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ABSTRACT

The aim of this study is to develop a Ni-Sn-P omatly electroless. The plating bath was formulatéth tin
chloride and nickel sulfate as a source of metalsiosodium hypophosphite as a reducing agent arsbtium
citrate as complexing. This electrolyte is stableratime and the resulting coating is adherent andorm. The tin
content is about 14.5%. The deposition rate cakegaby gravimetry is 2um/h substantially lower thidat
obtained in the chemical nickel plating baths. Tigisult was confirmed by cyclic voltammetry andtetechemical
impedance measurements. The addition of the stanioms in the bath results in some change in tlapslof
voltammograms compared to those obtained in thereless nickel bath. The peak corresponding toaidation
of the coating crystalline phase has disappearedgsesting that the deposit Ni-Sn-P would be subistint
amorphous in contrast to deposit Ni-P which is bigib.
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INTRODUCTION

The Ni-P coatings alloys are widely used in industue to their excellent corrosion resistance dedtecal and
magnetic properties [1-2]. The addition of tin metNi-P deposit could improve the properties ofs¢halloys.
Indeed, many researchers have shown that the @dditiCu, Sn, Zn, Fe, W, Re and Mo to the nickiglyal brought
improvements in their properties [3-10].

In this study, we were interested in the developnoéiNi-Sn-P coating by electroless. We chose thihnique for
its ease of implementation and its applicatiomiguistry. By overcoming the current, it is posstiole€oat uniformly
a substrate regardless of its geometry.

Chemical tinning baths often use formaldehyde ©dérivatives as a reducing agent due to the heglogltion rate
generated and excellent mechanical propertieseofiéiposits obtained [11-13]. However, the use ohéddehyde
is only effective from alkaline pH greater than Ihis high pH is not compatible with some dielectdr
photosensitive materials. Also, the formaldehyda isarcinogenic volatile liquid. Currently, manysearchers do
not choose formaldehyde as reducing agent but sobigpophosphite for its relative safety and lowtdhg-18].

MATERIALSAND METHODS

Electrolysiscell

The electrolysis cell is a borrosilcate glass (R@ecylinder closed by cap with five apertures (kg 1l.1). Three
of them were used for the electrodes. The other dllmv deaeration of the solution by bubbling nifem and
temperature control. We used glassy carbon witfaserarea of 0.07cimas working electrode, Pt plate as the
counter while a saturated calomel electrode (SGEja reference electrode to which potentials béllreferred in
the following. For the realization of thick depasitron substrates with area of 0.2%cmere used.
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Electrochemical measurements

The electrochemical measurements were carried gy lPotentiostat/Galvanostat/Voltalab PGZ 100 nooed by
a personal computer. The voltammetric measuremegete performed in the potential range between -1t@Ww
0.3V with a scan rate of 10 mV/s and impedanceiastuth a frequency range of 100 KHz to 10 mHz witik
amplitude of £ 10 mV.

Characterization
The morphology of the deposits was examined by réognelectron microscopy (SEM) type Quanta 200, the
composition was estimated by EDX analysis.

RESULTSAND DISCUSSION

Formulation baths

The aim of our study is to develop an alloy coatiigsn-P by electroless. Our approach was to aalthstus ions
in a chemical nickel bath. To develop the alloytowaNi-P, we used a plating electrolyte Ni-P athg@xploited in
our laboratory [19] (Table 1, electrolyte 1). liMie considered as reference electrolyte.

Table 1: Electrolytes composition

NiSOy, 6H,0 | NaHPO,, H,0 | NagCeHsO7, 2H,O | SnCh
Mole/L Mole/L Mole/L Mole/L
Electrolyte 1 0.1 0,28 0,2 -
Electrolyte 2 0.1 0,28 0,2 fo
Electrolyte 3 0.1 0,28 0,2 540

The pH is adjusted around 5 by acetic acid andehgerature is set at 85 + 2 ° C. The depositiéa oa iron
substrate, from this reference bath, is the ordemsh. The coating composition by weight is 13%ggfmrous and
87% nickel [20].

We added SnGlin low concentration (Table 1, Electrolyte 2) timbmrate Ni-Sn-P coating. The pH is always
adjusted to 5 by acetic acid and the temperatwsetiat 85 + 2 ° C.

We observe a slight decrease in the deposition atieg adding stannous ions in the bath. It reachasn/h.
Moreover, we note the absence of tin in the elakdraoating (Fig 1), the composition by weight loé toating is
given in Table 2.

Ni

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Figure 1: EDX analysis of the coating carried with the electrolyte 1

Table2: Weight Composition of the coating elaborated from the electrolyte 2

Elements| Content (%
C 7,43
0 1,86
P 12 67
Fe 4,91
Ni 73,13
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Ni
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Figure 2: EDX analysisof the coating carried with the electrolyte 3

Thus, we gradually changed the stannous ion coratént to incorporate tin in the alloy. The pH @justed to 5 by
adding acetic acid and the operating temperatusetisat 85 + 2 ° C. Indeed, the analysis by EDXwshthe
existence of a tin peak at concentration 3.hible/L (Fig 2), the tin content by weight in theating is 14.25%
(Table 3). Moreover, we find that the depositioterdecreased further, it reaches gr/h. It appears that the
presence of stannous ions inhibits the kineticglettroless plating. To confirm this hypothesis, vegied the
stannous ion concentration from 1*1@Mole/L to 1.1F mole/L. In fact, for a concentration 1:3@nole/L, we get a
rate practically zero (Table 4).

Table3: Weight composition of the coating elabor ated from the electrolyte 3

Elements| Content (%
P 10,05
Sn 14,25
Ni 75,70

Table 4: Deposition rate asa function of tin chloride concentration

Tin Concentration (mole/L) 4 1.7o] 5.10° | 1.10° [ 5.10° | 1.10°
Deposition ratey(m/h) 5| 4 2 15 0,5 0.05

Figure 3: SEM photograph of tin deposit obtained by electrolyte 3
Coatings characterization

SEM examination of the deposit obtained by elegteoB shows uniform and smooth surface without enragks,
nodular form of coatings containing nickel is comfed (Fig.3). These coatings remain amorphoustsire [21].

Cyclic voltammetry study

Figure 4 shows the voltammogram recorded from #ierence electrolyte. Scan starts at an anodicnpateo
avoid any initial deposit. We can distinguish fpeaaks [22-23]:

- A cathodic peak K representing the reduction reaatif N#*, Srf*, H,PO, and HO" ions.
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- An anodic peak “A” located at -0.8 mV relating teetoxidation of HPO,” ions and hydrogen atoms adsorbed to
the surface of the electrode

- Two peaks B and C of dissolution of the deposiPNiFhe first located at -0.43V representing thealigion of
the crystalline phase of alloy and the second4l V. representing the dissolution of the amorpzhsse.

- During the second scan, the shape of voltammog@es dot evolve by against wave heights decreaiggslgl
due to the change of the surface condition.

I(mAlem?)

EmVECS.
Figure 4: Voltammogram recorded from thereference eectrolyte, v = 10 mv.s?

As shown in figure 5, the voltammogram obtainedrfrihe electrolyte 3 containing Shpresents some variations
relative to that obtained from reference electmIffig.4). We note a slight shift in the potentiad a decrease of
the intensity of the peak A. These observationdigarthe inhibition of hypophosphite oxidation atiterefore the
electroless process as previously noted by theedserof the deposition rate.

The peak B at E = -0.43V corresponding to the diggm of crystalline phase has almost disappeargdve find
the peak at 0.35 V. This would mean that the cgattructure is amorphous as previously claimed.
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Figure5: Voltammogram recor ded from the electrolyte 3, v = 10 mV.s*

I mpedance behaviour

we carried out electrochemical impedance measurenerbetter appreciate the kinetics taking placite metal-
solution interface. The impedance diagram perforatgulating potential from the reference electmlgtesents two
loops (Fig.6) :

- The high frequency loop is related to the refimxaof the double layer capacitance in parallghwhe charge
transfer resistance, Rt, which is inversely prapodl to the plating rate [24]. The charge transsistance is
around 2@2.cnt and the capacitance of the double layepB@m?.

- At low frequencies: a capacitive loop charactarisf electrocrystallization nickel process is eb&d [19].
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L . .
Zre (Q.cM%)
Figure 6: Impedance diagram realized at deposition potential in reference electrolyte
In the impedance diagram achieved at depositioarpiad from the electrolyte (3) (Fig.7), we notatlhe size of

the first capacitive loop increases and thus ttagehtransfer resistance increase indicating itibibprocess. This
effect confirms the action of $hions on the deposition kinetics.

F3 = P P

Zre (Q.c?)

Figure 7: Impedance diagram realized at deposition potential in electrolyte (3)
CONCLUSION

We were able to realize Ni-Sn-P alloy deposit lacebless. The coating is uniform and adherent wittlontent of
75.70% nickel, 14.25% tin and 10.05% phosphorug. déposition rate is the order 2 pm/h lower thaelaborate
the Ni-P coating.

The studies by cyclic voltammetry and electrochamimpedance confirmed this result. Indeed, theehese of the
hypophosphite oxidation peak and the metal ionsicioh peak and the increase of the charge trameféstance
when the bath contains stannous ions prove inhipiieposition process.
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