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Fig. 1 Schematic illustration of preparation of Ti-Ni alloys by
using vacuum arc-melting furnace and different cooling
methods: (a) Conventional cast button-type ingot obtained
using water-cooled copper crucible; (b) Suction-cast cylindrical
ingot obtained by vacuum suction casting of molten alloy into

water-cooled copper mould
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Fig. 2 Schematic illustration of preparation of cubic samples
from conventional cast button-type ingot (a) and suction-cast

cylindrical ingot (b)
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B3 ANIF Ni B RS Ti-Ni A< i /KT 5 T AR ) SEM 4
Fig. 3 SEM images of horizontal (S..) ((a)—(d)) and vertical cross-sections (S,) ((€)—(h)) of conventional cast Ti-Ni alloys with
different Ni contents: (a), () Tig;Nisg; (b), (f) TisgNisp; (¢), (g) TissNige; (d), (h) TiseNisg
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Bl 4 A Ni GRS Ti-Ni G <A i I FLARI Sy 57K P S, 1 SEM &
Fig. 4 SEM images of vertical cross-section S ((a)—(d)) and horizontal cross-section Sy, ((€)—(h)) of suction-cast Ti-Ni alloys with

different Ni contents: (a), (¢) TigNisg; (b), (f) TisgNisp; (¢), (g) TisgNige; (d), (h) TiseNise
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Fig. 5 Backscattered electron images and EDS results of TisgNiy; alloys: (a) Conventional cast; (b) Suction-cast
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Fig. 6 XRD patterns of conventional cast Ti-Ni alloys with

different Ni contents
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alloys with Ni content
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Fig. 8 Thermal expansion strain curve of conventional cast

Tis,Niyg alloy on heating

Table 1 Phase transformation temperatures and NTE characteristic temperatures of conventional cast Ti-Ni alloys

Phase transformation

NTE characteristic

Difference of characteristic

x(N1)/% temperature/ C temperature/ C temperatures/ C
As Ay N Ne INs—4| |Ni—Ad
38 86.4 104.4 96.1 104.8 9.7 0.4
40 83.5 103.3 93.4 104.7 9.9 1.4
42 83.6 102.9 92.0 106.5 8.4 3.6
44 85.9 106.6 91.8 107.6 5.9 1.0
46 85.1 105.3 89.6 108.1 4.5 2.8
48 78.4 103.0 86.5 106.7 8.1 3.7
50 69.9 915 76.0 96.1 6.1 4.6
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Fig. 9 Change of average Crg, measured along different
directions in conventional cast and suction-cast Ti-Ni alloys
with Ni content: (a) Parallel to maximum cooling direction; (b)

Perpendicular to maximum cooling direction
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Influence of anisotropic microstructure on
negative thermal expansion behavior of Ti-rich Ti-Ni alloys

MA Xiao, ZHU Xing, ZHAO Zhong-xun, CAO Shan-shan, KE Chang-bo, ZHANG Xin-ping

(School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The conventional cast and suction-cast Tijg-Ni, (x=38.0~50.0 (mole fraction, %)) alloys with negative
thermal expansion (NTE) behavior were fabricated by vacuum arc melting process combining with rapid solidification
technique. The results show that the NTE behavior of the alloys originates from the volume change accompanying the
B19'—B2 reverse martensitic phase transformation during heating process. B19’-NiTi and Ti,Ni are the two major phases
in Ti-rich Ti-Ni alloys at room temperature, and values of the calculated coefficient of thermal expansion (Crg) of B19’,
Ti,Ni and B2 phases by using the rule of mixtures (ROM) agree with the experimental data published in literatures. The
significant anisotropic NTE response is attributed to the microstructure of the alloys which exhibits typical preferred
grain growth characteristics. With increasing the Ni content, the absolute values of Cyg along the maximum cooling
direction of the alloys increase, while the Ctg perpendicular to the maximum cooling direction increases initially and then
decreases.

Key words: Ti-rich Ti-Ni alloy; negative thermal expansion; microstructure; phase transformation; rapid solidification;

anisotropic property
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