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The effect of potassium on Fischer-Tropsch catalyst activity, ki-
netic parameters, and selectivity has been investigated for a pre-
cipitated iron catalyst that was employed with low H,/CO ratio
synthesis gas. A wide range of synthesis gas conversions have been
obtained by varying space velocities over catalysts with various
potassium loadings. Differing trends in catalyst activity with potas-
sium loading were observed depending on the space velocity of syn-
thesis gas conversion. As potassium loading increased, the catalyst
activity either decreased (low conversion), passed through a max-
imum (intermediate conversion), or increased (high conversion).
This is shown to be a result of the increasing dependency of the
Fischer-Tropsch synthesis on the hydrogen formed by the water-
gas shift reaction with increasing synthesis gas conversions. Both
the rate constant and the adsorption parameter in a common two-
parameter Fischer-Tropsch rate expression decreased with potas-
sium loading; therefore, observed maxima in Fischer—Tropsch rate
with potassium loading can be due to the opposing influences of
these parameters. The effect of potassium on alkene selectivity was
dependent on the number of carbon atoms of the hydrocarbons as
well as the carbon monoxide conversion level. The extent of isomer-
ization of 1-alkene product decreased with potassium loading, while
the selectivity to methane decreased only slightly with increasing
potassium content at CO conversions about 50% and higher.  ©1998
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INTRODUCTION

The Fischer-Tropsch Synthesis (FTS) converts synthesis
gas, a mixture of carbon monoxide and hydrogen, to hydro-
carbons. The FTS reaction can be represented as

CO + (1 + (n/2))H, — CH, + H,0, [1]

where n is the average H/C ratio of the hydrocarbons pro-
duced. Iron-based catalysts also possess activity for the
water-gas shift (WGS) reaction. This property allows the
direct processing of synthesis gas with a low H,/CQO ratio (as
produced by coal gasification in advanced gasifiers) without

1 Paper presented at the Fischer-Tropsch Conversion of Gas to Lig-
uid Symposium at the AIChE Spring National Meeting, Houston, Texas,
March 10-13, 1997.
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an additional WGS reactor. The WGS reaction
CO + H,0 — CO; + H, [2]

utilizes water produced during FTS to produce additional
hydrogen for FTS.

Typical iron-based catalysts contain small amounts of
potassium (chemical promoter) along with binders (struc-
tural promoters) such as silica or alumina. The role of potas-
sium on iron-based catalysts has been previously studied;
however, the results of the effect of potassium on catalyst
activity vary considerably with different researchers, differ-
ent temperatures, and with the presence/amount of binders
used (1-4). Potassium has been shown to increase catalytic
activity (1, 2, 4), decrease activity (2, 3), and in some cases
the activity has been shown to reach a maximum with in-
creasing potassium loading and then decline with further
addition of potassium (1, 2). Further, systematic studies of
possible reasons for catalyst activity trends have rarely been
performed.

A reaction rate expression proposed (5) for the FTS is

kPoo P2,
PcoPh, + bPy,o”

Based on this rate expression, changes in catalyst FTS
activity could be due to changes in: (i) rate constant, Kk,
(i) adsorption parameter, b, and (iii) partial pressure of
water. In addition, the rate and extent of the WGS reaction
have a major effect on the FTS activity, especially for a low
H,/CO ratio synthesis gas. Studies of the effect of potassium
loading on the kinetic parameters of the Fischer—Tropsch
Synthesis or the effect of the WGS reaction on the FTS
activity have not been previously reported in detail.

Addition of potassium has been found to affect the cata-
lyst selectivity. Potassium apparently increases the alkene
content of the hydrocarbon products, increases the rate
of the WGS reaction, and suppresses methane formation.
However, these selectivity comparisons have often been
made at different synthesis gas conversion levels (3, 4). It
is known that selectivity changes with synthesis gas conver-
sion and thus acomparison at equal conversion levels would
be more appropriate to discern selectivity changes (6).

[3]

—fco+H, =
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In this study, a systematic comparison of the effect of
increasing potassium levels on iron-based catalyst activity
and selectivity is conducted. This study has been conducted
under conditions typical for a low-alpha catalyst and oper-
ating conditions for aslurry reactor. Data were obtained for
each potassium level over a wide range of synthesis gas con-
versions by varying feed space velocities. Thus, the effect of
potassium on kinetic parameters has been determined and
selectivity comparisons made at equal conversion levels.
An attempt is made to discern the reason(s) for changes in
catalyst activity with increasing potassium levels.

EXPERIMENTAL

Catalysts

The base catalyst used was a precipitated iron-silica cata-
lyst with atomic ratio 100Fe/4.6Si. The preparation of this
catalyst using a continuous precipitation procedure has
been described previously (7). Various levels of potassium
were added by incipient wetness impregnation with aque-
ous potassium nitrate. Final catalyst compositions in atomic
ratio were 100 Fe/4.6 Si/0.36 K, 100 Fe/4.6 Si/1.4 K, and
100 Fe/4.6 Si/2.2 K.

Reaction System

A 1-liter autoclave, operated as a continuous stirred tank
reactor (CSTR), was used for the slurry FTS reactions.
Analysis of the gaseous, liquid, and solid (at room temper-
ature) products was conducted both on and off line using
a variety of gas chromatographs. More details of the reac-
tion system used and product analysis have been reported
previously (8).

Procedure

Approximately 5 g of catalyst was mixed with 300 g of
melted octacosane (purified to remove halogens) in the
CSTR. The reactor pressure was increased to 1.31 MPa
with carbon monoxide at a flow rate of 13 NL h~* (20°C,
0.10 MPa). The reactor temperature was increased to 270°C
at a rate of 120°C h™1. These activation conditions were
maintained for 24 h.

Atthe end of the activation period, synthesis gas flow was
started at a H,/CO ratio of 0.67. During the entire run the
reactor temperature was 270°C, the pressure was 1.31 MPa,
and the stirring speed was maintained at 750 rpm. About
two days were required before the catalyst reached steady
state as evidenced by the constant conversion of synthesis
gas. Subsequently, the space velocity of the synthesis gas was
varied between 5 and 65 NL h~! g-Fe~. The conversion of
carbon monoxide and hydrogen and the formation of vari-
ous products were measured with a period of approximately
24 hat each space velocity. The H,/CO ratio of the feed syn-
thesis gas was kept constant at 0.67 at all the space velocities.

Periodically during the run, the catalyst activity was mea-
sured at preset “standard” conditions (a space velocity of
10 NL h! g-Fe™1) to check for catalyst deactivation.

The water partial pressure was determined by collecting
the water in the traps, separating it from the oil, and de-
termining its amount by weighing. The water in the exit
gas from the 0°C trap was calculated and this amount have
been added to the weight of liquid water collected in the
traps. The weight of water, the exit gas flow being known,
has been converted to partial pressure in the reactor based
upon the ideal gas law.

RESULTS

The results for three potassium levels (0.36, 1.4, and 2.2)
are presented. Representative runs for the 0.36-K and 1.4 K
catalysts lasted for 500 h during which the catalyst activity
was constant as measured at pre-set “standard” conditions.
Preliminary data for the 2.2 K catalyst showed that this cata-
lyst deactivated after about 250 h of time on stream. Hence,
data for this catalyst were obtained in multiple runs lasting
for a maximum of 250 h. The synthesis gas conversion as
measured in multiple runs was accurate to about +1.5%.

Conversions

The syngas conversion is a rough measure of the over-
all Fischer—Tropsch activity of an iron-based catalyst. The
syngas conversion for the three levels of potassium stud-
ied is shown in Fig. 1. It is immediately evident that the
trends in synthesis gas conversion with potassium loading
are dependent on the space time or the conversion level. At
low synthesis gas conversion levels or low space times, the
catalyst with the lowest potassium loading (0.36 K) exhib-
ited the highest synthesis gas conversion. At intermediate
conversion levels, the catalyst with an intermediate potas-
sium loading (1.4 K) exhibited the highest synthesis gas
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FIG. 1. Synthesis gas conversion as a function of reciprocal flow rate.
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FIG. 2. Hydrocarbon production rate as a function of reciprocal flow

rate. O,0.36 K; [, 1.4 K; and <, 2.2 K.

conversion. At the highest conversion levels, the synthesis
gas conversion exhibited by all three of the catalysts closely
approached each other. Moreover, the rate of CO conver-
sion becomes slower at larger space times. Thus, at high
space velocities, potassium appears to act as a mild catalyst
poison. At the lowest space velocities, potassium appears
to slightly enhance the synthesis gas conversion. At inter-
mediate space velocities, there appears to be an optimum
potassium level for maximum synthesis gas conversion.
The same trends obtained for synthesis gas conversion
are also evident for the hydrocarbon production rate with
potassium loading (Fig. 2). This confirms that synthesis gas
conversion is a good measure of the overall FTS activity.

Product/Reactant Partial Pressures

The partial pressure of water is an important parameter
in the FTS. Water has been shown to inhibit the FTS reac-
tion rate (Eq. [3]). Asshown in Fig. 3, the partial pressure of
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FIG.3. Water partial pressure as a function of reciprocal flow rate.
0,036 K; 0,14 K;and <, 2.2 K.
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FIG. 4. Partial pressure ratio, P4,0/Pco Ph,, as a function of recipro-
cal flow rate. O, 0.36 K; 1, 1.4 K; and ¢ 2.2 K.

water in the reactor exhibits the behavior of a reaction in-
termediate; i.e., the water partial pressure initially increases
to a maximum and then decreases with reaction time. This
is not surprising, as the water formed by the FTS can be
subsequently consumed in the WGS reaction. In general,
the partial pressure of water in the reactor is lower as the
potassium loading increases. At the higher CO conversion
levels, the WGS reaction approaches the equilibrium value.
Thus, the water partial pressure in the reactor shows little
dependence on catalyst at high CO conversion levels.

The reaction rate expression given in Eq. [3] can be re-
arranged as

kP,
1+ b(Pn,0/PcoPh,)

In contrast to the water partial pressure, the value of the
partial pressure ratio,

[4]

—Tco+H, =

_Pro

Pco P,
increases monotonically with reaction time (Fig. 4). At the
shorter space times the value of the partial pressure ra-
tio decreases, in general, with potassium loading; at higher
space times the approach to equilibrium becomes a domi-
nant factor.

Reaction Rates of FTS and WGS

The individual rates of reaction of the FTS (rgrs) and
WGS (rwes) can be calculated from experimentally ob-
served gquantities by

r'wes =rfco, [5]
and
rers =rco — co,s [6]

where rc, is the rate of carbon dioxide formation and rco
is the rate of carbon monoxide conversion.
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The calculated rates of the two reactions are shown
(Fig. 5) for three potassium levels. At low reaction times,
the rate of the FTS is greater than the rate of the WGS
reaction; however, as the potassium level increases these
two rates become more nearly the same at short residence
times. The rate of the WGS reaction closely approaches the
rate of the FTS at high reaction times.

At low reaction times, there are small, but significant,
differences between the WGS reaction rates for different
potassium loadings. The catalyst with intermediate potas-
sium loading (1.4 K) exhibits the highest WGS reaction rate
at the low reaction times; however, at high reaction times
the rates of the WGS for the three potassium loadings are
quite similar.

Extent of WGS

One measure of the extent of the WGS reaction can
be obtained by following the WGS reaction quotient

(RQwes)

Pco, PH,

RQwas = [7]

PcoPr,o”

As shown in Fig. 6, the value of the reaction quotient is
small at low carbon monoxide conversions and increases at
higher carbon monoxide conversions, especially at CO con-
versions above about 85%. The value of the reaction quo-
tient shows only a small dependence on potassium loading
atthe same carbon monoxide conversions. The water partial
pressure may be viewed as depending primarily on Kinetic
factors at low CO conversion but as becoming dominated
by equilibrium factors at high CO conversion.

Fischer-Tropsch (open symbols) and water-gas shift (closed symbols) rates as a function of reciprocal flow rate. O, FT, 0.36 K; ®, WGS,

The FTS reaction produces water, which is a necessary
reactant for the WGS reaction to proceed. Thus the rate/
extent of the WGS reaction is limited by the amount of
water formed by the FTS. Since water is not supplied to the
reactor, the stoichiometry of the FTS and WGS reactions
(Egs. [1] and [2]) dictates that

r'wes = I'rrs. [8]

Hence, a more reliable measure of the extent of the WGS
reaction is how closely the rate of the WGS approaches
that of the FTS. As shown in Fig. 7, the ratio of the
WGS rate to the FTS reaction rate increases with carbon
monoxide conversion and approaches a value of one.

Water -Gas Shift reaction quotient

100

Carbon monoxide conversion (mol %)

FIG.6. Water-gas shift reaction quotient as a function of carbon
monoxide conversion. O, 0.36 K; [J, 1.4 K; and <, 2.2 K.
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FIG. 7. Ratio of rate of water-gas shift to rate of Fischer-Tropsch syn-
thesis reaction as a function of carbon monoxide conversion. O, 0.36 K;
0,14 K;and ¢, 2.2 K.

Kinetics

The reaction rate expression given in Eqg. [3] can be lin-
earized by rearrangement as

P - 1 + PM [9]
—I'CO,H2 k k kPCO PH2

Hence a plot of Py,/—rco+H, Versus Pu,o0/Pco P, should
give a straight line with intercept of 1/k and slope of b/k.

The data for the three potassium loadings studied are
plotted in this manner in Fig. 8. It is evident that the re-
sults do not lie on a single straight line for any of the cata-
lysts studied. The regression lines shown in Fig. 8 have been
drawn through the data obtained at low conversions. This
situation is analyzed under Discussion.
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FIG. 8. Plots of the linearized version of Eq. [3]. O, 0.36 K; [J, 1.4 K;
and <, 2.2 K.
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FIG. 9. Alkene selectivity of C, (open symbols) and C; (closed sym-
bols) hydrocarbons as a function of carbon monoxide conversion. O, C,,
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Alkene Selectivity

Figure 9 illustrates the alkene selectivity of the light hy-
drocarbon products, C, and Cz;. There is a strong de-
pendence on carbon number for alkene selectivity with
the Fischer-Tropsch synthesis (9). Studies with **C-labeled
alkenes show that secondary hydrogenation reactions are
a major factor with ethene and then decrease to be in-
significant with C4-Cs-alkenes. In conformity with this, the
Cs-alkene fraction shows little dependence on either CO
conversion or on alkali content. For ethane, the alkene frac-
tion depends on both alkali content and on CO conversion,
with CO conversion having a greater impact than alkali
content.

The isomerization ability at different potassium levels
can be compared from the selectivity of the 1-alkene rel-
ative to the total alkenes (1-alkene + cis-2-alkene + trans-
2-alkene) produced. The selectivity to 1-butene decreases
with increasing carbon monoxide conversion and increases
with increasing potassium loading at similar carbon mono-
xide conversions (Fig. 10). Up to about 60% CO conversion,
there is little dependence on CO conversion but there is
dependence on potassium content. Above about 60% CO
conversion, 1-butene content decreases rapidly and is more
dependent on CO conversion than potassium content in
the catalyst.

Methane Selectivity

The methane selectivity was constant at 5-6% of hydro-
carbons and was similar for all the catalysts studied at low
carbon monoxide conversions. Above 50% carbon mono-
xide conversion, the methane selectivity increased slightly
with increasing conversion; with increasing potassium con-
tent the methane fraction was slightly lower (Fig. 11).



EFFECT OF POTASSIUM ON FISCHER-TROPSCH SYNTHESIS 41

0.9

e
-]
1

1-butene
total butenes
(=]
o

0.6

0 20 40 60 80 100

Carbon monoxide conversion {mol %)

FIG. 10. Fraction of 1-butene in total linear alkenes as a function of
carbon monoxide conversion. O, 0.36 K; [J, 1.4 K; and <, 2.2 K.

DISCUSSION

Effect of Increase in Potassium on WGS and FTS

For synthesis gas with a low H,/CO ratio, the extent
and/or rate of the WGS is extremely important to achieve a
high conversion of carbon monoxide. For example, if there
was no WGS, then according to Egs. [1] and [2] the maxi-
mum carbon monoxide conversion would be 31%, assum-
ing H/CO =0.67 and n=2.3 (actual values of n or the
average H/C ratio of the hydrocarbon products are between
2.2 and 2.4). In the case of all three of the catalysts stud-
ied, there is always some accompanying WGS reaction. The
rate of hydrogen consumed by the FTS reaction can be cal-
culated from the stoichiometry of the FTS (Eq. [1]) as

H, consumed by FTS = rers(1 + (n/2)). [10]
15

)
i
g 10]
£
©
[1]
®
°
E
2 57
2
8
[
»

«
x i
© 0 . . . ;

0 20 40 60 80 100
Carbon monoxide conversion (mol %)

FIG. 11. Methane selectivity as a function of carbon monoxide con-

version. O, 0.36 K; (], 1.4 K; and <, 2.2 K.

At low carbon monoxide conversions or reaction times
the extent/rate of the WGS reaction is not critical. The
amount of hydrogen supplied to the reactor is sufficient
for the FTS. At these conversion levels, the only determi-
nant of the overall FTS activity isthe FTS reaction (Eq. [1]).
As shown in Figs. 1 and 2, the overall FTS activity of the
catalyst (given by the synthesis gas conversion) decreases
with potassium loading. Hence, potassium apparently acts
as a catalyst poison for the FTS reaction.

As the carbon monoxide conversion increases, the ex-
tent/rate of the WGS becomes increasingly critical. The
overall FTS rate is increasingly dependent on the hydro-
gen formed by, and thus the rate of, the WGS reaction. The
overall FTS activity is then determined not only by the FTS
reaction (Eq. [1]) but also by the WGS reaction (Eqg. [2]).
The highest overall FTS activity (synthesis gas conversion)
at intermediate carbon monoxide conversions should then
be exhibited by a catalyst which has an acceptably high rate
for both the FTS reaction (Eqg. [1]) and the WGS reaction
(Eq. [2]). Since the extent of the WGS reaction increases
with potassium loading, the overall FTS activity should be
a maximum at intermediate potassium loadings at these
intermediate carbon monoxide conversions levels. This is
exactly the situation at intermediate carbon monoxide con-
version levels (Fig. 2) where the synthesis gas conversion is
the highest for the catalyst with an intermediate potassium
loading (1.4 K).

At high carbon monoxide conversions, the overall FTS
activity is increasingly dominated by the WGS reaction
rather than the FTS reaction. Hence, the overall FTS ac-
tivity should be higher for catalysts having a high rate for
the WGS reaction. Since the extent of the WGS reaction
increases with potassium loading, this implies that the over-
all FTS activity should be the highest for the catalyst with
the highest potassium content. As shown in Fig. 2, at high
carbon monoxide conversions the synthesis gas conversion
is maximum for the 2.2-K catalyst.

In summary, the above reasoning provides a consistent
explanation for the experimental results of varying opti-
mum potassium loadings with space velocity (Fig. 2). Ac-
cording to this explanation, potassium actually inhibits the
rate of the FTS reaction (Eq. [1]). Varying optimum potas-
sium loadings with synthesis gas conversion level are due
to the enhancement of the WGS reaction by potassium.

Effect of Water Partial Pressure

The partial pressure of water or the ratio of the partial
pressure of water to the product of the partial pressures
of carbon monoxide and hydrogen inhibit the FTS rate
according to Eq. [3]. A possible explanation for changes in
catalyst activity with potassium loading is the correspond-
ing change in the water partial pressure or the partial pres-
sure ratio with potassium loading. However, a comparison
of Fig. 3 or 4 with Fig. 1 does not show any correlation



42 RAJE, O'BRIEN, AND DAVIS

between the partial pressures and synthesis gas conversion
for the three potassium loadings studied. For instance, the
water partial pressure decreases with potassium loading at
the same space velocity whereas the synthesis gas conver-
sion does so only at high space velocities and does not at
low and intermediate space velocities.

Effect of Potassium on Kinetic Parameters

The data clearly show that the FTS reaction must depend
increasingly on the hydrogen formed by the WGS reaction
as the reaction time or the carbon monoxide conversion in-
creases. Thus the overall FTS rate is increasingly affected
by the rate/extent of the WGS reaction at high conversions.
Only at lower conversions is the overall FTS rate unaffected
by the WGS reaction. Hence, there is a change in the rate-
limiting step of the overall FTS reaction (Eq. [1] or Eq. [2])
with carbon monoxide conversion. This provides an expla-
nation for the nonlinearity of the experimental results when
they are plotted (Fig. 8) according to the linearized ver-
sion of Eq. [3]. The results at carbon monoxide conversions
of less than 60% lie on a straight line; however, results at
higher carbon monoxide conversions deviate substantially.

Since, the rate of the FTS reaction is of importance in
this study, regression lines have been drawn in Fig. 8 for the
data at carbon monoxide conversions below 60%. Informa-
tion obtained from these regression lines then correspond
primarily to the FTS reaction (Eq. [1]) and not to the WGS
reaction (Eqg. [2]). The intercept and slope of the regression
lines can be used to calculate the rate constant (k) and the
adsorption parameter (b) with potassium loading.

The rate constant (k) decreases with potassium loading as
shown in Fig. 12. This decrease in the rate constant is more
than an order of magnitude between loadings of 0.36 and
2.2 K. This result is consistent with the explanation offered
for varying optimum potassium loadings with conversion
level wherein the potassium was shown to be a poison or
decrease the catalyst activity for the FTS reaction (Eq. [1]).
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FIG. 12. Fischer-Tropsch rate constant, k (O), and adsorption param-
eter, b (@), as a function of potassium loading.

The adsorption parameter (b) also decreases with potas-
sium loading as shown in Fig. 12. Similar to the extent of
decrease in the rate constant, the adsorption parameter de-
creases by over an order of magnitude between 0.36 and
2.2 K loadings. The adsorption parameter has been shown
to be given by (5)

b= Kmo [11]

Kco

where Kp,0 and K¢o are adsorption equilibrium constants
for water and carbon monoxide, respectively. Thus, a de-
crease in the adsorption parameter (b) can be due to a
decrease in the adsorption equilibrium constant for water
and/or an increase in the adsorption equilibrium constant
for carbon monoxide. Several previous studies (3, 10, 11)
have shown that potassium causes an increase in the adsorp-
tion equilibrium constant for carbon monoxide. The ob-
served decrease in the adsorption parameter (b) with potas-
sium loading is consistent with the results of these studies.

A decrease in the rate constant (k) with potassium load-
ings implies a decrease in the FTS rate with potassium load-
ing. In contrast, a decrease in the adsorption parameter (b)
with potassium loading implies an increase in the FTS rate
with potassium loading. This provides a possible explana-
tion for a maximum in FTS activity with potassium load-
ing. Thus an optimum potassium loading would be one for
which the rate constant (k) is not too low and the adsorption
parameter (b) not too high.

Effect of Potassium on Selectivity

The amount of potassium as well as the level of CO
conversion may impact selectivity. For the production of
methane the potassium level has little, if any, impact up to
about 50% CO conversion and above this level increas-
ing potassium content slightly decreases the amount of
methane that is produced. Neither potassium loading nor
CO conversion significantly impact the fraction of propene
in the C3 products. For ethene selectivity, increasing potas-
sium loading increases the amount of alkene but CO con-
version has a larger impact. The fraction of 1-butene in the
butene products increases with increasing potassium; how-
ever, above about 50% CO conversion levels the potassium
loading is less important than CO conversion.

CONCLUSION

A systematic evaluation of the effect of potassium on FTS
activity and selectivity has been carried out in this study. A
major observation of this study is that the trends in FTS
activity with potassium loading are dependent on the space
velocity and synthesis gas conversion level. At low synthesis
gas conversions, the FTS activity decreases with potassium
loading. At intermediate synthesis gas conversions, there is
amaximum in FTS activity with potassium loading. At high
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synthesis gas conversions, potassium slightly enhances the
FTS activity.

A consistent explanation for these activity trends has
been given. The overall FTS activity is independent of the
WGS reaction at low synthesis gas conversions. Potassium
acts as a catalyst poison at these conversion levels as the
FTS activity decreases with potassium loading. As the syn-
thesis gas conversion increases, the hydrogen supplied to
the reactor is insufficient for the FTS and the FTS increas-
ingly depends on the hydrogen formed by the WGS re-
action. Further, the extent of the WGS reaction increases
with potassium loading. Thus as synthesis gas conversion
increases, the maximum overall FTS activity is obtained
first at intermediate potassium loadings and finally at the
highest potassium loading used in this study.

The effect of potassium on kinetic parameters for the
FTS has also been determined in this study. The FTS activ-
ity depends on a rate constant and an adsorption parameter
according to a previously proposed rate expression (5). The
rate constant decreases by more than an order of magni-
tude when the potassium loading is increased from 0.36 to
2.2 K. Thus potassium acts as a catalyst poison for the FTS.
The adsorption parameter also decreases by over an order
of magnitude with increasing potassium loadings between
0.36 and 2.2 K. Since decreases in the rate constant and the
adsorption parameter affect the FTS rate in opposite direc-
tions, these results provide a reasonable explanation for a
maximum in FTS activity with potassium loading. Hence,
an optimum potassium loading is one for which the rate
constant is not too low and the adsorption parameter not
too high.

In contrast to previous studies, the effects of potassium
on catalyst selectivity have been compared at similar con-

versions. The effect of increasing amounts of potassium on
alkene selectivity depends on the number of carbon atoms
of the hydrocarbons as well as the carbon monoxide con-
version level. The extent of isomerization decreases with
potassium loading. The selectivity to methane in the total
hydrocarbon product is affected by potassium at carbon
monoxide conversions above 50% and increases with de-
creasing potassium loading.
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