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       Abstract

A series of nickel/molybdenum bimetallic nanocatalysts were prepared by wet impregnation method on USY 
zeolite and alumina as support. The catalysts were characterized by nitrogen-sorption (for Brauneur-Emmet-Teller, 
BET surface area determination), X-ray diffractometry (XRD), Scanning Electron Microscopy (SEM), Scanning 
Electron Microscopy-Electron Dispersive X-ray Spectroscopy (SEM-EDX) , Transmission Electron Microscopy 
(TEM) and Temperature Programmed Reduction (TPR). The results of nitrogen sorption reveal a reduction of BET 
surface area of about 40% for nanocatalyst on alumina and zeolite. With the increase of zeolite content of our 
catalyst, the micropore volume and surface area increased while the average pore size decreased. Hence, as the 
micropores increased the mesopores and macropores decreased. The SEM surface morphologies of the catalysts 
confirmed that deposition of metals occurs in the pores and on the surface of the catalysts which have contributed to 
reduction in the surface area as indicated in the BET result. The EDX revealed the deposition of metals onto the 
surfaces. The presence of Al and Si in the support and Ni and Mo as active metals was confirmed. The TEM 
displayed a homogeneous dispersion of metals on the supports. The micrograph showed a worm-like motif with a 
random channel system which matches the plate-like particles assembled in parallel identified by the N -2

adsorption-desorption isotherm. However, the catalysts had darker coloration as the percentage of the zeolite was 
increased on the support due to the coating of pores with the metals which had better interactions as corroborated by 
the TPR profiles. The results of TPR showed that the weaker interaction between the Mo and Ni species and the 
support leads to better reducibility of the metal oxides on zeolite than on alumina. As the zeolite content of the 
mixed support was increased, the peak mainly due to the reduction of Mo became weaker, hence the reducibility of 
metal precursor on the support varies with different zeolite content.

Key words: Nanocatalysts; BET-Surface area; Temperature programmed reduction; Electron dispersive x-ray 
spectroscopy; Impregnation method
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the catalysts had been enhanced with more acid 
supports such as Zeolite and TiO (Sayan and Paul, 2 

2002; Furimsky, 2000; Ram et al., 2005; Wang et al., 
2010; Arribas and Martiniz, 2002; Leite et al., 2001; 
Hassan et al., 2001). Apart from the conventional 
cracking function of the acidic sites, the catalytic 
activities and removal of heteroatoms are also 
improved with zeolite supports (Gallezot, 1979; Zheng 
et al., 2008; Yasuda et al., 1999).

Several studies dealt with SiO - supported Mo (Brito, 2

1986; Thomas et al., 1983; Shimada et al., 1988; 
Biermann et al., 1990; Henker et al., 1991; Ismail et 
al.,1991; Lopez et al., 1991) while a few dealt with SiO -2

Al O -supported systems (Brito, 1986; Thomas et 2 3

al.,1983; Henker et al.,1991; Massoth et al., 1984; 
Henker et al.,1990; Rajagopal et al., 1994). It is also 
generally accepted that molybdenum oxide on alumina 
support forms amorphous monolayers or 'Islands' on the 

2
alumina at Mo loading below 5 atom/nm  owing to the 
strong interaction with the support (Thomas et al., 1982; 
Okamoto and Imanaka, 1988). The most active acidic 
carriers used in current hydrocracking catalyst are 
amorphous silica-alumina and zeolite (Scherzer and 

1. INTRODUCTION
The science of catalyst synthesis is a profitable venture. 
Market surveys in 2013 have shown the total sales of 
catalysts to be between $15 and$19 billion per year, and 
to increase by 4-5% per year (TMR, 2013; Freedonia 
Group, 2015). Most chemical processes, both estab-
lished (Behrens et al., 2012; Babich and Moulijn, 2003; 
Brown et al., 2014) and emerging (Torre et al., 2012; 
Besson et al., 2014; Huber et al., 2006; Guo et al., 
2014) are performed using functional nanomaterials as 
catalysts. The field of catalyst synthesis, also known as 
catalyst preparation or catalyst manufacturing, is aimed 
at establishing the desired composition and structure of 
these materials (Munnik et al., 2015). Over the years, 
different types and forms of cracking catalysts have 
been developed and used. The manner in which 
catalysts are built up from the separate components 
(catalyst assembly) and catalyst form have an impor-
tant impact on their functionality (O'Connor et al., 
2001).

Alumina supported Mo(W)-sulfide catalysts with 
Nickel or Cobalt as promoters have long been used in 
the petroleum industries. The hydrocracking ability of 
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Gruia, 1996). Zeolites based catalysts are more active and 
resistant towards deactivation by coke than those based on 
amorphous silica-alumina (Maxwell, 1987). Interestingly, 
zeolite catalysts are less selective towards the desired 
middle distillates as recracking of these products into 
lighter compounds increased by the presence of a large 
concentration of strong Bronsted acid sites associated 
with frame work alumina. Therefore, to improve the 
selectivity towards middle distillates, the zeolite-based 
catalysts can be modified to increase the framework silica-
alumina ratio (Corma, 2004).

It has been reported that modifying the catalyst 
support leads to possible improvement of its activity, 
stability, and selectivity as the surface properties are 
manipulated (Biswas et al., 2011). In this work, a series 
of Ni-Mo catalysts were prepared by the incipient 
wetness impregnation method. The metals were loaded 

on mixed support of γ-alumina and USY-zeolite in 
different proportions to give the final catalysts. The aim 
of this work is to investigate the effect of incorporation 
of catalysts on mixed supports on the reducibility, 
textural properties and particle size distribution. 

2. EXPERIMENTAL PROCEDURE
Preparation of Ni-Mo/Alumina, Ni-Mo/Zeolite 

and Ni-Mo/Alumina-Zeolite catalysts
A nominal NiO loading of 3 wt % and MoO  loading of 3

14 wt % was chosen to have an atomic ratio of Ni/(Ni + 
Mo) close to 0.3. The catalysts were prepared via the 
wetness impregnation method. About 2.576 g of 
a m m o n i u m  h e p t a m o l y b d a t e  t e t r a  h y d r a t e 
(NH ) Mo O .4H O was weighed and dissolved in 100 4 6 7 24 2

ml ultra-pure water (type 1), agitated for one hour and 
then impregnated with alumina supports. Afterwards, 
the mixture was dried overnight at 80°C. An aqueous 
solution of Ni using Ni(NO ) .6H O as the metal 3 2 2
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Figure 1: Synthesis of Ni-Mo/Alumina-Zeolite catalysts
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Table 1: Composition of Ni-Mo Catalysts 

 



sputtered with carbon

Determination of Elemental Composition by 
Scanning Electron Microscopy-Energy 
Dispersive X-Ray Analysis 

The morphology and metal dispersion of the catalysts 
in oxide form was examined with a Hitachi S-3400 N 
SEM equipped with a Röntec XFlash of Si(Li) EDX 
analyser. Powder samples were first spread on SEM 
slabs and sputtered with gold. A qualitative elemental 
analysis was performed with EDX microanalysis at 
2300x magnification.

Determinat ion of  Catalyst  Structure  by 
Transmission Electron Microscopy 
Transmission Electron Microscopy was performed on 
the supports and the catalysts in oxide form. A JEOL 
2011 Microscope equipped with a LaB6 gun and 
operating at 200 kV was used. The samples were finely 
grounded, suspended in ethanol and dispersed. A drop 
of this solution was then deposited on a classical TEM 
lacey carbon copper grid. TEM micrographs were 
taken focusing on parts of the samples lying across the 
grid holes to obtain information free of the contribu-
tion of the supporting carbon film.

Determination of Catalyst Reducibility by Temp-
erature Programmed Reduction  
The temperature programmed reduction (TPR) was 
carried out to investigate the reducibility of the oxide 
species of the calcined catalysts. In this experiment, two 
thermocouples were used; one was used for furnance 
control and one was placed in the well in the catalyst bed 
before entering the detector. Water and other 
condensable were frozen out of the gas in the cold tray, 
kept at 195 K. A carefully weighed 0.1 g of the sample 
was placed in quarts reactor between quartz wool plugs 
and loaded into the instrument. The experiments were 

o -1 o
performed at a heating rate of 10 C min from 40 C to 

o
900 C with 5 % H  in nitrogen at 20 ml/min. The 2

hydrogen consumption was measured by a thermal 
conductivity detector (TCD) attached to a TPDRO 1100 
ThermoQuest CE instrument. The results generated 
were analysted by a Thermo Finnigan version 2.0 release 
0.1 software that gives the results in TCD signal (mv), 
oven temperature versus temperature(s). The result was 
copied and analysed further with the aid of ORIGIN 7.0 
analysis software.

4. RESULTS AND DISCUSSION
Nitrogen Gas Adsorption-Desorption and BET 

Surface Area Determination
The isotherms of the catalysts are presented in Figure 2 
and Table 2 presents the textural properties of the 
catalysts determined by nitrogen-adsorption-desorption 
studies. According to Figure 2, all the catalysts exhibited 
Type IV physical adsorption isotherm at high relative 

opressure (p/p ) with hysteresis loops H  which corre-3
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precursor, was prepared by tailoring their concentra-
tion to the desired metal loading (1.486 g). The Mo-
containing alumina material was impregnated with the 
corresponding Ni solution and dried overnight at 80°C. 
Finally, the material was calcined using the following 
temperature program: 150°C for 2 h, 350°C for 3 h, and 
finally 550°C for 4 h; the temperature rate employed 

-1
was 10°C·min . The calcination of the catalyst was 
carried out in a muffle furnace under flowing air at 200 

-1mL·min .
The procedure described above was followed for 

the preparation of Ni-Mo/Zeolite catalyst, except that 
USY zeolite was used as the support. The same proce-
dure was adopted in the preparation of Ni-
Mo/Alumina-Zeolite.  The impregnated Mo-
Ni/alumina powder was then mixed with USY zeolite 
according to the loading illustrated in Table 1, then 
deionised water was added to make a thick paste. The 

o
resulting solution was dried in an oven at 120 C for 5 

o
hours and calcined at 550 C for 2 hours. Figure 1 
presents the scheme used for the synthesis of Ni-
Mo/Alumina-Zeolite catalysts. 

3. CATALYSTS CHARACTERIZATION
Determination of Surface Area and Catalyst 

Particle Size by Nitrogen-adsorption/desorption
Brunauer-Emmett-Teller (BET) surface area, pore 
volume, and pore size measurements of the catalysts 
were performed using Micromeritics Tristar V4.02 
analyser. Approximately 200 mg of each sample was 
degassed at 200°C for 2 hours under nitrogen flow to 
remove moisture prior to performing nitrogen adsorp-
tion tests based on the standard method of nitrogen 
adsorption at -196°C. The BET method was used to 
calculate the surface area and the pore size distribution 
was calculated with the BHJ method based on adsorp-
tion-desorption isotherms.

Determination of Catalyst Structure and 
Crystalline Properties by X-Ray Diffraction 
Qualitative and quantitative determination of the 
nature of the phases and the amount of the phases 
present in the sample were determined by Panalytical 
X'Pert Pro diffractometer, employing Cu Kα mono-
chromatic radiation. All the patterns were collected at 
room temperature with steps of 0.02˚ using a range of 
5˚ - 80˚. The measurements were made at room 

−1temperature (298 K), with scan rate of 2˚ min  and 0.02 
steps and the patterns were recorded by the Bruker-D8 
softwareX- 

Determination of Catalyst Morphology by 
Scanning Electron Microscopy

The morphology of each mesoporous support was 
examined by the Scanning Electron Microscopy         
(SEM) instrument. The SEM image of support sample 
was retrieved in a JEOL 840A SEM instrument. 
Powder samples were first spread on SEM slabs and 
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2 2Surface area of Gamma Alumina used: 98 m /g, Surface area of Zeolite (H-SDUSY) CBV 901 used: 700 m /g

Figure 2: Nitrogen gas adsorptiondesorption isotherms of catalysts at different loading of Alumina and USY Zeolite 
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Table 2: Textural Properties Of Catalysts Determined By Nitrogen GasAbsorption- 

               Desorption Studies.

 

spond to materials with plate like particles and slit 
shaped pores (Sing et al., 1985; Garg et al., 2008; 
Gutiérrez et al., 2006; Kruk and Cao, 2007; Tanev and 
Pinnavaia, 1996). It was observed that NiMo/Zeolite 
presented lower average pore diameter (pore size) and 
higher surface area (S ) of the group with the highest BET

pores.
It was observed that all materials presented a pore 

size in the mesoporous range. The hysteresis loop H  is 3

representative of slit like platelets. Narrow hysteresis 
loops were observed for all synthesized catalysts. The 
nitrogen gas uptake capacity for the materials was 

osimilar at p/p  values close to 1. The micro porosity of 
the materials was observed at low relative pressure of 

o
the isotherms. At high p/p  values the curve for all of the 
synthesized catalysts continued upwards which is 
indicative of macro porosity (Sing et al., 1985).

BET specific surface area, total pore volumes and 
average pore diameter of the synthesized catalysts are 

presented in Table 2. The N  adsorption–desorption 2

isotherms of the supports and catalysts indicated that 
the support preserved its mesoporous structure after 
calcination and impregnation with metals.

There was a significant decrease in BET surface area 
and pore volume for alumina and zeolite after metal 
impregnation. Pore sizes of these catalyst samples were 
found to be less than those of the support (Alumina and 
USY-zeolite). The decrease in BET specific surface area 
and pore diameter after the impregnation of metal on the 
support indicated that metal nanoparticles were mainly 
incorporated inside the pore rather than on the surface of 
supports. The result is similar to what was reported by 
Sardar et al., (2011) where a reduction of 40.5 % was 
recorded for bimetallic nanocatalysts on alumina. With 
the increase of zeolite content of our synthesized catalyst, 
the micropore volume and surface area increased, while 
the average pore size decreased.  It has also been recently 
reported that as zeolite content increased, the micropores 
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Figure 3: XRD patterns of zeolite (USY) and catalysts at different loading of alumina and USY Zeolite 
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of the catalysts increased, while the mesopores and 
macropores decreased (Zhang et al., 2013). Hence, this is 
expected to enhance the hydrocracking ability of the 
catalysts. Besides the conventional cracking function of 
the acidic sites, the catalytic activities for hydrogenation 
of unsaturated compounds and removal of heteroatoms 
are also expected to improve with the zeolite supports 
(Gallezot, 1979; Zheng et al., 2008 and Yasudu et al., 
1999).

X-ray Diffraction (XRD) Analysis
Figure 3 presents the X-ray diffraction patterns of USY 
zeolite and synthesized catalysts. For NiMo/ Alumina, 
three broad intensity peaks characterized the sample 
which matches the diffractogram reported in literature 
(Lesaint et al., 2008). These peaks are typically 
assigned to gamma alumina suggesting some degree of 
ordering. All the catalyst diffractograms show no Ni or 
Mo oxide crystallite reflections; their diffraction 
patterns correspond to the one for alumina and zeolites 
respectively. This can suggest that Nickel and 
Molybdenum oxides were highly dispersed in the 
supports with a size of less than 4 nm, the detection 
limit of XRD technique (Maity et al., 2005; Kaluza et 
al., 2002; Dhar et al., 2003; and Kim et al., 2004)

The XRD patterns of all the other catalysts exhib-
ited only broad XRD peaks of γ-alumina and zeolite 

even though the strength were reduced sharply, while 
no additional peaks belonging to crystalline Ni and 
Mo compounds were observed. The characteristic 

o
diffraction peaks of γ-Al O  and zeolite Y (2θ = 12 , 2 3

o o o o16 , 19 , 20  and 24 ) appeared in all catalysts. The 
zeolite in Ni-Mo/Alumina-zeolite had a higher 
crystallinity than that in Ni-Mo/Alumina mainly due 
to the higher crystallinity of zeolite compared to 
alumina.

No detectable XRD crystalline forms of any Mo or 
Ni species were present in the oxidic catalysts, 
suggesting that the molybdenum and nickel oxidic 
species were either completely amorphous or com-
posed of crystallites smaller than 4 nm. The peaks of 
zeolite in the small angle zone were more obvious 
with the increase of zeolite content in the mixed 
supports, a fact corroborated by Zhang et al., (2013). 

Surface Morphology
Morphology plays an important role in activity and 
selectivity of catalyst. This can be observed by SEM 
analysis of the synthesized catalysts. Figure 4, shows 
high (10,000x) magnification SEM micrographs for 
the five catalysts. 

The surface morphologies of the catalysts revealed 
a visible coating of metals blocking the pores observed 
in the catalysts. This is consistent with the observation 
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Figure 4: SEM micrographs of 
(a) Ni-Mo/Alumina,
(b) Ni-Mo/Alumina (75 %)-Zeolite (25 %),
(c) Ni-Mo/Alumina(50%)-Zeolite(50%),
(d) Ni-Mo/Alumina(25%)-Zeolite (75%) and
(e) Ni-Mo/Zeolite at 10000X magnification.

(e)
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The SEM-EDX analysis was used to study the surface 
morphology as well as to determine their elemental 
composition. The EDX mapped a small micro-area of 
the catalyst as presented in Figures 5 (a) to (e). The aim 
of the EDX was to confirm the presence of the species 
we incorporated. The analyzed results revealed the 
deposition of metals onto the surface of the catalyst. 
The presence of the elements in the support (Al, Si) and 
active metals (Ni, Mo) were confirmed. Cu was also 
detected as this element was present in the grid used to 
support the samples for analysis. The carbon was as a 
result of carbon coating before the catalysts were 
analyzed.

Microstructure of the Layered Catalysts
The representative TEM images of the catalysts are 
shown in Figures 6 to 8. The mesoporous structure of 
the different supports can be observed in the TEM 
micrographs at magnifications of 60,000, 150,000 and 
600,000 for each material. The TEM images reveal the 
presence of typical layered structures. In order to find 

Figure 5: SEM micrographs of 
(a) Ni-Mo/Alumina,
(b) Ni-Mo/Alumina (75 %)-Zeolite (25 %), 
(c)Ni-Mo/Alumina (50%)-Zeolite(50%), 
(d)Ni-Mo/Alumina (25%)-Zeolite(75%)
 (e)Ni-Mo/Zeolite at 50000X magnification 

in the nitrogen-adsorption-desorption studies. The 
decrease in the surface area was due to the incorpora-
tion of the metals into the pore of the supports. The 
SEM data provide detailed morphology with magnifi-
cation up to 10000x allowing submicron-scale features 
such as metals which could not be observed with the 
XRD to be seen. It is clear that the deposition of metals 
occurs in the pores and on the surface of the catalysts 
which have contributed to reduction in the surface area. 
From the figures, the clusters are distributed around the 
catalyst surface and pore (Hart, 2014). From Figures 4 
and 5, it can be seen that both magnifications of 
10000X and 50000X, the five catalysts prepared have 
the morphology which tend to be agglomerate. From 
those figures, it can be seen that either there were small 
particles or large ones. It can also be observed that the 
catalyst morphology is arranged from flake-shaped 
box particles which formed an aggregate from small 
particles. It can be confirmed that the resulting cata-
lysts still do not have a uniform size.

Elemental Composition of the Catalysts
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Figure 5(b): EDX for Ni-Mo/Alumina (75 %)-Zeolite (25 %)

Figure 5(c):  EDX for Ni-Mo/Alumina (50 %)-Zeolite (50 %)

Copyright Reserved © NJMSE, 2018.

Figure 5(a): EDX analysis on SEM micrograph areas at 
            50,000x  magnification (insert) for Ni-Mo/Alumina

Figure 5(d): EDX for Ni-Mo/Alumina (25 %)-Zeolite (75 %)

Figure 5(e): EDX for Ni-Mo/Zeolite
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out the species and composition of the layered structure 
showing in TEM images, EDX analysis was carried out 
on several selected layered areas. EDX results showed 
that the species of the layered structure were composed 
of nickel and molybdenum. Therefore, the layered 
structure was demonstrated to be Ni-Mo. The intense 
peaks for each catalyst and constituents of the base 
materials are clearly stated.

The micrographs showed a worm-like motif with a 
random channel system representative of alumina 
(Zhang and Pinnavaia, 2002) which would match the 
plate-like particular in parallel identified by the N  2

adsorption-desorption. In the high magnification 
micrographs for all our materials, short corrugated 
platelets were detected as has been reported in litera-
ture (Lesaint et al., 2008, González-Peña et al., 2001))

A homogeneous dispersion for metals was observed 
for all the prepared catalysts. The catalysts had a darker 
coloration as the percentage/amount of zeolite was 
increased due to the coating of pores with molybdenum 
and nickel oxides which had better interactions as 
corroborated by the TPR profiles.

It is obvious that the metals are well dispersed on the 
supports forming a worm-like motif. TEM micro-
graphs in Figure 6– 8, revealed the micro-images of Ni-



Figure 6: TEM micrographs of (a) Ni-Mo/Alumina, (b) Ni-Mo/Alumina (75 %)-Zeolite (25 %), (c) Ni-Mo/Alumina
             (50%)-Zeolite(50%), (d) Ni-Mo/Alumina (25%)-Zeolite (75%) and (e) Ni-Mo/Zeolite at 60,000 magnification 

Figure 7: TEM micrographs of (a) Ni-Mo/Alumina, (b) Ni-Mo/Alumina (75 %)-Zeolite (25 %),  (c) Ni-Mo/Alumina (50%)-
              Zeolite(50%), (d) Ni-Mo/Alumina (25%)-Zeolite (75%) and (e) Ni-Mo/Zeolite at 150,000 magnification 

Figure 8: TEM Micrographs of (a) Ni-Mo/Alumina, (b) Ni-Mo/Alumina (75 %)-Zeolite (25 %), (c) Ni-Mo/Alumina 
                 (50%)-Zeolite(50%), (d) Ni-Mo/Alumina (25%)-Zeolite (75%) and (e) Ni-Mo/Zeolite at 600,000 magnification 
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Mo on alumina and zeolite supports at different 
magnifications. The composition of the supports was 
varied and had impact on the interaction between the 
metal and the supports. There was homogeneous 
dispersion of metals on the supports but from the 
micrograph, the catalysts had darker coloration as the 
percentage of the zeolite was increased on the support 
due to the coating of pores with the metals.  

Hydrogen Reduction 
The reducibility of the prepared catalysts was studied 
by H -temperature-programmed reduction (TPR). 2

Figure 9 shows the results of TPR experiments of the 
catalysts and the peak positions summarized in Table 3. 
Three main peaks were observed for all the supported 
catalysts where a low temperature Mo reduction first 
appears, followed by the Ni reduction and then a high 
temperature Mo reduction. The first molybdenum peak 
corresponds to a reduction of octahedral Mo. 

6+ 4+
(Mo →Mo ) and the second to a reduction of tetrahe-

4+dral species (Mo →Mo) (Lopez et al., 1991; Qu et al., 
2003; Alibouri et al., 2009). Nickel species are reduced 

in a single step (Li and Chen, 1995).
Reduction of nickel supported catalyst is difficult 

(Chen and Shiue, 1988) and the equilibrium between 
oxidic Ni and H  varies depending on the extent of 2

interaction between Ni and the support. The interac-
tions between Ni and the support can be characterized 
by the reducibility of nickel. Some studies have 
shown that nickel supported on alumina is not com-
pletely reduced to the metallic state due to a strong 
oxide support interaction (Chem and Shiue, 1988; 
Martin et al., 1973). However, the reduction depends 
on metal loading and calcination temperature and has 
been attributed to the formation of nickel aluminate 
spine (Shalvoy and Reucroft, 1977) or to nickel ions in 
the tetrahedral and octahedral sites of alumina (Wu 
and Hercules, 1979), or to a modification of the 
electronic properties of nickel oxide due to reduction 
with alumina (Hollinger et al., 1978). Li and Chen, 
(1995) investigated two series of NiO/Al O  catalysts 2 3

with various metal loadings prepared by incipient- 
wetness impregnation and co-precipitation methods. 
The reducibility of NiO over these catalysts was 
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Figure 9: TPR Profile of different catalysts
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Catalyst Reduction temperature (oC) 
 Peak 1 Peak 2 Peak 3 
NiMo/Alumina 517 563 781 
NiMo/Alumina (75 %)-Zeolite (25 %) 141 647 740 
NiMo/Alumina (50 %)-Zeolite (50 %) 148 744 822 
NiMo/Alumina (25 %)-Zeolite (75 %) 144 709 748 

NiMo/Zeolite 126 677 790 
 

Table 3: Hydrogen- TPR Data for the Catalysts 

investigated by the temperature programmed reduc-
tion technique. For impregnated Ni/Al O  catalysts, 2 3

more than one species was detected by TPR. At low 
nickel loadings NiO was observed. The rate of 
reduction of NiO on support depends not only on the 
chemical nature of the NiO species but also on the rate 
of nucleation of metallic nickel. At high nickel 
loadings due to the presence of easily reduced Ni 
species, the rate of reduction is enhanced. 

Jerzy (1982) also reported that the TPR curve for 
pure nickel oxide powder had a single peak of hydro-

o
gen consumption with a maximum at 230 C. For the 
supported catalysts of high nickel concentration two 
hydrogen consumption peaks appear on the TPR 
curves. The first, low temperature peak appeared at 
much the same temperature as for pure nickel oxide; 

othe other, very broad has a maximum at 450 C. For 
supported catalysts of low nickel concentration only 
the high temperature peak of hydrogen consumption 
was observed.

Qu et al., (2003) evaluated the interaction between 
Ni and Mo species and catalysts containing only Ni or 

Mo and both under the applied conditions, all the 
species were reduced. For Ni/Al O  the reduction 2 3,

temperature was a broad band centered between 640 
o

and 800 C which is a higher temperature than for bulk 
oNiO with a single reduction peak at around 300 C 

(Briton and Laine, 1986). Mo/ Al O  showed two main 2 3
o o

peaks one at 422 C and the other at 874 C, with a 
o

shoulder observed at 710 C which may be due to the 
intermediate- reducible crystalline phases of 
orthorhombic MoO  and Al (MoO ) (Rajagopal et al., 3 2 4 3 

1994; Arnoldy et al., 1985; Brito et al., 1989; and 
Marzari et al., 1995). With the incorporation/addition 
of Ni into Mo/Al O , the TPR profile shifted to lower 2 3

otemperature. Peaks appeared at 370, 593 and 830 C. 
After the Ni content and calcination temperature of the 
NiMo supported on alumina was changed, the peak that 

oappeared at 590 C was assigned to the reduction of Ni 
species (Brito and Laine, 1986). The peaks for the Mo 

o o o
species changed from 422 C to 370 C and 874 C to 

o
830 C which indicated a shift of about 40 to 50 to a 
lower temperature, indicating that the addition of Ni 
promoted the reducibility of Mo. The reduction of Ni 
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species was also promoted showing a maximum at 
o

593 C. Our results (Table 3) was supported by Breysse 
et al., 1997; Simon et al., (2001) and Inamura et al., 
(2011) who also observed the different reducibility of 
the metal precursor on the supports with different 
zeolite contents.

5. CONCLUSION
The SEM, TEM and SEM-EDX analysis showed that 
the catalysts were crystalline and EDX data confirmed 
the presence of Al and Si in the support and Ni and Mo 
as active metals. We can conclude that the results of 
temperature programmed reduction showed the weak 
interaction between the Mo and Ni species and the 
support leads to better reducibility of the metal oxides 
on zeolite than on pure alumina. There are also larger 
pores on the zeolite support than on the alumina 
support which will result in higher hydrocracking 
activity of Ni-Mo catalysts supported on zeolite. It was 
observed that with the increase of zeolite content, the 
peak mainly due to the reduction of Mo species, 
became weaker, which indicates that metal oxides on 
the catalyst surface was more difficult to be reduced 
since the metal support interaction was modified with 
the addition of Zeolite. Finally, the interaction between 
active phase precursor and the support, the acidity 
change the electronic properties of the metal and 
therefore modify the properties of the catalysts.
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