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Abstract

Effects of electron irradiations on the transition behavior of 1123 K annealgNiJiNby shape memory alloy specimens were studied.
The transformation temperatures and the latent heat of phase transformation were measured by differential scanning calorimeter (DSC). The
microstructure changes were determined by XRD and TEM. The 1.7 MeV electron irradiation increases the martensitic transformation start
temperature, finish temperature, austenite transformation start, finish temperatu2® Ky The XRD and TEM observation showed that
the volume fraction oB-Nb precipitate increased after electron irradiation, which contributed to the observed changes of the transformation
temperatures.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction expanded shape. Therefore, this ternary alloy has great po-
tential applications as mechanical components in the field of
Ternary TiNiNb shape memory alloys (SMASs) are dis- fission and fusion engineering and space techno[agp].
tinct from TiNi binary SMAs for its wide phase transforma- There are some reports on the irradiation effect of TiNi(Cu)
tion temperature hysteredik-7]. The constitutional phases SMAs under neutron, proton, electron and heavy-ion irra-
of TiNiNb SMA are 3-Nb particles and TiNi matrix. Dur-  diation [6-18]. As far as the authors’ knowledge is con-
ing deformation at low temperatur@;Nb particles and the  cerned, the irradiation effect of TiNiNb SMAs has not been
matrix are deformed simultaneously. Upon heating the ma- reported.
trix to its original shape, the sof-Nb particles prohibit the The martensitic transformation characteristics in SMAs
recovery of the matrix. Thus the expanded joining, fasten- are very sensitive to various physical factors (such as pre-
ing and sealing device can be shipped and stored at am-cipitates, dislocations, point defects and chemical compo-
bient temperature in the martensitic state, i.e., in the as-sition) so that the radiation effect of SMAs is perplexing.
The neutron irradiation up to about 1dpa was found to
* Corresponding author. Tel.: +86 28 83201939; fax: +86 28 83201939, Produce a strong decrease of the transition temperatures
E-mail addressxiaotaozu@yahoo.com (X.T. Zu). [6,12]. This decrease is believed to be due to the pronounced
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chemical disordering of the crystal lattif@ 13]. The elec- ied by means of 1.7MeV electron electrostatic accel-

tron irradiation to about 1.% 10%te/n? (10 °dpa) led to  erator, differential scanning calorimeter (DSC), X-ray

a higher equilibrium temperature and martensitic stabiliza- diffraction (XRD) and transmission electron microscope

tion, had little effect on reverse martensitic transformation (TEM).

temperature in a ternary TiNiCu shape memory a[ib4].

It was found in high voltage electron microscopy that the

electron irradiation (2 MeV) decreased reverse martensitic 2. Experimental

transformation temperature above a dose of 0?4 e/n?

[10]. TiaaNis7Nbg SMA samples with a thickness of 1 mm,
In the present work, the irradiation effect on the provided by the Institute of Metal Research of the Chinese

martensitic transformation characteristics and microstruc- Academy of Sciences, were annealed at 1123K for 1h in

tures in a near-equiatomic TiNiNb SMA have been stud- an evacuated silica tube and then cooled in the air. After the
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Fig. 1. DSC curves of the electron irradiated and unirradiated TiNiNb samples.
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heat treatment, the samples were then irradiated to the elec- 300 . —
tron dose (E= 1.7 MeV) of 3.2, 6.3, 9.5, 12.7, 15.8 and 19.0 i T
(x10°°m~2) at the dose rate of 4410"m=2s1 in air @ ek
in the Electron Electrostatic Accelerator of the Key Labo- i Ay
ratory for Radiation Physics and Technology of Education f'sj el e
Ministry of China located in Chengdu. The temperature of z 200 - )
the samples during the irradiation was controlled by circu- 3 e e V)
lating water and was maintained at about 298 K monitored ® /

by a thermocouple, well abow;, As, Ms and Ms (shown 150

in Fig. 1, Mg, M¢, andAs, A is the martensitic transforma- 0 32 63 95 127 158 19

tion start, finish temperature, austenite transformation start, Irradiation doses (x102°m-2)

finish temperature, respectively). Thus, the samples have
been kept in the austenite phase state during the e|ectr0rfig. 2. Changes of transformation temperatures with the dose of electron

irradiation. irradiation in TiNiNb SMA samples.
The irradiated samples were placed at room temperatureby scanning in the 2810-100 range with 0.02
for about 30 days. Then, the transformation temperaturessteps.
were measured by DSC between 100 and 400K at a rate
of 10Kmin~1. TEM analysis was performed by JEM 200
CX at the University of Electronic Science and Technology 3. Results and discussion
of China. The structures of samples were analyzed by X-ray

diffraction (XRD) with an X-ray diffractometer type D/max- DSC curves irFig. 1 showed the transformation charac-

1400 pc Rigaku, Japan with Cukradiation (A= 1.5405&) teristic of the electron irradiated and unirradiated TiNiNb
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Fig. 3. The X-ray diffraction patterns of TiNiNb SMAs showing theNb phase precipitated after electron irradiation: (1) unirradiated; (2) 1.7 MeV electron
irradiation to a dose of 3.2 10?°m~2; (3) 1.7 MeV electron irradiation to a dose of 1% 7A0?°m2,
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Fig. 4. Bright field TEM image of the TiNiNb SMA samples and selected area electron diffraction pattern (the insert, respogditigpoase taken from
rectangle area) showing that tBeNb phase precipitated after electron irradiation: (1) after irradiation (at a dose ok 1989 m~2); (2) before irradiation.

samples. Changes of transformation temperatures with thethe transition temperatuids, M, As, As, which is assigned
dose of electron irradiation in TiNiNb SMA samples are to a decrease in the degree of long-range order in the lattice
shown inFig. 2. XRD results of the samples, which were caused by neutron irradiatigh?2].

unirradiated and irradiated at a dose of 8.20°° and InTiNiINb SMAs, itis obvious that the electronirradiation-
12.7x 10°°m~2, is shown irFig. 3. Bright field TEMimage  induced an appearance pfNb precipitates (Figs. 3 and 4)

of an irradiated (at a dose of 1%010°°m~2) and unirra- and led an increase of all transformation temperatures (M
diated sample and selected area electron diffraction patternMs, andAs, As). The electron irradiation produces point de-
(the insert) at room temperature is showrkig. 4. fects (Frenkel pairs) and enhances atom diffuldi), which

FromFig. 2, it is obvious that all transformation tempera- induced an appearance of precipitates in TiNiNb alloy sam-
tures of the TiNiNb SMA samples were increased quickly ples.
by ~20K after irradiation with 1.7 MeV electron to a
dose of 3.2« 10?°°m~2 and then kept stable almost up to
19 x 10?°°m~2. The XRD results showed that the diffraction 4 onclusions
peaks of3-Nb phase rose after electron irradiation (such as
Nb(110), Nb(200), Nb(211)andNb(310) peak), as shown

in Fig. 3.3-Nb precipitates weregzlgse_r\éed in the sample elec- yansformation start temperature, finish temperature, austen-
tron irradiated at a dose of 2910°"m~ by TEM observa-  jio ransformation start, finish temperature 50 K. The

tion in Fig. 4. The average volume fraction®iNb precipi- - ypp and TEM observation showed thatNb precipitates
tate was calculated by counting the numbers of the particles;, -reased after electron irradiation, which contributed to the

in more than three different TEM pictures. The thickness ,,sereq changes of the transformation temperatures.
of sample thin area was estimated to be AOThe volume

fraction increased from 4.2 10713 to 8.1x 1013 m2 af-
ter electron irradiation. Thus, the electron irradiation-induced
B-Nb phase precipitation. Acknowledgments
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