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Preparation and characterization of bimetallic system (Ni:Cu) loaded on zeolites were performed and
examined in hydrogenation process for p-nitrophenol into p-aminophenol. Two types of zeolites were
used as supports for bimetallic system namely LTA and FAU originally prepared from Egyptian kaolin
ore. Several techniques were employed for the characterization of prepared catalysts including XRD, ESR,
TEM and measurements of catalytic activity. The bimetallic catalyst showed superior catalytic activity in
a system used hydrazine hydrate as hydrogen donor. The results showed that catalyst supported on LTA
zeolite is being more effective than that supported on FAU. The reaction proceeds to 100% conversions
through only few seconds.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The preparation of the catalyst is an important issue for many
recent researches for many applications [1-6].

The nickel metal catalyst is widely employed in many fields for
hydrogenation process [7-14]. The hydrogenation process is con-
sidered to be a vital process for many industrial applications such
as hydrogenation of edible oil [13,14].

The use of bimetallic system as a catalyst is recently attracted
more interest not only due to the highly synergetic effect of
bimetallic systems but also due to the change in the physical prop-
erties of the resulted alloy which affects mainly the stability and
the durability of the catalysts[15-24].

The reduction of these alloys is another issue of challenging,
thus many papers use high pressure hydrogen and high tempera-
ture in hydrogenation process [25-29]. The use of chemical method
reduction is also reported [30].

Many analgesic and antipyretic drugs, such as paracetamol,
acetanilide, phentacin, etc depend mainly on p-aminophenol as
intermediate [31-37] besides its use in chemical dye industries
[32-38].
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The preparation of p-aminophenol from p-nitrophenol could be
achieved by many cited methods such as: (1) metal/acid reduc-
tion [39],(2) catalytic hydrogenation [40], (3) electrolytic reduction
[41], (4)homogeneous catalytic transfer hydrogenation [42], and
(5)heterogeneous catalytic transfer hydrogenation, etc.

The direct catalytic hydrogenation of p-nitrophenol into p-
aminophenol was proved to be the most effective method which
was proved by our previous work to use nickel catalyst supported
on SiO, or Al,03 [43] or a mixture of both [43,44]. In our previous
work [43,44], the use of hydrazine hydrate as hydrogen donor was
proved to be very effective and green route for the process. The
present work aims at the study of the effect of crystalline alumi-
nosilicates such as zeolites in the same system using single nickel
metal or bimetallic Ni/Cu system.

The zeolites employed are LTA and FAU which have been pre-
pared from Egyptian kaolin [13,14]. The use of Egyptian kaolin as
primary source in the preparation of zeolites drive more economic
impact for this work due to the high availability of kaolin resources
in many countries and its very cheap price.

2. Experimental
2.1. Materials
The chemicals employed are, Egyptian kaolin containing mainly, 53% SiO, and

32% Al 03, commercial sodium silicate solution (43%), NaOH (Merck), copper nitrate
(Merck), NiSO4-7H, 0 (Merck), Commercial Rainy Nickel (Merck),Hydrazine hydrate
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Fig. 1. XRD of Na-LTA and 1.5 wt% Ni-LTA and 1.5 wt% (1 Ni:1Cu)-LTA zeolites.

80% (Merck), p-nitrophenol (PNP) (Merck) and p-aminophenol (PAP) (as a standard
materials), Ethanol (spectroscopic grade) (Merck).

2.2. Synthesis

Synthesis of zeolites was carried out by hydrothermal reaction of kaolin and
commercial sodium silicate solution. LTA and FAU were obtained. The LTA is refer-
ring to Linde Type A zeolite and FAU is abbreviated to Faujasite type zeolite. For the
ion exchange, 0.5 g of zeolite were dispersed in 100 ml of solutions of copper nitrate
and nickel sulfate of different concentrations during continuous stirring at room
temperature for 2 h. Reduction was done using hydrazine hydrate in an alkaline
medium at 80-100°C in order to obtain the metallic form of nickel.

Fig. 2. XRD of Na-FAU and 1.5 wt% Ni-FAU and 1.5 wt% (1 Ni:1Cu)-FAU zeolites.

Table 1
Crystal lattice parameters of different loaded zeolites.

Catalyst Crystal system Lattice constants

a b c
Na-LTA Orthorhombic 123 8.3 43
0.1 wt% Ni-LTA Orthorhombic 123 8.3 43
0.1wt% (1Ni:1Cu)-LTA  Orthorhombic 123 8.3 43
0.5 wt% Ni-LTA Orthorhombic 1228 84 5.3
0.5wt% (1Ni:1Cu)-LTA  Orthorhombic 1225 8.6 5.5
1.5 wt% Ni-LTA Orthorhombic 12.25 8.57 8.4
1.5wt% (1Ni:1Cu)-LTA  Orthorhombic 1225 8.57 8.4
Na-FAU Orthorhombic 1635 6.97 5.84
0.1 wt% Ni-FAU Orthorhombic 16.28 6.96 5.83
0.1 wt% (1Ni:1Cu)-FAU  Orthorhombic 16.28 6.96 5.83
0.5 wt% Ni-FAU Orthorhombic 12 8 6
0.5wt% (1Ni:1Cu)-FAU  Orthorhombic 145 16 11
1.5 wt% Ni-FAU Orthorhombic 10.1 9.69 6.38
1.5wt% (1Ni:1Cu)-FAU  Triclinic a = 105, f =97.6, 141 148 1234

y=90.75

2.3. Hydrogenation process

Catalytic hydrogenation reaction was done by dissolving 0.1 mole of p-
nitrophenol in an appropriate amount of ethanol (25 ml), followed by the addition
of 10 ml hydrazine hydrate as hydrogen source, then heating at 80°C. The catalyst
was added to the heated solution and the time to reach 100% conversion was taken
as a measure of the catalytic activity. The catalyst: reactant (PNP) was fixed at 1:5
molar ratio.

The filtrate was then taken and evaporated at reduced pressure and the residue
was recrystallized from hot water to give pure product of PAP in almost 100% yield.

2.4. X-ray diffraction (XRD)

X-ray diffractograms of various solids were collected using Bruker D8 advance
instrument with CuKa 1 target with secondly monochromator 40 kV, 40 mA.

Fig. 3. ESR spectra of Ni and Ni:Cu-LTA zeolite.
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Fig. 4. ESR spectra of Ni and Ni:Cu-FAU zeolite.

2.5. ESR spectroscopy

ESR spectra of different solids were measured using (Brucker Elexsys. 500) oper-
ated at X-band frequency. The following parameters are generalized to all samples
otherwise mentioned in the text. Microwave frequency: 9.73 GHz, receiver gain: 20,
sweep width: 6000 center at 3480, microwave power: 0.00202637.

2.6. Transmission electron microscope (TEM)

Images of TEM was taken by instrument JTEM-1230, Japan, JEOL Company,
120 Kv Max, 0.2 nm resolution, 100 Kv operating voltage, CCD-camera option.

3. Results and discussion
3.1. XRD

X-ray diffractograms of bare zeolite and reduced single and bi-
metal (1.5 wt%) loaded zeolites (LTA and FAU) are represented in
Figs. 1 and 2. In these figures XRD diffractograms showed nearly
no change in the degree of crystallinity which emphasis the idea
that at these loadings the crystal structure and the porous system
of zeolites LTA and FAU are not affected. In addition the crystallite
size of metallic nickel is almost impossible to be determined from
the diffraction lines of Ni because both zeolite LTA and FAU zeolites
contain an overlapped diffraction lines at the same patterns of those
of single metal and bimetal alloy.

In addition the crystal lattice parameters are calculated for the
loading zeolites (Table 1). The results showed that in metal and
bimetal loaded on LTA (up to 0.5 wt%) the lattice parameters suf-
fered limited changes. The significant change could be observed
only at high loading (1.5 wt%). However in case of FAU, the change
is, however more pronounced even at 0.5 wt% and a considerable
change occurs at 1.5 (Ni:Cu) - FAU sample where the crystal sys-
tem is changed from orthorhombic to triclinic. This behavior of FAU
indicates that the reduction of metal loaded on FAU affects mainly

Table 2
Catalytic activity and ESR particle size of investigated samples.

Time to reach 100%
conversion (s),
metal:PNP (1:5)

Particle size of Ni
estimated from ESR
spectrum (nm)

Catalyst used

0.1wt% Ni (LTA) 35 145
0.5wt% Ni (LTA) 300 =
1.5 wt% Ni (LTA) 1000 -
0.1 wt% (1Ni:1Cu) (LTA) 15 147
0.1 wt% Ni (FAU) 103 =
0.5 wt% Ni (FAU) 225 -
1.5 wt% Ni (FAU) 360 =
0.1 wt% (1Ni:1Cu) (FAU) 43 13.0

the porous structure and may result in blocking of some of these
pores which may be reflected in the catalytic activity as will be seen
later.

3.2. ESR (electron spin resonance)

ESR spectroscopy is usually employed to characterize the para-
magnetic centers where a free electron exists. In addition it attracts
more interest when these particles diminished to a nanoscale.

Moreover, Kawabata [45] demonstrated his famous relation
hypothesizing that the broadening of ESR signal of nanometal par-
ticles are suffering from quantum size effect and can be correlated
to the size of the nanometal particle.

Fig. 5. TEM of 0.1 wt% Ni-LTA zeolite.
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Fig. 6. TEM of 0.1 wt% (1Ni:1Cu)-LTA zeolite.

Accordingly, direct relationship between the line width AHp,,
(or peak to peak width) of the signal of nanoparticle in ESR spectra
and its particle size are given in the following relation:

d = a(AHpp)%? (1)

where d is the particle size in nm, AHyp, is the line width of ESR
signal in mT and a is the proportionality constant.

The proportionality constant “a” for our case nickel metal was
found to be 1.2 [14]. This relation enables us to estimate precisely
the average particle size of nickel even when not existing in crys-
talline form. The characteristic signal of nickel metal appeared
at g=2.2 [14]. The overlapping lower magnetic field signals were
assumed to be attributed to the existence of strain between nanon-
ickel particles [43,44].

The ESR spectra of high loading Ni-zeolite samples show highly
anisotropicity which indicates high strain among nanonickel par-
ticles (Fig. 3). Introducing the copper in this system to alloying the
nickel with 1:1 mole ratio resulted in an observable decrease in this
anisotropy which indicates that the formation of this alloy reduce
more or less the high strain between nanonickel particles. An exam-
ple of this behavior is given in Fig. 4 where 0.1 wt% Ni-FAU sample
showed a remarkable anisotropy which disappears upon alloying
with copper.

The particle size of some samples could be estimated by Kawa-
bata equation (Table 2). However due to high anisotropy of the rest
of samples the estimated particle size could not be performed.

Fig. 7. TEM of 0.1 wt% (Ni)-FAU zeolite.

3.3. TEM (transmission electron microscope)

The TEM images of some selected samples are shown in
Figs. 5-8.

Figs. 5 and 6 showed TEM of 0.1 wt% loading on LTA of both sin-
gle Ni metal (Fig. 5) and bi metallic (1Ni:1Cu) (Fig. 6). Figs. 6 and 7
showed TEM of 0.1 wt% loading on FAU of both single Ni metal
(Fig. 6) and bi metallic (1Ni:1Cu) (Fig. 7). From these images it could
be easily observe that the alloying with copper increase the disper-
sion of metal on the surface of zeolite. The dispersion of metal on
LTA zeolite was found to be higher than that of FAU zeolite.

3.4. Catalytic activity

The catalytic activity of different investigated samples were
examined in the reaction of hydrogenation of p-nitrophenol into
p-aminophenol using hydrazine hydrate as hydrogen donor as
a model reaction. The mechanism of this reaction was assumed
before in our previous work [43,44]. The time to reach 100% con-
version is considered to be the best measure of the catalytic activity
[43,44]. The results of catalytic activity of different samples under
investigations are cited in Table 2.

From these results it is observed that the lower loading zeo-
lites showed higher catalytic activity, i.e. as the amount of loading
decrease the catalytic activity increase. This could be explained by
assuming that the reactants here are Hy and p-nitrophenol which
diffuse through the porous structure of each zeolite. And as the
extent of loading increases these pores became more or less blocked
thus opposing the reactants to diffuse through inner nickel metal
particles. This decreasing the number of active centers with subse-
quent decrease in the catalytic activity. The catalytic activity of LTA
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Fig. 8. TEM of 0.1 wt% (1Ni:1Cu)-FAU zeolite.

catalysts is being much higher than that of FAU catalysts especially
at small extent of loading. This could be explained by the fact that
the pore diameter of LTA is about 0.45 nm and that of FAU is 0.75 nm
[13]. The smaller value of pore diameter of LTA with certain amount
of loading diminishes the pore width to be optimum for hydrogen
storage. The abnormal hydrogen absorption of 0.1 wt% LTA zeolite
sample resulted in an increase of the concentration of H, in the
vicinity of the pore of zeolite which increases the rate of the reac-
tion that depends mainly on the hydrogen concentration. However
by increasing the extent of loading to 0.5-1.5 wt% resulted in an
amazing decrease in the catalytic activity which due to blocking of
some of pores of LTA zeolite. This behavior is less observed for FAU
catalysts which may be attributed to the larger volume of porous
structure of FAU.

The bimetallic system (1Cu:1Ni) showed in all samples an
increasing the catalytic activity expressed as a decrease in the time
to reach 100% conversion. Keeping in mind that the single copper
metal is not active in this hydrogenation process but it decomposes
the hydrazine hydrate in the vicinity of highly active Ni metal in the
same alloy resulted in increasing the amount of H, generated and
hence increases the rate of the reaction.

4. Conclusions

LTA and FAU could be used as an effective supports for Ni-Cu
system for hydrogenation of p-nitrophenol. At lower loading

LTA zeolite exhibits hydrogen storage properties and increase
the catalytic activity. The bimetallic (1Ni:1Cu) increases the cat-
alytic activity with large extent. The Ni-Cu alloy decreases the
Ni-Ni strain and increase dispersion of metal on zeolite. The very
cheap raw materials from which zeolites were prepared (Egyp-
tian kaolin) increase the economic impact of the use of such
supports.
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