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Abstract— Nickel nanoparticles were synthesized by
chemical reduction method using hydrazine hydrate as a
reducing agent, Sodium hydroxide to speed up the reaction,
Nickel chloride as precursor and Polyvinyl pyrrolidone (PVP)
as stabilizing agent. The experiments were carried out in a
batch process at a temperature 500C to 600C. During the
process pH was maintained at 12.5. Characterization of
Nickel nanoparticles were carried out using UV-Vis
spectrophotometer, FT-IR, SEM, XRD and DLS.
Nanoparticles were synthesized using PVP and without PVP.
Studies showed that addition of PVP reduced the size of the
nanoparticles from 13.46 nm for nickel nanoparticles and
11.06 nm for Ni-PVP nanoparticles. The synthesized nickel
nanoparticles were used in the application of dye color
removal using adsorption technique. It was observed that
92.8% of color was removed with adsorption. Adsorption
kinetic studies and adsorption isotherms were fitted to the
models. The adsorption kinetics follows pseudo second-order
model and the adsorption isotherm best fits by Langmuir
isotherm model.

Key words: Nickel Nanoparticles,
Chemical - Reduction, —Sodium. Hydroxide,
Hydrate, Polyvinyl Pyrrolidone (PVP)

Stabilizing Agent,
Hydrazine

l. INTRODUCTION

In the research field the importance of nanoparticles are
increasing a lot. The application of metal nanoparticles is in
vast use. Most of the synthesis processes have done via
microwave assisted synthesis, chemical reduction, with
reducing agents like hydrazine hydrate [1-5]. For nickel
nanoparticles, chemical synthesis using hydrazine reduction
has been a successful synthesis route [6-8]. Application in
color removal of dye from textile and clothing industries [9].
To maintain the size of the nanoparticles PVP were used [10-
12]. Due to electrical and magnetic properties, metal
nanoparticles was used in varies applications and also due to
catalytic activity [13-18]. Nickel nanoparticles used for dye
removal, here nickel has paying attention much concentration
because of their use in numerous particle applications [19].
Nickel nanoparticles have many technical uses which are
widely used in battery, fuel cell, Photo-catalysis [20-21]. In
this paper, we present a simple, inexpensive, and efficient
chemical method of synthesizing nickel and nickel-PVP with
nanometre-sized particles. Color is the first contaminant to be
recognized in wastewater. Dyes are used in different
industries such as paper and plastics,

Leather, pharmaceutical, food, cosmetics, dyestuffs,
textiles, etc. to color the products. As a result, considerable
amount of colored wastewater is generated. The presence of
these dyes in water even at very low concentration is highly
visible and undesirable [22]. It is estimated that two hundred
thousand tons of applied reactive dyes are discharged annually
to downstream effluents [23]. In some cases, dye concentration
in aqueous effluent can be as high as 800 mg L' [24]. The
treatment of effluent containing dyestuff poses considerable

problems in the wastewater industry. The removal of dyes from
water bodies is extremely important from an environmental
point of view-[25].

Malachite green dye is basically a cationic dye. It is
usually prepared by the condensation of Benzaldehyde and
dimethylamine to give leuco malachite green LMG [47-48]:
CeHsCHO + 2 CgHsN (CH3)2 — CgHsCH (CsH4N (CH3)2)2 +
H.O
Then this compound is oxidized to a cation that is MG
CsHsCH (CgHaN (CHg)2)2 + HCI + 1/2 O, — [CeH5sC (CeHaN
(CHa)2)2] CI + H0O

N
C 9 0
H = -
0., OO0
N*Me; MeoN* NMe,

It is widely used in silk, wool, cotton, leather and paper
industries for coloring purposes. MG dye has toxic property
which is known to cause carcinogenesis, mutagenesis, and
respiratory toxicity [47-48]. The environmental quality standard
limit the concentration of MG in water to 0.5-100ug L
[28]. Therefore, the removal of MG from wastewater before
discharging to the environment is very important.

Metal nanoparticles such as nickel nanoparticle can
be used as a good adsorbent to remove dyes. It is the process
of formation of a layer of solid or gas on the substrate. It
involves separation of a substance from fluid phase by
accumulation on the substrate of solid phase [24].

The present practice for dye removals are aerobic and
anaerobic microbial remediation [29-30], fungal decolarization
[31], membrane ultra-filtration [32], reverse osmosis [33],
electrochemical treatment [34]. Adsorption has proven to be an
efficient method for removal of dyes from wastewater [34-36]
and it is highly utilized especially if the adsorbent is inexpensive
and easily recovered and reused, Gupta et al [37-41]. A number
of adsorbents such as rattan sawdust [42], Ca(OH). treated fly
ash [43], rice husk activated carbon [44], sea shell powder [45],
and de-oiled soya [46] have been investigated for the removal of
Malachite Green from water.

Adsorption is a three step process. At first the
adsorbate diffuses from fluid stream to the external surface of
adsorbent. Secondly the adsorbate shifts to the pores of the
adsorbent particles. Majority of adsorption occurs in these
pores because of their large surface area. Finally the
molecules adhere to the surface area of pores. Adsorption is
a surface phenomenon which results out of binding forces
between atoms, molecules and ions of adsorbate and the
surface of adsorbent [49].

Me,N NMe, Me,N
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Il. EXPERIMENTAL

A. Materials and chemicals

All chemicals used in the experiment were analytical reagent
grade. Initial solution was prepared by using 4g of Nickel
chloride as a precursor (NiCl..6H20; 99%), 8g of Sodium
hydroxide (NaOH) is used to increase the rate of reaction,
160ml of Hydrazine hydrate and 4.8g of Polyvinylpyroline
(PVP). Malachite green dye is used as Adsorbate, its color is
green. It gives green colored solution in aqueous phase. It is
a basic cationic dye. Its chemical formula is CsaHs4N4O12,
molecular weight is 927, Amax=616nm.
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Fig 1. Structure of Malachite green dye
All the above solutions were prepared using distilled

water.

B. Synthesis of Nickel nanoparticles

The nickel nanoparticles were synthesized by reduction of
nickel chloride in an aqueous solution with hydrazine hydrate
acting as the reductant. Solution A was prepared in 500ml of
conical flask of 0.03M of Nickel chloride (Nicl..6H20)
dissolved in 480ml of distilled water and 4.8g of PVP was
added. The colour of the solution observed to be green.
Solution B was prepared by adding 1.25M of Sodium
hydroxide (NaOH) in 160ml of water and adding of 160ml of
Hydrazine hydrate (N2H4.H20). The colour of solution was
white. Solution A and solution B were mixed together and
stirred for 2minutes with a magnetic stirrer. The Mixture
turned from green to royal blue and at pH were 12.5. The final
solution was sonicated for 15 min at a temperature of 50°C to
60°C for proper dissolution of the mixture product. During
the activation period, the solution initially became grey and a
thin layer of coating was formed along the sides of the wall
of the conical flask. The obtained product was centrifuged for
30min at 1500rpm and washed with distilled water for several
times. The obtained product was collected in the petridish and
allowed to dry at room temperature. After drying and doing
mortar and pestle. The sample was taken for further
characterizations. Synthesis of nickel  nanoparticles was
done without addition of PVP.

C. Preparation of solution for the removal of dye

After the synthesis of nickel nanoparticles, the obtained
product was characterized and used in the application of dye
colour removal of textile released waste water by using
adsorbent as nickel nanoparticles presence of dye malachite
green. Malachite green dye was weighed by using electronic
weighing balance and mixed with double distilled water to
make sample solutions with different dye concentrations of 2
mg/L, 4mg/L, 6mg/L 8mg/L and 10mg/L show in below
Fig.3 and their % absorbance’s were found out by using UV
spectrophotometer at maximum a wave length (Amax) 0of 617
nm. With these values a standard calibration curve was

plotted. The equation of the curve was used to calculate the
concentrations at various % absorbance values.
- 3 P \
[-_~ A e -

Fig 2. Malachite green dye of different concentration
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Fig 3. Standard calibration curves
Equation is y=0.817x-0.058
Now from this equation, concentrations can be calculated.
Where x= concentration, y=% absorbance

D. Effects of Various Parameters on % Removal of
Malachite Green

1) Effect of Contact Time
100 ml of dye solution samples with dye concentration
(10mg/L) is to be prepared in a conical flask with adsorbent
concentration (0.05g) and kept inside the orbital shaker. The
samples were withdrawn from the orbital shaker (RPM=300,
temperature = 26°C REMI instruments) at predetermined
intervals of time. Percentage absorbance values were
estimated by using UV spectrophotometer (UV 1800
shimadzu,) at the wavelength corresponding to maximum
absorbance, (Amax=617). The dye solutions should be taken
out with the help of micropipettes. The dye concentrations
were measured after 10, 30, 50, 70 minutes until equilibrium
reached. A graph was plotted with percent removal (% R) Vs.
time. The %removal of dye was calculated by using following
equation:
%R= "L X 100
r

Where ¢i and ¢t (mg/L) are the dye initial
concentration and the concentration at a given time t(min.)
respectively.
2) Effect of Adsorbent Dosage
Adsorbent dose effect was studied by preparing 2 different
solutions of dye and nickel nanoparticles in double distilled
water in different conical flasks with constant concentration
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of malachite green dye and varying dose of nickel
nanoparticles 0.05¢/100ml and 0.1g/100ml. These solutions
were prepared in 200 ml conical flasks and put in the orbital
shaker (RPM=300, temp=26°C). Then their % absorbance
were calculated by using UV spectrophotometer (Amax=617)
at regular intervals of time and thus amount adsorbed were
calculate. A graph was plotted with percent removal (% R)
vs. time. The %removal of dye was calculated by using
following equation:

%R= C;f X 100
f

Where ¢i and ¢t (mg/L) are the dye initial concentration and
the concentration at a given time “t” (min.) respectively.

3) Effect of pH

The effect of initial pH on dye solution of three dyes removal
was investigated by varying the pHs 4, 6, 8. At pH - 4 the
removal was found to be minimum and it increased as initial
pH of dye solutions were increased. It was maximum at pH =
8 as we see in the graph of percentage removal Vs time.
Sometimes adsorption is found to decrease with increase in
pH of solution. The adsorption of these positively charged
dye groups on the adsorbent surface is mainly influenced by
the surface charges on the adsorbent which in turn is
influenced by the pH of the solution. The results showed that
availability of negatively charged groups at the adsorbent
surface are necessary for the adsorption of basic dyes to
proceed which we see at pH 4 is almost unlikely as there
would accumulation of net positive charge in the adsorption
system due to the presence of H30*. With increase in negative
charges on the surface, adsorption of malachite green dye
which is a cationic dye would obviously increase. Thus as the
pH increased, more negatively charged surface was available
thus increasing the dye removal. The %removal of dye was
calculated by using following equation:

%R="" X 100

J3
Where ¢i and ¢ (mg/L) are the dye initial
concentration and the concentration at a given time t(min.)
respectively.

E. Adsorption Kinetics

100 ml of dye solution samples with dye concentration
(10mg/L) is to be prepared in a conical flask with adsorbent
concentration (0.1g) and kept inside the orbital shaker. The
samples were withdrawn from the orbital shaker (RPM=300,
temperature = 26°C REMI instruments) at predetermined
intervals of time. Percentage absorbance values were
estimated by using UV spectrophotometer (UV 1800
shimadzu,) at the wavelength corresponding to maximum
absorbance, (Amax=617). The dye solutions should be taken
out with the help of micropipettes. The dye concentrations
were measured after 10, 30, 50, 70 minutes until equilibrium
reached. A graph was plotted with amount of adsorption (q)
Vs time (t). The amount of adsorption was calculated by using
following equation:

(ci—cp)V
=l 4)

Where ¢Ci ad Cf (mg/L) are the dye initial
concentration and the concentration at a given time t(min.)
respectively. V is volume of sample taken and W is weight of
adsorbent.

0 10 20 30 40 50 60 70 80

t
Fig 4. Amount of adsorption (q) Vs time (t) curve

When experimental “qe” is closer to theoretical “qe”
value, we can say adsorbation process either Pseudo-first-
order kinetic model (or) Pseudo-second-order kinetic model.

Dye solution was prepared in a conical flask with
dye concentration 10mg/1L and nickel nanoparticles
concentration (0.05g). The flask was put in the orbital shaker
(RPM=300, temp=26°C) for 70 min. Samples were collected
with different time periods and their % absorbance were
determined using UV spectrophotometer (Amax=617). These
values were used to calculate g; (amount of dye adsorbed per
unit amount of nickel nanoparticles) values at different time,
the q: for equilibrium time (70 min) was taken to be ¢e. Thus
using equations for pseudo first order and second order
kinetic model, we determine the best fitting kinetic model for

the system.

Pseudo-first-order kinetic model is given by
d

f =ki(Go = Gr) oo, (5)
After integration we get;

In (Qe- ) = INQe- Kt v (6)

Slope gives ki and intercept gives (e.
Pseudo-second-order kinetic model is given by

d

% =Ky(Qe — Q)% oo 7
Up on integration,

N (8)

a kz_qé Qe ) )
Slope gives ge and intercept gives Ko.

F. Adsorption Isotherms

Dye solution was prepared in a conical flask with dye
concentration  10mg/lL  and  nickel  nanoparticles
concentration (0.05g) and pH is 4. The flask was put in the
orbital shaker (RPM=300, temp=26°C) for 70 min. Samples
were collected with different time periods and their %
absorbance were determined using UV spectrophotometer
(Mmax=617). These values were used to calculate csand c+/ge
values. With these values we plot curves for Langmuir
isotherm and Freundlich isotherm. Here in these two isotherm
model, we determine the best fitting model.

Langmuir isotherm model:

de F ki

A curve ¢f/q,Vs. ¢y is plotted, the intercept gives the k; value
and slope gives the ai/k; value.

Freundlich isotherm model:
Ing, = % #Incy + ke e, (10)
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A curve In(gr) Vs In(cs) is plotted , the slope gives ‘n’ value
and intercept gives Ky value.

I11. RESULTS AND DISCUSSION:

A. X-ray Diffraction analysis

The obtained product sample was analyzed to investigate the
crystalline nature of synthesized particles. The X-ray
diffractogram (XRD) pattern obtained is shown in figure 4.1.
The diffractogram pattern were indexed properly for all
crystalline peaks and compared with JCPDS data file. Figure
5(a) shows the major peaks at 20 values of 44.645° and
51.979° corresponds to planes of (111) and (200). Figure (b)
shows the major peaks at 2 theta values of 44.645° and
51.979° corresponds to planes of (111) and (200). The
estimated particle sizes are 11.06 nm and 13.46 nm for Ni-
PVP and Ni nanoparticles respectively from Debye-Scherer
formula indicating that the resulting powders are face centred
cubic structure (FCC).These diffraction peaks are in
agreement with JCPDS card No. 04-0850 [6].

-

= (a) NiPVP

200

(b)Ni

Intensity(a. w.)

10 0 » a0 50 80 7

2Theta

Fig 5. XRD pattern of (a) Nickel-PVP and (b) Nickel
nanoparticles

B. Scanning electron microscopy analysis

SEM image of Ni-PVP and Ni nanoparticles produced by
chemical reduction method is shown in figure 6 and 7. The
prepared nanoparticles were found to be spherical and poly-
dispersed with diameters ranging from 50nm to 114 nm. The
average size for Ni-PVP particles was observed to be 72 nm
and the average size for nickel nanoparticles was 96 nm.
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Fig 6. SEM image for Ni-PVP nanoparticles
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Fig 7. SEM image for Nickel nanoparticles

C. FT-IR analysis

The interaction between different species and changes in
chemical composition of the mixture was investigated by
FTIR. Figure 8. shows the IR spectra of Ni and Ni-PVP
nanoparticles recorded in the range of 500 — 4000 cm-1. The
IR spectrum of Ni and Ni-PVP nanoparticles shown in figure
8.

Spectra A represents Ni nanoparticles, A strong
absorption band were observed at 3649.36 cm-1, 1695.25 cm-
1, 1554.53 cm-1, 1138.37 cm-1 and 677.95 cm-1 refers to O-
H stretching, stretching vibration of C=0 group, cross linked
C-C stretching, C-O stretching and C-CI stretching,
respectively [6].

Spectra B represents Ni-PVP nanoparticles, A
strong absorption bands were observed at 3669.28 cm-1,
1640.86 cm-1, 1587.96 cm-1, 1220.06 cm-1 and 680.55 cm-
1 which refers to O-H stretching, stretching vibration of C=0
group, cross linked C-C stretching, C-O stretching and C-Cl
stretching respectively [6].

O-H stretching

C=0 stretchi
C-O stretching strefciung

c-Cc
. cross linked
C-Cl stretching  stretching

O-H stretching

Transmittance [% |

C=0 stretching

c-Cc
cross linked
stretching Ni
T T T T T T
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber [em™]

Fig 8. FTIR spectra for Ni and Ni-PVP nanoparticles

Ni-PVP

C-Cl1 stretching

D. UV-Vis spectroscopy

The surface Plasmon
nanoparticles centered at 272nm with an absorbance of 1.429.

resonance (SPR) of Ni-PVP
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Fig 9. UV-Vis spectra for Ni-PVP nanoparticles
Figure 10 shows the absorbance spectrum of Ni
nanoparticles. It can be clearly seen that the surface Plasmon
resonance (SPR) of nickel nanoparticles centered at 250nm
with an absorbance of 1.124.
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Fig 10. UV-Vis spectra for Ni nanoparticles

E. Dynamic light scattering

Dynamic Light Scattering (DLS) measures size distribution.
The particle size distribution of Ni-PVP nanoparticles are
diameter range 1-10nm as determine on laser light scattering
Particle size analyser as shown in below figure 11.

24

Frequency (%)

Diameter (hrm)

Fig 11. Dynamic Light Scattering for Ni-PVP nanoparticles

F. Calibration Plot for Malachite Green

Dye solutions in water was prepared with different
concentrations 2mg/L, 4mg/L, 8mg/L, 10mg/L and the
percentage absorbance was found to be at wavelength 617
a.u. And a calibration curve was plotted with concentration
versus absorbance. The graph of the curve was used to
calculate the concentrations for various % absorbances
plotted in figure 12.
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3

= 04 y =0.0817x - 0.058

4 02 R?=0.9838
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o

) 5 10 15
concentration (mg/L)

Fig 12. Calibration plot for Malachite green

G. Effects of various parameters on % removal of Malachite
Green

1) Effect of Contact Time
One of the most critical parameters for successful adsorption
process is determining the percentage removal of dye colour
by changing the contact time of the aqueous solution with the
adsorbent. The effect of contact time can be explored from
the extent of adsorption. From figure 14 it was found that the
percentage removal of dye was increasing as time increases.
It was observed that, the rate of removal of dye becomes slow
in later stages as the dye reaches to its saturation point. The
final dye concentration did not vary significantly after 70
minutes from the start of adsorption process. This shows that
equilibrium can be assumed to be achieved after 70 minutes.
It is basically due to saturation of the active site which does
not allow further adsorption to take place.
-

% Removal
o1
o

O T T T 1

2'IQime (nﬁ?n) ®0 %0
Fig 14. Effect of contact time
2) Effect of adsorbent dosage
Effect of adsorbent dosage (Ni-PVP) nanoparticles of varying
dosage from 0.05g and 0.1g. The adsorbent dosage increase
percentage of colour removal is increased, clearly show in
figure 15. It was observed that at higher engrossment of Ni-
PVP more amount of colour was separated.
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Fig 15. Effect of adsorbent dosage

3) Effect of pH on dye solution

The effects of initial pH on dye solution, of three dyes
removal were investigated by varying the pH 4, 6, and 8. At
pH 4.0, removal of dye was found to be minimum and as the
pH increased from initial pH to pH 8, it was found that dye
solution removal was increased as shown in figure 16. But
after some time it was found to be decrease in adsorption. The
adsorption of these positively charged dye groups on the
adsorbent surface is mainly influenced by the surface charges
on the adsorbent which in turn is influenced by the pH of the
solution. The results showed that availability of negatively
charged groups at the adsorbent surface is necessary for the
adsorption of basic dyes to proceed as shown in figure 16.
The pH 4 is almost unlikely as there would accumulation of
net positive charge in the adsorption system due to the
presence of aqueous cation. With increase in negative charges
on the surface, adsorption of malachite green dye which is a
cationic dye would obviously increase. Thus as the pH
increased, more negatively charged surface was available
thus increasing the dye removal.

__ 100 —_—

o e 4

>

2 50 7 ——pH=4

[¢B)

(' —.—pH:G

L 0 - r ) _
0 50 100 pH=8

Time (min)

Fig 16. Effect of pH

H. Adsorption Kinetics

It is observed that for Pseudo first order equation ge value
calculated corresponds well with the experimental value and
also the R? value is very less. For the second order ¢ value
calculated differs very much from the experimental value.
The R? value is also very high as compared to the pseudo-
first-order model. Thus it is concluded that pseudo-second-
order is the best fitting kinetic model.

2

15
y=-0.043x+1.932

R?=0.967

-

o

In(ge - gt}

&

-

Time (min)

y=0.09x+1.3
R*=0.991

t/q:

Time (min)

Fig 18. Pseudo-second order curve

I. Adsorption Isotherms

We plot curves for Langmuir isotherm and Freundlich
isotherm. Here in these two isotherm model, we are
determining the best fitting model.

1) Langmuir isotherm model:

A curve c¢lq,Vs. cy is plotted, the intercept gives the
ki value and slope gives the a/k; value

0.6

y=0.108x-0.003
R?*=0.999

Fig 18. Langmuir isotherm model
The essential feature of the Langmuir isotherm can
be expressed in terms of a dimensionless constant separation
factor (RL) given by the following equation:
1

Ry

~ Urarco)
Ry values within the range 0< R.<1 indicate

favorable adsorption [26]. In this study, R, value of nickel

nanoparticles for the initial MG concentration of 100 mgL?,

obtained as 0.0137, indicate favorable adsorption of MG onto

them.

2) Freundlich isotherm model:

Ing, = % #Incy + ke oo (4.3)

A curve In(qe) Vs In(cs) is plotted , the slope gives ‘n’ value
and intercept gives Ky value.

g y=-0.373x+2.269
o R?=0.955

Ing

Fig 17. Pseudo first order curve

Fig 19. Freundlich isotherm model
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a ki ki/ay Ry R2

Langmuir 7.199 | 333.33 | 46 | 0.0137 | 0.999

Isotherm

ki (1/n) R?

Freundlich 9.66

Isotherm
It is observed that both isotherm curves fit well with the
adsorption system as their R% For fit of experimental
isotherm data to Langmuir equation is more close to 1.000
than that for freundlich equation. Therefore, the Langmuir
model represents the experimental data better on the basis of
values of regression coefficient.

-0.373 | 0.995

IV. CONCLUSIONS

In the present work, synthesis of Nickel nanoparticles was
carried out by reducing agent Hydrazine hydrate, precursor
nickel chloride, PVP used as a capping agent and sodium
hydroxide to speed up the reaction. Experiment was done
with and without PVP. It was observed that with the use of
PVP, the particles size was maintained and stopped from
forming agglomeration. The synthesized nanoparticles are
sent for characterization using XRD, FTIR, SEM, DLS, UV-
Visible spectroscopic analysis. The particle size distribution
of as determine on laser light scattering Particle size analyzer
is 1-10 nm. Malachite green (dye) was removed up to 92.8%
using adsorption. It is concluded that pseudo-second-order is
the best fitting kinetic model. Langmuir isotherm can be
expressed in terms R values within the range 0< R <1
indicate favorable adsorption R, value of nickel nanoparticles
is 0.0137, for the initial MG concentration of 100 mgL™. The
R? value is also very high as compared to the Freundlich
Isotherm model. Thus it is concluded that Langmuir isotherm
is the best fitting kinetic model.
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