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Abstract 
Beta titanium alloys and titanium high entropy alloys are promising candidates for marine structural applications. 

This study aims to compare Ti-20Cu-20Ni-20Mn-20Zn high entropy alloy and Ti-13Cu-9Ni-5Mn-5Zn beta titanium 

alloy on microstructure, mechanical properties, and corrosion behavior in a 3.5% NaCl solution. Ti-20Cu-20Ni-

20Mn-20Zn and Ti-13Cu-9Ni-5Mn-5Zn were produced by powder metallurgy. In the experimental results, it was 

observed that Ti-20Cu-20Ni-20Mn-20Zn alloy, as a high entropy alloy, has a low hardness value of 190.658 HV and 

a high corrosion rate of 1.7992 mm/year. The Ti-13Cu-9Ni-5Mn-5Zn alloy as the beta-titanium alloy has a high 

hardness value of 430.736 HV and a low corrosion rate of 0.12121 mm/year. The results indicate that Ti-13Cu-9Ni-

5Mn-5Zn has better corrosion resistance in 3.5% NaCl solution and hardness than Ti-20Cu-20Ni-20Mn-20Zn high 

entropy alloy.  
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1. INTRODUCTION 
     Since the 1950s, titanium alloys have been 

developed as structure materials for marine 

facilities, especially for ship hulls, marine power 

systems, and pipes. Marine titanium alloys 

mostly contain aluminum and molybdenum upon 

optimum doping with an adaptive strengthening 

of the hexagonal crystalline lattice (α-Ti). α-Ti is 

chosen because it has good weldability, which 

enables the production of large-size welded 

structures without additional thermal processing 

to remove residual welding stress [1]. However, 

α-Ti has low strength properties, is brittle, unable 

to heat treatment, and has a low forming ability 

[2]. 

     Besides that, beta titanium (β-Ti) is one phase 

of titanium alloys that usually contains vanadium 

(V), molybdenum (Mo), niobium (Nb), and 

tantalum (Ta) [2]. It has been used in applications 

that demand high strength, good corrosion 

resistance, excellent biocompatibility, good 

ductility, good weldability, good stability at a 

temperature above 315 ºC, and ease of fabrication 

[2], [3]. Moreover, the β-Ti alloy has better 

formability and is easier to fabricate than the 

alpha phase titanium [2]. β-Ti alloys such as Ti-

8Mn, Ti-45Nb, Ti-15Mo-5Zr, Ti-11.5Mo-6Zr-

4.5Sn, and Ti-35V-15Cr have good corrosion 

resistance to Cl- ions and show good corrosion 

resistance for marine applications [4]. β-Ti alloy 

properties provide significant advantages over 

other high-performance alloys. However, the 

main drawback of β-Ti alloys is their high cost 

due to increase raw materials cost [5].  

     On the other hand, high entropy alloys are 

currently of great research interest in materials 

science and engineering [6]. High entropy alloys 

are alloys designed to combine at least five 

essential elements in relatively high 

concentrations (5–35 at.%) compared to 
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conventional alloys that have only one or two 

basic elements [6]–[11]. High entropy alloys 

have recently been developed due to their high 

strength properties, good corrosion resistance, 

and ease of fabrication [7], [12]. High entropy 

alloys recently being developed are Ti-Zr-Cu-Ni-

Be alloy, 0.5Al-Co-Cr-Cu-Fe-Ni-0.2Ti alloy, Ta-

Nb-Hf-Zr-Ti alloy, and Ta-Nb-V-Ti alloy [8]. To 

the best of our knowledge, there are still few 

studies on high entropy alloys using titanium in 

2022, and no research on Ti-Cu-Ni-Mn-Zn high 

entropy alloy has been discovered. 

     The powder metallurgy method was used to 

create Ti-20Cu-20Ni-20Mn-20Zn high entropy 

alloy and Ti-13Cu-9Ni-5Mn-5Zn β-Ti alloy in 

the current work. Because of the uniform 

composition, metal savings, and lower processing 

costs, the powder metallurgy method was used 

for alloy production [13]. Copper (Cu), nickel 

(Ni), manganese (Mn), and zinc (Zn) are 

inexpensive alloying elements for the synthesis 

of beta titanium and high entropy alloy. Cu, Ni, 

and Mn are eutectoid elements forming beta-

phase titanium [3]. Zinc (Zn) was selected to 

decrease the sintering temperature of the powder 

metallurgy process [14]. NaCl 3.5% is commonly 

used standard solution for marine corrosion 

simulation [1].  

     This study aims to compare the microstructure, 

mechanical properties, and corrosion behavior  

Ti-20Cu-20Ni-20Mn-20Zn high entropy alloy 

and Ti-13Cu-9Ni-5Mn-5Zn β-Ti alloy on their in 

a 3.5% NaCl solution for marine structure 

application. 

 

2. MATERIALS AND METHODS 
2.1 Materials   

      Powder metallurgy method was used to create 

Ti-20Cu-20Ni-20Mn-20Zn and Ti-13Cu-9Ni-

5Mn-5Zn alloy compositions. Titanium, copper, 

nickel, manganese, and zinc (Merck, p.a grade) 

was precisely weighed and mixed for 5 minutes 

in mortar. It was then compacted for 30 seconds 

using Enerpac GP-105 at 500 MPa pressure to 

form a compact cylinder with a 1 cm diameter 

and 5 mm height. The compacted sample was 

sintered using GSL-1100X at 880 °C for 3 hours 

before being cooled to room temperature in an 

argon atmosphere in a quartz tube. The samples 

were polished on the Grinder Polisher-1B with 

water flowing through it using emery papers up 

to 2000 grit. This study used a Kroll solution 

consisting of 6 mL HNO3, 3 mL HF, and 100 mL 

H2O as the etching solution. 

 

2.2 Characterization  

     The microstructure of Ti-20Cu-20Ni-20Mn-

20Zn and Ti-13Cu-9Ni-5Mn-5Zn samples were 

characterized by JEOL JSM-6390A SEM-EDS 

(scanning electron microscope-energy dispersive 

spectroscopy).  

     Ti-20Cu-20Ni-20Mn-20Zn and Ti-13Cu-9Ni-

5Mn5Zn alloys were investigated by Rigaku 

Smartlab XRD (x-ray diffraction) with Cu-Kα to 

identify the phase that was formed after the 

sintering process.  

     The Vickers Micro Hardness test was 

performed The Vickers Micro Hardness test was 

carried out at Mitutoyo AR Hardness with a 

loading of 0.3 KN and a loading speed of 12 

seconds. The hardness test was carried out eight 

times on the surface of the specimen with a 

horizontally parallel pattern at Mitutoyo AR 

Hardness with a loading of 0.3 KN and a loading 

speed of 12 seconds. The hardness test was 

carried out eight times on the surface of the 

specimen with a horizontally parallel pattern. 

     Potentiodynamic polarization and EIS 

(electrochemical impedance spectroscopy) were 

used to investigate corrosion behavior in a 3.5% 

NaCl solution using a three-electrode system, 

with the samples serving as working electrodes, 

Ag/AgCl (KCl 1 M) serving as the reference 

electrode, and a platinum plate serving as the 

counter electrode. For marine environment 

simulation, a 3.5% NaCl solution at room 

temperature (25 °C) was used. Autolab 302 Multi 

BA was used to perform the electrochemical 

measurements. The potentiodynamic polarization 

was performed at a scan rate of 0.001 V/s, with 

an initial potential of -0.42 V vs OCP (open 

circuit potential) and a final potential of 0.95 V 

vs OCP. The EIS was taken 120 seconds after 

immersion to determine the OCP. The OCP 

determination time was chosen because the 

average OCP had a stable value with a deviation 

of less than 5% from t = 0 s to t = 120 s. The 

stability of the average OCP value indicates that 

the TiO2 film on the titanium surface is growing 

slowly and that the titanium surface is stable. The 

OCP stability as a function of time in titanium 

alloys in 3.5% NaCl solution has also been 

reported [16]. The EIS was performed with a 

frequency range of 100 kHz - 0.05 Hz and an 

amplitude of 10 mV about OCP. Nova 1.1 

examined the electrochemical parameter. 

 

3. RESULT AND DISCUSSION  
3.1 Microstructure and Phase Analysis 

     Figure 1 shows SEM-EDS (scanning electron 

microscope-energy dispersive spectroscopy) 

observation Ti-Cu-Ni-Mn-Zn alloy after sintering 
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at 880 °C for 3 hours. Ti-20Cu-20Ni-20Mn-20Zn 

alloy exhibits eutectoid structure clearly seen in 

Fig. 1(a). The eutectoid structure is most likely 

due to the high Zn concentration. Figure 1(b) 

depicts a Ti-13Cu-9Ni-5Mn-5Zn alloy with a -Ti 

microstructure β-Ti [17].  

 

  
(a) (b) 

Figure 1. SEM-EDS image of (a) Ti-20Cu-20Ni-20Mn-20Zn, 

and (b) Ti-13Cu-9Ni-5Mn-5Zn, after sintering at T = 880 °C 

for 3 hours 

 

Figure 2 depicts SEM mapping of a high entropy 

Ti-20Cu-20Ni-20Mn-20Zn alloy. Titanium was 

found to be uniformly distributed. The Ti-rich 

matrix contained a uniform distribution of Ni, 

Mn, and Zn. Meanwhile, in the Ti-rich matrix, 

Cu was unequally distributed. According to the 

SEM-EDS mapping profile, Ti forms 

intermetallic with Ni, Mn, and 

Zn.

 
Figure 2. SEM-EDS mapping of Ti-20Cu-20Ni-20Mn-20Zn 

alloy after sintering at T = 880 °C for 3 hours 

 

     Figure 3 depicts SEM mapping of a Ti-13Cu-

9Ni-5Mn-5Zn-Ti alloy after 3 hours of sintering 

at T = 880 °C. The Ti matrix was found to be 

segregated. Mn and Zn were found in the Ti-rich 

matrix, but less of Cu and Ni. Cu was observed 

along grain boundaries. A trace of Ti was 

discovered in the Cu matrix. Ti tends to form 

intermetallic with Mn and Zn in the Ti-13Cu-

9Ni-5Mn-5Zn alloy, according to the SEM-EDS 

mapping profile (Fig. 3). Ti-20Cu-20Ni-20Mn-

20Zn and Ti-13Cu-9Ni-5Mn-5Zn have distinct 

microstructures, particularly in terms of Cu phase 

distribution.

 Figure 3. SEM-EDS mapping of Ti-13Cu-9Ni-5Mn-5Zn 

alloy after sintering at T = 880 °C for 3 hours 

 

Phase analysis of the XRD (x-ray diffraction) 

results on Ti-20Cu-20Ni-20Mn-20Zn and Ti-

13Cu-9Ni-5Mn-5Zn after sintering at a 

temperature of 880 °C for 3 hours can be seen in 

Fig. 4. X-ray diffractogram of Ti-20Cu-20Ni-

20Mn-20Zn alloy shows the presence of α-Ti, 

TiNi, Ti2Ni,  TiZn2, TiMn2, and Cu, following 

the result of phase diagram analysis  [14], [18]-

[20]. The Cu phase (cubic structure and cell 

parameters a=b=c=2.561), intermetallic TiNi 

(hexagonal structure and cell parameters 

a=4.6460; b=4.1080; c=2.8980), and intermetallic 

TiZn2 (hexagonal structure and cell parameters 

a=5.0640; c=8.2100) have the highest intensity in 

the Ti-20Cu-20Ni-20Mn-20Zn. The second 

highest intensity (2=44.88°) is found in the 

intermetallic TiNi phase (hexagonal structure and 

cell parameters a=4.6460; b=4.1080; c=2.8980) 

and the intermetallic TiMn2 phase (hexagonal 

structure and cell parameters a=4.8200; 

c=7.9150). The third highest intensity is the 

intermetallic Ti2Ni phase (2θ=41.57º) with a 

cubic structure and cell parameters a=b=c= 

11.3193. The fourth intensity is the intermetallic 
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TiNi phase (2θ=41.06º) with a hexagonal 

structure and cell parameter a=4.6460; b=4.1080; 

c=2.8980. The fifth intensity (2θ=39.11º) is the 

α-Ti phase (hexagonal structure and cell 

parameter a=2.934; b=2.934; c=4.657), 

intermetallic TiNi (hexagonal structure and cell 

parameter a=4.6460; b=4.1080; c=2.8980) and 

intermetallic Ti2Ni (cubic structure and cell 

parameters a=b=c=11.3193). 

On the other hand, the x-ray diffractogram of 

Ti-13Cu-9Ni-5Mn-5Zn alloy shows the presence 

of β-Ti, TiZn2, Ti3Cu, TiNi, TiMn2, and Cu, by 

the result of phase diagram analysis as shown at 

Fig. 3 [14], [18]-[19], [21]. The one dominant 

peak, namely the intermetallic Ti3Cu phase, is 

located at 2θ=39,57º (hexagonal structure and 

cell parameter a=4.1580; c=3.5940). The second 

peak is the intermetallic TiNi phase, which is 

located at 2θ=41.06º (hexagonal structure, and 

cell parameter a=4.6460; b=4.1080; c=2.8980). 

The third peak (2θ=38.47º) is the β-Ti phase 

(cubic structure and cell parameters 

a=b=c=2.941) and the intermetallic TiZn2 

(hexagonal structure and cell parameters 

a=5.0640; c=8.2100).  

 

 
Figure 4. X-ray diffraction pattern of Ti-20Cu-20Ni-20Mn-

20Zn and Ti-13Cu-9Ni-5Mn-5Zn alloys after sintered at T= 

880 °C for 3 hours 

 

The TiMn2 intermetallic phase is located at 

2=44.88° (hexagonal structure, and cell 

parameters a=4.8200; c=7.9150). The fifth peak, 

at 2=43.29° (cubic structure and cell parameters 

a=b=c=2.561), is the Cu elemental phase. 

     Based on XRD analysis,  it is confirmed that 

α-Ti was formed in Ti-20Cu-20Ni-20Mn-20Zn, 

while β-Ti was formed in Ti-13Cu-9Ni-5Mn-5Zn. 

It is well known that α-Ti alloys have low 

strength properties and are less ductile compared 

to β-Ti alloys due to the hexagonal closed 

package structure. β-Ti alloys, which have a BCC 

(body-centered cubic) structure, tend to have high 

specific properties, high fatigue, high-

temperature, corrosion, and high ductility [2]. Cu 

elemental phase in the Ti-20Cu-20Ni-20Mn-

20Zn high entropy alloy was observed at a higher 

concentration and intensity than the Ti-13Cu-

9Ni-5Mn-5Zn alloy. Based on SEM-EDS 

mapping and XRD results, it can be seen that the 

Ti-20Cu-20Ni-20Mn-20Zn and Ti-13Cu-9Ni-

5Mn-5Zn alloys have a significant difference in 

phase concentration and phase distribution of 

intermetallic titanium and titanium elemental. 

 

3.2 Hardness Result 

     The hardness value of Ti-20Cu-20Ni-20Mn-

20Zn high entropy alloy and Ti-13Cu-9Ni-5Mn-

5Zn beta titanium alloy after sintering at a 

temperature of 880 °C for 3 hours can be seen in 

Fig. 5. The hardness value of Ti-20Cu-20Ni-

20Mn-20Zn was 190.658 HV and Ti-13Cu-9Ni-

5Mn-5Zn was 430.736 HV. This could be due to 

the high intensity of the Cu elemental phase and 

the low intensity of the α-Ti phase in the Ti-

20Cu-20Ni-20Mn-20Zn alloy. The low 

concentration of the α-Ti phase is likely because 

titanium tends to form an intermetallic phase with 

Ni, Mn, and Zn. It’s well known that α-Ti has 

less strength and is brittle [2], and intermetallic 

Zn exhibit lower hardness than titanium [22]. 

Contrary to Ti-13Cu-9Ni-5Mn-5Zn alloy, a less 

intermetallic phase of titanium with Cu, Ni, Mn, 

and Zn was formed so that a higher β-Ti phase 

was observed. β-Ti has more strength and 

ductility [2], [3]. Besides that, Ti-20Cu-20Ni-

20Mn-20Zn has more porosity on the surface 

than Ti-13Cu-9Ni-5Mn-5Zn. The hardness test 

result confirmed that lower single phase 

concentration and higher intermetallic phase 

concentration results in a softer alloy.  

A. S. Oryshchenko et al., reported commercial 

titanium marine with hardness value [1]. The 

Ti40Al10V alloy reported have hardness value of 

250 HV, the Ti6Al4V6Mo alloy reported have 

hardness value of 60.87 HV, and the 

Ti3Al8V4Mo4Zr alloy reported have hardness 

value of 118 HV [23]–[25]. From this 

comparison, Ti-13Cu-9Ni-5Mn-5Zn is a 
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promising candidate for marine structure because 

it has a higher hardness. 

 

 
Figure 5. The hardness value comparison between Ti-20Cu-

20Ni-20Mn-20Zn and Ti-13Cu-9Ni-5Mn-5Zn after sintered 

at T= 880 °C for 3 hours 

 

     Hence, it is expected to be more resistant to 

friction and plastic deformation. 
 

3.3 Electrochemical Measurements Analysis 

Potentiodynamic polarization was used to 

determine the corrosion potential and corrosion 

current density of Ti-Cu-Ni-Mn-Zn alloys in a 

3.5% NaCl solution. Figure 6 shows the 

potentiodynamic polarization results of the two 

samples in a 3.5% NaCl solution. Both samples 

showed an active-passive corrosion behavior. 

Corrosion potential and current density obtained 

from Tafel extrapolation are presented in Table 1. 

Ti-13Cu-9Ni-5Mn-5Zn alloy showed a more 

positive corrosion potential and a lower corrosion 

current density than that of Ti-20Cu-20Ni-20Mn-

20Zn alloy, which indicates that Ti-13Cu-9Ni-

5Mn-5Zn alloy is nobler and has better corrosion 

resistance in a 3.5% NaCl solution compared to 

Ti-20Cu-20Ni-20Mn-20Zn.  

 
Figure 6. Potentiodynamic polarization of each composition 

of Ti-Cu-Ni-Mn-Zn alloy after sintered at T= 880 °C for 3 

hours 

 

 

Corrosion rate values of the Ti-20Cu-20Ni-

20Mn-20Zn high entropy alloy and the Ti-13Cu-

9Ni-5Mn-5Zn alloy calculated from the corrosion 

current density were 1.799 mm/year and 0.121 

mm/year, respectively. That was reported that 

beta titanium has a stable oxide form [26]. Due to 

the presence of multiple elements in Ti-20Cu-

20Ni-20Mn-20Zn alloy, titanium oxide film 

tends to be inhomogeneous (non-uniform). The 

inhomogeneous oxide film in Ti-20Cu-20Ni-

20Mn-20Zn alloy is more reactive to Cl- ion than 

the titanium oxide film that of Ti-13Cu-9Ni-

5Mn-5Zn.  

 
Table 1. Corrosion rate of the Ti-Cu-Ni-Mn-Zn alloy after 

sintered at T= 880 °C for 3 hours 

Samples 

Ecorr 

(V vs. 

OCP) 

Icorr 

(µA/cm2) 

Corrosion 

Rate 

(mm/y) 

Ti-20Cu-

20Ni-20Mn-

20Zn 

-0.225 117.130 1.7992 

Ti-13Cu-9Ni-

5Mn-5Zn 
-0.018 7.891 0.1212 

 

     Ti-13Cu-9Ni-5Mn-5Zn alloy 

thermodynamically. However, it must not be that 

the Ti-13Cu-9Ni-5Mn-5Zn alloy possesses a 

lower current density compared to the Ti-20Cu-

20Ni-20Mn-20Zn alloy. Due to the small current 

density, kinetically, the tendency of mass loss for 

pitting formation in Ti-13Cu-9Ni-5Mn-5Zn alloy 

was very slow. From the above results, it can be 

concluded that the Ti-13Cu-9Ni-5Mn-5Zn alloy 

is suitable to be applied as material in a seawater 

environment [27]. 

Ti-13Cu-9Ni-5Mn-5Zn and Ti-20Cu-20Ni-

20Mn-20Zn alloys exhibit different 

potentiodynamic polarization curves. The 

difference in the potentiodynamic polarization 

curve indicates a difference in corrosion 

mechanisms in two other alloy surfaces. Based 

on the potentiodynamic polarization curve,  the 

tendency for pitting formation was observed in 

Ti13Cu9Ni5Mn5Zn alloy thermodynamically. 

However, it must be not the Ti13Cu9Ni5Mn5Zn 

alloy possesses lower current density compared 

to Ti20Cu20Ni20Mn20Zn alloy. Due to small 

current density, kinetically, the tendency of mass 

loss for pitting formation in Ti13Cu9Ni5Mn5Zn 

alloy was very slow. From the above results, it 

can be concluded that the Ti13Cu9Ni5Mn5Zn 

alloy is suitable to be applied as material in a 

seawater environment. 

The EIS (electrochemical impedance 

spectroscopy) characterization was used to 

determine phenomena that occuring on the Ti-

Cu-Ni-Mn-Zn alloy’s surface [28]. The results of 

the EIS measurements of Ti-20Cu-20Ni-20Mn-
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20Zn and Ti-13Cu-9Ni-5Mn-5Zn are presented 

in Nyquist plots, Bode Modulus plots, and Bode 

Phase plots in 3.5% NaCl solution, which can be 

seen in Fig. 7. 

The Nyquist plot of both samples immersed in 

3.5% NaCl solution showed a similar shape but 

different in diameter, indicating a difference in 

the corrosion rate. Nyquist plot of both Ti-20Cu-

20Ni-20Mn-20Zn high entropy alloy and Ti-

13Cu-9Ni-5Mn-5Zn beta titanium has one semi-

circle. The loop is at high to low frequency. The 

equivalent circuit obtained from the curve fitting 

consists of the Rs (electrolyte resistance) in series 

with the CPE (constant phase element) and Rct 

(charge transfer resistance), as shown in Fig. 8.  

 

 
(a) 

 
(b) 

 
(c) 

Figure 7. (a) Nyquist plot, (b) Bode modulus, and (c) Bode 

phase of each composition of Ti-Cu-Ni-Mn-Zn alloy after 

sintered at T= 880 °C for 3 hours 

 

 

Figure 8 shows an equivalent circuit model 

representing the interface characteristics between 

the porous electrode and the electrolyte [29]. The 

circuits representing the pore’s environment were 

added in parallel to the equivalent circuit model 

expressing the geometric electrode surfaces. This 

equivalent circuit consists of Rs representing the 

resistance in the electrolyte, Rct representing the 

charge transfer resistance at the electrode 

interface, and CPE representing the electrical 

double layer capacitance at the electrode surface 

[29]. The interface layer of the Ti-20Cu-20Ni-

20Mn-20Zn alloy has more pores than that of Ti-

13Cu-9Ni-5Mn-5Zn alloy. This can be seen by a 

three parallel circuit added in Fig. 8(a), while Fig. 

8(b) was only simulated with a two parallel 

circuit [29]. 

 
(a) 

 
(b) 

Figure 8. Equivalent circuit (a) Ti-20Cu-20Ni-20Mn-20Zn 

alloy and (b) Ti-13Cu-9Ni-5Mn-5Zn alloy, after sintered at 

T= 880 °C for 3 hours 

 

     The value of each electrical element is 

presented in Table 2. The Rp value represents the 

total resistance of Rs and Rct. The higher Rp value 

of Ti-13Cu-9Ni-5Mn-5Zn β-Ti alloy indicates 

that the alloy is more resistant to corrosion in a 

3.5% NaCl solution than Ti-20Cu-20Ni-20Mn-

20Zn high entropy alloy.    

 
Table 2. The results of fitting Ti-Cu-Ni-Mn-Zn alloy after 

sintered at T= 880 °C for 3 hours using EIS 

Samples 
Rp 

(Ω) 

Qn 

(snΩ-1cm-2) 
n 

Ti-20Cu-20Ni-20Mn-

20Zn 
2,672.65 1.390x106 0.704 

Ti-13Cu-9Ni-5Mn-5Zn 4,884.04 0.278x10-3 1.429 

 

     Bode Modulus and Bode Phase plots exhibit a 

similar trend as the Nyquist plot, as seen in Figs. 

Rs 

Rct 

Rct 

Rct 

CPE 

CPE 

CPE 

CPE 

CPE Rs 

Rct 

Rct 
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7(c) and (d). A higher |Z| value was observed for 

Ti-13Cu-9Ni-5Mn-5Zn compared to Ti-20Cu-

20Ni-20Mn-20Zn, indicating the material’s 

higher corrosion resistance. The shift of the |Z| 

value in the medium frequency in titanium alloy 

might be related to the possible appearance of 

double capacitance at the interface of the material 

layers.  

     In the Bode Phase plots, the Ti-20Cu-20Ni-

20Mn-20Zn high entropy alloy exhibit a lower 

phase angle compared than the Ti-13Cu-9Ni-

5Mn-5Zn β-Ti alloy. The observed difference in 

phase angle indicates the difference in the 

corrosion rate of Ti-20Cu-20Ni-20Mn-20Zn and 

Ti-13Cu-9Ni-5Mn-5Zn alloy. The higher phase 

means that the alloy is more resistant to corrosion 

than the lower phase in the 3.5% NaCl solution. 

                                  

4. CONCLUSION 
     The Ti-20Cu-20Ni-20Mn-20Zn and Ti-13Cu-

9Ni-5Mn-5Zn alloys were successfully fabricated 

by the powder metallurgy method. Based on 

SEM-EDS mapping and XRD results, Ti-20Cu-

20Ni-20Mn-20Zn and Ti-13Cu-9Ni-5Mn-5Zn 

alloys have a significant difference in phase 

concentration and phase distribution of 

intermetallic titanium and titanium elemental. 

The Ti-20Cu-20Ni-20Mn-20Zn alloy as a high 

entropy alloy has a lower hardness value of 

190.658 HV and a higher corrosion rate of 

1.7992 mm/year. The Ti-13Cu-9Ni-5Mn-5Zn 

alloy as a beta titanium alloy has a higher 

hardness value of 430.736 HV and a lower 

corrosion rate of 0.1212 mm/year. The results 

obtained indicate that Ti-13Cu-9Ni-5Mn-5Zn has 

better corrosion resistance in 3.5% NaCl solution 

and higher hardness than Ti-20Cu-20Ni-20Mn-

20Zn for marine structure application. 
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