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HE LIQUID-PHASE catalytic hydrogenation of p-nitrophenol to

p-aminophenol was studied over kaolin supported nano-nickel
catalysts prepared by chemical reduction by hydrazine hydrate. It was
found that the 5% Ni-K catalyst has a superior catalytic activity
corresponding to the other nickel contents, and hence it was chosen
for determining the optimum conditions of such reaction. The effect of
catalyst loading, p-nitrophenol concentration, NaOH and NH,OH
concentrations on the catalytic activity of nano-nickel catalyst was
investigated at 80°C. It was assessed that the catalytic efficiency of the
catalyst was enhanced considerably by changing in NaOH and
NH,4OH concentrations during hydrogenation reaction.

Keywords: Nano-nickel catalyst, Egyptian kaolin support and
Hydrogenation.

In the recent years, nanoparticle synthesis has been widely investigated because
of its many unique characteristics in physical and chemical properties. Nano-
sized nickel catalysts have received increasing attention since such materials
exhibit many fascinating chemical and physical characteristics and potential
technological applications such as catalysts, batteries and in super alloys™?.
Several papers have been published on the preparation™® and applications®® of
nano-sized nickel catalysts. It is reported that nano-sized nickel shows better
catalytic properties in the catalytic hydrogenation or dehydrogenation reaction,
and thermal stability were better than those of a commercial Raney nickel 2.

Since p-aminophenol (PAP) compounds are of great commercial importance
as an intermediate for the preparation of analgesic and antipyretic drugs “°*%.
So, there are many methods used in the preparation of PAP from p-nitrophenol
(PNP) including metal-acid reduction, catalytic reduction, electrolytic reduction,
homogeneous and heterogeneous catalytic transfer reduction and direct catalytic
reduction reactions®”. Among these methods, direct catalytic reduction is widely
used for the production of PAP because it represents the greener and effective
technology ™. Earlier many studies have reported that the liquid phase
hydrogenation in presence of a solid catalyst is a simple way to improve the
conversion and selectivity “ > * 3 Thus various metal catalysts, for example,
Raney nickel, nano-sized nickel, and noble metals (Pt, Pd, Ru, Ag..., etc.), have
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been investigated extensively™ . Several studies have been carried out on
preparation of nano-nickel catalysts supported on different low-cost and
available supports using direct chemical reduction method >89,

According to the abovementioned literature, the direct catalytic hydrogenation
of p-nitrophenol to p-aminophenol compounds over nano-sized nickel supported
on kaolin has not been reported yet. Therefore, in this research, we have tried to
synthesize PAP from p-nitrophenol over nano-sized nickel catalysts supported on
kaolin. The nano-sized nickel catalysts are prepared by a chemical reduction
method. Also, the catalytic performance of nano-sized nickel supported on
Egyptian's kaolin for hydrogenation of p-nitrophenol in liquid phase under
different conditions such as: weight percent of nickel, catalyst dose, initial
concentration of PNP; NaOH and NH,OH concentrations were studied.

Experimental
Materials
All chemicals used were analytical grade (AR); Ni(NO3),.6H,0, NaCl,
NaOH, hydrazine hydrated, p-nitrophenol, methanol, and distilled water, and
natural Egyptian kaolin.

Preparation of nano-sized nickel over kaolin

Kaolin supported nano-nickel catalysts were prepared by the direct reduction
as follows. Firstly, 100 g of kaolin was washed gently with hot distilled water
followed by soaking in 1L of 1M NaCl solution for 24hr at 30°C, to remove any
undesirable components, decanted, washed and then dried in an air oven
overnight at 100°C. Secondly, nickel was loaded on kaolin by the means wetness
impregnation method at different contents; 2.5, 5 and 10 wt%, and denoted as
2.5Ni-K, 5Ni-K and 10Ni-K, respectively. Direct reduction was carried out by
hydrazine hydrate in order to obtain the metallic form of nickel. The reaction was
allowed to continue until no bubbles were observed. The product (grey-black)
was then washed with anhydrous ethanol and then isolated by decantation.

Liquid-phase reduction reaction

This reaction was preceded by dissolving PNP in an appropriate amount of
methanol, then hydrazine hydrate was added and afterwards the mixture was
heated at 80°C. The catalyst was added to the heated solution and then recorded
the time required to attain 100% conversion of PNP into PAP which measures
the catalytic activity. In this study, hydrogenation of p-nitrophenol into p-
aminophenol was performed on 5 wt% of Ni catalyst supported onto kaolin as
shown in Fig. 1®. Hydrazine is a normal reducer; its reductive ability varies
according to the pH value of the solution. In acid medium, N,H, is easily
oxidized to NHs, whereas in a basic medium, it can be easily oxidized to N,, so it
is possible to reduce nickel ions in basic medium. hydrazine is added to the
solution containing nickel nitrate at alkaline medium and 80°C to enhance the
reaction rate. The reaction equation between nickel and hydrazine is given:

2Ni," + NyH, + 40H™ = 2Ni + N, 1 + 4H,0 (1)
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Fig. 1. Schematic diagram for conversion of p-nitrophenol to p-amino phenol.

In addition, Selim et al.”) proposed the mechanism that takes place during
hydrogenation process using self-change in color. They observed a change from
yellow color of PNP into green color (intermediate A) followed by a discharge of
all colors (colorless) which accompanied with 100% conversion of PNP to PAP.
The mechanism of this reaction is shown in Fig. 2. Since the supported nickel
catalyst acts as a bi-functional catalyst, it will decompose hydrazine into H, and
N,. Furthermore, the nickel acts as a catalyst for the hydrogenation of p-
nitrophenol using the nascent hydrogen produced from previous step.
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Fig. 2. Schematic mechanism for conversion of p-nitrophenol to p-amino phenol.

Egypt. J. Chem. 55, No. 6 (2012)



652 M.M. Selim and N.A. Fathy

Characterization of the nanocatalyst

X-ray diffraction patterns for the 10Ni-K catalyst before and after reduction
process were determined using Bruker D8 advance instrument with CuKa target
with secondly monochromate 40Kv, 40mA.

Factors affecting the reduction reaction

In order to investigate the factors affecting the catalytic performance of Ni-K
prepared catalyst, the reaction variables such as catalyst dose (0.2, 0.5, 1 and 2g),
initial concentration of PNP (0.25, 0.5, 1 and 5 g/L), NaOH concentration (0.15,
0.30, 0.70, 1.0, 1.6 and 2.0 g/10 ml methanol) and ammonia concentration (0, 3,
10, 15 and 25 %) were studied.

Results and Discussion

X- ray diffraction results

Figure 3 (a and b) illustrates the data obtained from XRD-technique. Figure
3a shows the XRD-data of the impregnated kaolin with nickel nitrate. It can be
seen that the lines located at 20 = 30 and 47° are related to crystalline nickel
nitrate on kaolin. Figure 3b indicates the patterns of crystalline reduced nickel on
kaolin with disappearing of the lines regarding to crystalline nickel nitrate,
indicating complete reduction of nickel nitrate to metallic nickel with lines at 20
=44.5 and 51.85.
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Fig. 3. XRD patterns of (a) Ni (NO3), and (b) Ni-metal supported on kaolin.
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Effect of nickel percent on the activity of catalyst

It is well-known that the change in nickel percent would affect the catalytic
activity of prepared catalyst supported on kaolin. Figure 4 shows the effect of
nickel weight percent on the hydrogenation of p-nitrophenol (PNP) into p-
aminophenol (PAP) within ten runs of reduction process. It was observed that the
prepared 5% Ni-nanoparticles exhibited better activity (100%) for the conversion
of PNP to PAP within 440 sec. Hence, it can be concluded that the catalytic
activity of 5% Ni catalyst is more efficient than that of others.
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Fig. 4. Effect of Ni content on the reduction of PNP into PAP.

Catalytic performance study

The catalytic performance of the prepared catalyst was determined in relation
to the change in the initial concentration of p-nitrophenol (0.25-5 g/ ml). Figure 5
shows the catalytic activity of the prepared catalysts as a function of PNP initial
concentration; and the complete conversion of PNP into PAP compounds was
detected at the time in which the yellow color of the mixture turns into colorless.
It can be seen from Fig. 5, clearly that the increase from 2.5 to 5 % of nickel on
the support increases the activity, i.e. it decreases the time needed for the
complete reduction of PNP. Further increase from 5 to 10 % of Ni on the support
produces catalyst with a relatively lower activity. This behavior may be
attributed to the accumulation of nickel particles and consequently inhibits the
activity of catalyst (10Ni-K).
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Fig. 5. Catalytic activity of the prepared catalysts in relation to initial concentration
of PNP.

Effect of catalyst dose

The effect of catalyst dose, i.e. 5Ni-K, on the reduction process of PNP is
shown in Fig. 6. It is clear from this figure that, the increase in catalyst dose from
0.2 up to 1 g leads to gradual decrease in the time needed for complete reduction
of p-nitrophenol into p-aminophenol. It can be seen that 0.2 g of 5Ni-K catalyst
reduces PNP completely into PAP within 1800 sec (30 min), further increase to 1 g
leads to complete reduction within 220 sec (3.66 min). However, above this
amount of catalyst, did not show significant change and the time required to
attain complete conversion becomes steady. The optimum catalyst weight was
chosen at 1 g of 5Ni-K for reduction of PNP.
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Fig. 6. Effect of catalyst dose on the conversion of PNP into PAP.
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Effect of NaOH concentration

It is important to explore the role of basic medium on the catalytic
performance of catalyst in the direct reduction process. Thus, the effect of NaOH
concentration on the catalytic activity of 5Ni-K catalyst in conversion of PNP to
PAP was studied as depicted in Fig. 7. It can be noted that the increase in NaOH
concentration leads to decrease in the required time for completing the
conversion of PNP to PAP compounds. Further increase of NaOH more than 2 g
causes a drastic increase in the time needed for complete conversion. This
finding may be attributed to the decrease in the mobility of reactants with
increasing in NaOH concentration, and, hence, the reaction takes more time for
complete conversion.
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Fig. 7. Effect of NaOH dose on the conversion of PNP into PAP.

Effect of ammonia concentration

Figure 8 shows the effect of ammonia on the catalytic activity of 5% Ni-K for
reduction of PNP. It was noted that as the concentration of ammonia increases
from 0 to 25 %, the time required for complete reduction of PNP decreases from
430 sec to 55 sec (the decrease equal ~ 87.3 %). It is a surprising result, where it
was expected that the activity of catalyst decreased with addition of ammonia to
reaction mixture as reported previously®. However, the interpretation of this
finding may be attributed to generation of new active species on the nano-nickel
catalyst, i.e., upon heating the reacting mixture, the adsorbed ammonia was
released leaving more active centers locate on the catalyst and consequently the
activity increased under successive addition of ammonium hydroxide.
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Fig.8. Effect of NH,OH concentration on the conversion of PNP into PAP.
Conclusions

A series of nano nickel catalyst supported on Egyptian kaolin as a support
was prepared. The reduction process of nickel was performed using hydrazine
hydrate as hydrogen donor. These catalysts were used for reduction of p-
nitrophenol to p-aminophenol in the presence of hydrazine hydrate as hydrogen
donor at elevated temperature 80°C.

The increase of nickel on the support leads to an increase in the catalyst
activity passing throw maximum activity when the nickel content was 5%, which
shows minimum time for complete reduction of p-nitrophenol.

The increase of the weight of the catalyst from 0.2 g to 1 g decreases sharply
the time for complete reduction from 30 min to 3.66 min. Therefore, one gram
catalyst was considered as optimum catalyst weight for complete conversion of
p-nitrophenol.

It was found that the increase of added sodium hydroxide leads to a
detectable decrease in the time taken for complete reduction of p-nitrophenol.
Maximum effect was observed at concentration 2 g NaOH. Further increase led
to increase in the time needed for the reduction. This was attributed to the
decrease in the mobility of the reactants to be in contact with the catalyst.

The addition of a certain amount of ammonia to the reduced catalyst before
addition of reactants leads to decrease the time needed for reduction of p-
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nitrophenol. The increase in the concentration of the added ammonia showed a
noticeable decrease in the time taken for complete reduction. This can be
explained by the fact that the heating of the reacting mixture that leads to release
of adsorbed on nickel ammonia leaving more active sites for catalysis.
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