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Abstract  

Aniline was synthesized by catalytic hydrogenation of nitrobenzene (NB) on nano-sized Pd on γ-Al2O3 

catalyst prepared by sol-gel method. The catalyst was characterized by SEM and XRD. The average 

particle of Pd catalyst was 36 nm. In hydrogenation reaction of nitrobenzene, the hydrogenation rate 

was zero-order with respect to nitrobenzene and increased with increasing of hydrogen pressure. 

Compared with commercial Pd/γ-Al2O3, catalytic activity and selectivity of the as-prepared Pd/γ-Al2O3 

is superior. The reason proposed for higher catalytic activity of nano-sized Pd is the small particle size 

and highdensity surface defects. 
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1. Introduction  

Aniline is a commercially important intermediate 
for the manufacturing of polyurethane (used in 
production of MDI, resin foams, automotive coating, 
shoe soles, spring components and rubber 
processing chemicals), herbicides, dyes and 
pigments, specialty fibers and drugs [1]. Aniline can 
be simply produced from benzene in two steps: 
First, benzene is nitrated (reacted with nitric acid) 
to yield nitrobenzene. Second, nitrobenzene is 
reduced to give aniline [2]. A variety of reducing 
agents are effective for the reduction, including 
hydrogen sulfide, iron, zinc, tin and hydrogen in 
presence of suitable catalysts such as Pd, Pt, Ni and 
etc. [1, 3].  
Due to Some problems (such as long time 
separation and potentially dangers) and the 
existing of BTX (Benzene, Toluene and Xylene) unit 
in petrochemical industry, it seems the catalytic 
hydrogenation is a preferred process in 
petrochemical industry.  

                                                                    
1 Corresponding author email: hekmat350@yahoo.com 

 Although using of palladium on activated carbon 
(Pd/C) leads to the highest yields in the three-phase 
process, however the problems such as separation 
and strength of the catalyst suggest that use of 
Pd/γ-Al2O3 which has the area less than carbon [4]. 
It means the use of higher amount of Pd/γ-Al2O3 

than Pd/C.  
In recent years, nanoparticles have received 
increasing attention since such metals exhibits a 
great many chemical and physical characteristics 
and potential technological applications. These are 
distinct both from those of the bulk phase and those 
from isolated atoms or molecules [5]. Therefore, it 
may seem the use of nano-sized Pd on γ-Al2O3 
enhances the reaction yield as Pd/C.   
In this research, it will be attempted to synthesize 
aniline from nitrobenzene over nano-sized Pd on γ-
Al2O3 catalyst. The nano-sized Pd on γ-Al2O3 was 
prepared by sol-gel method. The textural properties 
of the nano-catalyst were characterized by SEM and 
XRD. Attention is chiefly paid to the catalytic 
properties of nano-sized Pd on γ-Al2O3 in the 
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synthesis of aniline from nitrobenzene, in 
comparison with Pd/γ-Al2O3 and Pd/C. At the same 
time, some reasons for better catalytic properties of 
nano-sized Pd on γ-Al2O3 are proposed.   

2. Experimental  

2.1.  Catalyst preparation and characterization  

In a typical preparation of nano sized Pd on γ-Al2O3 

sample, aluminum tri-sec butoxide (ATB) was 
added to sec-butanol followed by thorough mixing. 
A second solution, consisting H2PdCl4.xH2O 
dissolved in warm acetone, was prepared. This Pd 
salt solution was added to the ATB-alcohol mixture 
and the solution was stirred thoroughly. A solution 
consisting of H2O dissolved in methanol was added 
to the previous mixture containing ATB and the Pd 
salt. The resultant mixture was stirred at room 
temperature in a rotavapor. The sample was heated 
to 313 K and maintained at that temperature with 
continual stirring. The temperature was then 
reduced to 313 K and stirring continued for 1hr 
more.  The sample was maintained at 333 K for 20hr 
with continuous stirring. The temperature was then 
raised to 353 K and maintained at that temperature 
for 1hr. Finally, the temperature was increased to 
373 K and the solvent allowed to evaporate over a 
30 min period. The sample was then dried in an 
oven at 393 K for 24 hr.  
The dried sample was pretreated in a flow system 
using the following sequence of steps: The sample 
was heated in flowing He at the rate of 10 K/min to 
a final temperature of 773 K. Heating in Heat a flow 
rate of 30cm3/min was continued for 15 min at 773 
K followed by heat treatment in O2 at the same 
temperature for 2 hr and then in H2 at 773 K for 3 
hr. The H2 was again replaced by He and the 
temperature increased to 793 K for 1hr. Finally, the 

sample was cooled to room temperature in flowing 
He. Portions of the pretreated samples were sent for 
ICP analysis in order to determine the actual Pd 
loading [6].   
XRD patterns were obtained on a Brucker D8 
advance instrument with Pd-filtered CuKα 
radiation at 40kV and 30mA, employing a scanning 
rate of 0.05 s-1 in the 2θ range from 35 to 80o. The 
morphology was observed by SEM, LEO-1530VP. 
The mean particle size and size distribution of as-
prepared Pd nanoparticles were measured by laser 
diffraction (Mastersizer 2000, Malvern).    

2.2.  Experimental set-up and procedure  

The hydrogenation process was carried out in an 
isothermal 1L stainless steel autoclave (Buchi AG, 
Switzerland), which allows isothermal conditions 
due to a heating jacket (Figure 1). The hydrogen 
was supplied at the same rate that it was consumed 
under isobaric reaction conditions. The samples for 
the analysis were drawn via a sampling tube.  
The experiments were carried out using the 
following procedure: First, nitrobenzene (Sigma 
Switzerland, 99%) was dissolved in a mixture of 
91%wt of isopropanol (Fluka, 99%) and 9%wt 
distilled water. The reactor was filled with 300 mL 
solution and the solid catalyst (from 0.5 to 3 g) was 
added. Second, the reaction was initiated by 
removing the air from the reactor by purging with 
hydrogen and stirring the solution at 1500 rpm. The 
temperature was controlled at 323 K and the 
hydrogen partial pressure was kept constant 
between 3 and 14 bar.     The samples were analyzed 
by a gas chromatography (GC, Perkin Elmer- 8420) 
with product separation in a fused silica capillary 
column (30m, 0.53mmID) and a FID detector.  

 

 
Figure 1. Experimental set up: 1-H2 Cylinder, 2-Stirrer motor, 3-Vent, 4-Feed inlet, 5-Drainage and sampling, 6-Outlet 

cooled oil, 7-Oil bath, 8-Oil pump, 9-Outlet warmed water, 10-Inlet cooled water, 11-Reactor pressure signal, 12-Oil 
bath temperature signal, 13-Reactor temperature signal, 14-Reactor pressure recorder, 15-Oil bath temperature 

recorder, 16Reactor temperature recorder. 
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2.3.  Catalyst characterization  

The average crystalline size was estimated by the 
Debye-Scherrer method to be in the range of 40nm 
from XRD data.  
The size distribution for nano-sized Pd measured 
by Mastersizer 2000 is shown in figure 2. The result 
yields an average Pd particle size of 36 nm.  
The SEM micrograph of Pd nanoparticles is shown 
in figure 3. Individual Pd particles are spherical in 
shape.  
 

 
  

Figure 2.  Size distribution of nano-sized Pd  

 

  
  

Figure 3. SEM image of nano-sized Pd particles in nano-

sized Pd on γ-Al2O3. 

  

3. Results and Discussion  

The preliminary experiments on the hydrogenation 
of nitrobenzene indicated that no hydrogenation 
reaction occurred in the absence of the catalyst, 
which confirmed the absence of any noncatalytic 
reaction. Moreover, at a fixed temperature, the 
partial pressure of solvent isopropanol-water also 
remained constant. So, the decrease of the pressure 
in the reservoir vessel with time was caused only by 
catalytic hydrogenation of nitrobenzene to aniline. 
Therefore, in this manuscript catalytic activity 
could be expressed by hydrogenation rate defined 
as the amount of hydrogen consumed per minute 
and per gram of the nanocatalyst. The effects of 
nitrobenzene concentration and hydrogen pressure 

on the reaction rate were investigated in the 
presence of Pd/γ-Al2O3, nano- Pd on γ-Al2O3 and 
Pd/C; the results are shown in figures 4 and 5.  
 

 
 

Figure 4. Effect of the concentration of nitrobenzene on 
initial rate. Reaction conditions:  T=323 K, P=5 bar, 

stirring speed=1500rpm, -♦- mPd/γ-Al2O3=2.5 g/dm3, -■-
mnano- Pd on γAl2O3=0.8 g/dm3, -▲-mPd/C=2.5 g/dm3 

 
The effect of nitrobenzene concentration on the 
initial rate of hydrogenation (Figure 4) shows zero-
order dependence at 0.25-1.8 kmol.m-3 
concentrations. Compared with the concentration 
of the hydrogen dissolved in isopropanol aqueous 
solution, nitrobenzene concentration might be 
seemed to be a constant. Therefore, the reaction 
rate could not change with the variation of 
nitrobenzene concentration. A noticeable point is 
the lower activity of Pd/γ-Al2O3 than nano Pd on γ-
Al2O3. The effect of hydrogenation partial pressure 
on the initial rate of hydrogenation was 
investigated at 323K in the pressure range of 3-14 
bar (Figure 5). The hydrogenation rate increase 
with the increase of the hydrogen partial pressure. 
Also, it is seen more activity of nano- Pd on γ-Al2O3 
than Pd/γ-Al2O3.  

 

 
 

Figure 5. Effect of hydrogen partial pressure on initial 

rate. Reaction conditions: T=323 K, stirring 

speed=1500rpm, -♦- mPd/γ-Al2O3=2.5 g/dm3, -■-mnano- Pd 

on γ-Al2O3=0.8 g/dm3, -▲-mPd/C=2.5 g/dm3 
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Figure 6. Correlation between catalytic activity of the 

catalysts. Reaction conditions: T=323 K, stirring 

speed=1500rpm, -♦- mPd/γ-Al2O3=2.5 g/dm3, -■-mnano- Pd 

on γ-Al2O3=0.8 g/dm3, -▲-mPd/C=2.5 g/dm3 

 
The catalytic activity comparison of the nano-sized 
Pd on γ-Al2O3 and Pd/C is shown in figure 6. The 
hydrogenation rate on the nano-sized Pd/γ-Al2O3 is 
nearly the same as Pd/C at similar reaction 
conditions.     
 On the basis of similar reaction [7], it is suggested 
that the reason for higher catalytic activity of nano-
sized Pd on γ-Al2O3 than Pd/γ-Al2O3 is a 
combination effect of the small particle size and the 
high density surface defects.   
The product of hydrogenation reaction was 
analyzed and it was observed that in the reaction 
products catalyzed by the nano- Pd on γ-Al2O3, no 
other impurity existed.    
An important and attractive point in figures 4-6 is 
the less amount of nano- Pd on γ-Al2O3 than Pd/γ-
Al2O3 and Pd/C, so that the amount of nano- Pd on 
γ-Al2O3 is 1/3 of others (for simplicity, Pd loading in 
nano- Pd/γ-Al2O3 , Pd/γ-Al2O3 and Pd/C were taken 
5% measured by ICP).  In other words, nanosizing 
Pd particles leads to the higher speed in reaction 
and and less consumption of the as-prepared 
catalyst.    

4. Conclusions  

In this work, aniline was synthesized by catalytic 
hydrogenation of nitrobenzene over asprepared 
nano-sized Pd in a laboratory autoclave. The 
following results were obtained:  
 

1) The average particle size of the as-prepared Pd 
is 36nm.    
2) The hydrogenation rate is zero-order 
dependent on nitrobenzene and increases with 
increasing of hydrogen pressure.  
3) The activity and selectivity of the as-prepared 
Pd are superior compared with those of the 
conventional Pd/γ-Al2O3.  
4) Also, nanosizing of Pd particles caused higher 
speed in reaction and less consumption of the as-
prepared catalyst than conventional Pd/γ-Al2O3 
and Pd/C.  
 

Notice: Now days, a series of tests are conducting by 
the project team on stability of the asprepared 
catalyst and results will be published in future.  
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