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Electroless coating technology for 1060 aluminum alloy and the effect of
tin chloride and polymer addition
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Abstract

The protection of metals against corrosion is one of the most crucial roles played by deposited coatings. In our research, electroless coating
of Al alloy 1060 by Ni-Sn-P deposit and Ni-Sn-Polymer composite. Firstly, we coat Al alloy 1060 with a Ni-P layer as a reference to our
work. Then coat Al alloy 1060 with Ni-Sn-P coating by using different concentrations of tin chloride. The best alloy of Ni-Sn-P is then used
to produce the quaternary Ni-Sn-polymer composite. Also, we use different concentrations of polyvinyl pyrrolidone (M.Wt. 40,000). By
using a scanning electron microscope (SEM), their surface morphology and microstructure were examined.The composition of the coat was
analyzed using thin film and EDAX analysis. The corrosion resistance was studied by potentiodynamic polarization in 3.5g/1 sodium chloride
solution. Corrosion protection is increased for the ternary alloy as tin increases, and the corrosion protection of the quaternary alloy increases
as polymer content increases in the coated bath. The corrosion resistance sequence of the different used coats is Ni-Sn-polymer > Ni-Sn-P >

Ni-P.

Keywords: Al 1060, Electroless, Coating, Ni-P, Ni-Sn-P, and Ni-Sn-PVP composite.

1. Introduction:

Surface engineering technology incorporates modifying
solid surfaces. It can provide efficiency or
additional characteristics, with surface coating. Metal
industries use it a lot [1]. Electroless Ni—P coatings have
become more common due to their good corrosion, abrasion
and wear resistance [2-5]. Several studies have been made
to enhance the corrosion characteristics of Ni-P alloy
coatings on metal substrates [6-9]. The industry favored
the electroless deposition due to homogeneous coating
generation, which gives good adhesion to the substrate,
and modified wear resistance, toughness and corrosion
resistance properties [10]. Electrical conductivity, electro
catalytic ~ activity, corrosion resistance, mechanical
characteristics, and crystalline [11] are all affected by the
rate of phosphorus content in Ni-P coatings. Meanwhile,
Ni-P films with low phosphorus content (3-5% P) have
good corrosion resistance in concentrated sodium hydroxide
solution, and Ni-P alloys with medium or high
phosphorus content have excellent corrosion resistance in
acidic solutions and in chloride medium [5,12,13].
Typically, to improve the qualities of the electroless binary
Ni-P alloy, ternary Ni alloys were created using the co-
deposition technology of Ni to give the ternary alloys, such
as Ni — W — P [14,15], Ni — P — B [16-18], Ni — Fe — P [19—
21], Ni — Cu — P [22-25], Ni — Co — P [26-29], Ni —Sn - P
[30-35] and Ni For instance, studies have found that Ni —
Sn — P alloys with low Sn content have good corrosion
resistance. However, the majority of the work on Ni-based
alloys was done at higher temperatures, such as 80-95 °C
[36]. The effect of low tin additives on electroless Ni-P
plating is investigated, with improved anticorrosion

performance reported in a 3.5 percent NaCl solution [37].
The Ni-Sn-P alloy coating was superior to the Ni-P alloy in
terms of surface smoothness and corrosion resistance [38].
Many studies have shown that Ni—Sn—P alloys with a lower
amount of Sn applied to them have better anti-
corrosion properties than Ni-P deposits [32,39]. Due to
their intrinsic stability, polymeric compounds can be used
as acidic baths corrosion inhibitors [40,41]. PVP has
attracted a lot of interest and has been used to suppress the
corrosion of aluminum, iron, copper and low-carbon steel in
a solution of hydrochloric acid, sulfuric acid, nitric acid,
and phosphoric acid [42]. N-vinyl pyrrolidone monomers
are linked together to form a long chain in
polyvinyl pyrrolidone (PVP), which has a well-defined
structure and is used as a surfactant, complexing agent,
dispersant and stabilizer [43,44], a multipurpose added
substance to enhance the reasonable and easy technique of
electroless Ni-P alloy coatings since it has water solubility,
biocompatibility, and non-toxicity [45]. The addition of Tin
to the electroless Ni-P coating bath would be investigated in
this work by studying its corrosion protection effect on the
Al 1060 alloy. The basic technique of polarization analysis
will be applied at room temperature, to obtain
corrosion results.

2. Experimental:
a. Materials:
Al alloy 1060 of dimension (2.5 x 2 x 0.1cm?) and the
composition of the alloy is shown in Table (1)
Al 1060 alloy specimens were chemically polished,
degreased with an alkaline solution, rinsed with water and
was dried before treatment. Electroless plating with Ni-Sn-
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P were produced by adding tin chloride to the original
bath "Ni-P" using different concentrations of SnCl. (0.5,
0.66 and 1 g/l) to produce different alloys of Ni-Sn-P. Also,
Ni-Sn-PVP composite were produced with adding different
concentration of polyvinyl pyrrolidone (PVP) (5, 10
and 15g/L) on the Ni-Sn-P bath.
Table (1): Chemical composition of aluminum 1060

(wt 96).

Element Si Fe Cu

wt% 0.08635 0.33115 0.00119
Element Mn Mg Cr

wt% 0.00297 0.00421 0.00030
Element Ni Zn Ti

wt% 0.00187 0.00100 0.01295
Element Ag B Ba

wt% 0.00023 0.00178 0.00010
Element Be Bi Ca
wt% 0.00005 0.00100 0.00047
Element Cd Ce Co

wt% 0.00021 0.00150 0.00050
Element Go Hg In

wt% 0.01036 0.00100 0.00030
Element La Li Mo
wt% 0.00030 0.00013 0.00050
Element Na P Pb

wt% 0.00090 0.00100 0.00050
Element Sh Sn Sr

wt% 0.00300 0.00192 0.00010
Element \Y Zr Sc

wt% 0.01006 0.00093 0.05000

b. Electroless Nickel process

i Bath Composition:

A 100 ml glass beaker containing the electroless solution
bath was maintained in a water bath system at a
constant temperature of 85 °C. The pH that used for the
coating bath is 8.5. All the deposits were plated for 20
minutes (after testing different times for coating, the best
deposited times was obtained after 20 minutes). The bath
used for the coating process is composed of 25 g/l nickel
sulphate, 21 g/l sodium hypophosphite, 13 g/l tri-sodium
citrates and 20 ml/I lactic acid. Ternary alloys Ni-Sn-P were
obtained from the deposition of the original Ni-P bath
containing different concentrations of tin chloride to give
Ni-Sn-P (I, Il and IlI). Also, Ni-Sn-PVP composite was
obtained by adding different concentrations of PVP (5, 10
and 15¢/L) to the Ni-Sn-P Il bath to give Ni-Sn-PVP (I, I
and I11).

ii. Procedure:

Bath solution was kept at a constant temperature of 85°C
throughout the electroless plating procedure, and reagent-
grade reagents and purified water were used to prepare the
solutions. The substrate was immersed in the absence and
presence of tin chloride and polymer.

c. Properties of Electroless Deposition or layers:

Themicrostructure analysis was conducted with a
scanning electron microscope model (Taiwan, Quanta 250
FEG), and thin film (x-ray
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diffractometerPanalyticalcoX'pert PRO, Holland). Energy
dispersive analysis of model ARL 9400 techniques has been
applied to investigate the coatings phases structure and the
composition of the coated films. Corrosion protection of
different coatings was evaluated by potentiodynamic
polarization using the CH Instrument CHI660D
comprehensive electrochemical analyzers.

3. Result and discussion

a Adhesion:

A thin diamond cutter was used to gently cut across the
section of each specimen. On the mounted and
polished section, the edge cut was examined first visually
and then under a microscope. The results show that
adhesion is improved when tin and PVP are present. This is
a result of the interaction with the nickel, which enhances
its substrate adhesive abilities.

i Scanning electron microscope:

Figure 1(a-d) illustrates the surface morphology of binary
Ni-P and ternary Ni-Sn-P alloys. There are nodules with
the usual cauliflower-like appearance.This morphological
observation indicated that the amount of Tin chloride in the
plating bath affects the nucleation rate and deposit growth.
With the addition of tin chloride from 0.50g/I to 0.66g/l, the
surface morphology becomes more compact-grained and
highly-coalescence smooth. The coat becomes unstable
above 0.66 g/l (1.00 g/l). So, we ignore the addition of more
than 0.66 g/L of tin chloride. We expect that the best
ternary alloy is Ni-Sn-P I1.

Fig.1. The surface morphology of (a) Ni-P (b) Ni-Sn-P I (c)
Ni-Sn-P 11 and (d) Ni-Sn-P I1I.

Study the effect of polyvinyl pyrrolidone (PVP) in the
same electroless bath (pH=8.5). We add
different concentrations of PVP in the electroless Ni-Sn-P
bath to form Ni-Sn-PVP I, Ni-Sn-PVP Il and Ni-Sn-PVP Il
composites. The surface morphology of the quaternary Ni-
Sn-polymer composites is in comparison with ternary Ni-
Sn-P alloys. SEM micrographs of Ni-Sn-P, Ni-Sn-PVP I,
Ni-Sn-PVP 1l and Ni-Sn-PVP Il are shown in Fig. 2 (a-d).
It can be seen that the coating shows a coarse nodular nano-
structure. With increasing the polymer concentration in the
electroless plating bath, a finer, more compact grain and
strong coalescence were present in the surface morphology.
With polymer composite, the nodules become smoother and
finer.
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3.2.1. Thin film:

The thin film layers of Ni-P, Ni-Sn-P I, Ni-Sn-P Il and
Ni-Sn-P 11 coatings are listed in Fig.3 (a- d). It's found that
the structure of these types of coatings exhibits a nickel
matrix in the range of 20, corresponding to 44.33. It
is related to the Il plane of the face centred cubic (FCC)
phase of nickel. In our present investigation, the quantity
of tin in a ternary alloydeposit is in solid solution formsince
tin can only be dissolved in 19.3 weight percent nickel.
So, the thin film of the ternary coatings revealed only a
prominent Ni (III) peak. Small peaks at 20 equal44.33
reveal tin phosphide SnP hexagonal and also nickel
phosphlde N|3P tetragonal observed

Fig.2. The surface morphology of (a) Ni-Sn-P (b) Ni-Sn-
PVP I (c) Ni-Sn-PVP Il and (d) Ni-Sn-PVP II1.
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Fig.3. Thin film pattern of the as plated (a) Ni-P (b) Ni-Sn-
P 1 (c) Ni-Sn-P Il and (d) Ni-Sn-P IIl.
The calculated crystalline size using the Debye-Scherrer
formula is listed in Table (2).

Table (2): Peak position (20) and crystallite size from
(Debye-Sherrer formula for electroless Ni-P and Ni-Sn-P (I,
I, 11).

X-ray diffraction of the as-plated Ni -Sn-P, Ni-Sn-PVP
I, Ni-Sn-PVP Il and Ni-Sn-PVP III, respectively, is
shown in Fig.4. (a-d). A single broad peak at 20 equal 44.33
was present in every diffraction pattern. It is related to the
face centred cubic (FCC) phase of nickel. The crystal
microstructure of the composites is mainly amorphous.
The crystalline size is shown in Table (3). The peak
position and crystalline size from the Debye- Sherrer
formula for Ni-Sn-P, Ni-Sn-PVP I, Ni-Sn-PVP Il and Ni-
Sn-PVP Il are shown in Table (3)

d—Ni-S1-PVP Il
8000 1| g Ni- S-PVP Il

b Ni- 5PV |

—Ni-5 Pl
w000 | Seen d
2000 M A c

Counts

ZTheta

Fig.4. Thin film pattern of the as plated (a) Ni-Sn-P (b) Ni-
Sn-PVP I (c) Ni-Sn-PVP 11 and (d) Ni-Sn-PVP 111,

Table (3): Peak position and crystalline size from (Debye-
Sherrer formula for electroless Ni-P and Ni-Sn-PVP (I, II,

1)

Type of coat Peak Crystallite size
position (nm)
Ni-Sn-P 44.33 5.20
Ni-Sn-PVP | 44.33 5.50
Ni-Sn-PVP I 44.33 5.60
Ni-Sn-PVP 1lI 44.33 5.90

b. EDX Analysis:

Element composition analysis carried out by EDX for the
Ni-P and Ni-Sn-P alloys is given in Table (4). The
binary alloy contains 89.01 Ni and 10.99 % P. For the
ternary alloy Ni -Sn- P I, Ni -Sn- P Il, and Ni -Sn- P 111, the
addition of Sn affected the percentage of nickel between 3
and 4 units of percentage, but had no effect on the
phosphorous percentage, as shown in Table 4. Ni -Sn- P 11
with 85.95 % Ni, 2.15% Sn and 11.90 % P had the best
corrosion protection because it had the largest percentage of
Sn.

Table (4): Composition of as plated Ni-P, Ni-Sn-P I, Ni-

Type of coat Peak position Crystalline siz
e (nm)

Ni-P 44.33 3.60

Ni-Sn-P | 44.33 5.50

Ni-Sn-P 11 44.33 5.20

Ni-Sn-P 111 44.33 5.80
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Sn-P Il and Ni-Sn-P Il coatings determined by
EDX analysis.
Type of coat Weight percent %
Ni Sn P
Ni-P 89.01 10.99
Ni-Sn-P | 86.08 2.00 11.92
Ni-Sn-P 11 85.95 2.15 11.90
Ni-Sn-P 11 86.51 1.88 11.61
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c. Potentiodynamic polarization studies:

To understand the corrosion behavior of these coatings
in  detail, potentiodynamic polarization studies
were performed in 3.5% NaCl solution at 30°C. Fig.5 (a
- d) shows the polarization curves for binary and ternary
coatings in 3.5% NaCl solution and are compared with
1060 Al alloy (dotted line). The electrochemical
corrosion parameters obtained from the Tafel curves are
tabulated in Table (5). It can be clearly seen from the
table that the corrosion current density value for all the
coatings in 3.5% NaCl solution ranges from 5.557x10*
to 1.1738x10-4 nA/cm? A higher corrosion current
density value is obtained for

1060 Al alloy substrate (6.095x10* nA/ cm 2). The
calculated corrosion rate (mpy) for these coatings also
shows a similar trend, as shown in Table (5).

It is evident from the literature on Ni-P coatings that
preferential dissolution of nickel occurs, leading
to the enrichment of phosphorous on the surface layer.
This enriched phosphorous reacts with water to form

a Ni-P
0.0 \c——Ni-Sn-P il
b——Ni-3n-P |

Ni-Sn-P Il

a
-0.5

-1.0 4

Potential/V

-1.54

7 6 5 4 3 2 A1
log(i/A)
Fig.5. Potentiodynamic polarization curves of (a) Ni-P (b)

Ni-Sn-P | (c) Ni-Sn-P Il and (d) Ni-Sn-P 111 in 3.5%NaCl
solution.

a layer of adsorbed hypophosphite anions (H,PO,), this
layer in turn blocks the supply of water to the electrode
surface by preventing the hydration of nickel, which is
considered to be the first step to form either Ni*2 species or
a passive nickel film. Therefore, better corrosion resistance
was obtained for electroless Ni-P and polyalloy coatings
due to the enrichment of phosphorous on the electrode
surface. The corrosion protection follows the sequence Ni-

Sn-P 11 < Ni-Sn-P 1< Ni-Sn-P Il < Ni- P.

Fig. (6) shows the potentiodynamic polarization curves for
the 1060 Al substrate before and after coating with the best
coat of Ni-Sn-P, i.e., Ni-Sn-P Il, and the polymer coats Ni-
Sn-PVP 1, Ni-Sn-PVP II, and Ni-Sn-PVP IlI, all in 3.5%
NaCl solution. The dotted line shows the polarization of the
substrate in 3.5% NaCl. From the figure, it is observed that
the presence of PVP on the all to alloy increases the passive
region of the anodic curves and shifts to lower current
density values. In addition, the corrosion potentials are
shifted to less negative potentials as PVP increases in the
coating bath, i.e., Ni-Sn-PVP Ill > Ni-Sn-PVP Il > Ni-Sn-
PVP 1. The corrosion kinetic parameters determined from
the polarization curves are listed in Table (6). The values of
corrosion potential (Ecorr) increased with the presence of
PVP in the coat Ni-Sn-P Il at -0.996 V and Ni-Sn-PVP | at -
0.618 V. At the same time, the corrosion current density
(icorr) decreases with increasing PVP in the coat alloy. The
corrosion current density for Ni-Sn-P I was 1.1738 x 10
nA/cm? and for Ni-Sn-PVP Il was 6.1105x10° nA/cmz,
The Quaternary alloy had the best corrosion
protection because polyvinyl pyrrolidone had a high
molecular weight and adhered to 1060 Al alloy. In addition,
it is a nitrogen-containing compound that had excellent
corrosion protective capacity because of the lone pair of
electrons on the nitrogen atom. All the coats Ni-Sn-P Il, Ni-
Sn-PVP |, Ni-Sn-PVP Il and Ni-Sn-PVP Ill had excellent
corrosion resistance.corrosion protective capacity because
of the lone pair of electrons on the nitrogen atom. All the
coats Ni-Sn-P II, Ni-Sn-PVP I, Ni-Sn-PVP Il and Ni-Sn-

PVP 11 had  excellent  corrosion resistance.
la Ni-Sn-P 1l
0.0 b Ni-Sn-PVP |
c Ni-Sn-PVP Il
d Ni-Sn-PVP 1l
-0.5 d
> b
=
£ 1.0
[
°
o
1.5 o
-2.0
T T T T T T T
8 7 6 5 -4 -3 2 1

log(ilA)
Fig.6.Potentiodynamic polarization curves of(a) Ni-Sn-P (b)
Ni-Sn-PVP I (c) Ni- Sn-PVP Il and (d)Ni- Sn-PVP Il in
3.5% NacCl.

Table (5): Electrochemical data from Tafel curves carried out in 3.5%NaCl in presence of different concentration of tin

E:I'r)]/I|ch)er Igl? coat Ecorr(volt) Icorr(nA/cm?) CR (mpy) Ba(V/dec) Be(V/dec) Rp (ohm)
Uncoated alloy -1.292 6.095x10 7.984x10* 0.23 0.75 125.555
Ni-P -1.122 5.557x10 7.279x10 0.25 0.78 148.125
Ni-Sn-P 111 -1.053 2.904x10* 3.804x10* 0.33 0.81 351.05
Ni-Sn-P | -1.018 1.592x10 2.085x10* 0.52 0.87 888.867
Ni-Sn-P 11 -0.996 1.1738x10* 1.537x10* 0.73 0.98 2264.858
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Table (6): Electrochemical data from Tafel curves carried out in 3.5%NaCl for Ni-Sn-P, Ni-Sn-PVP I, Ni-Sn-PVP Il and Ni-

Sn-PVP 111
Type of coat Ecorr(volt) leorr(NAJCM?) Cr (mpy) Ba(V/dec) Be(V/dec) Rp(ohm)
Ni-Sn-P 11 -0.996 1.1738x10* 1.537x10* 0.73 0.98 2264.858
Ni-Sn-PVP | -0.618 9.0269x10°® 1.182x10* 0.85 121 2404.753
Ni-Sn-PVP I -0.592 7.0843x10°° 9.280x10° 0.97 1.44 3557.069
Ni-Sn-PVP 111 -0.557 6.1108x10° 8.005x10° 1.08 1.64 4633.112
Conclusion: Aliyu AA. A review on the corrosion resistance

®  Electroless deposition of a binary Ni-P alloy coating
was deposited on 1060 Al alloy in an alkaline bath.

®  Addition of Sn in the electroless Ni-P deposits
resulted in a small effect in Ni% between 3 % and -4
%, with about no effect on P% content.

®  All Ni-P, Ni-Sn-P I, Ni-Sn-P II, and Ni-Sn-P Il have
nanostructure with crystalline sizes of 3.6-5.8 nm. Ni-
Sn-PVP 1, Ni-Sn-PVP II, and Ni-Sn-PVP Il had
crystalline sizes of 5.2-5.9 nm

®  Most of the obtained exhibited a spherical structure
with compact and uniform grains and excellent
adhesion to the substrate.

®  All the deposits show good corrosion resistance in
3.5% NacCl solution.

®  Our data indicate that corrosion protection should be
applied in the following order:

®  Ni-PVP Ill > Ni-PVP Il > Ni-PVP | > Ni-Sn-P Il >
Ni-Sn-P | > Ni-Sn-P Il > Ni-P.

)
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