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Abstract—The study is aimed at using laser cladding 

technique to deposit a thick coating of composite TiZnNi on 

titanium alloy Ti-6Al-4V substrate. The composite powder 

was mixed with Zinc (Zn), Nickel (Ni) and Titanium (Ti), in 

which the tubular mixer was used to prepare the mixture. The 

laser metal deposition technique that was employed in the 

process was used to control the heat input, which governed the 

resulting microstructure of the ZnNiTi coating that was 

produced. This was based on the analysis that was conducted. 

The results of the hardness obtained from the Vickers micro-

indenter revealed that there was an improvement as the 

hardness measured for the cladded ZnNiTi layer was 

approximately 1396.90 HV0.1 and the hardness of the Ti-6Al-

4V substrate was measured to be 320.8 HV0.1. This 

improvement was attributed to the NiTi , Ni3Ti, hard Ni4Ti3 

and intermetallic phases that formed, this was confirmed by 

the analysis done on the cladded layer by employing EDS and 

XRD. The grain form and structure as well as the mechanical 

properties of the cladded layer were significantly affected by 

the heat input from the laser beam. At higher scanning speed 

of 1.0 m/min, the coating and substrate being limitedly mixed, 

resulted in the cladded layer having a significantly higher 

hardness than the substrate, but some hardness values 

gradually reduced after the cladded layer towards the 

interface and heat affected zone. The behaviour of the coating 

hardness property was improved by 4.4 compared to the 

hardness of the uncoated titanium substrate. The 

characteristics of the hardness of the deposited coating was 

heavily affected by processing parameters, which the grain 

morphologies and concentration of phase composition formed 

were predominant in the result of the hardness properties. 

Industries of biomedical and mechanical components may 

implement the application of composite ZnNiTi coating since 

there was an improvement on the hardness characteristics, 

which is usually of major concern in industrial applications. 

 
Keywords-Ti-6Al-4V alloy; Hardness; Microstructure; 

ZnNiTi coatings; Hard phases. 

 

I. INTRODUCTION  

The capacity of titanium and its alloys to impulsively 

form oxide films and remain stable make them resistant to 
atmospheric corrosion in  marine and industrial 

environments. Nevertheless, hot concentrated low-pH 

Chlorine salts could corrode these alloys. Moreover, Ti 
alloys corrosion could also be caused by acidic solutions 

[1-3] 
Titanium alloys are mostly used in aerospace, chemical 

plants, rocket engines and in medical implants. This means 
that they are exposed to chemicals, water, air and high 

temperatures when is service. Although they are very 
corrosion resistant, corrosion is eminent in 

extreme/aggravating service conditions. Engine alloys are 

used up to 600⁰ C and above this temperature oxygen 
contamination occurs and embrittles the surface. Aircraft 

manufacturers seek to use cast titanium at higher operating 
temperatures. Advanced high temperature alloys are needed 

more than the commonly used Ti-6Al-4V [4-6]. The 
application of Titanium alloys is sometimes limited because 

of low hardness, high friction  coefficient, low hardenability 

and the tendency to gall and smear [7].  
Titanium alloys form a chemically stable, highly 

adherent protective oxide film. This is formed  because Ti is 
very reactive and has high attraction for Oxygen. Precious 

metals like Palladium, Nickel and Molybdenum facilitates 
the cathodic depolarization by providing low Hydrogen 

overvoltage sites and shifting the alloy potential to a noble 
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direction, thus making the oxide film passivation possible 

[1]. It is possible to improve the properties of titanium alloy 
using surface modificat ion techniques. Laser cladding is 

used to improve surface properties of the titanium alloy by 
fusing the reinforcement powders and the surface of the 

alloy. This method has been widely studied and used [8-10]. 
Laser surfacing is the common method for surface 

modification of Ti alloys. Laser beam has a rapid heating 

and cooling, leading to special microstructures with novel 
properties [11]. 

A shielding barrier is created between corrosive 
environment and the substrate by applying coatings. Zinc 

coatings are used due to their anti-corrosion properties, ease 
of fabricat ion and affordability. Layers of oxides are 

formed by zinc in harsh atmosphere which acts as layer of 
passivation and stops additional corrosion. Stable phases of 

NiTi, Ni3Ti, and NiTi2 are shown on the phase diagram of 

Ti-Ni. The NiTi phase has good toughness and ductility 
while the other phases are good reinforcements [12]. 

In this study, Ti-Zn-Ni powders were used to form 
intermetallic  matrix compounds on the Ti-6Al-4V substrate. 

Laser cladding was used to melt the powders and then 
analyze the microstructures, phases, and hardness 

properties of the resulting clad composite. 

 

II. METHODOLOGY  

A rectangular plate o f Titanium alloy (Ti-6Al-4V) was 
used as a substrate. This alloy has found its application in 

aerospace, biomedical and chemical processing industries. 
This wide usage is attributed to the alloy’s excellent 

corrosion resistance and biocompatibility. The chemical 

composition is shown in Table 1 below. 
 

Table 1: Chemical composition of Ti-6Al-4V substrate 

Elements Ti Al V Fe 

Weight% Bal. 6.2 3.9 0.2 

 

The rein forcement powders used were Titanium, Zinc 

and Nickel powders at  different compositions. These 

powders were chosen for their unique properties that will 
enhance the properties of the Ti-6Al-4V alloy. Sandblasting 

machine was used to clean the substrate surface. The 
machine uses silica sand to clean the sample  at a  high  

pressure. 

The as received Titanium alloy substrate was 
sandblasted. The silica sand is blasted at a pressure of 100 

bars. The sandblasted Ti-6Al-4V alloy was then cleaned 
with acetone to removed residue. Each powder sample is 

put in the Tubular mixer which mixes the powders at 

different proportions for 12 hours rotating at 72 rpm in  
order to obtain a homogeneous mixture. 

A commercially pure titanium powder with part icle size 
range 55-100 µm was used. The Ti powder weight % was 

kept constant at 50% for all the variable parameters of the 

experiment. A commercially pure Zinc powder with  

Particle size of 55-100 µm was used. Zn powder 

composition was varied between 5, 10 and 15% at different 
speeds. The Nickel powder used was the commercially pure 

type with the part icle size 55-100 µm. The weight % 
variations were 35, 40 and 45% Zn in  the reinforcement  

powder composite. Turbula Type T2C was used to mix the 
powders in order to obtain a homogeneous mixture in  

which the powder part icles are evenly d istributed. 

Contamination is avoided.  
A continuous wave of 4.4 kW Rofin Sinar solid state 

Nd:YAG laser was used for this experiment. The Nd:YAG 
laser is pumped using laser diodes through the neodymium 

doped Yttrium Alumin ium Garmet medium. The optical 

fibre d irects the laser beam to the focusing lenses. Argon 
gas of 2.5 L/min was used as a shield to prevent oxidation. 

The powders were fed into the feeder and then coaxially  
deposited onto the substrate through a laser beam. The 

distance between the work piece and the nozzle head was 2 
mm. tracks overlapping was done at 70%. While laser 

power levels employed were 800 W and 900 W, powder 

flow rate of 2.0 g/min, a beam d iameter of 2 mm, and scan 
speeds of 0.8 m/min and 1.0 m/min at optimized laser 

parameters.  

A Struers Discotom-5 cutting machine was used to cut 
the samples to a required size. While Struers TegraPol-11 

was used to grind and polish the samples in order to obtain 
even surfaces necessary for analysis . Vickers microhardness 

tester was used to determine the hardness of the substrate 
(Ti-6Al-4V alloy) and the fabricated samples at applied load 

of 100 gf. Five indentations and dwell time of 15 seconds 
was used on the sample. The substrate was averaged at 

308.40 HV0.1. Scanning electron microscopy (SEM) 

equipped with energy dispersive spectroscopy (EDS) 
(VEGAS TESCAN) was used to study the morphology of 

the laser deposited layers. 

 

III. RESULTS AND DISCUSSION  

A. Hardness Test 

Table 2 below shows the hardness testing results as 

measured. The test was done on the coating and cross-
sections. A comparison of the hardness values is shown in 

Figure 1. 
 

Table 2: Results of the hardness test 

Samp

le 

Compositi

on 

Scanni

ng speed 

Coati

ng HV 

Interfa

ce HV 

A1 50Ti-15Zn-

35Ni 

0.8 707.57 767.94 

A2 50Ti-15Zn-

35Ni 

1.0 1396.9

0 

1041.99 
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B1 50Ti-10Zn-

40Ni 

0.8 509.34 615.62 

B2 50Ti-10Zn-

40Ni 

1.0 720.50 409.00 

C1 50Ti-5Zn-

45Ni 

1.0 595.96 676.72 

C2 50Ti-5Zn-

45Ni 

1.2 749.99 678.60 

 

 

 

Figure 1: Hardness test results 

The hardness results shown in Table 2 and Figure 1 
show an overall increase in hardness of the material. 

Comparing samples A1 and A2, which have same 
compositions but different scanning speed, it can be 

observed that the hardness is higher in the sample 

processed at high speed. This may be attributed to the fact 
that at high speed the cooling time is shorter and allows for 

small grain formation [13-18].  
It is a known fact that smaller grains lead to higher 

hardness. Lower scanning speed leads to longer cooling 

time which  permits grain growth and format ion of larger 
grains. The other observation that can be made is the 

impact of Ni content on the hardness value. Looking at 
sample A1 and B1, which have same scanning speed, it can 

be observed that the hardness value decreases with an 
increase in Nickel. Same observation is made with samples 

A2, B2 and C1 where the hardness significantly  decreases 

with an  increase in Nickel content. However, an increase in 
hardness is observed at high Nickel content (sample C2) 

with high scanning speed.  
 

B. XRD Analysis 

The XRD analysis was done on samples A1, A2, and 
C2. The phases present in sample A1 are NiTi, Spinel 

(ZnTiO4) and Ni3Ti. The dominant phases in sample A1 
are NiTi and Ni3Ti as shown in Figure 2. Samples A2 and 

C2 have the same phases i.e. NiTi, TiO, Sp inel and Ni4Ti3 
as shown in Figures 3 and 4. The Figures show the peaks as 

recorded. Figure 2 shows that the Ni4Ti3 and NiTi phases 

are dominant. This phases are responsible for the high 

hardness values. This also applies to Sample A2 which has 

dominant Ni4Ti3 and NiTi as shown in Figure 3 
 

 

Figure 2: XRD analysis of Sample A1 

 

Figure 3: XRD results for Sample A2 

 

Figure 4: XRD Results for Sample C2 

The XRD pattern of the alloys represent a non-single crystal 
material by nature of the scattered peaks identifying different 
phases formed at closely same planes while other face overlap as a 
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result of having the same position and lattice parameters. A 
possible Ti4O4Zn phase could be present at the interface region 
where the alloying elements come in contact with the then cold 
substrate. The phases is present at the elongated columnar grains 
which formed due to the chilling effect occurring between the 

substrate and the powder-melt. Due to the abundance of Ti present 
in the powder mix, the prominent peaks represent α-Ti matrix 
within which the other intermetallic phases are dispersed in. These 
phase proved vital contributors in the increase in microhardness 
and enhanced microstructural properties particularly TiNi3 and 
Ni4Ti3 and TiNi phases which were identified at different 2ϴ 
positions.  

 

C. SEM Analysis 

The cauliflower-like microstructure (Figures 5, 6 and 7) 

of the alloys represents the presence of Ni phases and Ni 

which is known for its structure. Ti-Ni and Zn-Ni phases 
were found to have contributed to the hardness increase. 

This was due to the potential of Ti and its low chemical 
activity and a favourable combination of Ti-Ni-Zn which 

are fairly known to generally have lower chemical act ivity. 
The presence of Ti and Zn-phases means the possibility of 

favourable passivation film-a v ital element in  halting 

chemical progression. ZnO and TiO2 which form on the 
surface of the polished alloy are responsible for the 

passivation. Zinc phases were not formed in this case due to 
the affin ity of Ti-Ni to form phases compared Zn-Ni and 

Ti-Zn as a result, Zinc (Zn) peak are identified as Zn 
dispersed in α-Ti. The samples show fine g rains on the 

coating which is attributed to faster cooling rate [17-18]. 

These fine grains are responsible for high hardness values 
in these samples. There are traces of Zn in these SEM 

results due to the fact that Zn present is varied in small 
quantities in all samples. This is shown in Tables 3 and 4. 

 

 

Figure 5: SEM Image of Sample A1 (Coating) 

 

 

Table 3: Composition of Sample A1 at spectrum 4 

Element Weight% Atomic% 

Al 2.02 3.76 

Ti 62.81 66.06 

Ni 35.17 30.18 

Totals 100.00  

 

 

Figure 6: SEM Image of sample A2. 

 

 

Table 4: Composition of sample A2 at spectrum 2 

Element Weight% Atomic% 

Al 2.47 4.60 

Ti 62.09 64.99 

V 1.18 1.16 

Ni 34.26 29.25 

Totals 100.00  

 

 
Figure 7: SEM Image of sample C2.
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IV.

 

CONCLUSION

  
From the results and observations made, the following 

conclusions were made. 

 

The laser cladding of Ti-Zn-Ni intermetallic powders on 
the Ti6Al4V alloy was successfully fabricated. The best 

operating parameters are at a  high laser scanning speed (1.0 

m/min) and power of 900 W. 

 

Laser cladding significantly increases the hardness of 

the cladded samples. The hardness was found to be 4.5-
times the hardness of the Ti-6Al-4V substrate. This 

increase is main ly due to format ion of hard intermetallic 

compounds of Ni and Ti. It is also attributed to the small 
grains formed due to rapid cooling as observed in the 

Microstructural characterisation of the samples . Zinc 
showed little impact in the behaviour of the alloy as it was 

present in small quantities.
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