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Characteristics of Aging of Ni-Ti Alloy Used for Implant
Fabrications (1)

Hyung June Cho, Jun Hee Lee, Ki Ryoung Park*

— Abstract—

The characteristics of aging of near-equiatomic Ni-Ti alloy has been studied by the three point

bend test and the measurement of Differential Scanning Calorimetry(DSC). The DSC is used to

measure precise transformation temperatures and the amount of thermal energy required for the

corresponding phase transformation. The effect of hardness on aging treatment in saline solution

of 37C was higher for the annealed than solution treated specimens. As the testing temperature inc-

rease from under M; to above A temperature, the elastic stiffness increased. Almost full recovery

can be achieved after bending below 8% outer fiber strain. Total bend recovery decreased gradually

as aging time and bend angle is increased.
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Table 1. Chemical composition(wt%)

specimen | Ni [ Co [ Cr [Mn [ Fe | Ti
NiTi  [5368] 032 | 0.43 | 062 | 0.64 | Bal
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Fig. 1 Optical micrographs of Ni-Ti Alloy : (a) show
initial structure. (b) is after aging treated at
500C for lhr.
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Fig. 2 Age hardening curves of Ni-Ti alloy aged 400,
500, and 600C by direct quenching after solu-

tion treated at 950C for 30 min.
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Fig. 3 Variation of micro-vickers hardness with
aging time for Ni-Ti alloy aged at 500C after
solution treated at 950C for 30 min.
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Fig. 4 Variation of micro-vickers hardness as a func-
tion of aging time for Ni-Ti alloy aged at sa-
line solution of 37C.
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Fig. 5 The differential scanning calorimeter curves
for Ni-Ti alloy of annealed at 500C for 1hr.

Table 2. Summary of DSC analysis with Ni-Ti alloy

M. | A, |Endothermic | Endothermic Net
specimen energy’ energy’ | energy’
() | (C) |(AH end) cal/g|(AH exo) cal/g|(AH net) cal/g
NiTi | 47 {52.5 6.64 7.0 0.36

a! AH=[KX R X Al/[W X S]
where, AH="Transition energy in cal/g

K'=Instrument calibration constant
R=Range sensitivity in mcal/sec in
A=Peak area in square cm
W=_Sample weight in milligrams
S=Recorder chart speed in mm/sce

b : Net enery=Endothermic energy — Exothermic

energy
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Fig. 6 The X—ray diffraction peaks of Ni-Ti alloy at
room temperature(22C) after annealed at 500
T for 1hr.
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Fig. 7 The bending moment versus bending angle

curves for Ni-Ti alloy.

Table 3. Summary of three point bend mechanical te-

sts.
specimen Test temperature | Elastic stiffness(E,)*
im .
P © Kg. f mm/degree
T(M; 0.656
NiTi
H A 1.283

a ! E;=Abend moment / Abend angle
where, bend moment=PLo/4, P is the load (fo-
rce) and Lo is the span length (19mm)
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Table 4. Summary of the bend recovery measureme-

nts.

Jig bend | Spring back |After heating| Spring back | Martensite| Total

angle(d) | angle(®2) | angle(Bs) | recovery(%) | recovery(%) | recovery®(%)

30 20 0.3 3333 | 6567 | 99
60 42 115 30 50.83 | 80.83
90 72 354 20 40.67 | 60.67

Notes : a : %=100X[0,—6,1/6:
b : %=100X[6,—6;1/6;
Total recovery=Thermal recovery+ Elastic
recovery

Symbols :

A a
42

Where, 0, . Jig bend angle
6 . Spring back angle
0s . After heating angle

& 8o} :

E A \

% 60 | \.

Q \
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40}
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i 99} —®— Total Recovery T
— A — Martensitic Recovery °

o| —0J— Spring Back

0 30 60 90
BEND ANGLE ()
Fig. 8 Variation of bend recovery with bend angles

of 30°, 60°, 90° after annealed at 500C for 1
hr.

recovery)¥ Z3]Eekg A3l 2e2|F vl
Alo)E 3] ¥-aKthermal recovery)< F35-33} =
A s)Rekstol 2tz ARSI

eSS Abg o Jiggyztel il o}
st en 30° Jige¥AEAl A5 9%2 7
2] 100%°) 717 A3 E-& epdch ook
§)zte] Z7}el| ma} 3| 8-go] ZhAsA|RE F3] 5
w2 vpEelalo] B 5882 F3 7l BAFe] A
9] 66%5 TUsHA JebdE & F ek ol od
g ARl & T2 wWEt o DA o=
Z1AA A& F7H7IH et s stE gl & 35
£90] 70%°0) 4L Yot d5-& on|rt

wg 33 gollAe} 7o) F7te] Frtel whet F
3|¥ao] 7}4E spring backel &3 A Bl wf
Zelatol e ek o] ZA Adke A A
it

F 5% F 7l w2 A @ 2Ade) A
e pole o)E o A4 ZHE viehic)

7] 4] 23] B8 T 49 AFPPS Xk o]
2xo g At 2499 $4 8% straine] dojut
£ RE7RAE dAdTger 1 9 HEE 24Ty
o2 MAAsigic) o)|FA FEI AE E 50 e
t} o] Azl 2lald A3 Bo) A= Y7

Table 5. A Summary of theoretical deformed zone

calculations for Ni-Ti alloy.

Jig bend Outermost| Elastic Plastic Total
angle | fiberstrain® | portin area®
) (8%strain) D) (%) (%)
30 7.45 All - 99
60 1144 |(+070 D 19 80.83
90 1385 | +058D 31 60.67

a . Outermost fiber strain(%)=100X[p'—pl/p
1 1

(sin? (1—dy=d(1—d?f)
n’/2

where, d= elastic portion

b : Plastic are(%)=

r=radius

D= diameter
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Fig. 9 Variation of bend recovery as a function of
aging time for Ni-Ti alloy aged at 500 after
solution treated at 950C for 30 min.
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