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Abstract

Nickel coatings were obtained from Watts bath comg sodium dodecyl sulfate
(SDS) or polyvinylpyrrolidone (PVP) surfactants ldirect current plating. The
influence of electrolysis parameters, temperatatgrent density, concentration of
surfactants and pH on the nickel deposits briglstnesnvestigated through a multiple
linear regression model with interaction. The medebtained fitted very well the
experimental data. ANOVA statistical analysis shothat all design factors are
significant, and the brightness of nickel deposhitained from bath containing PVP is
more sensitive to the changes in the factors levigle electrochemical behaviour of
baths was discussed; the results revealed an tivkildffect exerted by both SDS and
PVP. We have also found that the brightness andnthigition are well linked and
directly proportional. In addition, the corrosioesistance of the nickel coatings was
slightly improved, especially with PVP. Finally,etfoptimization analysis showed that
PVP could efficiently and eco-friendly substitutdd$ as an additive of nickel
electroplating.

Keywords: Nickel electrodeposition; surfactants; brightnesgerimental design; cyclic
voltammetry

Introduction

Nickel electrodeposition has attracted great istetbese decades and became
one popular surface treatment technology. Nickatiogs can be produced from
a variety of electrolytes; the Watts bath is theidbdor most decorative nickel
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plating solutions [1, 2]. It has several advantagigsh as inexpensive compared
to sulfamate bath, less aggressive for the workpegent than chloride bath, and
deposits obtained have lower internal stress thaset obtained from chloride
bath. Properties of nickel deposits can be imprdyedddition of special organic
compounds to the baths, like surfactants, refinbrgyhteners, and levelling
agents [3].

Surfactants reduce surface tension of the cathdaehwacilitates the removal of
hydrogen by reducing the size of the bubbles, amsequently reduces the risk
of pitting, thereby improving the quality of theptesit. Among many surfactants
varieties, sodium dodecyl sulfate (SDS) is the nusstd in the electrodeposition
of nickel [4-7]. In addition to its role of wettdity, several authors have studied
its influence on the morphology and the brightneksiickel coatings [4, 5],
electrochemical properties of zinc [8] and the stref electroplated copper [9].
Nevertheless, this additive presents the disadgandé incorporating sulphur in
coatings. While the presence of sulphur in the elictoatings enhances the
superplasticity [10] and improves the microhardfleds its incorporation is
detrimental regarding the corrosion resistance Umecat promotes a localized
corrosion [12]. Besides, the sulphur causes cafalsic embrittlement at elevated
temperature as low as 200 °C [11] and deteriothgolour of deposits when it
exceed<ertain limits[13]. Another downside of SDS is its toxicity whichay
cause environmental problems. In the aim to avieeddresence of sulphur and
the toxicity of SDS, we are interested in finding sarfactant substitute.
Polyvinylpyrrolidone (PVP) is a famous macromolecsiurfactant with many
advantages such as low toxicity, biocompatibiliygh surface activity, and
strong adsorption ability [14]. Up to now, PVP Hasught substantial interest
and has been widely used in different fields, sashanticorrosion [15-17],
chemical deposition [18, 19] and electrodeposif@®23]. PVP was used as a
wetting agent and a refiner in plating baths of 480] and Pb@[21]. Recently,

in a comparative study between five additives [2B¢ PVP is found to be the
best additive which decreased grain size of thepeppowder to a minimum
threshold. To the best of our knowledge, a very $udies have been dedicated
to the study of PVP effect on nickel electrodeposit{24]. Furthermore, and
unlike SDS, no report has been published on trecetif PVP on the brightness
of nickel electrodeposition.

The study of the electrolysis parameters effectshanperformance of nickel
electroplating was the subject of different invgations. Most of these works
were made by the conventional methodology [25-@Ferein one factor varies
while others are set at constant levels. Thesditadl methods often ignore the
effects of interaction between factors, and leatess accurate optimal values.
To overcome this problem, experimental design nughwave been used; these
latter serve to optimize the organization of expemts in order to minimize the
time, cost and increase reliability [28-31]. Whiksponse surface methodology
(RSM) is one of the most used experimental desigthauds, only a very few
works [32] used it to study the electrodepositibpure nickel.

In this work, a comparative study on the effecelgfctrolysis parameters on the
nickel deposits brightness in the presence of SISPA/P was achieved. Results
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were analyzed using response surface methodologyfuli factorial design
modelling. A complementary polarization study wésaconducted to evaluate
the electrochemical behaviour of baths and deposits

Experimental

Electrodeposition

Nickel coatings were prepared by direct-currentvgabstatic deposition onto
copper substrate (60 mm x 20 mm), from a conveatidVatts bath composed
of 250 g L' NiSQu.6H0, 45 g L' NiCl..6H.0, and 40 g t! HsBOs. An
appropriated amount of sodium dodecyl sulfate aalyvinylpyrrolidone was
added to the electrolytic bath and dilute solutiohsodium hydroxide (NaOH)
and sulphuric acid (#$Qs) were used for pH adjustments. All solutions were
prepared with analytical grade chemicals and ultrapvater. Prior to nickel
electrodeposition, the substrate surface was signieto mechanical treatment
with metallurgical papers of 800, 1200 and 200@sgthen cleaned with 1.0 M
HCI and rinsed by ultrapure water. All the elecepdsition experiments were
conducted for 120 s by applying current from an B&XL METRIX regulated
power supplier (0-30 V/2.5 A). After electrolysthie samples were removed
from the cell and thoroughly washed with ultrapweger and dried.

Brightness measurements

The brightness of the metallic deposits was evatliatsing a BYK-Gardner
micro-gloss meter with an extended beam white lighample surface was
carefully cleaned before measurement, in orderbtain consistent results. The
calibration was performed automatically by meansadifighly polished black
standard integrated in the gloss meter. Measureamgate performed in three
replicates for each coating, in which the mean emsidered the final value.

Kinetics study

Cyclic voltammetry experiments were carried out anconventional three-
electrode glass cell using an EG & G Princeton Aggpl Research
potentiostat/galvanostat model 273A controlled ywe&r Suite software. A
copper substrate and platinum wire of 0.5 mm diameftere used as working
and auxiliary electrodes, respectively, and a saddr calomel electrode (SCE)
served as the reference electrode. Voltammogrames elgained in the potential
range between -1200 mV and +50 mV, with a scan ot€0 mvVs'. The
corrosion resistance of the nickel coatings wadistuin 3.5 % NaCl. Prior to
experiments, samples were immersed in solution 306r min, at room
temperature. The polarization curves were perforfraa —500 to 0 mV at scan
rate of 5 mvVs, using an EG & G Princeton Applied Research
potentiostat/galvanostat model VersaSTAT 3 cordbllby VersaStudio
software.
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Results and discussion

Statistical study

In a full factorial design, we combine all the fast in a common experience
design in which each factor takes two levels, o high levels, symbolized by
(-1) and (+1), respectively.

The relationship between the input, called elegtisl parameters, temperature
(T), current densityi), concentration of surfactaiif) and pH) of the solution,
and the outpuY defined as a nickel deposits brightnegs)(is given as:

Y =0(T,i,C,pH) (1)
wheref is the response function.
The approximation of was established by multiple linear regression rhoité
interaction. The coded mathematical model can bengby:

Y = by + LI bX;, + X0 b; X X; 2

whereb, is the free term of the regression equatipm;oefficient represents the
effect of the factorx;, andb;; is the coefficient of regression which represents
the effects of interactions of factois and X;. Design and statistical analysis
were performed using Design Expert software, verSi®.3 (Stat-Ease, USA).

Modelling for the nickel deposits brightness

The choice of the studied factors levels is basaddata from industrial
applications and research works [2, 4, 22]. Tablsuinmarizes the factors
notations, their actual and reduced values. Basetvo-level four factor full
factorial design (9, a total number of 16 trials were carried out fmach
surfactant. The design matrix and the correspondiperimental responses of
the brightness are given in Table 2.

Table 1.Factors and levels for the full factorial design.

. Levels

Design factors Symbol 1 1
Temperature (°C) T 45 60

Current density (A drf) i 20 10

; Csps 20 60

1

Surfactant concentration (mg'L Cove 0 2000

Acidity of the solution pH 2.5 5

The regression equations related to the brightoesgkel deposits as a function
of the studied factors are as follows:
For nickel deposits in presence of SDS:

Breps = — 86999+ 2291 + 4275 +1.1089C + 16833pH + 0029Ti — 5775x

3
10°TC - 0.3338TpH - 0.0178C - 07%ipH — 0.0654CpH )
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For nickel deposits in presence of PVP:
Br,,,=207287-21136 +1.0827+0.0107€ — 1936pH - 002Ti+1.151510°

. (4)
TC+0.2329pH-2489810*iC —0.2966H — 2085x10°CpH
The values of the brightness predicted from theession equations are given in

Table 2. The coefficients of determination 2Rof Brips and Brpyp are,
respectively, 98.98 % and 99.38 %; these denoteotiig 1.02 % and 0.62 % of

the total variability of bothB1;,+ and Br,,» are not explained by the regressors
in the models.

Table 2.Design matrix with experimental and predicted resas.

Coded values of .

Rnu design factors Brightness (GU)

Ne | T|i |cC|pH Brsps : Breve :

Measured Predicted | Residual| Measured Predicted Rehial

1 1) -1 -1 -1 41.85 41.245 0.605 89.37 88.96(L 0.408
2 1] -1 -1 -1 59.41 62.235 -2.825 63.8 65.391 -1.591
3 1) 1) -1 -1 66.97 68.86 -1.89 85.4 84.444 0.955
4 1] 1] -1 -1 97.45 93.34 411 58.7 58.471 0.228
5 1) -1 1 -1 68.04 67.232 0.807% 109.03 111.269 232.

6 1]-1] 1 -1 86.17 84.757 1.412% 91.81 88.38pb 3.423
7 1] 1] 1 -1 89.61 89.132 0.477% 99.7 98.824 0.875
8 1] 1] 1 -1 107.45 110.147 -2.697H 71.48 73.539 52.0

9 1) -1 -1 1 39.58 38.945 0.635 66.95 65.17L 1.778
10 1| -1 -1 1 49 47.415 1.585 49.74 50.334 -0.594
11 | -1 1| -1 1 53.01 52.36 0.65 51.58 54.721 -3.141
12 1 1| -1 1 61.45 64.32 -2.87 39.44 37.481 1.958
13 | -1 1] 1 1 56.34 58.387 -2.047b6 66.79 66.736 .06
14 1| -1 1 1 63.22 63.392 -0.172p 51.35 52.586 4.23
15 | -1 1] 1 1 66.85 66.087 0.762% 49.67 48.359 1.310
16 11 1| 1 1 76.04 74.582 1.457% 31.68 31.806 -0.126

Analysis of variance (ANOVA)

Analysis of variance of the nickel deposits brigigs was made in order to
analyze the effect of temperature, current densityicentration of surfactants
and the pH of the solution on the brightness. Taldeand 4 show ANOVA
results forBr.,s andBryyp, respectively. The analyses were carried out fofa
significance level, i.e., for a 95 % confidencedein these tables, the degrees of
freedom (DF), sum of squares (SC sq), mean sq$g, -values, probabilities
(Prob) and the contribution (Cont %) of each fa@nd interactions are shown
[33].

Fisher-values oBr.,. andBry» Were 48.36 and 80.95, respectively. According
to the Fisher-Snedecor statistical tables [34], FRgseis >> Foos = 4.74, this
means that both F-values are extremely significafg.also note that F-value of
Brpyp > F-value ofBrgy¢, indicating thatBryy, iS more sensitive to the changes
in the factors levels thaBr;,s;. Furthermore, ANOVA tests show that all the
studied factors are significant, i.e., they afféa brightness of nickel deposits.
Concerning the interactions, only five are sigmfit (two for SDS and three for
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PVP) among possible binary interactions. We alsteddhat the interactions
(T xi) and § x C) are not significant with both surfactants. Consetly, and
after discarding the insignificant terms, the abosgression equations (Egs. 3
and 4) related to the brightness of nickel depasitdd be reduced as follows.
For nickel deposits in presence of SDS:

Bryps = — 86999+ 229T + 4275 +1.108€ + 16833pH - 0.3338 pH - 071pH . (5)

DS~

For nickel deposits in presence of PVP:

Br,,, =207287-2.1136T +1.0827 + 0.0107%C — 1936pH + 0.2328pH

6
- 2.4898x107*iC — 2085x10°CpH ©)

The values of Rand Fisher test for the reduced models are asafsll R(Brep:)

= 97.21 %, R Brpyp) = 98.38 %, F Brips) = 52.32 and F Brpyp) = 96.69.

The values of Fisher test and R squared of fullr@ddiced models indicated that
the derivative models are very satisfactory. Wetb@m conclude that a multiple

linear regression model with interaction is adeguahd can be used as a
prediction equation in this study.

Table 3. ANOVA results for the brightness of nickel depagith SDS.

Source | Sumofsquare§ DF Mean squargs F-value Prob| Cont % Remarks
Model 5581,0889 10 558,108 48,5606 0.0002 sigamific
T 869,36522 1 869,365 75,6428 0.0003 15,41 significan
i 1505,8280 1 1505,82 131,020 < 0.00p1 26,70 signific
C 1314,0625 1 1314,06 114,33p 0.0001 23,30 significan
pH 1433,7582 1 1433,75 124,750 0.0001 25,42 significan
Txi 12,1801 1 12,1801 1,05978 0.3506 0,21p no sigmifica
Tu(l 12,006225 1 12,0062 1,0446p 0.3536 0,212 no sagmifi
T = pH 156,7504 1 156,750 13,638)7 0.0141 2,779 significant
i xC 32,661225 1 32,6612 2,8418p 0.1527 0,579 no saamfi
{ ¥ pH 201,64 1 201,64 17,5445 0.0086 3,576 significant
C = pH 42,837025 1 42,8370 3,72721 0.1114 0,759 no sagmfi
Residual 57,46515 5 11,4930 1,019
Total 5638,5541 15 100

Table 4. ANOVA results for the brightness of nickel depagith PVP.

Source | Sum of squares| DF| Mean squares F-valug Prob Cont 9 Remarks
Model 7430.408 10 743.040891  80.95294 < 0.0001 nifgignt
T 1609.815 1 1609.81501] 175.3864 < 0.0001 21.%53 fignt
i 639.96 1 639.963506| 69.72285 0.0004 8.559 sigmifical
C 276.64 1 276.640056| 30.13942 0.0027 3.700 sigmifical
pH 4293.19 1 4293.19801| 467.7360 < 0.0001 57.42 Sogumif
Txi 5.7720 1 5.77200625| 0.628849  0.4637 0.077 no sogunif
TxC 0.4726 1 0.47265625| 0.051495 0.8295 0.0063 nofmgnt
TxpH 76.256 1 76.2565563 8.3080[L 0.0345 1.0199 sigmifical
i xC 62.845 1 62.8452563| 6.846875 0.0473 0.8405 sigmific
i x pH 35.194 1 35.1945563 3.8343B 0.1075 0.4707 no sognif
L xpH 430.25 1 430.251306 46.875)D 0.0010 5.7548 sigmifical
Residual 45.893 5 9.17867624 0.6138
Total 7476.302 15 100
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The last but one column of Tables (3 and 4) shdwesfactors contribution,
indicating the degree of influence on the nickajlimness deposits. In the case of
SDS, it is observed that the contributions of fextre in the order of magnitude
&~ 20 4+ 5 %, while the contribution of pH interaction with tleairrent density
and the bath temperature does not exceed 4 %. @ongehe nickel deposits
produced in the presence of PVP, it seems clebdy pH affects considerably
the brightness; its contribution is Cont57.42 %, and this is due to the high
sensitivity of the PVP adsorption with the pH [3%he temperature, the current
density, and the concentration of PVP are alsaifsegnt, but their contributions
are not the same. Besides the main effect of pHiniteraction with the PVP
concentration and the temperature is also sigmficdhere is also a low
contribution of the interaction between the curréensity and the concentration
of PVP. It appears from the above results that vakies of the factors
contribution in the case of SDS are near, whichasthe case with PVP; this
finding explains the sensitivity of the brightndssthe changes in the levels of
factors in the case of PVP.

Main effect

The effect of a factor is defined as the changeesponse produced by a change
in the level of the factor. Fig. 1 shows the mdiiees of the factors foBryps
and Brpyp. It can be seen from Fig. 1(a)-(d) that the terapee, the current
density and the concentration of SDS have a pesgi¥ect on the brightness,
whereas the pH has a negative effect. #q¢,,, (Fig. 1(e)-(h)), the temperature,
the current density and the pH of the solution havesgative effect, while PVP
concentration has a positive effect.

Researchers have different opinions about whatm@te the brightness of the
electrodeposits; grain size and/or their orientetialong a direction promoting
the reflection of the light. Many authors [36, 3i&ve reported that the brightness
of electrodeposits increases remarkably with deangegrain size. Furthermore,
and according to the pattern presented by Dini,[B8% generally expected that
the grain size decreases by either decreasingethpetrature or increasing the
current density and the concentration of addedtiaddi Taking into account the
above statements, we have projected the resulteeohain effect (Fig. 1), which
link brightness versus factors, to the Dini pattdétrappears that the majority of
plots (b), (c), (e) and (g) are consistent with sekeme of Dini. However, the
effects of temperature in the case of SDS (Fig)),Llénd the effect of the current
density in the case of PVP (Fig. 1(f)), are ncagneement with Dini pattern. It is
known that the increase of the temperature favinarm one part the kinetics
driving forces [26] and, the surface diffusion [38m another part. These two
phenomena have opposite effects on the particle. sfde conclude that
increasing brightness as function of the tempeeaitutthe case of SDS is due to
the domination of the kinetics driving force. Redjag the effect of the current
density in the case of PVP, we believe that theradtions of PVP to the surface
are reduced at high current densities, as menticrwzhtly by Haet al. [40].
Concerning the pH effect, Fig. 1(c) and (h) sholat the brightness of deposits
decreases with increasing pH values in both bdths is expected since the
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increase of pH reduces the adsorbed amount of SRE4nd PVP [35]. In
addition, it is reported [42] that at p+5, the amount of PVP adsorbed decreases
compared to that of SDS, which could explain theatgr slope of pH in the case
of PVP (Fig. 1(h)).
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Figure 1. Main effect plots of nickel deposits in the presef (a)-(d) SDS and (e)-(h)
PVP.

As conclusion of this part, the brightness of nickteposits in the presence of
surfactants is not only dependent on the kineticgischarge but also on the
adsorption of surfactants and the diffusion of adwt.

Response surface plots

Response surface plots are drawn in order to iipadst the effects of factors
interactions on the brightness (Fig. 2). Brightnisssepresented as function of
two factors, holding the two other factors in thieldhe level.

Fig. 2(a) and (4 illustrates the response surface plots in caseBef,. . At
higher pH values, the increase in both temperdtige 2(a)) and current density
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(Fig. 2(8)) leads to a slight increase By,., While for lower pH values, the

growth of both temperature and current density aotslto a very significant

increase in the response. So the best responsesuwbduld be obtained by the
combination of the highest value of temperature andent density with the

lowest pH value.
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Figure 2. Three dimensional plots for significant interango[(a) and (@] SDS, [(b),
(b') and (c)] PVP.

Fig. 2(b) and (§ highlights the effects of the factors interactiom Brp,p. At
higher pH values, the decreasing of temperaturg. b)) or the increment in
concentration of PVP (Fig. 2(b resulted in a slight increase in the responag, b
at lower pH values, the decreasing of temperatur¢he increasing of PVP
concentration leads to an improve in the brightnd@$ais, the best brightness
could be obtained by the combination of the higlwesicentration of PVP with
the lowest values of pH and temperature. The inotena between the current
density and the concentration of PVP is represeimtédg. 2(c). It is shown that
the interaction becomes important for the lowesues of current density and
highest PVP concentration. It appears from the eb@sgults that the pH takes
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part in the majority of significant interactionshareas the concentration of SDS
falls outside in any significant interaction.

Optimization of electrolysis parameters

Optimization of electrolysis parameters for thekeilcdeposits brightness was
carried out by a multiple response method callesirdbility function. We are
interested in two approaches of optimization tha¢ wamed “economic
optimization” and “quality optimization”. The firgtonsists to find the maximum
brightness by minimizing temperature, current dgnand the concentration of
the surfactants, regardless the level of the pHthe second, we seek the
maximum brightness in the whole range of the stlithetors. The factors ranges
defined for each optimization are summarized in |&@ab, while the RSM
optimization results are shown in Table 6.

Table 5. Goals and factors ranges for the brightness opditioiz; goal i (economic
optimization) and goal ii (quality optimization).

Factors Goal i Goal i Lower limit Upper limit
Temperature (°C) Minimize Is in range 45 60
Current density (A drf) Minimize Is in range 2 10
Surfactants concentration| Csps Minimize Is in range 20 60
(mg L) Crvp Minimize | Isinrange 20 4000
pH Is in range Is in range 2.5 5
. Brn . 39.58 107.45
Brightness (GU) Br;i; Maximize 3168 109.03

Table 6. Optimization results.

S Temperature Current densit Concentration H Br Br
Optimization F(JOC) (A dm?) y (mg L) P (GSS)S (G‘E;’
Economic 55.11 7.98 20 2.5 77.79
45.00 2.00 20 2.5 88.962
Quality 60 10 60 25 110.14
45 2 4000 2.5 111.27

In the case of economic optimization, the bestudated brightness of nickel
deposits with SDS, generated among 31 optimumsaBB ;. = 77.79 GU.

It is achieved at T = 55.11 °C, i = 7.98 A dnfor the SDS concentration of 20
mg L1, this corresponds to a value of desirability egu@l729. The best
calculated brightness of nickel deposits with Py&herated among 34 optimums
points, isBryy» = 88.9619 GU. It is reached at T = 45 °C, i = 2i#x?, for the
PVP concentration of 20 mg¥i. and with 0.915 desirability. The values of
desirability show that the PVP is more appropristestrategy of economic
optimization.

In the case of the quality optimization, the resufthow that with both
surfactants, we reach the maximum brightness sausey close, which are
(110.147 GU) for the SDS and (111.269 GU) for théPPand the value of
desirability equals unity. The values of factorsresponding to these brightness
values are the same as those by which we obtahedaximum experimental
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brightness. This indicates once again the concoalaetween the experimental
results and the derivatives model.

Comparison between the two optimization strategiges a small advantage to
the SDS- containing bath when the maximum of brigks is required. But the
bath with PVP wins if an environment-friendly indiysis adopted. Thus, PVP
could efficiently and eco-friendly substitute SDS an additive of nickel
electroplating.

o -

3

VA em™

Figure 3. Cyclic voltammograms of the Watts basfolfd line), Watts + 20 mg £ SDS
(dashed lingand Watts + 20 mg't PVP (otted ling, at different temperatures: (4%
°C, (b)60 °C, pH = 2.5.

Polarization study
In order to evaluate the electrochemical behavmiubaths and deposits, we
achieved cyclic voltammograms and corrosion plots.

Table 7. Brightness values of deposits performed at thetrelgsis parameters values
of voltammograms.

Deposits Temperature | Current density | Concentration | pH | Brightness
(C) (A dm?) (mg L (GU)

- 45 5.36 20 2.5 52.86
Niwith SDS 60 4.77 20 2.5 73

- 45 2.89 20 2.5 88.45

Ni with PVP 60 3.33 20 25 64.24

Cyclic voltammetry

Fig. 3(a) and (b) shows cyclic voltammograms olgdion the copper substrate
during nickel electrodeposition, at temperatured®fC and 60 °C, respectively.
Typical voltammograms related to Watts bath araesgnted by solid lines.
They show that the reduction of nickel ions stattabout - 0.71 V leading to the
reduction of nickel ions to metallic nickel. Thereess represented by dashed and
dotted lines, illustrate the effect exerted by S&& PVP, respectively. It's
clearly shown that both SDS and PVP inhibit theuotidn reaction of nickel
ions; this effect is more marked with PVP at b@mperatures. Table 7 gives the
values of the deposits brightness performed wighstime electrolysis parameters
values of the voltammogramb the case of SDS, the increase in temperature
leads to a reduction of the cathodic current dgnsiat is to say, there was a
phenomenon of inhibition; in the other hand, théghliness increases with
temperature. However, in the case of PVP, the dserén temperature favours
the inhibition of the current density and also bmghtness of the deposit. This
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indicates that the brightness and the inhibitioa aell linked, and the two
phenomena are directly proportional.

Effect of SDS and PVP on corrosion resistance afiegs

Fig. 4 presents the potentiostatic polarizatiorvesifor nickel coatings obtained
from Watts baths (with and without surfactants).drder to understand the
behaviour of deposits towards corrosion, Tafelplotre used to determine the
corrosion parameters, such as corrosion currensityeicor) and corrosion
potential (Eor).

The experimental resul{able 8) indicated that the nickel coatings elabext
from Watts bath with SDS and PVP have corrosiomesuirdensity lower than
that prepared from Watts bath without additives.tl&® addition of surfactants
conducts to a decrease in the rate of corrosiorhavityet al. [4] found analogue
results with SDS, but from sulfate baths. The desirey of the corrosion
potential in the presence of surfactants, by addutmV, shows that their
inhibition is of cathodic type. Thus, the reductminthe corrosion current density
of the deposits obtained in the presence of saféstindicates enhancement of
their electrochemical properties versus those aelisvithout additives.

-1E

3.0 <

Waits
=55 o - = - Wails + 5D
Watls + FVP

.
=45 <

=5.0 4

Logif A em

554

-5

ALS A A3 A2 0. 0
EiV vs. ECS
Figure 4. Dynamic polarization behaviour of nickel depositstained from different
baths, scan rate, 5 mV's

Table 8.Corrosion parameters of nickel deposits obtainechfdifferent baths.

Corrosion parameter Watts Watts + SDS Watts + PVP
icor (A cm™3) 3.007x1¢F 1.985x1¢ 1.472x16
Ecorr (V) -0.1900 - 0.2013 - 0.2002
Corrosion rate (mm yed) 0.032 0.021 0.015
Efficiency protection 0.34 % 0.51 %
Conclusions

The influence of electrolysis parameters on th&elideposits brightness in the
presence of SDS and PVP were explored using RSM. [iflear regression
model with interactions provided excellent relasbips between the design
factors and the brightness.
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Based on the analysis of variance tools, all stithetors were found significant
and the brightness of deposits from baths contgiP¥P was more sensitive to
the changes in the levels of factors than thattinglato the SDS. The pH
influenced principally the brightness of nickel dsjis from bath containing PVP
and takes part in the majority of significant ieions.

The brightness of deposits is not only dependertherelectrochemical kinetics
but also on the adsorption of surfactants and fiiffeiston of adatoms. The
voltammetric study showed that both SDS and PVPibinhthe nickel
electrodeposition.

The comparative analysis of the brightness andcttolic voltammetry results
indicated that the inhibition and the brightness arell linked and directly
proportional. Besides, the corrosion resistancen@mickel coatings was slightly
improved, especially with PVP.

As a final point, PVP, which is less expensive, aod-toxic, could efficiently
and eco-friendly substitute SDS as an additive afkel electroplating.
Therefore, these results provide promising persgestfor the use of PVP for
future commercial applications.
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