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I. CONTRACT OBJECTIVE

The objective of-the contract is to consolidate the advances
made during the previous contract in the conversion of syngas to

gmotor fuels using Molecular Sieve-containing catalysts and to

demonstrate the practical utility and economic value;bfvths new

catalyst/process systems with appropriate laboratory runs.

DISCLAIMER -

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy. completeness, or uscfulness of any information, apparatus, produet, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, oc otherwise docs not nccessarily constitute or imply its cndorsement, recom-
mendation, or favoring by the United States Government or any agency thereof, The views
and opinions of authors expressed herein do mot necessarily stute or reflect these of the
United States Government or any agency thereof.



IT. SCHEDULE

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

Work on the program is divided into six tasks.

Task 1 consists of the preparation of a detailed, non-
proﬁrietary work plan covering the entire performance of thé
contract. This work plam is to be completed by mid-October.

Task 2 consists of techmo-economic studies that will supple-
ment those that ;re presently being carried oﬁt by MITRE. These
studies are tentatively scheduled to be completed by April, ;985.

Task 3 consists of tle optimization of the most promising
catalysts‘developed under prior contract DE-AC22-81PC40077 to-
wards goals defined by the MITRE and Task 2 studies. This wqu
will run through the first 24 months of the contract. ’

Task 4 consists of the;optimization of the UCC catalyst sys-
tem ir .2 manner that will give it the longest pdssible service
life. This work will run through the first 24 months of the
contract. .

Task 5 consists of tﬂe optimiéation of a UCC process/catalyst
system based upon a tubular reactor with a recycle loop (i.e.,
the Arge reactor) containing the most promising catalyst devel-
oped under the Tasks 3 and 4 studies. This optimal performance

it
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will be estimated from a mathematical mode} of the tubular reac-
tor which incorporates reaction rate consﬁ;nts deterﬁaned from
appropriate Ber%y reactor runs, This effort will run through the
first 24 months of the contract,

Task 6 consists of an economic evaluation nf the optimal
performance found under Task 5 for the UCC process/catalyst sys-
tem. This effort will run from the eighteenth through the
twenty-fourth month of the contract. )

The final f;ur months of the contract will be devoted exclu-
sively to the writing of the Eighth Quarterly Report and the

Final Technical Report.



III. ORGANIZATION
This contract ié‘beiﬂg carried out by the Catalyst Research
and Development Grouﬁ of the Molecular Sieve Technology Depart~
ment, Catalysts and Process Systems Division, Union Carbide Cor-
poration, in Tarrytown, New York.
- The principal investigator is Dr. Jule A. Rabo.

The program manager is Dr. Albert C. Frost.



IVv. SUMMARY OF PROGRESS

A. Task 1

The first draft of Task 1 was submitted in November for re--%
fiew by DOE. |
B. Task 2

In conformance with the program schedule, no Task 2 work Wwas

done this Quarter.

C. Tasks 3 and 4

A description of the nine catalysts'tested this Quarter and
thgir preliminary test results are detailed in Appendix A. Seven
of these catalysts were based on intipately mixed Co/UCC-103 and
the remaining two catalysts were based on intimatel} mixed
X3/UCC-103.

The most promising catalyst, Catalyst No. 4, was loaded with
an unusually high level of‘cohalt, and had an initial specific
activity of 8, as opposed te the usual 1.3 stabilized specific
activities obtained from past catalysts containing less cobalt,
However, this high initial specific activity was short-lived,
vhich was not unexpected since the catalyst contained no addi-
tives to increase its stability.

Other catalysts were less promising. An attempt at improving

gasoline quality by using silicalite as a second shape-selective



component ia the Catalyst No. 8 formulation proved unsuccessful.

Similarly, an unusually good initial selectivity to Cs* products
it ) ) '

for the X3 containing Catalyst No. 2 was only transient, and the

specific activity for the X7 containing Catalyst No. 3 was far
below average. .
Details of all of these rums will be presented in the next

Quarterly Report.

D. Task 5

-  Documentation of the FIXBD7 and BERTYl computer programs for

-calculating the performance of an isothermal reactor incorporat-

ing reaction rates derived fro@ the Berty reactor data and having
a recycle stream with all and aone, respectively, of its water
and Cs* hydrocarbons removed with a condenser/separator, was sent
to MITRE for their evaluation of this approach for ‘carrying out
tge future Task 5 process/catalyst optimization, ‘

MITRE was élso sént additional tubular reactor design curves

covering catalysts having specific activities as high as 7.0 and

usage ratios between 1.4 and 2.0 when operated under conditions

limiting the CH4 productiom to 9 and 1l weight percent of‘the
total hydrocarbon produét.
E. Task 6

Since this finél techno~economic evaluation is scheduled to

begin in fiscal year 1986, no work was dome on it this quarter.




V. CHANGES

There were no contract changes during the First Quarter.



VI. EUTURE WORK

e

‘Task 1 will be rewrittem to reflect the results of the MITRE

study, which has tentatively 1nd1cated that the present UCC cata-

lyst/process system is on a par with the ex1sting Arge system.
Since a considerably superior performance ;ver that ef the exist-
ing Arée system is desired, the emphasis will now be on further
developing a superior catalyst instead of optimizing the present
one.

Towards this end, Tasks 3 and 4 will be devoted ﬁo developing
nev, stable catalyst'formulations that will have higher specific
activities and lower methane makes than do our present catalysts.

A recommendation will also be made to hé%é MITRE carry out a
sequential sensitivity study which will graphically represent the
differentia} cost (around the base case cost), expressed as
differential cents per gallon of motor fuels, for changes in'each
of the operating parametere of space velocity, catalyst -life,
methane make,e , C25-C3p carbon cut-off, over-all conversion,
feed H9/CO ratio, reactor temperature, and reactor pressure.

These differential cost-operating parameter curves could then
be used with catalyst performance data and the existing tubular
reactor design curve to readily obtain an economic worth for eacﬁ

tested catalyst for any set of process conditions.

-8 -



Since gﬁch an economic quantification would more than mee;'
the objectives of Tasks 2 and 6, these tasks would no 1onge£ be
needed.

' "Work on Task 5 will be directed towards incorporating heat
generation and heat t;ﬁnsfer terms into ﬁhe presently jsothermal
mathematical model, and then using it to define upper space

velocity limits for different operating pressures.

Albert C, Frost
Program Manager
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Appendix A, CA?ALYST TESTING
J. G. Miller, L. F. Elek, C-L Yang and P. K. Coughlin

This report is orgamized around the nine catalytic tests
conducted from September 18th through December 1984, the;firét
quarter of this contract,.

A list of the catalysts tested and a ﬁescription of their
preparation are shown in Table 1. All but two of the runs (Runs
2 and 9) involve catalysts which have cobalt oxide intimately
contacted with UCC-103, and.were developed in the previous three-
year contract (DE;AC22—81PCAOO77). The catalysts usged in Runs 2
and 9 involve X5 intimately contacted with UCC-103.

An abbreviated table of results for these catalyst rums is
shown in Table 2. The conversion, weight percent CHy4, weight
percent CS*, specific activity, the methane factor and a qualita-
tive estimate of stability are listed for each catalyst. A more
complete report of results and analyse% for these runs will be

presented in the Second Quarterly Report,

- 11 -



Table 1. Descriptions of the catalysts tested during the first quarter.

Run .. ‘
no. Catalyst _ Catalyst preparation

1 Co/UCC-103+UCC-107 Cobalt oxide .was formed in close contact with UCC-
(12185-01) 103, the resulting powder was mixed with UCC-107 in
: o : a weight ratio of 1.125/1, and the mixture, after
bonding with 152 silica, wag extruded as 1/8" pell=-
ets. Final catalyst contained 6.75Z Co.

2 ¥3/R/UCC-103+4UCC-101 X3 and K were formed in close contact with UCC-103,
(12200-01) : the resulting powder was mixed with UCC-101 in a
. weight ratio of 1.125/1, and the mixture, after
bonding with 152 smllca. was extruded as 1/8" pell
ets. Pct X3=1.1, pct K=0.45,

3 Co/X7/UCC-1034UCC-101 X7~-promoted cobalt oxide was formed in close con-
(12185-02) tact with UCC-103. The resulting powder was mixed
' with UCC-101 in a weight ratio of 1.125/1, and the
mixture, after bonding with 15% silica, was extrud-.
ed as 1/8" pellets. Pet Co=6.5, pet X7=1.3.

4 Co/UCC-103 Cobalt oxide was formed in close contact with UCC-

(12185-03) 103, after bonding with 157 silica the mixture was
extruded as 1/8" pellets. Pct Co=17.0.

5 Co/UCC-~103 Same catalyst as in Run 12185-03 but activated
(12200-02) under higher pressure.

6 Co/UCC-103 " Repeat of Run 5 (12200-02).
{12200~-03) :

7 Co/UCC-103 Same catalyst as Run 4 (12185-03) after attempted
(12185-0&) regeneration using 5% Oz in N9,

8 Co/Th/X4/UCC—103+SllS The thorium-—promoted cobalt oxide was formed in
(12200-04) .close contact with UCC-103, then further promoted
with X4. The resulting powder was mixed with S115
in a weight ratio of 1.125/1, and the mixture,
after bonding with 15% silica, was extruded as 1/8"
pellets. Pet Co=4.4, pct Th=0.6, pct Xz=0.4. -

9 Xa3/K/UCC-103+UCC~-101 Same procedure as Run 2 (12200-01).
(12200-05) v

- 12 -



Table 2. Prellmlnary -catalyst test results for the runs made during the first

quarter, ?#
Total Speci~ Meth—'
Hours conver- ) fic ane Sta-

Run on sion CH4 Cst acti- fac-  bil-

no. Catalyst stream (CO+#Hy) wt Z wt Z vity tor(l) ity

1 Co/UCC-103+UCC-101 ==« = === - -~ Inactive = = = = = === -~ ~

(12135-01) :

2 ¥3/K/UCC-103+UCC-101  43.5% 15,6  21.4 56.4 .38 3.13  Poor
(12200-01) 164.5 20.3. 10.7 68.1 .18 5.32

3 Co/X7/UCC-103+0CC-101 41,1  35.6  19.2 61.7 .40 3.61  Fair
(12185-02) . 89.5 32.1 21.1 58,0 .36 4,52

4 Co/UCC~103 -~ 7~ 43,3 71,7 19,2 65.7 15.34(2) 5.51 Fair
(12185-03) 234,.5 56.5 20.2 66.4 1.82 6.70

5 Co/UCC=103 = = = e === w e TRACLIVE = = = = = = — = = = =
(12200-02)

6 Co/UCC~103 = & <« ;e e TRACLIVE = = = = = = = = = = =
(12200-03)

7 Co/UCC~103 46.0  31.8 19.5 63.3 .35 4,52 =
(12185-04)

8 Co/Th/X,/UCC-103+S115 42.5 53.3 10.1 75.9 1.06 2.92 Good
(12200-04) 306.5 49,2 13.4 72,0 71 4,15

9 ¥,3/K/UCC-103+1ICC-101 22.0%% 14.0 12.9 69.5 .56 5.85 Poor

- (12200-05)

Conditions: 300 ps1g, 260C, 300 GHSV, except as noted below.

*100 psig, 260C, 300 GHSV.
#+100 psig, 250C, 300 GHSV.

(1) The ratio of the amount of CHy actually produced to the amount of CHy

predicted from the Schulz-Flory equation [CHs4/(1 - -o)2].
(2) Equiyalent to ~ 8 when adjusted to a 300 psig pressure.

- 13 -
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