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NICKEL nanoparticles and Ni supported on faujasite- zeolite were prepared by using a 
solution of nickel nitrate of appropriate concentrations. The catalysts with 2.5, 5 and 10% 

nickel were reduced with hydrazine hydrate in the presence of alkali and used in reduction 
of p-nitrophenol to p- aminophenol. The prepared Ni catalysts were characterised by X-ray 
and SEM before and after conducting the reduction of p-nitrophenol. The results showed that 
catalysts contain nano nickel were durable in reduction of p-nitro phenol to p- amino phenol. 
The Ni supported on faujasite-zeolite was more active than the unsupported Ni catalyst.
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of p-nitrochlorobenzene or p-nitrophenol [2], 
catalytic hydrogenation of nitrobenzene [2–4], 
and an electrochemical synthesizing method [5]. 
The major disadvantage of iron-acid reduction 
is the generation of large amounts of Fe–FeO 
sludge, which cannot be reused and causes 
severe disposal problems [4]. The catalytic 
hydrogenation of nitrobenzene in a strong acid 
aqueous medium is an important commercial 
method, but it also has two major drawbacks: (1) 
this reaction is complex and yields, in addition to 
the principal product, PAP, a significant amount 
of aniline and smaller amounts of other impurities 
[6];(2) the use of highly corrosive mineral acid. 
These disadvantages restrict production efficiency 
and product quality of PAP, and render those 
processes economically less attractive.

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. The 
prepared catalysts were characterized by scanning 
electron microscope and X-ray diffraction 
technique. The catalytic activity with and without 
support (zeolite) was conducted for reducing 
p-nitrophenol to p-amiophenol.

Material and Methods                                                  

Catalyst preparation.
Zeolite synthesis
Zeolite was prepared from Egyptian kaolin 

Introduction                                                                               

Recently, metal nano particles have been attracting 
great attention because of their remarkable 
catalytic performance in hydrogenation, oxidation 
and reduction reaction [1]. 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 [2-3]. Nanoparticles exhibit 
a great variety of methods, such as wet chemical 
reduction in aqueous solution or in organic medium 
[7-8], microemulsion [9] and hydrothermal [10-
11] method. Among these preparation routes wet 
chemical reduction is a versatile and economic 
method. However, it is difficult to prepare phase 
pure nickel nanoparticles in aqueous medium 
because nickel nanoparticles are easily oxidized 
in water [12-13]. 

 Zeolites have a well-defined nanopore structure 
with a crystalline framework. Zeolites can be used 
to load agents as well as to release them and the 
high ion-exchange capacity improves the loading 
of agents [14]. This particular pore architecture 
makes them suitable candidates for hosting and 
further delivering under appropriate conditions of 
a variety of molecules of pharmaceutical interest 
[15]. P-Aminophenol (PAP) is a commercially 
important intermediate for the manufacture of 
analgesic and antipyretic drugs [16]. Various 
methods have been reported to synthesize 
PAP, such as multi-step iron-acid reduction 
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by hydrothermal method according to Egyptian 
patent No. 23590.(2006).      

The catalysts were prepared by impregnating 
the support (faujasite-zeolite) with appropriate 
quantities of Ni (NO3)2.6 H2O solution in order to 
obtain 2.5,  5 and 10wt.% Ni on Zeolite.

Characterization                                                  

X-ray diffraction (XRD)
X-ray diffraction patterns were obtained using 

DrukerD8 advance instrument with CuKα target 
with secondly monochromator 40KV, 40mA.

Scanning Electron Microscopy
The specimens were mounted on copper stubs 

with double-sides adhesive tape. The specimens 
were examined under JXA-840A Electron Probe 
Microanalyzer-JEOL-JAPAN.

Reduction of the catalyst
All the prepared solids were reduced by addition 

of hydrazine hydrate and few drops of concentrated 
sodium hydroxide and heating the mixture  at 80 
oC until the colour of the mixture turned to black 
or grayish black, indicating complete reduction of 
nickel ions into nanonickel metals.

Reduction of p-nitrophenol.
Dissolve 12.5 gm of p-nitrophenol in 50 ml 

methanol and add them in doses each of them is 
5ml to the reduced catalyst under investigation 
followed by 10ml of hydrazine and few drops 
of NaOH solution. The mixture is heated until 
the colour is turned from yellow (p-nitrophenol) 
to colourless (p-aminophenol) indicating 
complete conversion. The complete reduction of 
p-nitrophenol into p-aminophenol was confirmed 
by using  FTIR-spectroscopy, Figures 1 and 
2 showed the  FTIR of p-nitrophenol before 
reduction and the reduced p-aminophenol after 
complete reduction. This experiment was don to 
confirm the complete conversion of p-nitrophenol 
into p-aminophenol.

Results and Discussion                                           

Characteristics of catalysts
X-ray diffraction (XRD)
XRD analysis used to follow up the change in 

the crystallinity of Ni metal before and after the 
reaction.

Figures 3,4 show XRD for Ni without support. 
They show that a change in the crystallinity of 

nickel occurs after the reduction of p-nitro phenol

Figures 5,6 show the XRD for Ni-faujasite 
catalyst before and after conducting  the reaction 
of  reduction of p-nitrophenol. As we see from 
these figures, the participation of the catalyst in the 
reaction decreases considerably the crystallinity 
of metallic nickel and also slightly decreases the 
crystallinity of zeolite.    

Scanning electron microscopic (SEM)
The reduced nano-metallic nickel is widely 

distributed as seen in Fig.7. After reaction, the 
reduced nanonickel particles are agglomerated 
(Fig. 8) leading to less exposed surface nanonickel 
for further reaction and consequently the reactivity 
of the catalyst is quickly decreased. 

Figure 9 shows the zeolite containing nano 
nickel. From this figure, it can be seen that the 
nano nickel is widely distributed on the surface 
of zeolite.

Figure 10 illustrates the SEM-image of the 
distributed nanonickel on zeolite surface. It is 
clear that the presence of zeolite prevents to a 
large extent the agglomeration of nano nickel 
leaving it widely distributed on the zeolite surface 
and consequently the catalyst appeared durability 
and activity higher than the unsupported one.

Reduction of p-nitrophenol using different weights 
of Ni (NO3)2.6 H2O    (unsupported Ni)

The first step of the process was conducted 
by reduction of 0.123, 0.247 and 0.495 gm of 
Ni (NO3)2.6 H2O which equivalent to 2.5, 5 and 
10% Ni in case of supported catalysts. The second 
step was a series of reduction of different doses 
of p-nitrophenol each of 5ml solution (12.5gm in 
50 ml methanol). The results are represented  in  
Fig. 11 

From Fig. 11,  it can be seen that the increase  
of  nickel content was accompanied by the decrease 
in the time taken for complete reduction of the 
5ml p-nitrophenol solution. In the same time the 
increase of the weight of nickel catalyst increases the 
possibility for more reduction of p-nitrophenol i.e 
.increase the number of additions of p-nitrophenol.

Reduction of p-nitrophenol by different weights of 
catalysts containing 2.5%Ni- loaded on faujasite-
Zeolite

In this series of experiments the reduction of 
p-nitrophenol was performed on different weights 
of catalysts containing 2.5% nickel on zeolite.
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Fig. 1. FTIR-p-nitrophenol.

Fig. 2. FTIR-p-aminophenol.

Fig. 3. XRD of Ni before the reaction.

Fig. 4. XRD of Ni after the reaction.
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Fig. 7. SEM- unsupported Ni before reduction of p- nitrophenol.

Fig. 5. SEM- unsupported Ni before reduction of p- nitrophenol

Fig. 6. SEM -unsupported Ni after reduction of p-nitrophenol



1053

Egypt. J. Chem. 61, No.6 (2018) 

SYNTHESIS OF NANO - NICKEL  METAL  LOADED ON FAUJASITE-ZEOLITE ...

Fig. 8. SEM -unsupported Ni after reduction of p-nitrophenol.

Fig. 9. SEM - Ni/ Zeolite before reduction of p-nitrophenol.

Fig. 10. SEM- Ni/ Zeolite after reduction of p-nitro phenol.
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Fig. 11. The relation between the no. of additions of p-nitrophenol and time taken for reduction of p-nitrophenol.
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Fig. 12. Reduction of p-nitrophenol by different weights of catalysts containing 2.5%Ni- loaded on faujasite-Zeolite.  

The results of this series are illustrated in 
Fig.12. From these data it can be seen that the 
increae of catalyst weight increases the conversion 
of p-nitrophenol into p-aminophenol.

Reduction of p-nitrophenol by different weights of 
catalysts containning 5%Ni- loaded on faujasite-
Zeolite

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

The results of this series are illustrated in 
Fig.13. From these data, it can be seen that 
the increase of catalyst weight increases the 
conversion of p-nitrophenol into p-aminophenol.

Reduction of p-nitrophenol by different weights of 
catalysts containing 10%Ni- loaded on faujasite-
Zeolite

In this series of experiments, the reduction of 
p-nitrophenol was performed on different weights 
of catalysts containing 10% nickel on zeolite. 
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Fig. 13. Reduction of p-nitrophenol by different weights of catalysts containing 5%Ni- loaded on faujasite-Zeolite
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Fig.14.  Reduction of p-nitrophenol by different weights of catalysts containing 5%Ni- loaded on faujasite-Zeolite 

The results of this series are illustrated in 
Fig.14. From these data, it can be seen that 
the increase of catalyst weight increases the 
conversion of p-nitrophenol into p-aminophenol.

Figure 14 Reduction of p-nitrophenol by 
different weights of catalysts containing 5%Ni- 
loaded on faujasite-Zeolite. 

The mechanism of reduction by hydrazine
The decomposition of hydrazine by nano nickel 

produces hydrogen which combined with the 
nitrogroup of para-nitrophenol(yellow) followed 
by elimination of two molecules of water and 
rearrangement of the molecule forming a green 
intermediate. The green intermediate is combined 
with hydrogen forming p-aminophenol(colorless). 
This process is clearly illustrated in the following 
scheme.  
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Supposed mechanism for reduction process of p-nitrophenol (17).

Conclusions                                                                       

The removal of p-nitrophenol is considered as 
an important process especially if the conversion 
produces a useful material. The present work 
is dedicated to studying the conversion of 
p-nitrophenol into p-aminophenol (as useful 
pharmaceutical reagent). The conversion was 
performed catalytically on nano nickel. The 
supporting of nano nickel on zeolite increased 
considerably the activity of the used catalyst.
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بارا  الى  البارانيتروفينول  الختزال  الزيوليت-فاجازيت  على  المحمل  النانو  النيكل  فلز  تحضير 
امينوفينول
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3المركز القومى للبحوث - الجيزة - مصر.

الحفازات  معينة.  بتركيزات  النيكل  نترات  محلول  من  الزيوليت-فاجازيت  على  والنانونيكل  نيكل  النانو  تحضير  تم   
المحتوية على 2.5 و 5 و 10 % نيكل اختزلت بواسطة الهيدرازين المائى فى وجود قلوى واستخدمت فى عملية اختزال 
البارا نيتروفينول لبارا امينوفينول . تم توصيف حفازات النيكل المحضرة بواسطة حيود االشعة السينية والميكروسكوب 
على  المحتوى  الحفاز  ان  النتائج  اظهرت  للبارانيتروفينول.  االختزال  عملية  ةاجراء  وبعد  قبل  الماسح  االلكترونى  
النانونيكل كان نشيطا فى عملية االختزال للبارانيتروفينول لباراامينوفينول. كان حفاز النانونيكل على الزيوليت المحمل 

على الزيوليت-فاجازيت اكثر نشاطا من حفاز النيكل الغير محمل.  


