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SUMMARY

We have made significant progress in developing novel catalysts for
the Fischer-Tropsch syuthesis (FTS). The stoichiometries of the cluster
synthesis and surface-confining reactions on an alumina support for
aluminuom tetra— and aleminum hexa-ruthenium hydridocarbomyl cluster
catalysts were determined by gas evolution measurements. Characteriza—
tion with FTIR and VMR spectroscopy of the cluster intermediates is also
consistent with the observed cluster catalyst stoichiomerry, Al,03=
A1(C,Hg)-Ru;H3(C0) 1y and Al,03-A1(CRs5)~RugH(CO)jg. Activation of the
surface—coufined supported cluster complex by heating to 573 X in inert
gas or hydrogen is likely to produce a stabilized cluster catalyst due to
affinity of aluminum for alumina and the strength of the aluminawe—

ruthenium bonds relative to ruthenium-ligand bonds.

The ¢luster catalysts were tested for FIS im 2:1 H,:CO syngas at 523
X and 1 atm. The D.6 wt% Ru, catalyst had superior activity and about
the same selectivity through Cg hydrpcarboﬁs as a commercial zlumina—
supported 0.5 wt% Ru catalyst. The 1.2 wt¥ Rug catalyst was less active
but had similar selecrivity. Further activatioun, characterizatiomn, and
testing are necessary to determine if these cluster catalysts suppress

wax formatiop and remain stahle with respect to the formation of volatile
carbonyls. '

Substantial changes in selectivity of staﬁdatd—fused iron catélysts
were found following treatment to uniformly chemisorb submomolayer
quantities of sulfur. Approximately 407 of a monolayer of sulfur was
slowly adsorbaed at 473 ¥ on the potassium-promoted fused iron catalysc
following reduction and passivation by accomulation of a surface layer of
carbon and CO. The passivating layer was removed and the sulfur was
locally dispersed by heating to 1000 X in hydrogen. The treated catalyst
had'a‘three—fold reduction in methane selectivity relative to uptreated
reduced fused iron at 573 X, and the C, olefin yield approached 100%
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(CoHg/CoHg>20).  The Cy, production rate at 573 K was oaly sbout half
that of the untreated catalyst per unit area and comparable to the
activicy of fused iron at 523 K per unit weight. Development of low—
level sulfur-treated precipitated iron FTS c¢catalysts with a higher

surface area is 1o progress.
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Task 13

FXPERIMENTAL RESULTS

Synthegis of Mual—-Function Mixed-Mecral Cluster Caralvsts

Surface=confined Fischer-Tropsch synthesis (FIS) catalysts are ro be

synthesized in Task 1, using a pendant hydrocarbyl functional group that

reacts with hydroxyl groups on the surface of an appropriate support

material.

L.

This work is divided inte the following subtasks:
Synthesis of hydridocarbonyl ruthenium cluscers.

Reaction of hydridocarbonyl clusters with alkyl aluminum co give
alkyl aluminum carbonyl ruthenium clusters.

Reaction of alkyl aluminum carbonyl ruthenium clusters with the
support. '

Synthesis of alkyl complexes of Fe, Ru, and Co.
Reaction of alkyl complexes with the support.

Reaction of alkyl complexes with hydridocarbenyl ruthenium
clusters te give alkylcarbonyl clusters. C

Reaction of alkylcarbonfl clusters with the support.
Syathesis of mixed-metal (Fe, Ru) hydridocarbounyl clusters.

Reaction of mixed—meral hydridocarbonyl clusters with alkyl
aluminum to give alkyl aluminum mixed-metal carhbonyl clusters.

Reaction of alkyl.aluminum mixed~metal carbonyl clusters with
the supporte. ] .

Reaction of mixed-metal hyﬁriddca:ﬁoayl clusters with allkyl
complexes to give alkyl mixed-metal carbonyl clusters.

Reaction of alkyl uwixed-metal carbonyl elusters with the sup-
POTL.

During the thizrd quarter of 1986, progress was made in subtasks A through
E of Task l. A description of these subtasks and the progress to date

follows.



Task lA: Svnthesis of Hydridocarbonyl Ruthenium Clusters. Two

additional batches of hydridocarbonvyl ruthenium clusters, HqRu, (COY 0 and
HgRu6(C0)ls, were synthesized and fully characterized. The infrared and
MT spectra and TTS testing results for these clustars and cluster
catalysts were described in the previous gquarterly report. Powever, the
amount of materizal previously synthesized was not sufficient to allow

elamental analysis, gas evolution, and extended FIS testing.

Tetrahydridoruthenium carbonyl is prepared by our method, the direct
reaction of triruthenium dodecacarbonyl with hydrogen in hexamethyl-

disilazane (AMDS) at elevated temperature.
4/3 Ru (CO), ., + 2 B, 205 4 g 4(CO) , + & €O ()
32 2 Tas0p e

The haxaruthenium cluster is synthesized by Shore's method. ! Triru-

thenium dodecacarbonyl is reduced by sodlium benzophenone ketal and then

acidified.
Ru,(C0),, + Na[Ph,(CO)] 12'_::51136 1/2 Na,{Ru (CO) ] - (2)
Na,[Ru (CO) 4 + 2 HCL E&— ‘FIZRu (CO),q + 2 NaCl ')

The FTIR and NMR results (Table 1) are in agreement with the

2—-4

literature and indicate that the cluster solutions were pure. The

infrared spectrum of H;Ru,(CO)y9 in eyclohexane soluticn exhibited the

expected CO stretching bands at 2081(s), 2067(s), 2030{m), and 2024(s)
en i, The proton NMR gpectrum of H,Ru,(CO0)j, in chloroform showed a
singlet at -17.9 ppm. As reported in the previous quarterly, the
infrared spectrum of H2Ru5(c0)18 in dichloromethare solution exhibited
(Vco) bands at 2058(s) cm-1 2052(8) cm 1, and 2003(w) cm !; the proton

]

NMR spectrum of HyoRug(CO)yg in chloroform shows a singlet at 8.8 ppm.

Task 1B: Reaction of Hydridocarbopyl Ruthenium Clusters with Alkyl
Aluminum. A novel aspect of our approach to synthesizing strongly hound

ruthenium cluster catalysts is the intermediate syothesis of alkyl




Table 1

TTTR ANT ¥R SPFOTPA OF RUITUENIIIM HYNRINOCARROMYY, CLITSTERS

Cluster _ PTIR bands (cm”l)2 WP peaks (ppm)®

nLR‘u&(CO)lz 2081(s), 2067(s), -17.9 (Sgl)
2N24(s), 2030(m)

quﬂﬁ(CO)ls 2053(53, 2052(5) +5.8 (S_ﬁ.’,’l)

- 20073 (W)

CZHE)QMRUA(E)q(CO)lz 201A(s), 1998(s), 5.22 (sgl)
2037(m), 2030(m), 4.10 {dbl)
1976{(m) 2.01 (tpl)

(CoRg) 2ALRug (A (COYy g : NA 5.78 (sgl)

2 (), (m), (w) gqualitatively refer to strong, moderate, and weak intensity
in the solvent. s

b (sgl), (abl), (tpl), refer to singlet, AB doublet, and triplet
peaks, resvectively, im CgDg solvent.



aluminum tvuthenium carbonyl clusters just hefore reaction with support
materials. FRoth of the tecraruthenium and the hexaruthenium hvdride-
carbonyl complexes react readily with triethyl aluminum at roon
temperature. The reaction steichiometries were determined by measuring
the quantity of ethane produced. Gas chromatography indiecated that osnaly
ethane was released; no ctrace of carbon monoxide was detected. Various
amountcs of ruthenium clusters (from 0.15 to 1.5 mmol) were-‘used to react
with excess triethvl aluminum to determine che reaction staichiometries.
For hoth the tetraruthenium cluster and the hexaruthenium cluster, the

results are consist with the production of one equivalent of ethane.

THF '
“I&Ru&(ﬂﬂ)lz + 'Et.;ﬁxl T (EtZM)RuQ(H)?\(CO)IZ + EtH (a)
B Ru (G0), . + Te.Al ShE_ (R, ALYRu, (R)(CN). . + TH (s)
gRugLE0) o + RegAl 557 (B, f(RICCNY, o #

The reactions were allowed to continue overnight to assure complete
reaction. In both cases, the coler changed from vellow (A4Rug(COYy9) or
purple (F,Rug(C0)1q) to dark brown. Spectroscopic changes were also
observed in the !FMMMR and infrared spectra. The reactlonm of HyRug (€CO) 5
and EtqAl in benzene-Dg was followed by lowMR.  New peaks appeared at
5.27 {singlet) ppm, 4.10 (AR douhlet) ppm, and 2.01 (triplet) prm and are
tentatively assigned to the hydride, methylene protoms, and methyl
protons, Tespectively, of the (EtjAl) Ru,(H)3(C0),, complex. The
infrared spectrum of this uew species in THF solution exhibited COD
vibratioual bands at 2037(m), 2030(m), 2016(s), 1998(s), and 1976(m) cm I.
To deternine the exact structure of (Et2Al)Rua(H)3(C0)12 a2nd
(Et?Al)Ruﬁ(H)(coﬁla. we are attempting to isolate these twe new
compounds.

Task 1C: Reaction of Alkyl Aluminum Carboryl Ruthenium Clusters

with the Suppert. The two alkyl aluminum carbonyl ruthenium clusters,
E (e

( tZAl)Ru4(H)3. Y19
the -—alumina. The SBronsted acild site density of alumina (I mmol/g) was

and (Etzﬁi)ﬂuﬁ(ﬂ)(co)ls, sach readily reacts with

determined by titration wirh ethyl lithium as descrihed in the previocus

quarterly report. Excess hydroxyl groups are available for reaction with



the clusters if the metal loading is less than a few weight percent. The
stoichiometries of che surface—confining reacriom of the clusters with
the supports were again determined by measuring the amount of ethane
produced. The reactions were also monitored by gas chromatography of the
evolved gas. Again, no carbon monoxide was released. Omly one equiva—

lent of ethane is produceé with respect to the ruthenium eluscer used.
(Et,Al)Re, (). ({CO) + (Al0)-OH support ==
2 4 3 12 25°C

(Alo)-n—Al(Rc)Ru4(n33(co) 12+ ER (63

THE
(EtzAl)Ruﬁ(q)(CO)ls + (ALO)-OH o5~

(AlO)—n—AJ.{Et)Ru(H)(CO)lR + EtH (7

Elemental analyses cf the tetraruthenium cluster and hexarutheniun
cluster catalysts on 3-zlumina were performed by a commercial analytieal
laboratory. The results (Table 2) indicate ruthenium loadings of 0.61
wt?% and 1.26 w;t?l for the Ru, and Rug cluster catalysts, respectively.

Task 1N: Svathesis of Alkyl Complexes of Fe, Ru, and Co. During
this quarter, we completed the synthesis of the alkyl complex of

ruthentiun [(allyl), Ru(C0)5]. The procedure for synthesizing thils X
compound is shown in the following equations:

Ru3(CO)12 + 3 (allyl)Br —* 3 (allyl)Ru(CO),Br + 3 CO (8)
(allyl)!n(CO)3Br + 2 Na Hg *> Na+[(allyl)Rn(C0)3]— + Na%r %)

Na*[(allyl)nu(c0)31“ + (21171)8c + (allyl),Ru(CO),+ CO + Nahr  (17)




Table 2

FLEMENTAL AANALYSIS NF RUTHENIUM CLUSTER
CATALVSTS SUPPORTED ON -ALIMINA

fluster Ru r &4
Ruy, 0.61, 5.09 1.n4
Rug 1.26 9.77 1.84

2 BRalance: Al, 0, or Al,04.



The last step (10) was performed in THF solution at room temperature
overuight. The first two steps (8, 9) were descrihed in the previous
quarterly report. The one equlvalent of carhon monoxide released was
detected by gas chromotography of the evolved gas. The resulzing vellow

solution of (allylﬁzﬂu(cn)z was used rto react with supperting matevial as
described in suhtask IE.

Task 1E: Reaction of Alkyl Complexes with the Support. The tetra-

hvdrofuran solution of {allyl)sRu(CO), prepared from subtask 1D was used

to react with B-alumina following well-known methods®. However, mno gas
product (e.g., ptopylené:.propane, carbon monoxide) could be detected by
gas chromatography. Therefore, the metal complex may sioply absorb on
the support or the z2lkyl may have been teleased in the form of aleochol.

Furcher investigation of this reaction is under way.

task ?: Sulfur Trearment of the Fischer—Tropsch Catalysts

In the previous quarter, we demonstrated that high—level sulfur—
treated standard fused iron catalyst (UCI C73~1-01) significantly sup—
pressed mecthane formation. Pretreatment of a fresh catalyst below half
saturation coverage was performed to restore FIS activity while
coutinuing to suppress methane bfodqction. 4 low uniform level of sulfur
coverage was achieved by slowing the rate dissociative chemisorprion of
HZS on the caralyst surfaces so that surface reaction rather than pore
diffusion limited the met rate of sulfur uptake.

The reduced metal surface was passivated by CO adsorption, dissoci-
ation, and Aisproportiomation to CO, af 473 K. Aliquots of 100 kPa CO
were- injected into a closed gas recirculation loop containing 1 g of the
reduced fused irom catalyst while the £0-CO, ratio was followed with an
on-line mass spectromerer. Approximately 209 umol of carbon monoxide was
injected, corresponding to two monolayers of adsorbed CO. Some CO,

evolution was ocbserved, and most of the CO was consumed during passiva-—
tiomn.

Tollowing passivation, aliquors of 0.96% HpS/H, were injected into
the closed recirculation loop at 473 X while the gas~phase K,5 concentra-
tion was monitored with a sensitive photoionization detector as described

[P
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in the previous quarterly report. Approximately, 200 wmol of hydrogen
sulfide was iniected into the system representing approximately 0.2

monolaver sulfur capacity of the catalyst. The gas~phase H,$

._concentration slowly fell to 15 ppm afrer 2 hours. The system was rhen

€flushed with pure hydrogen at 343 K. The deposited carboa, iron carbide,
and adsorbed CO were removed by temperature—programmed reaction (TPR) to
873 K in 100 kPa fleowing hvdrogen. Methane, but no hydrogen sulfide, was
observed during the TPR, indicating that the chemiserbed suifur was

irreversibly bound during removal‘of the passivaring lawver.

The catalyst was held at 825 X in recirculating hydrogen for L2
hours to allow local microscopic surface diffusion and equilihration.
Gas—-phase hydrogen sulfide concentrarions were measured over a range of
tewperatures and the final sulfur chemisorpticun isostere was determined
(Figure 1). The catalwyst was further passivated by CO adsorption at room
remperature before removal from the recirculation system and transfer to
the FTS testing system. The catalyst was reduced in flowing hydrogen at
523 X before FTS testing as described in Task 3 below.

The actual fractional sulfur coverage could aot be accurately
determined. Based on the previous high—level sulfur treatment {gear full
momolayer sulfur coverage), the sulfur coverage would have beeh‘ﬂ.z
monolayer. Fowever, during measurement of the isostere Cthe temperature
approached 10100 X, which may have caused sintering. The BET surface
areas of the freshly reduced fused iron catalyst (30 w/g) and the low-
level treated catalyst (7 w/g) showed z facror of &4 reduction im total
surface area. The effect of Xy0 on total surface area is uot known; thus
the BET measurements suggest 0.2 £ Bs'<'0.8 monolayer. Compared with
isosteres for monmolayer powdered irons, the low—level sulfur treated
fused iron would have approximately 0.4 monalayer sulfur coverage {see
Figure 1).

Task 3: Characterization and Testing of FIS Catalysts

Catalyst Preparation. The tetraruthenium cluster and hexarutheniun
cluster catalysts synthesized in Task 1 were activated in situ in the




-5

7

log (PH25/PHg)

1 I |

0A  Present work
(UC] C73-1-01)

N —— Ref. 6(iron powder)

\ : E=ratio of S adsorbed
10 CO uptake at 300K

1.0

FIGURE 1

12 14 1.6 1.8

1000K/T.
RA-1245-GA

SULFUR CHEMISORPTION ISOSTERES ON FUSED IRON AND IRON POWDER



characterization and FTS testing apparatus by temperature-programmed
reaction (TPR) from N K to 573 X in IN0 kPa hydrogen at a heating scale
of 1,147 X/s. Mathane was detecrted during the activation, and the
reaction appeared to go to completion, indicating removal of all carbonyl
ligands. This result is in contrast with activation in helium where only
partial CO removal was chserved. Additional TPD, TPR studies of the

activation of the Ru, and Rug clusters are planned for the next quarterly
reporting periods.

The conveational ruthenium on alumina catalyst was obtained from
Engelhard in the form of 1/A—-inch pellets with 0.5 wt¥ netal loading.
This catalyst was used as received wikhout any reduction hecause it is
skin—coated (egg—shell type) and grinding may cause nonuniformity in

catalyst sample preparation.

The final sulfur coverage oa the fused iron catalyst prepared under
Task 2 was about half saturation. The previously prepared high—level
sulfur treated catalyst (0.8 monolayer sulfur) was also tested. Typi—
cally, 1.5 ¢ of the catalysts was used. The Fischer—Tropsch synrhesis
reactionr was conducted with 100 kPz syunthesis gas of fixed composition

(HZ:CO = 2:1) at 9573 K under differential reaction conditions.

FTS Testing Results. All the Fischer-Tropsch synthesis experiments

were conducted under differential conditrions with a maximum CO conversiom
of 17”%. The hydrocarbon reacrion raﬁe R is defined as the number of
micromoles of carbon monoxide couverted inte Cy through Cin hydrocarbon
per gram of catalyst per secoud (Table 3). The selectivity S is defined
as the ratio of the rate of formation of methane relative to the overall

hydrocarbon reaction race for Cl through Clﬂ products (om a carbon atom
basis).

Both the tetraruthenium cluster and hexaruthemium cluster catalysts
svnthesized in Task 1 were more active than the couveational alumina-
supported ruthenimm catalyst at 523 K. Both cluster catalyscs had a
methane selectivity of 63%Z and chain growth probability of 0.51.

However, the tetramer Pu catalyst was 50% more active than the hexamer Ru
catalyst. 1f metal weight loadings were counsidered for these catalysts,

10
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then the tetramer Ru catalyst was twice as active as the hexamer Ru
¢caralyst. The conventional 7.5 wt” ruthenlum on alumlna catalyst was
slightly more active than the clean fused iron catalyst at 573 Xj

howevetr, its selectivity toward methane was high, about A2%.

The sulfided catalysts demonstrated preferential suppressioun of
methane formation and preferential olefin production. The selectivity
toward methane was 147 for the lowlevel sulfided catalyst and 18% for
the high-level sulfided catalyst as compared with 427 for the untreated
catalyst. The ratic of e:hyléne to erhane was shout 29 for both sulfided
catalysts. The higher paraffins and olefins have not yet been determined
because of the lack of analytical standards; however, it is reasonable to
assume that Cg to Cj hydrocarbons produced from these sulfided catalysts
were also highly olefinic. The chain growth probability for & to Oy
hydrocarbons was reduced slightly as the amount of sulfur chemisorbed on
the catralyst's surface increased.

Tlalike the reduced untreated fused irom catalyst, both the low—level
and high-level sulfided fused iron catalysts showed increased evolutlon
of €0, and hydrocarbon products with syngas exposure time. After 24
hours, the total hydrocarbon rate at 573 K for the low-level sulfided
catalyst was 5.5% of the rate of the untreated catalyst and 0,7% for the
high-level sulfided catalyst. 1If only C, to Cy total hydrocarbon rates
were considered, the zctivity of the low-level sulfided caralyst was 117
of the clean catalyst, and the activity of the high-level sulfided
catalyst was 1.37%. -

12



DISCUSSION

Ruthenium Cluster Catalysts

The novel aspect of our synthesis of a stable ruthenium cluster is
the fnternediate synthesis of zluminum rutheniﬁm cluster before the
surface-confining reaction with acidic sites on the support. The strong
intermetallic aluminum-ruthenium bond is likely to remain unbroken
duricng the surface—confining reaction and activation in a reducing
atmosphere. - Clusters catalysts prepared by adsorprion and Aecomposition
of carhonyls or through reaction of an alkyl ligend with an acid site
create an oxyreo-ruthenium bond. Such preparations may suffer from
desorption and ggglomerization in reducipg atmospheres of 52 or CO due
to the weaker, more reducible metal-support bond, as is known for most
supported carbonyl or allyl complexes. Our studies of the Al-Ru complex
formation reaction and the surface—coufining reaction show minimal loss
of ligands. Preliminary studies of the gctivation process indicare ‘that
the complexes are stable,'but additional activation aud characterization
experiments are needed to verify thé stébility of the supported
clusters. '

Evidence thus far indicates that the ruthenium cluster catalysts
have greater activity than, hut selectivity similar to, conventiounal
alumina-supported ruthenfum catalysts. If we assume rthat the clusters

. are 100% dispersed, as we expect, and the conventional ruthenium

catalyst is 50% dispersed, then the tetramer cluster catalyst has twice
the Co, production rate per surface tuthenium atom;reldtive to the
conventional catalyst when extrapolated to 573 K. In contrast, the

hexamer cluster has shout half the activity of the conventional catalyst

per surface site. A more definitive comparison of aetivity will be
possible after we have completed additiomal activation and
chatacterization experiments, especlally H, and CO titration.



The hydrocarbon product distribution for the cluster catalysts does
not appear to differ from that of couventionaily supported ruthenium.
The chain growch probability for both cluster catalysts is comparable to
that reperted for supported Ru7 and out results for the Engelhard Ru
caralvst. We had anticipited 2 cutoff in higher hydrocarbon yield due
te the small size of the clusters. Such a cutoff was not evident
through Cg hydrocarbous. Additional testing {merhaps in a slurcy
reactor configuration) is necessary to determine if a sharp decrease in
the chain growth exists in the waxy hydrocarbon rauge. We also expect
to synthesize cluster catalysts with zeolite and molecular sieve

supports to further suppress the formation of waxes.

The high activity of the 0.6 wtZ% Ru cluster catalyst is encourag-
ing. At this point in the project, the alumina-supported ruthenium
tetramer catalyst has TIS activity comparable to fused iron and should
he viewed as a potential low temperature slurry reactor cﬁtalyst. The
principal concerns are (1) stability at lower Cempervature and higher

pressure due to formation of carbomyls, (2) the methame selectivity,

" which appears greater than for fused iron, and (3} suppression of

waxes. Fowever, before additional tests are performed with this
catalyst, we have several additional caralyst formulations and

activation/FTS testing experiments to periorm.

Sulfur-Treated Iron FTS Catalysts

The selectiviry of the low—level sulfur fused ilron catalyst with
almost a three—fold teduction in methane yield and nearly 1N0% olefin
selectivity for the light hydrocarbons is most encourazgiag. The roughly
five—fold decrease in activity can be offset by the higher operating
temperature; i.e., the sulfur-rreated catalyst operating at 573 K has
about the activity for C2+ hydrocarbon product;on 2s_the untreated
catalyst ar 523 K. The adequate activity, the low methane sezlectivity,
and the high selectivity for light olefins make this catalyst a good
candidate for FTS in a fluid bed or fixed bed reactor operating above

S50 ¥ to suppress wax production by lowering the Shultz-Flory—Andersomn
c¢hain growth parameter.

14
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SulFur-treated iron FIS catalysts may have other beneficial
properties iu addition to improved product selectivity. One possihilircy
(to be determined) is that the activity is more strongly dependent on
pressure than for the untreated catalysts. This increased pressure—
dependence follows because of the decreased binding strength for both
chemisorbed hydrogen and carbon monoxide due to the presence of
uniformly distributed surface sulfur. The reaction order for production
of hvdrocarbons (the dependence of the log FTS rate on log partial
pressure) is typically less than 1 for H2 and O or < 1 for CO,
indicating that the active surfaces are near full occupacion with
adsorbed intermediates. Yeakened CO and B adsorption could free

reaction sites, thereby increasing the synthesis rate.

Another possihle desirable property could be inereased coking
resisrance. Steam reforming catalysts are known to have increased
resistance to coke Formatiom by the fractiomal adsorption of (low—lavel)
sulfur. Work in our own laboratory has confirmed this fer Ni and Ru
catalysts. Deposition of catalyst carbon is associated with surface
planes of high coordimatien {those containing steps or ledges), which
may be responsible for wethane formation and are known to preferentially
hind adsorbed sulfur atoms on nickel surfaces. Increased coking
resistance could allow ¥1§ reaction with a higher CO-to-hydrogen ratie,
perhaps to 1:1, or greater, thereby increasing olefin and higher
hydrocarhon yields while using less expensive synthesis gas processes
following the gasifier. Task 4, scheduled for the summer of 1987, is
sntended to provide data to verify these possibilities.

15



TECHNICAL STATUS

The following work has heen performed during the past quarter:

]

Turing the next quarterly period (Octcober-December 19R6), we expect

Completed 7S testing for clean, low-lavel, and high—
level sulfur-treated fused iron catalysts.

Completed characterization and FIS testing of Ruy and Rug
hydrocarbonyl clusters and alumina-supported cluster
catalysts.

Synthesized (Allyl),Ru(CO) organometallic monomer
intermediate and prepared an alumina—supported Ru
catalyst.

to perform the following tasks:

>

Synthesize, characterize, and test for FTIS activity and

selectivity a series of Ru, Ru,, Rug cluster catalysts
supported on zeplites.

Activate the Ra, Ru,, Rug catalysts oun alumina and
zeolite supports in inert gas and hydrogen and compare
the resulting FTIR spectra and ¥TS rest results.

Prepare, characterize, and test for FTS fresh and Low—
level sulfur-treated precipitated iron catalysts.

16



REFERENCES

A. A. Bhartacharyva, C. C. Nagel, and S. G. Shore, Organometallics,
2, 1187 (1983).

J. Bruno, J. Huffman, and K. Caulron, J. Am. Chem. Soc. 106,
L44~445 (1984Y,

P. Budzelaar, ¥. den Haan, J. Boersma, G. van der Rerk, and A.
Spek, Organometallics 3, 156159 (1984),

P. Budzelaar, A. van der Zeigdon, J. Boersma, G. van der Xerk, A.
Spek, and A. Duisevberg, Organometallics 3, 159-163 (1984},

Y. I. Yermakov, B. N. Ruznetsov, and V. A. Zakharov, "Catalysis by
Supported Complexes," Studies in Surface Science and Catalysis,
Vol. B (Elsevier, Amsterdam, 1981).

J. G. McCarty and H. Wise, J. Chem. Phys. 76, 1162 (1982).

A. T. Bell, Catal. Rev. 23, 203(1981).

17






