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Abstract The effects of the ratio of precipitated SiO, to
binder SiO, (Si(P)/Si(B)) on the reduction, carburization
and catalytic behavior of precipitated Fe-Cu—K-SiO, cat-
alysts for Fischer—Tropsch synthesis (FTS) were
investigated by N, physisorption, temperature-programmed
reduction/desorption (TPR/TPD) and Mdossbauer effect
spectroscopy (MES). FTS performances of the catalysts
were tested in a continuous stirred tank reactor (CSTR). It
is found that the increase of Si(P)/Si(B) ratio (Si(P)/
Si(B) = 0/25 ~ 15/10) decreases the crystallite size of the
catalysts, improves the surface basicity, enhances the
reduction and carburization of the catalysts, and increases
the activity of the catalyst. However, when Si(P)/Si(B)
ratio is further increased (Si(P)/Si(B) = 25/0), the catalyst
exhibits a restrained reduction and carburization behavior,
which may be attributed to the stronger metal-support
interaction. Based on the present work, a catalyst with a
suitable ratio of Si(P)/Si(B), for example Si(15)/Si(10)
displays an optimal FTS performances.
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1 Introduction

Fischer-Tropsch (FT) synthesis is an attractive route to
produce environmentally friendly fuels and other chemicals
from syngas derived from coal, natural gas and biomass [1,
2]. Iron based catalysts are preferred for FTS due to their
low cost, higher water gas shift (WGS) reactivity, which
helps to make up the deficit of H, in the syngas from coal
gasification [3-5]. Attrition problem of an iron catalyst has
become a concern, especially when it is used in a slurry
bubble column reactor (SBCR) [5-7]. Structural promoters
(SiO,, Al,Os, and other support materials) are generally
used in iron catalyst to improve attrition resistance and
stability [6, 8]. Nevertheless, catalysts containing a binder
or support usually suffer from lowered FTS activity [9, 10].
Many studies attributed the reactivity loss to strong metal—
support interaction [11-14]. Recently, Wan et al. [11] and
Zhang et al. [12] investigated the FTS performances of
simple Fe/Al,O3; and Fe/SiO, systems, respectively. The
results proved that the existence of metal-support interac-
tion lowered the FTS activity of a catalyst. Dlamini et al.
[13] investigated the effect of the incorporation step of SiO,
on precipitated Fe/Cu/K/SiO, catalyst. They found that
Si0, added during precipitation (precipitated SiO,) induced
a stronger metal-support interaction than that added after
precipitation (binder SiO;), so the former showed lower
FTS activity. Yang et al. [14] also investigated the impacts
of incorporation step of SiO, on the reduction and FTS
performances over the precipitated Fe—-Mn—-K-SiO, cata-
lyst. The results showed that the catalyst with precipitated
SiO, (SiO, was incorporated during precipitation) exhibited
a stronger interaction between Fe and SiO, than that with
binder SiO, (SiO, was incorporated after precipitation), but
the former displayed higher FTS activity. The result is
inconsistent with that obtained by Dlamini.

@ Springer



354

W. Hou et al.

Most investigations were focused on the effects of the
addition of SiO, on the catalytic behaviors. However, few
of them could describe the differences between precipitated
SiO, and binder SiO,. And some conclusions are in con-
troversy. There is a lack of detailed information on how the
SiO, incorporation (delete) affects the extent of metal—
support interaction.

In this paper, based on the industrial catalyst composi-
tion 100Fe/5Cu/4K/25S10,, a series of Fe/Cu/K/SiO,(P)/
SiO,(B) catalysts with different Si(P)/Si(B) ratio were
prepared by using co-precipitated method. Several effec-
tive characterization techniques, including H,-TPR, CO,-
TPD, and MES were used to investigate the effects of the
ratio of Si(P)/Si(B) on reduction and carburization of the
catalysts. Slurry phase FTS reactions of the catalysts were
monitored. The work aims at providing some useful
information on the different extents of Fe-SiO, and
K-Si0O, interaction aroused by the different ratio of Si(P)/
Si(B) in the Fe/Cu/K/SiO,(P)/SiO,(B) catalysts, which
affect the FTS performance greatly.

2 Experimental
2.1 Catalyst Preparation

A series of Fe/Cu/K/SiO, catalyst samples in the present
work were prepared using the combination of co-pre-
cipitation and spray-drying method. All the -catalysts
were prepared with the same ratio of iron, copper,
potassium and silica (100Fe/5Cu/4K/25Si0,) as the
benchmark, but with different levels of binder SiO, and
precipitated SiO,. In brief, a solution containing
Fe(NOs); - 9H,0 (99.9%+), Cu(NOs), - 3H,O (99.9%+)
and (when added) SiO, sol solution (as precipitated
Si0,) at the desired Fe/Cu/SiO, (p) ratios was precipi-
tated continuously using a sodium carbonate solution
(99.9%+) as a precipitating agent at 80 + 1 °C and
pH =8.0 =+ 1. The precipitates was then filtered and
washed with deionized water. The filtered cake was
re-slurried in deionized water, and then added with
appropriate amount of SiO, sol solution (as binder SiO,)
and K,COj solution. The mixture was then re-slurried
and spray-dried. The obtained catalyst precursors were
calcined at 400 °C for 5 h in a muffle furnace. The final
obtained fresh catalysts exhibit good spherical particles
with a size range of 20-80 um.

The composition of the five catalysts are 100Fe/5Cu/
4.2K/xSi0,(P)/ySiO5(B) (x =0, 5, 15, 25, y =25 —x) in
mass ratio, which are labeled as Si0/25, Si5/20, Si15/10,
Si25/0, respectively. Detailed descriptions of the catalysts
are presented in Table 1.
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2.2 Catalyst Characterization

BET surface area, pore volume and the pore size of the
catalysts were determined via a Micromeritics ASAP 2500,
using N, physisorption at its normal boiling point (77 K).
The samples were degassed under vacuum at 180 °C for
6 h before measurement.

Temperature-programmed reduction (TPR) in H,
atmosphere was performed to investigate the reduction
behavior of the catalysts in a conventional atmospheric
quartz flow reactor (5 mm i.d.) using a mixture gas of 5%
H,/95% Ar (on mole basis). The flow rate of the reduction
gas was 50 mL/min in the standard state and the TPR
profiles were recorded by using the thermal conductivity
detector (TCD) to monitor the variation of H, concentra-
tion. An on-line dried trap (in the H,-TPR) located between
the reactor and TCD detector was used remove continu-
ously water produced during reduction. Typically, 40 mg
catalyst was loaded and reduced by raising temperature
from 20 °C to 817 °C at 10 °C/min.

CO,-TPD was performed in the same system as in TPR
with helium as the carrier gas. CO, desorption was mea-
sured by TCD. Typically, 200 mg sample was loaded in the
reactor. First, the catalyst was heated in the carrier gas
(50 NmL/min) from room temperature to 400 °C, and then
held at 400 °C until the base line leveled off and then
cooling down to 50 °C for TPD. The flow was switched to
CO, (purity: 99.95%) at 50 °C for 30 min, and then fol-
lowed by purging with helium for 1 h to remove weakly
adsorbed species. After the step, catalyst sample was then
heated to 430 °C at 6 °C/min in a flow of He and the TPD
spectra was recorded.

The Mossbauer spectroscopy of catalysts were recorded
at room temperature using a CANBERRA Series 40 MCA
(USA) constant-acceleration Mossbauer spectrometer and a
25-m Ci °’Co in Pd as y-ray source. The spectrometer was
operated in the symmetric constant acceleration mode. The
spectra were collected over 512 channels in the mirror-
image format. Data analysis was performed using nonlinear
least squares fitting routine that models the spectra as a
combination of singlets, quadruple doublets, and magnetic
sextets based on a Lorentzian line shape profile. The spectral
components were identified based on their isomer shift (IS),
quadruple splitting (QS) and magnetic hyperfine field (Hhf).
All isomer shift values were reported with respect to metallic
iron (a-Fe). Magnetic hyperfine fields were calibrated with
the 330 KOe field of o-Fe at ambient temperature.

2.3 Fischer—Tropsch Synthesis

The FTS performance of catalysts was tested in a 1 dm?
continuously stirred tank reactor (CSTR) loaded with
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Table 1 The composition and

. . Catalyst Catalyst composition BET surface Pore volume Average pore
textural properties of the (parts by weight) area (mz/g) (cm3/g) size (nm)
calcined catalysts

Si0/25 100Fe/5Cu/4K/0Si(P)/25Si(B) 171 0.21 4.71
Si5/20 100Fe/5Cu/4K/5Si(P)/20Si(B) 197 0.24 4.82
Si15/10 100Fe/5Cu/4K/10Si(P)/20Si(B) 235 0.37 6.37
Si25/0 100Fe/5Cu/4K/25Si(P)/0Si(B) 241 0.31 5.11

20.0 g catalyst sample and 330 g liquid paraffin. A detailed
description about the reactor and the product system was
given elsewhere [14, 15].
The catalyst was reduced in situ in syngas (H,/CO =
1.2) at 280 °C, 0.1 MPa and 1.0 NL/g-cat/h for 24 h.
After reduction, steady-state reaction conditions were set as
250 °C, 1.5 MPa, H,/CO = 0.67 and 2.0 NL/g-cat/h.

3 Result and Discussion
3.1 Textural Properties of the Calcined Catalysts

The BET surface area, pore volumes and average pore
diameters of the calcined catalysts are given in Table 1. It
can be seen that the surface area increases with increasing
Si(P)/Si(B) ratio obviously, whereas the average pore
diameter and the pore volume change slightly. The fact that
the precipitated SiO, could result in catalysts with higher
surface area has also been found by many researchers [5,
13, 14]. This can be attributed to that the precipitated SiO,
could provide a more dispersed rigid matrix, which helps to
prevent the catalyst from fast pore collapse and stabilizes
the small iron oxide crystallites from sintering more
effectively than the binder SiO, [9, 16]. In other word, the
precipitated SiO, is in favor of the high dispersion of
a-Fe,O5, Consequently, smaller crystallite size and the
porous structure was formed, and larger surface area were
observed with increasing Si(P)/Si(B) ratio. Mossbauer
spectroscopy of the calcined catalysts discussed later gives
the similar result.

3.2 Reduction and Carburization Behaviors

H,-TPR was used to investigate the effect of Si(P)/Si(B)
ratio on the reduction behavior of the catalysts. The profiles
of H,-TPR and quantitative results are presented in Fig. 1
and Table 2, respectively. As shown in Fig. 1, two-stage
reduction process of a-Fe,O5 occurs. It has been accepted
that the first stage (250-350 °C) corresponds to the
reduction of CuO — Cu and «-Fe,O; — Fe;0,4, whereas
the second stage (350-700 °C) corresponds to the reduc-
tion of Fe;0,4 to metallic Fe [9, 17]. However, comparing

the experimental peak areas with their corresponding the-
oretical ones listed in Table 2, it can be seen that the
reduction of «-Fe,O5 during the first stage possibly proceed
other than Fe;0,, and the reduction during the second stage
is incomplete [18].

In detail, the amounts of H, consumption for reduction
peaks at lower temperature (270-350 °C) 0.30-0.38 mol
H,/mol M(Fe + Cu) for all the catalysts are larger than the
theoretical value corresponding to the transformation of
CuO - Cu and Fe,O3 » Fe;0; [0.2 mol Hy/mol
M(Fe + Cu)], but it is lower than those of CuO — Cu and
Fe,O; — FeO [0.51 mol Hy/mol M(Fe + Cu)]. It is pos-
tulated that the first stage can be ascribed to the reduction
of CuO — Cu, a-Fe,O; — Fe;0O4 and part of Fe;O4 —
FeO. The existence of FeO at the first reduction stage in
TPR for the catalyst incorporated with SiO, has been
reported by many reports [12, 14, 18, 19]. It is reasonable
to suppose that the FeO phase is stabilized by the support.
From Fig. 1 and Table 2, it can be seen that the amount of
H, consumed at the first stage increases from 0.30 to
0.38 mol H,/mol M with increasing Si(P)/Si(B) ratio. The
result demonstrates that the increase of Si(P)/Si(B) ratio
improves the reduction at the first stage, characterized by
the fact that more Fe;0,4 was reduced to FeO.

The second reduction stage at high temperature (400—
700 °C) can be ascribed to the reduction of Fe;O, — Fe
and FeO — Fe [9, 15]. It should be noted that the second
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Fig. 1 H,-TPR profiles of the catalysts
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Table 2 Quantitative results of H,-TPR for catalysts

Catalyst  Peak Component hydrogen consumption

samples maximum (°C)
mol H,/mol M?* mol H,/mol Fe

Si0/25 286 0.0897

294 0.216

511 1.13

649 0.00001
Si5/20 303 0.31

506 1.09

622 0.003
Sil5/10 292 0.33

486 1.06

610 0.039
Si25/0 286 0.074

306 0.297

467 0.84

571 0.16
M =Fe + Cu

stage can be further separated into two peaks. The peak 2 at
460-480 °C can be ascribed to the partly reduction of
Fe;0, to Fe or FeO, and the peak 3 at 527-650 °C possibly
represent the reduction of FeO to Fe. Moreover, the area of
peak 2 decreases whereas the area of peak 3 increases with
increasing Si(P)/Si(B) ratio. This result may suggest that
more precipitated SiO, enhances Fe-SiO, interaction by
stabilizes the wustite phase (FeO) [12], resulting in the
difficulty of further reduction. However, it is also found
that the reduction temperatures of peak 2 and 3 both shift to
lower temperature with increasing Si(P)/Si(B) ratio, indi-
cating that the increase of Si(P)/Si(B) ratio enhances the
reduction at the second stage to some extent. The probable
reason is that the catalyst with higher Si(P)/Si(B) ratio may
have a better dispersion of iron oxide, suppressing the
growth of crystallite at the high temperature (460-650 °C),
which make the reduction peak shift to low temperature.
Mossbauer spectroscopy of the calcined catalysts discussed

later gives the estimation of crystallite size of the catalysts.
The combined effects will determine the reduction of the
catalyst at the second stage.

Yang [14] and Dlamini et al. [13] have proposed that the
catalyst incorporated with precipitated SiO, is more diffi-
cult to be reduced than those incorporated with binder SiO,
due to the strong SiO,—metal interaction. Moreover, the
Fe-SiO; interaction can stabilize Fe;O4 or FeO and restrain
them to proceed further reduction [12, 19]. It is reasonable
to deduce that the increase of Si(P)/Si(B) ratio may restrain
the reduction of Fe,Os3, due to the enhanced SiO,—metal
interaction. However, another effect should be taken into
consideration. The increase of Si(P)/Si(B) ratio brings to
larger BET surface area, resulting highly dispersion of
Fe;O3; and CuO phases [15], therefore facilitating the
reduction. In the present study, both the metal-support
interaction and the iron phase dispersion affect the reduc-
tion behavior of the catalyst [20]. For this reason, it can be
seen in Table 4 that the reduction degree of iron oxide
increases with Si(P)/Si(B) ratio, except for Si25/Si0, which
exhibits the strongest Fe—SiO, interaction, but it is the most
porous catalyst (see Table 3), which implying a good dis-
persion of iron phase.

The CO,-TPD profiles of all catalysts are shown in
Fig. 2. The CO, uptakes can be used to indicate the
intensity of the surface basicity. In general, there are three
desorption peaks in the TPD profiles. One at the lower
temperatures (50-135 °C) corresponds to weak CO,
adsorption, while the other two at higher temperatures
(135-208 °C, 208-400 °C) are ascribed to the adsorption
of CO, that interacts moderately with the surface basic site.
It is found that there is little change in temperature for two
peaks (peak 1 and peak 2), whereas the areas of the two
peaks increase, and the third peak shifts to higher tem-
perature with increasing Si(P)/Si(B) ratio. The result
indicates that the surface bacisity increases with increasing
Si(P)/Si(B) ratio. As mentioned above, the increase of
Si(P)/Si(B) ratio improves the dispersion of the metal (Fe,
K), more surface basic sites can expose to the surface of the

Table 3 Mossbauer parameters

of the calcined catalysts Catalyst Phases MES parameter
IS (mm/s) QS (mm/s) Hhf (kOe) Area (%) dp (nm)

Si0/25 o-Fe 03 0.36 -0.21 485 35.1 >6.57
Fe** (spm in bulk) 0.24 0.66 49.2
Fe** (spm in surface) 0.24 1.20 15.7

Si5/20 Fe** (spm in bulk) 0.24 0.64 67.6 1.9
Fe>* (spm in surface) 0.22 1.12 324

Si15/10 Fe** (spm in bulk) 0.35 0.60 61.8 1.5
Fe** (spm in surface)  0.33 1.06 38.2

Si25/0 Fe** (spm in bulk) 0.34 0.65 60.5 14
Fe** (spm in surface)  0.33 1.16 39.5
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Fig. 2 CO,-TPD of the catalysts

catalyst, resulting in the increase of the surface basicity. At
the same time, the enhancement of Fe-SiO, interaction
with increase of Si(P)/Si(B) ratio weakens the SiO,—K
relation to some extent, increasing also basic function of K.

The MES parameters and the iron-phase composition for
the catalysts at the different stage are listed in Tables 3-5,
respectively, as determined by fitting the Modssbauer
spectra. As shown in Table 3, the sextet can be assigned to
the paramagnetic «-Fe,O; with the crystallite diameters
larger than 13.5 nm and the doublet is typical for the su-
perparamagnetic (spm) Fe’* ions on the non-cubic sites
with the crystallite diameters smaller than 13.5 nm [21,
22]. More precisely, the spectrum was analyzed by two
doublets with equal isomeric shift (IS) values, but different
quadruple splitting (QS) values. These different QS values
can be attributed to the Fe** ions located in the bulk of the
crystallites (low QS values) and the ones situated on the
surface of the particles (high QS values). An estimation
about the average crystallite was obtained from: dp = 0.9/
D, where dp is the average crystallite diameter in nm and D
is the ratio of the spectral area corresponding to atoms
located on the “surface” to those located in the “bulk” of
the crystallites [13, 14]. On the basis of the above analysis,
as shown in Table 3, the estimating average crystallite
diameter from Mossbauer spectroscopy decreases with the
increase Si(P)/Si(B) ratio. And one can find that substi-
tuting small amount of binder SiO, by precipitated SiO,
(Si(P)/Si(B) = 5/20) results in a significant decrease in
average crystallite size. The dp value changes from >6.59
for the catalyst with no precipitated SiO, to 1.9 for the
catalyst with Si(P)/Si(B) = 5/20.

As shown in Table 4, the reduced catalysts are mainly
composed of Fe>*, Fe** species in superparamagnetic state
and iron carbides. It is found that the content of iron car-
bides (y-FesC, + ¢'-Fe,,C) increase following the order of

Si0/25 (45.2%), Si5/20 (49.4%), Sil5/10 (62.1%), then
decreases for Si25/0 (56.9%), indicating that the carburi-
zation of the catalysts is promoted with increasing Si(P)/
Si(B) ratio but is restrained when the catalyst was totally
cooperated with precipitated SiO, (Si25/0). Moreover, the
degree of reduction shows the similar trend. The result is in
agreement with that of H,-TPR and CO,-TPD. The prob-
able reason is that the increase of Si(P)/Si(B) ratio
enhances the dispersion of active phase and increases the
surface basicity, which improves the reduction and carbu-
rization of the catalyst. On the other hand, the metal—
support interaction is strengthened with increasing Si(P)/
Si(B) ratio, which stabilizes more small iron crystalline and
restrains the reduction and carburization of the catalysts to
some extent [9, 14, 23].

As shown in Table 5, after a longer reaction, carbide
contents decrease and amounts of spm Fe** and spm
Fe**species increase for all catalysts. It indicates that some
of the carbides are reoxidized by water and undergo further
phase transformation under the FT reaction condition [24].

3.3 FTS Performance

FTS performance of series of catalysts was tested under
conditions of 250 °C, 1.5 MPa, H,/CO = 0.67 and 2.0 NL/
g-cat/h which are typical reactions for an industrial practice
over a precipitated iron catalyst. The run time on stream is
480-520 h.

3.3.1 Activity and Reaction Stability

The FTS performances of the catalysts are presented in
Fig. 3 and Table 6. It is found that the catalyst activity
increases with increasing Si(P)/Si(B) ratio, then passes
through a maximum for Sil5/10, and then declines for
Si25/0 with only precipitated SiO,. The group catalysts are
stable with time on stream (TOS). It should be noted that
all the catalysts with precipitated SiO, exhibit obvious FTS
reactivity than that with only binder SiO,. It is known that
the catalyst activity is correlated with the formation of
active phases, and the number of the active sites [25] or the
density of the active sites in near surface layers [26, 27].
Iron carbides have been supposed to be the most likely the
FTS active phases for an iron based catalyst [15, 19, 26, 28,
29]. Therefore the content of iron carbides in bulk phase
can be used to monitor the formation of FTS active sites
indirectly. In general, for most of catalysts, higher carbu-
rization extent corresponds to higher catalytic activities in
the present study, but due to the surface may be covered by
wax residual or carbonous deposition, these factors will
also effect the catalyst activity.
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Table 4 Mossbauer spectra parameters of the catalysts after reduction”
Catalysts Phases MES parameters Area (%) Degree of
reduction (%)b
IS (mm/s) QS (mm/s) Hhf (kOe)
Si0/25 Fe;04 (A) 0.37 -0.07 485 2.8 48.8
Fe;04 (B) 0.68 -0.09 441 32
7-FesCy 0.31 -0.02 219 16.6
&'-Fe, ,C 0.25 0.00 176 28.6
Fe™* 0.35 0.85 40.0
Fe* 0.54 1.80 8.8
Si5/20 1-FesCa 0.28 0.13 216 13.9 53.2
&-Fe, ,C 0.24 0.06 174 355
Fe** 0.40 0.87 39.1
Fe?* 0.64 2.21 11.5
Si15/10 7-FesCy 0.28 0.03 219 15.1 65.7
&-Fe, »,C 0.21 0.08 175 47.0
Fe™* 0.45 0.90 27.0
Fe?* 0.51 2.97 11.0
Si25/0 1-FesCy 0.30 0.07 219 19.3 59.9
¢-Fe, ,C 0.21 0.07 175 37.6
Fe** 0.37 1.00 34.3
Fe?* 0.54 2.97 8.7

# Reduction condition: 280 °C, 0.1 MPa, H,/CO = 1.2 and 1.0 NL/gcat/h
" Degree of reduction = (A — B)/A x 100 where A, the mole of oxygen in the iron compounds in the fresh catalyst; B, the the mole of oxygen in

the iron compounds in the reduced catalyst

3.3.2 Product Selectivity

It can be seen from Table 6, the selectivities to gaseous and
light hydrocarbons (methane, C,—C4, and Cs—C;;) are
suppressed, whereas those to heavy hydrocarbons (C1,—Cg

and C,9,) are enhanced with increasing Si(P)/Si(B) ratio.
But Si25/0 with only precipitated SiO,, shows a different
trend. Meanwhile, the olefin selectivities to C,—C,4 and Cs—
C,; for all catalysts are similar. These results may be
attributed to following factors: Firstly, CO,-TPD results

Table 5 Mossbauer parameters

of the catalysts after reaction® Catalysts Phases MES parameters
IS (mm/s) QS (mm/s) Hhf (kOe) Area (%)
Si0/25 1-FesCs 0.32 0.02 216 13.3
¢-Fe, »C 0.24 0.06 171 27.2
Fet 0.38 0.86 46.3
Fe** 0.83 237 13.3
Si5/20 ¢/-Fe, ,C 0.24 0.09 168 43.8
Fe** 0.39 0.88 41.1
Fe?* 0.90 222 15.1
Si15/10 1-FesCs 0.31 0.06 216 11.8
¢-Fe, ,C 0.24 0.07 170 42.9
Fe* 0.36 0.95 35.2
Fe?* 0.63 2.01 10.2
Si25/0 1-FesC, 0.36 -0.03 219 113
¢/-Fe, ,C 0.26 0.00 172 37.4
# Reaction condition: 250 °C, Fe* 0.36 0.83 38.0
1.5 MPa, H,/CO = 0.67 and F62+ 0.63 1.85 13.3

2.0 NL/gcat/h
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Fig. 3 The effect of Si(P)/Si(B) ratio on CO conversion. Reaction
condition: 250 °C, 1.5 MPa, H,/CO = 0.67 and 2.0 NL/g-cat/h

suggest that increasing Si(P)/Si(B) ratio improves the sur-
face basicity of the catalyst. This would restrain the
hydrogenation reaction but enhance the chain growth
reaction, since the higher surface basicity of FTS iron-
based catalyst can improve CO dissociative adsorption,
suppress H, adsorption, facilitate chain growth reaction,
and enhance selectivity to heavy hydrocarbons [15, 19, 30,
31]. On the other hand, partial pressure quotient, kp, which
is be used as a qualitative measure of the water gas shift
(WGS) reaction rate on FTS catalysts, monotonic increases
with increasing Si(P)/Si(B) ratio. And the exit H,/CO also
increases with increasing Si(P)/Si(B) ratio. It implies that
the catalyst with higher Si(P)/Si(B) ratio has the higher H,/

Table 6 Effect of Si(P)/Si(B) on catalyst activity and selectivity®

CO ratio during reaction. The higher H,/CO ratio will
enhance the hydrogenation reaction and decrease the chain
growth probability [18]. The synergistic effects of the
factors lead to the selectivity results.

4 Conclusions

The Si(P)/Si(B) ratio has significantly influences on
physico-chemical properties of the catalysts, such as
surface area, the crystallite size of the active component,
the surface bacisity, reduction and carburization of the
catalysts, as well as the activity and selectivity of FTS.
The increase of the Si(P)/Si(B) ratio, facilitates the dis-
persion of the oxides ( Fe, Cu, K), decreases crystallite
size of iron oxide and increases the surface area, enhances
the surface bacisity of the catalysts, and improves the
reduction and carburization of the catalysts. However,
excessive precipitated SiO, especially when the catalyst
has only precipitated SiO,, the effect of metal-support
interaction, which suppresses the reduction and carburi-
zation of the catalysts to some extent, appears to be more
pronounced.

For the FTS, with the increase of the Si(P)/Si(B) ratio,
the activity increases rapidly, and passes a maximum when
Si(P)/Si(B) ratio equals to 15/10 then stabilizes even
declines when Si(P)/Si(B) ratio further increases. And the
increase of Si(P)/Si(B) ratio, restrains the hydrogenation
ability, enhances the selectivity to heavy hydrocarbons.
The selectivity to light hydrocarbons increases for the
catalyst with only precipitated SiO,.

Catalysts time on stream (h) Si0/25 Si5/20 Sil5/10 Si25/0
311 502 384 526 314 504 387 485
CO conversion (%) 43.5 472 58.2 57.1 64.7 62.9 62.4 63.2
H, + CO conversion (%) 452 48.7 574 56.3 62.1 60.4 59.2 59.9
Exit molar H,/CO ratio 0.63 0.63 0.71 0.71 0.81 0.79 0.82 0.83
Extent of WGS/(Py, - Pco,/Pco - Py,0) 2.38 2.61 5.82 6.88 9.55 9.60 10.47 10.67
Hydrocarbon selectivities (wt.%)
CH, 4.8 4.8 4.2 4.1 3.7 3.7 4.5 4.6
Coy 21.5 222 19.7 19.6 16.3 16.0 21.3 21.6
Cs_11 22.6 25.5 24.0 23.1 18.5 18.1 26.9 27.1
Cioig 12.7 11.8 14.1 13.0 15.5 133 14.7 13.3
To 384 35.7 38.0 40.2 46.0 49.0 32.7 334
Olefin selectivity (wt.%)
Cory 82.1 81.2 81.9 81.7 82.2 81.9 82.3 824
Cs_1y 81.6 824 80.0 80.0 82.2 81.8 82.2 81.9

# Reaction condition: 250 °C, 1.5 MPa, H,/CO = 0.67 and 2.0 NL/gcat/h for 530 h
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Based on the present work, a suitable Si(P)/Si(B) ratio
can lead to an optimal catalytic behavior of a Fe—Cu-K-
SiO, catalyst.
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