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Abstract 

γ-Alumina nanotubes have been synthesized by hydrothermal method from aluminium nitrate nonahydrate, 
CTAB, urea, and water with a molar ratio of 29:153:1:2028. The alumina has BET surface area of 203.73 m2/g, 
pore volume of 0.14 ml/g, and average pore diameter of 2.78 nm. The crystallite size calculated by Scherer 
equation was in the range of 9.8–11 nm. It has been employed as support of iron, cobalt, and nickel for Fischer-
Tropsch synthesis catalyst. The three catalysts were prepared by incipient wetness impregnation method. It was 
found that they showed different catalytic behaviours and activity. The acidity of catalysts increased according 
to the order: Co/Al2O3<Fe/Al2O3<Ni/Al2O3. The reducibility, amount of active site and catalytic activity 
increased in the following order: Fe/Al2O3<Co/Al2O3<Ni/Al2O3. 
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1. Introduction 

Due to depletion of oil reserves, increased cost of petroleum, and environmental demands for clean fuels, 
alternative methods for synthesizing hydrocarbon fuels such as Fischer-Tropsch synthesis (FTS) have again 
received considerable attention and become subject of many investigations both in academic and industrial 
research laboratories. FTS can produce clean fuels and chemicals from syngas (mixture of H2 and CO) which 
can be generated from coal, natural gas and biomass (Girardon et al., 2007). It is a heterogenously catalyzed 
reaction occuring at temperature ≥ 200°C and pressure ≥ 1 atm to give paraffins as the main products based on 
the following equation (Philippe et al., 2009): 

nCO + (2n+1)H2 → CnH2n+2 + nH2O        (1) 

In the FTS process, the catalytic conversion of syngas over a catalyst is considered a crucial step (de la Osa et 

al., 2011). As a consequence, choosing a suitable catalyst is very important. Most VIII group metals have 
measurable activity in carbon monoxide hydrogenation. Among them, iron, cobalt, and nickel present high 
activity and they are economically the cheapest. The three metals have different activity, selectivity, and stability 
(Perego, 2007). Iron catalyst has lower CH4 selectivity, higher selectivity to olefins and produces a high amount 
of oxygenates. Cobalt catalyst has a higher conversion, very good selectivity to long chain paraffin, low 
selectivity to oxygenates and olefin, and it is resistant to deactivation. Nickel has a very high hydrogenation 
activity, so its selectivity to methane is higher.  

To maximize the oxposure of metals to gaseous reactant and thus increasing catalytic activity as well as stability, 
the metals are normally dispersed on a high surface area of support ranging from metal oxides to zeolits (Idem et 

al., 2000). The optimum support should be chemically inert, with high surface area, with good mechanical and 
thermal resistance. Due to high surface area and highest mechanical and thermal stability, γ-Al2O3 is considered 
as one of the most promising support (Oh et al., 2009). Aluminas with various morphology have been applied as 
support of Fischer-Tropsch catalysts (Martinez et al., 2009; Pansanga et al., 2007). In line with development of 
synthesis methods, application of novel aluminas is of great interest. 

In the field of material chemistry, recently, considerable efforts have been directed towards preparation of 
nanostructured alumina due to its novel properties such as high elastic modulus, thermal and chemical stability, 
and optical characteristic. Up to date, nanostructured alumina with different morphologies, such as nanotubes, 
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nanowires, nanobelts, nanofibers, rod-shaped nanoparticle, whiskers, and nanoleaves have been synthesized by a 
variety of routes (Qu et al., 2005). Based on the unique electronic, mechanical and chemical properties of 
carbon nanotubes with marked shape-spesific and quantum size effect, nanotubular materials are expected to 
exibit both unusual characteristics and potential applications (Baughman, et al., 2002). To prepare alumina 
nanotubes, many efforts have been made via different methods inclusive of hydrothermal treatments on 
aluminium precursor in the presence of surfactants (Cheng, et al, 2006; Liu et al., 2008; Lu et al., 2009). This 
methods avoids the use of organic solvents and allows the synthesis of boehmite precursor of γ-Al2O3 at lower 
temperature. 

In this work we synthesized γ-Al2O3 by the hydrothermal method using aluminium nitrate nonahydrate as 
aluminium precursor and CTAB as surfactant. The alumina was used as support of iron, cobalt, and nickel for 
Fischer-Tropsch catalyst. To the best of our knowledge, the three metals have never been investigated in the 
same conditions including preparation methods, support, metal loading, and catalitic test. To acquire a powerful 
and reliable conclusion on comparison of their catalytic behaviours and activity, we applied the same treatments 
to these catalysts from preparation to catalytic test. 

 

2. Experimental 

 

2.1 Preparation of γ-Al2O3  

The γ-Al2O3 was prepared through hydrothermal process previously reported by Cheng et al. (2006) with 
modifications in starting materials, molar rasio, and calcination temperature. The starting materials consisting of 
Al(NO3)3.9H2O, urea, CTAB (all obtained from Aldrich) and deionized water were mixed at a molar ratio of 
29:153:1:2028 and magnetic stirred to obtain a transparent solution. The solution was transfered into a 100 ml 
Teflon autoclave and then it was heated at 125 °C and kept at that temperature under autogenous pressure. After 
15 h, the autoclave was cooled to room temperature naturally. White precipitate formed was collected by 
filtration, washed with etanol and then dried in air at 120 °C for 12 h. Afterwards the product was calcined in a 
muffle furnace by heating up to 550 °C for 3.5 h. 

 

2.2 Preparation of Al2O3-Supported Catalysts 

The 15%Fe/Al2O3, 15%Co/Al2O3, and 15%Ni/Al2O3 catalysts were prepared by incipient wetness impregnation 
method. Fe(NO3)3.9H2O, Co(NO3)2.6H2O, and Ni(NO3)2.9H2O (all from Aldrich) were used as source of Fe, Co, 
and Ni respectively. A desired amount of aqueous solution of nitrate salt was added dropwise to Al2O3 and 
simultaneously stirred to obtain a homogenous mixture. The samples were dried at 110 °C for 24 h and calcined 
at 450 °C for 3 h. 

 

2.3 Characterization 

XRD patterns of the samples were collected with Philips Analitical PW1710 X-ray diffractometer with Cu Kα 
radiation (λ= 1.54439 Å). The spectra were scanned at a rate of 0.02°/step from 2θ = 10° to 90°. BET surface 
areas were measured by NOVA 1000 Gas Sorption Analyzer Version 3.70 at liquid N2 temperature. SEM and 
EDX were performed with JEOL JSM 6063LA in the back scattering electron (BSE) mode at 10 kV. AAS for 
measurement of metal loading on catalysts were carried out by Shimadzu AA-630-12. H2-TPR, NH3-TPD, and 
H2 chemisorption were done with Micromeritics Chemisorb 2750 system. For H2-TPR, a temperature ramp from 
35 to 800 °C at a ramp rate 10 °C/min and reduction gas 10% H2 in Ar were used.  A thermal conductivity 
detector (TCD) was used to determine the amount of hydrogen consumed. For NH3-TPD, samples were 
pretreated under He flow at 500 °C for 2 h before NH3 adsorption at 100 °C. TPD profiles were recorded from 
35 to 500 °C under He flow at heating rate of 10 °C/min. Static H2 chemisorption was carried out on the reduced 
catalyst samples at 100 °C. Prior to H2 chemisorption, the catalyst samples were reduced at 400 °C in flowing 
H2 for 3 h. 

 

2.4 Catalytic Test 

Catalytic test in Fischer-Tropsch synthesis was done in a quartz tubular microreactor of 6 mm internal diameter. 
Typically, 0.2 g of catalyst sampel was placed into microreactor and then it was reduced in flowing H2 (7 
ml/min) at atmospheric pressure and temperature of 400°C for 3 h. Afterwards the temperature was reduced to 



Chemistry and Materials Research                                                                www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol 2, No.3, 2012 
 

33 

200°C and catalyst was fed with syngas of rasio H2/CO=2 and flow rate of 7 ml/min. After 1 h, the product of 
reaction was taken and analyzed offline by GC Shimadzu 8A to determine the concentration of CO. CO 
conversion was calculated according to equation: 

100%x

in
[CO]

out[CO]
in

[CO]
conversionCO

−

=        (2) 

 

3. Result and Discussion 

 

3.1 Properties of Alumina and Catalysts 

Product of the synthesis was alumina powder. The alumina was formed through boehmite (γ-AlOOH) resulted 
from hydrolisis of aluminium precursor under hydrothermal treatment. After calcination, γ-AlOOH was 
dehydrated and transformed into γ-Al2O3 (Liu et al., 2008; Lu et al., 2009). 

Al3+ + 2H2O  → AlO2
– + 4H+        (3) 

AlO2
– + H2O  → AlOOH(s) + OH–       (4)  

2AlOOH(s)  → Al2O3(s) + H2O(g)        (5) 

The gamma phase of alumina was confirmed by XRD pattern characteristic of γ-Al2O3 (ICDD No. 10-0425). As 
shown in Figure 1(a), there are six main peaks of γ-Al2O3 at 2  37.84°, 39.54°, 45.88°, 61.32°, 67°, and 85°. All 
peaks can be indexed to a cubic unit cell of γ-Al2O3(a=b=c=7.90 Å), space group symetry of Fd m(227). It is 
very clear that alumina particles show nano-size nature as indicated by broadened peaks due to presence of 
small crystallite sizes. The crystallite size was calculate by using Scherrer equation (Potdar et al., 2007). It was 
found to be in the range of 9.8–11 nm. 

The calcination of metal precursors in air led to formation of their oxides, namely Fe2O3, Co3O4, and NiO on 
alumina. The existance of these oxides is very obvious by the emergence of new peaks in XRD pattern of 
impregnated alumina correspoding to Fe2O3 (ICDD No. 84-0311), Co3O4 (ICDD No. 43-1003), and NiO (ICDD 
No. 44-1159). Figure 1(c) shows two peaks of Fe2O3 emerging at 2  33.42° and 35.62°. The low intensity and 
broad diffraction peaks implies low crystallinity or small cystallite size of Fe2O3. Figure 1(d) exibits five peaks 
of Co3O4 at 2  31.3°, 36.75°, 44.82°, 59.56°, and 65.2°. Figure 1(b) shows five peaks of NiO at 2  37.06°, 
43.18°, 62.6°, 75.05°, and 79.54°. The diffraction peaks of NiO are sharper than those Fe2O3 and Co3O4 
indicating a characteristic of larger NiO crystallite. Thus, the XRD pattern suggests that the metal oxides have 
different crystallite size in the order: Fe2O3<Co3O4<NiO. This can be attributed to the difference in metal oxide-
support interaction (Zhang et al., 2006). Large crystallite results from aggregation of metal oxide particles due 
to weak metal oxide-support interaction. On the contrary, strong interaction prevents the aggregation leading to 
formation of small metal oxide crystallite. Therefore, it implies that the order in strength of interaction with 
alumina is NiO<Co3O4<Fe2O3. 

As shown in Figure 2, the alumina exhibited a uniform morphology of nanotubes. The formation of nanotubes is 
induced by the micelles of surfactant as soft template (Diniz et al., 2007). The addition of CTAB is critical for 
the production of uniform morphology. It was reported that without using the surfactant in the similar synthetic 
system, only particles with random size and morphology distribution were obtained (Music et al., 1999). A 
slight change of alumina morphology occured after addition of metal oxides. SEM micrograph of the three 
catalysts showed a difference in density of surface morphology. This may be correlated to the amount of metal 
oxides on the alumina since the EDX data also presented a difference in metal concentration as shown in Table 
1. Ni/Al2O3 catalyst has the densest surface morphology as well as the highest metal composition. 

As shown in Table 1, elemental composition of alumina displayed by EDX data were in good agreement with 
calculated value showing that the alumina has no impurities. Unlike alumina, the catalysts were not homogenous 
solids since metal oxides particles were not evenly distributed on alumina. As will be explained later, the metal 
oxides mostly existed in the pores of alumina. Therefore, metal composition displayed by EDX taken from a 
small spot of catalyst sample was not reliable for metal loading on catalyst and it was confirmed by AAS. The 
higher metal composition shown by EDX data especially in Ni/Al2O3 catalyst showed that the spot shot was rich 
in metal oxide. Impregnation efficiency were below 100% as according to AAS data, metal concentration in 
calcined catalyst samples were lower than calculated values corresponding to 15% wt metal in reduced catalysts. 
There impregnation efficiency in Fe/ Al2O3, Co/Al2O3, and Ni/Al2O3 were 88%, 84%, and 92% respectively.   
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As shown in Table 2, the alumina has surface area of 203.73 m2/g, pore volume of 0.14 ml/g and average pore 
diameter of 2.78 nm. There was a significant decrease in surface area and pore volume upon the presence of 
metal oxides. The metal concentration values of 12.38% Fe, 11.9% Co, and 13.26% Ni from AAS are equivalent 
to percentage by weight of 18% Fe2O3, 16% Co3O4, and 17% NiO respectively. If the Al2O3 was the only 
contributor to the area, then the area of Fe/Al2O3 catalyst at least should be 0.82 x 203.73 m2/g = 167 m2/g. The 
minimum area of Co/Al2O3 catalyst should be 0.84 x 203.73 m2/g = 171.13 m2/g and that of Ni/Al2O3 catalyst 
should be 0.83 x 203.73 m2/g = 169 m2/g. However, all catalysts presented lower surface area value suggesting 
additional pore blockage by metal oxide clusters (de la Osa et al., 2011). This effect was more pronounced in 
Ni/Al2O3 catalyst due to larger crystallite size of NiO as has been seen from XRD pattern. The large crystallites 
fill up more space in the pore causing larger decrease in surface area. The alumina might be the main contributor 
to pore volume of catalysts. Percentage values of surface area reduction and pore volume reduction were almost 
the same confirming that metal oxides particle were mainly incorporated inside the pores rather than on the 
external surface of alumina.  

 

3.2 Catalytic Behaviours and Activity 

The catalysts acidity were measured by temperature-programmed desorption (TPD). Due to acidic nature of 
catalysts surface, they adsorbed amonia as a basic compound at low temperature and then desorbed it at higher 
temperature. The temperature of amonia desorption depends on the acidity of the catalyst. TPD profile in Figure 
3 presented a slight difference in the temperature of amonia desorption of the three catalysts. Fe/Al2O3 catalyst 
showed a strong desorption of amonia at 172-252 °C. A strong desorption of amonia by Co/Al2O3 catalyst 
occured at temperature 104-125 °C. Ni/Al2O3 catalyst exhibited two peaks of desorption at 118-149 °C and 248-
278 °C. The broader range of desorption shown by Ni/Al2O3 indicated its stronger acidic nature. Thus, the 
sequence of acidity of catalyst was Co/Al2O3< Fe/Al2O3<Ni/Al2O3.  

Reducibility of the catalysts were studied by temperature-programmed reduction (TPR). Hydrogen is consumed 
in reduction of metal oxide to metal phase. Figure 4 exhibits TPR profile of the catalysts. Two peaks in the TPR 
profile of Fe/Al2O3 corresponds to two steps reduction of Fe2O3 to metallic iron via F3O4 (Luo et al., 2009). 
Therefore, the first peak appeared at 372-383 °C is attributed to reduction of Fe2O3 to Fe3O4 and the second 
peak emerged at 593-622 °C is assigned to reduction of Fe3O4 to Fe. The were also two peaks in Co/Al2O3 
catalyst resulting from two steps reduction of Co3O4 to cobalt metal with CoO as an intermediate species (Borg 
et al., 2007). The first peak formed at 329-344 °C is assigned to reduction of Co3O4 to CoO and the second peak 
at 502-535 °C is attributed to reduction of CoO to Co. In Ni/Al2O3 catalyst, only one main peak appeared at 
346-369°C corresponding to reduction of NiO to Ni. 

Based on the difference in reduction temperature, it could be concluded that the sequence of reducibility of the 
catalysts was Fe/Al2O3<Co/Al2O3<Ni/Al2O3. Taking the ionic radii and thus the charge densitiy of the metal 
cation into consideration, the order of binding energy between metal and oxygen in the oxides is 
NiO<Fe2O3<Co3O4. It seems that the highest reducibility of NiO is correlated with the lowest binding energy of 
nickel and oxygen atom. Despite the lower in binding energy between metal and oxygen, Fe2O3 was less 
reducible than Co3O4. This might resulted from stronger iron-alumina interaction as has been explained from 
XRD pattern. 

Although a lot of metal atoms exist on catalyst after reduction step, only the metal atoms on the surface are 
active for CO hydrogenation. Therefore, the catalytic activity depends on the amount of surface metal as active 
site. The amount of active site on the catalyst sample was calculated from H2 chemisorption experiment at 100 
°C. It was equal to two times the amount of H2 adsorbed. The result showed that the trend in the amount of 
active site was similar to reducibility. The higher the reducibility, the higher the total amount of metal formed 
from metal oxides, and consequently, the higher the amount of active site. Ni/Al2O3 catalyst has much more 
active sites than Fe/Al2O3 and Co/Al2O3 catalysts. This is not surprising as it is obvious from TPR profile that 
Ni/Al2O3 catalyst can be completely reduced at reduction temperature of 400 °C. The small amount of active 
sites in Fe/Al2O3 and Co/Al2O3 indicated that only a fraction of Fe2O3 and Co3O4 were reduced after the 
reduction step. As shown in Table 3, the CO conversion was in  accord with the amount of active site. The 
activity of catalysts increased according to the order: Fe/Al2O3<Co/Al2O3<Ni/Al2O3. 

 

4. Conclusion 

Hydrothermal synthesis of alumina using Al(NO3)3.9H2O as aluminium precursor and CTAB as surfactant in 
this research resulted in γ-Al2O3 nanotubes with high surface area. The alumina have been applied as support of 
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iron, cobalt, and nickel for Fischer-Tropsch catalyst. The three metal oxides have different strength of 
interaction with alumina leading to difference crystallite size of the metal oxides which have impact on catalysts 
surface area. The catalysts acidity increased in the following order: Co/Al2O3<Fe/Al2O3<Ni/Al2O3. The catalysts 
reducibility increased according to the order: Fe/Al2O3<Co/Al2O3<Ni/Al2O3. The catalysts reducibility is 
affected by the binding energy between metal and oxygen in their oxides and interaction between metal and 
support. As a consequence of reduciblity, the amount of active sites and the catalytic activity in CO 
hydrogenation increased according to the order: Fe/Al2O3<Co/Al2O3<Ni/Al2O3. 
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Figure 1. XRD pattern of (a) γ-Al2O3, (b) Ni/Al2O3, (c) Fe/Al2O3, and (d) Co/Al2O3 
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Figure 2. SEM micrograph of (a) Al2O3, (b) Fe/Al2O3, (c) Co/Al2O3, and (d) Ni/Al2O3.a 

 

 

Figure 3. TPD profile of catalysts: (a) Co/Al2O3, (b) Fe/Al2O3, and (c) Ni/Al2O3 
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Figure 4. TPR profile of catalysts: (a) Fe/Al2O3, (b) Co/Al2O3, and (c) Ni/Al2O3 

 

 

Table 1. Elemental composition 

Support/ 
catalyst 

Elemental composition (% wt) 

EDX Data AAS data Calculated value 

Al2O3 
Al = 52.93 

O = 47.07 
— 

Al = 52.93 

O = 47.07 

Fe/Al2O3 Fe = 12.92 Fe = 12.38 Fe = 14.09 

Co/Al2O3 Co = 12.24 Co = 11.9 Co = 14.24 

Ni/Al2O3 Ni = 30.49 Ni = 13.26 Ni = 14.42 

 

Table 2. Surface area and porosity 

Support/ 
catalyst 

Surface area 
(m2/g) 

∆ Surface area 
(%) 

Pore volume 
(ml/g) 

∆ Pore 
volume (%) 

Average pore 
diameter (nm) 

Al2O3 203.73 — 0.14 — 2.78 

Fe/Al2O3 120.1 41 0.08 42.8 2.83 

Co/Al2O3 135.29 33.6 0.09 35.7 2.77 

Ni/Al2O3 102.38 49.8 0.07 50 2.8 

 

Table 3. H2 chemisorption and CO conversion 

Catalyst 
H2 adsorbed     
(µmol/g cat) 

Active site 
(µmol/g cat) 

CO conversion 
(%) 

Fe/Al2O3 3.16 6.32 31.75 

Co/Al2O3 6.44 12.88 39.50 

Ni/Al2O3 31.72 63.44 51.03 
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