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ABSTRACT 
Ti-6Al-4V medical implant is one of the corrosion resistant alloys used for 
replacement of worn out tissues and organs in the body due to its excellent 
mechanical and chemical properties. This implant is alloyed with certain 
elements to enhance corrosion and fatigue properties for effective 
biocompatibility. When sintered, this alloy offers better implant material and 
provides stability when in contact with oxygen forming inert protective layer 
capable of providing suitable wear resistance for bone and tissue growth. 
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INTRODUCTION 
Titanium alloys have been developed because of outstanding technological characteristics of this all 
important metal. It has a stable oxide layer which makes it highly resistance to corrosion attack in 
several environments [1, 3, 7, 8]. Among the alloys of this unique metal is the Ti-6Al-4V alloy 
which found practical applications in areas such as marine environment, automotive, aerospace and 
several other structural areas that requires high temperature applications[2, 4, 22].This alloy, 
despite its use in the aforementioned applications, is a candidate material for medical implants and 
prosthetics due to its high strength to low weight ratio, low density to that of bone, resistance to 
fatigue and excellent behavior in corrosive media [3, 11, 12]. Reduction in fatigue life of this alloy 
and its use in orthopedic, dental and hip prosthesis is due to its high biocompatibility with 
formation of oxide layer as a result of its good wear resistance [3, 6].The effects of corrosion in Ti-
6Al-4V alloy could lead to disintegration of the implant material, cause it to weaken and release 
deleterious substances due to corrosion into the surrounding organs and tissues in the body and they 
remain irreplaceable when implanted into the body as shown below.  
 

 

 

 

 

 

 

Figure 1 (a) and (b) above shows parts of the body subjected to corrosion attack. The former is 
artificial hip implant while the latter is artificial dental prosthesis [16]. 
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From the figure above, implant materials produced by Ti-6Al-4V alloy is required to possess stable 
mechanical and chemical properties as well as low coefficient of friction for durability in 
aggressive and dynamic environment.  
 

 

 

 

 

 

 

 

Table 1 (a) and (b) shows the chemical composition and mechanical properties of Ti-6Al-4V alloy 
[4]. 
From the tables above, the specific strength and elastic modulus of this alloy is low compared with 
other metals used in biomedical implants and, corrosion of this alloy could pose a threat to the 
integrity of the implant which may lead to implant failure and deposition of harmful ions to body 
fluids prompting severe health hazard [2, 6, 20]. Furthermore, in this alloy, aluminum stabilizes the 
alpha phase while vanadium stabilizes beta phase which hitherto enhances its mechanical properties 
[8, 31] though the bio-inertness of this alloy could cause reduced osteointegration and its porous 
form encourages re-growth of bones and new blood vessels and transport of nutrients and waste 
metabolic materials [10, 27], movement produced as a result of close contact could lead to crack 
initiation and rapid deterioration of the material [12]. 
 

Thermodynamics, Chemical and Kinetic Mechanisms of Corrosion of Ti-6Al-4V Alloy  
The corrosion behavior of this alloy has been a subject of intense research due to the relative 
importance of this alloy in biocompatibility condition in the human body [7, 30]. Research carried 
out by [5, 11] reveals that Ti-6Al-4V alloy offers better corrosion resistance when milled and 
sintered using spark plasma sintering as shown below. 
 

 

 

 

 

 

 

 

Figure 2 shows SEM image and Electro Dispersive Spectroscopy (EDS) spectra of Ti-6Al-4V alloy 
sample [5]. 
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From the figure above, this alloy shows low hardness with high porosity needed for 
biocompatibility and stability in the body. Further research carried out by [7] reports that this alloy 
has high resistance to corrosion through formation of stable film of oxide on its surface and growth 
of oxide layer on the surface of Ti-6Al-4V alloy is the result of nitriding of the alloy [1] . Research 
carried out by [2, 26, 31] on behavior of Ti-6Al-4V alloy under load reveals that resistance to 
corrosion of this alloy is due to quick oxidation on alloy surface which shields the base metal from 
direct contact with outside environment and figure below tends to reveal more the mechanism that 
could possibly lower the alloy strength in corrosive environment.  

 

Figure 3 shows time to failure of Ti-6Al-4V alloy corrosion test in different environmental 
condition for static and fatigue load [2]. 
From the diagram above, it was affirmed that different loading states could have effect on the alloy 
oxide immunity and mechanical stress could also affect the corrosion fatigue. [12, 25] suggested  
behavior of etched Ti-6Al-4V alloy on application of mechanical stress and chemical potential 
under wear conditions revealed that combination of both could lead to destruction of passive film 
stimulating material loss as shown below. 

 

 

 

 

Figure 4 (a) and (b) shows etched surface and potentiodynamic polarization curves of Ti-6Al-4V 
alloy in phosphate buffer solution [12]. 
From the figure above, a two phase structure of this alloy shows alpha and beta phases with very 
slight increment in current to determine breakdown potential is observed [12, 7].  
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Further research carried out by [13, 7, 6] reveals there is appreciable breakdown potential with less 
rate of corrosion in this alloy than other alloys used in biocompatibility as shown below. 
 

 

 

 

 

 

 

 

 
 
 
Figure 5 shows cyclic polarization plot of different alloy biomedical materials at 37oC [13]. 
From the figure above, it shows that Ti-6Al-4V alloy has appreciable resistance to corrosion and 
better breakdown potential than other metal alloys. 
 
Effect of Composition and Microstructure 
The formation of stable, adherent and protective oxide films on the surface of the alloy provides 
better corrosion resistance and effects good bonding of the implant materials [15, 19, 26, 29]. Also, 
the effect of chemical composition is likely to affect tissue reaction on implant surface and 
corrosion caused as a result of dissolved titanium may affect tissues in the body leading to the 
release of osteolytic cytokines responsible for wear of implant materials [8, 7]. However, research 
carried out by [12, 8, 18, 19, 24] reveals that when Ti-6Al-4V is alloyed with aluminum or 
vanadium, it minimizes active and passive break-up thus decreases wear in the material and, 
addition of these elements refines the grain size of the alloy with a microstructure which depicts 
rapid cooling as shown below.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 shows optical images of Ti-6Al-4V alloy microstructure [8]. 
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From the diagram above, the alloy is composed of little grains with alpha and beta phases showing 
addition of alloying elements which refines the grain size producing enhanced mechanical 
properties and, wear volume of the alloy measured as the difference of total wear producing 
mechanical wear  [29, 8, 30] as shown below. 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 7 shows wear track of Ti-6Al-4V alloy after tribo-corrosion test [8]. 
From the above figure, the scratch lines shows direction of wear which is parallel to sliding 
direction with no clear distinction on the lubricants. Further research on microstructure of this alloy 
[2, 17, 19] reveals that their micro-hardness is as a result of milling and sintering of its powders 
producing a green porous body as shown below.   
 
 
 
 

 

 

 

 

 

Figure 8 shows SEM image of Ti-6Al-4V powders milled after spark plasma sintering porous were 
observed [5].  
From the figure above, there is surface activation of powder particles as a result of plasma 
sintering. It was investigated by [11] that this alloy has the tendency to resist crevice corrosion 
using a novel technique of electron beam melting based on potentiodynamic polarization 
measurement. Studies carried out by [15, 16, 18] reveals that nitride coating provides favorable 
anti-corrosion when titanium nitride phase of solid solution of nitrogen in alpha-titanium with 
chemical composition as shown below. 
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Table 2 
(a) and 

(b) show chemical composition and nitride regime of Ti-6Al-4V alloy [15]. 
From the table above, nitriding effect on the alloy enhances more resistance to corrosion due to 
high strength of the chemical bonds in titanium nitride when in contact with body fluid and bone 
and tissue re-growth. Also, fatigue life of Ti-6Al-4V alloy is enhanced by surface treatment of this 
alloy which refines osseointegration of the implant [17, 28]. 
 
METHODOLOGY 
The corrosion behavior of Ti-6Al-4V alloys is investigated using CES EduPak software which is 
applied in materials tree universe to select most appropriate titanium alloys suitable to withstand 
and resist corrosion when load is applied as well as the mechanical properties of alloys that met 
these conditions as shown below. 
Chemical Properties and Applications 

 

Figure 9 shows effect of stress corrosion cracking on Ti-6Al-4V alloys using CES EduPak software 
and how susceptible to chemical attack on these alloys. 
 
 
 
 
 

 Stress corrosion cracking
Highly susceptible SusceptibleSlightly susceptibleNot susceptible

Titanium, alpha-beta alloy, Ti-6Al-4V, aged

Titanium, alpha-beta alloy, Ti-6Al-4V, annealed

Titanium, alpha-beta alloy, Ti-6Al-4V, cast

Titanium, alpha-beta alloy, Ti-6Al-4V, solution treated & aged

0

0

0

0

1

1

1

1

0

0

0

0

0

0

0

0
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Figure 10 shows reaction of these alloys to oxidation using CES EduPak. It is shown that Ti-6Al-
4V solution treated and aged alloy offer better oxidation resistance than other alloys. 

 

Figure 11 shows reaction of these alloys to strong acids. 

 

 

 

 

 

 Oxidation at 500C
Unacceptable Limited use Acceptable Excellent

Titanium, alpha-beta alloy, Ti-6Al-4V, aged

Titanium, alpha-beta alloy, Ti-6Al-4V, annealed

Titanium, alpha-beta alloy, Ti-6Al-4V, cast

Titanium, alpha-beta alloy, Ti-6Al-4V, solution treated & aged

0

0

0

0

0

0

0

0

0

1

0

1

1

0

1
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 Strong acids
Unacceptable Limited use Acceptable Excellent

Titanium, alpha-beta alloy, Ti-6Al-4V, aged

Titanium, alpha-beta alloy, Ti-6Al-4V, annealed

Titanium, alpha-beta alloy, Ti-6Al-4V, cast

Titanium, alpha-beta alloy, Ti-6Al-4V, solution treated & aged

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0
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Figure 12 shows plot and effect of strong alkalis on Ti-6Al -4V alloys. 

CONCLUSION  
Ti-6Al-4V alloy have tackled the challenges posed by corrosion of biomedical implants through its 
discovery decades ago. This has successfully created an atmosphere of stability, durability and 
confidence in research towards the manufacture of patient-friendly implants and reducing the 
detrimental effect of ion diffusion in body fluid which eventually deteriorates the health of 
individuals using the implant material. Its stability when in contact with oxygen enables it to form a 
protective layer capable of providing suitable wear and corrosion resistance for bone and tissue 
regeneration. 
 
REFERENCES 
Albayrak, C, Hacisalihoglu, I, Vangolu, S. Y, Alsaran, A (2013). Tribocorrosion behavior of 

duplex treated pure titanium in simulated body fluid. Journal of  Wear. Volume: 302 pp. 
1642-1648 

 
Baragetti, S, Villa, F (2014). SCC and corrosion fatigue characterization of a Ti-6AL-4V alloy in a 

corrosive environment – experiments and numerical models. Journal of Fracture and 
Structural Integrity related Issues. Volume: 30 pp. 84-94 

 
Zavanelli, R. A, Ferreira, I, Rollo, A. J. M. D (2000). Corrosion fatigue life of commercially pure 

titanium and Ti-6Al-4V alloys in different storage environments. Journal of Prosthetic 
Dentistry. Volume: 84 pp. 274-279 

 
Oldani, C, Dominguez, A (2012). Titanium as a biomaterial for implants. Recent Advances in 

Arthroplasty. www.intechopen.com pp. 149-162 
 
Nava-Dino, C. G, Lopez-Melendez, C, Bautista-Margulis, R. G, Neri-Flores, M. A (2012). 

Corrosion Behavior of Ti-6Al-4V Alloys. International Journal of Electrochemical Science. 
Volume: 7 pp. 2389-2402 

 
 
 

 Strong alkalis
Unacceptable Limited use Acceptable Excellent

Titanium, alpha-beta alloy, Ti-6Al-4V, aged

Titanium, alpha-beta alloy, Ti-6Al-4V, annealed

Titanium, alpha-beta alloy, Ti-6Al-4V, cast

Titanium, alpha-beta alloy, Ti-6Al-4V, solution treated & aged

0

0

0

0

0

0

0

0

1

1

1

1

0

0

0

0

http://www.intechopen.com


63 
 

Journal of Scientific and Industrial Studies, Volume 15, Number 1, 2020 
 

Xu, W, Yu, F, Yang, L, Zhang, B, Hou, B, Li, Y (2018). Accelerated corrosion of 316L stainless 
steel in simulated body fluids in the presence of H2O2 and albumin. Journal of Materials 
Science and Engineering volume: 92 pp. 11-19 

Fekry, A. M, El-Sheriff, R. M (2009). Electrochemical corrosion behavior of magnesium and 
titanium alloys in simulated body fluid. Journal of Electrochemica Acta volume: 54 pp. 
7280-7285 

 
Dimah, M. K, Albeza, F. D, Borras, V. A, Munoz, I. A ( 2012). Study of the biotribocorrosion 

behavior of titanium biomedical alloys in simulated body fluids by electrochemical 
techniques. Journal of Wear volume: 295 pp. 409-418 www.elsevier.com/locate/wear. 

 
Prasad, K, Bazaka, O, Chua, M, Rochford, M, Fedrick, L, Spoor, J, Symes, R, Tieppo, M, Collins, 

C, Cao, A (2017). Metallic Biomaterials: Current Challenges and Opportunities. Journal of 
Materials volume: 10 pp. 1-33 

 
Melo-Fonseca, F, Lima, R, Costa, M. M, Bartolomeu, F, Alves, N, Miranda, A, Gasik, M, Silva, F. 

S, Silva, N. A, Miranda, G (2018). 45S5 BAG-Ti6Al4V structures: The influence of the 
design on some of the physical and chemical interactions that drive cellular response. 
Journal of Materials and Design volume: 160 pp. 95-105 

 
Zhao, B, Wang, H, Qiao, N, Wang, C, Hu, M (2017). Corrosion resistance characteristics of a Ti-

6Al-4V alloy scaffold fabricated by electron beam melting and selective laser melting for 
implantation in vivo. Journal of Materials Science and Engineering C volume: 70 pp. 832-
841 

 
Runa, M. J, Mathew, M. T, Rocha, L. A (2013). Tribocorrosion response of the Ti6Al4V alloys 

commonly used in femoral stems. Journal of Tribology international volum: 68 pp. 85-93 
 
Gurappa, I (2002). Characterization of different materials for corrosion resistance under simulated 

body fluid conditions. Journal of Materials Characterization volume: 49 pp. 73-79 
 
Kumar, S, Sivakumar, B, Narayanan, T. S. N, Raman, S. G. S, Seshadri, S. K (2010). Fretting-

corrosion mapping of CP-Ti in Ringer’s solution. Journal of Wear volume: 268 pp. 1537-
1541 

 
Pohrelyuk, I. M, Fedirko, V. M, Tkachuk, O. V, Proskurnyak, R. V (2013). Corrosion resistance of 

Ti-6Al-4V alloy with nitride coatings in Ringer’s solution. Journal of Corrosion Science 
volume: 66 pp. 392-398 

 
Revathi, A, Magesh, S, Balla, V. K, Das, M, Geetha, M (2016). Current advances in enhancement 

of wear and corrosion resistance of titanium alloys – a Review. Journal of Materials 
Technology: Advanced Performance Materials volume: 31 pp. 696-704 

 
Pazos, L, Corengia, P, Svoboda, H (2010). Effect of surface treatments on the fatigue life of 

titanium for biomedical applications. Journal of Mechanical behavior of biomedical 
materials vol. 3 pp. 416-424 

 
Manhabosco, T. M, Tamborim, S. M, dos Santos, C. B, Muller, I. L (2011). Tribological, 

electrochemical and tribo-electrochemical characterization of bare and nitride Ti6Al4V in 
simulated body fluid solution. Journal of corrosion science vol. 53 pp. 1786-1793 

 

http://www.elsevier.com/locate/wear.


64 
 

The Corrosion of Ti-6Al-4V Alloy Medical Implants and Prosthetics under Load 
 

Fleck, C, Eifler, D (2010). Corrosion, fatigue and corrosion fatigue behavior of metal implant 
materials, especially titanium alloys. International journal of fatigue vol. 32 pp. 929-935 

 
Yu, J, Zhao, Z. J, Li, L. X (1993). Corrosion fatigue resistances of surgical implant stainless steels 

and titanium alloy. Journal of corrosion science vol. 35 pp. 587-597 
 
Toptan, F, Alves, A. C, Pinto, A. M. P, Ponthiaux, P (2017). Tribocorrosion behavior of bio-

functionalized highly porous titanium. Journal of Mechanical behavior of Biomedical 
materials vol. 69 pp. 144-152 

 
Mogoda, A. S, Ahmad, Y. H, Badawy, W. A (2004). Corrosion behavior of Ti-6Al-4V alloy in 

concentrated hydrochloric and sulfuric acids. Journal of Applied Electrochemistry vol. 34 
pp. 873-878 

 
Bartolomeu, F, Buciumeanu, M, Costa, M. M, Alves, N, Gasik, M, Silva, F. S, Miranda, G (2019). 

Multi-material Ti6Al4V & PEEK Cellular structures produced by selective laser melting 
and hot pressing. A tribocorrosion study targeting orthopedic applications. Journal of 
mechanical behavior of biomedical materials vol. 89 pp. 54-64 

 
Yadzi, R, Ghasemi, H. M, Wang, C, Neville, A (2017). Bio-corrosion behavior of oxygen diffusion 

layer on Ti-6Al-4V during tribocorrosion. Journal of corrosion science vol. 128 pp. 23-32 
 
Hosseini, S, Mirdamadi, S, Nemati, A (2016). Porous Ti6Al4V scaffolds for dental implants: 

Microstructure, mechanical and corrosion behavior. Journal of Materials: Design and 
Applications vol. 230 pp. 927-933 

 
Almanza, E, Perez, M. J, Rodriguez, N. A, Murr, L. E (2017). Corrosion resistance of Ti-6Al-4V 

and ASTM F75 alloys processed by electron beam melting. Journal of Materials 
Technology vol. 6 pp. 251-257 

 
Sarao, T. P. S, Singh, H, Hazoor, S (2018). Enhancing Biocompatibility and corrosion resistance of 

Ti-6Al-4V alloy by surface modification route. Journal of thermal spray technology vol. 27 
pp. 1388-1400 

 
Cordeiro, J. M, Barao, V. A. R (2017). Is there scientific evidence favoring the substitution of 

commercially pure titanium with titanium alloys for the manufacture of dental implants. 
Journal of Materials Science and Engineering C vol. 71 pp. 1201-1215 

 
Poursaee, A (2019). Corrosion of Ti-6Al-4V orthopedic alloy under stress. Journal Materialia vol. 6 

www.elsevier.com/locate/mtla 
 
Wang, C, Zhang, G, Li, Z, Zeng, X, Xu, Y, Zhao, S, Hu, H, Zhang, Y, Ren, T (2019). Tribological 

behavior of Ti-6Al-4V against cortical bone in different biolubricants. Journal of the 
Mechanical behavior of Biomedical Materials vol. 90 pp. 460-471 

 
Costa, B. C, Tokuhara, C. K, Rocha, L. A, Oliveira, R. C, Paulo, N, Pessoa, J. C (2019). Vanadium 

ionic species from degradation of Ti-6Al-4V metallic implants: In vitro cytotoxicity and 
speciation evaluation. Journal of Materials Science and Engineering C vol. 96 pp. 730-739  

 
DEV-2020-054/I. Samuel/devonjournal@yahoo.com/15-7-2020/ Devon Science Company*****138 

http://www.elsevier.com/locate/mtla
mailto:Samuel/devonjournal@yahoo.com/15-7-2020/

