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Microstructure and wear behavior of biomedical Ti-Nb based alloys
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2. College of Engineering, Peking University, Beijing 100871, China)

Abstract: The microstructure and phase constitution of biomedical Ti-22Nb, Ti-25Nb and Ti-22Nb-2Zt/Hf alloys were
investigated by optical microscopy and X-ray diffractometry (XRD). The influence of the alloying elements (Zr and Hf)
and heat treatment on the wear behavior of the alloys was revealed by ping-on-disc wear test and Vickers hardness tester.
The wear morphology was observed by scanning electron microscopy. The wear mechanism was analyzed according to
the experimental results. The results show that the addition of Nb, Zr and Hf elements can stabilize the § phase. The wear
results indicate that the wear resistance of solution-treated titanium alloys can be improved because of the solid solution
strengthening of Zr and Hf elements. In addition, aging process can also improve the wear resistance of the Ti-22Nb and
Ti-22Nb-2Z1/Hf alloys with the precipitation of a phase.

Key words: Ti-Nb based alloys; biomedical Ti alloy; microstructure; wear behavior

13Zr1%!  Ti-29Nb-13Ta-4.6Z1!0 B [7]
Ti-24Nb-4Zr-7.9Sn®]  TLMM!

B

[ B

Ti-35Nb-5Ta-7Z1! o g

Ti-12Mo-6Zr-2Fell  Ti-11.5Mo-6Zr-4.5Sn™  Ti-13Nb-

(HEUCFR1020)
0451-82518173 E-mail blwang@hrbeu.edu.cn



2010 10

$954
(1) [12) [13) a p  Zr Hf Ti
[14] [15] [15] Ti-22Nb 2% Hf
X Ti-22Nb-2Zr 1(a)
Zr Hf p
Ti-Nb (Ti-Nb  Ti-Nb-Zr  Ti-Nb-Hf) o
(Zr Hf)
1
0 99.99%(
)
( )
1 mm 95%
900 0.5h 500
1h Aiovert 200 MAT
40% V(HF): V(HNO,): V(H,0) =
10:5:85 Philip X Pert Pro X
Cu-K, (4=1.540 6 nm)
40 kV 40 mA 2 (°)/min
SizNy 120 r/min i s
05N 1 Ti-Nb
Fig.1 Optical micrographs of solution-treated Ti-Nb alloys: (a)
Ti-22Nb; (b) Ti-25Nb
2 -
=
<
2.1 Ti-Nb | ~
1 Ti-22Nb  Ti-25Nb =
1 Ti-22Nb -
o p Ti-25Nb Sip =) .
g2 == Q
500 Ih  Ti-22Nb Ti-220b S N
a B Ti-25Nb 20 30 40 50 60 70 80
a ( 2 ) XRD 20/(°)
Nb B 2 Ti-Nb XRD
o o Fig.2  XRD patterns of Ti-Nb alloys: (a) As-aged; (b)
Ti-22Nb-2Zr Solution-treated
3(a) B
5B 22 Ti-Nb
3(b) Ti-22Nb-2Zr 500 4 Ti-22Nb  Ti-25Nb
1h i



20 1

Ti-Nb

s955

3 Ti-22Nb-2Zr
Fig.3
Solution-treated; (b) As-aged

SisNy
4

Ti-Nb

Ti-22Nb  Ti-25Nb
0.1
Ti-22Nb-2Zr/Hf
Ti-22Nb

( 5 ) Ti-22Nb-2Z1/Hf

Ti-22Nb-2Zr/Hf

6~8 SEM
7 Ti-22Nb
Ti-Nb

8 Ti-22Nb
Ti-22Nb-2Zr/Hf

Optical micrographs of Ti-22Nb-2Zr alloy:

SisNy

Ti-25Nb

Ti-22Nb-2Zr/Hf Si3Na4

Ti-22Nb a”
Ti-25Nb B
Ti-Nb
Zr Hf
Ti-22Nb-2Zr/Hf

Ti-Nb

Ti-22Nb-2Zr  Ti-22Nb-2Hf
1.0 N
(@) (a) Solution-treated
= 0.81
2
Z 0.6t
[=]
z
é 04+
g
@]

=]
[
T

0 100 200 300

400

|
500 600

Time/s
1.0 :
(b) Solution-treated
eeeeeeeenAs-aged
= 08
2
2
= 0.6
[=]
5
2 04r
=
]
S
6 0.2F
0 100 200 300 400 500 600
Time/s
4 Ti-Nb

Fig.4 Coefficient of friction vs time for Ti-Nb alloys using
Si3N4 counter face ball: (a) Ti-22Nb; (b) Ti-25Nb

Ti-22Nb-2Hf



$956 2010 10

0.5 ‘
(a) Solution-treated |
,,,,,,,,,,, As-aged ;
sk
3
E03F
s
5024+
20
2
(@] e
0.1F T N
0 50 100 150 200 250 300
Time/s
0.5
(®) Solution-treated
.......... As_aged
_o04f
8
go‘s—
S02F
2
8
0.1F e
0 50 100 150 200 250 300 -

Time/s

5 TiINb-2Zr/Hf Fig.7 Morphologies of wear surfaces of Ti-25Nb alloys: (a)
Fig.5  Coefficient of friction vs time for Ti-22Nb-2Zr/Hf
alloys using Si3Ns counter face ball: (a) Ti-22Nb-2Zr; (b)

Ti-22Nb-2Hf

Solution-treated; (b) As-aged

8 Ti-22Nb-2Hf
Fig.8 Morphologies of wear surfaces of Ti-22Nb-2hf alloys:

6 Ti-22Nb

Fig.6 Morphologies of wear surfaces of Ti-22Nb alloys: (a)

Solution-treated; (b) As-aged (a) Solution-treated; (b) As-aged



20 1 Ti-Nb s957

1 [4] LAHEURTE P, EBERHARDT A, PHILIPPE M J. Influence of
Table 1 Vickers hardness of test materials the microstructure on the pseudoelasticity of a metastable f
HV titanium alloy[J]. Mat Sci Eng A, 2005, 396(1/2): 223-230.
Material [5] LONG M, RACK H J. Titanium alloys in total joint replacement
Solution-treated As-aged —A materials science perspective[J]. Biomaterials, 1998, 19(18):
Ti-22Nb 248+17 265+14 1621-1639.
Ti-25Nb 25545 24445 [6] NIINOMI M. Mechanical biocompatibilities of titanium alloys
for biomedical applications[J]. J] Mech Behav Biomed Mater,
Ti-22Nb-2Zr 304+4 345£10 2008, 1(1): 30-42.
Ti-22Nb-2Hf 31047 366x12 [71 YONEYAMA T, MIYAZAKI S. Shape memory alloys for
biomedical applications[M]. Cambridge: Woodhead, 2009:
69-85.
3 [8] HAO YL, LI SJ, SUN B B, SUI M L, YANG R. Ductile
titanium alloy with low Poisson’s ratio[J]. Phys Rev Lett, 2007,
98(21): 210465.
DNb Zr Hf B [9] YU Z, ZHOU L, FANG M, YUAN S. Investigation on near-3
a”™ titanium alloy Ti-5Zr-3Sn-5Mo-15Nb for surgical implant
2) Ti-Nb Zr Hf materials[J]. Materials Science Forum, 2010, 475/479(1I):
Ti-22Nb-2Zr/Hf 2353-2358.
[10] TORGERSON S, GJERDET N R. Retrieval study of stainless
3) Ti-Nb steel and titanium miniplates and screws used in maxillofacial

surgery[J]. J Mater Sci Mater Med, 1994, 5(5): 256—262.
[11] PROBST J, GBURECK U, THULL R. Binary nitride and

Ti-22Nb-2Zr/Hf
Ti-22Nb-2Zr/Hf

oxynitride PVD coatings on titanium for biomedical
applications[J]. Surf Coat Tech, 2001, 148(2/3): 226—233.
4) Ti-Nb Ti-22Nb-2Zr/Hf [12] RAUTRAY T R, NARAYANAN R, KWON T Y, KIM K H.
Surface modification of titanium and titanium alloys by ion
implantation[J]. J Biomed Mater Res B, 2010, 93(2): 581-591.
REFERENCES [13] CESCHINI L, LANZONI E, MARTINI C, PRANDSTRALLER
D, SAMBOGNA G. Comparison of dry sliding friction and wear
of Ti6Al4V alloy treated by plasma electrolytic oxidation and
PVD coating[J]. Wear, 2008, 264(1/2): 86—95.
[14] DONG H, BELL T. Enhanced wear resistance of titanium

[1] GEETHA M, SINGH A K, ASOKAMANI R, GOGIA A K. Ti
based biomaterials, the ultimate choice for orthopaedic implants
—A review[J]. Prog Mater Sci, 2009, 54(3): 397-425.

[2] LONG M. RACK H J. Surface deformation and meirocrack surfaces by a new thermal oxidation treatment[J]. Wear, 2000,

238(2): 131-137.
[15] TIAN Y S, CHEN C Z, WANG D Y, LEI T G. Laser surface

formation in Ti-35Nb-8Zr-5Ta-O(x) alloys during reciprocating
sliding wear[J]. Mat Sci Eng C, 2005, 25(3): 382—388.

[3] MURRAY N G D, JABLOKOV V R, FREESE H L. Mechanical modification of titanium alloys — A review[J]. Surf Rev Lett,

2005, 12(1): 123-130.
and physical properties of Ti-12Mo-6Zr-2Fe £ titanium alloy[J]. 12

ASTM Special Technical Publication, 2006, 1471: 3—15.



