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N THIS work pure Ni from different precursors and mixed Ni/Cu,

Ni/Co nano metals were prepared from their chlorides supported on
silica from rice straw (RSS) or cation exchange resin (RNa*). The
prepared catalysts were characterized by using XRD and TEM. The
catalytic activity was tested in H,O, decomposition. The results
revealed that the obtained metals were in nano size. The results of
decomposition of hydrogen peroxide showed that the activity of nano
nickel catalyst prepared from chloride was more than that from sulfate
and nitrate. The most active catalyst among all the prepared samples
was Co-Ni/RSS.

In the past two decades, considerable attention has been devoted to the synthesis of
metallic nano particles specially nano-nickel particles because of their unusual
properties that differ from either the bulk or single atoms. These materials offered
excellent models for studying the relationship between the size, shape and structure of
the individual particles and their unique properties. Many of these properties have
found applications in several fields, e.g., electronics “, catalysis **®, pigments @
and metallurgy @ .

For synthesis of various kinds of metal nanoparticles, some metals such as
nickel, copper and iron were relatively difficult because they were easily
oxidized. Several synthetic methods have been developed, such as vapor phase
method ©7, spray pyrolysis®, micro-emulsion®, polyl process ©% and
electrochemical reduction for the preparation of Ni nanopowders. Among these
methods, the chemical reduction method in aqueous solution has been
investigated intensively due to its better capabilities for controlling composition,
size and shape of Ni powders.

Synthesis of Ni nanoparticles by hydrazine reduction of nickel chloride in ethylene
glycol at 60° C without soluble polymer as protective agent was studied in many recent
works @91 as pH and temperature dependent reducing ability of hydrazine makes the
reduction rate easily controllable. It was reported that an ag)propriate amount of NaOH
was necessary for the formation of pure Ni nanoparticles .
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The supported nanonickel catalysts have been widely studied and used due to
their very high activity in hydrogenation, hydro treating and stream-reforming
reactions V. Supported Ni hydrogenation catalysts on silica, alumina and zeolite
have been studied and compared in a previously published work “?. Supported
nickel nano catalysts could also be synthesized on resin surface and could be
striped on the resin surface @3,

On the other hand, bimetallic catalysts have become the subject of intensive
efforts both in academia and industry, the special properties of which are derived
from an electronic ligand effect. These bimetallic powders have provided the first
example of Cu-based catalysts with high activity, selectivity and stability against
air for the selective hydration of acrylonitrile to acrylamide *® . There are only a
few reports on the synthesis of monometallic nanoparticles (mono-MNPs) and
bimetallic nanoparticles (bi-MNPs) on resin surface and in some cases isolation
of the nanoparticles on the cationic as well as the anionic exchange resin surface.
Ni, Au and various bimetallic nanoparticles have successfully been obtained on a
resin surface, where a layer-by-layer deposition technique in some cases helped
the formation of core shell bimetallic structures®®. In general, supported
bimetallic catalysts are very interesting materials because one metal can tune
and/or modify the catalytic properties of the other metal as a result of both
electronic and structural effects ¥. Bimetallic catalysts supported on high
surface area carriers, such as, silica and alumina, have attracted considerable
attention recently because of their better performance in catalytic reactions which
differs significantly from that of the corresponding monometallic counterparts®?.
They are superior compared with those made of pure metals, in terms of activity,
selectivity, stability, and resistance to poisoning ®®. For example, bimetallic
nanoparticles (bi-MNPs? are preferred heterogeneous catalysts in petroleum
reforming processes ™. This is the case for Ni-based bimetallic particles
containing copper, which exhibit better catalytic activity “® and selectivity ®©
than monometallic nickel. To improve the properties of pure Ni and Cu powders,
several methods have been proposed for the preparation of bimetallic and alloyed
Ni—Cu particles. Reduction of a mixture of nickel and copper compounds under
hydrogen has been used to prepare Ni—-Cu—Al *® and Ni—Cu/Al,0; “® catalysts,
and Ni—Cu alloys *©.

The present work was undertaken to synthesize the monometallic Ni
nanoparticles from different precursors using hydrazine hydrate as H, source for
reduction. For immobilizing Ni nano particles, in varying loadings, two
chemically different supports were used, namely, rice straw silica (RSS),
extracted from acid-leached rice straw and converted to silica xerogel, as an
inorganic support and commercial cation exchange resin, (RNa") of Dowex type,
as an organic support. For synthesis of immobilized bimetallic Ni nano catalysts,
monometallic Ni nanoparticles (mono-NiNP) were studied in combination with
Co and Cu nanoparticles, added in different sequences on RSS and RNa®
supports. Comparison was made of the various physicochemical characteristics
and catalytic activity (inH,O,-decomposition, in an alkaline medium.
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Experimental

Synthesis of monometallic Ni nano particles (Ni-NPs)

5g of nickel salt (CI', SO,20orNO5") were dissolved in 100ml ethylene glycol
with stirring at 80°C. An appropriate amount of hydrazine monohydrate was
added to the solution with continuous stirring. A blue violet or pink precipitate
was formed depending on the molar ratio of [(N,H,)/Ni*]. To the nickel
hydrazine complex solution few drops of concentrated solution of NaOH were
added with continuous stirring and the reduction was completed, i.e. the solution
become colorless. The product in each case was filtered and washed with ethyl
alcohol several times before using.

Synthesis of immobilized monometallic Ni particles supported on rice straw silica
(RSS)

Extraction of pure silica from rice straw

The rice straw washed with water for removal of fine dust on the surface. The
washed rice straw digested by refluxing in 3N of HNO; for 48 hr until converted
into white rice straw as white precipitate. After filtration, washing for several
times by distilled water, the product was dried then calcined at 600°C for 4hr.

For each 1g of produced white rice straw powder , 50 ml of 1N NaOH were
added, while stirring overnight and the unlike material was removed by
filtration. The filtrate solution (sodium silicate solution) neutralized with 1N
nitric acid HNO3 drop wise under stirring at room temperature, until formation of
silica xerogel. The silica gel formation was started at pH= 8.3 and the final pH
was 6.5. The formed silica gel was washed with water to remove the nitrate and
dried at 100°C. The dried silica gel was heated for 4hr at 550°C to obtain pure
silica (RSS) grained to 0.5mm and stored in vacuum.

Preparation of immobilized monometallic nano-nickel supported on RSS or
RNa*

Calculated amount of the prepared rice straw silica (RSS) considered as
inorganic support was impregnated with aqueous solution of nickel chloride
hexahydrate with different loadings from 1.0 to 8.0 wt % Ni.

The prepared supported nickel chloride/RSS introduced into a flask with
100ml of ethylene glycol as solvent and stirred at 80- 90°C. By adding10 ml of
hydrazine hydrate (98%), a complex of nickel hydrazine was formed. After that,
drops of saturated solution of sodium hydroxide were added; the suspension was
turned to black color with colorless solution.

The same procedure was applied for the immobilized samples on the cation
exchange resin (RNa") (organic support)

Preparation of immobilized Ni-based bimetallic nano metals supported on RSS or RNa*

A series of silica or resin immobilized Ni-based bimetallic catalysts M-
M1/RSS or RNa* (M=Ni and M; = Cu or Co) were prepared by impregnation
Egypt. J. Chem. 57, No.3 (2014)
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method. Both metals (M&M;) were loaded in 1:1 weight ratio (based on metals)
keeping the % loading constant at 1 wt % bimetals and 99 wt % of silica (RSS)
or resin (RNa").

In a typical preparation

(i) The required quantities of the respective chloride precursor salts were
dissolved in distilled water and mixed together. To this mixture solution, the
required quantity of rice straw silica (RSS) was added and the resulting slurry
was stirred to obtain homogeneity followed by drying.

(ii) To the solution of nickel chloride, the required quantity of RSS or RNa* was
added and the resulting slurry was stirred to obtain homogeneity, followed by
drying. Then the other metal (Cu or Co) chloride solution was added. The
resulting slurry was stirred to obtain homogeneous solution of the two metal
salts on rice straw silica, followed by drying.

(iii) The same manner of the above addition was preceded, by changing the
addition order of the metal salts solutions.

Each of impregnated samples was introduced in the reaction flask with 100ml
of ethylene glycol as solvent and stirred at 80- 90°C. 10 ml of hydrazine mono
hydrate 98% were added, a complex of bimetal hydrazine was formed. After that
drops of saturated solution of sodium hydroxide was added. The suspension was
turned to black color after few minutes, with the formation of colorless solution.

Characterization of the catalysts

X-Ray Diffraction (XRD) analysis

X-Ray powder diffraction (XRD) patterns of various samples were recorded on a
Siemens D-5000 diffractometer, using Ni-filtered Cu K, (0.15418nm) radiation source.

Transmission Electron Microscopy Analysis (TEM)
Transmission Electron Microscopy (TEM) images were taken using TEM
model EM10 Zeiss instrument with 40000 magnification and 60KV power.

Results and Discussion

XRD results and discussion
The following figures show the results of X-ray diffraction analysis of Ni
monometallic samples prepared from nickel salts.

Figures 1-3 show the XRD diffractograms of nickel metal prepared from
different precursors. The patterns are only related to the crystalline Ni° metal.
The X-ray data allow investigating the effect of nickel precursors on the
crystallinity and crystallite size of nickel metal phases present in various solids.
The heights of main diffraction peaks of Ni were taken for measuring their
crystallite size, according to the different precursor salts, the order of crystallinity
of Ni according to the type of precursor is (NO3 > SO,* > CI").
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The difference of crystallite size of nickel can be attributed to the complex
formed from nickel chloride salts and hydrazine which was rapidly decomposed
than complex formed from hydrazine and other salts, leading to small crystallite
size. In this method, hydrazine mono hydrate has been used as reducing agent for
the preparation of nickel metal particles, because pH and temperature dependent
reducing ability of hydrazine makes the reduction rate easily controllable. So the
addition of NaOH completed the reduction process of the nickel hydrazine
complex solution, the color of the solution gradually changes due to the
formation of nickel.

It is known that the reaction between hydrazine and Ni salts is as follows; ‘')
NiC|2+nN2H4 — [Nl (N2H4)H]C|2, n=2,3
NiSO,+nN;Hs—[Ni(N,H),]SOs Nn=2, 3
Ni (NO3),+nNoHs—[Ni(NzH2),J(NO3),,  n=2, 3
[Ni(NoHz) ] X+2NaOH—Ni(OH),+nN,H,+2NaX
2Ni(OH),+NoHs—2Ni+No+4H20
(X=(NO3, SO/, CI)

XRD results and discussion of RSS as supporting material of immobilized Ni-
based mono- and bimetallic nanocatalysts on RSS.
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Fig. 4. XRD of silica (RSS) extracted from rice straw (SiO, Cristobalite).

PS. All samples with less than 5% metal showed no patterns for the supported
metals.

Figure 5 shows the XRD of 8 wt. % Ni /RSS. From this figure it can be seen
that two types of patterns were observed, the first for crystalline cristobalite and
the others for sodium chloride. No patterns for Ni° crystalline phase were
observed . This means that the reduction process produced non crystalline nano
Ni on silica surface.
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XRD results and discussion of RNa™ as supporting material of immobilized
Ni-based monometallic and bimetallic Nanocatalysts on RNa*.

Figure 7 illustrates the XRD of non-crystalline cation exchange resin with
sodium (RNa").
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Fig. 7. XRD of cation exchange resin with sodium (RNa+) .

Figure 8 shows the XRD of 8 wt % Ni/ RNa". The detectable patterns are due
to the NaCl produced as a result of the ion exchange of the Na* in the resin and
CI" from NiCl,. Ni introduced in resin as ions and reduced in situ by hydrazine to
form non crystalline Ni° metal.

NiCl, + 2NaOH — Ni (OH), + 2NaCl
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Fig. 8. XRD of 8 wt %Ni/ RNa".
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Fig. 9. Shows the XRD of 1wt. %. 0.5%Cu — 0.5%Ni /RNa+\.
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Fig. 10. Shows XRD of 1wt%o. 0.5%Ni — 0.5%Cu /RNa*

Transmission Electron Microscopic (TEM) characterization

Figure 11 represent TEM images of Co and Ni nano particles which were
supported on silica by sequent addition, respectively (0.5%Ni-0.5%C0)/RSS, had
spherical shapes with weak agglomerate; their size was ranging from 12 to 23
nm, which agrees with the value calculated from XRD patterns by Scherer
equation.

Figure 12 represents TEM images of Ni and Co nano particles, which had
spherical shapes with weak agglomerate; its size were 12 - 13 nm.

Fig.11. TEM of 0.5%Ni -0.5%Co /RSS. Fig.12. TEM (Co-Ni) /RSS.

Figure 13 represents the TEM image of Ni/RSS nanocatalyst, the uniform Ni
nanoparticles over surface of silica were observed with weak agglomerate and
the average size was ranging from 12 to 17 nm on which agree with the value
calculated from XRD patterns. Figure 14 represents TEM image of 8%wt.Ni
/RSS nanocatalyst, the uniform Ni nanoparticles over surface of silica were
observed with weak agglomerate and the average size was very nano, ranging
from 1 to 2 nm on which agrees with the value calculated from XRD patterns.
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Fig. 13. TEM of 0.5 wt. % Ni/ RSS . Fig. 14. TEM of 8% Ni/RSS.

Figure 15 represents TEM image of (Ni-Co0)/RSS nanocatalyst, the uniform
Ni and Co nanoparticles on silica surface were observed with weak agglomerate
and the average size was 13 nm on which agree with the value calculated from
XRD patterns by Scherer equation.

Fig. 15. TEM of (0.5%Ni —-0.5%Co) / RSS. Fig. 16. TEM of 0.5 wt.% Ni/RNa".

Figure 17 represents the TEM image of 8%wt.Ni /RNa" nanocatalyst, the
uniform Ni nanoparticles over surface of silica were observed with weak
agglomerate and the average size was ranging from 8 to 29 nm on which agrees
with the value calculated from XRD patterns.

€

Fig. 17. TEM of 8 wt.% Ni/RNa".
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Catalytic activity results

The prepared nano catalysts were used for the decomposition of hydrogen
peroxide as a catalytic model reaction to measure their activities. It is known that
at room temperature, hydrogen peroxide decomposes very slowly. The presence
of the catalyst accelerates the decomposition process.

2H,0, N 0, + 2H,0

The catalytic activity of various catalyst samples was tested in a simple model
reaction, namely, liquid-phase decomposition of H,O, in an alkaline medium
(pH= 11), using 1N KOH, where it presents as perhydroxyl ions ™ . The rate of
the reaction could be followed by recording the volume of evolved oxygen. The
kinetics was followed gasometrically through HO, measuring the volume
of oxygen evolved according to

2HO, = 0O, + 2O0OH

From the volume and time, the catalytic activity of each catalyst sample was
determined. The catalysts used were Ni, Cu and Co in the nano size, non-
supported and supported with different loadings (1.0, 2.0, 4.0 and 8.0 wt. %) and
bi-metallic nanoparticles supported on RSS or RNa+.

Catalytic activity results of Ni

Catalytic of pure Ni: To install the pH of the model reaction test, a
preliminary experiment was accomplished by using pure Ni from its chloride in
hydrogen peroxide decomposition at different values of pH (10, 10.5, 11, 11.5
and 12) at 30°C (Fig.18).
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Fig.18. Effect of pH on the rate of hydrogen peroxide decomposition.

From Fig.18, the pH 11 was the favorable one with maximum rate, so that the
catalytic decomposition reaction of hydrogen peroxide was performed at pH 11
for all samples.

From the following figures, pure Ni nanoparticles from its chloride was the
best catalyst in comparison with others one from sulfate or nitrate in this reaction.
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Fig. 19. Decomposition of H,0, at 30°C over Ni nanocatalyst prepared from different
precursors.
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Fig. 20. Decomposition of H,0, at 35°C over Ni nanocatalyst prepared from different
precursors.
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Fig. 21. Decomposition of H,O, at 40°C over Ni nanocatalyst prepared from different
precursors.

From the above Figures (19-21), it can be seen that the increase of reaction
temperature, is accompanied by the increase of the activity of the catalysts.
Therefore, nickel from its chloride was chosen to compare with Co and Cu
chloride, also was chosen for loading on RSS or RNa" to study its activity.
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From secondary preliminary test, for comparison, catalysts with pure Ni, Cu
and Co-metals from their chlorides were performed in hydrogen peroxide
decomposition. The results revealed that the order of the activity was Ni< Cu <
Co as seen from Fig. 22.
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Fig. 22. Decomposition of H,O, at 35°C over Ni, Cu and Co nano catalysts prepared
from their chlorides.

From Fig. 22; it can be seen that, nano cobalt is the most active catalyst in
this reaction.

Catalytic activity results of Ni/RSS or Ni/RNa™: From Fig. (23 and 24), it is
obvious that, Ni/RNa" nano catalysts with different loads were more active than
Ni/RSS nanocatalyst with the same different loads in decomposition of hydrogen
peroxide at constant conditions. Therefore, the type of the support exists certain
role on the activity of the nanocatalyst, i.e., organic support or inorganic support.
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Fig. 23. Decomposition of H,O, at 40°C over Ni/RNa* nanocatalyst prepared with

different loading, and 100% pure Ni without support. ( Ni precursor was
NiCly).
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Fig. 24. Decomposition of H,O, at 40°C over Ni/RSS nanocatalyst prepared with

different loading (from 1 to 8 wt %), Ni precursor was NiCl,.

Catalytic activity results of bimetallic, Ni and Cu or Co)/RSS or RNa™:
Modification of nickel with copper or cobalt improved the activity of nickel, and
the order of the activity was: 1.0%Ni/RSS < (0.5%Ni-0.5%Cu)/ RSS < (0.5%Ni-
0.5%C0)/RSS. This arrangement assures that the cobalt actually exhibits the

highest activity.

From Fig. (25 and 26), it can be observed that the combination of Ni with Co
and Cu led to the enhancement of the activity of pure nickel catalyst i.e., the

catalyst. (Ni-Co) more active than (Ni-Cu) and pure Ni.
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Fig. 25. Decomposition of H,0, at 35°C over 0.5% Ni/RSS (B), (0.5%Ni-

0.5%Cu)/RSS and (0.5%0Ni-0.5%C0)/RSS nano catalysts.
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Fig. 26. Decomposition of H,O, at 35°C over 0.5% Ni/RNa" (B), (0.5%Ni -0.5%Cu) /
RNa" and (0.5%Ni-0.5%Co)/RNa* nano catalysts.

The reaction could be performed using different transition nano metals (bi-
metallic nanoparticles from Ni and Cu or Co supported on RSS or RNa®*) to
compare how will each catalyst works for the same reaction at 40°C. A fair test
must use the same amount of each catalyst (0.1g of monometallic nanoparticles
or 0.2 g of supported bi-metallic nanoparticles, i.e., containing the same amount
of nickel).
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Fig. 27. Decomposition of H,0O, at 40°C over nano nickel and modified nickel with Cu
or Co.
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Fig. 28. Decomposition of H,0, at 35°C over supported bi-metallic nanocatalysts
prepared from their chlorides, (M;-M,/RNa").
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Fig. 29. Decomposition of H,O, at 40°C over supported bi-metallic nanocatalysts
prepared from their chlorides, (0.5%M;-0.5%M,/RNa’ or RSS).

Prepared samples of nano metals supported and unsupported catalysts reduce
the activation energy and increase the rate of reaction although they do not
change the final proportion of reactants and products.

The plots derived from Arrhenius equation is presented, and from plotting

In K vs. 1/T, we can calculate (Ea) for first order decomposition reaction of
hydrogen peroxide.
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Fig. 30. A- Dependence of K vs.temp.for Ni NPs catalysts prepared from different
precursors, from Ni (NOs),, from NiSO, and from NiCl,. B- Dependence of
K vs.temp.for supported Ni NPs on RSS catalysts prepared from its
chloride with different loads from 1% to 8.0% wt.in the hydrogen peroxide
decomposition at different temperatures (30°C, 35°C and 40°C).
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Fig. 31. A- Dependence of K vs.temp.for supported Ni NPs on RNa® catalysts
prepared from its chloride with different loads from 1% to 8.0% wt.in the
hydrogen peroxide decomposition at different temperatures (30°C, 35°C
and 40°C). B- dependence of K vs.temp.°C for supporting material of
immobilized Ni-based bimetallic nanocatalysts on RSS or RNa‘catalysts
and the metals prepared from their chlorides with constant load in the
hydrogen peroxide decomposition at different temperatures (35°C, 40°C
and 45°C).
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TABLE 1. Rate constants k and activation energy AEa for Ni nanocatalysts
prepared from different precursors .

Precursor Rate (min?) Activation
Catalysts 30°C 35°C 40°C Energy
kx10® | kx10® | kx10?® (k.Cal.mol™)
Nickel nitrate Ni 40 70 140 15.0
Nickel sulphate Ni 50 80 150 13.6
Nickel chloride Ni 135 190 280 13.4

a has the highest rate constants k i.e., hydrogen peroxide decomposes faster
than on Ni nanocatalysts prepared from nitrate and sulphate precursors. The
observed increase in the activity of Ni nanocatalysts prepared from chloride
precursor may be related to the presence of smaller particle size of nanocatalysts
than that prepared from nitrate or sulphate precursors according the results
obtained from TEM.

TABLE 2. Rate constants k and activation energy AEa for supported material of
immobilized Ni-based monometallic nanocatalysts on RSS,prepared
from its chloride with different loads.

Rate (min™
_ L
Wt.% Ni Catalysts 3°c | 35°C k4>? 1% Acfgaé:}nm%rl‘ﬁ)r 9y

kx10® | kx10® 3 It
1% Ni/RSS 15 165 23 8
2% Ni/RSS 20 23 29 6.7
4% Ni/RSS 22 25 33 7.4
8% Ni/RSS 26 30 40 73

From Table 2, we can observe that increasing the loading of Ni/RSS from
1wt% to 8wit%, increases the catalytic activity due to the increase of the number
of active sites of the Ni NPs with good dispersion of these nano particles on the
inert support.

TABLE 3. Rate constants k and activation energy AEa for supported material of
immobilized Ni-based monometallic nanocatalysts on RNa‘,prepared
from its chloride with different loads.

Rate (min™
40°C | Activation Energy

o INF catalysts 30°C 35°C . 1
W1t.% Ni kx 102 | kx 103 k x310 (k.Cal.mol™)

1% Ni/RNa* 60 79 120 12.3

2% Ni/RNa* 80 98 150 11.3

4% Ni/RNa* 86 107 165 11.8

8% Ni/RNa* 120 170 240 12.4
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From Table 3, we can observe that increasing the loading of Ni/RNa* from
1wt% to 8wit%,the catalytic activity increases due to the increases of the active
sites of the Ni NPs with available dispersion of these nano particles on the inert
material, and theses loading are small and suitable for dispersion on the surface
of the inert material. Also, agglomeration not occurs as showed before in XRD
analysis.

The activity of Ni/ resin (8%) was higher than the activity of unsupported
nickel by three nano nickel, leads us to believe that all nickel act as active center
for this reaction, the increase of nickel loading from 0.5% to 8% will increase
the dispersion of nickel and hence all Ni can be susceptible to the reactant and the
neighboring nanosized nickel particles can influence each other which is
expressed by the existence of strain among them and it is seemed to be as the
catalytic activity is proportional to the nano-nickel from its chloride and 8 wt
%N/ resin; the catalytic activity and durability are still being very high.

We can summarize the data as follows:

1-The constancy of energy of activation indicates the presence of the same
active sites in all catalysts under investigation.

2- The increase of the Ni-content in catalysts accompanied by increase in the
rate of reaction.

It is obvious, that this reaction is strongly affected by catalysts, such as
transition nano metals (Ni, Co and Cu), their loading on different inert materials
such as silica (from rice straw RSS) and cation exchange resin RNa*. The
hydrogen peroxide reacts rapidly. This effect is readily seen by the evolved
oxygen. From the inspection of Table 4, it can be seen that, the activation
energies for the decomposition of hydrogen peroxide over Ni-Cu/RSS and over
Ni-Cu/RNa" are nearly the same between 5 and 6.5 k.cal.mol™. Also, for Ni-
Co/RSS and Ni-Co/RNa* are nearly the same between 13 and 14.4 k.cal.mol™.
This means that, the access the same energy of activation means the existence of
the same active sites, and the access of different energy of activation means
different active sites.

TABLE 4. Rate constants k and activation energy AEa for supporting material of
immobilized Ni-based bimetallic Nanocatalysts on RSS or RNa*, which
prepared from their chloride.

Rate (min® p—
Catalysts 35°C | 40°C | 45°C ctivation Energy
kx10® | kx10® | kx10® (k Cal.mol")
(0.5%Ni-0.5%Cu)/RSS 96 100 134 6.6
(0.5%Ni-0.5%C0)/RSS 327 490 683 14.4
(0.5%Ni-0.5%Cu)/RNa’ | 170 180 212 5.1
(0.5%Ni-0.5%C0)/RNa’ | 200 250 345 13
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Conclusions

The present work deals mainly with supported and unsupported nickel
catalyst in the decomposition of hydrogen peroxide reaction. The nickel was
obtained from different precursors (chloride, nitrate or sulphate).

The supports were silica and cation exchange resin. Silica was prepared from
rice straw by treatment with nitric acid followed by sodium hydroxide,
precipitated with nitric and calcined at 600°C. The amounts of nickel on the
supported ranged from 0.5 wt.% up to 8.0 wt.% Ni on silica or resin.

Other catalysts were prepared containing Cu- Co- separately on supports or in
combinations Ni-Cu, Ni-Co also loaded on the same supports.

The preparation of the nanocatalysts were prepared using hydrazine hydrate
as reducing agent i.e., hydrogen donor.

The analysis by XRD showed that metallic nickel was obtained by reduction.
The reduced metal was in nano-size as showed by TEM. Nanonickel prepared
from chloride exhibited the smallest particle size and showed the highest catalytic
activity. The combination of Ni with Cu- or Co- increased the catalytic activity of
nickel catalyst.

The constancy of the energy of activation confirms the presence of the same
active sites. The increase of the activities points to the increase of the number of
the active sites.
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