Journal of Korean Powder Metallurgy Institute
Vol. 3, No. 3, 1996

7|1AHI=

gl=28tA|Zl TiNi 2ol AXa X240 mE

AVTINIAZA LHOIMSl OIMXE So

RHAd% - LEfR - kol - BEA”
ARG FEABTHS, ST FFITAR, VI|ARTY ARTHLTH

Phase Changes of Mechanically Alloyed TiNi Powders by Heat-treatment
and Microstructural Properties in the Al/TiNi Sintered Materials

Sung-So0 Cha, Tae-Hyun Nam, In-Shup Ahn, Hyung-Sik Chung*
Depatment of Matallugical & Materials Engineering and Research Center for Aircraft Parts
Technology, Gyeong Sang National University, Chinju, Gyeong-nam, 660-701
*Korea Instiute of Machinery and Materials Forming Lab. Changwon, Gyeong-nam, 641-010
(Received July. 1, 1996)

ABSTRACT Microstructure and phase transformation of mechanically alloyed TiNi powders added to alu-

minium matrix for enhancing the damping properties were studied. Four compositions between 48.5 and 51.5
at% Ti intermetallic compounds were selected to control the fraction of martensite phase. Mechanically alloyed
TiNi powders were heat-treated at vacuum of 10° torr for crystallization. Ball milled Al/TiNi composite powd-
ers were swaged at room temperature and rolled at 450 °C. After mechanical alloying for 10 hours, Ti and Ni
elements were alloyed completely and amorphous phase was formed. Amorphous phase was crystallized to
martensite (B19') and austenite(B2) after heat treating for 1 hour at the temperature of 850 °C, and TiNi; inter-
metallic compound was partially formed. Considerable amount. of martensite phase was remained after swaging

and rolling.
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Fig. 1. SEM morphologies of raw powers. (a) Ti-and
(b) Ni-powder.
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Fig. 2. XRD patterns of mechanically alloyed Ni-50at.%
Ti powders as a function of milling time. (a) 1 hour, (b)
3 hours, (c) 6 hours, (d) 10 hours and (e) 20 hours.
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Fig. 3. SEM morphologies of mechanically alloyed Ni-
50at.%Ti powders. (a) 10 hours and (b) 20 hours.
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Fig. ” Mlcrostructures of mechamcally alloyed Ni-
50at.%Ti powders. (a) 10 hours and (b) 20 hours.

3} Ao zhE g delet

7\ AR gFstel e w A4k TiNighzEZ
o] FAEUIH oleiq nlgdd TINiARS #dwie
ol 7108 |G a7} gl Aem geiAgle).
ety AASE A3 A3 QA exE AT
2 ES WA FIHA X-A3H 488 3 At
£ 2% 5% 6ol ehigeh 28 5 2042 714
233 Fo] TiNiEZE 450 °C, 600 °C 2 850
‘CollA 24zt 14178 A A =|3E Aol 450 *Coll A=
Ax) o] vehgA] edghR|gE 600 °CoAlA] Ak
-727} vh27] Al2tsled 850 °CollAl 23] Felg
T e gl A= 23 6o AR
B2 1047 A7l 23S 13 59} 2o 7+
ZH A7 SA 289 o vehe X4l IJ@ -

AZ, 0)73-F% 2047t 71 AR B o
A2 YL v Zre} dAF ) olv] Ly B
e sl 7 AR TFEAD TiNidkel AA sk}
300°Ce)ste] 2xolla] AztElz|gh, B A=

s 1Y
w132

v TiNiy

v

o s X
e AL L 'w«N‘wWMwﬂmmM

INTENSITY

WY (P
Mwwﬂwmmmf i ey L

<)
Adpd bt s saprpatan Y m‘twﬁwwvhwrwmoww

Lay 1 1 ] |

20 30 40 50 60 70 80

20
Fig, 5. XRD patterns of 20 hours mechanically alloyed

Ni-50at. % Ti powders after heat-treatment for 1 hour at
various temperatures. (a) 850 "C, (b) 600 'C and (c) 450
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Fig. 6. XRD patterns of 10 hours mechanically alloyed
Ni-50at.%Ti powders after heat-treatment for 1 hour at
various temperatures. (a) 850 'C, (b) and 600 'C (c) 450
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Fig. 7. XRD spectra of heat treated powders for 1

hour at 850°C after quenching as a function of com-
position. (a) 48.5at.%Ti, (b) 49.5at.%Ti, (¢) 50.0at.%
Ti and (d) 51.5at, % Ti.
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Fig. 8. SEM morphology and EDS mapping of Al-
5vol.%TiNi composite material after cold swaging and
rolling at 450 'C.
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Fig. 9. XRD patterns of (a) pure Al, (b AlSvol.%
TiNi and (c¢) Al/20vol.%TiNi composite materials after
cold swaging and rolling at 450 'C.
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Fig. 10. DSC analysis of Al/20vol.% TiNi cold swaged
and hot rolled composites at the various compositions.
(a) 48.5at.%Ti, (b) 49.5at.%Ti and (¢) 51.5at.%Ti.

Table 1. Measured volume percentages of B19' and B
2 phase from the DSC curve.

composition B19(%) B2(%)
Ni-48.5at %Ti 3333 66.67
Ni-49.5at.%Ti 49.57 50.43
Ni-51.5at.%Ti 5206 47.94

)& TiNiAF W €] B194Fe] #-8-2 DSCE: 0|43
ZA3le] 2.3 10 2B el 29 108 TizAd &
485, 495 9 51.5at %2 Falste] A2Y TINigH2
E2-S dxl2lsle] AR BEtaAAE A2 F 7}
Zsle]  mlEEAO|EWg2E T 2T dlA
DSCH#A S gt et AP L5 AR 20°CR
714 sl w2 Elaje] B E-5-8 DSC curve 25
AAu g2 A4 4 9ok £ 12 39 10223H
20°ColAbe] g3 E-8-g AR A2 A TiFAdo)
SolAE A4 ntEglale]| Evfo] Yol & &al

o Aot
4.3 £

1) ZIAAYEFEE 1047} 311& 9 TiNie 3%
& hadel Hdet

Vol. 3, No. 3, 1996



180

2) 10417k 7| A EFA17] TiNi2-2-& 850 “Cell 4
1217k dA=lste] A sbebal & 71, B2 49} B19'
Aol FFEsllon U TiNLZEIE}EAke] A
A= xiet.

3) AVTiINiZ3E-28 canningdlo] swaging %
hot rolling7}3- Foll= Az EAE 712 4 Qe
B19'Ate] &afstg o Ti ZAje] wold4E B19Y
Aol #8-& F7bshoint

2o 2

B dFe= 199595 W88 Al4A)|Bol g7
A ol 93] o) 15 o o)o] FALE
="yc}.

1 2 8
1. Y. Furuya, A. Sasaki and M. Taya: Mater. Trans.,
TIM, 34 (1993) 224

2. WEFSC: e BITE, 44. No.9 (1992) 87

Journal of Korean Powder Metallurgy Institute

A e -

3

10.

11.

12.

A. S. Nowick and B. S. Bertry: Anelastic Relaxation
in Crystalline Solids, Academic Press, New York, NY
(1972)

. Ch. Kittel: Introduction to Solid State Physics, R. O1-

denbug Verlag, Miinchen-Wien (1969) 557

_1 G. Ritchie, Z-L. Pan and F. E. Goodwin: Metall.

Trans., A 22A, (1991) 617

. C. Zener: Elasticity and Anelasticity of Metals (4th ed),

The University of Chicago Press, Chicago, IL, (1960)
89

. 0. Yoshinari and M. Koiwa: Mater. Trans., JIM, 30

(1989) 46

. B. Ya Pines and A A. Karmazin: Fiz. Met. Metal-

loved., 22 (1966) 632

. J. S. Benjamin and T. 8. Volin: Metall. Trans., 5§

(1974) 1929

J. S, Benjamin and M. J. Bomford: Metall. Trans. A, 8
(1974) 1301

M. Zhu, M. Qi, A. Q/He, H. X. Sui and W. G. Liu:
Acta Metall. Mater. 42 No.6 (1994) 1893

J. E. Hanlon, S. R. Butler and R. J. Wasilewski:
Trans. of Met. Soc. AIME, 239 (1967) 1323

. V. N. Khachin, V. E. Gjunter, V. P. Sivokha and A.

S. Savvinov: Proc. ICOMAT-79, Boston (1979) 474



