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Deposition of Electroless (Ni-P-ZnQO) Ternary
Alloy for Adhesion Strength on Magnesium
(AZ91) Alloy: Effect of Surfactant
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Abstract—M agnesium (AZ91) based alloy are being used as
structural components in industry because of their high strength-to-
weight ratio and relatively high stiffness. A shortcoming of AZ91
based alloys is their poor wear and corrosion resistance. Therefore,
surface treatment or coatings are needed for protection purpose.
Electroless coatings are recognized for their excellent properties and
their utilization has witnessed a staggering increase during the last few
decades. This present study shows our work on electroless Ni-P-
ZnO ternary alloy coatings on AZ91 alloy with influence of anionic
surfactant. Results revealed that at an optimum concentration of the
surfactant, the coatings obtained a smoother surface and good
adhesion as compared to the coating obtained absence of the
surfactant. As-deposited substrates were characterized by field
emission scanning electron microscopy and energy dispersive X-ray
analysis (FESEM-EDAX).

Keywords—Electroless ternary alloy, AZ91 alloy, Adhesion,
Surfactant (ALS).

I. INTRODUCTION

Electroless composite coating is a kind of surface treatment
technology developed on the basis of electroless plating. In
recent years, it has won great popularity in preparing
composite coatings, which are generally prepared by adding
solid particles to the regular electroless Ni—P coating solution
to achieve deposition of the solid particles and Ni—P matrix
The deposition, to a large extent, improves the mechanical and
tribological properties of Ni-P coatings [1-5]. Such coatings
with a high corrosion resistance, wear resistance, good
adhesion properties and uniform coating thickness have found
wide applications in the industries of aviation, aerospace,
electronics, petroleum, chemistry, machinery, textiles and
automotives [6,7].

Magnesium (Mg) alloy is being used as structural
component in various industries because of its low density,
high strength-to-weight ratio and relatively high stiffness [8].
On the basis of high specific strength and specific Young’s
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modulus, magnesium alloys exhibit better or similar properties
than aluminium and many other commercial steels [9].
Electroless coating of ternary alloys on steels exhibits superior
corrosion resistance and good wear-ability, and have been well
studied. But so far there are not many studies on adhesion
properties of electroless coating on Mg alloys [10-12] which
are based on a few patents [13,14]. Furthermore, these studies
focused mainly on the effects of processing parameters, such
as bath composition, temperature, additives and pH value, on
the deposition. There are no studies focused on the effects of
alloy substrate composition and microstructure on adhesion
strength properties of coating.

In order to improve the smoothness, brightness and
homogeneity of the coatings, along with considerable
reduction in surface tension. Surfactants are specifically added
in requisite amounts into the bath containing the substrate
undergoing the coating process. Surfactant binds or decreases
the nickel particles and reduces the formation of hydrogen gas
bubbles generated during the plating reaction. This results in
uniform deposition or coating with minimal porosity. In low
concentration, surfactants exist as isolated molecules. When
concentration increases, it forms aggregates called micelles.
The concentration at which surfactants begin to form micelles
is known as the Critical Micelle Concentration (CMC) [15]. The
adhesion between the coating and substrate is an important
property of the coating. Electroless deposits sometimes
exhibits radial micro cracks and delaminating problem over the
substrate surface. Many attempts have been made to find out
the effect of surfactants on the roughness of electrodeposited
Ni-P coatings. As per studies, addition of anionic Sodium
Dodecyl Sulfate (SDS) has shown to have improved the
surface morphology, microhardness and surface roughness of
the coatings [16,17]. Anionic Ammonium Lauryl Sulfate (ALS)
surfactant is a very high-foam surfactant that disrupts the
surface tension of water by forming micelles around the polar
water molecules and is readily biodegradable. The effect of
adding anionic surfactant (ALS) to the ENi-P-ZnO bath
composition has not been greatly studied to date. The
investigation in this paper highlights the effect of surfactant
concentration quantities on adhesion strength properties,
surface morphology and elemental analysis on ENi-P-ZnO
ternary alloy deposited samples in the chemical bath.
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Il. EXPERIMENTAL DETAILS

A.Preparation of Sample

An electroless Ni-P-ZnO ternary alloy coating is deposited
on AZ91 magnesium alloy substrate of size (20 mmx20 mmx6
mm) with a pin-hole drilled at the corner (for ease of
suspension in the chemical bath). The following preparation of
the substrate was carried out prior to conduct of the
experiment: AZ91 magnesium alloy (Al 9.2%, Zn 0.84%, Mn
0.28%, bal. Mg (wt%)) specimen was mechanically cleaned for
removal of corrosion, degreased in acetone, rinsed in 10%
NaOH at 60 °C for 05 minutes, 6% chromic acid — 5% nitric acid
pickling for 45 sec, followed by fluoride activation in HF (250
ml 40% HF per liter) for 10 min. Regular rinsing of specimens is
undertaken with distilled water after each step. Specimens were
then transferred immediately to the electroless coating
solutions. The process treatment of magnesium alloys is
always difficult as the substrate is rapidly covered with an
oxide film. Hence, the samples should be transferred as quickly
as possible between the any two steps of the treatments. After
coating, the specimens were again rinsed in distilled water,
dried and preserved for characterization.

B.Coating Bath and Operating Conditions

The composition of basic baths used for deposition had,
nickel sulphate as the metal ion source, sodium hypophosphite
monohydrate as the reducing agent. The coating solution also
contained citric acid and bifluoride, which act as buffers,
complexing agents and accelerators. Lead acetate as the
stabilizer and brightening agent [18] and operating conditions
of ENi-P-ZnO coatings on AZ91 Mg alloy was given in Table I.
Various concentrations of the ammonium lauryl sulfate
surfactant (ranging from 0.5 g/l to 2.0 g/I) were added to the

solution before deposition.
TABLE|
BATH COMPOSITIONS AND OPERATING CONDITION OF DEPOSITS

Composition and process condition qui?]ttr;ty
NiSO, x 6H,0 (g/l) 18
NaH,PO, x H,0O (g/l) 22
Citric acid monohydrate (g/l) 5
Ammonium bifluoride (g/l) 8
Hydrofluoric acid, HF (40% V/V) (ml/1) 12
Ammonium lauryl sulfate (g/l) 0.0-2.0
pH (NaOH) 6.5+0.2
Temperature (°C) 82+1
Coating duration (min) 120

C. Surface Characterization of Deposits

A field emission scanning electron microscopy (FESEM)
[Model: Xigma, Carl Ziess] was used for the observations of
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the surface morphology of deposits obtained from solutions
containing surfactant added. The interfacial adhesion between
coating and the substrates were tested as per VDI 3198 norms
[19,20] which recommend a standard Rockwell hardness tester
fitted with a Rockwell ‘C’-type diamond cone indenter with an
applied load of 150 kg.

I1l. RESULTSAND DISCUSSION

A.Surface Morphology and Characterization Without and
With Surfactant

Surface morphology of the deposits was thoroughly
examined using Field Emission Scanning Electron Microscopy
(FESEM). The FESEM morphology of ENi-P deposits with
different concentrations of ALS are as shown in figure 1. It is
observed that in the ENIi-P deposit without surfactant, the
dispersion of nickel particles is considerably mild [fig. 1(a)
refers] as compared to the deposit with surfactant. With
addition of surfactant, the amount of Ni particle deposition
onto the substrate is found to have increased significantly.
The same it attributable to the surfactant property, that
ensures ease of dispersion of particles in the bath, along with
decrease in surface tension in the liquid. The same can be
easily visualized from figure 1(b-e) which shows that there is a
fine and uniform deposition along with smooth surface that is
achieved as the concentration of ALS surfactant is increased
from0.5g/lto 2.0 g/l.
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Fig. 1 FESEM morphologies (1.5 KX) of as-deposited condition

electroless deposit with various ALS concentrations; (a) without

surfactant, (b) 0.5 g/l, (c) 1 g/l, (d) 1.5 g/l and (e) 2 ¢/l

When ALS is added into bath composition, the phosphorus
content was observed to gradually increase from 7% to 9%.
However, on further increasing the ALS concentration, the
phosphorus content jumped sharply to 11%, thereby reducing
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the coating microhardness. Figure 2 shows the variation of
phosphorus content versus ALS concentration. Hence, there
is a vast improvement in mechanical properties of the coatings
done in the presence of ALS surfactant.
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Fig. 2 Variation of phosphorus content on electroless deposition with
various ALS surfactant concentrations; (a) without surfactant, (b) 0.5

gl, () L g/l, (d) 1.5 g/l and (e) 2 ¢/l

B.Effect of Surfactant on the Adhesion

Figure 3 illustrates the optical micrograph of electroless
deposited substrates. The interfacial properties of deposited
particles and the substrate surface are modified by the
surfactants, which directly influences the adhesion. Figure 3(a)
shows the optical image of electroless deposited substrate in
the absence of surfactant. A better interfacial adhesion is
observed but a large number of radial micro-cracks can be
seen. Figure 3(b) depicts the optical image of electroless
deposited substrates in the presence of surfactant at the
concentration of 1.5 g/l, which is the CMC of ALS. The
presence of surfactant in the bath solution indicates a better
adhesion to the substrate surface. This is because of the fact
that surface of the substrate adsorbs the hydrophilic part of
surfactants along with the fine nickel particles produced in the
bath and a monolayer is formed by the hydrophobic part of
surfactants which prevents the flotation of nickel particles to
the top surface in the bath solution.
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Fig. 3 Optical micrographs (500x) showing interfacial adhesion of
electroless deposited substrates (a) without surfactant; (b) addition of
surfactant at 1.5 g/l concentration

IV. CONCLUSION

On the basis of experimental investigations undertaken by
addition of anionic surfactant (ALS) in a chemical bath
composition of the ENi-P-ZnO ternary alloy, to obtain deposit
on AZ91 magnesiumalloy substrate, it was observed that there
was a significant improvement in the adhesion strength
properties of the ternary alloy deposited layers. The following
conclusions are drawn on the basis of experimental
investigations:-

(i) Addition of ALS surfactant resulted in uniformdispersion
of fine nickel particles over the surface of substrate, thereby
resulting in smooth surface finish of the deposited layers.

(ii) The Rockwell C adhesion test showed the adhesion of
as-deposited Ni-P-ZnO coating in the presence of surfactant at
1.5 g/l concentration on AZ91 alloy substrate is sufficient with
few micro-cracks. Multiple cracks with few delamination and
flanking failures were observed in the absence of surfactant,
however the adherence of the coating is adequate and
considered as suitable and not cause for failure.

Thus, addition of ALS surfactant in ENi-P-ZnO bath results
in improved surface coating along with enhanced adhesion
properties. This greatly widens the scope of applications of the
resulting coating.
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