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Fig.1 3D images of packets in a prior austenite grain, (a) coarse packet and (b) fine packets.
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1. Introduction

Shape memory alloys (SMAs) are a unique class of alloys, owing to a reversible phase
transition, that exhibit large reversible strain and strong recovery forces upon heating and
cooling cycles. Ti-Ni alloys, which are the most practical SMAs, show novel phase transition
behavior depending on the concentrations of doped third element. Recently, it was found that
the first-order phase transition in TisoNiso-xFex is suppressed with increasing Fe content, and
only the precursor phenomena are observed when more than 6 at. % of Fe atoms are substituted
for Nil. Thus, the investigation of the role of doped Fe in Ti-Ni series SMAs is important for
understanding the mechanism of martensitic phase transition and related precursor.

X-ray fluorescence holography (XFH) provides three-dimension real space atomic images
around selected element with atomic resolution2. In the recent work, we chose TisoNissFes,
which exhibits only a second-order-like parent (P) — incommensurate (IC) — commensurate (C)
transition, as a suitable sample for investigating the lattice modulation accompanied by the
appearance of the superlattice structure. Three-dimensional (3D) atomic images around third
element Fe up to 20A were obtained by XFH34. In the present work, we measured holograms of
major element of Ni and discussed phase transition behavior from atomic images around Ni.

2. Experimental Coolingsys‘re:m
The XFH experiment was carried out at beamline BL6C
of the Photon Factory at KEK, Tsukuba. The X-ray beam / \

from the bending magnet source was monochromatized by

a Si (111) double-crystal monochromator and focused onto  Incident [ chamnber v

the sample with a Si bent total reflection mirror. The Xy 'I'II (Sample ||
incident x-ray energies were 8.5-14.0 keV in 0.5 keV steps. !

Using the toroidally bent graphite crystal, Ni Ka S‘-{H , -—2-_*|5t Toroidally //
fluorescence x rays from the sample were analyzed and \b\ :'-;—  bent Walyy
focused onto an avalanche photodiode. The fluorescence N

intensities were recorded by rotating the two axes, 0°< 0 < valanc ﬁ:

70° and 0° < ¢ < 360°, of the sample in 1° steps as shown in photo diode

Fig. 1. The measurement time of each single energy tg. 1 Layout of the experiment setup

hologram was about 6 hours. The sample was cooled to 225 K from room temperature and then
was cooled again to 100 K after 3 days of XFH measurement.

3. Results

Figures 2(a) and 2(b) show the images on the typical Ni/Fe atomic plane at z= 0 A in the P
(225K) and C (100K) phases, respectively. The intersections of the dotted line (black) indicate
the ideal atomic positions of Ni/Fe atoms. Although the intensities of the atomic images decrease
with increasing distance from the emitter Ni in both phases, the intensity of the atomic images
of the C phase given in Fig. 2(b), such as those at 330, 340 and 430 positions, are higher than
those in Fig. 2(a). In addition, extra atomic images appear, along [110] direction, around 0.5 A
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away from the 1ideal atomic
position in the C phase in Fig.
2(b), such as 360, 450, 540, 630 as
well as 340, and 430.

Figures 3(a) and 3(b) exhibit
the atomic images of the Ti planes
(z=1.5A) in the P and C phases,
respectively. A notable difference
between the two figures is found
in the atomic images marked by
dashed red circles. While it is
clear and strong in the P phase, it
splits into two weaker images
along the y axis in the C phase.
We ascribe the strong atomic
images in the P phase to high
stability of the Ti atoms and the
split of the Ti atom in Fig. 3(b) to
the superlattice structure in the C
phase. Considering the extra
atomic images appearing in Fig.
2(b), these results indicate that
domains are formed in the C
phase and that neighboring
domains are separated by up to
05 A along the [110] direction.
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Fig. 2 Atomic images on the (001) lattice plane at z=0 A in P (a) and C

phases (b).
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Fig. 3 Atomic images of Ti atoms on the (001) lattice planes at

The red grids in Fig. 2(b) show 2=15in P (a) and C phases (b).

the extra lattice unit in the C
phase.

4. Conclusions

We carried out the Ni Ka hologram measurement of TisoNisFes single crystal, and
successfully visualized the local structure around Ni. The size of reconstructed real space
atomic image is up to few nm. We believe that our results provide direct evidence for
understanding the supperlattice structure in C phase and the mechanism of the martensite
phase transition. In the near future, we are planning to carry out further XFH experiment
with TisoNis2Fes single crystal, which shows only the IC phase during cooling process, to confirm
the whole system of Ti-Ni series.

References

1) M. -S. Choi, T. Fukuda, T. Kakeshita, and H. Mori, Philos. Mag. 86 (2006) 67

2) K. Hayashi; Adv. Imaging Electron Phys. 140 (2006) 119.

3) W. Hu, K. Hayashi, N. Happo, S. Hosokawa, T. Terai, T. Fukuda, T. Kakeshita, H. Xie, T.
Xiao, Journal of Crystal Growth 311 (2009) 982-985.

4) W. Hu, K. Hayashi, T. Yamamoto, N. Happo, S. Hosokawa, T. Terai, T. Fukuda, T. Kakeshita,
H. Xie, T. Xiao, and M. Suzuki; Phys. Rev. B 80 (2009) 060202(R).

Publications

1) "Direct observation of higher order atomistic structure in TisoNissFes at lower temperature
phase" Wen Hu, Kouichi Hayashi, Naohisa Happo, Shinya Hosokawa, Tomoyuki Terai
Takashi Fukuda, Tomoyuki Kakeshita®, Masamitsu Takahashi; XTOP 2010, 09/2010, University
of Warwick, UK

2) "3D local structure analysis of Fe doped Ti-Ni single crystal by X-ray fluorescence holography"
Wen Hu, Kouichi Hayashi, Naohisa Happo, Shinya Hosokawa, Tomoyuki Terai: Takashi
Fukuda, Tomoyuki Kakeshita5, Masamitsu Takahashi; XFH workshop, 11/2010, Sendai, Japan

- 63 -




Mo-Si-B M @ifpr k> —J7 mEeE 12 I 2 AE Ak

FAEKRT: « RPGEEBREER OISR - & R &= #h

1. FLHIZ

TR F IR O BT, MERBRSI IR O BN O RE AR L & =2 F— 2R L, Frigen
BB 2 RIAT L OORBEERYINO —>THD, Vb, BELY =y bz Vvl
EHINZHE D REO TRV X —{HE L SR E BT 2 = RV XN HR S 27 TR L TIE, Ni LS
O R 28 A 72 BT ATaE 2@ m iR B K D R B RO b T b, £ 2 TAIET
1%, MosSiBe 4 & kA4 I Mo [EFE A3 53 H L 7288172 Mo-Si-B BmIRIMMNAG &4 2T 25 2 &L & H
B ET %, AWFETIIBAFRIZH 7o o TR ATE L 72 D08 HIEE DRFT 24T 9 72, BEERR ., REX%E O
PEZITO & & BT, B OINIERIZHE SN T—HMEEEEIC K DG 2 372 5

2. WFZERaE

KEZ, 7Ty « T — 7 RIEEIZ L 5T Mo-Re-Si-B Mt &4 2 EHL L . BEE KGRI OMEREE %
DTz, ERINZA481FFE T, XBMEFHEZ X VHORIEZIT- 7%, SEM-EPMA (2 X v Mfk#le7
B ONCEEEfE DM 21T o720 F DB, EPMA TiIAha r OEEMENE L W=D, @EiRsst
NEETHD ETPRINDHEBOESE CHESEZE LU U, B8 22 30 R 2 R & LT o bmar
HLRLAE 2 ff > T EPMA OE &SN RAMET D Z L1C Lz, ZD%#EEHEL, 1800°C, 7 /b= FIHA
T OEVILE 21T\ FERREIER L [RIFFIC EPMA I X 0 B OO E '3 217> 7=, £7-. SEM-EBSP
FEAC X0 BAERA OERFERZ /A L, Mo-Si-B = tA4 & ik L7e 5, Mo-Re-Si-B U7t A 4 O ik iE
XIZxt9 D ME 21T - 72,

3. WFFEEE

el L7244 0MiE. (Mo-10.58i-14.2B)100<Rex (x = 0, 1.0, 3.0, 5.0, 10.0, 15.0, 20.0) (E/Ltk)
Thb, M1IT, Bon-A40EEMMA4 SEM-BSE TBE L322 77T, x=0D=7T/4&T
13 #)5E MosSiBe (Te#H) DAy, Mo+Te HfhifH & Mo+Te+MosSi AL Iz, L. |
FTHELZLERBY, Yang b OEEFE G & —E L TW\W5, Re ZIFINT 5 EFIEEIT Mo £720 |
S HIZ Re IREOHINZAENHIE Mo DML AR AL L, RO RS 72137), Mo2B 2 M L
72, 10mol%Re TiLH T I Mo-Re &EFLEWHTH 5 o FHOFMH L AEFR 41, Re IEEOENIC
o fH & TodH OSBRI NS L 9o, BLEDZ &b, Re DIRINIL Mo #EEE DR
MEFERILIZERHY . F-EmEED Re IRINC LV o HNER., & 51T o I Tkl & K ST
HZLICEY, SR TR DR RRERE SR AET D 2 E RSN,

K21, Bo-64% 1800°C, 24 Bef], 7/ I v FHGH CHULEE L% OMk%E2 77, x=0
D= EETIE, TNETHE L TE X IR Te HIC Mo B+ EIZHHT 2130, D ED
MosSi FHN G T 24k & 72 o2, THICK LT Re Z2WIN4 % &, MosSi fHOMERERIZWA L, £
72 Mo ORFEZRDZEENNT 2 DIZFE Mo Bz 7-238 5 U 72 /% & 72 572, 10mol%Re Tix, 1FIX7ELA
Mo & Te D 2 fHffk & 72 o772, EHIZ Re IBENEIMNT 5 & o FHOMRFERNEM L, 15mol%Re Tl
Mo & Te® 2 FHFEHIK & . o & Te® 2ABFEIK D 2 S OFEE N SRR SN DM & 70D 2 L Rb o Tz,
PLEDZ L2, 1800°C D FEiAHIZIE MooB ARIE 2 <, BEESUGIZ L » TERENTZ b O L TR
DL 2D Z ENHAL N E o T2,

4. £ & ®

FEOITWIFERCR K Y . Mo-Re-Si-B Mot f4xid, HFHAHTH 5 Mo2B OFEIH=C, o fH & Te 2 i)
FORT 572 80 Re IMBIRD D5 Z Linbinolz, O LiE, —HMEEEIZIVT b EEREHM 2 B
LS, BERNIIT—HMEEEOR R 272 5 Z L1220 iy, K0t tnRE oI LY
BEME PG 2 U, — G mgEE I L 7o B eiat 2D 5 DONEE L,

- 64 -




(b) 3Re

~ ;\,é

QL e
o A . 0 %D l. .

2 I

(c) 10Re Eusd

1  Mo-Re-Si-B It R &4 DGk,

2  Mo-Re-Si-B Mt %A 4D 1800°C (2 11) 5 BULHRAH M.

- 65 -






