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Effects of phase changes on mechanical properties
of Ti-Nb alloys

Hyo-Byeong Park
Dept. of Dental Laboratory Technology, Kwangju Health college, 506-306

The use of titanium alloys as biomaterials is increasing due to their superior biocompatibility and
enhanced corrosion resistance compared to conventional stainless steels and cobalt-based alloys.
Ti-6Al-4V (a + B type) alloy instead of pure titaniuna {ype) is being widely used as biomaterials
has some characteristics such as high fatigue strength, tensile strength and corrosion resistance. But
it has been reported recently that the vanadium element expresses cytotoxicity and the aluminium
element is related with dementia of Alzheimer type and neurotoxicity. In order to overcome their
detrimental effectsp -phase stabilizer Nb was chosen in the present study. This paper was
described the influence of phase changes of Ti-Nb alloys on mechanical properties.

Ti-3wt.%Nb(a type), Ti-20wt.%Nbe + 3 type) and Ti-40wt.% Nk type) alloys were melted by
vacuum arc furnace. The specimens were homogenized &clfes@4hr and were then hot rolled
to 50% reduction. Each alloys were solution heat treateg@l mtne ande + 8 zone after
homogenization and then were aged. The mechanical properties of Ti alloys were analysed by
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hardness test, tensile test, elongation test and SEM test.

The results can be summarized as follows:

1) The higher hardness valueof Btype alloy was obtained compared to thgs type alloys.

2) The aged treated showed better hardness compared to the solution heat treated, homogenized.
3) In the case of solution and aging treatmeng i@gion, thea + g type alloy showed the most

highest tensile strength agdype alloy showed the best elongation.
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<Fig. 1> The effect of Nb content on hardness of Ti
alloys.
ST : Solution Treatment
STA : Solution Treated and Aged
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<Fig. 2> The effect of Nb content on hardness of Ti
alloys.
ST : Solution Treatment
STA: Solution Treated and Aged
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<Fig. 3> The effect of Nb content on ultimate tensile
strength and elongation of Ti alloys.
Heat treatment condition : Homogenized
for 24hr at 1050°C—50% reduction by hot
rolling—stress relieved for 60min. at
various temperatures.

<Fig. 4> Fractographs of Ti alloys.
Heat treatment condition :
for 24hr at 1050C—50% reduction by hot
rolling—stress relieved for 60min. atvarious
temperatures.
(@) CP Ti, (b) Ti=3Nb, (¢) Ti-20Nb and (d) Ti-
40Nb(wt.%).
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<Fig. 5> The effect of Nb content on ultimate
tensile strength and elongation of Ti alloys
solution treated for 2hr at 1050C and
quenched in water.
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<Fig.6> The effect of Nb content on ultimate tensile
strength and elongation of Ti alloys aged
for 4hr CP Ti and Ti-3Nb at 600°C, Ti-
20Nb at 400°C and Ti—40Nb(wt.%) at 400°C.
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<Fig. 7> Fractographs of Ti alloys aged for 4hr (a)
CP Ti and (b) Ti-38Nb at 600C, Ti-20Nb at
400C and Ti-40Nb(wt. %) at 400°C.

V.Z E

& A= 71E AAARR AREEAL 3
+ CP Tighaol p 243k 9491 Nb& H7Fst
o] o (Ti-3wt.%Nb), a+8% (Ti—20wt.%Nb),
A& (Ti-40wt.%Nb) Ti-NbA TS Al2-s}o]
A Hskel Axe|z70] Ti-NbA|l &< 717

i-NbA| T=2] 7L 71 A% Aol v A= 9F

A njA= 9Fe ddE ool tha
o

=
o o
2> HAES

ml

L Nb 7pef w2 =542 otpd duel
Ti-20wt.%Nb 2/ A 7F okl em,
A% e HHA P vt e

2. A2 uhE F= g Ala A2 A
7P moke, &Aek A= 9 otde) A
2 & o2 Yehgth

3. B FHoNA A 2] % A& A= A <
BEE atfd Aol 7H Fedlen,

AAEL 63 Faol 78 Srsiaie
e

olF, AT, w7l a/pElElEEEY 71
A9 =g el digt 72
KOSEF 893-0608-005-2, 1991.

284, A, AA, AR, HsF Ti-
6Al-4VetEel 7 dA 2o o
71AZ S99 WaKT) 1 9% % w37
& Het=EteA, 36, 12, 2043,
1998.

2, olE3], ol Ti-6AI-4VE=9 8

AR 278 5L SAIEA el <fgt i)

A2 e} didheEetelA], 32, 12,

1467, 1994,

MN

2y AT, A4S, AgE, ote, x4
. AAE Ti-In &9 71412 A3

THE JOLRNAL OF KOREAN ACADEVIY OF DENTAL TECHNOLOGY = 15



CHEtR|27 |S=t3X] M273 Mi1E 2005 78

HAEM #3F AL Biomaterials
Research, 3(3), 83, 1999.
MiEzE. 21T TOF5 A MRIOREL,
Material Japan, Vol 37, 1,8, 1998,
BB TR, SR TREE mEERE. X
ik, 636, 1997.
MJRmR, Fatigue Mechanism of Ti alloys.
Materia Japan, Vol 37, 1,35, 1998,
Ahmed T, Long M, Silvestri J, Ruiz C, Rack
HJ. A new modulus, biocompatible
titanium alloy. Titanium 95 science
and technology, 2, 1760, 1995.
Banerjee D. Mukherjee D, Saha RL, Bose
K. Metal. Trans, A, 14, 413, 1983,
Chesnutt JC, Froes FH. Effect of a—phase
morphology and distribution on
tensile ductility of a metastable
beta titanium alloy. Metallurgical
Transaction A Vol. 8A, June, 1013,
1997.
O, Hideaki F, Kohei H.

Microstructural charateristics and

Chiaki ,
unique properties obtained by
solution treating or aging in f-rich
a/ftitanium alloy. Materials science
and engineering, A263, 132, 1999,

Collings EW. The physical metallurgy of
Titanium alloys. ASM, 1986,

Daisuke K, Mitsuo N, Masahiko M,
Yosihisa K. Design and mechanical
properties of new fStype titanium
alloys for implant materials.

Materials science and engieering,

16 - oo guex

A243, 244, 1998,

Davidson J, Mishira A, Poggie RA. New
surface hardened, low modulus,
corrosion—resistant Ti—13Zr—13Nb
alloy for total hip arthroplasty.
Biomed Mat Eng, 4 231, 1994,

Ilyin A, Kollerov M, Golovin I. Hydrogen
influence on plastic deformation
mechanism of f—titanium alloys of
Ti—-Nb system. J of alloys and
compounds, 253-254, 144, 1997,

E, Doi H, Yoneyama T,

Hamanaka H. Influence of aging

Kobayashi

heat treatment on mechanical
prperties of biomedical Ti—Zr based
ternary alloys containing niobium. J
of materials science: materials in
medicine, 9, 625, 1998,

Landsberg JP, McDonald B, Watt F.
Absence of Aluminum in neurotic
plaque cores in Alzheimer's
desease. Nature(London) Vol 360,
65, 1992,

Margolin M, Williams JC, Chestnutt JC,
Lutjering G. Titanium 80 Science
and technology. Warrendale, TMS—
AIME; 1, 169, 1980.

Mitsuo N, Toshiro K, Osamu T, Noriaki K,
Yoshihito I, Yukhiro M. Fatigue
characteristics of Ti—5Al-2.5Fe for
orthopedic surgery in simulated
body environment. Titanium 95

Science and technology, Warrendale,



SIS | Ti-NbA a9 A} 71412 2 vAl= 9%

1768, 1995. Takashi S, Masahiko I, Shin-ya K.

Naotake N, Shinichi F, Hideo T, Takateru Properties and structure control of
U. Influence of heat—treatments a+fB Titanium alloys. Materia
on the microstructure and Japan, 37, 1, 27, 1998,
mechanical properties of a  Williams JC, Lutjering G. Titanium 80
commercial beta titanium Science and technology. Warrendale,
alloys, Ti—13V-11Cr-3Al. A&%, TMS-AIME, 1, 671, 1980,

42, 11, 663, 1992,

Okazaki Y, Kyo K, Ito Y, Tateishi T. Effect
of Mo and Pd on corrosi on
resistance of V—free titanium
alloys for medical implantation. J
Japan Inst. Metals 59, 10
1061, 1995.

Okazaki Y, Ito Y, Kyo K, Tateishi T. Effect
of small quantity of oxygen and
nitrogen on mechanical properties
of new titanium alloys of medical
implant. J Japan Ints. Metals, Vol
62, 2, 207, 1998.

Proske G, Fischer G, Helm D, Daimler MA.
Influence of thermomechanical
processing on mechanical properties
of Ti—-1100 compressor disks.
Titanium 95 Science and technology.
Warrendale, 1654, 1995.

Ratner, Hoffman, Schoen, Lemons.
Biomaterials science. Academic
Press, 1996.

Steinemann SG. Corrosion of Surgical
Implants in—vivo and on—vitro
Tests, Evalution of biomaterials,
John Wiley & Sons Ltd., 1, 1980.

THE JOLRNAL OF KOREAN ACADEVIY OF DENTAL TECHNOLOGY = 17





