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1. Introduction 
Catalysis is a process that  increase in the rate of a chemical reaction due to the contribution  of an additional 
material called a catalyst [1].  The catalystaccelerates a chemical reaction process  without being consumed in 
the process There are two main types of catalysts–homogeneousandheterogeneous. Homogeneous catalysts are 
present in the same phaseas reactants and products, usually liquid.  Heterogeneous catalysts are present in a 
different phase, usually solid. Liquid catalystssuch as HF, H2SO4, HClO4 and H3PO4 are commonly applied for 
most chemical reactions in industries including petrochemicals, oil refining and chemicals. Since 1940 those 
liquid catalysts have tended to be replaced by solid catalystsbecause they have more advantages in terms of 
catalyst regeneration, decreasing corrosion problem, and environmentally safe disposal [2]. Fe, Ni, Pd, Pt are 
examples of solid catalysts.One or more kinds of catalysts can be loaded on another material, for example  
silica, which serves as a support to form a supported catalyst as a whole system[3].  The aims of using the 
support are to increase the dispersion of the active phases, to have a better control of the porous structure, to 
improve mechanical strength, to prevent sintering and to assist catalysis. 

Silica-supported nickel catalysts are solid catalysts which are applied in reactions such as 
hydrogenation, deoxygenation, methanation, reforming, and hydrocracking [2,4]. In order to achieve high 
catalytic activity, silica supported nickel catalysts that had high dispersion of small nickel particles, high pore 
size and high stability are always desirable for those reactions [5-7].  Dispersion of nickel, pore size and 
stability of a catalyst are influenced by the nature of  support [8-9]. Mesostructured cellular foam (MCF) silica 
is a mesoporous silica material  that has  ultra-large pore sizes (up to 500 Å) and hydrothermally robust material 
[10-13]. These properties make MCF silica appropriate to be used as support since they allow favourable 
conditions for incorporation of active site in pore of the MCF silica.  In our previous study, incorporation of 
nickel in MCF silica was successfully carried out to produce MCF silica-supported nickel catalyst [14]. 
Dispersion of nickel and porosity of the catalyst were investigated using nitrogen adsorption-desorption, 
transmission electron microscopy (TEM), X-ray diffraction (XRD), scanning electron microscopy (SEM) and 
energy dispersive X-ray (EDX) analyses [14]. It was found that the MCF silica-supported nickel catalyst 
obtained achieved nickel content of 17.57 wt% with nanoparticle sizes (1 - 2 nm) and the catalyst had pore size 
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of  90 Å. However, investigation of interactions between active site with support (active site–support bond) in 
the MCF silica-supported nickel catalyst has not been reported yet. The presence of bond between active site 
and support is required to create efficient and effective catalyst.  

Fourier Transform Infrared (FT-IR) is  a powerful technique for identifying types of chemical bonds in 
a molecule [15]. Additionally, Thermogravimetric analysis (TGA) has been used extensively for measurement 
of thermal stability of materials [16]. Therefore, in the present study FT-IR analysis was carried out to observe 
and evaluate the presence of active site–support bonds in calcined  and reduced catalysts of  MCF silica-
supported nickel catalysts. Besides that, TGA analysis was also conducted to investigate catalyst stability in 
terms of weight loss, thermal behaviour and structural destruction. Catalyst stabilityisanimportant property of all 
solid catalysts since most of the industrial chemical transformations to prepare a product are conducted at 
medium to high temperatures and pressures. 

 
2. Experimental work 
2.1 MCF support preparation 
MCF silica materials with different structures were synthesized according to procedure as previously reported 
[14]. In a typical synthesis, 4 g of Pluronics 123 was dissolved in 70 ml of 1.6 M HCl. Then, 6.8 ml of 
trimethylbenzene (TMB) was added, and the resulting solution was heated to 40°C with rapid stirring to 
synthesize the microemulsion (template). After stirring for 2 h, 9.2 ml of tetraethyl orthosilicate (TEOS) was 
added to the solution and stirred for 5 min. Then, the solution was transferred to a polyethylene bottle and kept 
at 40°C in an oven for 20 h for the formation of pre-condensed silica foam. After that, the mixture was removed 
from the oven and then NH4F·HF solution (92 mg in 10 ml DI water) was added to the mixture under slow 
mixing. Then, the mixture was aged at 80°C in an oven with aging time of 2 days. After cooling at room 
temperature, the mixture was filtered and the collected solid was then dried at 100°C for 12 h. Then, calcination 
was carried out in static air at 300°C for 0.5 h and 500°C for 6 h to obtain MCF(9.2T-2D) silica.  The same 
procedure was also applied to prepare MCF(9.2T-3D) silica except the use of aging time period. MCF(9.2T-3D) 
silica was prepared by using aging time of 3 days. 
 
2.2. Incorporations of Ni into MCF silica to produce MCF-silica supported nickel catalysts 
The MCF silica supports were functionalized with nickel using a procedure adopted in the literature [15]. In the 
procedure, 0.3 ml of HNO3 69 % wt/wt was added to 10.156 g of Ni(NO3)2.6H2O  and then  mixed with 
deionized water (DI) until 250 ml to obtain aqueous solution.  40 ml of the aqueous solution was utilized to 
dissolve 6.3 g of urea to obtain urea solution and 210 ml of the aqueous solution was added to 1.9 g of the MCF 
obtain a suspension. The suspension was heated at 40 oC, and then mixed with the urea solution under rapid 
mixing. After that, the mixture was heated to 90 oC for 2 h under static condition. After cooling, the mixture was 
filtered and the solid was washed with 20 ml of hot distilled water (~50 oC) followed by drying at 100 oC for 12 
h. The dried samples are designated NiMCF (9.2T-aD) in which a is duration of aging time in the synthesis of 
MCF supports. Then, the solids were calcined in static air at 300 oC for 6 h. the calcined sample are designated 
NiMCF (9.2T-aD)(C). Finally, the calcined samples were reduced at 550 oC for 2.5 h under hydrogen stream, 
and then cooled to room temperature under nitrogen flow to obtain MCF-silica supported nickel catalysts. The 
reduced catalysts are designated NiMCF(9.2T-aD)(R). Preparations of the MCF silica supports and MCF silica-
supported nickel catalysts can be summarized as in Table 1. 
 
Table 1 VariousMCF silica supports  and  MCF silica-supported nickel catalysts 

No Supports Dried catalyst Calcined catalyst    Reduced catalyst   
1 MCF(9.2T-2D) NiMCF(9.2T-2D) NiMCF(9.2T-2D)(C) NiMCF(9.2T-2D)(R) 
2 MCF(9.2T-3D) NiMCF(9.2T-3D) NiMCF(9.2T-3D)(C) NiMCF(9.2T-3D)(R) 

 
2.3. Characterization 
The FT-IR spectrum was used for investigations on the presence of bonds between active site (nickel) and 
support in the MCF-silica supported nickel catalyst. Besides that, it was also utilized to confirm the presence of 
the active site in the catalysts. FT-IR spectrum  was obtained in a frequency range of 2000-500 cm-1.  Through 
the Fourier Transform Infrared (FTIR) spectroscopy method all frequencies of the IR spectrum were measured 
using a Perkin Elmer 2000 Fourier transformed infrared (FT-IR) system.  The powder samples were densely 
fixed on a diamond crystal, and IR radiation was passed through this crystal reflecting at the internal surface in 
contact to the sample without additional chemicals like KBr for pellet preparation. 
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The TGA was carried out to observe the change in weight of the catalyst sample as it was heated in a 
temperature range from 31 to 840 oC.  The thermal gravimetric analyzer unit coupled with a TG controller (TAC 
7/DX) was supplied by Perkin-Elmer, USA. About 5 mg of catalyst sample was heated with a heating rate of 
10oC/min and an air flow rate of 25 ml/min.  The resulted TG curves indicated weight loss of the sample with 
increasing temperature.  
 

3. Results and discussion 
Figure 1 shows FTIR spectra that were collected for MCF(9.2T-3D) silica and calcined catalysts, i.e. 
NiMCF(9.2T-2D)(C) and  NiMCF(9.2T-3D)(C).  The spectra were obtained in a frequency range of 2000-500 
cm-1. In this range, variation of the absorption profiles that characterized Ni-O-Si interactions can be observed 
[18-20].  The FTIR spectrum of the unsupported MCF silica (MCF(9.2T-3D) exhibited characteristic peak and 
shoulder  at approximately 1086 and 1200 cm-1 that were assigned to stretching vibrations of the three- 
dimensional Si-O-Si network [21].  The stretching vibration of the Si-O-Si network was also observed through a 
weaker peak at 798 cm-1[22-25].  Other researchers observed characteristic Si-O-Si vibrations at 460 cm-1[22, 
26].According to literature vibrations at about 550 cm-1 were attributed to  Si-O bonds [27] 
 

 
Figure 1: FTIR spectra of unsupported MCF(9.2T-3D) silica dan some calcined catalysts, i.e. NiMCF(9.2T-2D)(C) and  

NiMCF(9.2T-3D)(C) 
 

Furthermore, compared to the unsupported MCF(9.2T-3D) silica material, FT-IR spectra of the calcined 
catalysts of NiMCF(9.2T-2D)(C) and NiMCF(9.2T-3D)(C) demonstrated lower intensities of the silica Si-O-Si 
stretching vibration bands at 798, 1086 and 1200 cm-1, as can be seen in the Figure 1.  However, a new band at 
660 cm-1 appears in the FT-IR spectra of the calcined catalysts.  The band at 660 cm-1 is attributed to the 
presence of nickel phyllosilicate bonds which covered the surface in the calcined catalysts [28-29].  Formation 
of nickel phyllosilicate bonds in the calcined catalysts is shown in Figure 2.  

 
Figure 2: Formation of nickel phyllosilicate bonds in NiMCF(9.2T-2D)(C) and NiMCF(9.2T-3D)(C) 
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The generation of the nickel phyllosilicate bonds seems to be more significant in NiMCF (9.2T-2D)(C) 
than those in NiMCF(9.2T-3D)(C).  This could indicate the larger sizes of the nickel phyllosilicate bonds in the 
NiMCF (9.2T-2D)(C). 

Figure 3 shows FTIR spectra that were collected for the calcined catalysts i.e. NiMCF(9.2T-2D)(C) and  
NiMCF(9.2T-3D)(C) as well as for the reduced catalysts i.e. NiMCF(9.2T-2D)(R) and  NiMCF(9.2T-3D)(R). 
As can be noted from the Figure 3, when compared to the FTIR spectra of the calcined catalysts, the FTIR 
spectra of the reduced catalysts demonstrate reappearance of higher intensities of the silicate vibrations (bearing 
the supports) that are especially indicated by the band at 1086 cm-1.   Meanwhile, the presence of the band at 
660 cm-1 is not detected in FTIR spectra of the reduced catalysts.  The result indicated that nickel phyllosilicate 
bonds were absence after reduction process. The nickel phyllosilicate could change into metallic nickel on the 
surface of the reduced samples.  This also provides indirect information on the strength of Ni-O-Si interaction in 
the reduced catalysts. The result was in agreement with a report in the literature in which silica gel was 
incorporated with metallic nickel [20]. 

 
Figure 3: FTIR spectra of calcined catalysts i.e. NiMCF(9.2T-2D)(C) and  NiMCF(9.2T-3D)(C) and  the reduced catalysts 

i.e. NiMCF(9.2T-2D)(R) and  NiMCF(9.2T-3D)(R) 
!

Weight loss, thermal behaviour and structural destruction of MCF silica and nickel functionalized MCF 
catalyst were investigated by means of TGA.  Figure 4shows a TGA thermogram of MCF silica.  In order to 
obtain better visualization of weight changes, the first derivative of the weight changes from the TGA test is 
also presented in the Figure 4.  Result obtained from the TGA thermogram shows a desorption region that 
occurred from room temperature to 110 oC. The derivative of the thermogram clearly reveals this inflection 
point with a peak located at 54 oC.  The weight loss of the MCF silica in this region was only attributed to 
desorption of physically adsorbed water. 

 
Figure 4: TGA profile (solid line) with its derivative profile (broken line) for MCF(9.2T-3D) silica 
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TGA thermogram of a corresponding dried catalyst sample was carried with the aim of establishing the 
most appropriate temperature to calcine the dried catalyst sample before reduction process to produce 
NiMCF(9.2T-3D)(R) catalyst.  TGA thermogram as well as its derivative of NiMCF(9.2T-3D) dried catalyst is 
shown in Figure 5(a).  The TGA thermogram in the figure shows a region from room temperature to 110 oC 
with weight loss of about 8% and a region from 200 to 300 with weight loss of below 1%.   
!

!
!

Figure 5: TGA  thermograms of (a):  dried NiMCF(9.2T-3D) catalyst  and (b) : NiMCF(9.2T-3D(C) catalyst!
!

At temperatures above 300, around 6% weight loss was observed. The regions from room temperature 
to 300 oC were ascribed to desorption of physisorbed and chemisorbed water as reported in the literature [30].  
Meanwhile, weight loss of the catalyst sample above 300 oC could be due to slow decompositions of 
nickelphyllosilicate in the catalyst sample leading to the formation of nickel oxide.  Hence, calcinations process 
of the dried sample above 300 oC would generate nickel oxide that was evenly dispersed in the catalyst.  Metal 
oxide dispersed in calcined catalyst could generate coarse or large metal particles after reduction process as 
reported in the literatures [31-32]. It is desirable to generate nickel particles with small sizes that are distributed 
in nickel functionalized MCF catalyst to obtain high catalytic activity.  Therefore, in order to avoid the 
formation of nickel oxide, calcinations process of the dried sample was appropriate to be carried out at 300 oC.  
Figure 5(b)shows the TGA thermogram of a calcined catalyst, NiMCF(9.2T-3D)(C),  i.e. the dried catalyst 
sample that had been calcined at 300 oC for 6 hours.  As can be seen from the figure, the TGA thermogram of 
calcined catalyst was almost the same as that of the dried catalyst except the region of weight losses due to 
desorption of water that was smaller than that in the dried catalyst.  The results suggested that the calcination 
process at 300 oC led to more elimination of water.  The more elimination of water before reduction process 
could produce catalyst with smaller sizes of metal particles [30]. 
!
Conclusion 
FT-IR and TGA analyses of MCF silica-supported nickel catalysts using two different silica supports have been 
successfully carried out. FT-IR spectra evidenced the presence of nickel phyllosilicate bonds in calcined 
catalysts, i.e. NiMCF(9.2T-2D)(C) and NiMCF(9.2T-3D)(C).  The nickel phyllosilicate bonds in the 
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NiMCF(9.2T-2D)(C) could be was larger than that in NiMCF(9.2T-3D)(C). FT-IR analysis results of reduced 
catalysts i.e. NiMCF(9.2T-2D)(R) and NiMCF(9.2T-3D) (R)  showed nonappearances of nickel phyllosilicate, 
providing indirect information of the presence of  Ni-O-Si bonds in the reduced catalysts. Furthermore, TGA of 
NiMCF(9.2T-3D)(C) calcined catalyst was almost the same as that of NiMCF(9.2T-3D) dried catalyst except 
the region of weight losses due to desorption of water. This indicated that calcination process carried out at 300 
oC led to more elimination of water. More elimination of water before reduction process could produce MCF 
silica-supported nickel catalyst with smaller sizes of nickel particles. 
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