¥CH4 (EXPTL/CORR) 0.9364
LIQ HC COLLECTION :
PHYS. APPEARANCE OIL WaAX
DENSITY (* 40 C) 0.789
N, REFRACTIVE INDEX N/A
SIMULT'D DISTILATN
10 WT % @ DEG F 296
16 337
50 533
84 767
90 841
RANGE (16~84 ¥) 430
WD % @ 420 F 29.90
WT % @700 % 76.40

72.73

.Q155
.0546
.0723
.0000

.9591
. 7636
.9677

73.72

0.0159
0.0516
0.¢785
0.0000

0.9639
Q.7596
0.9713

0.8474
5.9750

0.8392
1.0099

15.5692
0.8934.

OIL WAX
0.769
N/A

299
341
516
728
795

38?7

31.50
80.50
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62.13

0.0220
0.0849
0.1368

~0.0000

1.8826
1.0415
1.9971

0.8253
7.2917

0.8416
Q.9807

16.9821
1.3125

OIL waxX
0.727
N/A

291
323
482
670
723

347

37.70
87.50

62.02

0.0197
0.0878
0.1259
0.0000

1.5424
1.0030
1.8562

0.8165
6.4974

0.8416
0.9703

16.7554
1.3053

OIL WAX
Q.760
1.4192¢%

298
315
454
648
697

333

42.00
$0.20

62.94

0.0177
0.0758
0.1200
¢.0000

1.6103
0.9869
1.2057

0.8071
5.7941

0.8418
0.9588

16.6856
1.2918

OIL Wax
0.761
1.4186*

258
309
452
625
&eal

316

42.00
91.70




IV. Run 28 (12200-17) with GCatalyst 28 (Co/Xg/X10/X;/UCC-113)
This run continues the search for a way to incdrporate the
excellent stabilizing properties of additive X4 into a cobalt/Xg/
X109 catalyst formulated by the method developed for Catalyst 1l1.
The X4 was obtained from the same source as that used in Catalyst
25, which produced higher syngas conversion activity than did the
X4z from any of the other sources tested. ' The order of introduc-

ing the additives, however, was different than for Catalyst 25,
the X4 not having been added until after tke cobalt had beer pro-
moted with X9 and Xjg and intimately contacted with UCC-103.
Also, the theoretical concentrations of cobalt, Xg and Xjg (4.1,
0.19 and 0.25 percent respectively) were lower than in Catalyst
25 (7.2, 0.32 and 0.43 percent respectively), while the concen-
tration of X4 was higher (0.58 vs. 0,33 percent).

Conversion, product selectivity, isomerization of the pen;
tane, and percent olefins of the C4's are plotted against time on
stream in Figs. B117-120. Simulated distillations of‘the Cs*
product are plotted in Figs. B121-122, Carbon number product
distributions are plotted in Figs. B123-124, Chromatograms from
simulated distillations are reproduced in Figs. 3125-126; De-
tailed material balances appear in Table B9.

The syngas conversion activity was fairly low, with initial

conversion of 27.0 percent at 240C and calculated specific activ-
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