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Abstract  

In this study, we investigate the influence of in situ reactive synthesis of Ti6Al4V- 

AlCoCrFeNiCu high entropy alloys by laser metal deposition on the microstructural and 

mechanical properties of the as-built alloy as opposed to the traditional method of mixing 

powders via a ball mill prone to contamination and segregation. We explore the capability of a 

new alloy design by combining two base alloys via in situ reactive alloying, delivering the 

Ti6Al4V and AlCoCrFeNiCu high entropy alloy powders from multiple powder feeders and 

regulating their feed rate ratios. The nano mechanical, tribological and microstructural 

morphologies of the alloys were characterized using a nanoindentation tester, a tribometer, XRD 

and SEM, respectively. The results showed that satelliting the high entropy alloys powder and 

the Ti6Al4V powder fraction using double powder feedstock had a homogeneous distribution 

with dendritic structures. Optimization was achieved at a laser power of 1600 W, a scan speed of 

12 mm/s and a powder flow rate of 2 g/min. The surface roughness (Ra) for Ti-6Al-4V, 

AlCoCrCuFeNi and (Ti-6Al-4V)-(AlCoCrCuFeNi) alloy was 0.5 μm, 0.63 μm and 0.80 μm, 

respectively. The high wear resistance of the novel Ti6Al4V- AlCoCrFeNiCu alloy was 

influenced by the hardness of the alloy which was higher than the Ti6Al4V alloy and the 

AlCoCrFeNiCu alloy. This study successfully defines the capabilities of in situ fabrication of 

high entropy alloys and presents novel techniques for multiple powder preparation of high 

entropy alloys using laser additive manufacturing, to permit the next generation of 

compositionally graded materials for aerospace components. 

 

Keywords: Laser Deposition, in situ alloying, High Entropy Alloys, Tribology, Nanoindentation 

1. Introduction 

Ti-6Al-4V represents a class of functionally graded materials with excellent corrosion resistance, 

high strength to weight ratios and low density [1, 2]. These alloys with good mechanical and 

physical properties are widely used for aerospace applications [3]. Titanium-based alloys have a 

matrix comprising an alpha and beta phase that has aluminium and vanadium as an alpha and 

beta stabilizer, respectively [4]. However, the alloy’s wear resistance is low and mechanical 

properties at elevated temperatures are poor limiting their application [5].  
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Over the past decade, High entropy alloys (HEAs) have become a research interest for scientists 

in the aerospace industry owing to their microstructural [6], electrochemical [7], magnetic [8], 

tribological [9], thermal [10] and mechanical properties [11]. The concept of HEAs is based on 

multiple principal elements with near equal or equal composition. Yeh et al. [12] reported that 

each principal element may contain a concentration of 35 and 5 atomic percentages. The authors 

first reported on the as-cast AlCoCrCuFeNi HEA, exhibiting FCC, B2 and BCC solid solution 

phases compared with traditional alloys which form intermetallic phases, making those 

traditional alloys brittle limiting their applications [13-15]. Thus, the AlCoCrCuFeNi HEA 

became one of the most studied HEA systems because it has some characteristic features such as 

good cold and hot workability, thermal stability, wear, fatigue, corrosion and oxidation resistance 

[16, 17]. However, the as-cast strength of the AlCoCrCuFeNi HEA is relatively low [18]. This 

can be attributed to the manufacturing process; therefore, the choice of the fabrication technique 

for improved properties is very important. Laser additive manufacturing (LAM) as a solid 

freeform technique fabricates HEAs into fully dense 3D shapes with a rapid solidification and 

cooling rate that improves the properties of the alloys compared with conventional technologies 

[19].  Most LAM processes have a layer thickness from 20 μm to 100 μm and a 70 cm3/h build 

rate at 400 x 400 x 400 mm3 build volume [19]. It allows mass personalization with low volume 

productions; it is also a net shape technique that saves cost and time by reducing production time 

and material waste [20]. Most metallic alloys fabricated via LAM in terms of the level of 

adoption and volume production are Ni-based superalloys, aluminium, steels, titanium alloys and 

more recently, high entropy alloys [20-24]. Ti-6Al-4V titanium-based alloy and high entropy 

alloys fabricated via LAM studied extensively comprises the high entropy alloy coating 

deposited on the Ti-6Al-4V alloy as a substrate to improve the properties of the titanium alloy. 

Zhang et al. [25] fabricated TiAlNiSiV HEA on a Ti-6Al-4V substrate, the results showed the 

HEA hardness was  4 to 6 times that of the substrate while the wear resistance was 5 to 4 times 

that of the Ti-6Al-4V alloy substrate, attributed to the solution and dispersion strengthening 

mechanism of the HEA. Chen et al. [26] coated AlTiVMoNb HEA on Ti-6Al-4V alloy to 

improve the oxidation resistance and surface hardness. The results showed that the hardness was 

2.52 times that of the substrate and the oxidation resistance was 10.58% more than that of the Ti-

6Al-4V substrate. To improve the tribological properties of the titanium alloy, Prabu et al. [27] 

fabricated AlCoCrCuFeNi HEA on a Ti-6Al-4V substrate. The results showed that the wear 
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resistance of the HEA was 2.62 times more than that of the Ti-6Al-4V substrate while the 

coefficient of friction of the HEA was 0.56 times higher than the Ti-6Al-4V substrate. Research 

on the enhancement of the tribological and mechanical properties of Ti-6Al-4V has led to the 

reinforcement of the alloy with hard particles like titanium nitride and zirconia but not with High 

entropy alloys [3, 28]. Laser-deposited high entropy alloys are a new class of materials with 

potential application as turbine engine components [29]. These materials used in the aerospace 

industry must be able to withstand extreme environmental high-temperature conditions. 

However, the mechanical properties of these alloys deteriorate over time, causing severe 

damages to crucial parts of the engine that may lead to malfunction during service, therefore, 

thorough investigation of these properties is important. Reports in the literature show that there 

can be as many as 7099 high entropy alloy systems, however, high entropy alloys have been 

extensively fabricated as coatings on Ti6Al4V substrates for aerospace turbine components and 

limited records show the design of (Ti6Al4V)–(AlCoCrFeNiCu) alloys using laser-deposition 

techniques. Furthermore, most reports in the literature on both alloys are based on the HEA 

fabricated on the Ti-6Al-4V substrate using pre alloyed powder for the feedstock deposition with 

limited work done on the combination of both alloys via in situ deposition producing the (Ti-

6Al-4V)-(AlCoCrCuFeNi) HEA design system via LAM. [30] 

 The reduction of the anisotropy of Ti-based alloys during laser additive manufacturing under 

abrupt thermal gradients can be achieved via in-situ reactive synthesis [31]. Vora et al. [32] 

synthesized AlSi12 alloy using pre alloyed powders and in situ synthesis and the results showed 

that the in situ samples were more homogeneous and uniform than the pre alloyed samples. 

Wang et al. [33] examined the properties of a high entropy alloy using pre-alloyed powder via 

additive manufacturing. Although the authors recommend gas atomized powders as suitable for 

the fabrication of AM components, however, the study was limited to using only powder bed 

fusion via electron beam melting [34]. Martinez et al. [35] investigated the in situ alloying of Al-

Cu12 using additive manufacturing. The result showed that the in situ Al-Cu12 samples had a 

maximum tensile strength compared to the as-cast pre alloyed Al-Cu12. Preheating was an 

effective method in obtaining chemical homogeneity and in situ synthesis was recommended as 

an innovative alloy design initiative that is cost-effective than the gas atomized pre alloyed 

powders. In situ alloying of powder, feedstocks provide flexibility and in-process modification of 

the as-built component with the possibilities of fabricating alloys with varying chemical 
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compositions. Cagirici et al. [36] did a comparative study of laser deposited HEAs via insitu 

alloying and thermophysical calculations. The authors proposed insitu alloying as a preferred 

technique for producing advanced novel alloys and the results showed that insitu alloying is a 

promising method for producing high entropy alloys without compromising their mechanical 

performance.   

According to Xue et al. [37], Direct energy deposition fabricates complex and functionally 

graded components, therefore, this study attempts to develop novel compositionally graded 

materials by fabricating (Ti-6Al-4V)-(AlCoCrCuFeNi) HEAs via reactive in situ alloying using 

LAM to save material and energy cost.  

2. Experimental Procedure 

The Ti-based alloy powder with 45-90 microns was purchased from TLS, Germany while the 

HEA powder with 45-105 microns was purchased from F.J Brodmann & CO., L.L.C, USA. The 

as-received powders were deposited on a Ti6Al4V substrate with a dimension of 70 x 70 x 5 mm 

which was preheated at a temperature of 400°C after the substrate was grit blasted before the 

deposition to remove surface oxides. IPG fiber laser system located at the Council for Scientific 

and Industrial Research, Pretoria, South Africa (CSIR) was used in this study for deposition. The 

equipment with a coaxial feeding system and two powder hoppers with the nozzles supplying the 

powders are set to converge at the laser beam focal point during deposition. The Titanium-based 

alloy powder was loaded into a single powder feeder while the HEA powder was loaded in 

another. Therefore, only two separate powder feeders were used in this experiment to deliver the 

powders, thus, both powders were mixed in situ and fed into the melt pool through the nozzles. 

In this study, the rotational speed of the powder feeder was made constant at 2 (g/min), the 

groove was set at 4 mm (medium), the carrier gas at 2.0 l/min with a 50 % track overlap. The 

microstructural morphologies were investigated using JEOL-JSM-6010/LA plus Scanning 

Electron Microscope (SEM), Olympus BX51 light Optical Microscope and XPERT-PRO X-ray 

diffraction system (XRD). The cross-section of the samples was mounted, ground and polished 

to measure the surface roughness, nanomechanical and tribological properties using a 

Profilometer, an Anton-Paar TTX-NHT3 Nanoindentation tester and TRB3 pin-on-disc 

tribometer, respectively, located at the Surface Engineering Research Laboratory (SERL), 

Pretoria South Africa.  
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Table 1 Laser Parameters for in situ (Ti-6Al-4V)-(AlCoCrCuFeNi) HEA   

Alloy Composition Laser Power 

(W) 

Laser 

Scan 

Speed  

(mm/s) 

Powder 

feed rate 

(g/min) 

Energy 

Density 

J/mm2 

Gas flow 

rate 

(l/min) 

Track 

Width 

(mm) 

Track  

Depth 

(mm) 

Track 

Height 

(mm) 

(Ti-6Al-4V)-

(AlCoCrCuFeNi) 

1600.00 12 2.00 66.7 2.00 4 0.5 0.2 

         

 

 

3. Results and Discussions 

3.1 Powder Analysis 

The as-received powders were analysed using a JEOL-JSM-6010/LA Plus Scanning electron 

microscope (SEM) equipped with an Energy Dispersive Spectrometer (EDS). The micrograph 

displayed in Figure 1 (a) and (b) shows the as-received Ti-based alloy and HEA alloy powders 

are somewhat spherical with a clean and smooth surface enough to flow freely from the nozzles 

during deposition. The chemical composition of the AlCoCrCuFeNi HEA powder and Ti-6Al-

4V powder is shown in Tables 2 and 3 respectively. 

The powders were gas atomized from the manufacturers, making the powders dense with 

improved quality. Susan et al. [44] reported that using high-quality powder with a spherical 

shape helps the LAM process melt the fine powders easily to produce net shape 3D components 

layer-by-layer. The authors concluded that intralayer porosity and lack of fusion found at the 

interlayer boundaries of powders are defects that can be prevented by optimizing the laser 

processing parameters. Limited work has been reported on the effects of the powder 

characteristics on the as-built LAM deposits, nonetheless, optimization of the laser parameters 

such as the powder feed rate, laser power and velocity significantly influences porosity and void 

formation during deposition [45]. Thus, the laser parameters used to synthesized the powders 

were derived from previous studies [46] and varied from 1200 W to 1600 W for the laser power, 

scan speed from 8 mm/s to 12 mm/s, at a flowrate of 2 g/min, however, optimization was 

obtained at 1600 W, 12 mm/s and a flowrate of 2 g/min, thus making these the optimal 

Jo
urn

al 
Pre-

pro
of



 

 
 

parameters for the in situ deposition. Pores observed were probably caused when oxygen was 

released in a gaseous state during the highly exothermic reaction, resulting in partially or un-

melted powder particles at lower laser power between 1200 W and 1400 W. The powder 

particles of the Ti-6Al-4V were allowed to stick to the AlCoCrCuFeNi HEA, resulting in a 

powder blend with the flow capacity suitable for producing good deposits. Nonetheless, some 

tracks are poorly bonded with the substrate which may be caused by a high powder flowrate, 

insufficient energy density or the inability of the feedstock to melt in the melt pool. It was 

observed that the particle ratios between the powder fractions with different chemical 

compositions or particle sizes can design multiple high entropy alloy compositional systems. 

Powder flowrate tests were conducted before deposition with the groove set at 4mm and argon 

carrier gas flowrate at 2 l/min. The Ti powder had a flowrate of 2.35 g/min while the High 

entropy alloy powder had a flowrate of 3.57 g/min. Consequently, deposition of Ti-6Al-4V- 

AlCoCrCuFeNi HEA can be achieved at a laser energy density of 66.7 J/mm2 by in situ reaction 

synthesis with track width, depth and height at 4 mm, 0.5 mm and 0.4 mm respectively. 

 

Fig.1. Micrographs of the powder morphology of (a) Ti-6Al-4V and; (b) AlCoCrCuFeNi HEA 

[47] 

Table 2 Chemical composition of AlCoCrFeNiCu HEA in weight percentage 
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Element Al (wt.%) Co (wt.%) Cr (wt.%) Fe 

(wt.%) 

Ni 

(wt.%) 

Cu 

(wt.%) 

AlCoCrFeNiCu 42.95 11.09 10.24 13.52 10.36 11.84 

 

Table 3 Chemical composition of Ti6Al4V HEA in weight percentage 

. 

Element Ti  

(wt.%) 

 Al 

(wt.%) 

V  

(wt.%) 

Ti6Al4V 87.89 6.71 5.4 

 

3.2 Microstructural Analysis 

According to Moore et al. [48], exothermic reactions play an important role in the in situ 

deposition of metals. Metal powders fed into the powder hoppers flows through the nozzles and 

into the laser focal zone to be melted in the molten pool before deposition. Once the powders are 

melted, the metal powders are in liquid form before fabrication. In the reaction between the Ti-

6Al-4V alloy and AlCoCrCuFeNi HEA, the melting of the Ti-6Al-4V was significant as the 

dopant since the HEA have been previously fabricated using the set laser parameters[47]. The 

reaction velocity of Ti-6Al-4V, which is temperature-dependent, has been reported to be less 

than 10 cm/s in the liquid state [49]. The maximum particle size of the Ti-based alloy used in this 

study was 90 μm therefore; 0.9 x 10-3 s is estimated as the time taken for the full reaction to 

occur. Therefore, the Ti-6Al-4V - AlCoCrCuFeNi HEA can be fabricated once the base alloys in 

liquid states meet in the melt pool during deposition. From equation 6, the solidification velocity 

is equal to the travel speed multiplied by the angle between the melt pool, travel direction and the 

solidification front. 

𝑉𝑠 = 𝑉𝑏𝑥 cos 𝜃……………….(1) 

Where 𝑉 is the solidification velocity,𝑉𝑏 is the travel speed and 𝜃 is the angle between the travel 

direction of the melt pool and the solidification front. The reaction velocity was higher than the 

solidification velocity and the travel speed of the molten pool to ensure the in situ alloying was 

homogenous. To decrease the thermal stresses of the laser deposition process, the substrate was 
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preheated to a temperature of 400 ℃ to produce defect-free deposits. The solidification rate and 

temperature gradient determined the structure of laser-deposited alloys. A dense columnar grain 

structure tilting towards the build direction was observed for the Ti-6Al-4V - AlCoCrCuFeNi 

HEA as seen in Figure 2. Ren et al. [30], also observed the columnar grains when studying the 

influence of volumetric energy density on the properties of near equiatomic AlCoCuFeNi HEA 

via laser deposition attributed to the epitaxial growth beside the temperature gradient. 

The cross-sectional profile of the microstructure of the multiple tracks Ti-6Al-4V – 

AlCoCrCuFeNi deposition is shown in Figure 3. This clad consists of a hemispherical shape like 

deposit melted above the substrate surface with the thickness represented as CT, the depth of the 

clad which shows the melt zone located below the surface of the substrate is represented as CP , 

the dilution region showing the interface between the substrate and the clad is represented as CD. 

The clad composition was homogeneously distributed with an inter-diffusion layer of 

approximately 7μm in thickness showing that the compositional change from the substrate to the 

alloy clad was quite steep. Porosity and inclusion were significantly reduced attributed to the 

successive deposition and remelting of the clad layer. Thermo-mechanical processing influences 

the morphology of an alloy structure. For the Ti-6Al-4V, the microstructures are characterized 

by the α and β phases which could either form bi-modal, equiaxed in this present study, needle-

shaped lamellar structures [50]. These structures are formed depending on the rate of cooling 

from the β phase and the transus temperature. At higher cooling rates the grains are finer which 

during rapid quenching the martensitic transformation of the β phase occurs, thus leading to 

needle-shaped ultra-fine structures. These structures are characterized by improved hardness and 

moderate crystal lattice distortion [51]. On the other hand, the columnar dendritic structures were 

formed as a result of the solidification rates of the laser deposition. These structures most grow at 

a right angle and in a single direction, where the surface energy influences the growth rate [52]. 

These microstructures are also characterized by increased hardness and wear resistance [30] . 

The XRD pattern in Figure 4, showed that the Ti-6Al-4V – AlCoCrCuFeNi had a predominant 

BCC phase made up of cubic structures comprising NiTi, TiCo and FeV and having diffraction 

peaks at, 42.614 °,64.478 °and 81.339 °with interplanar distances of 2.119 Å,  1.444 Å and 1.182 

Å respectively. The dendritic structure of the alloy can be attributed to the rapid cooling rate of 

the laser-deposition process.  
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Fig.2. SEM Micrograph of the columnar dendritic structure of the in situ (Ti-6Al-4V)-

(AlCoCrCuFeNi) alloy deposit 

 

 

 

 

Fig.3. Microstructural Micrograph of in situ (Ti-6Al-4V)-(AlCoCrCuFeNi) alloy deposit 
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Fig.4. XRD patterns of in situ (Ti-6Al-4V)-(AlCoCrCuFeNi) HEAs deposit 

3.3 Nanohardness Analysis 

The mechanical property of the in situ (Ti-6Al-4V)-(AlCoCrCuFeNi) HEA was characterized 

using a force-controlled Anton Paar TTX-NHT3Microindentation Tester. The instrument 

eliminates the effect of frame compliance on penetration depth measurement and thermal drift. 

The experiments were performed using the quick matrix mode with a maximum load of 200 mN, 

acquisition rate of 400.0 [Hz], the loading and unloading rates were at 600.00 mN/min. From 

Table 4, the mean modulus value of the (Ti-6Al-4V)-(AlCoCrCuFeNi) HEA were 2.867 GPa 

and 197.93 GPa, respectively, higher than the AlCoCrCuFeNi HEA and titanium alloys with 

modulus in the range of 105 GPa to 120 GPa  [38, 53]. The nanoindentation tester was used to 

probe the mechanical behaviour of the BCC and FCC phases observed, with the load-

displacement curves of different indentations shown in Figure 5 (a) and (b) while the impression 

of the indents is presented in Figure 6. The micrographs of the indents taken separately are 

shown in figure 6. The indentation on the BCC phase showed that the indentation depth 
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decreased as the indentation moved from 1 to 4 while relatively lower Vickers hardness was 

observed in the FCC phase ranging from 150 – 250 HV and the BCC phase had hardness as high 

as 724 HV attributed to the phase solid solution strengthening effect. Thus, the maximum 

penetration depth of the FCC phase at 1800 nm was greater than the BCC phase at 800 nm 

showing that the BCC phase is more resistant to plastic deformation than the FCC phase, also 

observed by Tung et al. [54]. Each indent has its indentation depths under the same load showing 

that the alloy has an extensive variant of particle mechanical properties [55]. Since the (Ti-6Al-

4V)-(AlCoCrCuFeNi) HEA was predominantly BCC; the hardness of the alloy was 

approximately 67 % greater than the AlCoCrCuFeNi HEA and Ti-6Al-4V alloy, shown in Figure 

7.   

Table 4 Comparative study from literature  

Alloy Composition Fabrication 

Route 

Modulus 

(GPa) 

Hardness 

 

(GPa) 

Ref 

 

Ti-6Al-4V 

 

Electron Beam Additive 

Manufacturing (EBAM) 

 

127.9 

 

 

6.5 

 

 

[56] 

 

AlCoCrCuFeNi 

 

Laser Engineering Net Shaping 

(LENS) 

 

149 

 

 

2.77 

    

  

[38] 

 

(Ti-6Al-4V)-

(AlCoCrCuFeNi) 

 

Laser Engineering Net Shaping 

(LENS) 

 

197 

 

 

2.8 

 

 

This Study 
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Fig.5. Comparison of indentation compression curves for the (Ti-6Al-4V)-(AlCoCrCuFeNi) 

HEA deposit 

 

 

Fig.6. Impression of the Indents captured separately at a load of 200 mN 

Jo
urn

al 
Pre-

pro
of



 

 
 

 

 

Fig.7. Microhardness profile of Ti-6Al-4V, AlCoCrCuFeNi and (Ti-6Al-4V)-(AlCoCrCuFeNi) 

Alloy 

Based on the Oliver & Pharr method, the modulus and nanohardness of the different phases in 

the (Ti-6Al-4V)-(AlCoCrCuFeNi) HEA were extracted from the load-displacement curves. As 

shown in Figure 8, the hardness of the BCC phase increased by 184 % from 7.820 to 22.212 GPa 

and the modulus increased by ̴ 70 % from 192 to 328 GPA. In contrast, the hardness and 

modulus of the FCC phase decreased by ̴ 38 % from 2.997 to 2.178 GPa and 17 % from 172 to 

147 GPa, respectively, as the indent moved from 1 to 4. This verifies that the solid strengthening 

mechanism of the phases differs and that the solid strengthening mechanism is more distinct in 

the BCC phase. 
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Fig.8. NanoHardness and Young Moduli of the phases observed in the (Ti-6Al-4V)-

(AlCoCrCuFeNi) HEA 

3.4 Wear Analysis 

 

The examination of the tribological behaviour of the Ti-6Al-4V, AlCoCrCuFeNi and (Ti-6Al-

4V)-(AlCoCrCuFeNi) alloy under sliding wear conditions were achieved via a ball-on-disk test 

on a TRB3 pin-on-disc tribometer with the samples clamped down for rotational motion and a 

spherical ball made up of steel with 1 mm diameter serving as the counter material with a 10, 15 

and 20 N force at room temperature. There were at least three repetitions of the tests. The surface 

roughness, wear rate and coefficient of friction were derived through profilometer and Instrumx 

8.1.8 software. The results showed that the mean surface roughness (Ra) for Ti-6Al-4V, 

AlCoCrCuFeNi and (Ti-6Al-4V)-(AlCoCrCuFeNi) alloy were 0.5 μm, 0.63 μm and 0.80 μm, 

respectively. The (Ti-6Al-4V)-(AlCoCrCuFeNi) alloy is predominantly BCC dendritic attributed 

to the high Al content which is characteristic of spinodal decomposition with modulated 

structures.  The spinodal decomposition of the predominant BCC phase provides the alloy with a 

nano-composite strengthening effect which invariably improves the wear resistance of the alloy 

by resisting plastic deformation. Consequently, Figure 9 shows that the (Ti-6Al-4V)-

(AlCoCrCuFeNi) had the highest wear resistance with the lowest wear rate of 1.096 x 10-6 

mm3/mN compared with AlCoCrCuFeNi and Ti-6Al-4V alloys which had wear rates values of 

4.267 x 10-6 mm3/mN and 6.511 x 10-6 mm3/mN, respectively, attributed to the hardness 

properties. This is in agreement with the conclusion provided by Khruschov, which states that 
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the hardness of a material is generally proportional to its wear resistance [43]. It was observed 

that there was very little influence of the applied force from 10 N to 15 N on the sliding wear 

behaviour of the alloys at ambient temperature until the force was increased to 20 N. For the (Ti-

6Al-4V)-(AlCoCrCuFeNi), AlCoCrCuFeNi and Ti-6Al-4V alloy, the average coefficient of 

friction (COF) measured was 0.4, 0.5 and 0.6, respectively, as shown in Figure 10. The wear 

track of the (Ti-6Al-4V)-(AlCoCrCuFeNi) HEA was examined using SEM and Optical 

Microscope. Figure 11 shows the high entropy alloy experienced abrasive wear with particles 

and hard oxidized debris observed on the worn surface also observed by Zhang et al. [57].   

 

Fig.9. Wear rates of (Ti-6Al-4V)-(AlCoCrCuFeNi), AlCoCrCuFeNi and Ti-6Al-4V 
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Fig.10. Average Coefficient of friction for (Ti-6Al-4V)-(AlCoCrCuFeNi), AlCoCrCuFeNi and 

Ti-6Al-4V alloys at room temperature 

 

 

Fig.11. (a) SEM of the Wear Track for (Ti-6Al-4V)-(AlCoCrCuFeNi) (b) Optical micrographs of 

the worn scar for (Ti-6Al-4V)-(AlCoCrCuFeNi) 
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4. Conclusions 

This study investigates innovative ways of fabricating equal or near- equal high entropy alloy 

systems via reactive in situ alloying using laser additive manufacturing. The (Ti-6Al-4V)-

(AlCoCrCuFeNi) HEA was fabricated using laser parameters; laser power 1600 W, scan speed 

12 mm/s and flow rate of 2 g/min from two powder feeders. The influence of the in situ reactive 

synthesis of Ti6Al4V- AlCoCrFeNiCu high entropy alloys on the microstructural and 

mechanical properties of the as-built alloy were studied.  

 Quality track deposits with homogeneous columnar dendritic structures comprising 

predominantly BCC phase were observed attributed to the rapid solidification and 

cooling rates of the laser-deposition process and the exothermic reaction between the Ti-

6Al-4V and AlCoCrCuFeNi alloy.  

 The hardness and modulus of the BCC phase increased by 184 % and 70 % while the 

hardness and modulus of the FCC phase decreased by ̴ 38 % and by 17 %, respectively, 

showing that the solid strengthening mechanism of the phases differs and that the solid 

strengthening mechanism is more distinct in the BCC phase.  

 The (Ti-6Al-4V)-(AlCoCrCuFeNi) alloy fabricated via in situ synthesis showed 

improved mechanical properties compared with the AlCoCrCuFeNi and Ti-6Al-4V 

alloys, showing the capabilities of the in-situ processing in producing alloys with 

improved properties. 

 The in-situ fabricated (Ti-6Al-4V)-(AlCoCrCuFeNi) HEA presents alternative techniques 

in producing innovative high entropy alloy compositions via laser additive manufacturing 

as opposed to the use of conventional pre alloyed feedstock powders. Thus, the 

elimination of the prealloying powder process saves time and reduces the lifecycle costs 

of production. 
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