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I. CONTRACT OBJECTIVE

The objective of the contract is to develop a cataiyst andg
to select operating conditions for the direct conversion of syngas
to liguid hydrocarbon fuels, using microporous crystals - “molecular
siaves™ - in combination with transition metals.

IT.  SCHEDULE

The contract work is planned for a thirty-six month period,
which started March 6, 198l. The work on the program ix divided
into four tasks. In Task 1, shape-seleactive catalysts (55C's)
are baing evaluated for converting low molecular weight liquids
such as methancol and propyiene to desired products including gasoline,
turbine and diesel fuel. In Task 2, the feed is syngas {(CO + H3),
and the catalyst is a combination of transition metal component (NC)
and S8C. Task 3 is a study of curface affects and reaction inter-
mediates during the hydroganation of carbon monoxide, carried sut
as a subcontract under the direction of Dr. Gabor A. Somoriai, of
U.C. Berkeley. Task § is a series of management and technical reports.

ITI. ORGANIZATION

*Liguid Hydrocarbon Fuels from Syngas* is the goal of a ressarch
and development program on catalysts carried out by the Molecular
Sieve Technology Department of the Enginsering Products Division,
Union Carbide Corporation at their Tarrytown Laboratories. Principal
investigator is Dr. Jule A. Rabo. FPFrogram manager is Dr. Richard C.
Eschenbach.




2% . EBROGRESS SUNMARY .

TABK 1

Initial Task 1 tests used methanol as the fesd. It was found
that cautalysts of interes:t tended to make highly methylated aromatics
in the Berty reactor. Although a simulated distillation showed that
these products boiled in the gasolina and diesal range, mOSt were
solid at roon temperature. Aromatic products frequently are dessirable
constituents of gasoline, but highly methylated aromatics which pre-
cipitate at the concentrations found are undesirable. Since small
olefins are products and intermediates in reactions over Fischer-
Tropsch catalysts, propylens was chosen as feedzstock to replace
methanol. 8#ydrogen and water ware used in conjunction with propylene
to aid in maintaining system pressurs and to reduce deactivation rates,
raspactively.

A standaxd tast was developsd, feeding a mix of Hy, C3iHg and
H,0 at proportions of 1:1:2, a pressure of 150 psig and temparatures
of 280°C and 340°C. At these conditions, LI-105-6 and Tarrytowm
synthesized “"Z5M-5" catalysts wers quite active and selective to gaso-
line range products. Deactivation was low. DCC-101 and UCC-109,
proprietary molecular sieves, have larger pores than L2-105-6 and
Z5M~5; Dboth are less active in propylens oligomerization than the
first two. It was discoversd that two related new molecular sieves,
UCce-104 and 108, were even more selective to gasoline range products
than *ZSM-~5" or LE~10S, with over 95% of the product in the gasoline
range. A classic faujasite-type zeolite, LI-¥-82, was found to deac-
tivate guite rapidly in propylene oligomerization. Another faujasite,
¥-62, wak somewhat better. Table 1 below shows reasults at peaxly
comnparable conditions.

Mditional details on Task 1 results and data from such runs
in the most recent quarter, are DPresanted in Appendix C.



ca noge Lol1v/C018 »»
st voqe ‘oltv/lors »

£~ 1~
ZIT01 61-ZL66 ZZ-ZL66 L-TL66 TITOT ¥-ZL66 BT-LL66 0T~Ti66 E1-ZL66 ‘ON uny
4 0 £ B- oY ’ - 8 ot 9 dg00L-0TY %
z8 99 96 06 TR 47 98 80 68 0
1#U0qIWD0APAY
POIIVAUCD TRIOL
11 S 89 19 ] L 89 16 ¥6 s ‘uoysreauo] ebriesy
ITT VT VLT VO T ERTEY i1 zipt ITY otusutostn
79 Z9-% BOT ¥OT 60T 10U  w#S-NGE «G-NEZ-H  9-501-37 HEATVIND

=320 -J20  ~000 ~N -200  -3O0

wen3I3E U0 SINOR VT ‘Do087 ‘BYSd 0gT ‘LD vo ASHM (34 670 @ o%u:%uo: Ty




TASK 2

Catalysts for syngas feed have a metal componant (M) and
a shape-selective componant (55C). Four techniques hava been used
in synthesizing our bi-functicnal catalysts. Appendix A summarizes
recent synthesis work. Physical mixtures {(e.g. Fe+UCC~10l} have
usvally worked quite weall. Metal pore~filled or precipitated on an
SS8C has worked in some cases, but not in others. To date, we have
had little success with carbonyl deposition, although additional
work is planned.

An extensive run with a refarence potassium-promoted iron
catalyst helped to choose conditions appropriaste for our “standard*
test. A number of runs were made with iron, potassium-promoted iron
©r cobalt loaded S5C's, {and one withd-alumina). Datailed results
are given in Appendix C. Prograss in analytical techniques is
sunmarized in Appendix 3.

The data presanted show that catalysts and conditions have
been found which enable converting il:1 H/00 syngas feed at reasonable
conversions in one step to motor fuel range products with quite
acceptable selectivity to Cs* products. Table 2 below shows the results
aftar 72 hours of opartion with four catalysts. Achisvemsnt of quasi
steady-state conditions in the “standard test" takesx about three
days bescause the heavier hydrocarbons formed tand to build up in the
reactor for two to three days before emerging at their true concen-
tration in the product strsam.

™wo effects should be noted. The molecular sieves used reduced
the high boiling {wax) component of the product as compared to physical
mixture with the relatively inert o-alumina. Alsc the quality of
the gasoline range product with the molecular sieve iz much better than
with the F~T type catalyst.

One yun was made with a catalyst made with UCC-108 (showm in
Task 1 tests o be more active than UCC-104 and similarly selective).
However, the catalyst was made by precipitation of iron and potassium
on the UCC-108, rather than by being physically miwed. It was found
that tha precipitation technigue resulted in an almost inactive catalyst.
other nethods of combining MC with UDCC+108 will be tried.



TABLE 2
SYHGAS OPERATION

(12L/hr. Hy, 12L/br. €O, ~300 psig, ~250°C)

Iron Catalysts Were Physical Mixtures, Cobalt was Pore-Filled

Bun No. 10011~ 15 8 p: 14 i0
MC Fe/K Fe/X Fe/XK Co Fe/X
ueC- BCC- UCC- oec-
85C =-31203 10) 1o} 101 104
Hours on Streamnm 75 72 75 68> 73
-
Conversion, % {cn+na) 64 78 31 42 76

Hydrocarbon Product:

WEt. & C-420°F 36 37 38 44 34
Wt. & 420-700°F 21 8 14 24 7
We. & 700°P-end pt. 11 3 5 7 2
Comments on Chromatogram (1) {2) {2) (2) (3)

{1} Only n-alkanes and n-alkenes
{2) Partly n-alkanaes, part n-alkenes, part iso-alkanes and alkenes

{3) Highly isomerized alkanes and alkenes.

* Bun 14 had 75 hours at 220°C, then 68 hours at 250°C.



" TASK 3

At the University of California, Berkeley, three researchers
have been using the techniques of surface science to study catalysts
of interest in syngas conversion, working under the direction of
Professor Gabor Scmorjai. To date, the work has concentrated on
several fundamental aspects of Fischer-Tropsch catalysts (see
Appendix D).

In work with rhodium compounds, the oxidation state of rhodium
at the active sites was correlated with the observed product dis-
tribution. Methane was amajor product in all cases, but the distri-
bution of the balance varied among alkanes, alkenes and oxygenates.
Promoted thorium compounds were found to produce methanol at high
rates. Effects of potassium promotion in CO hydrogenation over iron
are explained in terms of co-adsorption. The last part of Appendix D
describes work with €O hydrogenation on model Re, Fe, Pt and Pd
catalysts.,

V. CHANGES
During this second yvear of the contract, two modifications were
implemented, increasing the obligation to the fully funded level.

vI. FUTURE WORX

Work during the third and last year of the contract will focus
on optimizing Task 2 catalysts and on measuring the guality of the
LHF's produced.
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