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Abstract: Ni-P/TiO2 and Ni-Sn-P/TiO2 nano composite coatings with various contents of TiO2 nano
particles were prepared by electroless technique from Ni-P plating bath containing TiO2 powder were
kept in suspension by stirring. The composite film was characterized by thin film ((PANLYTICAL,
X Pert PRO), scanning electron microscope (SEM), energy dispersive X-ray (EDX) technique and X
ray diffraction have been applied  in order to investigate the chemical composition and phase structure
of the coatings. The corrosion resistance of Ni-P/TiO2 and Ni-Sn-P/TiO2 film was studied by
potentiodynamic polarization in 3.5% sodium chloride solution. The results indicate that Ni-P/TiO2 and
Ni-Sn-P/TiO2 composite film have good corrosion resistance. Electroless deposited composite coatings
exhibit an amorphous structure of the nickel matrix and after heat treatment lead to a crystalline
microstructure in which the Ni and Ni3P crystallites appear apart from those of the TiO2, with very 
 good adhesion to the substrate.
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INTRODUCTION

Electroless plating technology has been invented in 1946 G. Jiaqiang et al., (2005). From 1960יs onwards,
major progress in the field of electroless nickel polyalloy deposits and electroless composite coatings being
tailored more closely to customer and environmental requirements M. Ebrahimian- Hosseinabadi et al., (2006).
Recently, electroless plating method has attracted a lot of interest not only in nano-fabrications, optics, and
decoration but also in modifying the surface of various materials, such as non-conductors, semiconductors and
metals Z. Haijun et al., (2007), C.A. Leon and R.A.L. Drew (2000), T. Kobayashi et al., (2000), I.M. Ang
et al., (2000) and F.Z. Kong et al., (2002).

Electroless nanometer composite coatings where nano-particulates used as reinforcing phase are important
due to their excellent performance. The incorporation of nano-sized particles within Ni-P coatings greatly
improved their properties and added entirely new features to the coatings performance, which enhanced their
applicability in different industries such as electronic components and computers, general mechanics,
automobile, paper mills, textile and food O.A. Leon et al (2005).

Many composite coatings are characterized by an amorphous or crystalline nickel matrix into which oxides
such as NiO J.OיM. Bockris and S.U.M. Kham (1993), Sc2O3 J. Niedbala et al., (1996), Fe2O3 T. Fujii et al.,
(1983), RuO2 V.N. Fateev et al., (1990), Z.A. Rotenberg and O.A. Semenechim (1989) and A.N. Krajcberg
and Ju.V.Pleskov (1989) or Al2O3 M. Levu and J.L. Souquet (1989), R.S. Sajfulin et al., (1986) and M.T.
Carter and A.Bard (1987) were incorporated. As composite components other chemical compounds can also
be codeposited with the nickel matrix, e.g. SiC, BN G. Straffelini et al., (1999) or PTFE G. Straffelini et al.,
(1999), G.N.K. Ramesh Bapu and S. Mohan (1995) and N.M. Teterina and G.V. Haldeev (1992).

Transition metal oxides embedded in a metallic matrix can lead to the production of electrode materials
which are interesting in the chlor-alkali industry because of their good electrocatalytic properties for the
chlorine evolution reaction A. Lasia et al., (2002), S. Teasatti et al., (1992), S. Trasatti and T.C. Wellington
(Ed.) (1992) and E.R. KXotz and S. Stucki (1987). Some of transition metal oxides are also active for the
hydrogen evolution reaction (HER) A. Lasia et al., (2002), S.Trasatti and T.C. Wellington (Ed.) (1992), E.R.
KXotz and S. Stucki (1987), A. Lasia et al., (1990), J.P. Diard et al., (1990) and H. Chen and S. Trasatti
(1993). It has been found that the introduction of TiO2 to the amorphous NiP layers results in the increase in
the HER rate compared to the conventional NiP layers in both acid and alkaline solutions D. Gierlotka et al.,
(1997).

Corresponding Author: O.R.M. Khalifa, Chemistry Department, Faculty of Girls for Arts, Science and Education, Ain
shams University, Cairo, Egypt.

137



Aust. J. Basic & Appl. Sci., 5(6): 136-144, 2011

The aim of the present work is to prepare Ni-P/TiO2 and Ni-Sn-P/TiO2 nanocomposite coatings with
different contents of TiO2 particles on low carbon steel using electroless deposition. Also the microstructure
and the corrosion resistances of Ni-P/TiO2 and Ni-Sn-P/TiO2 composite films were investigated.

2. Experimental methods:
2.1. Test material:

Specimen prepared from low carbon steel (2.4×2.4×0.08cm3) with chemical composition as in table (1)

Table 1: chemical composition of low carbon steel (wt%).
Element C Mn Si P S other Fe
wt% 0.26 0.6 0.08 0.008 0.006 <0.01 Rest

Test procedures:
Pretreating of specimen 6 removing oil with absolute ethyl alchol (for 5-20minutes) 6 removing oil with

alkali (at 80-90°C for 2 minutes)6 flushing with hot water 6 scruluing with water 6 preheating 6 elctroless
composite plating 6 flushing with hot water 6 flushing with cold water 6 drying 6 weighing.

The composition of electroless plating solution and the process conditions:
The bath composition and operation conditions used for preparing Ni-P/TiO2 and Ni-Sn-P/TiO2 composite

coatings are given in table (2). The bath was stirred by magnetic stirrer with a rate of 3rpm.The TiO2

employed was of the anatase type oxide (Merck) and concentrations in the bath equal to 4, 6, 8 and 10g
TiO2/l. the deposition process was carried out for 1 h, at constant temperature 80-83ºC. The microstructure
analysis was conducted with scanning electron microscopy (JEOL JSM 5410, Japan), Thin film
(PANLYTICAL, X Pert PRO). EDAX (Energy dispersive X-ray analysis) and X- ray diffraction analysis
technique have been applied in order to investigate the chemical composition and phase structure of the
coatings. The corrosion resistance of the composite film was studied by potentiodynamic polarization (Model
350 A corrosion measurements console) in 3.5% sodium chloride solution.

Table 2: composition of electroless plating solution and plating conditions.
Ni-Sn-P/TiO2 Ni-P/TiO2 Ni-P Plating bath composition
30 g/l 30 g/l 30 g/l NiSO4 .7H2O
25 g/l 25 g/l 25 g/l NaH2PO2.H2O
20 g/l 20 g/l 20 g/l CH3COONa.3H2O
10 ml /l 10 ml /l 10 ml /l Lactic acid
10 ml /l 10 ml /l 10 ml /l Propionic acid
0.2 g /l 0.2 g /l 0.2 g /l Surfactant (g/l)
0.05 g/l - - SnCl2 (g/l)
4-10 g/l 4-10 g/l - TiO2 powder (g/l)
5 5 5 pH
80-83 80-83 80-83 Plating temperature (ºC)
Magnetic strrier( 3rpm) Magnetic strrier (3rpm) Agitation method
1h 1h 1h Coating time

RESULTS AND DISCUSSION

Thin film:
The Ni-P/TiO2 and Ni-Sn-P/TiO2 layers (Fig1. a, b) showed that the structure of this type of coatings

exhibits a nickel matrix in the range of 2  angles corresponding to the amorphous matrix of the Ni-P layer
prepared under the same conditions. The structures of such composite layers differ from the Ni-P deposit by
the presence of crystalline TiO2 (anatase). In agreement with the SEM, the thin film also confirmed the
presence of the TiO2 particles embedded into the nickel matrix. This confirms the fact that a crystalline
component could be embedded into the amorphous Ni-P matrix during the electroless deposition.

It has been confirmed by several researches that structural changes from amorphous state to crystalline
state can be obtained in Ni-P electroless coatings over 250ºC I. Apachitei et al (2002), K. Parker (1981) and
C.T. Dervos et al (2004). After heat treatment at 400ºC for 1 h of both Ni-P/TiO2 and Ni-Sn-P/TiO2 leads to
rapid crystallization of the amorphous matrix. It has been observed in these composite deposits that there are
other phases except Ni, Ni3P and TiO2 anatase phases such as Ni3Sn2 and Ni0.91Ti0.09 (Fig.2).

The grain size of Ni-P/TiO2 and Ni-Sn-P/TiO2 coatings can be estimated by the Scherrer equation B.D.
Cullity (1978):
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t =  Kλ 
))))))
βcos( B)

Where λ is the wave length of Cu (Kα) is equal to 1.542Aº, K is constant is equal to 1, β is the broadening
of the full width at half maximum (F.W.H.M) and  B is the Braggיs angle. The calculated grain sizes from the
Scherrer formula for the diffracted peak of Ni for Ni-P/TiO2 and Ni-Sn-P/TiO2 coatings are summarized in
Table 3. The data indicate that the size of Ni grains of the Ni-P/TiO2 and Ni-Sn-P/TiO2 nanocomposite coating
is smaller than that of Ni-P coating O.R.M. Khalifa et al., (2007). Such decrease in grain size can be attributed
to the distribution of TiO2 nano-particulates on the boundaries of Ni grain, which restricts the growth of Ni
grains in the deposition process and results in the fine and smooth surface Yating Wu et al., (2006).

Table 3: Peak position (2θ), full width at half maximum and grain size (from Debye-Scherrer formula) for as plated electroless Ni-P/TiO2

and Ni-Sn-P/TiO2 coatings
Type of coating Before heat treatment After  heat treatment at 400ºC

---------------------------------------------------------- ---------------------------------------------------------------------
Peak position Grain Size(nm) Peak position Grain Size(nm)

Ni-P/TiO2 25.29 4.4 44.49 42.3
Ni-Sn-P/TiO2 25.28 4.2 44.44 40.1

Fig. 1: X- ray diffraction patterns of as plated electroless (a) Ni-P/TiO2 (b) Ni-Sn-P/-TiO2 before heat
treatment.

Fig. 2: X-ray diffraction patterns of electroless as plated (a) Ni-P/TiO2, (b) Ni-Sn-P/TiO2 after heat treatment
at 400°C.
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Scanning electron microscopic analysis (surface morphology):
The surface morphologies of the conventional coatings Ni-P/TiO2 and Ni-Sn-P/TiO2 composite coating are

shown in Fig (3a,b). The presence of TiO2 provides more nucleation sites and retards the crystal growth and
hence composite coated articles posses smaller grain size 4.4 nm and 4.2 nm. Also Fig (3) indicates that TiO2

particles have a nucleus effect and caused a homogeneous Ni-P/TiO2 core shell type morphology leading to
uniform coverage of TiO2 particles. The Ni-P/TiO2 coatings had a clean surface and have a mat-grey metallic
surface. It was observed that there were no obvious crackes in Ni-P/TiO2 and Ni-Sn-P/TiO2 composite film
during the heat treatment process, and the carbon steel was protected by the composite film completely.

The surface of the Ni-P/TiO2 differs from Ni-P layer O.R.M. Khalifa et al., (2007). The morphology of
the heat treated coatings at 400ºC for one hour, the plating layer had more fine and more coalescence due to
the changes of the amorphous nickel and phosphorus into crystalline Ni3P alloy as shown in Fig (4).

Fig. 3: Scanning electron microscope graphs of as plated electroless (a) Ni-P/TiO2 (b) Ni-Sn-P/TiO2 before heat
treatment.

Fig. 4: Scanning electrom microscope graphs of as plated electroless (a) Ni-P/TiO2 (b) Ni-Sn-P/TiO2 after heat
treatment at 400ºC.
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EDAX analysis:
EDX analysis technique was used to determine the chemical composition of the produced coatings as

shown in table (4).

Table 4: The percentage of the constituent elements in Ni-P/TiO2 (4, 6, 8 and 10 TiO2 g/l).                                             
contents of TiO2 g/l wt percent  ( wt% )

---------------------------------------------------------------------------------------------------------------------------------
Ni P TiO2

4 81.10 14.28 4.62
6 79.50 13.74 6.76
8 78.70 12.02 8.28
10 78.20 8.71 13.09

Ni-P/TiO2 and Ni-Sn-P/TiO2 composite coatings was prepared onto the low carbon steel substrate surface
from a suspension of TiO2 particles with and without SnCl2 (0.05 g/l) in aqueous bath by electroless plating
technique. Generally, the structure and properties of electroless Ni-P coating depend on the amount of
phosphorus present in the deposit. The surface composition of the coating was determined by energy dispersive
X- ray spectroscopy (EDX). The chemical compositions of as plated composite coatings prepared with different
contents of TiO2 powder in plating bath are given in table (4) with TiO2 addition (4-10 g/l), marginal variation
in phosphorus content was noticed. On the other hand, increasing in TiO2 powder content (4-10 g/l) enhances
the wt% of co-deposited TiO2 in the coatings (4.62-13.09). How ever, further increase in powder addition has
a slight effect on the incorporation process. The co-deposition process can be ascribed probably by the
electrostatic adsorption of Ni ions onto the inert particles of TiO2. The weight contents of phosphorus and
nickel in Ni-P/TiO2 and Ni-Sn-P/TiO2 composit film are lower than that of Ni-P coating O.R.M. Khalifa et al.,
(2007). It can be inferred that low carbon steel coated Ni-P inter layer was completely covered by TiO2 film
as in table (5).

Table 5: Composition of as-plated electroless nickel alloy coating determined by EDAX analysis.
Types of coating Weight percent

---------------------------------------------------------------------------------------------------------------------------------
Ni P TiO2 Sn

Ni-P/TiO2 78.2 8.71 13.09 -
Ni-Sn-P/TiO2 75.98 4.89 18.73 0.4

Electrochemical study: 
Corrosion resistance:

The results of the Tafel polarization corrosion tests for the different coatings on mild steel are given in
Table (6) which also includes data for the substrate for the purpose of comparison. Fig (5) shows Tafel
polarization curves for four samples (4, 6, 8 and 10g/l TiO2) in 3.5% NaCl solution. The electrochemical
parameters obtained from Tafel curves are give in Table (6). It is evident that coated mild steel has good
tendency for corrosion resistance. Fig (6) shows Tafel polarization curves for four samples of Ni-Sn-P/TiO2

composite, with constant concentration of SnCl2 (0.05 g/l) in 3.5% NaCl solution. The addition of 0.05 g/l
SnCl2 solution to obtain Ni-Sn-P/TiO2 composite, improve the corrosion characteristics of Ni-P/TiO2 composite.
Also, the related electrochemical parameters obtained from Tafel curves are given in Table (7).

Fig (5) and (6) show that TiO2 coating inhibits both the cathodic and anodic corrosion processes. It results
in reduction of density of the cathodic and anodic currents accompanied by moving the corrosion potential
towards positive values. Plotting the polarization curves of mild steel substrate, composite Ni-P/TiO2 and the
composite Ni-Sn-P/TiO2 coatings in 3.5% NaCl solution are shown in fig (7). Coated samples exhibit good
corrosion protection.

polarization curves of composite electroless show that Ni-Sn-P/TiO2 coatings is much higher corrosion
protection than that of composite Ni-P/TiO2 as shown in Fig (7). This could be attributed to small grain size
of the quaternary Ni-Sn-P/TiO2 (4.2 nm) coating than the ternary Ni-P/TiO2 (4.4 nm) coating and so more
compact of small grain size so more protection.

Table 6: corrosion characteristics of as plated electroless Ni-P/TiO2 composite coating.
Bath load Ecorr Icorr MPY Rp βa βc

4 g/l -0.525 1.13×105 1.057×105 6.42×102 0.230 0.106
6g/l -0.501 2.70×104 2.800×104 1.30×103 0.157 0.157
8g/l -0.484 8.37×103 7.780×103 2.70×103 0.110 0.102
10g/l -0.479 5.67×103 5.270×103 2.89×103 0.102 0.060
Where: 

Ecorr: corrosion potential
Icorr: corrosion current
MPY: corrosion rate
Rp: polarization resistance
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Table 7: The corrosion kinetic parameters Ecorr, Icorr, MPY and Rp, determined from the polarization curves in the Tafel region, for
different Ni-P-0.05g/lSnCl2/TiO2 (4, 6,8 and10 g/l) content in 3.5% sodium chloride solution.

Concentrations Ecorr Icorr MPY RP βa βc
4g/l TiO2+ 0.05g/l SnCl2 -0.456 7.884×104 73.373×103 0.369×103 0.272 0.089
6g/l TiO + 0.05g/l SnCl2 -0.436 6.730×104 62.633×103 0.399×103 0.157 0.102
8g/l TiO2+ 0.05g/l SnCl2 -0.45 6.046×104 56.268×103 0.393×103 0.102 0.102
10g/l TiO2+ 0.05g/l SnCl2 -0.403 3.269×104 30.423×103 1.113×103 0.144 0.2

Table 8: Corrosion characteristics of as plated electroless Ni-P/TiO2 and Ni-Sn-P/TiO2 coatings in 3.5% sodium chloride solution. 
Type of coating Ecorr Icorr MPY Rp
Steel -0.622 2.3×105 2.1×105 3.4×102
Ni-P/TiO2 -0.479 5.67×103 5.27×103 2.89×103
Ni-Sn-P/TiO2 -0.403 3.269×104 30.423×103 1.113×103

Fig. 5: Potentiodynamic polarization curves of electroless Ni-P/TiO2 of different TiO2 content 4g/l, 6g/l, 8g/l
and 10g/l in 3.5% sodium chloride solution

Fig. 6: Potentiodynamic polarization curves of electroless Ni-Sn-P/TiO2 coatings of different TiO2 content+ 0.05
g/l SnCl2 in 3.5% sodium chloride solution.

Conclusions:
Electroless Ni-P/TiO2 and Ni-Sn-P/TiO2 composite coatings were prepared using TiO2 bath concentrations

4-10 g/l without or with SnCl2 (0.05 g/l). It was found that particle incorporation increases with increase in
their bath concentrations. Thin film also confirme the presence of the TiO2 particles embedded into the nickel
matrix. This confirms the fact that a crystalline component could be embedded into the amorphous Ni-P matrix
during the electroless deposition. After heat treatment (400ºC for 1 h) of both Ni-P/TiO2 and Ni-Sn-P/TiO2

leads to rapid crystallization of the amorphous matrix. It has been observed in these composite deposits that
there are other phases except Ni, Ni3P and TiO2 anatase phases such as Ni3Sn2 and Ni0.91Ti0.09
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Fig. 7: potentiodynamic polarization curves of as plated electroless Ni-P/TiO2 and Ni-Sn-P/TiO2 coatings in
3.5% sodium chloride solution.

Surface morphology of Ni-P/TiO2 composite coating indicating that TiO2 particles have a nucleus effect
and cause a homogeneous Ni-P/TiO2 core shell type morphology leading to uniform coverage of TiO2 particles.
The Ni-P/TiO2 coatings have a clean surface and a mat-grey metallic surface. The morphology of the heat
treated coatings at 400ºC for one hour, the plating layer had more fine and more coalescence due to the
changes of the amorphous nickel and phosphorus in crystalline Ni3P alloy. Corrosion measurements showed
that the Ni-Sn-P/TiO2 coatings have good corrosion resistance in 3.5% NaCl solution compared to Ni-P/TiO2

coatings. 
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