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Abstract:

The p-aminophenol was prepared by reduction of p-nitrophenol over nano-sized nickel
catalysts without support and with Egyptian kaolin as support. Hydrazine hydrate was used as
hydrogen source in this reaction. Using solutions of nickel nitrate of appropriate concentrations
to obtain catalysts with concentrations 2.5, 5 and 10% nickel loaded on Egyptian kaolin.
The prepared Ni catalysts were characterised using X-ray and SEM before and after reduction of
p-nitrophenol. The results showed that the degree of crystallinity of nano nickel particles was
decreased after the reduction with agglomeration of nano nickel particles. The reduction of p-
nitrophenol was performed with different Ni-concentrations from 2.5-10%. The results showed
that the increase of Ni-content led to a decrease of the time taken for complete reduction of p-
nitrophenol and showed that Ni supported on kaolin was more active than the unsupported Ni
catalyst for reduction of p-nitrophenol to p- aminophenol.

Introduction.

Metallic nanoparticles have been studied intensively within the last decade [Astruc,2007].
This interest originates from the fact that nanomaterials have enhanced catalytic properties.
Examples for catalyzed reactions are C-C coupling reactions [Balanta et al. ,2011 ; Gude,
Narayanan,2011] or hydrogenations,[Berhault,2007;Piccolo,2008] which can be catalyzed
by palladium nanoparticles. It was reported that Pd, Pt, Rh, Au, Ru and Ni nanoparticles
exhibited higher catalytic activity than conventional supported metal catalysts in
hydrogenation and oxidation reactions [Tian et al., 2007; Nolte,Kasper, 2008]

The catalytic activity and selectivity of metal nanoparticles are strongly dependent on
their size and shape [Telkar et al. ,2003] .

Kaolin is an earthy materials preponderantly containing the mineral china stoniest. It’s a
hydrous aluminum salt (Al,03.2Si0,.2H,0) and features a wide range of business applications,
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because of its distinctive physical, physiochemical and chemical properties [Asmatulu,
2002]. Distinctive geology, morphology, chemical and physical specifications of kaolin make its
versatile staple applicable for several completely different applications [Mukherjee, 2013]. The
p-aminophenol (PAP) is a commercially important intermediate for the manufacture of analgesic
and antipyretic drugs [Lee and Chen ,1989]. Various methods have been reported to synthesize
PAP, such as multi-step iron-acid reduction of p-nitrochlorobenzene or p-nitrophenol [Rode et al.
,2001], catalytic hydrogenation of nitrobenzene [Chaudhari et al., 2000], and an electrochemical
synthesizing method [Yun and Cho, 1991].

Our present work describes the synthesis of phase pure nickel nanoparticles via simple
chemical reduction route starting from nickel nitrate and hydrazine hydrate in methanol and study
its catalytic activity with and without support (Egyption kaolin) to reduce p-nitrophenol to p-
amiophenol.

2- Material and Methods.
2.1. Catalyst preparation.
2.1.a 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 NacCl solution for 24 hr 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 mean
of wetness impregnation method at different contents; 2.5, 5 and 10 wt%, and denoted as 2.5% Ni
/ Kaolin, 5%Ni / Kaolin and 10% Ni / Kaolin, respectively.

2.2. Apparatus
2.2.1.X-ray diffraction (XRD)

X-ray diffraction pattern were obtained using Druker D8 advance instrument whith CuKa
target with secondly monochromator 40KV, 40mA.

2.2.2. Scanning electron microscope

The speciemens were mounted on copper stubs with double-sides adhesive tape.The
specimens were examined under JXA-840A Electron Probe Microanalyzer-JEOL-JAPAN.
2.3. Reduction of nickel.

All the prepared solids were reduced by addition of hydrazine hydrate and few drops of
concentrated sodium hydroxide and heating the mixture at 80 °C until the colour of the mixture
turned to black or grayish black, indicating complete reduction of nickel ions into nanonickel
metals.

2.4. Reduction of p-nitrophenol.
12.5 g of p-nitrophenol was dissolved in 50 ml methanol and was added in doses each of
them was 5ml to the reduced catalyst followed by 10ml hydrazine and few drops of NaOH
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solution.The mixture was heated until the colour is turned from yellow (p-nitrophenol) to
colourless (p-aminophenol) which indicates complete conversion.

3. Results and Discussion.
3.1. Characteristics of catalysts.
3.1.1. X-ray diffraction (XRD).
XRD analysis is used to follow up the change in the crystallinity of Ni metal before and
after the reaction.

Fig. (1,2) show XRD for Ni unsupported before and after reduction of p-nitrophenol.
They show that a change in the crystallinity of nickel occurs after the reduction of p-nitrophenol
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Fig.(1).XRD of un supported Ni before the reduction of PNP
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Fig.(2).XRD of un supported Ni after the reduction of PNP
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Fig. (3,4) show XRD for 5% Ni/Kaolin before and after reduction of p-nitrophenol . They
show small change in the crystallinity occurs after using in the reduction of p-nitrophenol
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Fig.(3).XRD of Ni / kaolin befor the reduction of PNP
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Fig.(4).XRD of Ni / kaolin after the reduction of PNP

3.1.2. Scanning electron microscope (SEM)

The reduced nano-metallic nickel is widely distributed as seen in Fig (5).
Fig.(6) shows that after reaction, the reduced nano nickel particles were agglomerated
leading to less exposed surface for further reaction and consequently the reactivity of the catalyst

is quickly decreased.
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Fig.(7) shows the kaolin containing nano nickel. From this figure it can be seen that the
nano nickel is widely distributed on the surface of kaolin.

Fig.(8)illustrates that the presence of kaolin prevented to a large extent the agglomeration
of nano nickel leaving it widely distributed on the kaolin surface and consequently the catalyst
showed activity higher than the unsupported one.

RPN

Fig.(7).SEM for Ni- loaded on kaolin before reduction of PNP
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Fig.(8).SEM for Ni- loaded on kaolin after reduction of PNP

3.2.Reduction of p-nitrophenol to p-aminophenol
3.2.1.Reduction of p-nitrophenol using different weights of unsupported Ni.

The process was carried out by reduction of different weights of Ni (NO3),.6 H,O which
equivalent to 2.5, 5 and 10% Ni in case of unsupported catalysts. A series of reduction of
different doses of p-nitrophenol with conc. (1.7 M in 50 ml) each addition is 5ml solution was
performed. The results are represented in Fig.(9).

From Fig.( 9 ) it can be shown that the increase of the weight of nickel catalyst increases
the possibility for more reduction of p-nitrophenol and decrease the time taken for reduction of p-
nitrophenol solution.
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Fig.(9). The relation between the no. of additions of p-nitrophenol and time taken for reduction of PNP by
different weights of unsupported Ni.

3.2.2. Reduction of p-nitrophenol by different weights of catalyst containning 2.5%Ni-
loaded on kaolin.

In this series of experiments the reduction of p-nitrophenol was performed on different weights of
catalyst containing 2.5% Ni / kaolin.

Fig.(10) shows that the increae of catalyst weight decreases the time of complete
reduction of p-nitrophenol to p-aminophenol.

Fig.(11) shows that the optimum catalyst weight was chosen at 1 g of 2.5% Ni/kaolin and

the increase of weight after that to 1.25 and 1.5 gm. has nearly the same time for reduction of
PNP .
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Fig.(10). The relation between the no. of additions of p-nitrophenol and time taken for reduction of PNP
by different weights of 2.5%Ni / kaolin
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Fig.(11). Effect of catalyst weights of 2.5% Ni / kaolin on the reduction of PNP to PAP

3.2.3. Reduction of p-nitrophenol by different weights of catalyst containning 5%oNi- loaded
on kaolin

In this series of experiments the reduction of p-nitrophenol was performed on different
weights of catalysts containing 5% Ni / kaolin.

The results of this series are illustrated in Fig.( 12, 13 ), From the figures it is shown that
the increae of catalyst weight lead to increases the complete conversion of p-nitrophenol to p-
aminophenol and 1 g of 5% Ni/Kaolin is the optimum weight and increasing of weight after that
to 1.25 and 1.5 g has nearly the same time for reduction of PNP .
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Fig.(12). The relation between the no. of additions of p-nitrophenol and time taken for reduction of PNP
by different weights of 5%Ni / kaolin
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Fig.(13). Effect of catalyst weights of 5% Ni / kaolin on the reduction of PNP to PAP

3.2.4. Reduction of p-nitrophenol by different weights of catalyst containning 10%Ni-
loaded on kaolin

In this series of experiments the reduction of p-nitrophenol was performed on different
weights of catalysts containing 10% Ni / kaolin.

The results of this series are illustrated in Fig.(14 ). From these it can be seen that the
increae of catalyst weight increases the reduction rate of p-nitrophenol into p-aminophenol.

From Fig.(15) it is shown that 1 gm of 10% Ni/kaolin is the optimum weight and
increasing of weight after that to 1.25 and 1.5 g has nearly the same time for reduction of PNP
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Fig.(14). The relation between the no. of additions of p-nitrophenol and time taken for reduction of

PNP by different weights of 10%Ni / kaolin
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Fig.(15). Effect of catalyst weights of 10% Ni / kaolin on the reduction of PNP to PAP

Conclusion.

The unsupported nickel and nickel loaded on Egyption kaolin can be used for reduction of

p-nitrophenol to p- aminophenol.

In case of nickel loaded on Egyption kaolin it was shown that the activity increases with
increase the weight of the catalyst that is to say (10% >5% >2.5%) Ni-loaded on kaolin >

unsupported nickel.

For 2.5, 5, 10% Ni loaded on Egyptian kaolin 1 gm is the optimum weight and increasing

of weight after that to 1.25 and 1.5 g has nearly the same
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