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Palladium nanoparticles supported on silicate-based nanohybrid material:
highly active and eco-friendly catalyst for reduction of nitrobenzene
at ambient conditions

Esmat Ebadatia, Behzad Aghabararia, Mozhgan Bagheria, Ali Khanlarkhania, and Maria Victoria Martinez Huertab

aDepartment of Nanotechnology and Advanced Materials, Materials and Energy Research Center, Tehran, Iran; bInstitute of Catalysts and
Petroleochemistry, CSIC, Madrid, Spain

ABSTRACT
In this study, spent bleaching earth (SBE), a hazardous industrial waste was used as raw material
to synthesis carbon/silicate nanohybrid material (CSNH) as support for mono and bimetallic palla-
dium and nickel nanoparticles. The synthesized catalysts were characterized by different techni-
ques such as nitrogen physisorption, FTIR, XRD, FESEM, and TEM and evaluated in the reduction
of nitrobenzene (NB) to aniline (AN) in a batch process at ambient conditions. The Pd/CSNH shows
the highest conversion. Response surface methodology (RSM) was used for investigation of the
effect of different variables. The results showed that the mole ratio of sodium borohydride to
nitrobenzene has the most important impact on the conversion of nitrobenzene to aniline. In the
optimal reaction conditions (20mg Pd/CSNH and mole ratio of NaBH4/NB ¼ 4 in 25min), conver-
sion, selectivity to aniline and yield of 100% were obtained at room temperature.
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Introduction

The extended applications of nitrobenzene (NB) in different
industry such as herbicides, insecticides, explosives, pharma-
ceuticals, and dyes causes to release it in water and soils.
But, nitrobenzene is not biodegradable, thus it is extremely
toxic for humans according to the United States
Environmental Protection Agency (US EPA).[1,2]

In the last decades, various methods have been studied
for degrading NB in water, such as photocatalytic degrad-
ation,[3] chemical oxidation,[4] ultrasound degradation,[5]

and chemical reduction methods.[1,2] Since aniline under-
goes biodegradation at nature more easily, the chemical
reduction method is more capable for treatment of NB pol-
luted water.[2] In addition, the commercial aniline (AN),
produced mainly by catalytic hydrogenation of NB, which is
a valuable intermediate for producing of agricultural goods,
dyes, pharmaceuticals, and some polymers such as
polyurethanes.[1,2,6]

Among the several reducing agents for effective reduction
of nitrobenzene to aniline, one favorable approach is the
catalytic reduction in the presence of sodium borohydride in
the presence of catalyst.[7,8]

Up to now, the role of metal nanoparticles as catalyst in
this reaction has been extensively studied.[1,9,10] The Pd and
Ni nanoparticles are mostly used for the reduction of nitro
compound reactions because of their excellent properties,
such as high activity and strong interactions with

hydrogen.[9–11] However, the stability of nanoparticles is the
major problem and it is crucial to design cost-effective sup-
port materials that overcome to the aggregation and leaching
of nanoparticles.[2] Therefore, exploring new strategies to
manufacturing effective supported metal catalysts with an
easy preparation technique is also of great interest.[12]

Pd nanocatalysts supported on alumina, activated carbon
and carbon nanotubes, montmorillonite, SiO2, MCM-41
meso-materials are reported as effective catalysts in liquid-
phase hydrogenation of nitrobenzene under mild condi-
tions.[2,13–16] The main role of the carbon materials is to dis-
perse and stabilize metal nanoparticles to provide more
accessible catalytically active sites compared with bulk met-
als.[14] El-Hout et al.[2] showed a 100% conversion of NB on
Pd supported on reduced graphene oxide at room tempera-
ture for 3 h. The reduction of NB over magnetically Ni/
Graphene nanocomposite using NaBH4 as reducer in etha-
nol was examined by Pahalagedara et al.[15] and 100% con-
version at room temperature in 2 h was achieved. Also, Qu
et al.[16] reported 99.9% NB conversion on Pd promoted Ni
supported on C60 derivative for 50min, under 85 �C. They
obtained this result using ethanol as solvent and H2 gas
as reducer.

Heterogeneous catalysts based on carbon nanostructures
are usually limited to the reduction reaction with organic
solvent such as ethanol. In addition, the synthesis of carbon
nanostructures with expensive reagents, time consuming
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procedure and tedious workup leads to increased catalyst
production costs, and the use of hybrid materials can be a
solution to decrease this problem.

Clay with a silicate layer structure and eco-friendly nature
is a suitable catalyst support with good properties like mech-
anical and thermal stability, high surface area, and strong
metal support interaction. Using carbon/clay hybrid as cata-
lysts may lead to new composite materials with superior
activity and better physicochemical properties such as higher
hydrophilicity, which help to better dispersion of catalysts in
water solvent-based reaction, stronger mechanical properties,
low cost, and simplicity in workup. In this sense, carbon/
silicate hybrid matrix encapsulated palladium and nickel
nanoparticles seem to be useful for reduction of nitroben-
zene to aniline.

Spent bleaching earth (SBE) is a useless oil refinery waste
material containing a remarkable percentage of remaining
oil. Pretreatment of crude oil during a refining process
involves degumming, neutralization, bleaching, and deodor-
ization and produces abundant SBE.[17,18] Bleaching earth is
used in this process to absorb the impurity of edible oil. The
main component of bleaching earth is SiO2 because basic
elements such as Al leached during the washing the mont-
morillonite clay with mineral acids. It is expected that about
600,000 metric tons of bleaching earth was applied in the
whole world production of oils.[17,19] The SBE obtained is
commonly disposed to landfill with no pretreatment. It can
act as a fire hazard (i.e., spontaneous combustion), because
it contains 20–40wt.% of oil which could not be removed
by filter pressing.[20] Because of this much oil, the cement
industry has significant difficulty to achieve the high cement
quality. On the other hand, burning or landfill disposal will
probably become impossible because of environmental
restrictions, environmental pollution due to remove of
released waste oil, and greenhouse effects.[19] Therefore,
from the environmental, safe, and regulatory points of view,
it is urgent to restrict this landfill practice in the future.
Recently, the reconsumption of SBE waste to other raw
materials has amplified.[21] The SBE has been used as cata-
lyst material, although a previous extraction of the oil was
carried out in these studies.[22] Therefore, the presence of
carbon and silica in the SBE composition could lead to
potential smart materials for application in catalytic reac-
tions as catalysts or catalyst supports.

In this work, we report the use of the industrial SBE
waste to obtain carbon/silicate nanohybrid material (CSNH)
to be used as catalyst support for the selective catalytic
reduction of nitrobenzene as toxic substance to a useable
and biodegradable product, aniline. Certainly, using waste
materials to generate the catalyst make the system more
affordable and environmentally friendly.[19] To maximize
the catalytic performance and reusability of the catalyst, the
present work also investigates the influence of supported Pd,
Ni and Ni-Pd nanoparticles on the reduction reaction under
mild operating conditions. For this purpose, the effect of
three main factors on the aniline production with effective
catalyst, including the amount of the selected catalyst, the
mole ratio of NaBH4 to nitrobenzene and stream time was

studied using response surface methodology (RSM). A cen-
tral composite design (CCD) was selected for identification
of the possible interaction between the factors.

Experimental

Chemicals

The spent bleaching earth (SBE) was obtained from an
edible oil refinery plant (Oila Company in Alborz province,
Iran). All laboratory chemicals, including ZnCl2, H2SO4, Pd
(II) acetate, acetone, Ni(NO3)2.6H2O, nitrobenzene, NaBH4

were supplied from Merck (Germany) as analytical grade.

Preparation of catalysts

Preparation of carbon/silicate nanohybrid material (CSNH)
To impregnate the SBE with ZnCl2 (Merck), 100 g of the
dried SBE and 45 g of ZnCl2 were stirred in 250mL of
deionized water using magnetic stirrer, and then heated at
about 70 �C in a boiler-reflux condenser for 1 h. Then,
impregnated SBE was filtered in a vacuum flask and dried at
105 �C for 24 h.[23]

Approximately 1.2 g of SBE in a glass tube was placed at
the center of the hot zone of the tubular furnace (ribbon Pt-
filament). Then, the sample was heated at 150 �C for 30min
under N2 flow. Subsequently, the temperature was increased
at 10 �C min�1 to 450 �C and held for 2 h to make sure the
sample was fully pyrolyzed. After that the sample was cooled
to below 100 �C under N2 flow. The resulting product was
then washed with 250mL of 0.5M of H2SO4 (Merck) with a
continuous stirring for 3 h. The mixture was filtered and
washed with warm deionized water for five times to remove
the residues (this sample was named as carbon/silicate nano-
hybrid material (CSNH)).

Metals loading on the CSNH
The catalysts were prepared by the wet-impregnation
method. Typically, CSNH (1 g) was sonicated in 100mL of
deionized water for 15min, and followed by stirring for 1 h.
Then, a certain amount of Pd (II) acetate (Merck) was dis-
solved in acetone and added dropwise to the CSNH disper-
sion. The mixture was stirred for 1 h and kept overnight in
70–80 �C to form the catalyst precursor. The catalyst precur-
sor was dried in an oven at 110 �C for 12 h and calcined in
a furnace at 500 �C. The catalyst was labeled as Pd/CSNH.
Pd-Ni/CSNH and Ni/CSNH catalysts were also prepared in
the same procedure using Ni(NO3)2.6H2O (Merck) solution
as nickel precursor. The metal content in all three catalysts
was 3% of total weight (3wt.%) and the Pd to Ni weight
ratio in Pd-Ni catalyst was 1:1.

Reduction of nitrobenzene to aniline

The catalytic reduction of nitrobenzene was carried out in a
standard Pyrex reactor. In a typical reaction, 10mg of each
catalyst was dispersed in 50mL of nitrobenzene solution
(0.123 g/L) in the reactor. Then, 2mL of fresh aqueous
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solution of NaBH4 (3.8 g/L) was added dropwise to the
reactor with a continuous stirring at room temperature.
After completing the reaction, 11mL of the sample was
withdrawn and centrifuged prior to analyze it. (The UV-vis-
ible spectroscopy was recorded at ordinary time intervals to
screen the progress of the reaction).

Conversion of nitrobenzene is calculated as (Equation (1))

%Conversion ¼ CNB0�CNB1

CNB0

� 100 (1)

Where CNB0 is the initial molar concentration of nitroben-
zene at the beginning of the reaction and CNB1 is the final
molar concentration of nitrobenzene at the end of the reaction.

Characterization of catalysts

Fourier transform infrared (FTIR) spectra were recorded
with FTIR spectrometer (a Bruker-VECTOR 33) to make

sure unsaturated oil removal in the SBE. To illustrate the
lack of structural change of SBE after thermochemical regen-
eration and metal loading, the X-ray diffraction (XRD) pat-
terns of the samples were measured with a Bruker
D8ADVANCE X-Ray Diffractometer, operating with Ni fil-
tered Cu-Ka radiation (40 kV; 30mA). Transmission elec-
tron microscopy (TEM) (CM-120 Philips) and field
emission scanning electron microscopy (FE-SEM)
(TESCAN) were used to determine the size and morphology
of the samples. The textural properties such as the specific
surface area and pore volume were obtained by the standard
BET method (BELSORP-mini II, BEL Japan) calculated
from pulsed nitrogen adsorption–desorption method at
77K. The metal content was analyzed by Inductively
Coupled Plasma-Mass Spectrometer (ICP-MS), (Perkin-
Elmer NexION 300XX). The concentration of NB and its
reduction products were analyzed by HPLC (T80þ UV/VIS
spectrometer, Agilent Technologies Infinity 1260 liquid

Figure 1. FTIR spectra of SBE and CSNH.

Figure 2. FE-SEM images of (a) SBE and (b) CSNH.
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chromatograph with 5 mm (250� 4.6mm) Restek – USA col-
umn and methanol/water 65/35 as eluent) to confirm effect-
ive catalyst performance in the optimal condition. The
recyclability of catalysts was examined by atomic absorption
spectrophotometry (AAS) (GBC 932 plus).

Results and discussion

Characterization of the support and catalysts

FTIR spectra of SBE and CSNH are shown in Figure 1.
The broad peaks at both samples around 3442 cm�1 with a
shoulder at 3625 cm�1 are attributed to the stretching vibra-
tions of water molecules adsorbed on the silica surface and
structural hydroxyls in Si–OH, respectively. The absorption
bands of SBE in the region of 2932–2858 cm�1 corresponds
to the C–H of carbonaceous chains of oil and the free fatty
acids. Also the peak at 1714 cm�1 is related to carbonyl
vibrations (C¼O), which is indicative of the presence of oil
in the SBE. These bands disappear in the CSNH sample
after pyrolysis treatment. This means that the residual
adsorbed organic molecules in the SBE are completely
eliminated by the physicochemical treatment.

The absorption bands at 1636 cm�1 are indicative of
the existence of the interlayer water hydroxyl bending
vibration.[20,24,25] The bands at 1041 cm�1 and 777 cm�1 are
attributed to Si–O stretching vibration.[20,24,25] Bands at
520 cm�1 and 465 cm�1 are assigned to bending vibration of
Si–O–Al which are the characteristic absorption bands
of the montmorillonite.[24,25] Therefore, the FTIR spectra
confirm the presence of the structure of montmorillonite
in both materials.

FE-SEM images of the SBE and CSNH are shown in
Figure 2. Although both samples exhibit sheet morphology,
which is in agreement with the clay mineral structure, it is
possible to observe some differences. The thermochemical
treatment of SBE provides more plate like particles by
removing the residual oil from the surface of parent SBE.
The elemental compositions of surface on the catalysts were
characterized by EDX analysis. The presence of metal nano-
particles over the CSNH support was confirmed in the EDX
detector of SEM (Figure 3 and Table S1).

The crystal structure of the samples was studied using X-ray
powder diffraction analysis. Figure 4 shows the XRD patterns
of SBE, CSNH, Pd/CSNH, Pd-Ni/CSNH, and Ni/CSNH. As
seen in Figure 3 all five samples show the same diffraction pat-
tern which is a characteristic of montmorillonite and silicate
structure. Although, the peak intensity of samples are not the
same but, clearly, the XRD patterns indicate the physicochemi-
cal treatment undergone by SBE and metal loading did not
affect on the main structure of parent SBE.[24–26] This
observation is in agreement with the FTIR spectra (Figure 1)
and FE-SEM results (Figure 2). However, no diffraction peaks
for palladium and nickel was observed in the catalysts due to
limited amount of the metals in the samples.

BET method was used to measure the specific surface
areas of the support before and after pyrolysis treatment,
and the metal catalysts (Table 1). The value of surface areaFigure 3. EDX of (a) Pd/CSNH, (b) Pd-Ni/CSNH, and (c) Ni/CSNH.

Table 1. BET surface area.

Sample Specific surface area (m2/g) Pore diameter (nm) Pore volume (cm3/g)

SBE 2.5 77.37 0.049
CSNH 14.6 18.8 0.069
Pd/CSNH 102.9 8.4 0.216
Pd-Ni/CSNH 86.4 5.6 0.120
Ni/CSNH 95.3 6 0.143
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of SBE increased from 3 to 14.6m2/g in CSNH due to the first
thermochemical treatment but the surface area of catalysts
increased impressively by incorporation of metal nanoparticles
and second thermal treatment at 500 �C. Also, the total pore
volumes appeared to increase remarkably from 0.049 cm3/g for
SBE to 0.216 cm3/g for Pd/CSNH when the pore dimeter
decrees around ten times. It seems that the carbonaceous phase
of hybrid samples have higher porosity than the parent SBE.
As can be seen in Figure S2, the SBE shows an adsorption-
desorption isotherm with H3-type hysteresis loop which shows
the SBE support has a nonporous structure while the Pd/
CSNH catalyst shows an isotherm with H4-type hysteresis
loop. Consequently, the thermochemical treatment of SBE and
the anchoring of metal nanoparticles onto the CSNH results in
an increase of the specific surface area and total pore volume,
which is favor for catalytic application.

To study the morphology and size of the Pd/CSNH cata-
lyst, TEM analysis was performed. TEM images of the Pd/
CSNH are shown in Figure 5.

The TEM image confirms the Pd nanoparticles have a
spherical morphology anchored on the surface of CSNH sheets.
This highlighted the advantages of the carbon/silicate nanohy-
brid material owing to the lattice anchoring effect of metal ions
in the layers of CSNH. The HRTEM of the Pd/CSNH catalyst
exhibits that the interplanar spacing of the Pd particle is
0.216nm (consistent with the interplanar distance of the Pd (1
1 1) plane),[27,28] indicating the Pd particles are in metallic
form. PdOx species were not observed in the sample.

Catalyst activity evaluation

Preliminary test
The UV–visible absorption spectra were recorded for the
initial NB solution and treated one in the presence of the
only NaBH4 and CSNH, Ni/CSNH, Pd-Ni/CSNH and Pd/
CSNH upon the addition of NaBH4 (Figure 6). The absorb-
ance peaks at wavelengths of 268 and 235 nm are corre-
sponding to nitrobenzene and aniline, respectively.[29,30]

As seen in Figure 6, the absorbance peak of NB decreased
in the presence of the Pd/CSNHþNaBH4 which suggests
catalytic reduction of nitrobenzene to aniline did not pro-
ceed in the absence of catalysts. Also, the yield of aniline
decreased in the lack of NaBH4, remarkably. The role of
CSNH support in the catalytic activity of synthesized cata-
lysts can be related to this fact that carbon species in CSNH
structure serve as a medium to accelerate the adsorption of
reactants for the reduction of nitrobenzene on the surface of
catalysts. Both nitrobenzene and reductant are adsorbed on
the surface of carbon specious and electrons flow through
the carbon to carry out the reaction.[14]

Totally, the catalysts with palladium showed higher catalytic
activity than Ni/CSNH. Because of the specific surface area of
Pd-Ni/CSNH (86.3m2/g) was lower than Ni/CSNH (95.3m2/g),
this order of catalytic activity shows this difference between
specific surface of mentioned catalyst could not overcome on
the higher catalytic activity of Pd than Ni nanoparticles in the
reduction reaction. Although, both mentioned factors have
positive synergistic effects on the catalytic activity of Pd/CSNH
catalyst in the nitrobenzene reduction reaction. Indeed, the Pd
nanoparticles were more active for adsorbing hydrogen mole-
cules than the Ni nanoparticles during reduction of nitroben-
zene, due to softer property and a higher electron density. It is
clear that the increase in chemisorbed hydrogen atoms on
active sites could increase the reduction reaction conversion. In
the next step, the chemisorbed hydrogen in the metal–hydro-
gen bond as nucleophile attack to the nitrogen atom in the
nitro group of nitrobenzene and subsequently the nitro group
was reduced to the amine group in several steps.[31,32]

However, it is expected the Pd/CSNH with higher surface area
and electron density on the active sites, the higher catalytic
activity exhibited. Both mentioned factors have positive syner-
getic effects on the catalytic activity of this catalyst in the nitro-
benzene reduction reaction.

It is worth noting that, the Pd-Ni/CSNH catalyst with around
50% palladium content indicates significant reduction conversion.
It may be due to the fact that presence of Pd nanocatalyst
increases the catalytic activity by formation of a bimetallic struc-
ture therefore it can change the electronic states of metals such

Figure 4. XRD pattern of SBE, CSNH, Ni/CSNH, Pd-Ni/CSNH, and Pd/CSNH.
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as their d-band centers. This is in agreement with the catalytic
behaviors of Au-Cu alloy and Ni-Pt bimetallic catalyst in reduc-
tion of nitro group reported in literature.[33,34]

Since the efficiency of nitrobenzene reduction for palla-
dium catalyst is higher than other ones, further optimization
just done for the Pd catalyst.

Figure 5. HR-TEM images of Pd/CSNH catalyst.
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Process optimization
According to the green chemistry aspects and because of nitro-
benzene as a very toxic substance is soluble in the water, it is
desired to achieve to the high reaction conversion and aniline
yield in the ambient condition (atmospheric pressure and room
temperature) and by using water as solvent. So, the nitroben-
zene reduction to aniline in the presence of the most effective
catalyst in this study (Pd/CSNH) was studied by the central
composite design (CCD) with 20 experiment runs. The effect
of three factors on catalyst activity, including the weight of
catalyst, the mole ratio of NaBH4/NB and reaction time was
investigated. Beside long time experience with these types of
chemical reactions, this selection was confirmed as well by a
simple statistical analysis performed on the available data. The
process parameters involved in the experimental design are
demonstrated in Table 2.

In this experimental plan, conversion of nitrobenzene to
aniline was selected as response. According to the experi-
mental results, the model (Equation (2)) was predicted for
the relationship between conversion and variables.

Conversion ¼ 56:79� 0:34� Aþ 21:82� Bþ 0:87� C

(2)

where, the A, B, and C parameters are the weight of catalyst,
the mole ratio of NaBH4/NB, and reaction time, respectively.

Figure 6. (a) UV spectral change and (b) conversion of nitrobenzene to aniline in the presence of NaBH4, CSNHþNaBH4, Ni/CSNHþNaBH4, Pd-Ni/CSNHþNaBH4,
and Pd/CSNHþNaBH4.

Table 2. Experimental levels of independent variables.

Variables Symbol

Variable levels

�1 0 1

The weight of catalyst A 0.0080 0.0125 0.0170
NaBH4/NB B 1.61 2.5 3.39
Time C 13.1 25 36.9

Figure 7. Plot of predicted values vs. actual values for reduction of nitroben-
zene using Pd/CSNH catalyst.

INORGANIC AND NANO-METAL CHEMISTRY 7



The relations between the process factors and the conver-
sion were studied by analysis of variance (ANOVA). To
ensure the statistical statements fit well with the analysis
data, the major diagnostic plots (Figures 7 and S3) were
used to find out the residual analysis of response surface
design. Figure 7 shows the proximity of experimental
data and predicted values using the obtained linear
model. As depicted in Figure 7, there is superior agree-
ment between predicted and actual values and the plot of
residuals versus predicted responses (Figure S3) demon-
strated that all points of experimental runs were distrib-
uted randomly within the constant range of residuals
across the graph, i.e., within the horizontal lines. This
result indicates the proposed model is adequate.

According to the results, the most significant factor is the
mole ratio of NaBH4/NB for higher conversion with a statis-
tically significant correlation (p< 0.0001) which is in agree-
ment with the pervious works.[35–37] The reduction reaction
started by electron transfer from donor borohydride to
nitrobenzene as acceptor on the surface of the catalyst and
in excess amounts of borohydride the reduction of nitroben-
zene to aniline is accomplished quickly. Indeed the concen-
tration of borohydride used as reducing agent must be in
excess to remain essentially constant throughout the reac-
tion. For this reason, the kinetic of reduction was more
affected by the concentration of sodium borohydride espe-
cially at low mole ratio of NaBH4/NB and the effect of reac-
tion time and the weight of catalyst on the conversion of
nitrobenzene in the presence of Pd/CSNH could act well
and steadily in the wide range (Figure S4).The best conver-
sion of nitrobenzene was obtained with 20mg Pd/CSNH
and mole ratio of NaBH4/NB ¼ 4 in 25min.

Also, to evaluate final products which are formed under the
optimized condition, HPLC analysis was performed (Figure 8).

At the end of the reaction, no peak related to nitroben-
zene was detected and only aniline at 3.8min was found.
The result shows the nitrobenzene completely converted to
aniline at optimized conditions (Figure 9).

Recyclability and stability of catalyst
The ability to simply separate the catalyst from the reaction
mixture and reuse it for next runs is more advantageous of

heterogeneous catalysis than homogenous one. The stability
of the Pd/CSNH catalyst was studied at room temperature.
The used catalyst was separated by centrifugation from the
reaction mixture and then was washed by ethanol solution
for the next runs. Figure 10 shows the conversion percent-
age of the reduction reaction during five cycles. It is
observed that the catalyst of Pd/CSNH can be reused at least
five runs without significant loss of catalytic activity in the
hydrogenation of nitrobenzene to aniline. The maintenance
of catalytic activity observed for the recovered Pd/CSNH
should originate from the well-stable of the Pd and the
active-site isolation, which prevent the Pd nanoparticles
aggregation. Catalyst stability was studied with AAS analysis
and no Pd content was detected in the solution.

To understand the catalytic efficiency in the NB reduc-
tion some literatures are compared and the results are pre-
sented in Table 3. In fact, the synthesized nanohybrid in
this study is one of the best catalysts with regards to the

Figure 8. HPLC of reduction of nitrobenzene to aniline in the optimized reaction.

Figure 9. Selective reduction of nitrobenzene to aniline.

Figure 10. Recycling of Pd/CSNH catalyst.
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cost effective, eco-friendly and also high nitrobenzene con-
version at lower time in the ambient condition.

Conclusions

In this study, the spent bleaching earth as an industrial
waste from an edible oil refining factory was converted to
the carbon/silicate nanohybrid support for anchoring of pal-
ladium and nickel nanoparticles. The catalytic activity of Pd/
CSNH, Pd-Ni/CSNH and Ni/CSNH catalysts was investi-
gated toward the reduction reaction of nitrobenzene to anil-
ine by NaBH4. The preliminary experiment on nitrobenzene
reduction was shown the Pd catalyst is the most effective
catalyst among all synthesized catalysts due to the higher
surface area and electron density on the active sites of the
Pd/CSNH. Design of experiment was carried out to study
the influence of the variables on the reduction reaction in
the presence of Pd catalyst. According to the statistic meth-
odology used in this work, the factor of mole ratio of
NaBH4/NB has the most impact on the reaction conversion
at the 95.0% confidence level. At the optimized reaction
condition, the catalytic activity of the catalyst was stable for
five runs, without any significant decrease in conversion.
The present study shows that the Pd/CSNH catalyst is a
very promising catalyst for the reduction of nitrobenzene to
aniline. Converting the spent bleaching earth, a pollutant of
industrial waste to a low cost carbon/silica nanohybrid
material offers new and exciting opportunities as a catalyst
support for heterogeneous catalysis.
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