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The pure phase of the ZnO nanoparticles (NPs) as anticorrosive pigments was synthesized by the sonica-
tion method. The surfaces of the sono-synthesized nanoparticles were covered with the protective silica
layer. The durability of the coated and uncoated ZnO NPs in the used electrolytic Ni bath was determined
by flame atomic absorption spectrometry. In the present research the multicomponent Ni bath as the
complex medium was replaced by the simple one. The used nickel-plating bath was just composed of
the Ni salts (as the sources of the Ni2+ ions) to better clarify the influence of the presence of the
ZnO@SiO2 core–shell NPs on the stability of the medium. The effect of ZnO@SiO2 NPs incorporation on
the morphology of the solid electroformed Ni deposit was studied by scanning electron microscopy
(SEM). Furthermore, the influence of the co-deposited particles in the Ni matrix on the corrosion resis-
tance of the Ni coating was evaluated by the electrochemical methods including linear polarization resis-
tance (LPR) and Tafel extrapolation.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Due to the importance of the corrosion protection of the metal-
lic and even nonmetallic constructions, effective strategies have
been developed to reduce the high cost of corrosion worldwide.
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Among different preventive strategies, coating technology as an
important scientific field has attracted a wide range of the
researches. One of the practical importance of the coating is the
creation of the barrier layer between the substrate and its environ-
mental medium to protect or reduce the corrosion rate [1].

Over the years, other technologies have been developed in this
field to improve the coating structures. In the past decades, nan-
otechnology has been extensively used in the various fields of
the science such as medicine, biology, chemistry, materials science,
and engineering. The use of the nano-sized materials in the coating
technology due to unique properties and higher efficiency than
bulk materials has attracted so much attention of researchers [2,3].

Ni electroplating as an electrochemical important process has
been used for deposition of the nickel layer, which is applied to
control the corrosion as the natural and harmful phenomenon
[4]. Scientific reports have claimed that adding some micro- and
nano-sized particles such as Al2O3 [5,6], SiC [7], ZrO2 [8,9], TiO2

[10,11], SrSO4 [12], Si3N4 [13] SiO2 [14], WC [15], B4C [16] and dia-
mond nanoparticles [17] suspended in the electroless and electro-
plating baths results in the co-deposition of these particles along
with the pure metal or alloy deposition. Incorporation of the
micro- and nano-sized particles by the formation of the micro-
and nano-composite electroformed-solid phase enhances the
strength of the resulting metal film.

Among the inorganic materials used for co-deposition, zinc
oxide (ZnO) has been less attended to fabricate the
nano-composite coating, whereas many methods are available for
the large-scale synthesis of this low-cost, nontoxic, and anticorro-
sive inorganic material [18–20]. Despite the fact that zinc oxide has
high stability in the harsh temperature and pressure applied in the
industrial processes, shows poor stability in the acid and basic
baths.

In this research, the ZnO NPs have been chosen as anticorrosive
agents for co-deposition in the Ni bath. In order to increase the sta-
bility of the particles, the surface of the ZnO NPs has been coated
with the thin layer of SiO2. As it is known, SiO2 due to high chem-
ical stability has been considered as an ideal shell to protect the
inner core [21,22]. In these series of experiments, the bath com-
posed of the several components has been replaced by the simple
Ni bath to disclose the new aspect of the nanoparticles contribu-
tion in stabilizing of the Ni plating medium. In this paper, we show
how the addition of the ZnO@SiO2 NPs to the simple Ni bath in
addition to the enhancement of the durability of the ZnO NPs par-
ticles could prevent the medium from decomposing. Indeed, the
applying of this simple bath has been provided the conditions in
which the role of the core–shell nanoparticles in stabilizing of
the medium was clearer.

Furthermore, the effect of the incorporation of the coated ZnO
NPs on the morphology of the electroformed Ni structure and its
corrosion inhibition performance has been studied. With the help
of the electrochemical measurements and concerning the amount
of the embedded ZnO and ZnO@SiO2 NPs in the Ni matrix, the
influence of the SiO2 shell on improvement in the corrosion resis-
tance of the final coating has been determined.
Table 1
The plating bath composition and the applied electrodeposition parameters.

Deposition parameters Amount

Concentration of NiSO4 5.00 (g/100 ml)
Concentration of NiCl2 1.50 (g/100 ml)
Concentration of NaCl 0.50 (g/100 ml)
ZnO NPs, ZnO@SiO2 NPs 0.025 (g/100 ml)
T 70.00 (�C)
Time 30.00 min
Current density 12.50 (mA/cm2)
pH 4.80–5.00
2. Experimental

2.1. Materials

Zinc chloride, potassium hydroxide (used for the ZnO NPs syn-
thesis), absolute ethanol, TEOS (>98%), and concentrated ammonia
solution (25%) (used for the ZnO NPs coating), and nickel sulfate,
nickel chloride and sodium chloride (used for the Ni electroplating)
were purchased from Merck company and used without purifica-
tion. The mild steel (composed of Fe – 99.340, Cu – 0.043, Sn –
0.001, Co – 0.007, Al – 0.059, Ni – 0.031, Mo – 0.001, Ti – 0.001,
P – 0.013, S – 0.033, Cr – 0.028, C – 0.024, Si – 0.058, Mn –
0.387-wt.%) was chosen as substrate.

2.2. Procedure

2.2.1. Activation of the substrate and preparation of the bath
The steel substrate was cut into the specimens with dimensions

of 20 mm � 20 mm � 1 mm. To remove oil and grease from the
surface, the substrate was cleaned by the acetone. To have the
smooth surface for uniform electroplating each sample was pol-
ished by an abrasive paper. The passive oxide layer of the metal
was removed by immersing the plate into a beaker containing of
hydrochloric acid (12 M HCl) for 30 s. After rinsing with distilled
water and the neutralization of excess acid by NaOH aqueous
(1 M), the surface of each sample was activated by soaking the
plate in acid solution (HCl, 0.1 M). The resulting surface due to high
susceptibility to oxidation should be placed in the plating bath
immediately after treatment.

To have a reliable control of temperature during the reaction, Ni
electroplating was carried out in the cell equipped with a water
jacket.

In the present research, nickel sulfate and nickel chloride were
used to provide the Ni2+ ions and the sodium chloride to enhance
the electrical conduction. To find the influence of the incorporation
of the ZnO@SiO2 NPs on the bath stability, some other materials,
which were generally used in the Ni bath such as complexing
and buffering agents, were not added to this medium. The natural
pH of the medium was about 5.5. To prevent the pH reduction, dur-
ing the Ni electroplating the pH was adjusted within the range of
4.8–5.0 by the addition of a dilute NaOH solution.

The volume of the plating bath was 100 cc and the rectangular
graphite with the dimensions 20 mm � 10 mm � 2 mm was used
as the anode. Because of decomposition of this simple bath in the
absence of the ZnO@SiO2 NPs after about 30 min, and for having
a meaningful comparison between the coating formed in the bath
with and without nanoparticles, electroplating was lasted 30 min.
The bath composition and operating conditions are summarized
in Table 1.

2.2.2. Preparation of the ZnO@SiO2 NPs
The ZnO@SiO2 core–shell NPs were prepared in two steps,

including the synthesis of the ZnO NPs and the coating of the resul-
tant particles with a shell of SiO2. The procedure used for the syn-
thesis of the ZnO NPs was the same method applied in our previous
work [23]. The procedure in summary as follows: under the ultra-
sonic irradiation, 50 ml of 0.5 M ZnCl2 was added to 50 ml of 1 M
KOH solution at 80 �C. The resulting white precipitates were col-
lected, washed with distilled water, and dried at 80 �C for 18 h.

The coating process of the ZnO NPs surface was carried out
according to the method reported for the fabrication of the core–
shell magnetic nanomaterial [24]. In this method, 0.5 g ZnO NPs
were dispersed in 35 ml distilled water. After adding 140 ml of
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absolute ethanol and 2.5 ml of ammonia solution (2.5%) to the ZnO
NPs suspension, 2.04 ml of the tetraethyl orthosilicate (TEOS) was
periodically added to the above solution (0.34 ml per hour). The
coating process was performed under the constant stirring
(600 rpm). The precipitates were collected and washed with dis-
tilled water several times. The resultant sample was put in an oven
at 80 �C for 18 h.
2.3. Estimation of the embedded core–shell nanoparticles in the Ni
matrix

The strategy applied to evaluate the amount value of the
embedded core–shell nanoparticles in the coating as follows: the
ZnO@SiO2 NPs were collected carefully after Ni electroplating,
washed with distilled water, and weighed. The difference between
the initial and the final amount of the ZnO@SiO2 NPs were consid-
ered as the sum of the incorporated particles into the Ni matrix and
those particles, which probably were dissolved, in the electrolytic
Ni bath.

To estimate the amount of the nanoparticles probably was dis-
solved during co-deposition, the residual solution of the Ni bath
after centrifugation and complete separation of the nanoparticles
was analyzed by using a flame atomic absorption spectrometer
(Shimadzu, AA-670). As it is known, this technique is used for
determining the concentration of a particular element in a sample.
Therefore, applying this chemical analysis provided information
about the content of the zinc element (zinc content was considered
equivalent to the amount of Zn2+ ions). For this purpose, 2 ml of the
residual solution of the bath (with final volume of 90 ml) was
diluted 50 times and this sample was analyzed to determine the
concentration of zinc element.
2.4. Evaluation of the corrosion resistance of the coatings

To provide the results with better accuracy, two different elec-
trochemical methods were applied. The linear polarization resis-
tance (LPR) method as a rapid and accurate technique was
chosen to evaluate the polarization resistance of the coatings.
LPR measurements were performed by the ACM instrument (Gill
AC potentiostat) through a three-electrode cell, in which test sam-
ple was used as working electrode, the platinum wire served as
counter electrode, and a saturated calomel electrode (SCE) used
as the reference electrode. In this method after measurement of
open circuit potential (EOCP) and its stabilization, small perturba-
tion of potential applies (10 mV below to 10 mV above of the
EOCP at low scan rate of 0.166 mV/s). Generally, the plot of the
applied potential versus the measured current is linear in this
small range of potential and its slope is named as polarization
resistance (Rp) [25].

To evaluate the corrosion resistance of the species through the
Tafel extrapolation, potentiodynamic polarization (PDP) measure-
ments carried out by the potential scanning in the wide range of
potential (200 mV in both the positive and negative directions
from the open circuit potential at a scan rate of 1 mV/s). These
electrochemical measurements were performed by using a poten-
tiostat/galvanostat (SAMA 500; Electro-analysis System) through a
conventional three electrode cell, including the bare surface (mild
steel) and the coated surfaces as working electrode, platinum wire
as counter electrode, and Ag/AgCl as the reference electrode. The
measured current density in the logarithmic scale was plotted ver-
sus the applied potential.

Both LPR and potentiodynamic polarization measurements
were performed in non-deaerated conditions at room temperature
and before any scanning, the species were immersed in the corro-
sive medium (NaCl solution 3.5 wt.%) for 30 min to stabilize the
open circuit potential (EOCP). The exposed surface area of the test
sample to the corrosive medium was 1 cm2.
3. Results and discussion

3.1. Characterization of ZnO and ZnO@SiO2 NPs

The crystallographic structure and the morphology of the
sono-synthesized ZnO NPs showed that the pure phase of the zinc
oxide were synthesized and the white resulting powders were
crystallized in the nanorod structures (XRD analysis and the TEM
images of the fabricated ZnO NPs are given in the Supplementary
data). In the case of the ZnO@SiO2 NPs, the FTIR analysis was per-
formed and the presence of the typical vibration bands of SiO2

including Si–O–Si symmetric stretching at 803 cm�1, Si–O–Si
asymmetric stretching at 1090 and 1170 cm�1, and Si–O–H
stretching vibration at 953 cm�1 confirmed that the surface of
ZnO NPs was coated successfully with silica. (FTIR spectra of the
coated and uncoated ZnO NPs are given in the Supplementary
data.)

3.2. Characterization of electroformed Ni deposit and Ni/ZnO@SiO2

nano-composite coating
3.2.1. SEM analysis
The surface morphology of the coatings was examined using a

3D microscope (LEO 1450 VP). Fig. 1 points to the SEM images of
the electroformed Ni coating without core–shell NPs.

Fig. 1(a) and (b) show the surface of the Ni deposit at the mag-
nifications of 1000� and 5000�. As it is seen, the entire surface is
covered with many cracks. This feature was assigned to the oxida-
tion of the Ni film due to the exposure to the air (SEM images were
taken two weeks after electroplating) and confirmed that the
resulting coating had no good quality. Indeed, the oxygen element
detected by EDS analysis affirmed the oxidation of this weak Ni
deposit, whereas incorporation of the ZnO@SiO2 NPs in the Ni
matrix led to form the different morphology. Fig. 2 displays the
Ni deposit containing the core–shell NPs.

It is clear that the deposition of the core–shell ZnO@SiO2 NPs
improved the basic structure of the coating. The micro- and
nano-size particles, which were embedded in the Ni matrix acted
as a glue or cement to bind the electroformed phase structure
together.

The effective collision between the particles and the metal sur-
face resulted in trapping of these particles in the growing solid
metal phase. These particles could act as the primary nuclei, accu-
mulation of the other particles on the external surface of these pri-
mary nuclei and the simultaneous Ni electroplating could be
formed larger particles.

Since the agglomeration of the nanoparticles did not observe on
the coating surface formed in a complex electrolytic Ni bath (the
results are not shown here), the formation of these large particles
could be related to the ionic strength of the medium. The existence
of more molecular forces, including attraction and repulsion
between the different species in the complex medium (composed
of more components) could decrease the possibility of the agglom-
eration of the particles. High magnification of one of these aggre-
gates (Fig. 2(b)) shows that its surface was covered with the Ni
film and some cracks on the surface could be observed. It seems
that the negative effects associated with the presence of the cracks
in these points are less than produced on the bulk coating. Because
these shadow cracks on the surface of the agglomerated particles
(Fig. 2(c)) exposes the ZnO@SiO2 particles (with high corrosion
resistance) to the corrosive medium, whereas the presence of the



Fig. 1. SEM images of the Ni deposit; (a) and (b) are attributed to the Ni surface at different magnifications (1000� and 5000�), the existence of the cracks entire the surface is
due to the oxidization of the weak Ni layer.

Fig. 2. SEM micrographs of the Ni/ZnO@SiO2 nano-composite coating; (a) shows the surface of the coating at low magnification (the micro-size particles detected on the
surface are due to the agglomeration of the particles), (b) points to one isolated micro-sized particle, (c) displays the cracks on the surface of the agglomerated area, and high
magnification of the surface (d).
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deep cracks in the Ni coating (Fig. 1) leads to the exposure of the
bare surface of the mild steel (which is more prone to corrosion)
to the corrosive medium.

Furthermore, observation of many small nubs with uniform dis-
tribution (Fig. 2(d)) could be attributed to the presences of the
embedded ZnO@SiO2 NPs in Ni deposit. Simultaneous Ni plating
and the deposition of the particles led to the cover of the embed-
ded particles with the gray thin film of the Ni.

3.2.2. EDS analysis
The EDS spectra and chemical composition of the Ni deposit

with and without core–shell NPs were determined by energy dis-
persive X-ray analysis (EDX) coupled to SEM microscope and the
results are shown in Fig. 3.

As it was mentioned, for the Ni deposit, the presence of the oxy-
gen confirmed the oxidation of the surface due to the exposure to
the air. The existence of iron is attributed to the detection of the
sublayer of the Ni film (the presence of the cracked points exposed
the mild steel consisted mostly of iron (99%) to the beam electron
of the SEM instrument).

In the case of the second deposit, the chemical composition of
the surface was reported for two different locations of the coating.
One of them is attributed to the bulk, and another one is attributed
to the agglomerated area. In both cases, the EDX analysis con-
firmed the presence of the expected elements, including zinc, oxy-
gen, nickel, and silicon. The weight percent of the defined areas
marked on Fig. 3 are given in the inserted tables (analysis on some
other points showed about same trend).

3.3. Evaluation of the amount of the loaded core–shell nanoparticles in
the Ni matrix

The absorbance value of Zn in the diluted solution determined
by the flame atomic absorption spectrometry was 0.214. As it is
known, this analytical method is not absolute and the calibration
standard sample is required to measure other elements (calibra-
tion was based on the silver element, the absorbance value of
0.239 is equal to the 1 ppm of the silver concentration).
Therefore, the concentration of the Zn element by considering
the dilution factor and the calibration scale was evaluated
0.0040 g.

On the other hand, the mass of the ZnO@SiO2 NPs, which were
collected carefully after electroplating, was 0.013 g. With regard to
difference in the value of the initial and the final nanoparticles
(which was equal 0.012 g) and the amount of the dissolved coated
particles during electroplating (which was estimated 0.0040 g)



Fig. 3. EDS spectra and chemical composition of: (a) electroformed Ni deposit, (b and c) bulk and agglomerated area of the Ni/ZnO@SiO2 nano-composite coating respectively.
(The weight percent values are attributed to the defined area marked on each sample, measurements at other points showed almost the same trend.)

114 Z. Sharifalhoseini, M.H. Entezari / Journal of Colloid and Interface Science 455 (2015) 110–116
could be concluded that amount of the of embedded core–shell
nanoparticles in the Ni matrix was about 0.0080 g. The absorbance
value of Zn in the residual solution of the bath containing the ZnO
NPs was 0.310 and the amount of the loaded ZnO NPs in the Ni
matrix was estimated about 0.0058 g.

3.4. The influence of the presence of the nanoparticles on the bath
conditions

Comparison of the plating through the Ni bath with and without
nanoparticles showed that the presence of the coated and even
uncoated ZnO NPs affected the stability of the medium. Our exper-
iments showed that this simple Ni bath (despite the pH
adjustment) started to decompose after about 30 min. As an inter-
esting result, the addition of a small amount of nanoparticles
(0.025 g) in this medium resulted in more stability of the bath even
after 60 min. It seems that the nanoparticles, including ZnO@SiO2

NPs and even the ZnO NPs by affecting the bath conditions control
the progress of the reaction. To clarify the effect of these nanopar-
ticles in pH changes, experiments were carried out without the
addition of dilute NaOH solution. Therefore, the pH was not
adjusted at the constant level during electroplating and its changes
were monitored by the pH meter. The results showed that the
reduction of this parameter in the absence of the coated and
uncoated nanoparticles (ZnO and ZnO@SiO2 NPs) was faster than
their absence. Reduction in pH (from 5 to about 3.8) in the absence
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of the nanoparticles was observed after about 6 min, whereas in
the presence of the nanoparticles this reduction occurred after
about 15 min. More stability of the medium and less reduction of
pH value in the presence of the nanoparticles could be illustrated
by the following reasons:

� The hydroxyl groups on the surface of the ZnO and ZnO@SiO2

NPs (these groups exist on the surface of the most oxides
[24]) could interact with the charged species in the medium.
The electrostatic interactions between the oxygen of the hydro-
xyl groups with the Ni2+ ions control the free amount of the Ni2+

ions. Indeed the action of the nanoparticles in this state (which
is shown graphically in Fig. 4(a)) was the same role of a com-
plexing agent. The major function of the complexing agents is
to stabilize the system by control of the cation release in the
reaction medium.
� Progress of the reaction follows by the pH reduction. The affin-

ity of the produced H+ with the hydroxyl groups and the forma-
tion of the hydrogen bond (which is represented in the
graphical view in Fig. 4(b)) could retard the sharp drop in the
pH value.
� As it is known the rate of the Ni electroplating depends on the

Ni2+ ion migration from the solution to the cathode surface
and the concentration gradient of the ions results in the move-
ment of the these ions from bulk to the surface. It seems that
the presence of the suspended nanoparticles in the medium
by the restriction of the ion diffusion could decrease the reac-
tion rate. This phenomenon (which is shown graphically in
Fig. 3(c)) could be proposed for the less pH reduction.

3.5. Effect of particle loading on the corrosion resistance

The electrochemical measurements were performed by the LPR
technique and the values of the polarization resistance (Rp) were
Fig. 4. The schematic view of the possible phenomena happen during co-deposi-
tion; (a) is attributed to the attaching of the Ni2+ ions to the hydroxyl groups on the
ZnO@SiO2 NPs, (b) affinity of the H+ ions to the hydroxyl groups and the formation
of the hydrogen bond, (c) restriction of the Ni2+ ion diffusion to the cathode surface.
All proposed phenomena can affect the plating reaction, more stability of the
medium and less reduction of pH value.
obtained for all samples. The values of the corrosion current were
evaluated by the Stern–Geary equation, which defines a relation-
ship between the corrosion current and the Rp:

icorr ¼
babc

2:303ðba þ bcÞ

� �
1
Rp

� �

in where, ba and bc are the anodic and cathodic Tafel slopes (V/dec)
and Rp is the polarization resistance (O cm2) [26]. The electrochem-
ical parameters for all specimens are summarized in Table 2.

Fig. 5 displays the Tafel plots of the bare surface, Ni coating,
Ni/ZnO, and Ni/ZnO@SiO2 nano-composite coatings.

The electrochemical data derived from Tafel curves, including
the anodic and cathodic Tafel slops (ba, bc), corrosion current (icorr),
and corrosion potential (Ecorr) are listed in Table 3.

The electrochemical measurements performed by LPR and Tafel
extrapolation indicated that in both cases, the nano-composite
coatings acquired slightly more noble character than the pure Ni
film. Furthermore, more positive shift in the potential and the
smaller current density for the Ni deposit containing core–shell
particles implies that the Ni/ZnO@SiO2 nano-composite coating is
less prone to corrosion in comparison with the Ni/ZnO
nano-composite coating. This higher inhibitory performance could
be illustrated by the amount of the embedded nanoparticles in the
metal matrix. The amount of the coated and uncoated ZnO NPs in
the structure of the Ni deposit were estimated 0.0080 and 0.0058 g
respectively (this ratio is about 1.4). It should be noted that if the
amount of the embedded ZnO and ZnO@SiO2 NPs were assumed
equal, the Ni/ZnO@SiO2 coating was still showing slightly more
noble character than the Ni/ZnO deposit (the Rp ratios of
Ni/ZnO@SiO2 to the Ni/ZnO obtained from LPR and Tafel extrapola-
tion are about 1.63 and 1.7 respectively). Therefore, in addition to
the amount of the loaded nanoparticles, the nature of the com-
pound affected the corrosion protection performance of the final
Table 2
Polarization resistance values of the samples obtained from LPR technique and the
corrosion current values calculated from Stern–Geary equation.

Coating EOCP
a (V vs. SCE) Bb (mV/dec) R (kO cm2) icorr (lA/cm2)

Bare surface �0.760 25.43 1.35 18.83
Ni �0.402 21.29 5.34 3.98
Ni/ZnO �0.311 54.83 17.35 3.16
Ni/ZnO@SiO2 �0.299 31.27 28.45 1.08

a EOCP values were reported after stabilization of the potential (EOCP is often
considered as Ecorr).

b B values were calculated by Tafel slopes obtained from Tafel curves
B ¼ ba jbc j

2:303ðbaþjbc jÞ

� �
.

Fig. 5. Tafel plots of the samples.



Table 3
Electrochemical parameters of the samples derived from Tafel plots in 3.5 wt.% NaCl.

Coating Ecorr

(V vs. Ag/AgCl)
ba

(mV/dec)
bc

(mV/dec)
R
(kO cm2)

icorr

(lA/cm2)

Bare surface �0.687 71 �335 1.44 17.65
Ni �0.388 113 �152 4.86 4.38
Ni/ZnO �0.302 230 �280 15.98 3.43
Ni/ZnO@SiO2 �0.277 245 �102 27.32 1.14
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coating. On the other word silica due to higher chemical stability
gave the nano-composite coating with higher corrosion resistance.

In spite of the fact that the polarization resistance of the sam-
ples showed no too high values (even in the case of the
nano-composite coatings, and it was due to the selection of the
simple bath), applying of this Ni bath was better to reach a conclu-
sion on the role of the nanoparticles in stabilizing of the medium.

4. Conclusion

The ZnO nanoparticles, which were synthesized by the sonica-
tion method as low cost, safe, nontoxic, and anticorrosive agent
were as the core particles and the silica compound due to the high
thermal and chemical stability was chosen as the shell to protect
the inner core from dissolution in the Ni bath. The influence of
the creation of the protective silica shell on the stability of the
ZnO NPs in the Ni bath was evaluated by the flame atomic absorp-
tion spectrometry. The effect of the presence of the coated and
uncoated ZnO NPs in the simple Ni bath was studied and the
results showed that the addition of these nanoparticles prevents
the Ni bath from decomposing. Additionally, the study of the pH
changes of the medium indicated that these particles could retard
the sharp drop in pH. The corrosion study of the samples confirmed
that the incorporation of the silica-coated particles in the Ni
deposit due to higher chemical stability gave the nano-composite
coating with higher corrosion resistance. Based on the experimen-
tal results the more stability and the less pH reduction of the med-
ium in the presence of the nanoparticles were illustrated.
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