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Fabrication of Ag and Ni Nanocatalyst with Enhanced Efficiency
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Metal nanoparticles (NPs) have received significant attention in last decade because of their unique properties. In this work, two
different metal NPs have been prepared and their catalytic activities are compared with conventional catalyst. In first case, Ag NPs
were synthesized by chemical reductionmethod in ethanolicmedium. Synthesized AgNPs were characterized by scanning electron
microscope (SEM) images which indicated an average particle size of Ag around 250 nm. The catalytic activity of Ag NPs was
investigated for the oxidative mineralization of methylene blue dye. Comparative studies suggested that Ag NPs possess enhanced
catalytic activity compared to bulk Ag. In second approach, supported Ni NPs were fabricated using Al

2
O
3
as supporting surface;

that is, Ni NPs get adsorbed on Al
2
O
3
through in situ reduction reaction. Oxidative degradation of methylene blue indicated that

catalytic activity of supported Ni/Al
2
O
3
is about five times higher than simple Ni as catalyst.

1. Introduction

Development in the field of nanotechnology is gaining pace
day by day because of its widespread applications. Scientists
are successful in organizing the matter on such a small
size [1–4]. Exploitation of the nanomaterials due to their
many fundamental characteristics in widespread applications
is the main reason behind ongoing research efforts in this
field. Nanomaterials are considered to be the building blocks
of next generations of catalysis, sensing, electronics, and
medicines [4–7]. It is expected that conversion of bulk
material into nanosize improves the functionality of the
material. On the same line, considerable stimulation in the
catalytic activity of the conventional catalysts takes place on
converting them into nanoscale [8]. Catalysis is a surface phe-
nomenon and size of catalyst somewhere in between bulk and
molecular size materials leads to the highest efficiency of the
catalyst since the highest percentage of the atoms is present
on this level. Past decade has witnessed the trend of using

nanosize catalyst rather than bulk or conventional catalyst
[9, 10]. Catalyst of smaller scale, for example, nanocatalyst,
has widespread application in various fields [11, 12]. Metal
NPs have their own identity among the nanosize catalysts
since their properties are very much size dependent. Metal
NPs are specific and have good efficiency when they are
used as catalyst for various chemical reactions. Nowadays
research on metal nanocatalysts revolves around three fields
like their assembling or synthesis, structural and surface
study, and applications. In present work, we reported the
synthesis ofAgNPs in ethanolicmediumwhile such synthesis
takes place in aqueous medium along some capping agent,
normally. Here ethanol played role of medium as well as
capping agent. Morphological study of the synthesized NPs
has been carried out using SEM. Catalytic activity of the pre-
pared Ag NPs was investigated for oxidative mineralization
reaction of methylene blue. Owing to the importance of Ni
as catalyst [13], supported nanocatalyst of Ni on alumina is
prepared by adsorption during the in situ reduction reaction.
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In addition, these synthesized supported Ni NPs were sub-
jected to investigate the catalytic activity for oxidation of
methylene blue as for Ag NPs.

2. Experimental

2.1. Chemical and Equipment. All the chemicals, H
2
O
2

(Merck), Al
2
O
3
(BDH), NiNO

3
(Sigma Aldrich), AgNO

3

(Sigma Aldrich), NaBH
4
(Sigma Aldrich), and methylene

blue (Sigma Aldrich), were used as purchased. UV-Vis spec-
trophotometer (PG Instruments Ltd., T90+) was used for
observing oxidation of methylene blue. SEM (Hitachi, S-
4700) was used to study the surface morphology of NPs.
Atomic absorption spectrometer (Perkin Elmer, AAnalyst
700) was used to calculate the amount of Ni adsorbed.

2.2. Preparation of Ag NPs by Reduction Method. Solution of
AgNO

3
was prepared by dissolving 0.34 g of AgNO

3
in 24mL

ethanol. On the other hand, 100mL of 0.1M NaBH
4
solution

was prepared. Excess of NaBH
4
solution was added for the

better growth of Ag NPs. Solution of NaBH
4
was transferred

in a burette and added dropwise into AgNO
3
solution with

strong stirring. Upon adding few drops of sodium borohy-
dride solution, grayish solid particles immediately appeared.
After the complete addition of NaBH

4
solution, reactionmix-

ture was vigorously stirred for another 10mins. Vacuum fil-
tration was used to separate the Ag NPs.The solution was fil-
tered with the help of polytetrafluoroethylene (PTFE) mem-
brane. Finally, the synthesizedNPs were dried in oven at 50∘C
for 1 hr in the absence of air and stored in inert environment.

2.3. Oxidative Mineralization of Methylene Blue with Hydro-
gen Peroxide Catalyzed by Ag NPs. In order to investigate
the catalytic activity of formed Ag NPs, methylene blue
was reacted with H

2
O
2
in the presence of prepared Ag

NPs and absence of Ag NPs. Same amount of bulk Ag is
added when kinetics was studied in the absence of Ag NPs.
2.5 × 10−5M solution of methylene blue was prepared by
dissolving 0.8mg of dye in 100mL of deionized water. 0.7M
H
2
O
2
solution was prepared by adding 7mL of 35% (w/w)

solution of H
2
O
2
in 100mL of deionized water. In this

particular kinetic experiment, 20mL of standard methylene
blue solution was mixed with 15mL of H

2
O
2
in the presence

of Ag NPs and bulk Ag. Progress of the reaction was studied
using spectrophotometer by noting absorbance of methylene
blue at 𝜆max that is 665 nm [14].

2.4. Synthesis of Ni Nanocatalyst Supported on Alumina.
NiNO

3
solution of 0.1M was prepared by dissolving 1.21 g of

NiNO
3
in 100mL of distilled water. After the addition of 5 g

of Al
2
O
3
in NiNO

3
solution, excess amount of 0.1M solution

of NaBH
4
was added during the magnetic stirring. Magnetic

stirring was continued for one hour at room temperature
after the addition of NaBH

4
. Afterward, the Al

2
O
3
containing

Ni NPs adsorbed on its surface was filtered and washed
with distilled water. Adsorbed Ni NPs on alumina was kept
in oven at 60∘C for 1 hr in order to dry. To calculate the
amount of adsorbed Ni on alumina, remaining amount of Ni

Figure 1: SEM image of silver NPs synthesized by chemical
reduction method.

present in the filtrate was estimated using atomic absorption
spectrometer.

2.5. Oxidative Mineralization of Methylene Blue with Hydro-
gen Peroxide Catalyzed by Ni/Al

2
O
3
. To investigate the cat-

alytic efficiency of the synthesized supported Ni nanocatalyst
for oxidation ofmethylene blue, H

2
O
2
was used for oxidation

of methylene blue in the presence of supported Ni NPs and
simple Ni. Reaction kinetics for oxidation of methylene blue
was examined exactly in the same way as for Ag NPs using
spectrophotometer.

3. Results and Discussion

3.1. Preparation of Ag NPs by Reduction Method. Ag NPs
were synthesized by chemical reduction method in ethanol
using sodium borohydride as reducing agent. In the reaction
mixture, sodium borohydride immediately converted Ag
ions into nanosized Ag with zero oxidation state. These
synthesized Ag NPs were stabilized by ethanol. Synthesis of
such NPs was commonly accomplished in aqueous medium
which often leads to agglomeration of NPs resulting in larger
size of final material. However, using ethanol [15] solved this
problem as it works as both solvent and capping agent leading
to improved dispersion of NPs.The synthesized Ag NPs were
characterized by SEM image as shown in Figure 1.This image
suggests that Ag NPs were formed in the form of spherical
granules showing suitable uniformity in size and shape. The
average particle size of Ag NPs was between 250 and 280 nm.

3.2. Oxidative Mineralization of Methylene Blue Catalyzed by
Ag NPs. In order to investigate the catalytic activity of Ag
NPs, they were used in oxidativemineralization of methylene
blue dye. The decrease in absorbance of methylene blue as
function of time was observed by UV-Vis spectrophotometer
that shows the progress of catalysis reaction. The change in
absorbance is directly related to the oxidation of methylene
blue thus giving information about catalytic activity of Ag
NPs. Figure 2 presents the change in absorbance ofmethylene
blue as function of time. It was observed that concentration
of the dye tends to decrease with the time. This decrease
in the concentration was more pronounced when Ag NPs
were used as catalyst compared with bulk Ag. This change in
the catalytic activity of Ag is mainly due to its reduced size.
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Figure 2: Time resolved profile of oxidation reaction of methylene
blue in the presence (thin line) and absence (thick line) of Ag NPs
as catalyst.
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Figure 3: UV-Vis spectra of methylene blue during oxidation by
H
2
O
2
in the presence of Ni (thick) and Ni/Al

2
O
3
(thin).

Improved surface to volume ratio offersmore interaction sites
which ultimately improves catalytic activity.

3.3. Oxidative Mineralization of Methylene Blue Catalyzed by
Ni and Ni/Al

2
O
3
. The catalytic activity of Ni NPs adsorbed

on alumina was also studied for oxidative degradation of
methylene blue. UV-Vis spectra of methylene blue recorded
during the oxidation by H

2
O
2
in the presence of simple

Ni and alumina supported Ni NPs are given in Figure 3.
It can be observed that in case of alumina supported Ni
NPs the decrease in absorbance of methylene blue was
comparatively higher than nonsupported Ni.The absorbance
of the methylene blue dye in the presence of the nanocatalyst
as a function of time at the maximum absorbance value, that
is, 665 nm, is shown in Figure 4. It is noted that sharp change
in the absorbance of dye was observed when supported Ni
NPs were used compared with simple Ni. Like AgNPs, size of
Ni NPs also came into play during the catalysis. The trend of
decreasing absorbance with time is not same for both curves.
For time intervals, between 5 and 9mins and 15 and 20mins
there is relatively low decrease in absorbance for alumna
supported Ni. This could be explained as first methylene
blue adsorbed on the surface of alumina and then went
through oxidation phase. It can be seen that the change in
catalytic activity ismore pronouncedwith the passage of time
suggesting that methylene blue undergoes rapid degradation
after getting adsorbed on alumina support.
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Figure 4: Absorbance of methylene blue during oxidation by H
2
O
2

in the presence of Ni, catalyst, as function of time.
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Figure 5: Relative percentage catalytic activity of simple Ni and
supported Ni NPs for oxidation of methylene blue 30 minutes after
the start of reaction.

Figure 5 is showing the relative percentage catalytic activ-
ity of simple Ni and supported Ni NPs for oxidation of
methylene blue after 30-minute time.This relative percentage
catalytic activity is calculated through change in concentra-
tion of dye after first 30 minutes of oxidation reaction. This
shows that reaction was five times more accelerated when
supported Ni NPs were used compared with simple Ni. This
indicates that along the size of the catalyst, availability of
the catalyst is also an important factor that accelerates the
oxidation reaction.

4. Conclusion

Ag NPs have been successfully synthesized using ethanol
instead of aqueous medium; furthermore, following this
synthetic strategy, use of capping agent could be avoided.
Moreover, ethanol can be considered as good solvent for
having Ag NPs of narrow size range as shown by SEM
analysis. Concerning catalytic activity, use of Ag NPs for
oxidation reaction of methylene blue is favorable as it results
improved efficiency when compared to bulk Ag. Supported
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Ni catalyst, results obtained from catalytic activity study were
also pretty promising. Supportedmetal NPs as catalyst can be
synthesized by one step in situ reduction reaction. Alumina
supported Ni NPs have shown significantly high catalytic
activity for oxidative degradation of methylene blue. This
suggests that along the high surface to volume ratio the
availability of catalyst interface plays an important part in
catalysis reactions.
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