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New Materials for Healthcare
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Ti Alloys



Biomaterials ðSecond Generation

Å Structural materials use ;

Å Exploit of advanced materials, developed for other

applications (automobile and aeronautics industry) .



Á Example :

- Ti alloys in orthopedic and dental applications .

http://anotherblogger.files.wordpress.com/2008/01/dental_implant.jpg


ÅWidely used in biomedical

applications ;

ÅHigh corrosion resistance, low elastic

modulus, high mechanical

strength/density ratio, and good

biocompatibility ;

ÅTi -6Al -4V: most used currently, but

studies indicate cytotoxic effects in

some tissues caused by V, while Al is

associated with neurological

disorders ;

ÅThe most promising alloys to replace

Ti -6Al -4V are those with Nb, Mo, Zr,

Mo, Ta and Mn, substituting part of

Ti .

Ti Alloys



Å Ti exist in two allotropic forms :

Å Transition temperature

depends on

substitutional or

interstitial element



Ti -6Al -4V alloy

Å a+ balloy ;

ÅThe oldest and the most used

titanium alloy (denoted Grade 5,

just after 4 Grades of Pure Ti) ;

Å50 % of whole titanium and

titanium alloys production ;

ÅDuring recrystalization, both

phases are chemically stabilized ;

ÅTypical impurities content : O: 0.2; 

N: 0.04; H: 0.015; Cu: 0.35; Fe: 0.35 

wt %.



Å Improvement ;
Å Development of materials with specific characteristics

according to the application .

Biomaterials ðThird Generation



Å After annealing, solution, quenching or aging heat

treatments, metastable martensitic aõand aõõ,and w
phases appears ;

aõõ

aõ



Å bTi - based Alloys

ðLight with high strength ;

ðAlternatives to Ti - 6Al - 4V:

ÅTi - 13Nb - 13Zr; 

ÅTi - 15Mo; 

ÅTi - 12Mo- 6Zr - 2Fe;

ÅTi - 35Nb - 5Ta - 7Zr

ÅTi - 29Nb - 13Ta - 4.6Zr;
Y. Li et al., Materials  7, 1717 (2014).

T.C. Niemeyer ... C.R. Grandini, J. 

Alloys Comp. 476, 172 (2009).

J.R.S.Martins Jr , C.R. 

Grandini, J. Appl. Phys. 

111, 083535 (2012).

M. Niinomi, Biomaterials 24 

2673 (2003).

T.A.G. Donato ... C.R. Grandini, 

Materials 7 2183 (2014).

S. Nag et al., J Mater Sci Mater 

Med. 16, 679 (2005).



Metastable bðTi alloys

ÅMetastable b-alloys do not undergo

martensitic phase transformation bĄ a

after quenching fromb-region;

ÅSolution treated material consist of pure b-

phase, but equilibrium composition isa+b;

ÅPrecipitation hardenable by heat treatment;

ÅWorking can be done after homogenization

treatment in b-region (more common) or in

a+b field (material is hardened during

working, but grain refinement can be

achieved);



Å MORINAGA, M., KATO, M., KAMIMURA, T., FUKUMOTO, M.,

HARADA, I., KUBO, K. Theoretical design of beta -type

titanium alloys . Proceedings of Titanium 92 , pp .217 -224 ,

1992 ;

Å ABDEL-HADY, M., HINOSHITA, K., MORINAGA, M. Scripta

Materialia , v.55 , p. 477 -480 , 2006 .

Alloy Design

ÅMolecular orbital
theory ;
ÅAlloys with beta

phase predominance
(bcc crystalline
structure) ;
ÅElastic modulus

bellow 40 GPa.



In general :

ÅAl
eq

< 8 and Mo
eq

< 1:aalloy ;

Å6 < Al
eq

< 10 and Mo
eq

< 2: near aalloy ;

Å5 < Al
eq

< 10 and 2 < Mo
eq

< 8: a-balloy ;

ÅAl
eq

< 6 and Mo
eq

= 15 -30 : metastable balloy ;

ÅAl
eq

< 6 and Mo
eq

> 30 : stable balloy .

Å LEYENS,C.; PETERS,M. Titanium and titanium alloys ðfundamentals and applications . Wiley-VHC: Weinheim . 2003 ;

Å BIELER,T.R.;TREVINO,R.M.;ZENG, L. Alloys : Titanium . Elsevier . Amsterdan, 2005 .

Al and Mo equivalent



D. Kuroda et al., Mater. Sci. 

Eng. A 243, 244 ð249, 1998.

Possible Biocompatibility



Processing



Ti -10Mo -Zr System

Araujo... GrandiniMat. Sci. Forum 869(2016)940.
Cordeiro... Grandini... Barão,DentalMat. 33(2017) 1244.
Cordeiro... Grandini... Assunção,Mat. Sci. Eng. C92(2018)849.

Element (wt%) Ti-10Mo-5Zr Ti-10Mo-10Zr Ti-10Mo-15Zr

Al 0.02 0.05 0.06

Cr 0.004 0.006 0.006

Cu 0.004 0.004 0.004

Ni 0.005 0.006 0.005

Fe 0.04 0.04 0.04

N 0.004 0.003 0.006

O 0.020 0.031 0.048

Zr 5.23 9.82 14.79

Mo 10.01 9.77 10.20

Ti Balance Balance Balance
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Ti -15Mo -Zr  System

Vicente... Grandini,Materials 7 (2014) 542;
Correa... Grandini,Adv. Mat. Res. 922(2014) 75-80.
Correa... Grandini,J. Mat. Res. Tec. 4 (2015) 180-185.
Xavier... Grandini,Rocha, J. AlloysComp. 727(2017)246.
Correa... Grandini,Mat. Res. 20(2017)688.

Element (wt%) Ti-15Mo-5Zr Ti-15Mo-10Zr Ti-15Mo-15Zr

Al 0.02 0.05 0.06

Cr 0.004 0.006 0.006

Cu 0.004 0.004 0.004

Ni 0.005 0.006 0.005

Fe 0.04 0.04 0.04

N 0.004 0.003 0.006

O 0.020 0.031 0.048

Zr 5.23 9.82 14.79

Mo 15.01 14.77 15.20

Ti Balance Balance Balance
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Ti -15Zr -Mo System

Correa... Grandini,Mat. Lett. 179(2016) 118-121.
Correa... Grandini,Mat. Sci. Forum 869(2016)907.
Correa... Grandini,J. AlloysComp. 749 (2018)163.
Correa... Grandini. Mat. Sci. Eng. C 91(2018)762.

Element (wt%) Ti-15Zr-5Mo Ti-15Zr-10Mo Ti-15Zr-15Mo Ti-15Zr-20Mo

Al 0.02 0.02 0.02 0.02

Cr 0.004 0.003 0.005 0.005

Cu 0.002 0.002 0.006 0.003

Ni 0.004 0.002 0.006 0.006

Fe 0.09 0.01 0.07 0.07

N 0.004 0.004 0.003 0.002

O 0.022 0.023 0.030 0.016

Zr 15.13 15.59 14.80 15.61

Mo 4.82 10.30 14.25 19.91

Ti Balance Balance Balance Balance
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Ti -20Zr -Mo System

Kuroda,BuzalafandGrandiniMat. Sci. Eng. C 67 (2016) 511.
Kuroda,BuzalafandGrandiniMat. Sci. Forum 869(2016)946.

Element (wt%) Ti-20Zr-2.5Mo Ti-20Zr-5Mo Ti-20Zr-7.5Mo Ti-20Zr-10o

Al 0.02 0.02 0.02 0.02

Cr 0.004 0.003 0.005 0.005

Cu 0.002 0.002 0.006 0.003

Ni 0.004 0.002 0.006 0.006

Fe 0.09 0.01 0.07 0.07

N 0.004 0.004 0.003 0.002

O 0.022 0.023 0.030 0.016

Zr 20.53 20.19 20.60 20.81

Mo 2.52 5.30 7.45 10.91

Ti Balance Balance Balance Balance





Chemical Demages

Low resistance to 

Corrosion and Wear

Metallic ions and 

debris generation

Toxicity

Mechanical Demages

Low strenght and 

hardness

Fatigue failure 

Fracture

New alloys and surface modifications



For the development of new metallic materials for

implants, consideration should be taken :

Á Removal of toxic elements such as Al and V;

Á Decreased modulus of elasticity to avoid the effect of

stress shielding ;

Á Improvement of compatibility between material and

tissue ;

The development must be carried out on the basis of

metallurgy and the resulting alloys must have a good

balance between mechanical properties and corrosion

resistance .

Among the metallic materials, titanium alloys are still 

considered as the most suitable materials for biomedical 

applications.



-̡type titanium alloys with Young's 

modulus variability

In spinal fixation surgery, along with excellent 

mechanical properties, the spinal -support 

materials should possess high Young's modulus 

for showing small springback during surgery to 

facilitate manipulation but low Young's modulus 

close to bone once implanted to avoid stress 

shielding.



Cellular Metals

Although low, the Youngõsmodulus of Ti

alloys are very high when compared to

human bone .

The alternative for this òproblemóand better

fixation of the implant is the use of

biomaterials processed with porous form .

The pores provide a significant reduction of

the values of modulus of elasticity and

favorable environment for irrigation cell

which provides better fixation of the implant .



Sample E (GPa)

esf_375 9,26 ±2,28

esf_500 12,10 ±2,56

esf_650 15,63 ±1,10

esf_750 22, 94 ±2,14

qd_500 5,66 ±1,00

qd_650 6,82 ±1,70

qd_750 9,12 ±1,69



Surface Functionalization

Nanotube arrays on Ti alloys to improve the

surface of these materials for biomedical

applications

Luz ... Grandini, Kuromoto, Mater. Res. Express 4 (2017) 076408



Summary

VIn the past, Ti -alloys developed to

structural applications ;

VActually, bstable and metastable Ti

alloys ;

VFuture : new alloys without Cytotoxic

elements, cellular metals and

surface functionalization .







Around 380.000 inhabitants

330 km from São Paulo city

Bauru is known for having large number of Universities and 
Colleges:

02 Public Universities (USP and UNESP);
03 Private Universities (USC, UNIP and UNINOVE);

02 Public Colleges (FATEC and IFES 2019);
04 Private Colleges (IESB, ITE, FIB and Anhanguera);

More than 30.000 graduate and undergraduate students

http://www.bauru.sp.gov.br





Bauru

Å School of Art and Communication 

Å School of Sciences

Å School of Engineering

FACTS & FIGURES

Undergraduate Studies: 19

Graduate Studies: 08

Undergraduate students: 5,073 

Graduate students: 732

Faculty: 360

Staff : 274 technical employees



Physics Department has 30 PhD full time teachers (3

Professors) . Its support staff has 9 technical -administrative

servants .

The department is responsible for

the undergraduate course of

Physics, with emphasis in

Materials Science .

A Graduation course, multi -campus,

focused in a better understanding

of materials and its properties é

Materials Science and Technology .

Biomaterials is a main topics for 

research development.







Development of new Ti -based 

alloys with low Youngõs modulus

ÅDevelopment of new Ti Alloys

ðWithout cytotoxic elements;

ðArc -melting;

ðInfluence of interstitials.

ÅCellular metals

ðControlled porosity;

ðLow density;

ðHigh mechanical strength.



Multifunctional surfaces on 

Ti -based alloys

ÅBiofunctionality and bioselectivity

ðOsteoblasts adhesion and proliferation

ðBone remodeling capability

ðAvoid microbial infection

ÅOther functions

ðAvoid corrosion

ðAvoid wear

ðAvoid tribocorrosion



Facilities

Preparation

Characterization
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