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‘EXECUTIVE SUMMARY

In the third quarter of the Air Products and Chemicals, Inc./United

States Department of Energy contract, "Novel Fischer-Tropsch Slurry
Catalysts and ©Process Concepts for Selective Transportation Fuel
Praduction™, work contimued on the two major tasks: Task 2 — Develocorent
of Improved Supported Catalyst Compositions and Task 3 — Slurry Reactor
Kinetic Studies. Within Task 2, work was accomplished in stwdying ‘the
effect of catalyst activation procedure on activity and selectivity of the
basecase Co, (C0) o/Zr (CPr) 4/A1203 camposition.  Activation with pure B,
gave a > 100% increase in both bulk and specific activity in gas phase
tests at 220°C compared to the standard syngas activation. However, the
activity enhancement was samewhat less at higher run temperatures. To
establish a reference for the cobalt carbonyl-based catalysts, a cataiyst
was prepared and gas phase tested in which cobalt nitrate was used as the
oochalt source and supported on zirconated alvmina. s_v!,:gasandpurea2
activation were also campared for this catalyst. A Cozcm) B/Zr(CPr)“/
Al 0, catalyst with increased cobalt loading was prepared to examine the
effect of metal loading on, catalyst performance. Initial analysis of
these catalysts bhas been carried out wusing X-ray photoelecr.ron
spectroscopy (XPS) andﬂzcbem‘.sorption. Four catalysts were screened in
the slurry phase reactars. These included the titanium promoted Co,(CO)g
on alumina catalyst, the (an(CO)8/21:(0121:)‘l on alumina coamposition having a
higher Co/Zr weight ratio of 1.15, and the potassium promoted mixed-metal
composition of FeCos(00);, on alumina. The fourth slurry screening test
uasdonetoe:minetheeffectofp:reﬁzactivationq;theperfomnceof
the basecase Co,(CD)g/2r(0Pr), on alumina catalyst.

MZ—M&MWC@;&@S

The performance of cobalt carbonyl-based catalysts was never directly
compared to that of catalysts prepared fron more conventional,
non-carbonyl odbalt sources. To determine this reference point, a
catalyst was prepared using cobalt nitrate on zirconmated alumina with the
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same metals loading as the cchalt carbonyl basecase.- Gas phase testing
using the standard syngas activation showed that it was 30% less active
than the carbonyl derived catalyst. Selectivity wes also changed with the
nitrate derived catalyst giving a more even distribution of hydrocarbon
products such that larger amounts of both methans and wax were produced.
The Co(m3)2/2r/A1203 catalyst was also gas phase tested using a pure H,
activation. This procedure resulted in better performance such that
identical specific activity to the syngas—-activated catalyst was achieved
with the Hy-activated catalyst at 23°C lower temperature. The
carbonyl-derived catalyst activated with syngas, however, was  still
slightly more active at similar run conditions. Eydrogen activation of.
the nitrate-based catalyst resulted in a hydrocarbon selectiv:i:ty more like
the carbonyl-based catalyst, but with higher wax selectivity. Thus,
cobalt carbonyl provides a catalyst hoving greater activity and better
liquid fuel selectivity than conventional cobalt salts.

A Ilarge batch (366 g) of the basecase Coz(CO)B/Zr(OPr)4/h1203
cmposmmnmspreparaibythesbandardpmceﬂu:emordertocmparethe
standardsyngasact:ntzonwzthp;reﬁzactiviummgasphasetsts.
Hydrogen activation again provided an increase in activity. At 220°C,
both bulk and specific activity increased by greater than 1008. At 240°C,
the increase of 27% was not as great amd at 260°C activities were similar
for both activations. There was no dbvicus effect on hydrocarbon
selectivity in these gas phase tests. It should be noted that in
camparative studies bketh;stheslurryreactorw:.ll give more meaningful
results due to better control-of process oonditions. '

Tostudytheeffectofb:.gher cbalt metal leoading on catalyst
performence, a large batch of 0::2(00)8/2::(0?:)4/2;1203 catalyst was
prepared having a Co leading of 10.8% and Co/Zr ratio of 1.3. Since it
has been shown that the Co/Zr ratio is not highly critical, the Co/Zr
ratio was increased to facilitate the preparation of such a highly loaded
support. This has not yet been tested.

-le
-
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XPS data have been cbtained on the basecase Co,(C0) g/2Zx (0PT) 3/
Al04 catalyst, both as freshly prepared and after H, activation, as well
as on the Co(N0j),derived catalyst in the oxidized form. For the
carbonyl-based catalyst, the data indicate the presence of only oxidized
cobalt in both fresh and activated samples. This suggests the formation
of difficult to reduce ccbalt aluminates and zirconmates or at least a
strong interaction between Co and the support. Hydrogen chemisorption
data for both the basecase amd higher loading Coz(CD)B/Zr(CPr)4/A1203
catalyst show cooalt metal surface areas of 6 m’/g or less and cobalt

dispersions of 10% or less. This agrees with the XPS data indicating only
small amounts of reduced cobalt.

Faxcatalystswerescremedinﬂmelliterslmpbasereacmts
this quarter. The results are summrized here. TFor the following three
catalysts, the standard synthesis gas activation method was used:

.Acoz(d))a/Alzo3 catalyst promoted with titanium rather than zirconium.
During the initial test conditions at 240°C, the best activity and
selectivityforliquidfuelsrcs-ca,&asobservai. No improvement was
acticeable upon raising the temperature to 260°C and then to 280°C.
Compared with the basecase catalyst, this catalyst was less active, but

- was superior in liquid fuels selectivity, which accounted for 60 wt% of
the total hydrocarbons. Testing at 600 psig proved to be detrimental to
both the activity and selectivity -of this catalyst. This coofirmed
prior cbservations about the Co-based catalysts. Foture screening of
cobalt catalysts will be confined to pressures below 300 psig.

e A variation o the metal to promoter weight ratio of the
Co,(Q0) o/ Zr (0PT) 4 on alumina catalyst, Co/Zr = 1.15, compared with the
standard 0.56. As with the titaniumpramoted catalyst, the maximm
selectivityofliquidfuelsvascbtaineﬂatthelowsttalperabne
tested, 240°C, and the lowest CO/H2 feed gas ratios, vhere selectivities
of 67-70 wt% were observed. The activity of this catalyst was poor;

comparable to the unpramoted Co,(CO)g/Al0 catalyst (run #7887-67-445),

iii
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* but lower than that of the basecase catalyst having the 0.56 Co/2r
ratio. Figure 1 illustrates the differences in specific activity
observed versus Co/Zr wt ratioc at 240°C and 260°C for the three loading
variations tested to date.

® An FeOO3(CO) 12 cluster on alumina catalyst promoted with potassium. The
activity of this catalyst was similar to that of the basecase
Co/2r/ALD; catalyst, giving similar bulk and specific activities.
Liquid fuels selectivity was better than that of the basecase catalyst.
At 240°C and 260°C, the CgCyy selectivity was 70 wt% but dropped to 60
wt® at 280°C. Although this catalyst contained iron, the water—gas
shift activity was no better than the basecase catalyst.

A fourth catalyst, Co,(CO)g on zircomated alumina, with approximately the
standard Co/Zr weight ratio of 0.65, was activated using ure H, for
‘cmpariscn.

e A substantial improvement in both activity and selectivity was cbserved.
Initially, at 220°C, CO/H, = 1.0 and 1.85 NI/g cat/hr, the bulk activity
was nearly double that of the CO(CO)g/Zr(CPr)s/Al,0; catalyst activated
with synthesis gas. At higher temperatures, 240°C -~ 280°C, the
diffe.:mcevasnotaspronameﬁ. but still apparent with a 15%
improvement. Overall, at the higher CO/H, ratio of 2.0 and reluced
space velocity of 0.95 NL/g cat/hr, the rate of synthesis gas conversion
was independent of temperature. The selectivity pattern showed a
greater dependence on temperature than on the CO partial pressure. The
liquid fuels selectivity was substantial at over 70 wt$ at 260°C; this
is 20% higher than the resilts using synthesis gas activation.

Task 3 — Slwrry Reactor Kinetic Studies
Part of this task was addressed this quarter by examining the

mechanistic concepts involving olefin reincorporation. These experiments
were performed by adding 10 to 20 volume percent ethylene to the feed gas

iv
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during the slurry test of the CO,(CD)g/Zr(OFr) /Al,O3 catalyst (run #
7888-33-731, Co/Zr = 1.15). Hydrogenation of ethylene to ethane was the
mjor reaction. There was little change cbserved in the hydrocarbon
selectivity. The selectivity to oxygenates, however, increased from 0.2
to 2.0 wt%, but with strictly propanol production. Propancl accounted for

10 wt% of the oxygenate fraction campared to less than 1.0 wt$ when no
ethylene was added to the feed.
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1.0 INTRODUCTION

Thefumreuseofcoalasatraxspomtionfuelwilldependontm
development of an econamical and energy efficient liquefaction process.
Themonnstadvancedprccsssarethedirectliquefactionrmte
involving the dissclution of coal in a solvent aided by a mild
hydrogenation and the indirect route in which coal is first gasified to
synthesis gas followed by the Fischer-Tropsch reaction. The indirect
liquefaction process is the only one currently practiced commercially and,
in this respect, has a firm data base of practical experience.

The Fischer-Tropsch reaction, in which carbon moncxdde is reduced by
hydrogen and polymerized, produces hydrocarbons with a broad range of
mlecular weights, from methane to paraffin waxes. This creates the need
for further downstream processing such as hydrocracking and light olefin
cligamerjzation to maximize the yield of liquid fuel product. Since the
discovery of the Fischer-Tropsch reaction, extensive research has been
aimed at controlling the product selectivity in arder to minimize
downstream refining and still remains a prime target for innovation.
Previous research has shown that selectivity is mainly coatrolled by
catalyst composition and process conditicns. Despite the vast effort in
catalyst research, mo catalyst has been developed that yvields a marrow
product distribution of anly gasoline or diesel fuel. Because of this,
product selectivity has been more successfully controlled by manipulating
process conditions.

Since the Fischer-Tropsch reaction is exothermic, cootrol of the
racticnhatplaysanajorroleindete:miningwaiuctselectiﬁty.
Suspending the catalyst in a liquid medium offers the best means of heat
transfer and temperature coptrol. Thus slurry phase operation has been
shown to give improved liquid product selectivity mai;.ly by lowering the
light gas yield. The amount of data fram slurry phase operation, however,
is limited to only a few studies and significant differences have been

reported in yields, catalyst life and ease of operation. One consistent
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cbservation is the lower gas yields and improved gesoline and diesel
product. selectivity. The improved temperature control has allowed this
technology to be useful in omvertmg carbon monoxide-rich synthesis gas
from the latest coal gasifiers. Slurry phase operation also appears to be
mre amenable to scale-up. Much research remins to be done to fully
determine the potential of slurry phase Fischer-Tropsch processing and its
further develcopment is an inportant part in oar country's program to
establish viable technology for ooaverting coal to conventional
hydrocarbon fuels. '

Under prior contract number DE-AC22-80PC30021 with the Department of
Energy, Air Products and Chemicals, Inc. developed several new
slurry-phase Fischer-Tropsch catalyst systems that provided enhanced
selectivity to liquid fuel products. ~ One group of these catalysts was
particularly novel in that it was prepared by supporting metal carbonyl
clusters on alumina which had been medified by pramoters. To further
develop and improve these catalyst systems, Air Products, by the current
contract to DOE, has bequn a program to reproduce, evaluate and
characterize these catalysts in detail. Examination of the catalyst
kinetics in the slurry phase, alonyg with fuel product characterization
will be used to improve process design. Knowledge gained from these
studies will provide a basis for the development of novel improved
catalysts and process concepts for the selective production of liquid
transportation fuels fram synthedis dms. Work accomplished in the third
quarter is described in this report.
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2.0 OBJECTIVE

The major goal of this project is to thoroughly investigate the
preparation, characterization and performance of metal carbonyl cluster-
based catalysts for use in slurry phase Fischer-Tropsch technology. As
this understanding of catalyst behavior increases, improved catalysts will
be designed and process concepts developed toward increasing catalyst
activity, lifetime and selective production of liquid fuel product. The
objectives will be addressed by the following four tasks:

Task 1 — Develop a project work plan which presents the detailed
activities to be performed in achieving the abjectives of this project.
This task has been completed in the first quatrter.

Task 2 — Develcp improved supported cobalt and rutbenium carbonyl
cluster-based catalyscs by utilizing the promising lesds discovered during
prior work at Air Products under DOE contract mmber DE-AC22-80RC30021,
which has showr that metal clnsters supported on modified aluminas exhibit
high activity, stability, and good selectivity to liquid fuels in the
slurry phase Fischer-Tropsch i:u:oc&es. New catalyst compositions designed
to give emhanced selectivity to liquid fuels will also be developed.

In this task, catalysts will be evaluated and tested for their
potential to coovert synthesis gas into liquid hydrocarbon fuels.
Catalysts will be stndied by a cambination of tests in stirred and
fixed-bed reactors and will be evaluated oo the basis of activity,
selectivity, stability and aging. In addition, catalysts will be
characterized by surface and bulk analyses.

Improvements in these catalysts will focus predominantly upon:

® Increasing catalyst activity
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e Inproving product selectivity for liquid fuels and reducing the
yield of methane

e Developing catalyst systems active at high 00:82 ratios

e Incorporating water-gas shift activity, either directly in the
catalyst or utilizing a mixture of catalysts in the slurry

 Task 3 — The baseline catalyst couposz.t:.ons derived from both cobalt
and rathenium carbonyl clusters will be used to establish baseline slurry
Fischer-Tropsch rate constants and activation energies. Then the more
active and selective slurry catalyst compositions, identified under Task
2, will also be used in deriving slurry FT kinetic parameters. 2n
existing backmixed CSTR model will be used in fitting the kinetic
parameters. The kinetic parameters cbtained will then be inmput to a
three-phase bubble colum computer model in order to predict converSions
and space time yields in cmmercial scale bubble colum units under a
range of operating conditions.

An attempt will be mide to determine kinetic expressions that
describe the rate of formation of individual fproducts or product
fractions. This will be used to predict space time yields of individual
product components or fuel fractions in a commercial seale bubble colum.

Finally, mechanistic concepts will be examined, such as olefin
reincorporation into growing chains, by adding surll amounts of olefins to
the feed and determining the effect on product selectivities.

Task 4 — In this task, hydrocarbon product fractions, accumlated
from some of the lomger slurry tests of the improved catalysts, will be
collected under constant process conditions and subjected to a series of
tests to evaluate their properties as specification fuel.
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3.0 RESULTS AND DISCUSSION

3.1 Task 1 — Project work Plan

This task was completed and reported on in the first quarter.

3.2 Task 2 — Development of oved ed Catal itions

a

Catalyst Preparation

(i)

w_,,lz/z:r(opn4|/1\12<_>1 (batch #8466-2)

A more conventional preparation of the Co/2r/AL0,
catalyst was examined by usiog Co(NO;), as the cobalt source in
place of Coy((D)g. The source of zirconium was still
2r(GPr"), but it was found that in solution (iscpropancl) the
naterialcwldbeharﬂledmtsidetbedrybm:with
insignificant hydrolysis. Catapal® SB ALO;, heat treated in
the standard fashion, was the support. After impregnating the
alumina with 2r(0Pr),/iscpropancl solution, the material was
air dried far 2 days then dried at 120°C for 3 bours. This was
then impregnated to incipient wetness with aqueaus Co(NDy),,
dried overnight at room temperature, then at 120°C for 1 hour
and finmally at 300°C for 6 hours, all in air. Elemental
analysis of the resulting oxidized material gave the following
results:

Wt % Co 4.3 4.2
Wt % Ir 7.5 7.1
Co/Zr 0.57 0.59
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(i1)  Coy(C0)o/2r(OPr) 4/AL.O5 (hatch $8466-4)

A preparation of the basecase Co/2r/A1,04 composition was
scaled up by 70% from the previous large scale preparation
{batch # 7864-1010-371). ‘This 366 g batch was the largest
prepared to date and was made by the standard procedure. The
composition cbtained for this very large scale prep was quite
camparable to that of the previous large scale basecase
preparation as shown by the following elemental analysis:

Batch 8466-4 Batch 7864-1010-371
Wt % Co 4.0 3.8
. Wt $ Zr 6.4 6.8
Co/zr 0.63 : 0.56

This was further support for gool reproducibility in the
preparation of these catalysts both during scale-up and by
different preparers.

(1ii) Co,(00)a/Zr(OPT),/B1,02 (batch # 8466-9)

As part of the effort to examine the effect of metal
loading on catalyst performance, a large batch (387 g) of
Coy(COYg/2r(0Pr) /Al 05 catalyst was prepared using the
standard procedure with an increased Co and Zr loading. The
following metal loadings were cbtained by elemental analysiss

Calculated Found
Wt & Co 10.0 10.8
Wt & 2r 8.4 8.5

Co/2r 1.2 1.3




(b)
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The 2r loading was not increased in the same proportion as the
Co loading to facilitate the preparation of this high loading
catalyst.

Gas Phase Screening

All of the catalysts gas phase tested this quarter were
activated using either the previoisly described syngas procedure (see
Octcober - December 1984 Quarterly Report) or a pure 132 procedure as
described in Section 4.1b. Specific run conditions did vary somewhat
and are documented accordingly. Gas phase performance data is
summarized in Table 1.

(1) Co(NO4),/2r(QPr) 4/A1,04

Many carbonyl-derived catalysts had been tested during the
first two quarters of this contract but no in-house reference
point had been established for the conventional, cobalt
nitrate-derived catalysts. This refererence point was
deteminedtbisquartertypr_qaringatﬂtestingam/km.zo3
catalystptqaraﬂf:unco(m3)2 in place of Coz(m)e. Both
syngas and pure H, activation procedures were examined for this
catalyst and the results were as follows:

(a) FRan § 7977-52-2, Batch # 8466-2

In this run, the cobalt nitrate-derived catalyst was
activated by the syngas procedure from the fully oxidized
state as it was initially charged to the reactor.

Testing was carried out at 240-280°C, 300 psig, 1:1
CO/H, and 11i0 GHSV. Activity was minimal at 240°C and
too little praduct was generated to cbtain a mass balance.
At 260°C, however, ulk activity was 23 mol syngas/kg
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(b}

cat/hr with syngas conversion of 36%. This is slightly
less active than the cobalt carbonyl derived catalysts
running at 240°C. At 280°C, the bulk activity increased
to 39 mol syngas/kg cat/hr with total CO + 52 conversion
of 59%. Although the activity may have been léwer than
the carbonyl catalyst, the' selectivity was quite
comparable and surprisingly was independent of ran
temperature. '

Run # 8413-1-2, Batch § 8466-2

& pure hydrogen activation was then examined on the
same batch of oobalt nitrate-derived catalyst. ERydrogen
at3000hr'l(§isvéndﬂpsigvaspasseﬂoverthecatalyst
as it was heated to 300°C and maintained there fcr 16
hours. Sobsequently, the temperature was reduced to the
desired reaction temperature, carbon monoxide was
introduced to give 1:l CO/E, at 1000 GESV and total
pressure was increased to 300 psig.

Thegasphaserwzltsshmvedthatﬂzaclf-ivitiondid
improve the activity. In Table 130, the results cbtained
from the nitrate-derived catalyst using both activation
procedures are cmpareiwiththerwﬂts fraon a basecase
carbonyl-derived camposition activated with syngas.

‘Identical specific activity to the syngas-treated
catalyst was achieved with the E-treated catalyst at 23°
lower temperature. The E, activated catalyst even showed
bulk activity of 9 mol syngas/kg cat/hr and 13% syngas
conversion at 220°C. Using the standard syngas
activation, no activity was dbserved even at 240°C. The
ccbalt carbonyl-derived catalyst activated with syngas,
however, was still slightly more active than the
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(i1)

E-treated, ccbalt nitrate-based catalyst at similar run
conditions. -

The nitrate-derived catalyst, activated by either
procedure, showed increased wax selectivity which was as
high as 20 wt% for the . 240°C run. This may be die to
larger ccbalt particle sizes cobtained by using °°“°3’2'
which is less reactive than Co,(C0)g with the Al,0y defect
sites and, thus, not as prone to remain highly dispersed.
The hydrocarbon distribution reflected a typical
Schulz-Flory mechanism.

£05(00) g/2r (OPr) 4 /AL 04

A large batch (366 g) of the basecase mz(m)e/zr(oyz)‘i/

Al,p; composition was preparal to further confirm the
reproducibility of the preparation procedure ut more
importantly to compare the standard syngas activetion with pure
H) activation. Hydrogen activation was done using neat B, at 0
psig, 300°C and 3000 hr™! GESV for 16 hours.

{(a) Run § 8413-12-4, Batch § 84664

In this test, the catalyst was activated with syngas
in the standard fashion. The performance was similar to
previcns Cop(CO)g-based catalysts. At 240°C, CO/E, = 1.0
and 1000 hr'l GV, the bulk activity was average at 21
mols syngas/kg cat/hr with a syngas comwversion of 48%.
Specific activity appeared somewhat low at 0.16 mols
CO/mol Co/min. Liquid fuel (C5~Cy3) selectivity was also
typical at 60 wt%. All the results, including those at
220°C and 260°C, are summarized in Table 1.
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(b) Run # 8413-204, Batch % 8466-4

A charge of fresh catalyst from the same batch was
then tested after activating with pure 32 as described
above. Bydrogen activation resulted in higher activity,
especially at lower run temperatures (220° and 240°). At
260°C, the difference was minimal and slightly higher
conversions were cobserved for the syngas activated
catalyst but this was prcbably a result of the lower space
velocity used for this test. At 220°C, both bulk and .
specific activity more than doubled. At 240°C, the
increase in activity was less but still significant at
27%. There was no significant difference in hydrocarbon
selectivity between the +wo activation procedures.

(c) Slurrv Phase Testing

Four catalysts were tested in the 1 liter slurry phase reactors
this quarter. In each case, a series of operating coaditions was
investigated to determine the optimom for activity and hydrocarbon
selectivity. The following three catalysts were tested following the
standard synthesis gas activation method conducted in the tubular gas
phase reactors:

e titanium promoted Co,(COlJg on alumina in place of the
zirconium promoter

e zirconium pramoted Co,(CO)g on alumina with a metals ratio,
Co/2r, of 1.15 to compare with the standard ratic of 0.56.

® FeCo,(C0), on alumina promoted with potassium.

A fourth catalyst, Coy(CD)g on zirconated alumina, with
approximately the standard Co/Zr weight ratio of 0.65 was activated

W
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with H, for camparison to synthesis gas activation. Representative
data from these tests along with previcus test results of the
catalysts tested in quarters 1 and 2 =2re summarized in Table 2. The
details of each of this quarter's catalyst tests are given below.

(1)  C0n(CO)/Ti(OPT) ,/Al,0; — 7888-1-589

The test of °°2‘°°’a on alumina pramted with titanium was
campleted this quarter. The major objective of this test was
to determine the effect of titanium as promoter on activity and
hydrocarbon selectivity. The details of the preparation andi
activation are given in section 4.1.

The activity, coaversion and selectivity data of the major
sample points are summarized in Table 3. The individual mass
balances of this screening test are listed in Tables 4-33 and
illustrated in Figures 2-41. ' ‘

The first five mass balances were conducted at 240°C, with
variations in the CD/Bz ratio of 1.0 to 2.0, space velocities
of 0.9 and 1.8 NI/g cat/hr, and pressures of 300 and 600 psig.
The test was initiated at CO/H, = 0.98, 300 psig and 1.8 NL/g -
cat/nr (sample 4, Tables 4-5, Figure 2). The bulk activity of
24.9 mol syngas/kg cat/hr was comparable to the zirconated
catalyst activity (Run #7595-60-C48.4). The specific activity,
bowever, was low at 0.22 mols QO/mol Co/min compared with, for
eample, the Ruj(C0D)y, on  zircomated alumina (Run #
7887-36-478). The selectivity for liguid fuels, Cs-c23, was
high at 63.8 wtt of the total hydrocarbons.

~ The QO/H, ratio was next raised to 1.5 in an attempt to
shift the lighter products into the heavier molecular weight
region (sample 6, Tables 6-7, Figure 3). The results were
pranising with an increase in the C5C,3 selectivity to 68.1

11
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wt%, but with a nearly 40% Jacrease in bulk activity to 17.7
mol syngas/kg cat/hr. The activity further fell to 13.7 mol
syngas/kg cat/hr at CO/H, = 2.0 with no apparent inprovement in
fuels selectivity (sample 9, Tables 8-9, Figure 4). The
corresponding decrease in specific activity to 0.14 mols O0/mol
Co/min indicates poor water-gas shift activity at high CO/EI2
feed ratios.

The space velocity was then lowered to 0.9 NL/g cat/hr
maintaining the CO/E, at 2.0, and pressure at 300 psig (sample
12, Tables 10-11, Figure 5). The effect on the hydrocarbon
selectivity was negligible. The overall coaversion increased
by 43% with eqtﬁval.ent increases in the HZ and CO conversions.
The usage ratio continued to be poor at 0.6.

The operating pressure was next raised to 600 psig and the
CO/B, ratio lowered to 1.6 (sample 15, Tables 12-13, Figure 6).
A substantial increase in methane selectivity to 11.3 wt$
occurred with a correspending decrease in fuels selectivity. 2
23% decrease in overall conversion was also cbserved.

The next five test conditions were conducted at 260°C. At
CO/H, = 2.0, 0.9 NL/g cat/hr, and 300 psig (sample 17, Tables
14-15, Figure 7) a 16% increase in activity to 1l.1 mol
syngas/kg cat/hr ower sample 12 at 240°C (other cperating
conditions the same) was cbserved. The selectivity to ligquid
fuels, Cg-Cyy, returned to the €5 wt% level of sample 12, but.
with still a high methane sclectivity.

The space velocity was next raised to 1.81 NL/g cat/hr
(sample 20, Tables 16-17, Figure 8). Compared with the lower
temperature results at the same C:O/E2 ratio, space velocity,
and total pressure, the bulk activity was 17% higher at 16.0
mol syngas/kg cat/hr, with the same total fuels selectivity of

12
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65 wt$. The increase in methane selectivity to 13 wt$ from 8
wt% indicates a redistribution of products to the lighter
molecular weight region with increasing temperature.

At 1.81 NL/g cat/hr, the c:O/ﬂ2 ratio was next lowerad to
1.5 (sample 22, Tables 18-19, Figure 9). The bulk activity
increased to 17.8 mol syngas/kg cat/hr with a slight increase
in methane selectivity to 14.5 wt%. In general, the overall
hydrocarbon distribution did not change. The effect of
doubling the pressure to 600 psig was tested next.

At 258°C, CO/H, = 1.4, 600 psig and 1.87 NL/g cat/hr
(sample 24, Tables 20-21, Figure 10), the bulk activity was 23%
higher than at the similar conditions at 300 psig. The fuels
yieldfelltoﬁlfrcmGSwt%withared.istributicnofproﬂu:ts
into the lighter molecular weight region. An attampt at
enhancing chain propagation by reducing the space velocity to
0.96 NL/g cat/hr failed (sample 26, Tables 22-23, Figure 1l).
The increase in methanation activity cootimed with a
corresponding reduction in fuels selectivity.

During the next three mass balance days, the- temperature
was maintained at 280°C (samples 31, 33, and 35, Tables 24-29,
Figures 12-)4). At this point it was cbvious that the catalyst
bad deactivated since activities lower than at 260°C were
- cbserved. 'misuasﬁartherconfirmauhentuocperatingpoints
fran the beginning of the run were repeated to check for
reproducibility (samples 37 and 41, Tables 30-33, Pigures
15-1€). Sample 37 was 50% less active than sample 20, and
sample 41 was 117% less active than sample 9. The methane
w2lectivity was 16 wts and 22 wts, respectively.

13
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(i)

€0,(C0) o/Zr (OPT) 4/A1-0- — 7888-33-731

The screening test of Co,(CO)g on zirconated alumina with
a metals loading of 5.07% Co and 4.39% Zr (preactivated) was
campleted this gquarter. The major dbjective of this test was
to determine the effect of the Co/Zr weight ratio loading on
catalyst activity and selectivity. The following three tests,
with varying Co/4r ratios were then camparable:

Run No. Wt Co WtE Zr Co/Zx
7595-60-C48.4 3.81 6.84 0.56
7887~67-445 4.71 0

7888-33-731 5.07 4.39 1.15

Tbesyntrmisgasactivationmtl?oduseaandmedetails
of the catalyst preparation are incinded in Section 4.1. The
activity, coaversion and selectiwity data of the major sample
points are summarized in Table 34. The individual mass
balances are listed in Tables 35-66 and illustrated in ?igureﬁ
17-30.

The test was initiated at 240°C with-the following four
Q0/H,, feed ratios and space velocity changes:

Sample /e, NL/g cat/br
8 1.01 1.76
10 1.69 1.69
12 ' 2.00 1.72
16 1.95 0.86

The highest liquid fuels selectivity of 70 Wt¥ Cg=Cpq was
obtained at the sample 8 conditions (Tables 35-36, Figure 17).
The bulk activity, however, was only mediocre at 15.3 mols
syngas/kg cat/hr. The C0/E, ratio was increased to reduce

14
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methanation activity (samples 10 and 12, Tables 37-40, Figures
18 and 19). The major result was a threefold increase in wax
selectivity to 12.6 wts Cz4+, with only a 26% reduction in
methane selectivity to 8.8 wt3. This trend was accompanied by

a gradual decrease in bulk activity to 8.7 mol syngas/kg
cat/hr.

The shifting of products to the heavier molecular weight
region contirmed at a lower space velccity of 0.86 NL/g cat/hr
(sample 16, Tables 41-42, Figure 20). An approximately 4%
reduction in liquid fuels selectivity was observed. The
overall conversion was 16% lower than expected upon halving the
space velocity. The usage ratio showed no improvement in
water-gas shift activity with values in the 0.3-0.5 range for
the above feed ratics.

The following six process conditions were next tested at
260°C:

Sample co/E, N/g cat/hr
2 1.94 0.86
24 0.98 “ 0.86
28 0.98 1.73
33 1.46 1.73
36 0.98 1.41
39 0.98 0.71

A 65% increase in bulk activity to 12.4 ools syngas/kg
cat/hr was obtained at the sample 21 conditions as a result of
the 20°C increase in temperature (Tables 43-44, Figure 21). No
appreciable change in hydrocarbon selectivity was cbhserved. At
the same space velocity, the C!Z)/li2 ratio was next reduced to

0.98 (sample 24, Tables 45-46, Figure 22). A 35% increase in
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balk activity accompanied but a 758 increase in methane

selectivity was observed.

The space velocity was next returred to 1.73 NI/g cat/hr
(sample 28, Tables 47-48, Figure 23). 2n 80% increase in bulk
activity was cbserved with a specific activity of 0.16 mol
OO/mol Co/min. The change in hydrocarbon distribution was

negligible campared with sample 24.

The CO/HZ ratio was next increased to 1.46 to try to
reduce methanation activity (sample 33, Tables 49-50, Figure
24). The selectivity to liquid fuels returned to the high 68
wt? observed previously, but the methane selectivity remained
high at 14.9 wt%. Because of poor water-gas shift activity,
the bulk activity fell dramatically by 35% to 20.1 mol

syngas/kg cat/hr.

The results of samples 36 and 39 (Tables 51-54, Figures
25-26) were good indicators of the effect of space velocity on
product selectivity. At a space velocity of 1.41 NL/g cat/hr
the methane selectivity was 16.6 wt% and the wax selectivity
was 8.0 wt¥. When the space velocity was halved, a definite
trend toward shifting products to the heavier molecular weight
region was dbserved. The wax selectivity nearly doubled to
15.6 wts. It is worth noting that the bulk activity wes half
that of sample 36, 12.7 mol syngas/kg cat/br. No appreciable

deactivation was apparent at this point.

The next set of conditions which were investigated were at

280°C:

Ee
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(iid)

Sample /B, NL/g cat/hr
44 0.96 0.7
47 1.94 0.70
52 1.95 1.40

A 108 increase in activity was cbserved for sample 44
(Tables 55-56, Fiqure 27). This wes accampanied by a 76%
increase in methane selectivity and a corresponding decline in
liquid fuels selectivity to 49.1 wt%. Increasing the co/Bz
ratio to 1.95 improved liquid fuels selectivity by 19% to 54
wt% (sample 47, Tables 57-58, PFigure 28), but this was
sabstantially lower than the 70 wt% selectivity doserved at the
initial conditions at 240°C. When the space velocity was next
raised to 1.40 NL/g cat/hr, an 8% increase in fuels selectivity
was cbserved (sample 52, Tables 59-60, Figure 29), but at the
expense of a 24.4 wtt methane selectivity. Only a 44% increase
in bulk activiiy resulted upon doubling the space velocity.
The remainder of this test was devoted to determining the
effect of ethylene addition on hydrocarbon selectivity.

PeCos(0); 5/K/A1,0, — 8385-60-707

Thescreeningtestofthe%mp%(co)u
cluster promoted with K with a metals loading of 0.78% Fe:

2.44% Co: 0.02¢ K (preactivated) was completed. The mejor
cbjective of this test was to determine if the K promoted,
mixed Fe/Co cluster catalyst has any advantage in either
activity or selectivity over the unpromoted Fe/Co catalyst
tested previcusly (Run ¢ 8385~-22-677).

The synthesis gas activation method was the same as that
used far the above two catalysts. This, along with the details
of the preparation, are presented in Section 4.1. The
activity, conversion and selectivity data of the major sample

17
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points of this screening test are sumarized in Table 67. The
individual mass balances are listed in Tables 68-94 and
illustrated in Figures 31-45.

The test was initiated at 240°C with the following four
Q0/H, feed ratio and space velocity changes:

Sample oM, NL/g_cat/pr
3 1.01 1.6
6 : 1.52 1.6
8 2.01 i.6
10 2.02 0.7

The general trend during these first three test conditons
{samples 3,6 and 8, Tables 68-73, Figures 31-33) was a decrease
in activity with increasing CO/E, ratio and increase in the
selectivity of liguid fuels from 58.0 to 62.8 wt%. The
selectivity to methane, as expected, showed a similar trend,
i.e., a reduction from 14.0 to 9.8 wri. When the space
velocity was reduced to 0.7 NL/g cat/hr for sample 10 (Tables
74-75, Figqure 34), the products shifted to the heavier
molecular weight region, but with a reduction in liquid fuels
selectivity to 62.7 wt%. The next five test conditions were
conducted at 260°C:

Sample o/, Mg cat/hr
11 2.02 0.7
12 2.03 1.6
15 1.52 1.6
17 1.01 1.5
20 1.00 0.7

Sanple 11, at the same (':O/EI2 ratio and space velocity as
sample 10, showed an 86% increase in activity (Tables 76-77,
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Figure 35). The 11% increase in fuels selectivity to 69.3% was
a result of the shift in wax products into this range. This
general trend continued when the space velocity was raised to
1.6 NL/g cat/hr (sample 12, Tables 78-79, Figure 36). At these
conditions, the fuels yield was the highest at over 70 wts,

camparable only to that of m3(co>12/zm\1203 (Run #
7887-36-478). :

As the CO/H, ratio was reduced to 1.5 and then to 1.0 in
the next two samples 15 and 17 (Tabies 89-83, Figures 37-38),
the selectivity to methane increased from 10.0 to 16.7 wti.
When the space velocity was next reduced to 0.7 NL/g cat/hr,
the fuels selectivity increased once more to 66.2 wtd (sample
20, Tables 84-85, Figure 39).

The following five operating conditions were conducted at
280°C: )

Sample /8, NL/q cat/bhr
2 1.00 0.7
24 2.02 0.7
27 1.01 1.5
29 2.03 1.5
33+ 1.9 1.5
*625 psig

A 37% increase in bulk activity to 19.1 mol syngas/kg
cat/hr wes cbtained for sample 22 (Tables 86-87, Pigure 40). A
slight shift in product distribution produced a methane
selectivity of 15.3 wt3, but with no appreciable change in the
fuels selectivity compared with sample 20-at 260°C. When the
CO/E, ratio was raised to 2.02 (sample 24, Tables 88-89, Pigure
41), a 5% increase in fuels selectivity to 70.1 wt% was

ra
L% ]
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(iv)

observed. Unfortunately, a drastic 67% reduction in activity
was also the result.

In the next two samples the space velocity was raised to
1.5 NI/g cat/hr (samples 27 and 29, Tables 90-93, Figures
42-43). Once again, the effect of the C:L')/H2 ratio on activity
and selectivity was dbserved. At ('.'O/H2 = 1,01, the methane
selectivity was 19.1 wt% and the activity 27.3 mol syngas/ks
cat/hr. When the ratio was raised to 2.03, both the activity
and methane selectivity fell to 17.5 mol syngas/kg cat/hr and
13.9 wt%, respectively. The selectivity to fuels improved to

64.7% with an increase in the CO/HZ ratio, but not to the level
cbserved at 260°C.

To determine the effect of high pressure cperation, the
total system pressure was raised to 625 psig (sample 33, Tables
94~95, Figure 44). A 43% reduction in activity was observed
and a 78 reduction in total fuels selectivity. This again
verified the negative effect of high pressure operation ca both
the activity and selectivity of these catalysts.

-~ Por a final check on catalyst performance, the process
conditions were returned to 240°C, C/E, = 1.0 and 1.5 NL/g
cat/hr (sample 36, Tables 96-97, Figure 45). . The activity was
4.1 compared with the original 1l.3 mol syngas/kg cat/hr of
sample 3. This was probably dne to the operation at 625 psig.

€0,(C0) o/Zr(CPI) /1,0, — 8523-1-4

The objective of this test was to txy to improve catalyst
activity-by using d H, reduction instead of the usual synthesis

.. gas activation procedure. The metals loadings of this

catalyst, 5.06 wt% Co and 7.82 wt% Zr, was similar to that of
the basecase catalyst (Run # 7595-60~C48.4).

€M

LA
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A description of the activation and method of prepzcation
are detailed in Section 4.1. The activity, conversion amd
selectivity data of the major sample points of this screening
test are summrized in Table 98. The individual mass balances
are listed in Tables 99-129 and illustrated in Figqures 46-62.

Process conditions at a lower than usual temperature level
of 220°C were tested initially due to the high activity
ocbserved in the gas phase test:

sample Q/E, N/g cat/hr
2 1.00 1.85
4 1.48 1.86
7 1.43 0.95

As suspected, even at 220°C, it was apparent that the
hydrogen activation method improved catalyst activity
dramatically. Compared with similar test conditions fram the
basecase catalyst (7595-60-C48.4), the bulk activity of sample
2 (Tables 99-100, Figure 46) was 80% higher. Also, the methane .
selectivity was 28% lower at 10.6 wt$ and the total liquid
fuels selectivity was 13% greater at 62.1 wt%. With an
incrmseinthecofﬂzntioandrsinctiminspacevelocity
{sample 4 and 7, Tables 101-104, Fiqures 47-48), the trend was
tc decreased activity and methane selectivity and increased
liquid fuels yield.

The following four process conditions tested were next
conducted at 240°C:

Semple Co/B, N/ cat/hr
10 1.43 0.95

13 l.88 0.94
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17 1.99 1.87
20 0.99 1.86

A 38% increass in activity was cbserved for sample 10
(Tables 105-106, Figure 49). Interestingly, the liguid fuels
selectivity increased fram 64.0 to 67.2 wt% with a reduction in
methane salectivity to 7.8 wt%. The G)/Ez ratio was then
raised to 1.88 (sanple 13, Tables 107-108, Figure 50). The
major effect was the reduction in wax selectivity, Cogts to 8.3
wt$ from 11.7 wti. The next two samples, at double the space
velecity (samples 17 and 20, Tables 109-112, Figures 51-52),
further verified the trends which were observed with the
synthesis gas activated catalysts, bat appeared to be more
prooounced when the E, activation method was used. Figure 53
illustrates this trend in decreasing bulk activity with the
CO/H, ratio at the two space velocities studied. The maximum
fuels selectivity obtained at 240°C was high at 69.3 wt%.

The performance of this catalyst was next investigated at
260°C at the following conditions:

Sample o/, NL/g_cat/hr
25 0.99 1.86
29 1.48 1.87
3 .44 0.95
34 1.87 0.94

Cnce again, atthelmt.co/ﬁzratio, the bulk activity
was considerable at 38.5 mol syngas/kg cat/hr (sample 25,
Tables 113-114, Figure 54). The specific activity was the
highest, 0.32 mol CO/mol Co/min, of the Co based catalysts
tested to date. The Ruy(C0)y, catalyst tested in the last
quarter (Run # 7887-36-478) had better specific activity, but
not bulk activity. The hydrocarbon distribution was more in
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favor of fuels production with over 70 wti selectivity. The
three remining samples at 260°C followed a similar trend in
bulk activity with space velocity and CO/H2 ratio changes as at
the provious two temperatures studied as shown in Figure 53
(samples 29-34, Tables 115-120, Figures 55~57).

Finally, the temperature was raised to 280°C for tests at
the fallowing conditons:

Sample corm, N/g cat/hr
38 1.88 0.94
40 1.43 0.95
43 1.48 1.86
47 1.95 1.85

The data followed the expected trend in bulk activity, but
this increase was not as pronounced as during previous
temperature increases (samples 38-47, Tables 121-128, Figures
58-61). The trend in selectivity is well illustrated in Figure
62; the selectivity to liquid fuels was optimm at 260°C,
irrespective of the CO/H, ratio or space velocity.

Adeckofr@roducibilityoftheresultsoftbeinitial
test conditions was attempted (sample 50, Table 129). The
accuracy of this sanple, however, was suspect since the product
selectivity was not uniform. Gaps in the CgC1g region were
substantial indicating bad sampling. The bulk activity was 3.8
campared with 23.6 mol syngas/kg cat/hr of sample 2.

Preliniinary XPS data have been cbtained on the large batch of

basecase Co,(C0)g/Zr(0Pr),/AL,0; catalyst (batch #8466-4) as freshly

prepared and after 32 activatien.

XPS analysis has also been
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performed on the oxidized, cobalt nitrate-derived Co/Zr(OPr) /A1 03
composition (batch # 8466-2). The carbonyl derived catalyst exhibits
binding energies corresponding to camplete oxidation of Co® to Co?t
due to reaction of the carbonyl with the alumina or zirconium. This
agrees with the published literature. This Co®¥ remains oxidized
after H, activation and may be due to formation of non-reducible
cobalt aluminates or zirconates at the elevated activation
temperature. The nitrate derived material shows binding .ené.rgi&s for
Co®" and co3t indicating the presence of CoAL 0, and Coj0,. The XES
spectra are shown in Figure 63.

B.E.T. surface area and hydrogen chemisorption data have been
obtained for the three catalysts prepared this quarter. The data are
summarized in Table 131. Total surface area of the fresh catalysts
changed very little from that of the support (217 mf/g for Catapal®
S8 Y -alumina after calcining at 500°C for 3 hours). Hydrogen
chemisorption showed the metal surface areas and dispersions to be
quite low. There was no difference in hydrogen chemisorption between
the cobalt carbanyl and cobalt nitrate catalysts, but the cobalt
carbonyl catalyst with a higher Co loading showed slightly larger
metal surface area and dispersion. This was opposite of what would
be expected, that is as metal loading increases dispersion should
decrease. The H, chemisorption also appeared to be activated since
hydrogen uptake increased with temperature. This phenomenum has been
cdbserved by others and reported in the literature. 'I‘hed&:ns&r:vedﬁ2
chemisorption behavior suggests a strong interaction with the support
or an overlayer effect. The chemisorption results are in agreement

with the XPS data showing that only small amounts of ccbalt were
reduced.
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3.3 Task 3 — Slurry Reactor Kinetic Studies

Mechanistic concepts were examined this quarter bv studying the
effects of adding ethylene to the feed. It has been postulated that light
olefins, produced in the F-T synthesis, may be reincorporated into the
surface carbon chain growth process, thus allowing for variations in
selectivity. These experiments were performed at the end of the screening
test of the Co,(CO)g/ar(OPr)y/Al,0y catalyst (Run # 7888-33-731), by

adding 10 and 20 volume percent ethylene to the feed. Tne following four
test condition were conducted at 260°C:

CO/By/CHy
Sample P, psig vols cat/hr
56 308 44/46/10 1.41
59 302 39/41/20 l.4
62 300 40/40/20 0.71
65 300 51/43/0 0.70
66 . 550 40/40/20 1.40

The major result of adding 10 and 20 volume percent ethylene during
samples 56, 53 and 62 (Tables 61-63) was the production of ethane. The
rates of oxygenate production also increased, from 0.2 to 2.4 wts of the
total product yield, but with the majority of this fraction being
propancl. No evidence of olefin reincorporation was cbserved.

The process conditions were next returned to that of sample 39, CO/E,
= 0.58, 0.7 NL/g cat/hr, to determine the extent of catalyst deactivation
befare the high pressure operation with ethylene addition was investigated
(sample 65, Tables 64-65, Figure 30). A 40% reduction in bulk activity
was observed with methane salectivity at over 20 wt$ compared with the
14.3 wt? of sample 39. Once more, the major product with ethylene
addition and 550 psig was ethane (sample 66, Table 66). A 23% increase in
gasoline fuels, Cs—Cy,, was cbserved, but this was due mainly to a general
shift in products into the heavier molecular weight region which is

~m
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expected at high pressure. Compared with sample 539, the oxygenates
selectivity increased from 1.49 to 2.06 wt$., again with mainly propanol
proaduction.

-
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4.0 EXPERIMENTAL

4.1 Task 2 — Develcmment of Imoroved Supported Catalyst Campositions

(a)

Catalyst Preparation

The catalysts prepared this quarter all had calcined Y -

alunina as the suppart. Calcination and handling procedures were
described in the first quarterly report.

(1)

Co(NO4) 5/2r (OPr) o /Al 04 (Batch § 8466-2)

To establish a reference catalyst, a more coaventional
preparation of the Co/Zr/Al203 camposition was examined by
using Co(NDy), as the cobalt sowrce in place of Co,(COlg.
Zirconium propoxide was still used but it was found. that ia
solution the material could be handled in the ambient lab
atmosphere without noticeable hydrolysis. A solution (210 cc
total volume) of 59.6 g of Zr(QPr), in isopropancl was added to
174.2 g of calcined Catapal® SB Y -alumina in two portions with
tharough mixing to give incipient wetness. The impregnated
alumina was allowed to dry in ambient air for two days and then
for taree hoars at 120°C in air. Cobalt nitrate (44.1 g) was
dissolved in deionized water to give 200 cc of solution which
was impregnated into the zirconated alumina in one portion.
This material was allowed to dry overnight at room temperature
then at 120°C for ooe hour and was finally calcined in air at
300°C for six hours to give 211 g of catalyst. Elemental
analysis of this material gave 4.2% Co and 7.18 2r (Co/Zr
weight ratio = 0.59).
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(i1 €0,5(C0) /2 (OPr) 4 /AL,04

(2)

(b)

Batch # B466-4

This batch was a 70% scale-up of the previous large
scale preparation of the basecase (batch # 7864-1010-371)
Co/2x/BlyD,  composition. Standard inert atmosghere
bandling techniques were used in preparing this catalyst:;
exposure to oxygen and noisture was prevented throughout
this preparation. 250 g of alumina was impregnated in one
portion with a 300 cc solution of Zr(OPr)4, 84.2 g, in
hexane. After mixing thoroughly by shaking the flask, the
hexane was evaporated off in vacuo with slight warming in
a 40-50°C bath. ~ To load the cobalt, a two step addition
of 40.0 g of Co,(CO)g in hexane was used. The first
portion was a 350 cc volume followed by a 300 cc second
portion. After each portion hexane vas removed in vacao
as before. After complete removal of the solvent, 366 g
of brownish-black catalyst was cbtained and analyzed as
4.0% Co and 6.4% 2r (Co/Zr weight ratio = 0.63).

Batch # 8466-9

To examine the effect of metal loading on catalyst
pexformence some CO/ZI/A]203 catalyst was prepared with an
increased Co and Z%r Joading wusing the standard
impregnation procedure. 2Zr(CPr) 4r 127.5 g, was dissolved
in hexane to give 210 cc of solution, which was mixed with
172.5 g of alumina in the dry box. The sealed flask
containing the impregnated alumina was removed from the
dry bax so that the solvent could be evaporated off on the
vacuum line. Half of the 123.4 ¢ cof Caz(cc))8 was
dissolved in 300 cc of 1l:1 hexane/toluene and added to the
zircopated alumina. After solvent removal, the remaining
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Co,(CO)g, dissolved in 250 cc of toluene, was added. The
dried, black catalyst weighed 387 g and was analyzed as
10.8 % Co and 8.5% Zr [Co/Zr weight ratio = 1.3).

Gas Phase Screening

A detailed description of the gas phase screening reactar and
procedure can be found in the Project Work Plan. The catalyst charge
was 10 cc for each test. Generally, only reactor temperature and QO
to H, feed ratio were varied while pressure and space velocity were
kept at 300 psig and 1000 h™* (v/v), respectively, for all the runs.
The syngas activation procedure has been Jescribed previously in the
first quarter report. Far two of this gquarter's tsts.ap.zreaz
activation was used as follows: Hydrogen at 3000 hr™! and 0 psig was
passed over the catalyst as it was heated to 300°C at 3°/min and
maintained there for 16 hours. The temperature was then reduced to
the desired reaction temperature, 0 was introduced to give 1:1 (:olﬁ2
at 1000 hr~l and finally the total pressire was increased to 300
psig.

Phase Tests

(1) Co,(00)p/Ti(0Pr) 4/Al 0, ~ 7888-1-589

This catalyst was activated in the gas phase reactor using
a 20% 1:1 CO/H, in N, at 175 psig and 500 hr * GASV. The
temperature was raised in 10°C stages fram 220 to 280°C. After
cooling under N,, the activated catalsyt was slurried in
deoxygenated FPischer paraffin oil (catalog # 0-122) and
transferredtotheraactoru:ﬁeranzame. The final
loading was 408 mls of a 22.3 wti slurry containing 91.1 gms of

activated catalyst. The elemental analysis before activation
was:
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WS
Co 3.49
i 8.65

(i) C0,(00)g/2r(OPr) ,/Al,0, — 7888-33-731

This catalyst was activated and slurried in the same
manner as the catalyst above. The final reactor loading was
452 mls of a 23.4 wt% slurry containing 96.0 gms of activated

catalyst. The elemental analysis prior to activation was:

=3
Co 5.07
ar 4.39

(iii) FeCos(C0),,/R/ALD, — 8385-60-707

This catalyst was activated and slurried in the same
manner as described above. The final reactor loading was 444
mls of a 20.6 wt% slurry containing 88.1 gms of activated

catalyst. The elemental analysis before activation was:

Wi
Fe 0.78
Co 2.44
K 0.02

(iv) CO,C0)/2r(TPr) 4/A1.0, = 8523-1-4

This catalyst was gas phase activated using E,. The fresh
catalyst, 107.5 gus, was loaded into the 150 cc tubular reactor
(approximately 110 cc catalyst bed wolume). The reactor wes
heated at ambient pressure to 300°C at a rate of 1°C/min and a

space velocity of 0.56 NL/g cat/hr Bz. The temperature was
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maintained at 300°C for 15 hours with full B, flow. After
cocling under N,, the activated catalyst was siurried in
deoxygenated Fischer paraffin oil and transferred to the
reactor under a N, atmosphere. The final loading was 470 mls

of a 16.9 wt? slurry oontaining 75.96 gms of activated
catalyst. The elemental analysis after activation was:

wes
Cc 5.06
2r 7.82

Catalyst Characterization

XPS data was cbtained on a Physical Electromics 560 XPS/AES
instrument. Catalyst samples were reduced in the 10 cc fixed bed
reactor and transferred to the sample holder in a dry box. BH,
chemisorption experiments were conducted on a Micrameritics Chemisorb
2800 using catalyst samples prereduced in the 10 cc reactor. After
transfer of the samples to the chemisorption sample tubes, they were
treated with H, at 300°C and 1 atmosphere prior to data aquisition.
B.E.T. surface areas were cbtained using a Micrameritics Digisorb
2500.
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