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INTRODUCTION

One of the most promising ways for producing liquid hydrocarbons from coal is
via coal gasification to synthesis gas, followed by Fischer-Tropsch (F-T) synthesis
to convert the syngas to a mixed product consisting mainly of straight chain
hydrocarbons. Traditionally, iron catalysts have been used for F-T synthesis
when the syngas is coal-derived, because they have the ability to simultaneously
carry out the water gas shift reaction.

Recently, there has been renewed interest in the use of Co as a commercial F-T
catalyst. Co has a higher specific activity than Fe (1,2); it produces primarily
straight chain paraffins; and it has shown good lifetimes. The considerable
commercial interest is evidenced by the large number of patents relating to Co
catalysts and F-T processes which have been issued. These recently developed
cobalt catalysts share some similarities in that they all consist of four major
components: (a) the primary F-T metal, Co; (b) a second metal (Ru, Re, or
other noble metal); (c) an oxide promoter (lanthana or zirconia, for example);
and (d) a bigh surface area refractory oxide support (3).

Different types of reactor systems are proposed for commercial F-T synthesis.
The slurry bubble column reactor has often been suggested as being one of the
most appropriate for heat removal from the exothermic F-T synthesis reaction.
However, most of the catalyst screening is carried out in fixed bed reactor
systems, even for slurry bubble column reactor applications. In addition, there
has been hardly any investigations of the effects of supports or promoters carried
out in slurry bubble column reactor systems. Because of the different reaction
conditions involved in these two systems, i.e., gas phase versus liquid phase, some
of the effects observed in one system may not necessarily be found in the other.

A series of catalysts has been formulated in order to investigate the role of the
supports and some promoters on affecting the F-T reaction both in a fixed-bed
reactor as well as in a slurry bubble column reactor.

EXPERIMENTAL

All catalysts compared in this study consisted of 12-20 wt% cobalt, a second
metal promoter (Ru or Re), and/or an oxide promoter such as zirconia, the
support being alumina (Vista B), silica (Davison 952), or titania (Degussa P25).
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These supports were chosen based on their low sulfur content and
microspheroidal shape. The latter property is important when used in a slurry
bubble column reactor as it prevents attrition.

All catalyst were prepared by impregnation of the supports with the appropriate
solution of the nitrates of the various metals. After impregnation, the catalysts
were dried at 120°C and calcined at temperatures no higher that 350°C. Prior
to testing the catalysts were reduced in a flow of hydrogen. They have all been
extensively characterized by different methods, including elemental analysis, BET
physisorption, particle size distribution, X-ray diffraction, hydrogen
chemisorption, temperature programmed reduction. Table 1 summarizes the
relevant characterization data.

The catalysts were evaluated in terms of their activity and selectivity both in a
fixed bed reactor and in a slurry bubble column reactor. Typically, 0.1t0 0.3 g
of prereduced catalyst were charged into the tubular fixed-bed reactor and
rereduced overnight at 300°C. The reaction was carried out at 220°C, 1 atm,
H,/CO ratio of 2.0, and a total flow rate of 50 cm’/min. No inert diluent was
used. Sample analyses were taken after approximately 2, 5, 9, and 24 hours
on-stream. In some cases the temperature was varied between 210° and 240°C
in order to calculate an Arrhenius activation energy. Product analysis for C,-Cy
hydrocarbons was performed by on-line gas chromatography. CO conversion
rates were calculated based on the GC analysis of the products.
Anderson-Schultz-Flory (A-S-F) distributions were plotted and the chain growth
probability, a, calculated using the C,-C; data.

For the slurry bubble column tests, the catalyst was first reduced ex-situ in a
fluidized bed assembly and then transferred into a glove box for weighing and
subsequent transfer into the slurry bubble column reactor. Approximately 15
g of catalyst and 200 g of liquid medium were used in a run. Typically, the
reaction was carried out at 240°C, a total pressure of 450 psi, H,/CO ratio of 2,
and using 60% N, diluent. Analysis of the gas products, CO, CO,, and C,-C;,
was performed hourly. Liquid products were collected at the end of each 24
hour period, blended, and submitted for analysis. A-S-F plots of the liquid
products were used to determine a. After reaching steady-state under these
conditions, temperature, pressure, and H,/CO ratio were varied in turn to study
the effect of process conditions. A typical complete run lasted about 10 days.

RESULTS AND DISCUSSION

Table 2 shows selected data obtained from fixed bed reaction which indicate the
effects of noble metal and ZrO, promotion and of the support on F-T activity
and selectivity. The alumina- and silica-supported Co catalysts were found to be
more active, by about a factor of two, than their titania- supported analog.

The addition of ruthenium to the y-alumina supported cobalt catalyst increased
its activity by a factor of ca. 6, while it had no effect on the silica-supported
catalysts and only a slight enhancing effect on the activity of the TiO,-supported
catalyst. The effect on the Al,O;-supported catalyst may be explained by the fact
that the presence of Ru increased the reducibility of the Co/ALO, catalyst while
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it did not enhance the reducibility of the SiO, and the TiO,-supported catalysts.
In addition, hydrogen chemisorption measurements, shown in Table 1, show that
the Ru promoter can increase the dispersion of the reduced Co/AlLO;.
However, in the case of the SiO,-supported catalyst, a factor of two in activity
was gained by promotion with ZrO,, although the latter did not seem to affect
the reducibility of the cobalt or its dispersion.

It should be noted that neither the support nor the promoters changed
significantly the characteristics of the reaction products, i.e., no significant change
was noted in a or CH, formation rate. This suggests that the F-T reaction is still
being carried out on Co sites and not on new sites created by the promoter.
Similar results were obtained when Re was used as a metal promoter in place
of Ru. The results obtained for Ru and Re promotion are similar to those
reported in the patent literature (4-7).

Table 3 shows selected data obtained at 240°C, 450 psi, and H,/CO ratio of 2,
in the slurry bubble column reactor for Co/Al,O, and Co/SiO, catalysts. In this
case, the support was found to strongly influence the overall hydrocarbon
production rate with little effect on a, while the addition of a noble metal
promoter seemed to have little effect on the catalytic properties of cobalt. On
the other hand, as in the case of the fixed bed testing, the ZrO, promoter was
found to influence the overall activity of the silica-supported catalyst.

Obviously, diffusion limitations and gas solubilities in the liquid medium in the
slurry bubble column reactor may play a role in some of the differences in the
results from the two reaction systems. It is also possible that certain promoters
or supports may function best in a narrow range of conditions. Clearly, ZrO,
was the most consistent activity promoter.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the funding of this project by DOE and the
contribution of the following personnel involved in this study: S. Ali, L.
Balawejder, P. Brim, B. Chen, W. Gall, G. Haddad, A. Kogelbauer, and S.
Renaldi.

REFERENCES

(1) M.A. Vannice, in Catalysis: Science and Technology, Vol. 3 (J.R. Anderson
and M. Boudart, Ed.) Springer-Verlag, Berlin, 1982, pp. 139-198.

(2) S.T. Sie, J. Eilers, and J.K. Minderhout, Proc. Int. Cong. Catal., Calgary, 743
(1988).

(3) J.G. Goodwin, Jr., Preprints of Div. of Petr. Chemistry, ACS Nat. Meeting,
Atlanta, April 14-19, 1991. Pp. 156-159.

(4) T.P. Kobylinski, C.L. Kibby, R.B. Pannell, and E.L. Eddy, European Pt. Appl.
0 253 924 (1986).

(5) S. Erie, J.G. Goodwin, Ir., G. Marcelin, and T. Riis, U.S. Patent 4,801,573
(1989).

(6) K.P. de Jong, J H.E. Glazer, and M.F.M. Post, European Pat. Appl. 0 221598
(1986).

(7) CH. Mauldin, U.S. Pat. 4,568,663 (1986).

1119




J[2Q05 €103 34} UO paseq uoisiadsip o) (7)
‘J[eQOD PadNPal 3G} UO paseq Jojowerp spnred oferoay (1)

¥ 6L v 144 8¢ ST §0ny raf ‘o1L/oony
6¢ 08 b 61 24 91 80 °¥ o ‘OLL/00°Y
8¢ U z oy 61 €1 0 U o1/
§0 g
- - 12 - oL ¥12 §81Z 0z Lol ylvelit! iy 4
- SL [ - €6 802 §81Z 0z torg/oD1Z
- - L - Al - S0 ny 0z To1s/0onyg
T 08 S St 68 11z 0 0z ‘o1s/0D
€ L6 11 6 81 8s1 S0 Ny 0z fo'v/opny
(174 8 87 |4 8P L1 0 0z *04v/00
() (e
% (%) (ur) 3/jouwn) (%6w) (%6w)
.006°62 2dsiq 00 ’p Y el (1> 3/,u) Isowo1g [Ve]
oD P % eary
deUNG
a’x ¥dL‘H NOLLdJOSINAHD ‘H 1ad NOLLISOdWOD ISXTV.LVD

‘S)Nsay uonezUsPeIRY) ISA[RIE) T 9[qBL

1120



Table 2. Fixed Bed Reaction Data

RATE SELECTIVITY

CATALYST -

(g CH,/g mol CO/mol CH, a

cat/hr) Co/s x 10* (wt%)
Co/ALO, 0.073 43 29.2 0.62
RuCo/AlLO, 0.470 28.0 29.0 0.60
Co/SiO, 0.083 48 28.9 0.65
RuCo/SiO, 0.085 49 18.9 0.73
ZrCo/SiO, 0.160 9.4 235 0.63
RuZrCo/SiO, 0.136 8.0 - 0.69
Co/TiO, 0.021 2.0 - 0.64
ReCo/TiO, 0.052 5.1 45.0 0.49
RuCo/TiO, 0.034 33 27.7 0.69
=1 atm, T = 220°C, H,/CO = 2, Conversion < 5%, Time-on-stream = ca.

25 hrs

Table 3. Slurry Bubble Column Reaction Data

RATE SELECTIVITY
CATALYST CH,/g cat/hr
(g CHy/g cat/hr) CH, (Wi%) -
Co/ALO, 134 79 0.82
RuCo/AlL,O, 1.57 9.7 0.85
Co/SiO, 0.63 6.1 0.89
RuCo/SiO, 0.66 - 0.86
ZrCo/SiO, 1.24 10.7 0.82
RuZrCo/SiO, 1.16 11.0 0.85
Co/TiO, 0.09 - -
ReCo/TiO, 0.13 0.1 0.85
RuCo/TiO, 0.40 83 0.83
Catalyst weight: ca. 15g; T = 240°C; P = 430 psi; H,/CO ratio = 2; total flow

rate: ca. 15 L/min, or 3 cm/sec linear velocity; diluent: ca. 60% N,.
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