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ABSTRACT Applications of shape memory alloys require them have the ability to undergo back and forth
through the solid-to-solid martensitic phase transformations for many times without degradation of properties
(termed “reversibility”). Low hysteresis and small migration of transformation temperature under cycling are the
macroscopic manifestation of high reversibility. By the crystallographic theory of martensite, materials with certain
crystalline symmetry and geometric compatibility tend to form no-stressed transformation interface and have exce-
Ilent functional stability. In the theory, several conditions that corresponding to extremely low hysteresis are speci-
fied. Stronger compatibility conditions which lead to even better reversibility have been theoretically proposed,
those conditions are called “cofactor conditions”. Recently, for the first time, experimental results find out the
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shape memory alloy AusCuxsZnss that closely satisfy the cofactor conditions. Enhanced reversibility with thermal
hysteresis of 2.045 “C, and the unusual riverine microstructure are found in AuCu,sZn.s. However, their studies are
limited to crystallographic analysis, and haven't provided enough details of microstructural evolution in martensitic
transformation. Furthermore, it is the evolution of microstructures that leads to an extremely low thermal hysteresis
in this alloy. Thus, making clear of evolution of microstructures in martensitic transformation in this alloy is of
great importance. So, in the present work, the phase field method was applied, in which the microstructure is
described by Landau theory of martensitic transformation, Khachaturyan- Shatalov's phase field microelasticity
theory, and thermodynamics gradient to study the microstructural evolution of martensitic transformation in
AuyCuzsZngs, trying to figure out pathway of formation of the unusual microstructure with satisfying cofactor condi-
tions. The simulation results show that during the martensitic transformation, quad-junctions composed of four dif-
ferent variants are formed. These junctions grow layer by layer, and the previously formed layer has larger size,
thus leading to the formation of the experimentally reported “riverine” microstructure of martensite in
AuyCuxsZngs. Further analysis based on the crystallographic theory of martensitic transformation shows that in
AuxCuzsZn.s 6 groups of variants can form such kind of quad-junction, and each group of variants can form 4 kinds
of type 1/type 2 twin pairs and two kinds of compound twin pairs. All of the quad-junctions in this transformation
are composed of four of those 6 twin pairs in each variant group, and the twin walls of these four twin pairs are per-
pendicular to each other.

KEY WORDS phase-field model, quad-junction, twin variants pair, shape-memory alloy, martensitic transfor-

mation
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Table 1 Stretch tensor for each martensite variant in shape memory alloy AusCu,sZn.s

Variant Stretch tensor Variant Stretch tensor Variant Stretch tensor
1.0591 0.0073 0 0.9363 0 0 1.0015 0 0.0073
U, [0.0073 1.0015 0 Us 1.0015 0.0073 U, 0 0.9363 0
0 0 0.9363 0.0073 1.0591 0.0073 0 1.0591
1.0591 -0.0073 0 0.9363 0 0 1.0015 0 -0.0073
U, -0.0073 1.0015 0 Us 0 1.0015 -0.0073 U 0 0.9363 0
0 0 0.9363 0 -0.0073 1.0591 -0.0073 0 1.0591
1.0015 0.0073 0 1.0591 0 0.0073 0.9363 0 0
Us 0.0073 1.0591 0 U, 0.9363 0 Un 0 1.0591 0.0073
0 0 0.9363 0.0073 0 1.0015 0 0.0073 1.0015
1.0015 -0.0073 0 1.0591 0 -0.0073 0.9363 0 0
U, -0.0073 1.0591 0 Us 0 0.9363 0 Ui 0 1.0591 -0.0073
0 0 0.9363 -0.0073 0 1.0015 0 -0.0073 1.0015
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Table 2 Martensitic variant twin type classification in shape memory alloy AusCussZn.s

Variant 2 4 5 6 7 8 9 10 11 12
1 c N 1/l 1/n 1/ 1/ NM NM NM NM
2 C /1 u/uno/m 1/ NM NM NM NM
3 C NM NM NM NM /00 U/t 1
4 NM NM NM  NM I/ 1/ 1/
5 C NM NM I/l 1/ C C(N)
6 NM NM  I/Il 1/l C(N) C
7 c cC CcMN) /1
8 C(N C /no1n
9 c NM  NM
10 NM  NM
11 c

Note: I / 11 means type | / Il variant twin, C means compound variant twin, N means non-conventional variant twin,

and NM means there is solution only under specific conditions
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Fig.1 Phase- field modelling of the microstructure evolution of martensitic transformation in shape memory alloy
AusCuzsZngs under computing steps of 4000 (a), 5000 (b), 7000 (c), 8000 (d), 9000 (e), 10000 (f) (Red circles in
Figs.1c and d mark the riverine microstructures)
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B2 TR A 4 AusaCUsZnes 1 [CAA FE AR 1 LH S S5 Ak 1) = 4E U TR 8O 8
Fig.2 3D morphology evolutions of martensitic transformation in shape memory alloy Ausx,CuzsZn.s under computing steps
of 4000 (a), 5000 (b), 10000 (c), magnifications of quad-junction marked by red circles in Figs.2a and b (d) and
Fig.2c (e), as shown by those arrows
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Color online

3 ARk 1~4 41 B quad-junction f A4 K ad R AL 2R AL
Fig.3 Growth of quad-junction composed of variants 1~4 under computing steps of 100 (a), 2000 (b), 3000 (c1, c2)
(Figs.3c1 and c2 corresponding to the simulation results of the same computing step with different view directions)
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Table 3 Possible variant groups for quad-junction and type 1/ type 2 and compound twin pairs and the corresponding

twinning axes for AusCu.sZns alloy, with the middle eigenvalue of martensitic phase transformation introduced

transformation tensor A, =1.0006 = 0.0002

Quad-juction Type 1/ type 2 Compound variant Twin wall normal
variant group variant twin twin

1,2,3,4 1,3)(2,4) [110]
1,423 [110]
1,2) (3,4 [001]
1,2,6,7 1,6)(2,7) [011]
(1,7)(26) [011]
(1,2)(6,7) [100]
3,4,9,11 (3,9) (4, 11) [101]
(3,11) 4, 9) [101]
(3,4) (9, 11) [010]
5,8, 10, 12 (5,10) (8, 12) [110]
(5, 8) (10, 12) [110]
(5, 12) (8, 10) [001]
5,9,11,12 (5,9) (11, 12) [011]
(5,11) (9, 12) [011]
(9,11) (5, 12) [100]
6,7,8, 10 (6, 10) (7, 8) [101]
(6, 8) (7, 10) [101]
(6,7) (8, 10) [010]
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