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[ Abstract] The martensite structure in Cir 25AF3Mn alloy and its thermal cycling and aging behavior are studied. Tt is

convinced that the M2H martensite can be obtained by water quenched, and the atoms distribution on the basal plane of
the martensite is: 1 (corner) —Al; II( center of the plane) —Cu; IIf middle of &-side) —22/25Cu+ 3/25Mn. The lat-
tice parameters are determined to be a= 0.4459 nm, b= 0.527 9 nm, c¢= 0.424 1 nm, B= 88.64°. The triangle and
other complicated configurations consisting of the variant group in the martensite are discovered. It is showed that the

tested alloy has a high thermal stability when aging at average temperature in the parent phase, and the thermoelastic

martensite amount is up to 90% after aging for 96 h at 400 C. The thermal cycling has a little influence on the transfor

mation temperature ( M) .

When the number of thermal cycles is up to 1000, the increasing of M is only 8 C.
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1 INTRODUCTION

Cu-based shape memory alloys (SM As) have po-
tential application because of their low cost, relatively
simple processing and good shape memory effect. The
studies on Cubased shape memory alloy mainly focus-
es on Cu-ZmAl alloy and Cu-AFNi alloy. The shape
memory effect in these alloys is associated with ther
moelastic martensite transformation. Many papers re-
ported that the martensite structures in Cu-Zn-Al and
CurAENi alloys possess 9R (or 18R), 3R(or 6R) and
2H structure depending on the alloy composition,
heat treatment and the stress induced condition' "™ *.
In recent years, lots of researchers pay close attention
to the study of CurAFMn alloy because it has many
advantages such as the higher shape memory strain,
the larger recovery power and better ductility > '
In this paper, the structure of the martensite in the
Cur25AF3Mn (mole fraction, %) alloy is studied and
the thermal stability of the martensite during aging
and thermal cycling is studied as well.

2 EXPERIMENTAL

The tested alloy Cu25AF3Mn ( mole fraction,
%) was induction melted, cast into flat ingots, ho-
mogenized at 1 123 K for 24 h, then hot-rolled into
sheets of 1 mm thick after the surface defects of the
ingots were cut off. The sheets were solution-treated
at 1 073 K for 10 min and then water-quenched. The

tested alloy was confirmed to have ordered phase of
DOs; by X-ray diffractometry. The transformation
temperatures were: M= 343 K, M= 313K, A=

378 K, A= 401 K. The specimen was mechanically
polished to 0. 15 mm, and then jet electro-polished in
a solution of 67% CH3;0H+ 33%HNOs3( volume frac
tion) at about 253 K. The electron microscope used
was H-800 operated at 200 kV. X-ray diffraction ex-
periment and data processing were performed on a D-
5000 diffractometer with powder specimens whose
particle size is less than 75 Bm. The powder specr
mens were solution-treated at 1 073 K for 10 min in a
sealed quartz tube filled with argon, followed by wa
ter quenching.

3 RESULTS AND DISCUSSION

3.1 Structure of martensite

Fig. 1(a) shows the optical micrograph of the
martensite. Besides three variants of AC, AD, AB,
a triangle configuration( 17, 2_>) and other compli-
cated ones can be observed. This kind of complicated
configuration in the Cu-based alloy does not be report-
ed until now. Its crystallographic structure and the
effect of it on the shape memory effect are not clear.

Fig.2(a) is the TEM BF image of the marten-
site in the tested alloy. The upper variants in the field
display an obvious twin sub-structure feature. Fig. 2
(b) shows the diffraction pattern taken from the
upper variant, which is a twin-related pattern. The
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Fig.2 TEM BF image(a), electron diffraction pattern of [ 101] y zone (b) and

electron diffraction pattern corresponding to [ 010]2n zone ( ¢) of martensite tested

diffraction spots of matrix and twin can be indexed.
Fig. 2(c¢) shows the electron diffraction pattern taken
from other field. An weak diffraction spot in the re-
ciprocal unit interlayer spacing (RUIS) along the ¢
axis divides the RUIS into two equal parts, and this
is the typical feature of 2H structure. The diffraction
pattern corresponds to the [ 010]5 zone of the
martensite. Because the diffraction spots of (002)
and (200) simultaneously appear in this diffraction
pattern, the angle (B ) between a” axis and ¢ axis
can be measured and determined to be 91. 4°(and so,
the angle B between a axis and ¢ axis is 88. 6°).
Therefore, this 2H structure is monoclinic one
(M2H).

Fig. 3 shows the X-ray diffraction pattern of the
martensite in the tested alloy. All of the diffraction
peaks can be indexed in accordance with 2H struc
ture. The measured d values (d ) of each diffraction
peak and its relative integrated intensities measured
are shown in Table 1. The lattice parameters, a= 0.
4459 nm, b= 0.5279 nm, c¢= 0.424 1 nm, B= 88.
64°, can be determined from the d,, values.

Fig. 4 shows the hard sphere atomic structure
model of the M2H martensite. There are only 4 kinds
of different positions, i.e., [, II;, Il, III on the

L
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Fig.3 X-ray diffraction spectrum of water
quenched martensite of Cu-25AF3Mn alloy

basic plane (as shown in Fig. 4(a)). No matter how
many sorts and much amounts of atom are distribut-
ed, its structure factor can be expressed as:
Fukr=1f 1+ f mexp2Ti(K/2)+ f HlepoT[i’
(H/2+ K/4)+ f n,exp2Ti(H/2+

3K/4) ][ 1+ exp2Ti(HM+ K/2+
L/2)] (1)
where M is the coordinate of the first layer along

the a axis.
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Table 1 Data of X-ray diffraction measurement and calculation of water quenched Cu25AF3Mn alloy

Peck No. HKL d / nm dJnm (I/1157) m % 1072 (I/1,,7) % 1072
1 110 0.3402 0.3406 10.9 11.3
2 011 0.3307 0.3306 12.8 13.3
3 101 0.307 3 0.3073 4.0 4.6
4 020 0.2645 0.2640 6.8 7.5
5 120 0.2270 0.2271 40.5 41.9
6 200 0.2230 0.2230 28.4 29.0
7 002 0.2120 0.2120 75.8 75.9
8 121 0.200 4 0.2002 100.0 100. 0
9 201 0.197 4 0.197 4 41.9 41. 4
10 122 0.1550 0.1550 13.5 11.0
11 123 0.1536 0.1540 5.2 5.6
12 040 0.1320 0.1320 15.3 13.9
13 320 0.1296 0.1295 23.7 25.7
14 123 0.1200 0.1200 16.4 15.6
15 322 0.110 4 0.1105 14.9 15. 4

Fig. 4 Crystal structure model of M2H martensite

In Eqn. (1) the first item is the structure factor
of the basic plane called as F,.

Making F,= 0, then the forbidden diffraction
can be obtained:

K= even, H+ K/2= odd or K= odd (2)
If the atom distribution on the basic plane is in order,
the diffraction expressed in Eqn. (2) may occur:

When K = even, H+ K/2= odd,

Fo=(f1=fm+ (/= /) (3)

When K= odd, F,.= (f1-fm) (4)
According to the experimental parameters, Eqn. ( 3)
represents the atomic ordering state of the nearest
neighboring ( NN), and Eqn. (4) represents the
atomic ordering state of the next nearest neighboring
(NNN).

With the hard sphere atomic structure model of
the M2H martensite and the hypothesis: 1) the
atoms in the basal plane contacts with each other a

long [ 210] direction; 2) the layer interval is ¢/ 2; 3)
each atom in the second later contacts with the atoms
in I, II;, Illpositions in the basal plane, the fol-
lowing equations can be obtained:

[2(r1+ 2rm r1)]°= a®+ (b/2)°

(a/2- x)*+ (b/4)%+ (¢/2)%= (5)
(r1+ 2r[H+ rHl)2

Using the lattice parameters, x ( x is the stacking
position of the first layer along the a axis) and M can
be obtained (x= 0.154 1 nm, M= 1/2.894).

With the structure model above and the composi-
tion of the alloy, the diffraction intensity of different
ordering state can be calculated. Thinking of the dif-
ference of the scattering factor between every two
kinds of the atoms of the three elements Cu, Al and
Mn and the X-ray diffraction data, the rational atom
distribution in basal plane is that the atom on position
[is Al, Ilis Cu, [lis 3/25Mn+ 22/25Cu.

Then the structure factor of the basic plane can
be expressed as follows.

For the fundamental diffraction:

F .= 72/ 25f cut 25/ 25f ai+ 3/ 25f wn

For the NN order diffraction:

F o= 25/ 25f s+ 3/25f ma— 28/ 25f cu

For the NNN order diffraction,

F o= 25/ 25f mi— 22/ 25f cu— 3/ 25f Mn (6)

Considering the Lorent-polarization and multi-
plicity factors, the relative integrated intensities of
the diffraction peaks concerned can be calculated ( as
shown in Table 1). It can been seen that the I, coin-
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cide satisfactorily with the 7,,.

3.2 Thermal stability of martensite during aging
and thermal cycling

Fig. 5 shows the relation of the thermoelastic
martensite amount and the aging time at 400 C. Al
though the aging time is up to 96 h, the thermoelastic
martensite amount keeps 90% vyet. This amount is
much higher than that of the CurZn-Al alloy and the
CurAFNFMo-Ti alloy! ' " Fig. 1(b) shows optical
micrograph of the tested alloy aged at 400 C for 96
h. From the image, only precipitation of Y, phase
can be seen. For the CuZmrAl and Cor AFNFMrTi
alloys, when they were aged at average temperature
for a relatively long time (3~ 8 h)!'% "1 the B,
phase transforms into bainite or decomposes into equi-
librium phase, and the thermoelastic martensite
amount decreases rapidly.
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Fig. 5 Relation of thermoelastic martensite
amount and aging time at 400 C

Fig. 6 shows the effect of the number of thermal
cycling on the transformation temperature ( My).
The thermal cycling is carried out at the temperature
ranging from 20 C to 350 C. It has been found that
the thermal cycling has a little influence on the trans-
formation temperature of the tested alloy. When the
cycles are up to 1000, the increasing of M is only 8
‘C. Several mechanisms have been proposed for the
change of transformation temperature induced by
thermal cycles. It has been proved that thermal cy-
cling results in the formation of defects such as dislo-

cation in SMA and the presence of the dislocation is
100
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Fig. 6 Effect of number of thermal

cycling on transformation temperature

favorable to nucleation of martensite, which causes

[12] " Furthermore,

increasing of the M, temperature
precipitation of secondary phase can cause a chemical
composition change in the matrix, and this may in-
duce the change of m
not precipitate while aging at 350 C (‘as shown in

Fig. 1(¢)). This factor for the increasing of M does

. The secondary phases do

not exist in the tested alloy. The increasing of trans-
formation temperature may associate with the first
mechanism. It is very important that SM As maintain
a steady transformation temperature during cycling
and keep a high thermal stability during aging for the
purpose of practical application.
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