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DEVELOPMENT OF A STABLE COBALT-RUTHENIUM FISCHER-TROPSCH CATALYST
Contract DE-AC22-89PC8969 ¥ 9867

Robert R. Frame and Hemant B. Gala
uoP
25 E. Algonguin Road
Des Plaines, Ilinois

Technical Progress Report No. 17
(10/1/93-12/31/93)

Contract Objective

The objective of this contract is to examine the relationship between catalytic properties and the function
of cobalt Fischer-Tropsch catalysts and to apply this fundamental knowledge to the development of a

stable cobali-based catalyst with a low methane-plus-ethane selectivity for use in slurry reactors.

DISCLAIMER

. This report was preparcd as an account of work sponsored by an agency of the United Suates
Contract Tasks Government. Neither the United States Government nor any agency hereof, nor any of their
e ' employecs. makes any warranty, capress or implied. or assumes any legal hability or responsi-
bility for the accuracy, completeness, o uscfulness of any information. apparatus. product, or
process disclosed, or represents that its use would not infringe privatcly owned rights. Refer-
ence herein 1o any specific commercial product, process, or service by trade name. trademark.
manufacturer, or otherwise does not necessarily constitute or imply its cndorsement. recom-
mendation, or favoring by the United States Government ot any agency thereof. The views
and opinions of authors cxpressed herein do not ncoessanily state or reflect those of the

Task 2.0: Reference Cobalt Catalyst United States Government or any agency thereof.

Task 1.0: Project Management Report

Task 3.1: Modifier Role for Ruthenium

Task 3.2: Particle Size Effects with Ruthenium

Task 4.1: Identification of the Synergy between Cobalt and a Second Bimetallic Element, such as
Ruthenium

Task 4.2: Development of a Bimetallic Catalyst
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Experimental

In this report four runs are described, which were performed in the fixed-bed pilot plant. The fixed-bed
pilot plant, the catalyst testing procedure,‘ and the calculations for conversion and selectivities were
previously described in the technical progress report covering the pericd of 3/16/88 to 6/16/88 for
Céntract DE-AC22-87PC79812. Two runs were performed in the slurry autoclave pilot plant. This is
the same plant that was used extensively during Contract DE-AC22-90PC90055 for the development of
an iron-based catalyst for liquid phase Fischer-Tropsch (LPFT) processing. A description of this pilot
plant is in the technical progress report covering the period 3/26/93 10 6/26/93 for the iron contract
above. Conversions and hydrocarbon selectivities were calculatéd using data from an on line GC which

analyzed the gas proguct.

The feed for all cobali catalyst evaluarions was a blend of hydrogen, carbon monoxide and argon. The
argon was an internal standard used for calculating conversions and selectivities. The molar ratio of
hydrogen to carbon monoxide was two, which is typical of a methane-derived synthesis gas. A typical
feed was comprised of the following mole percentages of gases: hydrogen 64, carbon monoxide 31, argon-
5. Because of the sensitivity of Fischer-Tropsch catalysts 1o feed impurities, pure feeds were purchased
from Scont Spetialty Gases of Troy MI. Furthermore, prior to use the feed was processed through 1265

cc of alumina spheres at 210° C and 515 cc of 13X zeolites at room temperature,

The catalyst was prepared via the steps of: impregnation, calcination, and reduction. The support was
a special Y zeolite-derived material. The impregnation step consisted of pore filling with an ethylene

glycol solution of metal salts followed by evaporation of the solvent. The calcination after impregnation



was four hours at 450° C. The reduction step (activation) was the final one before introduction of the
Fischer-Tropsch feed. This siep was accomplished after the catalyst and a diluent {quartz sand) were
loaded; it consisted of four hours of flowing hydrogen. Each of the three catalysts resulted from a
different temperature during this reduction step. The diluent aids removal of beat resulting from the very

exothermic nawre of the Fischer-Tropsch reactions.

1o the fixed-bed evaluations powdery catalyst (13 or 6.5 g) was loaded with 160 or 166.5 g of the 60 10
80 mesh guartz sand diluent. I previous experiments with high activity catalysts it was found that a 13
g loading resulted ip high exotherms on the catalyst bed. Processing at the historic space velocity with
the lower catalys: loading and more diluent results in less heat buildup on the catalyst bed. The drawback
is that very low feed rates are neaded 10 achieve the targel space velocity when very low levels of caralyst
are used Catalyst levels below 6. 5 g are not practical with the exjsting pilot plant e.quipmem. A
thermowell was present down the center of the catalyst/diluent bed. A sliding thermocouple in this well -
allowed bed remperature profiles 10 be obtained. Previous experimental catalysts were screened in the
fixed-bed pilot plant via a three condition test. The final two (more strenuous) conditions were needed
to achieve high conversions since the catalysts were of Jow activiry. High conversions are required
because high conversion hydrocarbon selectivities (particularly methane) are needed to properly evaluate
a catalyst. The catalysts described in this report Were very active and needed, therefore, only 0 be

screened at the initial condition.

All figures including run summary plots of conversions and selectivities vs. hours-on-stream are artached

in Appendix A.



Scope of Work During Reporting Period

The cztalvsts discussed in this report were prepared on steamed Y zeolite that bad been washed three
hours with 4M hydrochloric acid. This resulted in minimal loss in zeolite crystallinity. The purpose of
steaming is create large pores, that of acid-washing is to remove pore-obstructing alumina debris which
results ﬁom steaming. Acid washing must be properly managed, if it is too strenuous the crystaliinity
remaining after steaming is destroyed and an amorphous silica results. Hydrochioric acid rapidly removes
alumina, but it is particularly prone to destroying zeolite crystallinity. Hcwever, if the wash is
sufficiently short little erystalliniry is lost. A successful wash is one that removes aluminum but does not

produce significant changes in surface area, pore volume or percent crystallinicy by X-Ray analysis.

All but one of the catalysis contained ruthenium in addition 1o cobalt since it is an objective of this work
1o determine whether incorporation of a small amount of ruthenium can result in high activity catalysts.
The one ruthenium-free catalyst serves as a reference to aid determining whether the Y zeolite catalyst

system can be activated by ruthenium.

Steamed Y zeolite contains steaming-derived amorphous pores that are from 50 1o 100 A in diameter in
addition to the remaining crystalline channels and cages of the original Y zeolite. The amorphous pores
are large enough 1o suppori 50-100 A cobalt crvstallites, a size considered optimal for Fischer-Tropsch

catalysis.

Previous quarterly reports described very high activity Fischer-Tropsch (F-T) catalysts which resulted

from impregnation of about 18 w1% cobalt and a lower level of ruthenium onto a steamed/acid-washed
Y zeolite support. The catalysts described in this report resulted from impregnation of even higher levels

of cobalt. These were even more active than the 18 wi% caralysts.



The catalyst preparation procedure used for the catalysts described in this report (including the activation
procedure) is outlined in Figure A-1. This is the same procedure used for most of the Y zeolite-

supported catalysts previously evaluated during this contract.

Properties oi the supports and metals-impregnated materials before reduction are wabulated in Figure A-2.

Results and Discussion

Run 97
This run has been reviewed in previous quarterly reports and is only summarized here in tabular fashion

(Figure A-3). It emploved 13 g of catalyst. There was a high exotherm on the car.aJySI bed (Figure A-4).

Run 101
This run used 13 g of a very active catalyst with the result that the catalyst bed exotherm was yery high
(Figure A-5). This, inturn, resulted in the catalyst evaluation being performed de-facto at a much higher
temperature than desired. Since catalyst conversion with cobalt catalysts is yery sensitive to temperature
the conversions undoubted!y were higher than they would have been if the reactor temperature were under
bemer conirol. Conversions during this run are summarized in Figures A-6 and A-7. By the end of the
150 hour run the conversions had stabilized at very high levels, for instance, the carbon monoxide
conversion was 90% . Unfortunately the methane selectivity was oo bigh. Selectivities are summarized
in Figures A-8 10 A-11, the methane selectivity at the end of the run wis 19%. Generally, methane
selectivity is lowest at high conversion, however, in this instance the bigh conversions resulted from high
temperature and it 1s known that methane selectivity increases rapidly with temperature. This run is
compared to Run 97 in Figure A-3. Note in this table that even though there were different levels of

cobalt on the catalysts for Runs 97 and 100, the feed rates were based on total weight of cobalt not en



total weight of catalyst. Therefore, there is a strong hint tbat the higher cobalt catalyst contains a
proportionally higher oumber of active sites, certainly e bigh cobalt level does not result in loss of

cobalt active sites via coverage by other cobalt ators, since this would produce a lower activity catalyst.

Run 110
“The catalyst for this run was similar to that used in Run 101 (Figure A-3), however, only 6.5 g were
loaded with a slightly increased amount of quartz sand diluent (Figure A-3). Although the feed space
velocity was the same as ih Run 101, the amount of heat generated was less because of the lower total
amount of feed processed and the slightly lower conversion. This was reflected in a much reduced
catalyst bed maximum temperature (Figure A-12). The maximum temperature was, in fact, slightly lewer
than in Run 97, this means the Runs 97 and 110 catalysts were evaluated at nearty the same temperature
as well as space velocity, and, furthermore, the Run 110 catalyst was more active as expected (Figures

A-3, A-153 and A-14).

Selectivities as 2 function of time during this run are summarized in Figures A-15 to A-18.

A feed rate reduction was made at 105 hours on stream. It took a while for the catalyst to equilibrate
at this condition but wken it did the conversion was slightly higber and the methane selectivity slightly
lower. The maximum temperature did not change, therefore, the catalyst operating temperature was the
same at both space velocities. The methane selectivity difference was, therefore, the expected lowering

due 10 higher conversion—temperature could not have played a role.

Run 1322
The catalyst evaluated in this run was not conversion stzble. 1t Jost activity continuously over a 325 hour

run with no indication that the rate of deactivaion was slowing (Figures A-19 and A-20). The position



of the catalyst bed maximum temperature did pot move as it likely would have if the deactivation were
due to a feed impurity (Figure A-21). Rather the maximum temperature gradually decreased throughout
the run. This type of deactivation is more consistent with loss of activity due 10 build up of deactivating

reaction products or thermal deactivation of the catalyst.
Selectivities for this run are reported in Figures A-22 10 A-24.

Run 123
This run used a catalyst prepared on the same ‘suppor: as the catalyst of Run 122, however, it did pot
contain ruthenium. This catalys: was very stable and active (Figures A-25 10 A—26)‘. It was more active
than the catalyst of Run 110, as wimessed by the actual conversions as well as the temperature profiles
for these two runs. Due to the activity difference berween the two catalysts, the catalyst bed maximum
temperature during Run 123 was ten degrees higher than during Run 110 (compare Figures A-12 and A-

27).

Selectivities during this run as a function of bours on stream 2re presented in Figures A-28 and A-29.
The methane selectivity appeared to be approaching stability at 10-11 mole percen: by the end of the 215
hour run. This is a somewhat higher methane selectivity than observed in Run 110. A possible reason

is the higher operating temperamire during Run 123,

It is not known why the catalysts of Runs 122 and 123 performed so differently. The presence of 2 small
amount of ruthenium iﬁ the Run 122 catalyst could not have destabilized it since previous high cobalt,
ruthenium-containing catalysts were much more stable. The support used for the Run 122 catalyst
probably didn™t cause its lack of stabiliry since the stable Run 123 catzlyst used the same support. It is

possible that either the impregnation or activation conditions were inadvertently differemt for the Run 122



and Run 123 catalysts. Additional very bigh cobalt catalysts should be prepared by varying the

impregnation and activation conditions.

Runs 110 and 123 are compared in tabular fashion in Figure A-30. These are the best ruthenium-
containing and ruthenium-fres catalysts prepared during this conact. In comparing these two it wouid
seem that there is nothing to be gained in the Y zeolite system from incorporating ruthenium. However,

additiona! catalysts should be evaluated.

Summary and Implications for Further Work

Very high cobalt catalysts have been prepared on steamed and acid-washed y zeolite. These catalysis are
very active. Some of them have proven 1o be very stable. Additionaily, if provisions are maae 1o control
the temperature build up' on the catalyst bed, low methane selectivities result. Additional work is
indicated, for instance, perhaps even higher activity catalysts can result froﬁ:n higher levels of cobalt or
changes in the catalyst preparation procedure. Since the issue of whether small amounis of ruthenium
can promote the catalyst is not compietely resolved, catalyst preparation procedure experiments should
continue with ruthenium vs. ruthenium-free catalysts. For instance, different methods of impregnation

and/or activation should be investizated.
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FIGURE &-1
STANDARD CATALYST PREPARATION

AQ OR ETHYLENE GLYCOL SOLUTION
METALS . .
IMPREGNATION °
ROTARY EVAPORATE, 100°C
! 2°C/MIN TO 100°C, HOLD 30 MIN
CALCINE . §°C/MIN TO 200°C, HOLD 30 MIN

6°C/MIN TO &50°C, HOLD 4 HRS

REDUCE . 350°C, H, 2 HRS
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FIGURE A-2
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FIGURE A4
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FIGURE A-5
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FIGURE A-6
PLANT 700 RUN 101 CoMn,Zr,Ru ON HCL Washed Y

6827-95 w/Z7A % Co via eth—glycel pore fl
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" FIGURE A-7
PLANT 700 RUN 101 CoMn,Zr,Ru ON HCL Washed Y

682795 w/Z74 % Co Via eth—giycol pore fil
18g unreduced active in 160g quartz sand
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FIGURE A-8

PLANT 700 RUN 101 CoMn,Zr,Ru ON HCL Washed Y

682795 w/Z74 % Co via sth—glyco! pore fill
18g unreduced oclive in 160g quariz sand
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FIGURE A-9
PLANT 700 RUN 101 Co,Mn,Zr,Ru ON HCL Washed Y

6827-95 w/27.4 % Co via sth—glycol pore fiil
18g unreduced active in 160g quariz sand
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FIGURE A-10
PLANT 700 RUN 101 Co, Mn,Zr,Ru ON HCL Washed Y

£827-95 w/Z74A % Co via sth—glyco! pere fill
18¢ unreduced active In 160g quariz sand
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" FIGURE A-11

PLANT 700 RUN 101 Co,Mn,Zr,Ru ON HCL Washed Y

6827-85 w/27.4 % Co via eth—glycol pore flll
18g unreduced active In 160g quartz sand
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FIGURE A-12 .
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FIGURE A-13
PLT 700A RUN 110 CoMn,Zr,Ru on HCl Washed Y
6827-123 w/26.8 % Co via eth—glycol pore fill
6.5 unreduced active In 166.5g quariz sand
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FIGURE A-14
PLT 700A RUN 110 Co,Mn,Zr,Ru on HCl Washed Y

6827-123 w/26.8 % Co via eth—glycsl pore fill
6.5 unreduced active In 166.5g quartz sand
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FIGURE A-15
PLT 700A RUN 110 CoMn,Zr,Ru on HCl Washed Y

6827~123 w/26.8 % Co via eth—glycol pore fill
6.5 unreducad active in 166.5g quariz sand
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PLT 700A RUN 110 Co,Mn,Zr;Ru on HCl Washed Y

FIGURE A-16

6827-123 w/26.8 % Co via eth—glyco! pore fill
6.5 unreduced active in 166.5g quariz sand
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FIGURE A-17

PLT 700A RUN 110 CoMn,Zr,Ru on HCl Washed Y

6827-123 w/26.8 % Co via eth—glycol pore flll
6.5 unreduced active in 175.5g quartz sand
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FIGURE A-18

PLT 700A RUN 110 Co,Mn,Zr,Ru on HC Washed Y

6827123 w/26.8 % Co via eth—glycol pore fill
6.5 unreduced active In 166.5g quariz sand
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' FIGURE A-19 S
PLT 700 RUN 122 CoMn,Zr,Ru On steamed, acid washed Y=ZLT
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FIGURE A-20
1’700 RUN 122 CoMn,Zr,Ru On steamed, acid washed Y=ZLT
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FIGURE A-21
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- FIGURE A-22

| .l’- 700 RUN 122 CoMn,Zr,Ru On steamed, acid washed Y-ZLT
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' FIGURE A-23
PLT 700 RUN 122 CoMn,Zr,Ru On steamed, acid washed Y—ZLT

6827-160w/28.5 % Co via eth—glyeo! pore fill
€.5g active In 166.5g quariz sand 5/31-=->6/14/93
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S FIGURE A-24
K 700 RUN 122 CoMn,Zr,Ru On steamed, acid washed Y-ZLT

6827-160w/28.5 %X Co via oth—glyeo! pore fill
6.5g octive in 166.5g quariz sand 5/31—-->6/14/93
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' FIGURE A-25
PLT 700 RUN 123 Co,Mn,Zr ©On steamed, acid washed Y-ZLT.
€8Z7-161 w/28.7 % Co via eth—glyco! pore fill
6.5g active in 166.5g quariz sand 6/20—=>6/29/93
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FIGURE A-26

PLT 700 RUN 123 CoMnZr On stearmned, acid washed Y=ZLT,

6827—161 w/28.7 % Co via eth—glycol pore fl
6.5g active in 166.5g quoriz sand 6/20——=>6/29/95
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- FIGURE A-27

Temp Profiles RUN 123

240

1 Il 1 i

NQO U ST TN BN SO S | 1 A TR |
: .&...w..&..ac._Noammﬂ@cdo._.._._n._u

Inches

—~- 6 Hrs + 74 Hrs * Sm Hrs * 210 Hrs



FIGURE A-28

PLT 700 RUN 123 CoMn,Zr On steamed, acid washed Y-ZLT.
6827~161 w/28.7 % Co via eth~glyco! pore fill
) 6.5g octive in 166.5g quariz sand 6/20——=>6/29/83
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FIGURE A-29

PLT 700 RUN 123 CoMnZr On steamed, acid washed Y=ZLT.

6827-161 w/28.7 % Co via eth—glycol pore fill
6.5g active in 166.5g quartz sand _5/20-->5/29/93
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