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Abstract: The effect of the different supports and catalyst-reducing agents on the Fischer–Tropsch
(FT) reaction was investigated. The large surface area SiO2 support with a smaller pore volume
deposited fine, evenly distributed Co3O4. Cubic-shaped Co3O4 appeared in clusters on the TiO2

support, whereas Co3O4 existed as single large particles on the Al2O3 support. The activity data
obtained were discussed in terms of cluster size, particle size, particle shape, and mass transport
limitations. The SiO2-supported catalysts showed a higher activity for the formation of paraffinic
products when reduced in H2 at 250 ◦C. This is attributed to the formation of the CoO-Co active
bond, which enhanced the activation of CO and the hydrogenation reactions. A higher activity was
observed for the TiO2-supported catalyst at a higher reduction temperature (350 ◦C) when the mass of
Co metal was higher. It afforded more paraffinic products due to enhanced secondary hydrogenation
of olefins at higher reaction rates. The large Co3O4 supported on Al2O3 showed the least activity
at both reduction temperatures due to strong metal-support interactions. The H2-reduced catalysts
exhibited superior activity compared to all the syngas-reduced catalysts. Syngas reduction led to
surface carbon deposition and the formation of surface carbides which suppressed the hydrogenation
reactions and are selective to olefinic products.

Keywords: CO hydrogenation; cobalt support; H2 activation; syngas activation; Fischer–Tropsch
synthesis

1. Introduction

For many decades, Fischer–Tropsch synthesis (FTS) has been the leading technology
used in the production of alternative clean fuels from syngas derived from coal, biomass,
and natural gas. Even though this process has been extensively studied for over 100 years
and is now well-established, the selectivity for targeted products remains a challenge [1,2].
Amongst other techniques, catalyst synthesis and pre-treatment have been employed to
optimize the selectivity of the FTS process. The preferred catalysts for the FTS process
are cobalt (Co) and iron (Fe) supported catalysts, due to their high activity, good stability,
and low selectivity to CO2 [3]. Despite the considerable amount of literature on catalyst
synthesis and pre-treatment, their effect on cobalt dispersion, dynamic atomic structure,
and catalyst activity is still not yet understood. Understanding the precursor transformation
into active catalysts under different atmospheres is very crucial for FTS selectivity and
activity when using heterogenous catalysts [4,5].

Interactions between the Co precursor and the oxide support such as Al2O3, SiO2,
and TiO2 have been reported to dramatically affect the H2/CO adsorption, reduction,
carburization, and FTS performance of cobalt catalysts [6]. These interactions change the
electronic and geometric structure of the active component thus inducing different activities
due to a different charge transfer, nanoparticle morphology, chemical composition, surface
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acidity, etc. [7,8]. TiO2 has been reported to exhibit a particular type of metal–support
interactions, in this case, strong metal-support interactions (SMSI) with group IIIV metals.
The strong metal–support interactions originate from the reduction of titania, which leads
to the formation of intermetallic compounds and electron transfer and the formation of an
oxide layer over the active phase, which has a detrimental effect on the overall performance
of the catalyst [7–10]. Hong et al. [6] coated the TiO2 support with carbon nitride (CN)
to weaken metal–support interactions and reported that CN hindered the diffusion of
reduced titania species over cobalt nanoparticles, which in turn enhanced the dispersion
and stabilization of Co nanoparticles. Rapid deactivation was observed on the uncoated
Co/TiO2 catalyst, which was attributed to the formation of TiO2 coating over the cobalt
species [6]. Kliewer et al. [11] suggested that during the reduction of cobalt, the TiO2
support is partially reduced to TiO2-x, and this migrates onto the support metal particles
and blocks the active sites. The authors reported a loss of activity for the Co-Re/TiO2
catalyst stemming from the strong metal interactions and accumulative cobalt surface TiO2
decoration [11].

Similar to TiO2, the Al2O3 support is known to exhibit strong metal–support interac-
tions with the active phase, which forms aluminates, which are usually difficult to reduce
and inert for the FTS reaction [12–14]. Tasavoli et al. [15] studied the regeneration of de-
activated Co-Ru/Al2O3 catalysts and found that water-induced oxidation of cobalt can
be completely reversed at temperatures of 270–275 ◦C in an H2 flow and the generated
cobalt–alumina interactions can also be regenerated at temperatures closer to the first
reduction step. However, the formation of cobalt aluminates can only be reversed at tem-
peratures above 800 ◦C. In total, 29% total catalyst activity was recovered at 400 ◦C for the
Co-Ru/Al2O3 catalyst and about 7.2% total irreversible loss of activity due to aluminates
formation together with sintering and coke deposition. In accordance, Tsakoumis et al. [16]
suggested that the diffusion of Co atoms into the support takes place during calcination,
which leads to the formation of irreducible compounds and the reoxidation of smaller
(<5.3 nm) Co nanoparticles followed by Co oxide spreading. This results in the forma-
tion of CoxAlyOz phases during the initial stage of the reaction and in irreversible loss of
activity. Spreading CoOx species over the SiO2 support during FTS has been discussed
previously [17,18]. The relatively weak interaction between Co and SiO2 had a positive
effect on the formation of Co-CoO active composite, which promoted the FT reaction and
the secondary hydrogenation of olefins to paraffins [18]. SiO2 usually exhibits weak metal–
support interactions compared to TiO2 and Al2O3, which leads to a high Co reducibility
and activity [19,20].

Hydrocarbons are formed through a stepwise addition of methyl monomer (CHx), pro-
duced from CO adsorption, dissociation, and hydrogenation with H2 on the catalyst metal
surface [1]. Pre-treatment in H2 is therefore essential, in order to convert the supported
metal-oxides into metal catalysts. In addition to the standard H2 activation, CO and syngas
have also been used for Co pre-treatment [5,21]. Our previous study [21] demonstrated that
reducing a cobalt catalyst in a syngas environment favored the production of olefins due to
the formation of CoxC species, which suppressed the hydrogenation reactions. 1-Olefins
are formed from the primary reactions and can re-absorb on the catalyst surface to form
metal alkyl and undergo competitive reactions, i.e., (i) hydrogenation to produce paraf-
fin (ii) dehydrogenation to 1-olefins (iii) hydrogenolysis and (iv) reinsertion to produce
larger hydrocarbons [22–24]. Secondary re-adsorption and reinsertion of 1-olefins result in
higher hydrocarbons; therefore, controlling the pathway of secondary reactions becomes
important for increasing the selectivity of higher hydrocarbons [22].

Pan et al. [25] studied the activation of Co/ZnO in CO, syngas, and CO followed by
syngas (CO/SG). A low CO conversion and a high methane selectivity were observed over
the CO-activated catalyst, due to the formation of bulk cobalt carbide and cobalt oxide
which favored the hydrogenation of 1-olefins and increased methane production. Similar
trends were observed in previous studies where methane was primarily produced on the
cobalt carbide surface via CO activation [26,27]. The CO/SG-activated catalyst showed the
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highest activity and selectivity due to the formation of Co(hcp), which has a high intrinsic
activity relative to Co(fcc) obtained via H2 activation [25].

In summary, although the catalytic performance of cobalt supported on the traditional
supports (SiO2, TiO2, and Al2O3) has been thoroughly investigated, the effect of activation
conditions on different supports remains controversial. In our opinion, some of the vari-
ations reported in the literature may be due to different conditions used during catalyst
preparation, reduction, and FTS. Consequently, the purpose of the present study was to
investigate the role of support in a highly systematic way, so the reaction and reduction
conditions were kept the same while the support, reducing agent, and reducing tempera-
ture were varied. This eliminates any additional factors that may affect the activity of the
catalysts and ensure a thorough understanding of the reaction behavior brought about by
changing one factor at a time. Here, we report the selectivity obtained over SiO2, TiO2, and
Al2O3-supported cobalt catalysts, which were pre-treated in both H2 and syngas prior to
the FTS reaction at temperatures between 250–350 ◦C.

2. Experimental

Catalysts containing 15 wt% cobalt on metal oxide (TiO2, SiO2, and Al2O3) were
prepared by adding deionized water to metal-oxide to form a mixture, followed by the
addition of cobalt nitrate hexahydrate (Co(NO3)2·6H2O, Sigma-Aldrich, Johannesburg,
South Africa, 99.0%) mixture, followed by drying at 40–110 ◦C and calcination at 350 ◦C for
8 h. Details of the preparation have been provided elsewhere [21]. The morphology of the
prepared catalysts was observed using a transmission electron microscope (TEM). TEM
measurements were taken using a JEOL 2010F instrument operating at 200 KV. The average
particle size and particle size distribution were determined by TEM images by counting
more than 100 particles. Brunauere–Emmete–Teller (BET) surface area and porosity data
were collected using a Micrometrics Trista 3000 analyzer. 0.2 g of each sample was degassed
prior to analysis at 190 ◦C for 8 h. The pore size distribution for each sample was evaluated
based on the desorption branches on the isotherms using the Barrett–Joyner–Halenda
(BJH) method, while the total pore volume was determined at a relative pressure of 0.99.
The BET was used to study the loss/gain of the surface area for all catalyst samples after
calcination, as shown in Table 1. X-ray diffraction (XRD) of the fresh samples was performed
using a Siemens D5000 X-ray diffractometer with Cu Ka radiation (40 kV, 30 mA). The
measurements were recorded from 10 to 90 degrees in the 2θ range using a step size of
0.020◦ and a step time of 12 s for all samples. The crystallite size of Co3O4 was calculated
using the Scherrer equation and assuming spherical particles.

Table 1. The physical properties, activation conditions, and reaction conditions of the supported
catalysts.

Catalyst Co/SiO2 Co/TiO2 Co/Al2O3

Catalyst Characterization Data
BET surface area for the support [m2/g] 456.5 24.15 107.5

BET surface area after calcination [m2/g] 407.0 88.4 115.8
TEM Co3O4 particle size [nm] 26 28 38

XRD Co3O4 particle size [nm] b 17 22 33
XRD Co0 crystallite size [nm] c 12.8 16.5 24.8

BET pore size [nm] 6.78 38.1 43.1

Catalyst reduction conditions
Temperature (◦C) 250 or 350
Reduction agents H2 or syngas (H2/CO/N2 = 60/30/10)

FTS reaction conditions
Feed gas syngas (H2/CO/N2 = 60/30/10)

Temperature (◦C) 220
Pressure (bar) 20

Flowrate (Nml/min) 60
b XRD Co3O4 particle size calculated from the Scherrer equation [6]. c Co0 crystallite size calculated from the
Scherrer equation dCo0 = 0.75 × dCo3O4 [2].
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Catalyst activity evaluation was carried out in three fixed-bed reactors (ID = 8 mm).
The catalyst was first sieved into particles less than 200 µm and one gram of the sieved
catalyst was loaded in each reactor and pre-treated in either H2 or syngas (30% CO, 60%
H2, balance N2) at a temperature range of 250–350 ◦C prior to the FTS reaction. The FTS
reaction was carried out at 220 ◦C, 20 bar, and 60 Nml/min in syngas feed composition of
30% CO, 60% H2, and 10% N2. Periodic samples of the gas phase were analyzed using an
Agilent gas chromatograph (GC) 7890A equipped with two thermal conductivity detectors
(TCDs) to analyze the inorganic gases and one flame ionization detector (FID) to analyze
the hydrocarbon products, operating at 220 ◦C. The feed gas is converted to hydrocarbons
during FTS and product yield and selectivity are given on a carbon basis. We calculated
the CO conversion and the rate of formation of a gas product ( θi) using Equations (1) and
(2) following the terms %CO and %X, respectively.

%CO =
FinXco, in − FoutXco, out

FinXco, in
(1)

where Xco,in is the molar fraction of %CO in the reactor inlet gas feed; Xco,out is the molar
fraction of %CO in the reactor outlet gas stream; Fin is the total molar flow rate of the reactor
inlet gas feed, mol/min; and Fout is the total molar flow rate of the reactor outlet gas stream,
mol/min.

%rθi =
FoutXθi, out

mcat
(2)

where Xθi,out is the molar fraction of θi in the reactor outlet gas stream.

3. Results

The effect of three supports (SiO2, TiO2, and Al2O3) on the catalytic activity of Co-
based catalysts was evaluated. Figure 1 shows the TEM images of the fresh catalysts. The
TiO2-supported catalyst showed a relatively spatial distribution of Co3O4 particles on the
cubic-shaped support, see Figure 1a. The SiO2 catalyst showed fine, evenly distributed
spherical Co3O4 particles (Figure 1b). With the Al2O3 support, Co3O4 is mostly seen to be
as larger single particles, see Figure 1c. The Co particle sizes ranged from 26–38 nm, in
the order of Co/SiO2 < Co/TiO2 < Co/Al2O3, see Table 1. Larger Co particles (>12 nm)
have been reported to exhibit a high degree of reduction and to favor the readsorption of
α-olefins and the production of heavy hydrocarbon [4].
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Figure 1. TEM results for the fresh supported catalysts taken at 100 nm for all samples (a) TiO2;
(b) SiO2; and (c) Al2O3.

The XRD patterns for the various supported cobalt catalysts after calcination are
shown in Figure 2. The Co/TiO2 catalyst has a cubic spinel structure (Figure 1a), thus
showing very strong, intense diffractions of cobalt oxide compared to Al2O3 and SiO2,
respectively, (Figure 2). Both the Al2O3 and TiO2-supported catalysts show interaction
with cobalt oxide at diffraction peaks 45◦ and 65◦ for Al2O3 and at a range of 65–70◦
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for TiO2, suggesting the formation of irreducible compounds and strong metal-support
interactions during calcination. The SiO2 catalyst diffraction patterns show a lack of cobalt
oxide peaks, which is attributed to the amorphous silica phase obtained at low calcination
temperatures <550 ◦C, which may be due to the weak metal-support interactions inhibiting
the crystallization of cobalt nanoparticles. Previous reports investigating the metal–support
interactions indicate that SiO2 has the least metal-support interactions followed by TiO2
and lastly Al2O3 [6–10]. This is in agreement with our findings over the cobalt catalysts,
the stronger the interactions the higher the formation of irreducible compounds, observed
via XRD, Figure 2. The Co/SiO2 diffractogram showed a broad shoulder around 23◦ which
can be assigned to the amorphous silica and a peak around 37–38◦ which can be attributed
to the Co3O4 phase. Previous studies observed the broad peak at 23◦ when using SiO2 as a
support [28]. Notably, the peaks at 32◦, 38◦, 45◦, 58◦, and 75◦ on the TiO2 catalyst and 38◦,
45◦, and 58◦ on the Al2O3 catalyst are attributed to Co3O4 crystals.
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Figure 2. XRD results for the fresh supported catalysts after calcination: Co/SiO2; Co/TiO2; and
Co/Al2O3.

The Scherrer equation was used to calculate the average Co3O4 crystallite size (see,
Table 1) [6] and to obtain the corresponding cobalt metal (Co0) crystallite size, the calculated
thickness value is multiplied by 0.75, which is based on the molar ratio of cobalt and oxygen
in Co3O4 [2]. The results in Table 1 indicate that there is a direct correlation between the
XRD Co3O4 crystallite size and the BET average pore diameter of the support rather than
the type of support used. The Co3O4 crystallite size was found to be smaller for a small
BET average pore size support, which is in line with our finding over the TEM results in
Table 1 and with previous studies [2,3].

The BET surface area of the support materials and the catalysts after impregnation
are summarized in Table 1. The BET surface area for the oxide catalysts is in the range of
88–407 m2/g. It was found that the loss of surface area after calcination depended on the
size of the Co3O4 particle: The smaller the particle size, the more surface area that is lost, as
is evident in the Co/SiO2 samples. The loss of surface area can be attributed to the pores
being filled with impregnated cobalt species. This is due to silica migration, which occurs
at temperatures higher than 300 ◦C and with a surface area higher than >200 m2/g [29].
The large SiO2 surface area inhibited the agglomeration of the Co3O4 particles, resulting in
an even distribution, as shown in Figure 1b. The SiO2 catalyst showed the largest surface
area with a smaller pore volume, thus leading to a smaller Co3O4 average particle size.
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This is in line with previously reported studies on the SiO2 catalyst [28,29]: The particle size
was found to increase with a decrease in surface area and an increase in the pore volume.

For the Co/TiO2 and Co/Al2O3 catalysts, an increase in the BET surface area was
observed after calcination. This may be due to larger Co3O4 particles settling on the surface
of the catalyst. The TiO2 and Al2O3 catalysts precursors also exhibited a higher porosity
compared to SiO2, which may mean that the pores are more closely connected. This may
enhance the possibility of diffusion into adjacent pore cavities and decrease the distance
between the cobalt particles, which may, in turn, further increase the probability of cluster
growth, which is more visible on the TiO2 catalysts (Figure 1a) due to the shorter diffusion
distance.

The BET isotherms for nitrogen adsorption and desorption obtained with the cobalt-
based catalysts are shown in Figure 3. The SiO2-supported catalyst with the highest BET
surface area (407.0 m2/g), Figure 3, can be classified as type IV, according to the IUPAC
classification. Type IV corresponds to mesoporous materials, which is corroborated by
the presence of the hysteresis loop (H1 type according to IUPAC classification). The H1
type represents porous materials that consist of well-defined cylindrical pore channels or
agglomerates of uniform spheres [30]. This is in line with the spherical cobalt nanoparticles
deposited on the SiO2 support observed via TEM (Figure 1b) and with the amorphous silica
structure observed via XRD (Figure 2). Another study observed the type IV isotherm for
SiO2 and modified SiO2 with chelating agents [28], which was attributed to the mesoporous
SiO2 material. The TiO2- and Al2O4-supported catalysts, Figure 3, respectively, correspond
to the type III IUPAC classification for macroporous materials [30]. The TiO2 and Al2O3
type III IUPAC classification reflects on the broader pore size distribution, see Table 1.
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The FTS reaction was conducted in a fixed-bed microreactor at 220 ◦C and 20 bars
for all catalyst samples. The performance parameters recorded after reaching a steady
state are provided in Figures 4–6. The SiO2-supported catalyst reduced in H2 exhibited the
highest CO reaction rate at a lower reduction temperature (250 ◦C) (Figure 4a), while the
TiO2-supported catalysts reduced in H2 showed higher activity at 350 ◦C with respect to
SiO2- and Al2O3-supported catalysts. (See Figure 4b).
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Our previous study [18] proved that the small-particle Co3O4 catalysts formed an
active CoO-Co-SiO2 interface when they reduced the catalyst in H2 at 250 ◦C, resulting
in enhanced activity and selectivity of paraffinic products (see Figure 5a,c). An increase
in the hydrogenation of 1-olefins led to the formation of paraffinic products at higher CO
reaction rates. Furthermore, the research [18] indicated that the synergy between the CoO-
and Co-assisted the activation of CO to monomers for enhanced FT activity or reacted with
the hydrocarbon precursor to form paraffins. The opposite trend in activity and selectivity
was observed at 350 ◦C. This suggests that an increase in the reduction temperature might
have led to the agglomeration of the small cobalt catalysts and increased the metal–support
interaction between the Co3O4 and SiO2, resulting in fewer active phases than when it is
partially reduced.

The TiO2-supported catalyst was not as active as the SiO2 catalyst at 250 ◦C, but it
showed the best performance when the catalyst reduced in H2 at 350 ◦C (Figure 4b). This
may be attributed to the encapsulation of metallic Co by TiO2−x as a result of the lower
surface free energy of the latter and may suggest the wetting of TiO2 by CoO [6]. It is well
known that spherical Co metal is the active phase for FTS [31]. Therefore, the cubic shape
might have lowered the amount of Co-CoOx phase formed on the low surface area TiO2.
The FTS reaction is shape-sensitive and -selective, so the spreading of the CoOx on the
surface of the cubic TiO2 particles might have been deposited on one side only. Figure 5
shows the formation rate of ethane (P2) and butane (P4) paraffinic products against time
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on stream. The TiO2 catalysts showed higher paraffin selectivity at 350 ◦C than SiO2 and
Al2O3. This can be attributed to transport restrictions imposed by the physical structure
of the support and by a high Co site density within the catalyst pellets, which increases
the residence time and the re-adsorption probability of reactive α-olefins, thus leading to a
higher yield of paraffinic products. The TiO2 catalyst was more selective to olefins when
reduced at a lower temperature, see Figure 6a,c. A low reduction temperature leads to
incomplete reduction of the Co3O4. Our previous research [21] indicates that reducing
at 250 ◦C in H2 results in a mixture of Co3O4, CoO, and Co and that reducing in syngas,
produces a mixture of Co3O4, CoxC, CoO, C, and sometimes Co0 Furthermore, cobalt
oxides are reported to favor the production of short-chain hydrocarbons [4]; therefore, the
TiO2 catalyst was more selective to olefins due to incomplete reduction and a high mass
percentage of cobalt oxides.

The Al2O3-supported catalyst showed the least activity and was more selective to
olefinic products at both reduction temperatures used—see Figure 6. This may be due to the
strong metal-support interactions associated with the Al2O3 support, which is detrimental
to the activity of the catalyst. In addition, the strong metal-support interactions inhibited
the complete reduction of Co3O4 to Co metal, which resulted in the production of olefins
and shorter-chain hydrocarbons. Cobalt oxides have previously been reported to inhibit
chain growth and to be inactive for FTS [4]. Furthermore, the Al2O3 catalyst deposited
very large Co3O4 particles (38 nm), and the FTS reaction is known to be a very sensitive
reaction with a preferable Co particle size of about 10 nm for higher activity. Very large
Co3O4 particles have been reported to affect the selectivity of Co catalysts negatively, which
results in more olefinic products and shorter chain hydrocarbons [4,32]. Our findings for
the Al2O3 catalyst are in line with this.

All H2-reduced samples surpassed the activity of the syngas-reduced catalysts, which
suggests that the Co metal is the most active phase for Co-FTS. The syngas-reduced catalysts
showed higher selectivity towards olefins due to the formation of cobalt carbides, an active
phase for olefin production, and the deposition of surface carbon. The CoxC phase has also
been widely reported to hinder the hydrogenation reaction [4,21], and hence the observed
low activity for all syngas-reduced catalysts compared to H2 reduction.

Table 2 shows the activity and selectivity of the supported cobalt catalysts under study
with respect to previously reported catalysts. Saib et al. [33] achieved a higher CO conver-
sion, about 44%, for a Co/SiO2 catalyst reduced at 350 ◦C in H2 with a higher methane and
lower C5+ selectivity, compared to the model catalyst under study (which achieved about
26%). (See Table 2). This can be attributed to the higher Co loading and higher reaction tem-
perature used in the Saib et al. study. Diehl et al. [34] and Jalama et al. [35] achieved lower
activity for the supported cobalt catalysts on TiO2, reduced at 350 and 250 ◦C, respectively,
compared to the model TiO2 catalysts under study. Furthermore, Park et al. [36] reported
very low activity of about 4% (Table 2) for an Al2O3-supported catalyst reduced at 350 ◦C.
This may be attributed to the different levels of Co loading, and the different reducing and
reaction conditions, which may alter the physiochemical properties of the catalysts and so
lead to different catalytic performance results, rendering the selectivity comparison prone
to errors. This elucidates the requirement for a systematic way of keeping the reduction
and reaction conditions the same in order to make comparisons without introducing too
many variations. There is also little information available on the effect of support materials
on the activity and selectivity of cobalt-based catalysts reduced at lower temperatures, i.e.,
250 ◦C.
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Table 2. Activity and selectivity results for the 15% Co model catalysts, with activation conditions
of 250/350 ◦C, 1 bar, and H2, and reaction conditions of H2/CO = 2, 210 ◦C, 20 bar, and GHSV of
3600 Nml/h/gCat.

Catalyst Reducing
T CO% CH4% CH2–4% C5+% Comments

Co/SiO2

250 ◦C 69 23 14.9 62 This work.

350 ◦C 26 9 8.8 82 This work.

350 ◦C 44 12 ___ 71

Data from Ref [33], reaction
conditions: 220 ◦C, 15 bar,
and GHSV = 1 (NTP)/h.g

with 20% Co loading.

Co/TiO2

250 ◦C 31 12 6.9 81 This work.

350 ◦C 72 8 3.3 89 This work.

350 ◦C 42.6 8.9 ___ 84.8

Data from Ref [34], reaction
conditions: 210 ◦C, 15 bar

and GHSV = 3595 mL/g/h
with 10% Co loading with

0.5% Re promotion.

250 ◦C 15 3.9 ___ 92.2

Data from Ref [35], reaction
conditions: 220 ◦C, 15 bar

and GHSV = 3 NL/gCat/h
with 10% Co loading.

Co/Al2O3

250 ◦C 23 25 12.5 62 This work.

350 ◦C 42 14 11.2 77 This work.

350 ◦C 4.7 14.5 16.8 68.5

Data from Ref [36], reaction T
was 240 ◦C, 9.8 bar and

GHSV = 3600 L/kgCat/h
with 5% Co loading.

4. Conclusions

A series of promoted cobalt catalysts supported on Al2O3, SiO2, and TiO2 was studied
using different characterization techniques and the FTS reaction. The pore volume and
structures were found to influence the size, shape, and appearance of the cobalt particles
significantly. On the larger-pore γ-Al2O3 and TiO2 supports, Co3O4 was found as single
particles that were quite evenly distributed, whereas on the smaller SiO2 pores, spherical
Co3O4 exists as finely distributed particles. Despite the smaller pore volume, no agglom-
eration was observed on SiO2, due to the large surface area. The SiO2 catalysts exhibited
the highest activity at 250 ◦C due to the formation of a unique CoO-Co interface that
assisted with the activation of CO and enhanced the secondary hydrogenation reactions
for paraffinic products. The TiO2 catalysts showed cubic-shaped particles that were more
active at 350 ◦C, and its high porosity and low surface area led to the formation of agglom-
erates with a rather broad cluster size distribution, which might have hindered the FT
reaction at 250 ◦C. The Al2O3 catalyst showed the least activity due to larger metal-support
interactions. Syngas reduction favored olefinic products due to the formation of cobalt
carbides which are highly selective to olefins, which inhibit the hydrogenation reactions.
The structure of the support has a profound effect on the size, shape, and appearance
of the Co3O4 particles and the internal structure of these supports is still not completely
understood. This work provides a great avenue for future catalyst and FTS reaction design.
Overall, better catalyst activity and selectivity were attained with the H2-reduced catalysts
which reflect the superiority of H2 as a reducing agent compared to syngas. Furthermore,
high surface area supports allow for the use of low reduction temperature, which will po-
tentially cut down energy costs for the FTS system due to the formation of unique Co-CoO
active interactions beneficial for the FTS reaction and for the production of paraffins.
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