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THE EFFECT OF HEAT TREATMENT ON MICROSTRUCTURE AND
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ABSTRACT

usefulness of § Type titanium alloy inlight weight structures is enhanced by the slow rate
“ormation of /3 phase that enables mechanical processing in /A state and control of
nt strengthening processes by phase transformation.

=tural and mechanical property changes in the £ type titanium alloy, Ti-29Nb-13Ta-
=ftercold rolled, solution treatment and then aging were investigated. The alloys conducted
we heat treatments offer suitable tensile properties as implant materials. The tensile

“% and elongation of designed alloys in this study are equivalent or greater comparing with
® values reported as implant materials.

"'_1{ s - Titanium Alloys, Cold Working, Solution Treatment and aging, Microstructure and
ra! Properties.

FRODUCTION the present phases, they can be divided
g into 3 major class ; @, @ + B and S
'ﬁﬂﬂmm and it's alloys have high alloys. In further details, near @ (lean )
feson  resistance, good. mechanical type alloys exist between « and a + 8
ries, high strength and low densities type alloys, and near 8 (S -rich) type
d to steel. Therefore they are alloys between @ + B type alloys 12,
candidates for high performance The possibility to substitute the hard
saon. Until recently the titanium tissue instrumentations like artificial bone,
t,h'EiS bE‘!ﬁn hm1ﬁ3d 1&! hlgh tﬁﬂhﬂllgh al;‘tﬂ"lﬁgl t&ﬂfh ‘and d&ﬂtﬂi mﬂmﬁs far
arkeﬁ .segmegts such as nyh}arx, ﬁm::tmnaﬁy alﬁgf_@em d har.ﬂ tissues
: m&“h‘emifﬂ‘ﬁ"@ﬂwl i ‘bone ;md teeth ’iﬁ‘grflw‘mé J:eﬂ.:eitly ’gmh
incréasing the population of over 65 years
old person and bedridden old person. In
I::—iz; giii?js:ﬁc:ﬁzih;suiimﬂz‘::;l general, ¢ + [ type titanium alloys such
E a - . .
“=plint material, etc. Which apparently a8 T oY Nhe Trentaliipnd Th gk

‘grovide : 2.5Fe alloy have been widly used as
4 Em;haeﬂfysmm:ieawigdB:E;itp;j surgical implant materials. Becouse of

o :
-
r i ey are used for aeraspace
[Fications such as steam-turbine blades,
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their excellent combination of
biocompatibility, corrosion resistance and
mechanical properties.

Howefer, toxicity of alloying elements
and high moduli of elasticity compared
with bone of these alloys have been point
out.

From point of view of modulus of elaticity,
B type titanium alloys with low modulus
of elasticity have a greater advantage,
New f8 type titanium alloys composed of
non-toxic elements such as Nb, Ta and Zr I
with lower modulus of elasticity, greater
strength and greater corrosion resistance
were designed in this study,

The designed alloys were melted by tri-are
furnace in the laboratory in this study, The
tensile test were conducted at room
temperature in order to investigate the
basic mechanical properties of the
designed allays 4.5.6,

The purpose of this paper is to present
results of the investiration of the effect
solution treatment and ware aging on
microstructures and the resulting effect on
tensile propertiesof : ‘[i-29Nb-13Ta-4.67r.

EXPERIMENTAL PROCEDURES

Alloy Processing

The designed alloy button shaped ingot
with 45 gr were melted using a tri-arc
furnace from appropriate mixtures of
sponge Tiand alloying elements such as Nb,
Ta and Zr. Nb, Ta and Zr are non-toxic
element 3. There are some difficulties to
produce homogeneous ingots of designed
alloys becouse Ta, Nb,-and Zr are higher
melting point elements, and their density is
greater than that of titanium. Therefor,
the firstly melted hutton-shape ingots
were cut into four |pieces, and then they
were remelted. The button-shape ingots
with 45 gr were homogenized at 1273 K for
21.6 ks, and were then cold rolled by a
reduction of 75 % heat treatment process

of designed alloys in this study are shown
in Fig.1.

The designed alloy was solutionized at
1117 K for 1.8 ks after homogenization,
and then was aged at 673, 723 and 773 K
for 10.8 ks, respectively. Heating and
cooling process were carried out in argon
atmosphere.

Tensile Test and Microstructure
Observation

Several tensile test specimens with the
size of 66 mm x 12 mm x 1.5 mm were
machined from ingot sample of designed
alloys geometry of ‘the  tensile test
speciment is shown in Fig.2, Each tensile
test speciment was finished using a op-s
solution before testing. The tensile tests
were conducted at room temperature
using an Instron type mechined at a cross
head speed of 8.33 x 106 ms! in order to
investigate the basie mechanical properties
of designed alloys. Ultimate tensile
strength, 0.2 % yield strength, and
elongation were determined

After evaluation of mechanical
properties the specimen were eched with a
solution containing hydrofluoric acid : HF
(3 - 2cm?), nitric acid : HN 03(20 cm?) and
Hy O (77-78 cm® to reveal the
microstructure of designed alloy was
characterized using a light microscope.
Moduli of elasticity of designed alloys were
measured using a piezoelectric composite-
bar method.

RESULTS AND DISCUSSION

Aging eurves of /Ti-29Nb-13Ta-4.67+
alloys aged-at 673, 723 and 773 K are
shown in Fig. 3. Vickers hardness of Ti-
29Nb-13Ta-4.6Zr alloys aged at 673 K is
greater comparing with that of other aging
temperature.

After aging vickers harness of Ti-29Nb-
13Ta-4.6Zr alloys were decreasing aging




S=mperature. [thas been reported that the
BEmy characteristics of B type titanium
alloy= can be divided in to 3 types. Kawabe

. ha=s  been reported that the aging
sherecteristics can be  divided by

 smbaization of 3 phase. The stabilization

- of J phase can be evaluated by Mo

~ spuwwal (equation 1). Vickers hardness of

~ % 1 stabilization alloy (Mo equival is 5

~ ~20%) such as Ti-10V-2Fe-3Al is increase
270 —-673K. Middle 3 stabilization alloy
M =quival is about 12%) such as Ti-
- W80 37r has two aging peak (573~673K

T3~ 773K);

rkers  hardness of high S

zation alloy (Mo equival is about 16%)

L 2= T1-3A1-8V-6Cr-4Mo-4Zr isincrease

' : gb temperature region and need long

mi@ to hardning.

‘; meral, it is known that @ phase

*- tes at Jower temperature aging in

fitanium alloys with low and
8 stabilization. & phase is more
Weisss phase. Hardness is increase with
=ng  phase precipitation. Mo
of Ti-29Nb-13Ta-4.6Zr alloy is
11 %. Ti-29Nb-13Ta-4.6Zr alloy is,
B stabilization alloy. Therefore,
e precipitation of « phase will causes
B mcrease in vikers hardness of Ti-
13Ta-4.6Zr alloy at low aging
perature is shown in Fig. 3. In high
‘Wp=s temperature, Vickers hardness
merease ~with Increasing aging

-

Tensile strength, 0,2 % proof stress,

[ aeation and modulus of _elasticity are

'Er'_ 30 Figd. Tenaﬂaatrength and 0.2%
B siress aged at 673 K for 10, 8'ks are
ter comparing with those '‘of other

" pewef stress are, however, decrease with
Seressing aging temperature. While,

2= == condition. Tensile strength-and 0.2 %

Batu Mahadi Siregar

elongation is increase with increasing
aging temperature. In aged condition, the
precipitation of w phase will causes an
increase in tensile strength and decrease
in elongation of Ti-29Nb-13Ta-4.6Zr alloy
at low apging temperature. The tensile
strength and elongation of Ti-29Nb-13Ta-
4 6Zr alloy are in particular, equivalent or
greater comparing with those of existing
titanium alloys for implant materials.

Light micrograph of Ti-29Nb-13Ta-
4.6Zr after solution treatment is shown in
Figure 5. Average [J grain size isabout 23
it m. Precipitation of @ phase isdecreace
with inereasing aging temperature, After
aging at 773 K for 10.8 ks, @ phase
precipitated 1n to 3 grain boundary.
Therefore, tensile stremgth i3 lower
comparing with that of other aging
temperature,

CONCLUTION

1. Tensile strength and elongation of Ti-
29Nb-13Ta-4.6Zr alloy are equivalent
or greater comparing with those of
typical conventional titanium alloys for
implant materials.

2. Young's moduli of the designed alloys
are much lower comparing with thatof
Ti-6Al-4V ELI which has been, in
general, used for an implant materials.

3. B type titanium alloys, Ti-Nb-Ta-Zr,
Ti-Nb-Ta-Mo and Ti-Nb-Ta-Sn system
alloys ~designed in . thig.-study are
expected to have greater performance
for implant’ ‘materials,

~ 4."Tensile ductility is strongly dependent

upon the grain size! and  the aged
structure.
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Fig.1 Schematic drawing of heat treatment process
in designed alloys.
S.T.:solution-treatment , C.W. : cold-working

—<f e

Fig.2 Geometry of tensile Specimen in. mm,
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Fig.3 Hardness curve of Ti-29Nb-13Ta-4.6Zr alloy solutionized
at 1117K for 1.8Ks and aged at 673,723 or 773K.
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Fig.4 Comparision of the mechanical properties
in Ti-29Nb-13Ta-4.6Zr alloy.
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ST (1117K, 1.8ks) STA (673K, 10.8ks)
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o
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Fig.5 Light micrograph of Ti-Z0Nb-13Ta-4.6Zr alloy after
each heat treatment.
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