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ABSTRACT

The realization of the deposits of composite withel, on copper substrata, as well as their chéesazation were
made essentially at the level of the Laboratorglettrochemistry, corrosion and environment, Fgcof science,
university IBN TOFAIL KENITRA MOROCCO. Knowing tharocco's largest producer of phosphoric acidfie t
world. The barrels used for storage and transpaotatof this product are subject to severe corrosibor this
reason we have sought to develop Ni-P,Ié@mposite coatings on copper substrates. The simmoresistance of
the composite Ni-P-TiOQcomposite coatings was estimated in a very agiyessnvironment 4 mol/L (4M) of
HsPO, by using the techniques of polarization and thecspscopy of impedance confirmed by those obtdiyed
using non-electrochemical methods (Energy of disgleof the X-rays and the electronic microscopyhwit
sweeping). The results showed that the incorpomaté TiO2 in the cover pulls an increase of therasion
resistance and the improvement of the morphologyidéce.
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INTRODUCTION

Electrodeposition is a method for producing a egatin a metal to protect it from oxidation at higmperature or
corrosion in aggressive environments. A Such aimgatonsists of particles that can be hard oxideasbide such
as: TiQ[1l], SiO,2], NIO[3], S6O44],Fe055], RuOj[6-7]or Al,O48-9]were incorporated as composite
components other chemicals can also be co-deposithdhe nickel matrix, for example SiC[10], PTRBF11]or
Talc[12].

Many of work in this area have been achieved aadébkults were evaluated in various aqueous sakiecording
to the needs for which these studies were condatddllows:

Hosseini and Bodaghi [13] have studied the corrosésistance of composite coatings Ni-P-TiO2 inv8t% NacCl
aqueous solution, obtained by optimizing the chahpcocess parameters using the Taguchi method.

D. Gierlotka et al [1] have prepared the Ni-P-Tigdatings by simultaneous electrodeposition of i &i0, on a
Cu substrate from a solution in which Bi@articles were suspended by stirring. It was dstwd that the
introduction of TiQ to the amorphous Ni—-P layers leads to an incréasthe rate of hydrogen evolution in
comparison with conventional Ni—P layers irrespextf environment.

In this study we will try to make the deposit byedlodeposition which allows the development of PNi-
TiO,composite coatings nickel base on the copper atbstn acidic medium. Then, we will examine thduahce
of Titanium in the bath on the coatings resistaploined, while fixing the Ti©@content in the bath and cathodic
current density and we vary the pH of the bath.
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The corrosion resistance of Ni—-P-gi@omposite films plated on copper substrate wasuated in a very
aggressive environment 4M ;PiO, by using polarization technique and spectroscopyingpedance were
corroborated with those obtained by using non-sdebemical methods (Energy dispersive X-ray analysid
scanning electron microscopy). The results shovied incorporation of Ti@in coating causes an increase of
corrosion resistance and improves surface morplolog

MATERIALS AND METHODS

Pretreatment and activation of substrate

For the realization of chemical deposits we usqupeo plates of dimensions (L =2 cm, | = 1 cm and G2 cm)
which are polished using abrasive paper of diffegrain sizes: 180-240-320-400-600-1200 and thesed with
distiled water. Then substrates have been degieasea solution of ethanol and rinsed in distillegter.
Substrates have been activated in a solution &frsubcid 33% and then rinsed in distilled water.

Bath coating deposition

The bath of Ni-P-TiQ whose formulations are illustrated by the tableohtain nickel sulfate as a source of metal
ions, the hypophosphite as a reducing agent, thieirsoacetate as buffering agent, the boric acidwer the surge
required the filling, the ammonium chloride (M) provides stability for the electrolyte as wel the titanium
dioxide to improve the quality of filing and themedy for the problem pores.

The pH was measured using a pH Meter, and adjusteaiddition of acetic acid which plays a buffererolThe
temperature of bath in veneer was maintained at 25 C using a controlled heating plate. The anwwf TiO,
powder have been added in the bath and under coregjaation during the plating process for theticmpof Ni-P-
TiO,.

Table 1. Composition of the bath and electrodepos$itn conditions

Electroplating solution compositign
NiSO,, 6H,0 51 g/L
NaH,PO,, H,O 29 g/L
NH.,CI 10.7 g/L
CH;COONa 10 g/L
H3BO; 8 g/L

TiO, 100-200 g/L
jdép 8 mA/cm

pH 5-7
Température 25+ 2 °C

Surface investigation
The surface morphology of the as-deposited Ni-P,Td@mposites on copper was studied using scannewreh
microscopy SEM attached to an EDX unit.

Electrochemical processing

The electrochemical experiments were performedguaipotentiostat/ Voltalab PGZ100, which were lpessonal
computer, calculates and displays the corrosioa matum/yr. The reference and auxiliary electrodese a
saturated calomel electrode (SCE) and a platinatinum electrode, respectively. The electrolysediwas a
4mol/L HsPO, solution

Corrosion current density Icorr was determined gigiquation.1[14].

i = pax e ><i
“" 2.303axpfc) R,

Equation (1)

Or, Ra and Bc (mV) are respectively the anodiccatidodic Tafel slope. The values of Ba and Rc wetermined
separately by respective polarization of the salstérin the anodic and cathodic directions (+ 200co¥fosion
potential). Rp Q.cn?f) is the polarization resistance, which was caledaas the slope of the curve between the
current density and the potential swept within 12 of the open circuit potential

The electrochemical impedance spectroscopy measutsmvere carried out using a transfer functionlyaea,

over the frequency range from 100 kHz to 0.01 Hth¥d points per decade. The applied amplitude ofsigbal
was 10 mV rms. All experiments were performed atdpen circuit potential.
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RESULTS AND DISCUSSION

Characterization of the coatings

To better understand the microstructural variatidepending on the titanium dioxide content. Thdofeing
coatings were characterized by scanning electrocrastopy, a significant change in the morphologyttod
coatings according to the insertion of titaniundie (TiO,) is confirmed.

a. Acid solution (pH = 5)
In an acid solution (pH = 5)ncreasing TiQ@ content improves significantly the appearancehefdoating: Rough,
less porous and without cracking.

— Element] W%| At% e Element| W% [ At%
s OK | 5931733 i OK [634 |1848
PK | 9451428 PK  [8.90 [1341

i Tik | 541|529 ) Tik  |4.05 [3.95

| NiK |79.21(63.11 NiK [80.72]64.16

Figure 1:SEM surface Morphology and EDX spectrum ofNi-P-TiO, composite coatings of (a) Ni-P-200g/L Tigand (b) Ni-P-100g/L
TiO,

The figures (2a) and (2b) show sequentially thecspem of Ni-P-TiQ composite coatings obtained for
concentrations of 200g/L and 100g/L of titaniumxilife in the nickel bath to pH=5.We see that thera feduction
of the atomic percentage of nickel and an incréaghat of the titanium with the increase in thexcentration of
titanium dioxide in the bath. This is probably doea more compact structure of Ni-P- 200 g/LT i@lative toNi-P-
100 g/LTiO, [13].

b.Neutral solution (pH = 7)

In neutral solution (pH=7), we note that with tlegluction of the TiQ content, the coatings are very smooth with
few nodules and less porous.
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Figure 2: SEM surface Morphology and EDX spectrum of Ni-P-TiQ composite coatings of (c) Ni-P-200g/L Tigand (d) Ni-P-100g/L
TiO,

The figures (2d) and (2c) show sequentially thecspen of Ni-P-TiQ composite coatings obtained for
concentrations of 200g/L and 100g/L of titaniumxii in the nickel bath to pH=7.

EDX spectra analysis of Ni-P-Tgzomposite coatings letting conclude thatthe inseeaf titanium dioxide in the
bath affect the reduction of nickel ions, the almércentage items in Ni-P-200g/L TiO2 is (Ni=59.28=7.72)
whereas for Ni-P-100g/L Tigthe composition is (Ni=70.19, Ti=3.80).

Polarization curves
The current-voltage curve is a stationary technigidely exploited in electrochemistry, it allows tsestimate the

corrosion rate and to understand the formationadating. The anodic and cathodic areas of the eoppated with
a layer of Ni-P and Ni-P-TigXFigure3.).
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Figure 3: Polarization curves of Ni-P coating and NP-TiO, composite film immersed in 4M, HPO, solution
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The interpretation of the polarization curves ia tbgarithmic form by nonlinear regression allowesdto obtain the
kinetic parameters of the corrosion process angegahre presented in Table 2.

Table 2. Comparison of corrosion resistance betwee¥i-P coating and Ni-P-TiG, composite film immersed in 4 M HPO, solution

idép=8mA/cm2
[TiO2] g/l | Ecorr (V) | icorr(mA/cm2)

0 -291 4,55

pH=5 100 -292 3,43
200 -312 1,92

0 -277 2,46

PH=7 100 -300 2,08
200 -300 3,41

These result indicates us a reduced electrocheraatality and a bigger corrosion resistance in ¢thse of the
composite deposit (Ni-P-200g / L TiQpH 5) with regard to the other deposits beingficoed the beneficial effect
of the incorporation of the Ti{n the matrix N-P.
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Figure 4: Impedance data, of the copper coated ohé Ni-P and Ni-P-TiO;in 4M H3PO, solution
The bad results obtained in the case of 100 g/L, Th@he bath can be explained By the training ef diefects and
the dislocations or the chemical heterogeneousraéaghe metallic matrix either by a not uniformearporation of
particles owed the formation of agglomerates.

The analysis of parameters obtained by the inteapoa of polarization curves showed value of Edess negative,
a smaller value icorr for composite coating (Ni-B8g/L TiO,, pH =5) (Table2).

To confirm this result we are going to use the jpastechniques: the spectroscopy of impedance.
Measures by electrochemical impedance spectroscopy

The Figure4.Represents the impedance in the plaNgquist diagrams the coatings composites-soluitiberface,
obtained the potential of abandonment in 4 jP@, solution to different concentrations of TiPerformed after 30
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min of immersion at room temperature. There alsaplys of impedance were separated into two curfvdiferent
colors for clarity.

The Nyquist diagram of copper coated with a layfexammposite "Ni-P-TiQ@" for different concentrations of TiOn
the acid and neutral medium "pH=5-7» Figure4

The values of charge transfer resistance (Rt) haddbuble layer capacitance (Cd) calculated arevsrined in
Table 3.

Table 3. Impedance parameters of de corrosion fothe copper coated of the Ni-P and Ni-P-Ti@in 4M H3PO, solution

idép=8mA/cm2
[TiO2] g/l | Cd (mF/cm?) | Rt (ohm*cm?)

0 63,71 3,947

pH=5 100 15,46 4,109
200 2,399 66,31

0 40,5 0,786

PH=7 100 1,318 7,631
200 4,596 7,032

Electrochemical impedance spectra allowed decipbdtie behavior of composite coatings in corrosieition of
4 M HiPO4. The incorporation of the Ti@articles determines the growth of the corrosiesistance of the Ni-P
deposition.

According to the shape of the impedance diagramsriechanism associated with the greatloop is prador
Indeed, after immersion in 4M3;BO, solution, we are witnessing a displacement ofpibiats of the capacitive arc
toward the low frequencies and an increase ofiémdter(Cd= 2,399 mF/chand Rt = 66, 31 ohm.cm?).

Then, there is an increase of the values of chinegesfer resistance, Rt, while the ability of ttmuble layer, Cd,
decreases relative to the deposition of pure Nidch can be explained by the decrease of theastivface into
direct contact with the corrosive medium, as a ltesuincorporation of the particles, where the \gtb of the
thickness of the layer of corrosion produtts].

We can observe that as to the corrosion currergityean optimum has been reached for the compbsife-TiO2
coating for (pH=5 and[Tig)=200g/L).The results are quite correct.

CONCLUSION

In this work an experimental study of the composieers Ni-P-TiQwas led. For that purpose, the influence of the
concentrations of Ti@on the structural and anticorrosive properties stadied.

Coatings were realized by electroplating on copgpdistrate beforehand handled.

Thanks to this study, interesting results wereiabthand conclusions were pulled:

» The morphology of the deposits, examined by eledtrmicroscopy with scanning, possesses a homogsreul

compact metallic structure. Furthermore, for cowerdeposited, it seems that in the conditions abefation

chosen, a high degree of co-deposition is obtaédle the substrate is coated homogeneously;

» The results obtained after the tests of corrosiolicate us a reduced electrochemical activity abdyaorrosion
resistance in the case of the composite deposi3-NO, compared with the deposit of Ni-P, being confirntiee

beneficial effect of the incorporation of the Bif@ the matrix of N- P, better results are obtaifeda concentration
of 200 g/L from TiO2, pH=5.
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