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[ Abstract] The effects of thermal cycling on martensite transformation in Cur 11. 9AF2. 5Mn( mass fraction, %) shape
memory alloy(SMA) with high M temperature were studied by means of electrical tension vs temperature ( U —T') mea

surement, optical microscopy observation and X-ray diffractometry. It shows that with increasing thermal cycles, the

transformation temperatures decreased, which are accompanied by changes of martensite structure such as the decline of

NNN ordering degree and monoclinic angle B” 90, Compared with traditional Curbase SMA, the alloy has rather high
thermostability and can work at 200~ 300 C. Its excellent thermostability comes from two factors: 1) its B; parent

structure is stable and difficult to decompose at work temperature; 2) its martensite structure is close to N18R( B= 89.

6’), which restrains the process of M 18R~ N18R and the tendency of martensite stabilization and decomposition.
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1 INTRODUCTION

Problems of thermal stability, including marten-
site stabilization, parent phase decomposition and cy-
cling property degradation, have hindered the appli-
cation of Cubase shape memory alloy (SMA) for a
long time. Martensite stabilization is regarded as the
results of its structure destabilization ( M18R ~
N18R)!"" I Parent phase decomposition leads to the
changes of transformation temperature and decreases
of reversible martensite, which are concerned with
variation of ordering degree, transformation of parent
phase to bainite and decomposition of parent phase' 'l
Thermal cycling usually makes transformation tem-
perature change and shape memory effect( SME) de
cline due to the formation of vacancy clusters, accu-
mulation of dislocation and destruction of ordering de-
gree® 1 In general, structure stability of marten-
site and parent phase plays a key role on Cubase
SMA’ s thermal stability and that of parent phase is
particularly significant considering that martensite is
transformed from parent phase while parent phase is a
metastable one obtained by quenching. Research
work in Cu alloy shows that there are two methods to
stabilize the structure of parent phase: 1) increasing
Al content to restrain B~ a transformation; 2)
adding other component (such as Mn) to check B~
Y, transformation caused by higher Al concentration.
Therefore, the present study is conducted to clarify

the changes of martensite transformation properties of

Curll. 9AF2. 5Mn (mass fraction, %) SMA de

signed by the methods mentioned above in thermal
cycling.

2 EXPERIMENTAL

Cu-11.9AF2. 5Mn ( mass fraction, %) was pre-
pared by melting the component metals in an interme-
diate frequency induction furnace and the ingot ob-
tained was homogenized at 850 C for 24 h after its
surface defects were cut off, then hot-rolled into
sheets of 1 mm in thickness. All of the experimental
specimens were cut from the sheets and measured (or
observed) after different heat treatments.

M artensite transformation temperature is deter-
mined by P—T curvel,
ment was performed on D-5000 diffractometer using
powder samples ( 120~ 152 Bm) and its data were an-
alyzed by SIMENS diffraction software. Optical mr
croscopy observation was taken on NEOPHOT 21 in-
strument.

X-ray diffraction experi-

3 RESULTS

3.1 Change in transformation temperature

Fig. 1 shows U —T curves in first two cycles.
We find that when being heated immediately after
quenching the tested alloy exhibits certain tendency of
martensite stabilization but the martensite doesn’ t de-
compose and proceed thermoelastic inversion at about
400 C. After that, the parent phase doesn’t decom-
pose obviously and can transform to martensite again
at about 230 ‘C. As reported, similar studies were
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carried on CurZn-Al SMA'?! | which led to the results
that thermoelastic reversion of asquenched martensite
couldn’ t happen in normal transformation tempera-
ture because of martensite stabilization and decompo-
sition. Moreover, if martensite decomposes, the alloy
will never continue thermoelastic transformation
when it is cooled down. In addition, in CuZnmAl
SMA, the B parent phase obtained by martensite in-
version will decompose to the equilibrium phase ( B+

a+ Y;) as soon as it is heated above 200 ‘C. There
fore, compared with traditional Cu-base( CurZn-Al)
SMA, the tested alloy has rather high thermostability
both in martensite and parent phase states.
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Fig.1 P—T curves after inmediate quenching

Fig. 2 shows transformation temperatures as a
function of the number of thermal cycles. It’ s noticed
that with increasing thermal cycle the martensite
characteristic temperatures, such as M, My, A,
A ¢ decrease, which is consistent with the result in a

CurAENi alloy reported by Nakata and Tadaki et

all® 7. Such similarity may be contributed by the

fact that their parent phases are both of a DO3 type
ordered structure. As to variations in transformation
temperature, we can see most of that happen before
10th cycling, and the AM., AMy¢, AAg, AAy, are
respectively 15 C, 12 'C, 6 Cand 13 C. After that
apparent changes cannot be seen with increasing cy-
cles, which implies that the alloy has high thermosta-
bility in cycling. Notably, the experiments are taken
at the upper temperature as high as 300 C, far above
that of many reported Cubase SM A (usually no high-
er than 120 ‘C)!"" 7' This means the Cu-11. 9AF2.
5Mn SMA is promising in practical use as high tem-
perature SMA.

3.2 Change in martensite morphology

Fig. 3 shows the changes of martensite morphol-
ogy of an identical region for the tested alloy during
thermal cycling. It can be seen that: 1) In quenching
state martensite morphologies are mostly spear-like
and orderly arrayed (as shown in Fig. 3(a)); 2) Up-
on lst cycling the spear-like parts largely become finer

while some martensite grow a little ( marked “ 77 as
shown in Fig.3(b)). Martensite with other orienta
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Fig. 2 Changes in transformation
temperature with thermal cycling( n)

tion is found to insert into spear-like parts (marked
—
“2 7 as shown in Fig. 3(b)).

tioned above may be caused by defects (such as dislo-

The changes men-

cations) which are produced in thermal cycling and
have effects on the nucleation and growth of marten-
site; 3) Upon 100th cycling, spear-like martensite is
already finer and condenser. Some bright stripes,
which may be caused by stabilization, appear along
the direction where martensite previously grew ( as
shown in Fig. 3(¢)); 4) Upon 500th cycling, the
former spear-like martensite is hardly recognized and
martensite morphologies are far away from ordered
arrangement. Bright ones increase, which indicates
that thermal cycling deepens the stabilization degree
in some orientation ( as shown in Fig. 3(d)).

3.3 Xray diffraction

Fig. 4 shows X-ray diffraction patterns of
martensite in cycling. It appears that the intensity of
111, 019 diffraction reduces, which results from the
destruction of NNN ordering degree with increasing
cycles. As we know, 111, 019 diffractions character-
ize the NNN ordering in the 18R martensite struc
ture’”!. Meanwhile, 320 and 040 diffraction pairs
with a large A20 are hardly separated even in quench-
ing state( A20: angle difference between one diffrac
tion pair). Since A20 is a measurement of monoclinic
angle 87, the smaller the A20 is, the bigger the an-
gle B of martensite is. When A20= 0, B= 90°. So
the phenomenon above implies that thermal cycling
can make monoclinic angle B of martensite towards

90°.
4 DISCUSSION

As mentioned above, Cu11. 9AF2. 5SMn alloy
has better thermostability than traditional Cu-base
SMA in the way that both its martensite at 400 C
and the parent phase at 230 C are thermolelastic as
well as its transformation temperature is little affected
by thermal cycling except the 1st one. All these can
be explained by the stability of its structure.
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Fig.3 Optical micrographs of alloy in thermal cycling
(a) —As quenched; (b) —Ist eycling; (¢) —100th cycling; (d) —500th cycling
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Fig. 4 X-ray diffraction patterns of

alloy in thermal cycling
(a) —As quenched; (b) —lst cycling;
(¢) —100th cycling; (d) —500th cycling

It is reported that in most traditional Cubase
SMA, such as Cur18Zn-14Al( mole fraction, %) ( B
= 88. 6°)1°1. Cuwr14. 5Z1r7. 1A1( mass fraction, %)
(B= 88. 9°)!”1, the martensite structure is M 18R
with the value of monoclinic angle B less than 89°. In
these alloys, some diffraction pairs of the as-quenched
martensite, such as 12L and 20L, 32L and 04L, are

separated and these martensite will be stabilized easily

in aging. Martensite stabilization is accompanied by
the merger of 12L. and 20L, 32L and 04L (including
320 and 040) and the change of monoclinic angle B
approaching 90° with its martensite structure trans-
forming from M 18R to N18R. In our experiment it is
hard to differentiate the martensite diffraction pairs
mentioned above (here only 320 and 040 be given in
Fig.4) in Cu11. 9AF2. 5Mn alloy, which attributes
to the results that the martensite structure of the test-
ed alloy is close to N18R. In fact its monoclinic angle
B of martensite in quenching has been calculated to be
89. 6’1" " which means that in the process of
martensite stabilization, the largest potential change
of B(i.e. AB) is 0.4°, far less than that of the tradi
tional SMA( AB> 1°). Therefore it is concluded that
the martensite structure of the tested alloy is more
stable than that of traditional Cu-ZirAl alloys. Be-
sides, the tendency of its martensite stabilization or
decomposition is largely restrained though the process
of martensite stabilization is inevitable. The transfor
mation of martensite to parent phase proceeds at
about 400 C, which exhibits high thermostability.
As to parent phase, its thermostability can be
explained in its structure stability as well. The eutec
toid reaction B a+ Y, happens in parent aging of
traditional Cubase SMA, which will restrain the
transformation of parent to martensite. As mentioned
above, the alloy’ s component approximates that of
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eutectoid phase to restrain the possibility of B~ a+
Y, so that the structure of B parent phase is stable
and even be heated over 300 C in thermal cycling the
parent phase can still perform normal martensite
transformation.

Moreover, many researchers reported dislocation
accumulation in thermal cycling. Nakata et al'® sug-
gested that the dislocations moving in the parent
phase with DO3 ordering structure of a/4 [ 111]
type, which destroy the ordering structure in parent
phase to make M, decrease; Tadaki”' further made
the explanation as that dislocations mentioned above
are in correspond to those with Burgers vector of X1/
2[1,1/2, 0] in martensite of 18R, which demand a
reaction of two kinds of partials F1/3[ 100] and *
1/2[1/3, 1/2, 0] as a prerequisite for the formation
of £1/2[1, 1/2, 0] type. When the latter partials
move both the NNN order and NN order are in-
evitably destroyed among which the destruction of
NNN order makes M decrease. Such opinion is in
consistent with our X-ray diffraction results.

S CONCLUSIONS

1) With increasing thermal cycle, M tempera-
ture of the Cu11. 9AF2. SMn alloy decreases due to
destruction of NNN ordering in martensite; but small
amount of the change means good stability at high
temperature.

2) With increasing thermal cycle, most marten-
site morphologies become finer and shorter with poor
orderly arrangement. Some are found to have tenden-
cy of stabilization.

3) During thermal cycling, the parent phase of
Cur11. 9AF2. 5Mn alloy is stable and it is difficult to
decompose at work temperature, which means its
parent phase has high thermostability.

4) The structure of asquenched martensite in
Cur 11. 9AF2. 5Mn alloy is near to N 18R and restrains
the process of martensite transformation from M 18R
to N18R, which implies the process of martensite sta-

bilization is restrained as well.

[11]
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