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Abstract

In this research, y-Alumina was pretreated in the presence of phosphoric acid-ethanol, and then
used to prepare the supported cobalt catalysts for Fischer-Tropsch synthesis (FTS). Different
concentrations of phosphoric acid were applied for pretreatment of y-Alumina to modify it is
surface properties. The catalysts were prepared by incipient wetness impregnation of the cobalt
precursor. The reduction degree and dispersion of y-alumina-supported cobalt catalyst were
improved through this pretreatment. The obtained catalysts were characterized by FTIR, XRD,
TPR, TEM and H; chemisorption. These characterizations clearly showed the changes of morphology
(surface area, pore volume, pore size distribution and crystallite phase) of the supports. The
proposed modified y-alumina supported catalysts increased the FTS rate from 0.062 to 0.1195 g
HC/gcat./h, Cs* selectivity increased 10% and CH4 selectivity decreased 73%, compared to that
prepared by conventional y-alumina support. Optimize the support pretreatment parameters
exhibited significant catalyst's stability applying to FTS reaction in CSTR reactor during 320 h test.

Keywords: y-Alumina; Cobalt catalyst; Fischer-Tropsch synthesis; Phosphoric acid; Activity and selectivity.

1. Introduction

There is a renewed interest in Fischer-Tropsch synthesis (FTS) in both academic and
industry, largely as a result of the demand for clean and renewable transportation [t1, In the
FTS reaction, syngas (a mixture of CO and Hz), is converted into liquid fuel via catalytic surface
polymerization which leads to a large variety of products such as paraffins, olefins, alcohols
and aldehydes [1-3], Supported cobalt catalysts are well-known for their activity and selectivity
towards FTS. High chain growth probability, lower deactivation rates, low water-gas shift
activity, and low costs make cobalt catalysts the best candidates for converting syngas to
clean liquid fuels [4-51,

FTS activity of cobalt catalyst depends solely on the number of active sites located on the
surface of supports, formed by reduction. The number of active sites was determined by the
cobalt particle size dispersions, loading amount, and reduction degree [6-71,

Preparing impregnated catalyst is actually a complex process, in which many individual
steps might influence the final performance of the catalyst, i.e., metal precursor, solvent,
carrier, aging time, drying time/temperature, and calcination temperature. Failure to control
these parameters might lead to irreproducible catalyst preparation. The catalytic activity and
product selectivity of cobalt catalysts were affected by chemical and texture properties of the
support, via their modifications on the reducibility and dispersion of cobalt or the formation of
well-fined phases. Synthesis of highly dispersed cobalt catalysts requires strong interaction
between the support and the cobalt precursor, but in turn, such strong interactions generally
reduce reducibility of such precursors [31,

In order to achieve high surface active sites (Co°), cobalt precursors are dispersed on
porous carriers same as SiOz, Al203 and to a lesser extent TiO2 [58-21, A drawback of these
support materials is their reactivity toward cobalt, which during preparation or catalysis results in
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the formation of mixed compounds that are reducible only at high reduction temperatures [58-91, It
is considered that the solvents, which applied to dissolve cobalt precursors or pretreat the
supports, remarkably influence the interaction between the cobalt and alumina supports,
meanwhile, the functional groups from solvents, formed on the surface of supports, prohibit
the sintering of supported cobalt [4-61, On the other hand, the concentration, distribution, and
nature of functional groups on the alumina surface also play important role in the dispersion
of supported metal on the alumina [51. The catalytic performance of a cobalt-silica gel FTS
catalyst was strongly affected by preparation condition such as pH value of solution containing
precursor, because the pH value of impregnation solution changed the interaction of cobalt
and silica support, resulting in different dispersion and reducibility of supported cobalt [71,

In present work, three solutions of phosphoric acid - ethanol with volume ratio of 5, 10,
15% were applied to pre-treat the alumina support, before impregnation of cobalt precursors.
The different concentrations of phosphoric acid in ethanol can modify the morphology (sur-
face area, pore volume, pore size distribution and crystallite phase) and the properties of y-
alumina surface, such as nature of functional group (O-P-O group), resulting in forming
different catalytic property of relative catalyst. The obtained catalysts were characterized by
ICP, BET, XRD, TPR, TEM, FTIR, and H2 chemisorption. Finally the activity, selectivity and
stability of proposed catalysts were evaluated in continuous stirred tank reactor (CSTR) and
compared to catalyst prepared with the incipient wetness impregnation method on conven-
tional y-alumina. A critical discussion allows drawing useful scientific and technical conclusions.

2. Experimental
2.1. Modified alumina-support preparation

Condea Vista Catalox B-alumina (100-200 mesh, specific surface area=200 m?/g, pore
volume=0.4cm3/g) was used as support materials for the preparation of cobalt FTS catalysts.

Solutions of phosphoric acid (Acros organics, 85%) in ethanol (Merck) with different
concentration (vol.%) 5, 10, and 15% were prepared. 5gr extruded y-alumina calcined at
500°C was immersed in solution (approximately 5 ml). This procedure followed by slow
evaporating of solvent in a rotary evaporator at 60°C (approximately 3 minutes), then the
support were dried in 100°C overnight in flowing air (100 ml/min), and calcined through
increasing the temperature at 1°C /min from ambient to 400°C and holding for 3 h. This
procedure was repeated three times and the supports hamed AL:, ALz and ALs for phosphoric
acid - ethanol volume ratio of 5%, 10% and 15% respectively.

2.2. Alumina-support characterization

The surface area, pore volume, and average pore radius of the y-alumina and phosphoric
acid pretreated alumina (10 vol%) were measured by an ASAP-2010 system from Micro-
meritics. The samples were degassed at 200°C for 4 h under 50 mTorr vacuum and their BET
area, pore volume, average pore radius, pore size and pore volume distributions and
adsorption-desorption isotherms were determined.

2.3. Catalyst preparation

Cobalt catalysts (15 wt.%) were prepared by one-step incipient wetness impregnation of
different modified supports (ALi-AL3) with aqueous solutions of Co(NOs3)2.6H20 (Merck). The
catalysts (3g) were dried in air at 100°C overnight before calcination in flowing air (100 ml/min),
increasing the temperature at 1°C /min from ambient to 400°C and holding for 3 h.

The control catalyst was prepared using convensional y-alumina according to procedure
described above. The cobalt loading was verified by an Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICP-AES) system. The catalysts nomenclature and preparation's
methods are reported in Table 1.
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Table 1.The composition and properties of the catalysts

HsPO4 used for

Catalyst / pretreating P Co XRD BET Feie Lo
. o o d (nm) 2 Volume diameter
support alumina (wt.%) (wt.%) C0,0, (m?/g) (cm3/g) (A°)
(vol.%) 9

ALC; 5 0.02 14.9 16.6 165 0.323 95.9
ALC, 10 0.03 14.9 11.5 182 0.389 86.3
ALCs 15 0.05 14.8 14.4 172 0.32 100
ALCR 0 14.9 18.4 158 0.37 84.6

y - Alumina 200 0.4 91.3

2.4. Catalyst characterization

Morphology of all catalysts (ALCi-ALCs and ALCR) were characterized by transmission
electron microscopy (TEM). Sample specimens for TEM studies were prepared by ultrasonic
dispersion of the catalysts in ethanol, and the suspensions were dropped onto a carbon-coated
copper grid. TEM investigations were carried out using a Philips CM120 (100 kV) transmission
electron microscope equipped with a NARON energy-dispersive spectrometer with a
germanium detector.

The FTIR absorption technique for confirming the formation of functional groups was
conducted on a Bruker ISS-88. A smooth transparent pellet of 0.5-5 % of y-alumina mixed
with 95-99.5% Potassium Bromide (KBr), was made and the infrared beam passed through
this pellet.

The surface area, pore volume, and average pore radius of the y-alumina and all catalysts
were measured by an ASAP-2010 system from Micromeritics. The samples were degassed at
200°C for 4 h under 50 mTorr vacuum and their BET area, pore volume, and average pore
radius were determined.

XRD measurements of the y-alumina and calcined catalysts were conducted with a Philips
PW1840 X-ray diffractometer with monochromatized Cu/Ka radiation. Using the Scherrer
equation, the average size of the Co304 crystallites in the calcined catalysts was estimated
from the line broadening of a Co3z04 at 26 of 36.88°. In addition, a K factor of 0.89 was used
in the Scherrer formula. The Co304 particle size was converted to the corresponding cobalt
metal particle size according to the relative molar volumes of metallic cobalt and Co304. The

resulting conversion factor for the diameter of a given Co304 particle dC03O4 being reduced to

metallic cobalt is [111;
d_, (hm)=0.75xd,, (1)

Temperature programmed reduction (TPR) spectra of the catalysts were recorded using a
Micromeritics TPD-TPR 2900 system, equipped with a thermal conductivity detector. The
catalyst samples were first purged in a flow of argon at 400°C, to remove traces of water, and
then cooled to 40°C. The TPR of 50 mg of each sample was performed using 5 % hydro-gen
in argon gas mixture with a flow rate of 40cm3/min. The samples were heated from 40 to
900°C with a heating rate of 10°C/min.

The amount of chemisorbed hydrogen (H2) on the catalysts was measured using the
Micromeritics TPD-TPR 2900 system. 0.25 g of the calcined catalyst was reduced under H:
flow at 400°C for 20 h and then cooled to 70°C, still kept under H2 flow. Then the flow was
switched to Ar at the same temperature; this step, used to remove the physisorbed H», lasted
for about 30 minutes. The subsequent temperature programmed desorption (TPD) of the
samples was obtained by increasing the temperature of the samples, at a ramp rate of
20°C/min, to 400°C under Ar flow. The resulting TPD spectra were used to determine the
cobalt dispersion and its surface average crystallite size. The % dispersion and particle
diameter are calculated by the equations have been presented in our previous work [12],
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2.5. Catalyst activity test

The catalysts were evaluated in terms of their FTS activity (g HC produced/g cat./h) and
selectivity (the percentage of the converted CO that appears as a hydrocarbon product) in a
continuous stirred tank reactor (CSTR) as shown in Figure 1. The volume of CSTR was totally
1 liter. Prior to the activity tests, the catalyst activation was conducted according to the
following procedure. The catalyst (10 g) with 4 - 6 ym size was placed in the CSTR and pure
hydrogen was introduced at a flow rate of 60 NL/h. The reactor temperature was increased
from room temperature to 400°C at a rate of 1°C/min, maintained at this activation condition for
24 h and the catalyst was reduced in situ. After the activation period, the reactor temperature
was decreased to 120°C. Pure melted Czs paraffin wax was used as start-up media. Czs paraffin
wax was degassed at degasser vessel with nitrogen at 120°C for 1 h and transferred to the
CSTR to be mixed with the catalyst. Then the reactor temperature increased to 180°C under
flowing hydrogen. Two separate mass flow controllers (Brooks 5850) were used to add Hz and
CO at the desired rate to a mixing vessel that was preceded by a lead oxide-alumina containing
vessel to remove metal carbonyls before entering to the reactor.

AVHL LOH =

Figure 1. Experimental setup

The mixed gases entered through a dip tube to the bottom of the CSTR below the stirrer.
The CSTR was operated at 750 rpm. The temperature of the reactor was controlled via a PID
temperature controller. Synthesis gas with a flow rate of 90 NL/h (H2/CO ratio of 2) was intro-
duced and the reactor pressure was increased to 2.5 MPa. The reactor temperature was then
increased to 220°C at a rate of 1°C/min. Products were continuously removed from the vapor
and passed through two traps, one maintained at 100°C (hot trap) and the other at 0°C (cold
trap). The uncondensed vapor stream was reduced to atmospheric pressure through a pressure
letdown valve. The flow was measured with a bubble-meter and composition of outlet gas
quantified using a gas chromatograph (Varian CP-3800) equipped with TCD and FID detectors.
The CO, CO2, N2, and O2 were analyzed through two packed columns in series (Molecular
sievel3x CP 81025 with 2 m length, and 3 mm OD, and Hayesep Q CP1069 with 4 m length,
and 3 mm OD) connected to TCD detector. The C:-Cs hydrocarbons were analyzed via a capillary
column (CP fused silica with 25 mx0.25 mmx0.2 um film thickness) connected to FID
detector. Hydrogen was analyzed through Shimatzu, GC PTF 4C, equipped with TCD detector
and two column in series (Propack-Q with 2 m length, and 3 mm OD for CO2, C2H4 and CzHs
separation and molecular sieve-5A with 2m length, and 3mmOD for CO, N2, CH4 and O:2
separation), which were connected to each other via a three way valve.

The accumulated reactor liquid wax products were removed every 12 h by passing through a
2 um sintered metal filter located above the liquid level in the CSTR. Also the contents of hot
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and cold traps removed every 12 h, the hydrocarbon and water fractions separated, and the
collected liquid (Including hydrocarbons and oxygenates) were analyzed offline with Varian
CP-3800 gas chromatograph equipped with capillary column (TM DH fused silica capillary
column, PETRO COL 100 mx0.25 mmx0.5 pm film thickness) connected to FID detector. Both
total mass and atomic material balances were performed with the consideration that a run
could be accepted for further analysis if the carbon material balance closed between 97 and
103%. This criterion was adopted, since compounds containing carbon and hydrogen may
accumulate in the reactor in the form of high molecular weight hydrocarbons.

The CO conversion, FTS rate (g HC/g cat./h), and selectivity of hydrocarbon products are
define due to formula presented in our previous work [11-12],

3. Result and discussion
3.1. Alumina-support characterization

Results of the BET surface area measurements are shown in Figures 2 A and B. These
characterizations clearly show the changes of morphology (surface area, pore volume, pore
size distribution and crystallite phase) of the supports. Heat and mass transfer of reactants
and products were facilitated by phosphor-doped alumina-supported cobalt catalysts, via
creating larger pores, increase hydrothermal stability and decrease deactivation rate of
catalysts in FTS reaction.
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Figure 2.A) Adsorption-Desorption isotherm of supports B) Pore size distribution of supports
3.2. Catalyst characterization

The elemental compositions of all calcined catalysts were shown in Table 1. The ICP-MS
results indicated that most of elements were deposited on the supports during incipient
wetness impregnation.
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The FTIR absorption spectrums of all catalysts (ALCR, ALC:-ALC3) are shown in Figure 3.
The extended band around 3500 cm™ and the band around 1630cm-! can be attributed to the
O-H stretching frequency and the presence of H20 vibration respectively. The presence of band
in 1118 cm™ can be attributed to O-P-0O stretching-vibration band and with increasing the amount
of phosphor-doped in support the intensity of this band is increased due to more formation of

aluminum phosphate. The presence of band in 665 cm™ and 569 cm™! can be attributed to Co-
O band [3],
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Figure 3.FTIR spectrum of calcined catalysts

The size of the particles and morphology of the surface of the support were also determined
using TEM images. The TEM images of the catalysts made by impregnation are shown in Figure 4.
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Figure 4.TEM images of the calcined catalysts

TEM images of these catalysts show some black spots correspond to the cobalt particles.
Figure 4 also depicts the size distribution of the metal particles (approximately 100 particles), which
is determined using the population of the total metal particles of each catalyst based on data
taken from different TEM images (four images were presented here). According to TEM images
of catalysts, modified y-alumina produced small particles which are uniformly dispersed on
the support [*41, This figure shows that metal nanoparticle size distributions for the catalysts
prepared with modified y-alumina (ALCi1-ALC3) are better compared to the catalyst prepared
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on conventional y-alumina (ALCR). TEM images demonstrate the uniform-mity of the
crystallites in ALC: catalyst and the metal particles size within a narrow range can be observed
through this catalyst. According to Figure 4, the average particle sizes for ALCR and ALC:1-ALC3
catalysts are about 18.10, 15.64, 10.16 and 14.22 nm, respectively.

Results of the surface area measurements are shown in Table 1. These results show that
the BET surface area of ALCR catalyst decrease due to some alumina pore blockage by cobalt active
phase impregnated on it. In case of ALCy, this event was occurred lower, because of uniform
distribution of cobalt particles leading to optimization of cobalt particle sizes which pores filling
have occurred mostly in this case. In ALCs and ALC: catalysts the uniformity of cobalt particles
are lower than ALC: and so both of pore filling and blockage have occurred.

XRD diffractograms of the calcined catalysts are shown in Figure 5. In the XRD patterns the
peaks at 26 values of 25° and 43° correspond to the y-alumina support, while other peaks in the
spectra of the catalysts are related to different crystal planes of Cosz04 [15], The peak at 28
value of 36.8° is the most intense one of Co304 in XRD spectrum of all catalysts. Minor peaks
were also observed at 44°, and 52° for the catalysts which correlate with a cubic cobalt structure
[51, Table 1 reports the average Co304 particle size of the catalysts calculated from XRD
diffractograms using the Scherer equation at 26 value of 36.8° [16], The average Co30a cluster
size was determined after calcinations for the ALC1-ALCs, ALCR as approximately 16.6, 11.5,
14.4 and 18.8 nm, corresponding to 12.45, 8.6, 10.8 and 13.8 nm when reduced to metal,
respectively. These agree reasonably well with the cobalt particle diameters obtained with the H:
chemisorption results (Table 2).

Table 2.H,-TPD results

u mole H; u mole O3 i . H> -TPD
. Dispersion
Sample desorbed consumed Reduction (%) d ,
/g cat. /g cat. degree(%)? ° Co
ALC, 287 1242 56 11.1 10.6
ALC, 386 2085 69 14.6 7.3
ALCs 327 1469 62 12.1 9.8
ALCR 253 1007 50 9.6 11.4

2 Determined by TPR from 0°C to 800°C according to ref. [51 ;2 Determind according to ref. [51
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Figure 6.TPR patterns of the calcined catalysts

Figure 5.XRD diffractograms of calcined catalysts from 30 to 850°C

The reducibility of the catalysts in H2 atmosphere was determined by TPR experiments. The
TPR spectra of the calcined ALC1-ALCs, ALCR are shown in Figure 6. The low temperature peak
(300-380°C) is typically assigned to reduction of Co304 to CoO, although a fraction of the peak
likely comprises the reduction of the larger, bulk-like CoO species to Co° [12:15-16]1 The second
broad peak is assigned to reduction of small CoO to Co° species, which also includes the
reduction of cobalt species that interact with the support.
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According to Figure 6, the deposition of cobalt nanoparticles synthesized on the modified
y-alumina for ALC:1-ALCs catalysts shift the reduction peaks to a lower temperature compared
to the catalyst prepared by conventional y-alumina. Interestingly, the reduction temperature
peaks decreases sensibly with decreasing cobalt particle size from 16.6 to 11.5 nm (ALC1-
ALC2). This phenomenon can be attributed to higher reducibility for cobalt particles produced
in this special method through formation of the functional group on y-alumina surface as a site
of interaction. This functional groups have obstructed the sintering of cobalt, promoted
activating hydrogen or accelerated the hydrogen spill-over effect under the reduction process,
contributing to realizing higher dispersion and reduction degree of these catalysts simul-
taneously [1216-17]1 Byt in case of ALC:-ALCs, the high dispersion of cobalt particles and
decreasing the size of them increased the reduction degree of catalyst, the interactions
between support and active phase, and the reduction temperature peaks. Thus, particles
within the modified y-alumina are easily reduced because of the functional group effect, but
the reducibility is still more influenced by the particle size.

As shown in Figure 6, there is formation of metal-support compounds on the catalyst
surface due to reduction peaks above 500°C. Tavasoli et al. [2] have noted that reduction peak
present at temperatures above 700°C with oxidic carrier shows formation of cobalt species
that are difficult to reduce (oxide compounds). The formation of cobalt aluminate in ALC1-ALC3
catalysts decreases compared to ALCR because of interactions of cobalt active phase with
aluminum phosphate [13/18],

The results of the temperature programmed desorption (TPD) of the hydrogen for ALC:-
ALCs and ALCR catalysts were reported in Table 2. This table shows that in case of ALC1-ALC3
catalysts, the hydrogen chemisorption (Hz2 uptake) increases with decreasing the cobalt
particle sizes up to 7.3 nm in accordance with the % dispersion of the cobalt particles. Thus,
decreasing the cobalt particle size increases the % dispersion from 9.6 to 14.6 % (see Table 2).

The H2 uptakes of the ALC1-ALC3 catalysts are higher than the ALCR catalyst. It has been
shown that narrow particle size distributions are efficient for H2 chemisorption [6]. Also it can
be related to formation of the functional group on modified y-alumina surface, which promoted
activating hydrogen or accelerated the hydrogen spill-over effect under the reduction process,
contributing to realizing higher dispersion and reduction degree of these catalysts simul-
taneously [10/16]

The effects of acetic acid pretreatment

To investigate the promotional role of phosphoric acid in pretreatment support, the catalytic
activity and product selectivity data have been calculated for runs showing catalyst stability
within the first 320 h of FTS operation and were repeated twice to confirm the results repro-
ducibility. After initial catalyst stability, the results of FTS rate (g HC produced/g cat./h), and
the percentage CO conversion at 220°C, 2.5 MPa, and H2/CO ratio of 2 for ALC1-ALCs catalysts
and ALCR catalysts have been calculated.

The comparative results of CO conversion, FTS rate (g HC produced/gcat./h), Cs* and CHa4
selectivity for ALC:-ALC3 and ALCR catalysts are presented in Figures 7 (A, B, C and D). In
case of ALC:-ALCs catalysts, the higher distributed of cobalt particles were caused the CO
conversion became higher than the ALCR catalyst. The ALC: catalyst showed higher and stable CO
conversion (during 120-320 h of TOS). This can be attributed to higher uniformity of particle
size distribution and inhibiting the formation of cobalt aluminate through interaction of cobalt
and surface support (aluminum phosphate) in FTS reaction and in presence of water as a side
reaction product. On the other hand, phosphor-doped alumina inhibits cobalt oxidation, facilitates
heat and mass transfer by using larger pores (as shown in Figures 2 A and B), which increase
hydrothermal stability and decrease deactivation rate of catalysts in FTS reaction [13-14,17-18]

According to Figure 7 (B, C, D), the proposed modified y-alumina supported catalysts
increased the FTS rate from 0.062 to 0.1195 g HC/gcat./h, Cs* selectivity increased 10% and
CH4 selectivity decreased 73%, compared to that prepared by conventional y-alumina support.
ALC: catalyst showing narrow and uniform particle size distribution compared to ALCR catalyst.
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Because of uniformity, the cobalt sites produced on ALC: catalyst are more catalytically active
than the ones produced on ALCR [13-1417-18] These phosphorus doped alumina act as
anchoring sites for metal particles on surface of alumina. Also they can affect metal dispersion
and stability of active metallic sites [2°] through interaction of active phase with alumina
phosphate and inhibiting the formation of cobalt aluminate [1418],

Chen et al. observed that particle size is not the only property to have an effect on the FTS
activity [121, Other researcher observed that a narrow particle size distribution enhances the
activity of the FTS catalysts, which in turn leads to a better conversion of the reactants as well
as an increase in the FTS rate [22], Thus, improvement of the uniformity of the cobalt particles
supported on phosphorus doped alumina leads to a better CO conversion, stability of the
products, and the FTS activity and selectivity.

The Cs* selectivity and CH4 selectivity have increased and decreased respectively in modified
y-alumina-supported cobalt catalysts (ALCi-ALC3) compared to ALCR catalyst. ALCz catalyst
showed lower selectivity to methane. Lower production rate of CH4 for this catalyst could be
due to the effective participation of olefins in the carbon-carbon chain propagation. Thus, on
the ALC: catalyst, the larger pore volume and the better pores structure and shape (as shown in
Figures 2 A and B) facilitate heat and mass transfer and cause the a-olefins of the type R-
CH=CH:z can compete with carbon monoxide and heavier olefins for re-adsorption and chain
initiation [20-221, The selectivity for Cs* products on the modified y-alumina supported cobalt
catalysts (ALCi-ALC3), are higher than conventional y-alumina supported-cobalt catalyst
(ALCR) considering the same reason mentioned above. The uniformity and more distributed
of cobalt particles in ALCz catalyst caused the Cs* selectivity became higher than ALC: and
ALCs. The particle sintering is effectively prevented inside modified y-alumina due to spatial
restriction of the y-alumina pores which stabilized the activity and selectivity of the cobalt
particles [22-24],
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Figure 7.A) CO conversion B) FTS rate C) CH4 selectivity D) Cs* selectivity of the calcined catalysts
(Wt. of catalyst=10 g, T=220°C, P=2.5 MPa, and H2/CO ratio of 2)

4. Conclusions

The promotional effects of solvent during the preparation of FTS catalyst were investigated. The
phosphoric acid modified the morphology of support (surface area, pore volume, pore size
distribution and crystallite phase) and formed new functional group on y-alumina sur-face.
The modified surface properties of y-alumina support realized high dispersion and reduction
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degree of supported cobalt simultaneously, contributing to higher catalytic activity and
stability of this kind of catalyst applied to FTS reaction in CSTR reactor during 320 h test.
Synthesis of highly dispersed and stable cobalt catalysts caused high activity and stability of
this catalyst through interaction of active phase with alumina phosphate and inhibiting the
formation of cobalt aluminate. It is found that dilemma of dispersion and reducibility of y-
alumina-supported cobalt catalyst would be easily resolved via reconstructing the surface
properties of supports by various solvent, such as phosphoric acid, during preparation of
catalyst. Pretreated y-alumina as a catalyst support of cobalt nanoparticles, maintain high
dispersion and reducibility of cobalt, which can be attributed to hydrogen spill-over effect of
functional groups on modified y-alumina surface. This event will not normally occur in catalyst
prepared by conventional y-alumina. The simultaneously improved dispersion and reducibility
of y-alumina-supported cobalt nanoparticles would contribute to forming more active site on
catalysts, which is advantageous to any structure-insensitive reaction.
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