Bulgarian Chemical Communications, Volume 49, Special Issue F, (pp. 30-36) 2017

Corrosion resistance of electroless deposited Ni-P coatings on polymer (ABS)
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Nickel-phosphorus and composite nickel-phosphorus coatings with dispersed diamond particles (with 14-20 um
particles size) are produced by electroless deposition onto an Acrylonitrile-Butadiene-Styrene (ABS) substrate. The
influence of deposition time and solution acidity on the deposition rate, phosphorus content and microhardness of the
obtained coatings is investigated. The corrosion resistance of coatings deposited at two different pH values of the
electrolyte is evaluated by Neutral Salt Spray (NSS) tests and the potentiodynamic investigations are carried out in a
model corrosive medium 0.5 M NaySOs solution with pH 5.9. Scanning electron microscopy (SEM) is employed to
examine the morphology of the deposites before and after the corrosion resistance test, and the changes in elemental
composition of the coatings are determined by X-ray diffraction analysis (XRD). The results of these tests and analyses
show that incorporation of diamond particles in the Ni-P coatings is advantageous for forming better passive films with

improved corrosion resistance.

Keywords: electroless deposition, composite coatings Ni-P, diamond particles, microhardness, corrosion resistance,

SEM, XRD
INTRODUCTION

The electroless coatings are mainly applied for
wear resistance and corrosion resistance operations
[1-6]. The properties of the electroless nickel-
phosphorus alloy (Ni-P) strongly depend on the
phosphorus content [2]. The P content can be
changed by varying certain conditions of plating,
such as composition and pH of the plating bath used.
Typically, higher pH values yield lower phosphorus
content in the deposit, while lower ranges produce
high phosphorus deposits. Several studies have
shown that Ni-P alloys provide good anticorrosive
coatings. In general, electroless Ni-P is a barrier
coating, protecting the substrate by sealing it off
from the corrosive environments, rather than by
sacrificial action [7]. The high resistance was a result
of the amorphous nature and passivity of the Ni-P
deposits. The corrosion resistance of electroless Ni-
P coatings is a function of composition. Most
deposits are naturally passive and very resistant to
corrosion attack in most environments. Their degree
of passivity and corrosion resistance, however, is
greatly affected by their phosphorus content. Alloys
containing more than 10 mass % P are more resistant
to attack than those with lower phosphorus content
in neutral or acidic environments. Alloys containing
low phosphorus content (3 to 4 mass % P) are more
resistant to strong al kaline envi ronment than high
phosphorus deposits [3]. It is believed that anodic
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dissolution is accompanied by preferred dissolution
of nickel and phosphorus enrichment to the surface
[8].

To further enhance the properties of the Ni-P
deposits, second phase particles have been
introduced into the Ni-P matrix. The characteristics
of Ni-P composite coatings depend on phosphorus
content of the Ni-P matrix and on certain properties
of the particles such as type, shape and size [9].
Incorporation of particles improves the mechanical
and tribological properties of the Ni-P deposits [1, 9-
12], but there is a disagreement among researchers
regarding the corrosion resistance of the electroless
composite coatings [9, 13].

The choice of appropriate particles is very
important for the simple production of functional
composite coatings with specific characteristics. A
great number of studies have been devoted to the
production of Ni-P composite coatings with
incorporated diamond particles of various sizes [9,
13-20]. The obtained results have demonstrated that
Ni-P/nano-diamond composite coatings exhibit
better performances than Ni-P coatings and also
optimum deposition of Ni-P/nano-diamond shows
more desirable characteristics of corrosion
properties rather than as deposited Ni-P coatings [9,
13, 15, 17].

The aim of the present work is to study the
corrosion behaviour of Ni-P and composite Ni-P
coatings with dispersed 14-20 um diamond particles.
The coatings are deposited onto acrylonitrile-
butadiene-styrene (ABS) samples to eliminate the
influence of the substrate.
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Table 1. Technological scheme of the processing samples of ABS

Operation Substance Concentration, g.I'* ~ Time, min ~ Temperature,”C
Etching CrOs 367 15 65
H2SO04 253
Pre-activation HCI 3M 3 20
Activation PdCl; 0.8 5 20
Acceleration NaOH 1M 5 20
Chemical metalization In Table 2

Table 2. Chemical compositions and operating conditions of the plating bath

Substance Concentration
NiSO..7H.0, g.I* 25
NaH.PO,.H.0, g.|'l 22
CH3COONa, g.I* 20

Lactic acid, g.I* 20
Stabilizer 2 (a commercial product of TU-Sofia), mg.I* 1

NaLS, g.I' 0.01
Operating condition

pH 46-4.8
Temperature, (°C) 82

EXPERIMENTAL

The nickel coatings were deposited onto samples
of ABS (Novodur PM/2C, Bayer, Germany) with a
working area of 0.2 dm? The employed
technological scheme is presented in Table 1.

The composition of the Ni-P bath is presented in
Table 2.

Diamond particles with particle size of 14-20 um
(D) were added to the solution for chemical
deposition in concentration of 5 g.I":. The conditions
of electroless deposition of Ni-P and composite Ni-
P (Ni-P/D) coatings are described in earlier papers
[20, 21].

The deposition rate, expressed in terms of the
amount of deposited nickel, resp. the relative
thickness of the obtained coating (5, pum), was
determined gravimetrically as the difference in
sample mass before and after deposition of the
composite coating:

8=Am.10*/ p.S, [um]

where, p - density of nickel in [g.cm™]; S - working
area in [cm?]; Am - mass of the deposited coating.

The coatings were tested for corrosion resistance
employing a Neutral Salt Spray test (NSS) (5%
NaCl, pH 6.6-7.2) (VSN 1000, Vétsch
Industrietechnik GmbH), comprising three test
cycles of 24 hours each. The corrosion damage was
determined gravimetrically based on mass loss. The
microhardness of the coatings was measured by the
Vickers method at a load of 50 p (Durimet, Ernst
Leitz GmbH).

Open circuit potential (OCP)-time transients
were plotted in 0.5 M Na»SO;, solution with pH 5.9.
Potentiodynamic polarization was applied to study

the anodic dissolution of the coatings. A potential
scan rate of 1 mV.s* was applied by starting from a
potential 250 mV more cathodic than the OCP and
scanned in anodic direction. The investigations were
performed in a three-electrode cell with a volume of
50 ml, Hg/Hg.SO. reference electrode, working
electrode with surface area of 0.2 cm? and Pt counter
electrode. All electrochemical experiments were
carried out using a potentiostat/galvanostat model
263A (EG&G Princeton Applied Research, USA)
and SoftCorr Il software. The polarization resistance
(Re) and the corrosion current density (jeor) Were
calculated from data collected during the
potentiodynamic polarization.

The structures of the produced thin films were

characterized by X-ray diffraction (XRD) using a
PANalytical Empyrean equipped with a
multichannel detector (Pixel 3D) using (Cu Ka
45 kV-40 mA) radiation in the 10-100 26 range,
with a scan step of 0.01 for 24 s.
The morphology and structure of the obtained
coatings, as well as the distribution of the dispersoid
particles on their surface, were examined by a
Metallographic Microscope (AMPLIVAL® pol u
Carl Zeiss JENA, Germany) and by Scanning
Electron Microscopy (SEM) (JEOL JSM 733,
Japan). The average amount of co-deposited
particles per square centimeter (N.cm?) was
determined based on the number of particles,
counted on the surface of the composite coating by
SEM (the counting was done in three arbitrarily
chosen zones at a magnification 200x). Energy
Dispersive Spectroscopy (EDS/INCA) was used to
determine the elemental chemical composition of the
coatings.

31



V. Chakarova et al.: Corrosion resistance of electroless deposited Ni-P coatings on polymer (ABS) substrate

RESULTS AND DISCUSSION
Characterization of Ni-P and Ni-P/D coatings

Hypophosphite reduces nickel ions at electrolyte
pH values higher than 3. The rate of hypophosphite
oxidation and of nickel deposition increases with
increase of solution pH, but at pH values above 5.5,
the electrolyte stability decreases. Therefore, two pH
values were selected within the range 3.0-5.5 for
electroless deposition of Ni-P coatings and
investigation of the deposition rate and
microhardness tests of the obtained coatings. The
obtained results are summarized in Table 3.

For the same deposition time, the thickness of the
coating deposited in electrolyte with pH 3.8 is twice
smaller than that obtained at pH 4.8. With increase
of the electrolyte pH the P content of the coating
decreases, but its microhardness increases.

70 ——————

Table 3. Influence of the pH of the electrolyte on the
thickness and microhardness of Ni-P coatings on t = 30
min.

pH 3.8 4.8

3, (um) 4.8 10.2
HVso, (kg.mm2) 275 640
P, (mass %) 14.9 6.4

The significantly lower microhardness of the
coating deposited at pH 3.8 is not related to its
thickness. Similar microhardness values were also
measured for samples with a thickness of 30-35 um.
These results made us initiate deposition tests in the
electrolyte with pH 4.8 but for different deposition
times. It was established that the microhardness of
the coatings increased but slightly with increase of
coating thickness (Fig. 1).
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Fig. 1. Influence of deposition time on the thickness and microhardness of Ni-P coatings. Electrolyte pH 4.8

(b)
Fig. 2. SEM image of: a) Ni-P coating; b) Ni-P/D coating, T = 30 min.
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Fig. 3. XRD pattern of as deposited Ni-P, Ni-P/D coatings and diamond particles with size of 14-20 um.

Composite coatings were deposited with addition
of diamond particles to the solution for chemical
deposition in concentration of 5 g.It. The number of
incorporated particles is of the order of 150 000 —
200 000 N.cm. Figure 2 shows the morphology of
such a coating.

The microhardness tests of the Ni-P/D coatings
were not conducted, because of the great number and
size of incorporated particles.

XRD analysis of Ni-P and Ni-P/D coatings

Figure 3 shows the XRD patterns of the obtained
Ni-P and Ni-P/D coatings. Both coatings have
amorphous structure. For comparison, the X-ray
diffractogram of diamond particles is also presented
and it indicates that the reflexes for the composite
coating come from the incorporated particles.

Corrosion resistance tests of in a NSS chamber

Three samples from each type of coatings were
prepared for testing in the corrosion chamber. The
samples were with sizes 5 X 10 cm. The thickness of
the coatings was in the range of 20-25 pum. The
coatings were not evaluated visually or by optical
methods because there were no visible signs of
corrosion damage on their surface. The mass loss
values for the respective coatings after the NSS test
are presented in Table 4.

Table 4. Weight loss for the Ni-P and Ni-P/D coatings
after 72 hours in a neutral salt spray chamber.
Weight loss, mg

pH Ni-P Ni-P/D
38 38 10.1
4.8 3.3 8.3

All coatings lose mass with prolonged time of
stay in the chamber, the measured mass loss being
more substantial for the composite coatings with
incorporated particles. This is, probably, due to

localized corrosion around the particles, which leads
eventually to their shedding off the coating. Figure 4
shows the morphology of the specimens after the
NSS test.

Electrochemical corrosion performance of Ni-P
and Ni-P/D coatings

Figure 5 presents the potentiodynamic
polarization curves of dissolution of the Ni-P and Ni-
P/D coatings in model corrosive environment: 0.5 M
Na>SO4, pH 5.9. The indifferent substrate used
allowed plotting of polarization curves up to
potentials sufficiently positive for oxygen evolution.
On grounds of the obtained results it can be
concluded that incorporation of diamond particles in
the coating improves its corrosion behavior as
compared to that of the deposit on pure Ni-P matrix.
The corrosion potential of the composite coating
deposited at pH 3.8 shifts to more positive values
and the corrosion rate is much lower within a wide
potential range. A plateau appears at about -600 mV
which, according to literature data, is related to
saturation of the surface layer with phosphorus
resulting in impeded coating dissolution [8]. The
curve for the composite coating deposited at pH 4.8
features an even broader passivation plateau and
hence lower corrosion rate.

The corrosion potential (Ecorr), COrrosion current
density (jcorr) and polarization resistance (Rp) of the
different coatings, determined from the respective
potentiodynamic polarization curves, are presented
in Table 5.

Passivation of the remaining coating layer is
recorded at about +600 mV in the curves for all
samples. On completion of the potentiodynamic
measurements, the remaining coating layer on the
surface of all specimens has an average thickness of
the order of 1 um (Table 6).
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Table 5. Corrosion characteristics of Ni-P and Ni-P/D Table 6. Influence of electrochemical treatment according
coatings deposited at pH 4.8 in model corrosive

environment.

ECOI’I’y jCOI’I’y Rp,

(mVv)  (uAcm?)  (kQ.cm?)
Ni-P -870 21 24
Ni-P/D  -890 1.0 35

Fig. 5 on the thickness of the Ni-P and Ni-P/D coatings.
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Fig. 4. Optical imaging of coatings after 72 hours in neutral salt spray chamber: a) Ni-P; b) Ni-P/D.
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Fig. 5. Potentiodynamic polarization curves in model corrosive environment of Ni-P and Ni-P/D coatings deposited
in electrolyte with a pH: a) 3.8; b) 4.8.

The SEM images in Fig. 6 compare the surface of
the coatings without (Fig. 6a) and with (Fig. 6b)
incorporated  diamond  particles after the
potentiodynamic tests. The composite Ni-P/D
coating dissolves more uniformly than the Ni-P
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coating. The latter features general thinning in the
central work area and dissolves completely in the
peripheral zones (Fig. 6a).
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Fig. 6. SEM images of coatings (deposited at pH 4.8) after anodic potentiodynamic dissolution:
a) Ni-P; b) Ni-P/D.
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Fig. 7. XRD pattern of Ni-P and Ni-P/D coatings (deposited at pH 4.8) after anodic potentiodynamic dissolution
according Fig. 5.

The XRD spectra show that both the Ni-P and Ni-
P/D coatings have preserved their amorphous
structure after the electrochemical test (Fig. 7). The
results of the X-ray microanalysis indicate that the
percent P content is preserved, too. The recorded
reflexes evidence the incorporated particles in the
coatings, irrespective of their low thickness, which
is an indication of their good adhesion to the matrix.

CONCLUSIONS

Ni-P and composite Ni-P/D coatings with
diamond particles sized 14-20 um are produced by
electroless deposition in electrolytes with two pH
values: 3.8 and 4.8.

With increase of the electrolyte pH the thickness
and microhardness of the Ni-P coatings increase, but
the P content decreases.

A slight increase in microhardness of the Ni-P
coatings with deposition time is observed when they
are deposited at electrolyte pH 4.8.

With increase of the time of stay in the neutral
salt spray chamber the coatings lose mass, more
notably when they contain incorporated diamond
particles.

On anodic polarization in sulfate medium up to
the potential of oxygen evolution, the coatings do not
dissolve completely. The composite Ni-P/D coatings
dissolve more uniformly than the Ni-P deposits, they
preserve their amorphous structure and exhibit lower
corrosion rate.
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KOPO3MOHHA YCTOIMUMBOCT HA BE3TOKOBH Ni-P [IOKPUTUS [IOJTYYEHU BBPXY
[TOJIUIMEPHA O/JIOXKA (ABS)

B. Yakbposa, M. ['eopruesa, M. Ilerpoa

Hucmumym no ¢uszuxoxumus - Bvreapcka akademus Ha HayKume
Cogpus, 1113, yn. ,,Axao. I'. Bonues”, 61.11
cexyus ,, Enexmpoxumus u koposus”

Tloctprmna Ha 26 romm, 2016 1. kopurupana Ha 31 okTomBpH, 2016 .

(Pestome)

ITo metona Ha Ge3TokoBo omiarade ca nomydeHn Ni-P u xommosutHu Ni-P MOKpuTHs ¢ THaMaHTEHW YacTHIU C
pasmep 14-20 um BBpXy MOJUIOKKA OT AKPHJIOHHUTPWII OyTagueH cTUpoil. M3cienBaHO € BIMSHHUETO Ha BPEMETO Ha
oTJIaraHe 1 KMCEJIMHHOCTTA Ha Pa3TBOPa BbPXY CKOPOCTTA Ha OTJIaraHe, ChAbpxKaHueTo Ha (pochop U MUKPOTBBPAOCTTA
Ha TOKpuTHATa. KOPO3HOHHM W3MUTAaHUS HAa TOKPHUTHA, NMOJYYCHH NpPH IIBE CTOHHOCTH Ha pH Ha enexrponura ca
MIPOBE/ICHU B KaMepa 3a HeyTpajlHa COJIEHa MbIJIa, a ITOTSHIIMOAMHAMIYHI KPUBH Ca CHETH B MOJICITHA KOPO3HOHHA cpea
- 0.5M NazSO4 solution with pH 5.9. C momorra Ha ckaHMpalia eleKTPOHHA MUKPOCKOIIHS € H3cieBana Mopdoorusra
HA MTOKPUTHSTA TIPEIU U CIISN M3IHUTAHKITA, 8 Ype3 PSHTTCHOB MUKPOAHAIN3 ca ONPEIeICH N3MEHEHMATA B €IEMCHTHHS
cheTaB. PesynraruTe MOKa3BaT, ue BKIIOYBAHETO ¢ Ha JuaMaHTeHd dactuli B Ni-P mokputne ce oOpasyBar macHBHH

¢uamu ¢ 1o6pa KOPO3UOHHA YCTOHYUBOCT.
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