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Abstract

The aim of this research work was to codeposit nano-Al,Os3 particles into Zn-Ni alloy coatings
in order to improve some surface ,properties, the influence of the concentration of AI203 is
the principal object in order to improve the corrosion resistance of the deposit, which has been
made by electroplating on steel substrates previously treated, have been studied by several
characterization methods, as the X-ray diffraction, measurement of micro hardness and
scanning electron microscopy (SEM), protection against corrosion properties studied in a
solution of 3% NaCl in the potentiodynamic polarization measurements (Tafel),
electrochemical impedance spectroscopy (EIS) to the potential of corrosion free. The
parameters that characterize the corrosion behavior can be determined from the plots and
Nyquist plots and chronopotentiometry. Trends of increasing the charge transfer resistance
and the decrease of capacitance values. XRD and SEM results and identify any coatings Zn-
Ni and Zn-Ni-Al,O3 alloy composition have similar phase ( y-phase structure) and the
addition of Al,O3 in the Zn-Ni matrix increases the microhardness, and we note the maximum
hardness is obtained for 50 g/L Al,Os.
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1) Introduction

Electroplated binary Zn—Malloys, where metals is an Fe group such as Ni, Co and Fe, exhibit
improved properties compared to pure Zn [1-5]. It is well-known that zinc alloys can provide
protection of steel against corrosion, with Zn—Ni, Zn—Co and Zn—Fe being most commonly
used [6,7]. The use of specific bath additives has also been found beneficial with respect to
corrosion resistance, even for low contents of Meals [6]. Electrodeposited Zn—Ni alloys exist
in the form of three dominant phases: a,y and n. The a-phase is a solid solution of Zn in Ni
with an equilibrium solubility of about 30 % Zn. The n-phase is a solid solution of Ni in Zn,
with a Ni solubility of less than 1 %. The composition range of the pure y-single phase was
determined to be between 10 and 30 % Ni. The amount of Ni in the alloy, which finds
industrial application in the corrosion protection field, is around 15% and its dominant
structure is the y-phase Zn,;1Nis [8] , Electroplated co-deposition is widely used for preparing
metal matrix composite coatings because of its low cost and versatility. In general, hard oxide
such as AlL,Os3;, TiO,, ZrO,, SiO,, SiC, incorporation of second-phase and established
applications and possess good chemical stability, high microhardness, and good wear
resistance and corrosion resistance at elevated temperature [9-14]. Zn—Ni composite coatings
for example Zn—Ni-Al,O3 [9, 10, 15,16], Zn—-Ni-TiO; [11,17], Zn—-Ni-SiO, [13] and Ni-Zn—
P [14] ,ZnNi-SiC[16,18] , this research work was to codeposit nano- Al203 particles into the
Zn-Ni alloy coatings deposits on a mild steel substrate.under in order to improve the surface
properties and the corrosion resistance in aggressive media Then, the composite coatings had
been characterized, morphological (SEM), structural (XRD), and electrochemical properties
of the composite coatings had been studied by potentiodynamic polarization and

electrochemical impedance spectroscopy in a solution of 3 % NaCl.

2 Experimental

2.1 Coating processes

The deposition of Zn—Ni coatings was carried out onto steel substrates under galvanostatic
conditions at operating current density of 30 A cm 2 and a temperature of 30°C, The chemical
composition of the basic electrolyte of Zn—Ni alloys deposition was given in Table 1 [8].
Electrodeposits Zn—-Ni were obtained by varying the concentration of Al203 in the bath (0,
30,50 g-L 7).
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2.2 Coating characterization
XRD characterization of samples was carried out with a D8 Advance-Brucker using a Cu Ka
line at A= 0.1540 nm in the 20 ranged of 10-95° in steps of 0.02° at a scan speed 2°/min.

Bruker GAADS soft-ware was utilized to calculate.

Table 1 Electrolyte I composition and conditions for alloy plating.

Electrolyte | Concentration | Plating

ingredients (g-L™ parameters
ZnS04-7H20 57.5 30 °C and pH=3-4,5
H3BO; 9.3 constant current densities
Na,SO,4 56.8 at 10 mA cm > for 60's
NazCsHs0; 56.8

the biaxial stress along the lateral and longitudinal directions with 2D area detector using a
standard 20 sin2V¥ method [19]. The average grain size of the coatings was determined from

X-ray peak broadening by applying the Scherrer formula [20,21]:

_0-92 )
~ Bcos6 (1)
where D is the grain size, is the X-ray wavelength (A = 1.5406 A), B is the full width at half-

maximum (FWHM), and 6 is Bragg angle position of peak. For (330) reflections and peak
broadening was measured by the integral width method [22] , Surface morphology of the
deposits was followed with A JEOL (model JSM6390LV) ,Microhardness of coatings was
measured using a load of 100 g with a holding time of 15 s by using a Vickers hardness
tester(HV) of deposits were performed in the surface by using a Wolpert Wilson Instruments
(model 402UD) [23].

2.3 Electrochemical measurements

Corrosion behavior and protection performance of Zn—Ni and Zn-Ni-Al,O; alloy coatings
was studied by using electrochemical impedance spectroscopy (EIS) and electrochemical
Tafel extrapolation in 3 % NaCl solution. The tests were performed using a potentiostat /ga-

Ivanostat (using a Volta Lab 40), The working electrode was a coated sample, the counter
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electrode was platinum with an area of 1 cm? and the reference electrode was Hg/HgO/ 1 M
KOH. All potentials in the text have been referred to this reference electrode. Electrochemical
impedance spectroscopy (EIS) measurements were obtained at the open circuit potential
(OCP) in a frequency range of 10 kHz—-0.001 Hz, with an applied AC signal amplitude
perturbation of 10 mV. During the measuring process of Tafel polarizing curves, the
polarization curve scanning rate was 5 mV/s, with a scanning range from —0.25 V of open
circuit potential to +0.25 V of open circuit potential. The Ecorr and Icorr Were determined from
the intercepts by Tafel extrapolation method .The chronoamperometric studies were
conducted to identify the nucleation mode of Zn-Ni-Al,O3; composite and Zn-Ni alloy
coatings at potentials E=500mv, vs. Hg/HgO applied for 1 hours of 3% NaCl. This
potentiostatic technique has proved to be a powerful tool for evaluation of the nucleation
mode by electrocrystallization

3. Results and discussions

3.1. X-ray diffraction

Fig.1 shows the XRD results for Zn—Ni composite coatings , the phase structure is single y-
NisZnpy phase [2,10]. The grain sizes, being the (330) plane always the most
intense,Crystallite sizes of the coatings were calculated from the X-ray peak broadening of the
(330) diffraction peak using Scherrer's formula , which is well suited to detect grain diameters
less than 100 nm, and has been used widely for Zn—Ni deposits [ 10,24]. The grain sizes of all
of the coatings were on a nanometer scale, confirming the nanocrystalline structure of
coatings. Zn—Ni-Al,O3 coatings showed a smaller grain size compared to the Zn-Ni alloy
coating . Zn—Ni alloy deposited in electrolyte I, exhibited a crystallite size of 45 nm, whereas
the crystallite size of Zn—Ni alloy coating deposited in electrolyte 1+50 g-L™" Al,O3 decreased
to 24 nm. This finer structure presence of smaller grains explained probably the increase

microhardness .

11
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Fig 1 XRD patterns of Zn—Ni alloy coatings electrodeposited onto steel substrate at different
concentrations of Al,O3). Composite coatings deposited at 30 mA/cm?, T = 30 °C, and pH 3-

45 for 60 s.

3.2. Surface morphology
The morphology of these coatings plated in different compositions is presented in Fig. 2,

Further that the Zn—Ni alloy exhibits a uniform [8], Zn-Ni-Al,O3 composite coating was
uniform and compact, with a fine grained morphology. Therefore, the presence of Al,O3 in

the electroplating bath and incorporation of Al,O3 in the Zn—Ni coating, increased refinement

of crystal size [10],

Table 2 Values of micro-hardness Vickers hardness (HV) registered different electro deposition

Coating Dureté (HV)
Steel 167.7
Zn Ni 246
Zn-Ni-Al,O3 (309 /l) 350
Zn-Ni-Al,O3 (50 g /1) 383

3.3. Effect of Al,O3 content in the bath on microhardness of the coatings
The microhardness results are presented in Figs. 3, showing the change in hardness of Zn—Ni
alloy and the Zn—Ni—Al,O3 nanocomposite coatings as a function of the concentrations of

Al,O3,indicates that the microhardness of all Zn-Ni-Al,O3 composite coatings is considerably

12
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higher than the Ni-Zn alloy coatings. the hardness increased from 246 Hv for Zn—Ni [8],
alloy to 350 and 383 Hv for 30 and 50 g /I Al,O3 nanocomposite coating respectively..
Hardness of composite coatings containing Al,O3 has been attributed to the hindrance of
dislocation movement by Al,O3 particles [9, 15,25], the hardness of nanocomposite coating

depends directly on the alumina content of nanocomposite coating.

Fig 2 Surface morphology of (a) Zn—Ni alloy coatings and (b) Zn-Ni-Al,O3 (30 g /I Al,O3),
(c) Zn-Ni-Al,03 (50 g /I Al,03) Composite coatings deposited at 30 mA/cm2, T = 30 °C, and
pH 3-4,5 for 60 s.

13
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Table 3 The electrochemical parameters (Ecorr, lcorr S, fc) OF the coatings samples in a 3 % NaCl solution.

Coating Ecorr lcorr Ba Be Rp (Q cm®)
(mV) (mA/cm?) | (mV/dec) | (mV/dec)

Zn Ni -1061 0.255 246,2 -259,4 169.13

Zn-Ni-AlL,O; (30 | -1047 0.159 180,9 -256,8 103.19

g/l) 1037 | 0.102 157,5 -215,0 109.43

Zn-Ni-AlLO; ( 50

g/l)

2.4 Corrosion studies

3.4.1.Potentiodynamic polarization studies

Fig. 4 shows the Tafel curves measured for the Zn-Ni alloy coating and Zn-Ni-Al,O3
nanocomposite coating in 3 % NaCl solution The corrosion potentials and corrosion currents
calculated from Tafel plots [12] , The corrosion potential Ecor ,the polarization resistance R,
and corrosion current (icorr) . Values were determined from this figure and cited in Table 3.
The corrosion potential and corrosion current for the Zn-Ni-Al,O3 (50 g /I) nanocomposite
coating, obtained from the polarization curves were -1,0376 V and 0.255 mA/cm?
respectively and those for the Zn-Ni alloy coating were determined to be -1,0614 V and
0.1025 mA/cm?, respectively. It is seen that the nanocomposite coatings have lower positive
corrosion potentials and smaller corrosion current densities than the Zn—Ni alloy coating. the
Zn—-Ni—Al,O3 nanocomposite coatings have better corrosion resistance than the Zn—Ni alloy,

The corrosion potential increased with the increase of nano-alumina content [15].

14
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Fig 3 The effect of nano-alumina contents in the composite coatings on the hardness of
deposits. Zn—Ni alloy and Zn—Ni—Al,O3 nanocomposite coatings.

3.4.2. Electrochemical impedance spectroscopy (EIS) studies

Fig 6 presented a comparison of Nyquist responses obtained for Zn-Ni alloy coatings and Zn-
Ni alloy composites elaborated under the same quantities of electricity in 3% NaCl solution .
L'impédance, Dans le Plan de Nyquist, is represented by a boucle capacitive ,The charge
transfer resistance (Rc), the Warburg impedance (Zw) and the capacity of the double layer
(Cai) are determined by analysis of the complex-plane impedance plot and the equivalent
circuit model. From the data obtained in Table 3, the spectra presented show at least two time
constants. The first time constant, recorded at higher frequency, where the properties of a
electrode/electrolyte interface are particularly reflected, is displayed as a depressed
incomplete semicircle. The electrical-equivalent-circuit (EEC) parameters, describing the
process included in this time constant are R¢; and Cq. The second time constant, depicted at
lower frequencies, corresponds to a straight line Figs 6 . This linear dependence between the
imaginary and real part of the capacitance is related to the diffusion process of the soluble
species, while is called Warburg impedance. Therefore, EEC parameters describing the
process included in the second time constant clearly indicates the diffusion control of the
soluble species. The equivalent model used to fit the experimental data is shown in Fig. 5 as

previously reported .
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Table 4 Table 4: Extracted fitted data from the equivalent circuit of Zn—Ni alloy coatings in a 3 % NaCl

Coaing R, Rs Cal
(Q.cm?) (Q.cm?) (UF/cm?)
Zn Ni 1.259 0.405 1.310
Table 6 Zn-Ni- 1.762 0.677 0.936
Al0s(30g/) 1 1 797 0.697 0.918
Zn-Ni-ALO; ( Table 7
50 g /1)
0-
£ 4
Py —0 glAs0q
E — 30 gL Aly04
(s ] )
o 5 — 50 g/L AloO4
3
1 1 1 1
13 12 11 -1.0 09 08
Potentia {V)

Fig 4 Polarizing curves obtained for the alloy coatings in a 3 % NaCl solution at different

concentrations of Al,O3

Cdl

Rs
Rct ZW
W-

Fig 5 Equivalent circuit model used to fit impedance data
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The data of the charge transfer resistance, R, and the capacity of the double layer (Cgy) were
calculated using both the Nequist and Bode plots of the impedance spectrum (Table 3)
However, the Warburg impedance (Zw) is determined from the following equations :

The R can be related to icor [26]

b b

Ree =c57—7~—
‘23 (ba bc) Leorr

(2)

Rsol : Solution resistance

R.: :charge transfer resistance

b, and b, anodic and cathodic tafel slopes

The double layer capacitance Cgy value is obtained from the frequency at which Z imaginary

IS maximum [26]

(3)

w(Ziypgmax) = Rt

The Warburg coefficient o , can be determined from the slope of the Warburg plot (the slope
of real parts of Z' vs. /"% ®=2xF), or by fitting to an equivalent circuit model which
includes a Warburg impedance. However, most equivalent circuit modeling programs return
“Zw” rather than o, Z,, is the Warburg impedance (Zw =W) which are calculating from the

following equation (Table 3):

1
Zy 3

(4)

The increased R values and decreased Cgy with increasing Al,O3; content values for the Zn—
Ni— Al,O3 alloy clearly confirm the better corrosion resistance. and this behavior is in good
agreement with that obtained of the Tafel plot measurements. Zn—-Ni— Al,O3 provides better

protection against corrosion on the steel substrate [13].

17
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Fig 6 The Nyquist plots obtained Zn—Ni—Al,0; composite and Zn-Ni alloy coatings

electrodeposited at different concentrations of Al,Os.

3.4.3. Chronoamperometry studies

The chronoamperometric studies were conducted to identify the nucleation mode of Zn—Ni-

Al,O3 composite and Zn-Ni alloy coatings at potentials E=500mv. This potentiostatic

technique has proved to be a powerful tool for evaluation of the nucleation mode by

electrocrystallization [10, 27, 28]. The chronoamperometric studies were performed at 30 °C

vs. Hg/HgO applied for 1 hours of 3 % NaCl. Fig. 7 The transients have the characteristic

shape of a diffusion controlled three-dimensional nucleation [10, 27]. current is observed a

rapid decrease , which is typical of a diffusion-controlled process [10,27,29].

18



Séminaire National sur le Laser Solaire et Matériaux
ELOUED (5 - 6) Février 2018

_—
Silll - ] 40 S il
Université Echahid Hamma Lakhdar - E1Oved

h
4
—0 glALD,
34 30 g/LALO,
o
a0 g/LALD
‘g i
£ 2
-
1 ‘hh-"‘-‘—l-—_
“ 1 1 1 1 1 1 1

 (miniz)

Fig 7 Chronoamperograms of Zn—Ni—Al,O3; composite and Zn—Ni alloy coatings at
potentials E=500mv, vs. Hg/HgO applied for 1 hours of 3 % NaCl.

4 Conclusion

This work represented the electrodeposition and the corrosion behavior of Zn-Ni alloy
deposits elaborated in absence or in presence of 30 and 50 g /I of nano-Al20; in the acid
sulfate bath. This study was made to evaluate the influence of nanoparticles addition on some
properties such as hardness, morphologic structure characteristics, and corrosion resistance. In

comparison with Zn-Ni alloy coatings, the results revealed that Zn-Ni alloy composites:

» XRD and SEM results indicate all the Zn-Ni alloy coatings have similar composition
phase ( y-phase structure), with smaller crystallite size

» The test of the micro-hardness on the various electro deposited coatings has a
maximum value 50 g /I of nano-Al,O3;, because the increase of nano-Al,O;3
concentration in the plating bath increases of micro-hardness.

» The corrosion potential increased with the increase of nano-alumina content, while
the corrosion current decreased from 0.255 mA/cm2 for Zn—Ni matrix to 0.1020

mA/cm2 for Zn—Ni—Al,O3 composite coating containing 50 g /I nano-alumina .

19
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» The data obtained from electrochemical impedance spectroscopy (EIS) assumes that,
the charge transfer resistance (Rc) is higher and the capacity of the double layer (Cq)
value is lower for Zn—Ni—Al203 composite coating containing 50 g /I nano-alumina
alloy compared with those of Zn—Ni matrix. This behavior is in good agreement with
that obtained from Tafel plot measurements.

» The study of nucleation has determined the growth electrochemical processes in the
first moments following an instantaneous nucleation mode in three dimensions (3D)

controlled diffusional
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