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Fig.1 Crystallographic relationship between f phase and o'/ martensite phase
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Table 1 Critical concentration f, of martensite transition in

binary Ti alloys"

Binary system wt% at%
Ti-Fe 3.54.6 34
Ti-V 16-20 15.2-19
Ti-Mo 14-16 7.5-8.7
Ti-Cr 5.6-7.4 5.2-6.85
Ti-Zr 100 100
Ti-Ta 72-76 40-45
Ti-Nb 40-42.5 25.7-27.8
Ti-W 29.9-32.2 10-11
Ti-Os 7.5-10.9 2-3
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Fig.2 Phase transitions in binary Ti systems'!
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Variant Inter-variant boundary
Variant Parallel plane Parallel direction Boundary type Misorientation (angle/axis)
V1 101), Il (001 1111, 1110
(101), 1 (001), [7 1,1 (110), . LAGB
V2 (101), 11 (001), [111],1(110),
V3 110), Il (001 111,11 (110 _
(110), Il (001), (111,11 (10), , 60111301
V4 (110), Il (001), [111],1(110),
A (017), 1l (001), 1117, 1 (110), _
7 [_ 1,110}, 3 60.83°[ 1.3771 2.377 0.359]
V6 (011), I (001), [111], Il (110),
V7 10T), 1 (001 1117, 1 (110 — -
( ,)"’ (0D, [H, 1o, 4 63.26°[ 10553 ]
A% (101), 11 (001), [111], 11 (110),
V9 011), Il (001 1117, 1 (110 _
(01, Ir0on), : ,]/‘ (), 5 90°[1 2.38 138 0]
V10 (011), 11 (001), [111], Il (110),
Vil (110), I (001), [11T], 1 (110),
_ 7 / 6 10.53°/0 00 1]
Vi2 (110), I (001), [111], I (110),
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Table 3 Six variants derived from the g and a" crystal

relationships

Variant {100} , {010} ., {001} .,
V1 {100}, {011}, {11,
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Fig.3 Illustration of the lattice correspondence between the parent £ phase and six kinds of a” variants
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Fig.4 Different self-accommodation structures in o' martensitic microstructure'***”): (a) V-shaped structure, (b) parallel clusters, and (c)

triangular structure
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Fig.5 Triangular (a—c)">", V-shaped (d—f)*'*'*'% Z-shaped (g—h)"* zigzag (i—j)""**’, and parallel (k—1)"*****' morphologies of a” martensitic

self-accommodation structures
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Fig.6 Three-dimensional tetrahedral structures with different types of
variant shapes at different viewing angles™: (a) o self-
accommodation of a hollow and open base tetrahedron structure;
(b) different sectioning patterns through the tetrahedron structure;
(c—e) different types of triangular morphologies observed along
the [111], (the hollow triangular morphology in Fig. 6d and the
solid triangular morphology in Fig.6e correspond to cut 1 and cut
observed

2, respectively); (f) V-shaped morphology

perpendicularly to cutting plane (cut 3)
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Table 4 Types of interface formed between the 12 &/¢/ variants A-L

in the f grains"™"

A B C D E F G H I J K L
A1 2 2 5 4 3 5 3 4 6 3 3
B 2 1 2 4 5 3 3 6 3 3 5 4
c 2 2 1 3 3 6 4 3 5 3 4 5
p s 4 3 1 2 2 6 3 3 5 3 4
E 4 5 3 2 1 2 3 5 4 3 6 3
F 3 3 6 2 2 1 3 4 5 4 3 5
G 5 3 4 6 3 3 1 2 2 5 4 3
H 3 6 3 3 5 4 2 1 2 4 5 3
1 4 3 5 3 4 5 2 2 1 3 3 6
J 6 3 3 5 3 4 5 4 3 1 2 2
K 3 5 4 3 6 3 4 5 3 2 1 2
L 3 4 5 4 3 5 3 3 6 2 2 1
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Fig.7 Interface distribution statistics (a~b) and interface network diagram (c) of Ti-6Al-4V alloy printed in linear mode™”
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Fig.8 Interface types and lengths of martensitic structures of TC4 alloy under different processes”®”: (a) rolling at 750 °C and quenching at

940 °C; (b) rolling at 850 °C and quenching at 940 °C
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Research Progress on Variant Selection and Microstructural Characteristics of
Martensitic Transformation of Titanium Alloys

Chuan Kaiyang, Zhang Chongle, Zhang Jinyu, Liu Gang, Sun Jun
(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In the practical production and processing of titanium alloys, variant selection frequently occurs during martensitic transformation due
to various influencing factors. This preferential behavior causes the crystallographic orientation distribution of a'/a” phases to deviate from
theoretical equiprobability, consequently affecting material anisotropy and mechanical properties. Studies reveal that quenching-induced f— o’
transformation exhibits weak variant selection characteristics. In contrast, stress-induced f—a" transformation often demonstrates strong variant
selection effects with a consistent preference for orientations accommodating maximum external stress. Simultaneously, characteristic self-
accommodating morphologies are commonly observed in a'/a”" martensitic microstructures, including triangular, V-shaped, Z-shaped, trapezoidal,
and parallel clusters formed by aggregated variants. The emergence of these self-accommodating clusters is one of the critical mechanisms
underlying variant selection effects. This paper systematically elaborates on the characteristics and formation mechanisms of martensitic
transformation and elucidates the intrinsic nature and influencing factors of variant selection. By integrating the phenomenological theory of
martensite and statistical analysis of inter-variant interfaces, the formation mechanisms of self-accommodating microstructures and interface
distribution associated with variant selection effects are analyzed comprehensively. Finally, current challenges and future research priorities in this
field are identified.

Key words: martensitic transformation; variant selection; self-accommodation
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