surface, interface and nano-structures

Local structure of NiTi nanocrystals 400, 600 and 80 respectively. EXAFS measurements at the Ni
studied by EXAFS and XRD K-edge were performed in the transmission mode at the EXAFS
station on beamline 4W1B of the Beijing Synchrotron Radiation
Xin JU, Yixi SU Facility (BSRF). The storage ring operated at 2.2 GeV and 40-50
Institute of High Energy Physics, Chinese Academy of mA. Data analysis was performed using the EXCURV92 pro-
Sciences, Beijjing 100039, P. R. China, Email: gram. X-ray diffraction measurements were performed at beam-
Jux@alpha02.ihep.ac.cn line 4B9A of BSRF. A x-ray diffractomator with the precision of

0.001 degree is the main equipment. The incident beam intensity
A series of NiTi nanocrystals with different annealing tempera-was monitored with an ion chamber and the diffracted intensity
tures, prepared by sputtering method, were investigated by exwas detected by Nal(Tl) scintillation detector. There were two
tended x-ray absorption fine structure (EXAFS) and x-ray dif-slits of 0.5 mm on the light path, one was set at the entrance of
fraction. It was found that the structure of nano-phase powder ithe beam and the other was at the front of the detector. The inci-
different from bulk NiTi alloy with bcc structure as target materi- dent focused and monochromatic x-ray beam was calibrated by
als. When increasing the annealing temperature, a small fractiothe Cu K-edge (1.54 A). The energy resolutdE was 4107
of the (Ni,Ti) type nanocrystal with the hexagonal structure was
presented except target materials and Ni, and it is atomic occup@- Results and discussion
tion in random. Finally there were four Ti and two Ni atoms 3.7 XRD
around central Ni atoms, and the bond length of Ni-Ti and Ni-NiFrom transmission electron microscopy (TEM) experiments, it

were 0.2462nm and 0.2585nm at 80@&nnealed. was found that the NiTi grains grow in size when the annealing

Keywords: NiTi nanocrystals, Phase transition temperature increases, and finally their particle size increases to
about 20 nm by raising the temperature to°8(QX. Ju et al.,

1.  Introduction 1995).

The NiTi shape memory alloy (SMA) with an approximately

equal atomic ratio is a kind of novel functional materials which (NI TH(L11) (Ni,Ti) (NiLTI)

has the ability to return to a previously defined shape and size Ni(111) - (210),(211).(300) (004),(310&,‘((22123))

when subjected to the appropriate thermal procedure. These ma- NiTi(110 N',(\‘zii?()zoo NiTi(311)

terials can be plastically deformed at a relatively low temperature / )
A

, and will return to their shapes prior to the deformation during
exposure to a higher temperature. Actually the NiTi SMA is

uniqgue memory alloy materials with extensive applications »A_,.k ®

(Hwang, C.M., et al., 1983; Ling, H.C. et al., 1980, 1981; Ni- M""# B e ﬂ DRNTY

shida, M., et al., 1986; Miyazaki, S., et al., 1988). ; ! @
Until now, people have not known what the behavior of )

NiTi alloy will be when decreasing the grain size to nanometer. 10 15 20 25 30 a5 40 45 50 55

No reports have been published on the local structure of theta

nonoscale NiTi alloy. On the other hand, determination of the

atomic structure of nanoscale solids is very important for underFig. 1 X-ray diffraction patterns of nano-NiTi samples. (a) NiTi alloy; (b)
standing the properties of nano-materials. In the past decades,ag-grown NiTi powder; (c) annealing at 400 (d) annealing at 66C

huge number of investigations on the characteristic and the mi-

crostructure of nano-materials have been presented using various ~ The as-grown NiTi powder was prepared by the DC sput-
methods of structural analysis. Among them, extended x-ray abtering method using NiTi SMA target with the bcc structure. Fig-
sorption fine structure (EXAFS) is a powerful tool for identifying ure 1 shows the XRD pattern of the target material. Three strong
the local structure around the absorbing atoms. In this paper, thieeaks are attributed to (110), (200) and (211) as indicated in Fig.
NiTi SMA was chosen as a target material to prepare the NiTil(8). Fig. 1(b) shows the diffraction pattern of the as-grown NiTi
nanocrystal, then the local structure around Ni atoms was studie@owder. There is a broad peak corresponding to non-crystalline

using the combination of EXAFS and XRD. materials. Figures 1(c) and (d) correspond to the samples ob-
tainedby annealing at 400 an 6TD respectively. The structure of
2. Experiments these samples identified from the diffraction patterns is not the

The raw nano-NiTi powder, with a particle size of 7 nm, was Same as the bcc structure of the target material, At first, it can be

synthesized using DC sputtering on a dedicated apparatus, whic@xhibited a group of strong diffraction peaks of Ni with a cubic
was named as “glow discharge-condensation-in situ pressurestructure. As indicated in Fig. 1(c) and (d), the strongest peaks is
and set up by Institute of Solid State Physics, Chinese Academ§t8=22.2 for (111), the peaks @t25.6, 38.0 and 46.4

of Sciences (Zhu, Y., 1994), then condensed, and finally shapedre identified as the (200), (220) and (311) of Ni crystalline with
with a pressure of 1.5 GPa. The target materials is a bulk NiTR cubic structure. Meanwhile, it should be pointed out that two
SMA with bce structure. A series of samples with different parti- groups of weak peaks exist and are corresponding to target mate-

cle size were prepared by annealing the raw powder in vacuum 4tal and the (Ni, Ti) type alloy with hexagonal structure, which is
atomic occupation in random. As indicated, the peaB=80.6
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for (200) of NiTi alloy with a bcc structure can be observed, butfore the bcc- and hexagonal phase are observed in the nano-
the peaks ab=21.1 for (110) and 38.6 for (211) emerge with (Ni,Ti) alloy when annealing at different temperatures. Moreover,
those of Ni crystalline with a cubic structure.For the (Ni,Ti) type it is known that eight Ti atoms are around each Ni atom in the
alloy with hexagonal structure, there is a similar behavior that theNiTi SMA with bcc structure. According to the results of EXAFS
strongest peaks &=22.0 for (111) is overlapped with the (111) and XRD experiments, the phase transition occurs from bcc- to
of Ni crystalline. Three weak peaks@st41.5, 44.6 and 45.7 can hexagonal-structure in the synthesis process of the as-grown NiTi
be assigned to (004), (310) and (213) of this alloy. Moreover,powder, and the structural relaxation also does. So their structural
there are three small peaksbat31.1, 32.9 and 35.8, and can be parameters should be changed. To sum up, the Ni and Ti atoms or
identified to (210), (211) and (300) of the hexagonal structure ofa little ultrafine alloy particles produced by sputtering at the be-
(Ni,Ti) alloy. On the other hand, the diffraction intensity of the ginning are cooled and deposited in disorder on the substrate.
bcc phase is much weaker than the one of the crystalline as indAmong them, ultrafine alloy particles are of the initial bcc-
cated. structure. Following, with the increase of annealing temperature,
Finally the above phenomena mean that a large fraction othe (Ni,Ti) type alloy with the atomic occupation in random is
Ni atoms were separated out in the sputtering process. On thgroduced with the hexagonal structure except the formation of Ni
other hand, the diffraction intensities of the bcc- and hexagonatrystalline.
phase of NiTi alloy were much weaker than that of the Ni crys- .
talline as shown in Fig. 1.

-~~ annealed at 600C
— annealed at 800C

—— Raw nano-sample
annealed at 400C

3.2 EXAFS

The Fourier Transforms of the EXAFS spectra, and the structural
parameters determined by fitting with EXCURV88 for various
NiTi nanocrystalline samples are shown in Fig. 2 and Table 1. It
was found that there are four Ti atoms and two Ni atoms around
central Ni atoms, and the bond length of Ni-Ti and Ni-Ni were
0.2462 nm and 0.2585 nm after annealing at’801 is consis-
tent with the conclusion attracted from the XRD experiments, in It is reported that the Nii phase with nano-dimension will

which a large fraction of Ni crystalline was separated out after the . .

i ) fesult in the serious decay of SMA performance and further
sputtering process. Meanwhile the structure was relaxed becau??acture of the SMA material (Wen, S.L. et al., 1999). In our ex-
the atomic occupation is random in the (Ni,Ti) alloy with a bee- | NiTi phase was obser;/ed ' h '
and hexagonal structure,. The experimental values of Ni-Ti ancP ' '
Ni-Ni interatomic distances were deviated from those of Ni-Ti

alloy and the Ni crystalline presented in the PDF cards. From the The structures of NiTi nanocrystals with different anneal-

amplitude of the overlapping Ni-Ni and Ni-Ti peak, it is found ing temperatures, prepared by sputtering method,. were different

that the coordination number (CN) increases with rising the aM%rom bulk NiTi alloy with bcc structure as target materials. When

nealing temperature and the Ni-Ti and Ni-Ni distances come to . . )
Increasing the annealing temperature, a small fraction of the

keep stable. On the other hand, the higher shell peaks disappeﬁ\q.

; ) . } ) i,Ti) type nanocrystal with the hexagonal structure was pre-
rapidly and the degree of disorder increases with decreasing the ) P y . . 9 . - P .

. . : sented except target materials and Ni crystalline, and it is atomic
annealing temperature, which can be interpreted that the lon

. . 8ccupation in random.
range order in the structure has been destroyed with the decreas- b

ing of the particle size.

o 1 ; 3
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Fig. 2 RDF of Ni-K-edge

Conclusion

Reference
Table 1 The structural parameters fitting with EXCURV88 Program Hwang, C.M., Meichle, M., Salamon, M.B. and Wayman, C.M., (1983)
Condition Distance Coordination Debye-Waller Phil M’ag 47'; 31 ’ ’ ’ , ,
' '

(nm) Number factor (10° Ju, X., Su, Y. X., Su, T. D., Zhu, Y. and Shi, C. S., (1995) .J. USTC, 25,

Ni-Ti  Ni-Ni Ni-Ti Ni-Ni Ni-Ti Ni-Ni 169
Raw powder 0.2398 0.2586 2.3 0.8 3.7 48 Ling, H.C. and Kaplow, R., (1980). Metall. Trans. 11A, 77; (1981) Mat.
Annealed at 400C 0.2463 0.2583 40 1.3 3.9 4.0 Sci. Engr. 48,241
Annealed at 60 0.2459 0.2580 3.8 1.8 20 20 Miyazaki, S., Kimura, S. and Otsuka, K., (1988) Phil. MAB7, 467
Annealed at 80 0.2462 0.2585 4.2 1.8 17 17 Nishida, M., Wayman, C.M. and Honman, T., (1986) Metallahraphy, 19,

These structural changes can be attributed to the prepar&9
tion of the nano-NiTi with the sputtering method. As known, wen, S. L and He, J. B., (1999) J. Func. Mat. Device, 5, 303
there is a very high internal energy of the system in plasma heafzhu, Y., (1994) Physics, 23, 111
ing, and most of chemical bonds of NiTi SMA as target materials
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is lower since a strong bonding in plasma is impossible,. There-
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