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Abstract 

 
 
Development of nanocomposite thin coating has improved the wear and corrosion resistance of 
materials. Hard nano particles such as SiC, TiC and TiN was electrodeposited on metal or alloy 
matrix such as Ni to form a hard nanocomposite thin coating. However, the development of Ni-TiAlN 
nanocomposite coating by using electrodeposition for wear and corrosion protection is still lack of 
reports. TiAlN is a transition metal nitride with mechanical and corrosion protection, especially at 
high temperature operation. This compound is widely used in technology applications such as 
diffusion barrier of electronic components and hard coating on cutting tools. One of methods to 
fabricate the nanocomposite coating is electrodeposition since it is easy, low cost and high rate 
production. This paper is aimed to review on the development of Ni-TiAlN nanocomposite coating by 
using electrodeposition for wear and corrosion protection.    
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1. Introduction 
 
 Recently, the development of electrodeposited 
nanocomposite coating or film such as Ni-TiN, Ni-
TiC, Ni-SiC have being investigated to protect the 
materials from friction and corrosion [1-3]. Nickel 
(Ni) is an engineering material with excellent 
ductility and corrosion resistance and usually used 
as metal matrix in nanocomposite coating. The 
addition of nano particles such as TiN, TiC and SiC 
into Ni matrix improve the hardness, wear and 
corrosion resistance of electrodeposited 
nanocomposite coating. 
 Electrodeposition is a technique to develop a 
coating on a conductive substrate [4]. The 
technique works based on the electrochemical 
reaction and is commonly used  to deposit a 
composite coating due to the posibility of cotrolling 
the composite coating properties such as 
morphology, structure and composition by 
controlling electrodeposition parameters. The Ni 
coating is one of metal coating that is commonly 
deposited by electrodeposition. The addition of 
nano hard particles such as TiN, TiC and SiC in the 
Ni coating is subjected to modify the coating 
properties.  
 One of the hard nano particles is nitride 
compound. Transition metal nitride such as  

 
 
Titanium Nitride (TiN) and Titanium Alumunium 
Nitride (TiAlN) has excellent mechanical and 
corrosion resistence  especially in high temperature 
operation [5-7] and one of the promising material 
since its ability to form superhard and ultrahard 
coating with retained hardness at elevated 
temperature [8]. However, the development of 
electrodeposited Ni-TiAlN nanocomposite coating 
is still lack of reports. 
 In the present paper, the development of Ni-
TiAlN nanocomposite coating by using 
electrodeposition for wear and corrosion protection 
are reviewed. The influence of electrodeposition 
condition on the nanocomposite coating are 
discussed. 
 
2. Ni-TiAlN Nanocomposite coating 
 
 Ni (nickel) is an VIII group elements of the 
periodic table whith its atomic number and weight 
of 28 and 58.69 gram/mol (Callister, 2010). The 
crystal structure of Ni is face center cubic structure 
with atomic radius is 0.1246 nm. Its elastic 
modulus and yield strength is about 207 GPa and 
138 MPa, respectively. While its tensile strength is 
about 480 MPa. Ni (99.99%wt.) has a melting point 
and recrystalization temperature of 14550C and 
3700C, respectively [9]. Ni is an noble element that 
does not react with oxygen, epecially at high  
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temperature, therefore, beside excellent ductility, 
nickel has excellent corrosion resistance.  

Since Ni is ductile thus it is commonly used as 
interlayer material in thin film fabrication in order 
to tough the film [10]. Alloying of metal element 
such as Cr and Co into thin film of Ni, can improve 
the wear resistance [11,12]. In fabrication of Ni-
based nanocomposite coating, Ni is utilized as a 
matrix while hard nanoparticle such as SiC, TiC 
and TiN as reinforced particles. 
 The structure of transition metal nitrides (e.g., 
TiAlN) is determined by ratio of nitrogen atomic 
radius to metal transition radius (Hagg rule). If 
ratio is less than 0.59 thus, a simple structure such 
as B1 or simple hexagonal will be formed [13]. For 
TiN, the ratio is 0.504 while AlN is 0.527. 
Therefore, if Ti is replaced by Al thus, the typical 
B1 structure of TiN is still retained.  TiAlN film has 
a metastable NaCl structure at Al content of 0 – 60 
at.%. The structure undergoes decomposition to 
NaCl-structured TiN and ZnS-structured AlN at 
above Al content of 60 at.% (and supposedly at 
higher temperature process [14,15]. The NaCl 
structure is described with a simple face-centered-
cubic (fcc) Bravais lattice with atoms placed in 
(0,0,0) and (1/2, 1/2, 1/2). The ZnS-structure is 
described with a hexagonal Bravais lattice with 
atoms placed in (1/3, 2/3, 0), (2/3, 1/3, 1/2), (1/3, 
2/3, z) and (2/3, 1/3, z). TiAlN structure model 
schematic is shown in Figure 1 and Figure 2 

 
 

 
Figure 1 TiAlN structure (fcc-NaCl structure) 
models schematic. Ti occupies fcc positions 
and the cube corners. Al occupies the 
octahedral sites at the centers of the cube edges 
[16]. 

 
 

Figure 2 Model schematic of (a) hexagonal-TiAlN; 
(b) hexagonal-AlN [17]. 
 
 Development of nickel-based composites 
coating by adding hard nano particles have been 
done in order to improve the nickel layer such as 
hardness, wear and corrosion resistance. TiAlN is 
one of the hard materials which is excellent in wear 
and corrosion resistance especially at high 
temperature operation. 
 
 
3. Electrodeposition 
  
 Electrodeposition is one of the techniques for 
producing a nanocomposite coating of metal and 
non-metal. The technique is quite easy, simple, low 
cost and high rate production thus it is suitable for 
industrial production scale.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Electrodeposition of nanocomposite 
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 Electrodeposition is a deposition proses that is 
based on the electrochemical and involving the 
interchange of electrical and chemical energies 
through oxidation-reduction [18]. A spontaneous 
reaction is occured when an electric current flow to 
the electrode (anode) that is immersed within the 
electrolyte solution. The proccess is called as 
reduction reaction since a metalic ion is released 
followed by releasing one or two electrons. Then, 
both metalic ion and electrons react and are 
deposited onto the electrode (cathode). The 
reaction is written by equation 1 and 2.  
 

M+Z(aq) + ze- → M(s)        cathode (1) 
M(s) → M+Z(aq) + ze-         anode (2) 

  
where M+Z = metal ion, M = metal, z = atomic 
number, e- = electron.  

 
 

 Electrochemical process is a process based on 
the electrolysis principle that was firstly proposed 
by Faraday (1834). Faraday’s law states that 
numerous charges are produced by a metal when 
electric current flow through it. The number of 
charges is proportional to the loss metal mass. 
Mathematically, the relationship of these quantities 
is written by equation 3.  

 

    

               (3) 
 

Where m = loss mass of metal (gram), q = number 
of charge (Coulomb), F = Faraday constant (96485 
Coulomb/mol), M = equivalent mass, z = number 
of metal ion valence. 
 

The development of nanocomposite coating 
using electrodeposition is devided into 4 steps. 
Firstly, the development of particle surface charge 
whithin suspension solution. Secondly, the 
interchange of mass from suspense bulk to the 
cathode surface. Thirdly, the interaction between 
particles and electrode surface and lastly, thin 
coating growth onto the electrode surface [19]. The 
schematic diagram of electrodeposition is presented 
in Figure 3. 

Many investigation results were reported that 
the electrodeposited composite coating was 
influenced by electrodeposition parameters such as 
current density, particle concetration, solution 
agitation speed, batch pH and temperature. The 
surface morphology of nanocomposite is refined 
with increasing nanoparticle concentration, current 
density, solution agitation speed, batch pH and 
temperature [3]. However, the morfology does not 
further refined as those parameteres are further 

increased. Looking at corrosion behavior,   the 
nickel-based nanocomposite coating showed better 
corrosion resistance than pure nickel coating. 
 The increase of current density enhances the 
composite coating hardness due to the formation of 
nano hard particle precipitation that are uniformly 
distributed in the Ni matrix and cuases refined Ni 
grain size [2]. The hardness of electrodeposited 
nanocomposite coating can be also improved by 
adding an inorganic additive element such as Co 
[21]. The presence of this additive element refines 
the grain size of nanocomposite coating and 
improves the content of nanoparticles dispersed in 
metal matrix.  
 The increase of composite coating hardness 
followed by the increase of wear and corrosion 
resistance due to the increase of nano particle 
content within the coating [1]. The particle content 
of composite coating is sstrongly influenced by 
particle concentration in bath, current density, stir 
rate and temperature. 
 Recently, the effect of current modes 
electrodeposition such as pulse and direct current 
on the hardness and corrosion resistance of 
composite coating was studied [20]. It was shown 
that the pulse current composite coating produced 
high hardness and corrosion resistance than direct 
current composite coating.  

4. Summary 
 Electrodeposited Ni-TiAlN nanocomposite 
coating has a promising coating as wear and 
corrosion protection of materials. The 
electodeposited composite coating is influenced 
strongly by process parameters such as current 
density, particle concentration, stir speed, 
temperature etc. The development of 
electrodeposited Ni-TiAlN nanocomposite coating 
is being prepared and the optimum coating 
characterictics will be investigated.   
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