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Abstract In order to produce an inexpensive catalyst for

the Fischer–Tropsch synthesis (FTS), zeolitized high silicon

fly ash utilized as a catalytic support for cobalt nanoparticles.

The ability of this new support in proper hosting of nano-

particles studied through various characterization methods

such as X-ray diffraction, nitrogen sorption, transmission

electron microscopy, energy-dispersive spectroscopic and

temperature-programmed reduction. In addition, the cata-

lytic properties for the FTS evaluated at 523 K and 20 MPa.

The obtained results show remarkable influence of utilized

support specifications upon the formation and catalytic

behavior of cobalt nanoparticles in the FTS.

Keywords Zeolite � Fly ash � Fischer–Tropsch synthesis �
Nanoparticles � Porous structure

1 Introduction

The importance of the Fischer–Tropsch synthesis (FTS)

process (synthesis of hydrocarbons from CO and H2) as the

main step of gas to liquid (GTL) technology is increasing

due to various factors such as the vast reserves of natural

gas against the decreasing volume of crude oil reserves

throughout the world, and the rising value and applications

of middle distillates. Furthermore, the growing demands

for cleaner fuels, the stiffer standards for fuels and perti-

nent contamination, the free-sulfur property of synthetic

distillates, in addition to the increasing price of crude oil

and the growing efficiency of GTL process has renewed the

interest of using natural gas as a potential source of

hydrocarbons [1]. In other words, the Fischer–Tropsch

process is considered as the most significant replacement

for petroleum to produce clean hydrocarbon fuels with high

cetane number and other value-added products [2–4].

The role of the catalyst used in the FTS is completely

pivotal to achieve the most desirable product such as long-

chain n-paraffins. It is shown that besides the kind and size

of the active metal phase (i.e., Fe, Co, Ru), the character-

istics of the catalysts’ supports have direct influence on the

products quality and quantity via altering the activity,

stability, and product selectivity of the catalyst [5].

Although the circumstance of support effects on the

behavior of catalysts is not completely vivid [6], it is

reported that the structure and porosity of support affects

the distribution and reducibility of the active metal phase

particles precipitated on it [7–9]. In recent years, many

investigators have been interested in micro- and mesopor-

ous molecular sieves as supports for preparing the FTS

catalysts, due to their ability to amend the catalyst activity

and selectivity [10–14]. In addition, the narrow and ordered

channels of these materials create a proper bed for for-

mation of metal and metal oxide nanoparticles [15, 16].

Natural or synthesized zeolites are a well-known family of

these materials, possessing unique properties to be utilized

as catalytic supports. Applying different types of zeolites
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for encapsulating nanosized metal particles was suggested

some years ago [17–20].

Faujasite zeolites, including X- and Y-type zeolites,

have ordered void volumes known as supercages in their

unit cell that make them as desirable hosts for the prepa-

ration of metal nanoparticles such as Pd, Pt, Rh, Au, Ag

and Cu [21–28]. Moreover, exploitation of faujasite zeo-

lites as catalytic supports is very widespread because of

their desirable properties such as high thermal stability and

mechanical strength.

Notwithstanding the fact that faujasitic zeolites may be

found in both natural and synthetic forms, the catalytic

applications of the synthetic forms are more prevalent due

to their properties, which are more acceptable. However,

the costs of producing such zeolite are much higher than

that of natural ones. In recent years, various methods have

been suggested to generate faujasite in high tonnage from

cheap impure raw materials such as kaolin [29–31] or fly

ash [32–34]. Utilizing these materials significantly reduces

the overall costs of zeolite synthesizing. It is estimated that

a utility may convert its own fly ash into zeolite-containing

materials for approximately $50–100 per ton [35]. In

addition, the cost of such materials synthesized from fly ash

zeolite was estimated to be almost one-fifth of the com-

mercial 13X zeolite available in the market [36]. To these

authors knowledge, there is still no report on exploitation

of zeolites produced from impure materials in catalytic

fields.

In this paper, studies on deposition of cobalt nanopar-

ticles into the LTA (Linde type A) and FAU (Faujasite)

zeolites synthesized from high silicon fly ash (HSFA) are

reported. Furthermore, catalytic behaviors of these pre-

pared cobalt nanoparticles in the Fischer–Tropsch synthesis

are investigated.

2 Experimental

2.1 Preparation of Catalysts

The zeolitic supports with Si/Al ratios varying approxi-

mately from 1.2 to 1.6 were synthesized from HSFA

according to the procedure described in previous work of

these authors [37]. In addition, one faujasitic sample was

synthesized from pure chemical materials according to the

Ref. [38]. Beside all of these samples, a commercial fauj-

asite sample was obtained from Aldrich Chemical

Company as the standard support. In order to deposit cobalt

particles on supports via ion-exchange, 1 g of each zeolitic

sample was added to 0.1 molar aqueous solution (50 mL)

of cobalt nitrate (Co(NO3)2 � 6H2O) and this mixture was

shaken periodically for 40 h at 300 rpm and room

temperature. In a similar way to the work of Tang et al.

[39] after filtration, washing carefully with deionised

water, and drying at 333 K for 10 h, each cobalt-exchan-

ged zeolite was chemically treated with a 100 mL of 0.1

molar NaOH solution under stirring in order to precipitate

cobalt hydroxide inside zeolite pores and consequently

facilitate the reduction process. This step was finalized

through vacuum filtration, regulating the pH around 7.0,

and drying at 393 K for 3 h. The powdery product was

calcined at 673 K for 6 h. The applied ramp rate of heat-

ing/cooling before/after calcination was 1 K/min.

2.2 Characterization Techniques

The silicon, aluminum, and cobalt content of each sample

were determined by Inductively Coupled Plasma Atomic

Emission (ICP-AE) spectroscopy using a Perkin Elmer

Elan Optima 3000DV after ion-exchange step. X-ray dif-

fraction (XRD) patterns were obtained at room temperature

using XRD spectrometry (Philips Analytical, Cu Ka

radiation).

Textural properties of supports and Co-containing cata-

lysts were obtained from the nitrogen sorption experiments

carried out at 77 K using BELSORP-MINI II (Apollo

Instruments Co., Japan). Prior to determination of the

adsorption isotherm, the sample was out gassed. A heating

mantle then applied to the sample tube and the contents

heated under vacuum to 423 K for 12 h. The sample

was then immersed in liquid nitrogen at 77 K before the

sorption measurements were taken. BET (Brunauer–

Emmett–Teller) equation was used to determine the specific

surface area and pore volume of selected samples. The pore-

size distributions were derived from the nitrogen adsorption

isotherms at 87 K using the BJH (Barrett–Joyner–Halenda)

method.

Bright and dark-field transmission electron microscopy

(BF, DF-TEM) with X-ray energy-dispersive spectroscopic

analysis (EDS) was carried out by Hitachi 800MT micro-

scope operated at an accelerating voltage of 200 kV to

clear cobalt oxide particle-size distribution. For the TEM

measurements, the solids were dispersed in acetone and

dropped on a copper microgrid covered by a holey carbon

film. The obtained images were analyzed through image

processing technique.

The reduction behaviors of encapsulated cobalt oxide

particles studied by CHEMBET-3000 Quantachrome using

temperature-programmed reduction (TPR) method on a

flow system equipped with a thermal conductivity detector.

About 100 mg of calcined catalyst was placed into a quartz

reactor and reduced in situ at 1273 K for 10 h at a heating

rate of 1 K/min by flowing 10 cm3/min of a mixture of 10

vol% H2 in Ar and the H2 consumption registered.
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2.3 Catalytic Experiments

The Fischer–Tropsch synthesis reaction was performed in a

standard laboratory fixed bed stainless-steel microreactor

(di = 10 mm, l = 40 cm) presented schematically in Fig. 1.

Three mass flow controllers (Brooks, Model 5850E)

equipped with a four-channel control panel (Brooks 0154)

were used to adjust automatically the flow rate of the inlet

gases (CO, H2, and N2 with purity of 99.999%).

The mixed gases passed into the reactor tube, which was

placed inside a tubular furnace (Atbin, Model ATU 150-

15) controlled by a digital programmable controller. The

60–120 meshed catalyst (1.0 g) was held in the middle of

the reactor tube with 70 cm length using quartz wool. Prior

to the catalytic experiments the catalysts were reduced in

situ at atmospheric pressure by increasing the temperature

at a heating rate of 1 K/min up to 673 K and maintained at

this temperature for 5 h while passing a flow of pure

hydrogen (30 cm3/min) through the reactor. After the

reduction step the temperature was decreased to 373 K

under the flow of H2 and then the reactant gas mixture was

introduced at a total flow rate of 250 cm3/min (H2/

CO = 2), and the reactor pressure slowly increased up to

20 bar. Then, the temperature in the catalyst bed was

increased to 523 K at a controlled heating rate of 5 K/min.

Once achieving this temperature, the reaction was led to

proceed during a period of 20 h to ensure stabilization of

the catalyst activity. Reactant and product steams were

analyzed on line using a gas chromatograph (Varian,

Model 3400 series) equipped with a 10-port sampling valve

(Supelco company, USA, Visi Model), a sample loop and a

thermal conductivity detector. The contents of sample loop

were injected automatically into a packed column (Haye-

sep DB, Alltech Company, USA, 1/800 o.d., 10 m long,

and particle mesh 100/120). Helium was employed as a

carrier gas for optimum sensitivity. GC controlling and

collection of all chromatograms was done via an IF-2000

single channel data interface (TG Co., Teheran, Iran). The

CO conversion (%) and the reaction selectivity (%)

towards one product such as j were calculated according to

the below relations, respectively.

CO Conversion %ð Þ ¼ molesCOin �molesCOout

moles COin

� 100

Selectivity of product j %ð Þ ¼ moles of j produced

moles COin - moles COout

� 100

3 Results and Discussion

Molar Si/Al ratio of all catalytic supports (denoted as Z-1

to Z-5) and the cobalt contents of their ion-exchanged

forms (denoted as Co/Z-1 to Co/Z-5) determined through

ICP-AE spectroscopy are shown in Table 1. Considering

the fact that performing preparation steps after the ion

exchange has no influence on the cobalt content of final

catalytic samples [40], one may assume cobalt content

values presented in this table as those of final catalysts. As

expected, in a specific type of zeolites such as faujasitic

Fig. 1 Schematic

representation of the reactor

used. (1) Gas cylinders, (2)

pressure regulators, (3) needle

valves, (4) mass flow controllers

(MFC), (5) monometers, (6)

non-returns valves, (7) ball

valves, (8) tubular furnace, (9)

reactor, (10) catalyst bed, (11)

trap, (12) condenser, (13) silica

gel column and (14) gas

chromatograph (GC)
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zeolites the higher the molar Si/Al ratio of a support, the

lower cobalt content resulted. It should be noted that this

rule is limited to only one type of zeolites and as a result,

the Si/Al value of sample Co/Z-1 belonging to LTA family

should not be compared with those of other samples. This

behavior is attributed to the less cation exchange capability

(CEC) of zeolites with more Si/Al ratio. Despite the neg-

ative effects of impurities on the CEC of samples supported

by synthetic zeolites, their comparably high cobalt content

is a promising point for their good catalytic performance. It

is also noteworthy that some of these samples such as Co/

Z-2 can have higher cobalt content than Co/Z-4 the support

for which was synthesized from chemically pure materials.

Further, the cobalt content of all of the synthesized samples

is greater than that of some new micro- and mesoporous

materials such as MCM-22 [41].

Figure 2 shows the XRD patterns of the calcined samples.

All of the main visible peaks in these patterns are ascribed to

LTA and faujasitic (NaX or NaY) zeolites. This issue indi-

cates the stability of the supports synthesized from HSFA

after various thermal and chemical treatments during cata-

lyst preparation process. However, as displayed in Fig. 2

different supports have different purities and as expected

catalysts with supports synthesized from HSFA such as Co/

Z-2 have less intense peaks in their XRD patterns in com-

parison with samples with standard supports such as Co/Z-4.

Furthermore, the absence of any detectable peak related to

cobalt oxides (CoO or Co3O4) in the XRD pattern of catalyst

Co/Z-2 reveals that the size of crystalline cobalt oxide par-

ticles in this sample should not exceed a few nanometers

comparable with the size of faujasite supercages [39].

The structural properties of some of the zeolitic supports

and corresponding catalysts (including Co/Z-2 as a sample

with a base synthesized from HSFA and Co/Z-4 and Co/Z-

5 as samples having standard bases) derived from the N2

adsorption isotherms are summarized in Table 2. The

uniformity of the pores before and after cobalt deposition is

understood through similar inflection trends of N2 adsorp-

tion isotherms of Z-2 and Co/Z-2 (Fig. 3a). These

isotherms, which belong to the type-I of adsorption models,

typify the prevalent microporous structure of the utilized

supports [40]. In addition, the similarity of the pore-size

distribution for these samples determined by nitrogen

adsorption at 87 K using the BJH method (see Fig. 3b)

shows that despite the existence of cobalt oxide particles,

the Co-containing synthetic faujasites may preserve their

porous structure as indicated by XRD results (Fig. 2). A

discrepancy about the right value of mean pore diameter of

catalyst Co/Z-2 and support Z-2 may be perceived by

comparing their mean pore diameter values reported in

Table 2 with the plots of Fig. 3b presenting their pore-size

distribution. This superficial discrepancy originates from

presenting the distribution of all pores (from micro to

macropores) in these plots and not focusing on the

Table 1 Molar Si/Al ratio and Cobalt content of different Co cata-

lysts used in FT reaction

Catalyst Molar Si/Al ratio

of related support

Co

(wt%)

Remarks about

the related support

Co/Z-1 1.19 9.5 Synthesized from HSFA

Co/Z-2 1.4 12.57 Synthesized from HSFA

Co/Z-3 1.53 10.98 Synthesized from HSFA

Co/Z-4 1.83 11.97 Synthesized from pure

materials

Co/Z-5 2.29 9.37 Commercial faujasite

Fig. 2 Powder XRD patterns of Z-1, Z-2, and Z-4 faujasitic supports

and Co/Z-2, Co/Z-4 and Co/Z-5 catalysts. Symbols A, X, Y, FAU,

and S denote the peaks of A, X, and Y zeolites, faujasite, and sodalite,

respectively

Table 2 Textural properties of faujasitic supports and relevant

Co-containing catalysts determined by nitrogen adsorption

Support/Catalyst SBET (m2/g) Total pore

volume (cm3/g)

Mean pore

diameter (nm)

Z-2 434.76 0.362 3.33

Co/Z-2 406.66 0.401 3.95

Z-4 714.24 0.380 2.13

Co/Z-4 619.26 0.358 2.31

Z-5 720.11 0.306 1.70

Co/Z-5 701.5 0.343 1.95

Novel Utilization of Zeolited Fly Ash 207

123



distribution of micropores only. In other words, since the

value of mean pore diameter is about the size of micro or

mesopores, plots presenting micro/mesopores size distri-

bution may result in mean pore diameters coinciding to the

values reported in Table 2.

It is proven that the enlargement of the mean pore

diameters of cobalt-exchanged faujasites in comparison

with their primary state is an evidence for deposition and

modest growth of cobalt particles inside micro or mesop-

ores [41]. As a result, the size of cobalt oxide particles as

the precursors of metal active phase may be controlled in

this way. Since sample Co/Z-2 has the wider mean pore

diameter than those of two other samples given in Table 2,

the encapsulation of cobalt particles inside of its pores is

more probable and consequently the pattern of cobalt

oxides deposition into it is remarkably homogenous. It

should be noted that pore volumes might increase versus

the decrease of the specific surface area after incorporation

of Co, as occurred for samples Co/Z-2 and Co/Z-5.

Assuming cylindrical pore geometry, changes in dimen-

sions of pores under specific conditions after deposition of

Co into pores might be a possible explanation for observing

such behavior. In other words, after deposition of cobalt

particles, pore diameters might increase a little due to pore

wall expansion caused by the moderate growth of Co

particles inside the pores exerting pressure outward. In

addition, effective length of pores (facing the adsorbate in

porosimetery) may decrease due to the partial blockage of

pores and/or collapse of porous space due to Co particles

deposition. Consequently, the aforementioned variations in

the specific surface area versus the total pore volume of

sample may take place. It is noteworthy that in this

research, related physisorption experiments performed in

triplicates and the results reported were completely repro-

ducible for all three runs.

The TEM micrographs and chemical analyses of sam-

ples are shown in Fig. 4. The cobalt oxide nanoparticles of

sample Co-Z-2 are evident as shiny spots in the related

dark-field image (Fig. 4a). One of the several EDS spectra

obtained from this sample is shown in Fig. 4b. The simi-

larity of the overall format of these spectra reveals uniform

distributions of cobalt in this sample. The more exact

position of cobalt particles in relation to the pores of cat-

alyst Co/Z-5 may be obtained from Fig. 4c. In this figure,

two different types of dark contrast formed by cobalt par-

ticles are perceivable. Since the results of EDS analyses of

the darker regions show very intense peaks of Co in

comparison with the other peaks such as Si and Al, it is

reasonable to attribute darkness to existence of cobalt

particles or agglomerates.

In locations in which the dissimilarities between sup-

ports and cobalt particles are imperceptible (marked with

black arrows), the existence of cobalt oxide particles inside

the pores is most likely. On the other hand, the higher

contrast of zones marked with white arrows is attributed to

the cobalt particles on the external surface of pores [15]. As

shown in Fig.2, the appearance of a weak peak at

2h = 36.9� in the related XRD pattern is another sign for

the presence of such particles. The cobalt oxide particle-

size distribution of about 80 particles in sample Co/Z-2 is

presented in Fig. 5. The size of cobalt particles are dis-

tributed in a narrow range, varying between 0.7 and

2.5 nm, with a maximum at 1.3–1.5 nm.

In addition to the aforementioned observations, the

similarity between size of particles and support mean pore

diameter is another issue denoting the precipitation of

nanoparticles inside the supercages and the mesopores of

zeolites.

The reduction behavior of the supported cobalt oxide

particles in samples Co/Z-2 and Co/Z-5 has been studied

Fig. 3 (a) Nitrogen adsorption

isotherms obtained at 77 K for:

Z-2 and Co/Z-2. (b) Pore-size

distributions of these two

samples obtained from nitrogen

adsorption at 87 K using the

BJH method
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by temperature-programmed reduction (TPR). The corre-

sponding reduction curves are shown in Fig. 6. The TPR

profiles have been normalized per weight of accompanying

cobalt of each catalyst. Two broad reduction peaks are

observable in TPR diagram of sample Co/Z-2 at tempera-

ture ranges of 500–700 and 800–1,150 K. The broadness of

these peaks has been assigned to the cobalt species located

inside the pores of the zeolite [40]. Considering reduction

peaks observed for CoO, Co3O4, and the supported cobalt

oxides, it seems that the first peak appears due to the

reduction of encapsulated cobalt oxide particles most of

which are in CoO form [42, 43]. The second peak that

occurs at very high temperatures is relevant to the gradual

reduction of the highly dispersed Co ions, which are not

converted to oxide phase during treatment with NaOH or

some of the residual cobalt oxide particles having strong

interaction with the faujasite framework [40]. It is seen

that, the reducibility of this sample is remarkably different

from that of sample Co/Z-2. One possible reason for these

variations might be the narrower mean pore diameter of the

support that reduces the confining chance of cobalt parti-

cles inside the micro or mesopores. In other words, with

respect to sample Co/Z-2, due to the narrower mean pore

diameter of Co/Z-5 support, the deposition of cobalt par-

ticles inside its micro/mesopores is more difficult and

consequently the formation of cobalt oxide clusters

agglomerated on the surface of pores is more probable. As

a result, the two sharp peaks of TPR profile of catalyst Co/

Z-5 are attributed to stepwise reduction of relatively large

Co3O4 particles to Co0 occurring at moderate temperatures

Fig. 4 TEM images and

analyses (a) dark-field image of

sample Co/Z-2, (b) EDS spectra

of this sample and (c) high

resolution image of sample

Co/Z-5
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[39]. This seems to be a reasonable conclusion because the

smaller size of metallic cobalt particles, the higher tem-

perature needed for reduction [6] as observed for catalyst

Co/Z-2 in Fig. 6. Furthermore, the increase in the residence

time of the water formed inside the pores (i.e., its slow

diffusion rate) during the reduction is yet another reason

for the lower reduction degree of small cobalt particles

confined in narrow pores [44].

The catalytic activity of the synthesized catalysts was

tested in terms of conversion of synthesis gas to light

olefins in a fixed-bed reactor under typical hydrocarbon

synthesis conditions: 523 K, 20 bar, H2/CO = 2, and gas

hourly space velocity (GHSV) of 15 Lsyngas/(gcat h). The

activity and selectivity results for the pseudo-stationary

period (10–15 h on stream) are presented in Table 3. As

observed, the catalytic behavior of all catalysts supported

by zeolites synthesized from HSFA is comparable with

those of other synthetic catalysts. Furthermore, from the

CO conversion point of view, sample Co/Z-1 is the most

active catalyst amongst all prepared in this work. Never-

theless, a few shortcomings such as the relatively low CO

conversion of sample Co/Z-2 may possibly be attributed to

the reduction difficulties and restrictions experienced by

this material. It has been well proven that in addition to the

extent of cobalt dispersion, the limitations of Co-based FTS

catalysts in conversion of CO to hydrocarbons is a proper

criterion to determine their reducibility extent [15]. In the

case of sample Co/Z-2, due to the high dispersion of cobalt

oxide nanoparticles shown previously by TEM results, it is

reasonable to deduce that its low activity results from the

temperature limit exerted for the reduction step. The rela-

tively high methane selectivity of this sample might be

another side effect of this issue, though this value is lower

than that of sample Co/Z-5 for which the support is syn-

thesized from commercial faujasite. As observed in Fig. 6,

the main reduction peak of sample Co/Z-2 takes place

at temperatures more than 800 K, while the maximum

boundary of reduction temperature applied in present

experiments was set conservatively to 673 K due to pos-

sible harmful effects of higher temperatures. In the case of

catalyst Co/Z-2, exerting such a thermal limitation leads to

leaving a significant amount of unreduced cobalt oxide

after reduction causing the conversion of CO to decrease.

In comparison with this material, for the case of catalyst

Co/Z-5, since the majority of cobalt oxides are reduced

under the same thermal applied conditions, the conversion

of CO to hydrocarbons is higher despite its lower total

cobalt. According to the thermogravimetric analysis (TGA)

and scanning calorimetry (SC) curves [37], however the

synthesized supports are thermally stable at high temper-

atures, migration of a large proportion of cobalt particles

out of faujasite supercages and pores is more likely at

higher reduction temperatures [40]. The results obtained by

Tang et al. shows that the formation of longer hydrocarbon

chains during the FTS benefits from cobalt particles being

located inside faujasite supercages through adjusting the

length of hydrocarbon chains properly. The suggested

interpretation for such behavior is the re-adsorption of the

reaction intermediates increasing the probability of higher

hydrocarbons formation as well as provision of a finite

Fig. 5 Cobalt particle-size distribution for sample Co/Z-2 as deter-

mined by TEM

Fig. 6 TPR profiles of samples Co/Z-2 and Co/Z-5

Table 3 Catalytic results for the Fischer–Tropsch synthesis on Co

catalysts

Catalyst CO conv. (%) Hydrocarbon distribution (%C)

C1 C2–C4 C5?

Co/Z-1 53.2 13.8 15.2 53.7

Co/Z-2 36.4 22.4 14.6 48.3

Co/Z-3 45.6 18 29.2 34.1

Co/Z-4 38.2 9.6 20.2 43.7

Co/Z-5 51.2 30.5 28.8 31.6
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space to restrict the formation of very long chains [39]. In a

few words, a compromise between the desirable extent of

reduction and the effective dispersion of particles should be

considered when such catalysts are being synthesized.

Results of this research are consistent with this obser-

vation. A binary comparison between samples Co/Z-2 and

Co/Z-4 with Co/Z-3 and Co/Z-5 confirms the inverse

relation of CO conversion and C5? selectivity for these

samples. Notwithstanding the high CO conversions of Co/

Z-3 and Co/Z-5, their C5? selectivities are significantly

lower than those of Co/Z-2 and Co/Z-4. On the other hand,

samples Co/Z-2 and Co/Z-4 having similarly low CO

conversions are more selective towards the formation of

C5? than Co/Z-3 and Co/Z-5. This contradictory behavior

is related to opposing effects of degree of reducibility and

dispersion extent of supported cobalt oxide particles on the

catalyst function [45]. Both of these parameters control

the density of surface cobalt metal sites that undertake the

catalytic role during the reaction [46].

The C5? selectivities of samples Co/Z-1, Co/Z-2, and

Co/Z-3, for which their supports correspond to NaA, NaX,

and NaY zeolites, respectively, follow a drastically

decreasing trend. This trend in present work springs from

the purity and crystallinity degree of the zeolites produced

from HSFA. In other words, the purer phase of the syn-

thesized zeolitic supports the higher selectivity towards

longer produced hydrocarbons is attainable. Furthermore,

considering the values presented in Tables 2 and 3, it

seems that broadening of the mean pore diameter of the

same types of zeolites may help to increase the catalyst

selectivity towards heavier hydrocarbons. This observation

shows the important effects of a proper catalytic support on

achieving the desirable distribution of reaction products

that is consistent with the work of Reuel and Bartholomew

[47] versus the results obtained by Iglesia [48]. Ultimately,

the most successful amongst all samples synthesized in the

aforementioned operative conditions in present study is Co/

Z-1 having simultaneously high CO conversion and

selectivity towards C5?. It appears that the primacy of this

sample to others results from the high purity and the

completely ordered porous structure of the zeolited HSFA

support utilized in it. Hence, highly desirable catalytic

results from the same type of synthetic supports with

higher purity and crystallinity are foreseeable.

4 Conclusion

In this study, applications of different types of zeolites

synthesized from fly ash as inexpensive supports of cobalt-

based Fischer–Tropsch catalysts are investigated. Utilizing

fly ash in the synthesis of the zeolitic supports resulted in

LTA and FAU zeolites with a very high CEC and final

cobalt content. The similarity between the XRD results of

the bases and the catalytic samples confirmed the stability

of these zeolites against the chemical and thermal treat-

ments employed during catalyst preparation. Moreover,

BET and TEM results demonstrated well-formed porous

structure and deposition of nanosized cobalt particles

inside of the micro and mesopores of supports. These

obtained results helped to interpret the observed catalytic

behaviors of catalysts with different types of supports. In

this direction, some properties of support such as its purity,

molar Si/Al ratio, and type of the zeolitic support affecting

the catalytic performance of the synthetic samples signifi-

cantly, were identified.
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