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RESERCHES CONCERNING THE ELABORATION AND
CHARACTERIZATION OF Ni BASED COATINGS
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University of Pitesti, Romania

Abstract: Several studies have been made on the Ni-P alpaysicularly on the amorphous phases,
because of their good corrosion resistance in emriments containing. Ni-P alloy coatings were
prepared by electroplating in a nickel sulfate batintaining phosphorous acid {PIO,). Hardening
mechanism of Ni-P alloys were further discussedcetbamn the microstructure evolution during the
heat treatment. These composition ranges correspgnitd the microstructure with high hardness
proposed are believed to be useful for the indakapplications and further study.
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INTRODUCTION

Due to their excellent properties, such as corrosand wear resistance, low friction and
environmental friendliness, both amorphous and oystalline Ni—P alloys have been extensively
employed by the industries [1]. Therefore, the @sion mechanism of Ni—P alloy in acidic and
neutral electrolytes has been the active reseaettd for several decades. The development of
electrolytic methods (e.g. CECD - Conventional Etmeposition [1,2]; SCD - Sediment
Codepositiori3]) for incorporation of inert particles into a metaatrix has gained in importance over
the past years, since uniform particle distributeord satisfied deposition rates can be obtained at
relatively low costs. The most extensive studierewperformed on nickel matrix composites
reinforced with SiC particle$l,2]. Incorporation of hard ceramic phase results isigmificant
improvement of mechanical properties of the metathsas wear resistance, yield strength and
hardness For electrodeposited Ni-P alloys the ittansrom the crystalline to amorphous structures
takes place progressively over a range of sevéoatia percent of phosphorus and NiP coatings are
amorphous when the phosphorus content exceeds%%1atCrystallization of the amorphous alloys
can be achieved by heat treatment with subsequdatdgmposition to Ni3P and f.c.c. nickel crystals
at temperature above 350[F].The corrosion properties of NiP alloys, concerniihg nature of its
anodic dissolution, ability to passivate and sub#ijpy to pitting are not yet clearly established@he
NiP passivation can be attributed to the non-cotapidosphorus oxidation in high potentials and to
the fact that, after polarization, the surfacehaf &lloy becomes phosphorus-rich as result of vetec
dissolution of nickel during polarization.Ni3(PO4)2 then formed, acting as a barrier against
dissolution[3]. Diegle et al.suggest that NiP alloy does not developed a clalspassive film and
proposed that the passivation process is contrbfethe formation and adsorption of hypophosphite
anion, which forms a barrier layer between theyadind the electrolyte. Schenzel etaincluded that
the transformation of the amorphous NiP alloy iat@ontinuous layer of B containing isolated
areas of nickel crystals renders electroless niex#temely resistant to corrosion pittjfayy The
required time and temperature depend on the phospliontent of the coating. However, the local
corrosion resistance is limited by a high chlorickncentration[2], and the phosphorus guantity
fluctuation on the coating may lead to the formatd microgalvanic pairs that can be the caushef t
local corrosion of these alloys, when there arenaaroscopic defects. Krolikowski and Butkiewicz
showed that the anodic behaviour of NiP dependgsteongly on the structural state of this alloygda
Parente et al. confirm the role of the structu@dition of the alloy[3]. NiP coatings containing
dispersed particles have received considerablat@ttelately, specially because of their resistatace
wear and improved tribological properties. Due heitt high wear resistance and the low cost of
ceramic powder, metal matrix composite coating$ \&itC have been investigated for the protection
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of friction parts[1-3]. Many studieg1-3] concerning the incorporation of silicon-carbidetjuées in
electrodeposited nickel matrix and about the charaation of the tribological properties have been
made. Several authors expressed interest in theeife of operational parameters such as particle
concentration in suspension, stirring speed, curmensity, effect of the addition of surfactantsl an
others on the particle incorporation rate, basethercharacteristic of volumetric fraction.

EXPERIMENTAL PROCEDURES

The metal matrix composite coatings can be prepaittetr by electrodeposition or autocatalytic
(electroless) deposition on cooper substrate ( & enf). The process consists of incorporating
particles to the metallic matrix from an electrelytontaining particles in suspension with an agiat
support. Convection forces move the particles gittaio the surface that is to be coated, where they
are adsorbed before being definitely incorporatethe growing coating. The solutions used in this
investigation on Ni—P alloy electrodeposition ceteil of NiSQ * 6 H,O, NiCl, *6 H,O, HPQ,,
Na&PO, and NasSQ,. at pH values of 1.5 and 2.0 and at the temperaiti®OC. The solutions were
prepared from analytic grade chemicals and douldtlled water, without addition of any other
substances such as additives, complex agents poring electrolyte. Interfacial pH measurements
were carried out by means of a nonintrusive in sétup that consists of a platinum grid (3.5 cm2),
used as working electrode and held at the enctbfittomed pH electrode.
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Figure 1. Deposition bath  Figure 2. Electrodegstion process Figure 3. Ni-P diagram

Two different mechanisms have been proposed taibesthe electrodeposition process (see figure 2)
after Ni-OP diagram.(see fig.3). From the directchamism, first proposed by Brenng], the
following three reactions occur simultaneously amdkpendent one from each other: reduction of the
ource of P, normally hypophosphite, “Niand H reduction. Since pure phosphorous cannot be
generated electrolytically from aqueous solutighs, autho{3] then stated that it could only occur
during Ni—P electrodeposition due to the assistémoaght about by the polarization of Ni deposition

H,PO, +2H" +€ — P + 2HO (1)
Ni?* +2e— Ni (2)
2H +26 > H, (3)

The indirect mechanism suggests that the phospbargyacid reduction depends on H+ reduction
with the formation of a gaseous intermediate phimeplfPH,). Ni** reduction and PHoxidation
would then occur simultaneously:
6H" +66 — 6H (4)
HsPO; +6H — PH; +3H,0 (5)
2PH3 +3Nf*— 3Ni + 2P + 6H (6)



L)
4 UNIVERSITY OF PITESTI SCIENTIFIC BULLETIN
FACULTY OF MECHANICS AND TECHNOLOGY AUTOMOTIVE series, year XVI, n0.20 ( 1

RESULTS AND DISCUSSION

Using the Optical microscopy and Scanning electnicroscopy it can be determined the adherence
and the morphology of Ni-P coatings obtained bytetgleposition. In order to study the adherence of
coatings on the cooper substrate the optical tloeaguiaphs are represented in figure 2.
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Figure 2. Optical micrographs of cross-section: ajooper substrate, b) Ni-P coating, duration 45
min and c) Ni-P coating, duration 90min (500X)

The micrographs present the formation of an adhexed uniform coating on substrate. In order to
study the morphology of coating the Scanning Etecivicroscopy was chosen (figure 3). Usually,
Ni-P coatings may have different structures frortygrystal, microcrystal, nanocrystal to amorphous
state due to their different phosphorous conteats] acidic condition may promote the final
amorphous state and high P contertd]2In our experiment, the bath is the same for twatings
alloys and the micrographs indicate to apparitibNigP intermetallic compound.

Figure 3. SEM micrographs of the coatings at 45 miand 90 min

Energy dispersive spectrum (EDS) analysis showdhieaP presence in the coating like in figure 4.
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Figure 4. EDS spectrum of deposited layers

The EDS spectrum completes the SEM in formations witch show the phosphorous
incorporation during the Ni deposition on cooper substrate. The experimental data obtained
by the Vickers microhardness for forces F applied on the indenter ranging below 10 g for all

investigated samples are presented in table 1.

Table 1. The hardness values

Duration of the electrodeposition HV0.01 on surface HV0.01 in coating
(min)
45 200.4 346.6
90 234 336.33

The test of hardness on surface shows that withntreasing of duration of the electrodeposition
increase the hardness and decrease across thegcddté increasing of process duration increases th
hardness of obtained coating which reserve futpgdiaation in wear resistance and surfaces with
good tribological properties.

CONCLUSION

The electrodeposition process represents a udefitt@ytic method to obtain Ni-P coating with grea
adherence and uniformity on cooper substrate, githd reproducibility on industrial scale. The
increasing of process duration increases the hasdioé obtained coating which reserve future
application in wear resistance and surfaces witidgabological properties. The present study affer
the possibility of development of preparation newnposite layers Ni-P with Ce@r SiC for good
combination mechanical and anticorrosive properties
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