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Abstract The effects of Zr and K promoters on the
structure, adsorption, reduction, carburization and catalytic
behavior of precipitated iron-based Fischer—Tropsch syn-
thesis (FTS) catalysts were investigated. The catalysts
were characterized by N, physisorption, temperature-pro-
grammed reduction/desorption (TPR/TPD) and Mdossbauer
effect spectroscopy (MES) techniques. As revealed by N,
physisorption, Zr and/or K promoted catalysts showed
lower surface area than Fe/SiO, catalyst. Zr promoter
inhibited the reduction and carburization because of the
interaction between Fe and Zr in Fe-Zr/SiO, catalysts. K
promoter enhanced the reduction in CO and apparently
facilitated the CO adsorption, thus promoted the carburi-
zation, but it retarded the reduction in H, and severely
suppressed the H, adsorption. Compared with the singly
promoted catalysts, the doubly promoted catalyst had the
highest FTS activity. In addition, both Zr and K promoters
suppressed the formation of methane and shifted the pro-
duction distribution to heavy hydrocarbons.
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1 Introduction

Fischer-Tropsch synthesis (FTS) is an alternative route for
the production of clean liquid fuels and other chemicals
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from syngas (CO + H,) derived from coal, natural gas or
biomass. Due to the limited supplement and unpredictable
price of crude oil, an increasing attention has been re-
newedly focused on FTS in academic or industrial research
than before in recent years. This situation is especially
obvious in the countries with abundant coal reserves and a
shortage of other sources of energy, such as the USA,
China, India, Australia, and South Africa [1]. The iron-
based catalysts are often used in commercial operations,
due to their low cost, high FTS activity as well as high
water—gas-shift (WGS) activity, which helps to make up
the deficit of H, in the syngas from coal gasification [2, 3].

In order to obtain excellent performances (activity,
selectivity and stability) of iron-based catalysts, lots of
efforts have been made on the addition of electronic or
structural promoters [4]. Typical iron-based FTS catalysts
contain more or less potassium as an electronic promoter. It
is believed that K promotes the formation of olefins and
longer-chain hydrocarbon molecules, the carburization of
surface Fe, and suppresses the formation of CH, [5-8].
Also K strengthens the Fe—-C bond by increasing the
electron density on Fe while weakening Fe-H and C-O
bonds[8, 9].The effect of K on the catalytic behavior of
iron-based FTS catalysts has been extensively investigated
over various catalyst systems [5—-8, 10-13]. Most of these
studies showed that the FTS activity of modified catalyst
either increases [7] or passes through a maximum as a
function of K loading [5, 6, 8, 10, 11]. Enhanced WGS
activity on K-promoted iron-based catalysts also has been
observed [6, 7].

Zirconium has attracted considerable scientific interests
for its potential use as a catalyst promoter. The effect of Zr
promoter on catalytic behavior of cobalt-based FTS cata-
lysts has been widely investigated [14-18]. However,
systematical studies of Zr in iron-based FTS catalysts are
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so limited [19, 20]. Although O’Brien et al. [19] investi-
gated the effects of Zr promoter on ultrafine iron oxide
catalyst, its influence on FTS product distribution was not
clear. Recent work done by Lohithern et al. [20] indicated
that Zr improved the activity of 100Fe/5Cu/17SiO, cata-
lyst, but the evaluating conditions were rather modest.
Also, there is considerable interest in the development of
more sulfur tolerant catalysts, as many FTS catalysts suffer
rapid and substantial loss of activity by poisoning in the
presence of sulfur at ppm levels. Miyamoto et al. [21]
reported that Zr modified catalyst showed high sulfur
resistance.

Though Zr and K promoters have been widely used and
investigated, no study has illustrated the individual and
synergistic effects of Zr and K promoters on precipitated
iron-based catalysts. In the present work, four catalysts
(100Fe/12Si0,, 100Fe—1Zr/12Si0,, 100Fe-3K/12SiO, and
100Fe-1Zr-3K/12Si0,) were prepared to investigate the
effects of Zr and K promoters on the FTS performances.
Temperature-programmed  reduction/desorption  (TPR/
TPD) and Mossbauer effect spectroscopy (MES) were used
to elucidate how Zr and K promoters affected the reduction
and carburization behaviors of iron-based catalysts. The
FTS activity, stability and hydrocarbon product distribution
were investigated and correlated with the characterization
results of catalysts.

2 Experimental
2.1 Catalyst Preparation

The catalysts used in this study were prepared by a com-
bination of precipitation, spry drying and impregnation
techniques. Briefly, a solution containing Fe(NO3);, SiO,
sol with an Fe/Si atomic ratio of 100/12 was introduced
into a continuously stirred flask together with a NH,OH
solution for the precipitation at 70 & 1 °C and pH value of
8.0-9.0. After precipitation, the precipitate was filtered and
washed thoroughly with deionized water. Then the required
amount of K,COj solution and deionized water were added
into the filter cake to obtain the desired atomic ratio of
100Fe—x(x = 0 or 3)K/12Si0,. The slurry was spray dried,

Table 1 BET results of the fresh catalysts

and then the appropriate sample was impregnated with
Zr(NOs3), to obtain the atomic ratio of 100Fe—1Zr—x(x = 0
or 3)K/12Si0,. The obtained catalysts were calcined at
500 °C for 5 h. The 100Fe/12Si0, and 100Fe/3K/12Si0,
catalysts were prepared with the same method. The final
fresh catalysts were 100Fe/125i0,, 100Fe-1Z1/12SiO,,
100Fe-3K/12Si0, and 100Fe-1Zr-3K/12Si0, in atomic
ratio, which were labeled as Fe/SiO,, Fe-Zr/SiO,, Fe-K/
SiO, and Fe-Zr-K/SiO,, respectively. In all tests, the
catalysts were pressed into pellets, crushed and sieved to
retain 20-40 mesh particles prior to loading to a fixed bed
reactor. The detailed composition and nomenclature are
presented in Table 1.

2.2 Catalyst Characterization

The composition of the catalysts was determined by
sequential X-ray fluorescence spectrometer (XRF) using a
LAB CENTER XRF-1800(Shimadzu, Japan).

The BET surface area, pore volume and pore size dis-
tribution of the fresh catalysts were measured by N,
physisorption at —196 °C using Micromeritics ASAP 2020
automated system. Each sample was degassed under a
vacuum of 107> mm Hg at 100 °C for 1 h, after which the
temperature was raised to 300 °C (at a rate of 10 °C/min)
and held for 2 h before N, adsorption.

TPR experiments were performed on Micromeritics
Auto chemisorption analyzer 2920. Typically, about 40 mg
catalyst was loaded into a U-type quartz tube reactor and
ramped from room temperature to 900 °C in 10% H,/90%
Ar(H,-TPR) or 5% CO/95% He(CO-TPR). The heating rate
was maintained at 10 °C/min and the flow rate of reduction
gas was 50 mL/min. The variation of the reducing gas
concentration was monitored by a thermal conductivity
detector (TCD). Isopropyl alcohol gel (—88 °C) and liquid
nitrogen trap were respectively used to remove water(H,-
TPR) and CO,(CO-TPR) formed during tests.

The H,- and CO-TPD experiments were performed in
the same system as used in TPR. H,-TPD was used to
measure the hydrogen adsorption and desorption on Hj-
reduced catalysts. For H,-TPD on H,-reduced catalysts, the
catalyst sample (200 mg) was firstly reduced in pure H,
(50 mL/min) at 400 °C for 4 h and then cooled to 50 °C.

Catalysts Analyzed composition (by atomic ratio) Surface area (m?/g) Pore volume (cm’/g) Average pore size (nm)
Fe/Si0, 100Fe/13.28i0, 231 0.45 6.38
Fe—Zr/Si0, 100Fe-1.6Z1/13.5S10, 200 0.42 6.86
Fe-K/SiO, 100Fe-3.0K/13.4S10, 187 0.41 6.96
Fe-Zr-K/SiO, 100Fe-1.4Zr-3.0K/13.55i0, 193 0.41 6.74
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After that, the reduced sample was purged with Ar until
the baseline of H, signal leveled off. Finally, the sample
was heated to 700 °C at ramp of 10 °C/min and kept for
30 min. CO-TPD was used to measure the CO adsorption
and desorption behavior on carburized catalysts. The
catalyst sample (50 mg) was firstly carburized in 5%CO/
95%He (50 mL/min) at 300 °C for 5 h and cooled to
50 °C. Then, the carburized sample was purged with He
until the baseline of CO signal leveled off. Finally,
the temperature was increased to 800 °C at ramp of
10 °C/min.

The Mossbauer spectra of catalysts were recorded at
room temperature using a Wissel constant acceleration
Mossbauer spectrometer (Germany) with a STCo(Pd)
source. The spectra were collected over 512 channels in the
mirror image format. Data analysis was performed using a
nonlinear least square fitting routine that models the spectra
as a combination of singlets, quadruple doublets and
magnetic sextuplets based on a Lorentzian line shape
profile. The components were identified based on their
isomer shift (IS), quadruple splitting (QS) and magnetic
hyperfine field (Hhf). Magnetic hyperfine fields were cali-
brated with the 330kOe field of a-Fe at ambient tempera-
ture. A selected sample was also measured at low
temperature (—258 °C).

2.3 Catalyst Evaluation

Catalysts prepared were tested in a 1 cm i.d. stainless steel
fixed bed reactor with an effective bed length of approxi-
mately 10 cm. The feed gas with a Hy/CO ratio of 0.67
passed through an activated charcoal trap, an oxygen-
removal trap and a silica-gel/5A molecular sieve trap to
remove tiny amounts of metal carbonyls, oxygen and water
before entering the reactor. The flow rate of the purified
syngas was controlled by a mass flow controller (Brooks,
5850E). The outlet of the reactor was connected with a hot
trap (150 °C) and a cold trap (0 °C) under system pressure.
The pressure of the tail gas was released through a Tescom
backpressure regulator. Before reaction, catalysts were
pretreated in situ with syngas (H,/CO = 0.67) at 280 °C,
0.25 MPa, 1.0NL/g-cat/h for 24 h. Following catalyst
pretreatment, the reactor was adjusted to reaction condi-
tions of 270 °C, 1.50 MPa, 1.0NL/g-cat/h and H,/CO =
0.67.

Characterization of the catalysts after reduction and
reaction required proper passivation before exposure to air
[16]. After each reduction or reaction completed, catalyst
was cooled down to room temperature under N,. Then
passivation was done by introducing a flow rate of 40 mL/
min of 1% O, in Nj to the catalyst. Finally the catalyst was
coated with paraffin wax for preventing the oxidation and
then sealed for characterization.

3 Results and Discussion
3.1 BET Surface Area and Pore Size Distribution

The BET surface area, pore volume and average pore size
of the fresh catalysts are illustrated in Table 1. As shown in
Table 1, all of the catalysts possess high BET surface area
(187-231 m?/g) due to the incorporation of precipitated
SiO,. Many previous studies have proved that addition of
precipitated SiO, results in higher surface area [22, 23]. It
is evident that Zr and/or K promoted catalysts show lower
BET area and pore volume but larger average pore size
than those of Fe/SiO, catalyst. A possible reason for the
increase in average pore size of Zr and/or K promoted
catalysts is that the small pores of catalyst precursor were
blocked when Zr and/or K was added.

3.2 Reduction and Carburization Behaviors

The effects of Zr and K promoters on the reduction and
carburization behaviors of the catalysts were investigated
by H,-TPR and CO-TPR. The profiles of H,-TPR and CO-
TPR are presented in Figs. 1 and 2, respectively. As shown
in Fig. 1, there are two apparent reduction stages on cata-
lysts in the temperature range of 300-900 °C. The first
stage is related to the reduction of Fe,O; — Fe;O4 and
Fe;0, — FeO, meanwhile the second stage is ascribed to
the reduction of Fe;0; — FeO and FeO — Fe [4, 24, 25].
The existence of FeO at the first stage in H,-TPR for the
catalysts incorporated with SiO, has been reported by
many studies [23, 26]. It is reasonable to suppose that the
FeO is stabilized by the support. The H,-TPR profiles
clearly indicate that the reduction peaks of Zr and/or K
promoted catalysts shift to higher temperature in contrast
with Fe/SiO, catalyst. This result may suggest a strong

Fe-Zr-K/Si0,

Fe-K/SiO,

Intensity

Fe-Zr/Si0,

Fe/Si0,

100 200 300 400 500 600 700 800 900
Temperature(°C )

Fig. 1 H,-TPR profiles of the catalysts
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Fig. 2 CO-TPR profiles of the catalysts

interaction between Fe and Zr in Fe-Z1/Si0O, catalyst [27].
As an alkali promoter, K inhibits the dissociative adsorp-
tion of Hy. Thus, the reduction of K promoted catalysts in
H, atmosphere is suppressed.

Figure 2 shows the CO-TPR profiles of the catalysts.
There are three well-separated peaks in CO-TPR profiles
for all catalysts. The first peak is ascribed to the reduction
of Fe,O3-Fe;0,4. The second peak is corresponding to the
carburization of iron oxides, and the peak after 650 °C is
corresponding to the carburization of the difficultly
reduced iron oxide phase [28]. From the CO-TPR profiles
of catalysts without K promoter, it is clearly that the Zr
promoter suppresses the reduction/carburization to some
extent. Obviously, the addition of K promoter has a marked
effect on reduction/carburization. That is K promoter
moves the reduction/carburization peaks to lower temper-
ature and strengthens the peaks intensity greatly. Compared
with Fe-K/SiO, catalyst, the first peak shifts to lower
temperature and the area of the third peak becomes smaller
for Fe-Zr-K/SiO, catalyst. These results indicate that
coexistence of Zr and K promoters leads to -easier
carburization.

3.3 H, and CO Chemisorptions

H,-TPD is used to qualitatively reflect the H, adsorption
behavior of catalysts. As illustrated in Fig. 3, the H,-TPD
curves of Fe/SiO, and Fe—Zr/SiO, show no apparent dif-
ference in the peak style and position. It is clear that the
TPD curves of Fe/SiO, and Fe-Zr/SiO, catalysts show an
intense peak at about 220 °C and a group of peaks at above
400 °C. The figure also shows that K promoter eliminates
the adsorption peak at high temperature (>600 °C). Obvi-
ously, addition of K not only suppresses the adsorption of
H,, but also shifts the adsorption peak to lower
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Fig. 4 CO-TPD profiles of the catalysts

temperature. H, desorption peaks below 250 °C are cor-
responding to the H species adsorbed on the metallic iron
surface. The peaks at higher temperature (>350 °C) may be
ascribed to the cleavage of OH species on the difficultly
reduced oxide surface in catalysts [29]. H,-TPD results
indicate that K apparently suppresses the H, adsorption on
catalyst surfaces. It is consistent with report that K is a very
strong poison for H, dissociation [30].

Figure 4 illustrates the CO-TPD profiles of CO-carbu-
rized catalysts. As illustrated in Fig. 4, the CO desorption
peaks of catalysts all locate in temperature range of
450-700 °C. For Fe/SiO, catalyst, the CO-TPD curve
demonstrates a sharp peak at 625 °C. With the addition of
Zr promoter individually, there are a sharp peak at 625 °C
and a broad peak at lower temperature for Fe—Zr/SiO,.
Both Fe-K/SiO, and Fe-Zr-K/SiO, show a broad peak at
550°C and a more intense peak at about 685 °C. Clearly,
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the CO desorption peak intensity increases obviously with
the addition of K promoter. However, when Zr coexists
with K in catalyst, the extent of CO adsorption can be
further increased. This phenomenon has been rarely
reported in previous studies. Also, there are few works
studying on the CO adsorption on iron carbide surfaces [29,
31]. The desorption temperatures of CO on carburized
catalysts are close to that of the dissociative CO. If des-
orbed in thermal flashing, the required temperature for CO
on iron carbide surfaces should be about 500 °C, which is
slightly lower than the CO desorption temperatures in our
study. Therefore, the CO-TPD peaks on carburized cata-
lysts are most likely to result from the strongly bound CO
on iron carbide surfaces [29].These results imply that K
largely improves the CO adsorption on carburized cata-
lysts, which is in good consistence with the effect of K on
CO adsorption on iron surfaces [32].

3.4 Crystallite Structure of the Catalysts
after Activation and FTS Reaction

Mossbauer spectra can provide quantitative information on
the content of the iron-phase composition [6]. Table 2 lists
the iron-phase composition of the catalysts by fitting the
Mossbauer spectra. Clearly, it can be seen that the detected
iron phases in the catalysts at two different states include

Table 2 Iron phase compositions of catalysts at different states

Catalysts After reduction After reaction
Phases Area (%) Phases Area (%)
Fe/SiO, Fe** 66.5 Fe3*+ 33.1
Fe*™ 3.7 Fe*™ 1.0
Fe;04(A) 43 Fe;04A) 12
Fe;04(B) 8.9 Fe;04B) 332
FeC, 16.6 FeC, 20.7
Fe-Zr/Si0O, Fe’* 66.2 Fe3t 33.7
Fe** 45 Fe>* 43
Fe;04(A) 58 Fes04A) 129
Fe;04B) 108 Fe;O04B) 264
FeC, 12.7 FeC, 18.7
Fe-K/SiO, Fe** 75.5 Fe** 36.2
Fe*™ 5.8 Fe** 73
FeC, 18.7 Fe;04(A) 8.5
Fe;04B) 229
FeC, 25.1
Fe-Zr-K/Si0,  Fe*™ 72.8 Fe3*+ 51
Fe*™ 6.9 Fe™ 23
FeC, 203 Fe;04(A) 5.1
Fe;04B) 103
FeC, 31.3

Fe;0,4, FeC,, Fe*(spm) and Fe’(spm). Superparamag-
netic(spm) refers to iron phases located in small particles
with diameter less than 13.5 nm [33]. It is found that the
content of carbide in reduced catalysts increases in the
order of Fe-Zr/SiO,, Fe/Si0,, Fe-K/SiO, and Fe-Zr-K/
Si0,. This result indicates that the carburization of Fe—Zr/
Si0O, is suppressed as the interaction between Fe and Zr,
while that of K promoted and doubly promoted catalysts is
promoted, which is consistent with the results of TPR and
TPD.

After reaction for 200 h, the content of iron carbide in
used catalysts increases as compared with that in the
reduced catalysts, indicating that the catalysts were further
reduced and carburized in the process of FTS reaction.
Moreover, the content of iron carbide in the used catalysts
is in similar trends with that of reduced catalysts. The
carburization extent of Fe—Zr—K/SiO, is the highest, while
that of Fe—Zr/SiO, is the lowest.

In order to accurately understand the nature of the spm
phases, the reduced Fe—Zr-K/SiO, catalyst was measured
by MES at low temperature (—258 °C). Compositions of
the reduced catalyst tested under room and low tempera-
tures are listed in Table 3. Obviously, the reduced sample
includes Fe;0,4, FeC, and «-Fe, and the spm phases dis-
appear at —258 °C. The result implies that the spm phases
in the catalyst are the mixture of Fe;O4 o-Fe and FeC,,
which is consistent with the study of Cui et al. [34].

3.5 FTS Performances of the Catalysts

The FTS performances of catalysts were measured in a
fixed bed reactor under reaction conditions of 270 °C,
1.50 MPa, 1.0NL/g-cat’/h and H,/CO = 0.67. The activi-
ties, stabilities and product selectivities were tested over a
period of 200 h steady-state runs.

3.5.1 Activity and Stability

The results of the effects of Zr and K promoters on activity
and stability are shown in Fig. 5 and Table 4, respectively.

Table 3 Iron phase compositions of reduced Fe-Zr—K/SiO, catalyst
under room and low temperatures

Test conditions Phases Area(%)

Room temperature Fe3* 72.8
Fe> " 6.9
FeC, 20.3

Low temperature (—258 °C) Fe304(A) 23.3
Fe304(B) 47.5
FeC, 21.3
o-Fe 7.9
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Fig. 5 CO conversion of the catalysts. Reaction conditions: 270 °C,
1.50 MPa, 1.0NL/g-cat/h and H,/CO = 0.67

It is evident that there is no obvious deactivation for all
these catalysts except for Fe/SiO, catalyst during the 200 h
FTS reaction. For the unpromoted Fe/SiO,, the CO con-
version is at a low level (35%) at the beginning of the
reaction, but gradually decreases with time on stream
(TOS) to 28%. For Fe-Zr/Si0O, catalyst, the CO conversion
almost remains stable till the end of reaction. In contrast,
the CO conversion of Fe-K/Si0, is initially at a high level
(54%), and then gradually increases to 58%. It is worth
noting that the CO conversion of Fe-Zr-K/SiO, keeps
nearly at 55% for 140 h, then greatly increases to 66% at
the end of reaction. It is generally accepted that iron car-
bides have been supposed to be the most likely active
phases or can have active sites on their surfaces for FT'S
reaction [35-38]. Therefore, the content of FeC, can be
used to monitor the amount of FTS active sites to some
extent. In the present study, there is a clear correlation

Table 4 Activities and selectivities of the catalysts

between the carburization extent and the catalytic activity.
The MES results in previous section display that catalyst
Fe—Zr-K/SiO, has the highest amount of FeC, both after
activation and FTS reaction. Thus, the highest activity is
obtained on Fe-Zr—K/SiO, catalyst.

It is well known that a reversible WGS reaction
accompanies the FTS reaction on iron-based catalysts
[4, 6]. As shown in Table 4, CO, selectivity is used as a
measure of WGS activity. When incorporated with Zr
individually, the CO, selectivity of the catalyst is
unchanged, but that of the catalysts is enhanced with the
addition of K promoter. Our result is consistent with the
viewpoint that K promoter can improve the WGS activity
[4, 6, 7]

3.5.2 Product Selectivity

The hydrocarbon distributions of all catalysts at different
TOS are shown in Table 4. It clearly indicates that the
selectivity to lower-molecular-weight hydrocarbons
(methane and C,—C,) is suppressed while that to heavy
hydrocarbons (Cs™) is enhanced with the addition of Zr
and/or K promoters. The study of Qing et.al [39] also found
similar result that addition of Zr decreased methane
selectivity and enhanced the Cs* hydrocarbons selectivity.
In addition, the C,™—C47/C,°~C,° is improved with the
corporation of Zr and/or K promoters. It is noteworthy that
Fe—Zr—K/SiO, catalyst has the lowest selectivity to lower-
molecular-weight hydrocarbons (methane and C,—C,4) and
the highest selectivity to heavy hydrocarbons (Cs") among
the four catalysts. All of these results imply that the chain
propagation reaction is enhanced while the second hydro-
genation reaction is suppressed on Zr and/or K promoted
catalysts.

Catalysts Fe/SiO, Fe-Z1/Si0, Fe-K/SiO, Fe-Zr—-K/SiO,
TOS (h) 143 196 144 198 144 200 144 200
Conversion (mol %)
CO 29.06 28.41 26.31 26.04 54.48 57.61 55.17 66.06
Exit molar H,/CO ratio 0.42 0.42 0.38 0.39 0.50 0.50 0.49 0.50
Kp(PyoPcoy/PcoPyno) 0.65 0.63 0.51 0.51 18.36 19.74 30.53 31.89
CO, selectivity(%,C basis) 33.60 33.28 33.10 33.04 46.96 47.52 46.24 48.03
Hydrocarbon selectivity (wt%)
CH,4 9.07 9.20 7.88 8.09 6.63 7.02 6.38 5.33
C-Cy 29.81 29.73 25.73 25.76 21.81 21.89 20.91 17.48
Cs*t 61.12 61.07 66.39 66.15 71.56 71.09 72.71 77.19
C,™—C,47/C,°—C4°(mol/mol) 2.16 2.12 2.29 2.26 2.36 2.37 2.40 2.38

Reduction conditions: 280 °C, 0.25 MPa, 1.0NL/g-cat/h and H,/CO = 0.67 for 24 h
Reaction conditions: 270 °C, 1.50 MPa, 1.0NL/g-cat/h and H,/CO = 0.67
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It has been widely accepted that low exit H,/CO ratio
could facilitate the chain growth reaction [26, 35]. As
shown in Table 4, the H,/CO exit ratio of Fe—Zr/SiO,
catalyst is lower than that of Fe/SiO, catalyst due to the
relative low CO conversion. Therefore, high selectivity to
heavy hydrocarbons is likely reasonable for Fe—Zr/SiO,
catalyst. Though the H,/CO exit ratios of Fe—K/SiO, and
Fe—Zr—K/SiO, are higher, they still have high selectivity to
heavy hydrocarbons (Cs™). This is inconsistent with the
effect of H,/CO ratio on product selectivity. Furthermore,
the promoters may affect the hydrocarbon distribution and
could cover the effect of H,/CO ratio [31]. As indicated by
H,-TPD and CO-TPD results, incorporation of K promoter
apparently suppresses the H, adsorption, and largely
enhances the CO adsorption. For Fe—Zr—K/SiO, catalyst,
the area of H,-TPD peaks is the smallest, while that of CO-
TPD peaks is the largest. Thus, Fe—Zr—K/SiO, catalyst has
the lowest selectivity to light hydrocarbons and the highest
selectivity to heavy hydrocarbons.

4 Conclusions

Zr and K promoters have significant influences on textual
properties, adsorption, reduction and carburization behav-
iors, as well as the FTS performances of iron-based cata-
lysts. Zr and/or K promoted catalysts show lower BET area
and pore volume but larger average pore size than those of
Fe/SiO, catalyst. For Fe-Zr/SiO, catalyst, Zr promoter
inhibits the reduction and carburization because of the
interaction between Fe and Zr. K promoter severely sup-
presses the H, adsorption, but apparently facilitates the CO
adsorption, thus promotes the carburization. In the FTS
reaction, Fe-Zr-K/SiO, catalyst has the highest FTS
activity due to the synergistic effect of Zr and K. Mean-
while, both Zr and K can restrain the formation of methane
and increase the heavy hydrocarbons selectivity.
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