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Abstract

The effects of the stress on shape memory properties of Cu-12.7AI-5Ni-2Mn shape memory alloy have been investigated. Applied stress
increases transformation temperatures and the relationship betyetmperature at which Gibbs free energy of austenite equals that of
martensite, and plastic deformation is linear.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experimental

Among the wide variety of alloys that exhibit the shape  The chemical composition of the alloy used in this work
memory effect (SME) the most developed, as a consequenceand electron/atom (e/a) ratio are Cu-12.7AI-5Ni-2Mn
of their practical applications, are the nickel-titanium alloys (in wt pct) and 1.57, respectively. The alloy was sup-
and copper-based alloys, such as Cu—Zn-Al and Cu—Al-Ni plied Scientific and Technical Research Council of Turkey.
[1,2]. The SME in several of these alloys was studied as Cu—12.7AI-5Ni-2Mn alloy has been solution treated
a function temperature and pressure to learn about theirB-phase condition at 90@ for 30 min for homogenization
martensitic transformation behavior. Till now, only a small and quenched in iced-brine to retain in tRephase. The
number of papers have been published on the effect ofdisk-type specimens were cut from roller rod alloy. The
hydrostatic pressure on the thermomechanical behavior ofdifferent stresses were applied on specimens prepared with
SMs [3-9]. High pressure work on shape memory alloys a Graseby stress apparatus. A small piece was used for
(SMAS) is very sparse. The role of high pressure in influ- DSC measurements with a Shimadzu DSC-50 instrument
encing phase transitions and in unraveling the transition at a heating and cooling rate of 10/min between 25 and
mechanism is very well knowfll0-13]. According to the  130°C.

Clausius—Clapeyron equation, the volume change associ-

ated with the transformation is responsible for the shift of

equilibrium temperatur&g. The most important problem is 3. Results and discussion

determination ofTy, since there is no way for direct mea-

surement of this quantity and opinions differ as to whatis  DSC curves for forward and reverse transformation of
the best approximation for the estimationTef[9]. deformed shape memory alloy are shownFig. 1. The

DSC is extensively used for the investigation of transi- transformation temperatures and enthalpy changes calcu-
tion temperatures. This paper presents the effects of stressated from DSC curves are given ifiable 1. The vari-
on shape memory properties of Cu-12.7AI-5Ni—2Mn shape ation of the transformation temperature with pressure is
memory alloy. shown inFig. 2. The transformation temperature of this

alloy increases with increasing pressure. The effect of the
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Fig. 1. DSC curves for cooling and heating cycles.

[14,15],
do _
ar =~ °

where ddadT is the temperature coefficient of the critical
pressure for transformation, given by the inverse of the
alones of the lines ifrig. 2. Ae the amount of strain due to
the pressure-induced martensite transformatiotihe mass
density, 5.2x 10° kg/m? for the alloy studied, and\H the
enthalpy of transformation. Values of &bl are given in
Table 2.

In Eqg. (1), Ae can be obtained from measured values of
0, AH and M. Thus,A¢ is approximated by the following
relation,

AH
AeTp

(1)

Mgt — M.
As(%) ~ 37.4—L %0

oapp(MPa) 2)

whereMg; is the martensite temperature of the thermal cy-
cle andMg, the martensite start temperature of the thermal
cycle. The approximation sigr is used inEq. (1) since

R. Zengin, M. Ceylan/ Thermochimica Acta 414 (2004) 155-158

140
|l @eAs
A Af
120 |- 4 Ms
? | FMf
o 100 |
5
‘*§ -
g8 a0 |
IS
<
2
60
40
0.0 0.1 0.2 03 04
p(GPa)
Fig. 2. The variation of the transformation temperature with pressure.

rise in the value ofA¢ is observed at pressures between 300
and 400 MPa. The transformation strain corresponds to the
martensite variant at the beginning of transformation and the
two-way shape memory event (TWME), the average trans-
formation strain indicates that the martensite variants are
more favorably oriented at the beginning of transformation,
i.e. the variants formed at the beginning of transformation
contribute more to be TWME than the variants formed at
the end of the transformation.

In Eqg. (1), To is the temperature at which the Gibbs free
energy of austenite equals that of martensite. The transition
temperatures may be determined by the following relations

[9],
Tp — (Agdi + eo)

Mg = 3
=i ©)
To — (Agh
—ASc
T Agh —
As _ 0 + ( gd| em) (5)
—ASc
Tt P —
A= Lo + (Agdi — e0) (©)
—ASc

whereem andeg are the volume derivatives of the elastic

the modified Clausius—Clapeyron equation has been theo-energy around thé/s, As and Ms, A temperaturesAgy;

retically deduced for ideally thermoelastic transformation.
The values ofA¢ were calculated and are shown as a func-
tion of pressure, irFig. 3. At pressures level lower than

and Aggi are the volume derivatives of energies dissipated
at Ms, As and at theMs, Ay, respectivel{9]. To values for
this alloy are given inrable 1.Fig. 4 shows the variation of

300 MPa, the transformation strain is decreased and a sharflp values with applied pressure.

Table 1

The transformation temperatures and enthalpy changes for transformation of the alloy

Pressure (GPa) As (°C)  Amax (°C) A (°C)  Ms(°C)  Mmax(°C) Mt (°C)  AHhea(J/g)  AHeoo (J/g)  Tp'™F (°C)
0 54.9 67.4 82.1 66.4 55.6 42.2 —-4.78 4.31 74.25
0.100 61.0 75.1 92.4 73.4 62.5 55.1 —4.22 3.84 82.90
0.200 65.1 78.5 96.2 79.6 66.3 59.7 —-3.44 2.82 87.90
0.300 67.9 80.4 97.4 84.5 69.2 62.3 -1.52 1.02 90.01
0.400 70.0 83.7 98.8 95.9 75.1 64.8 -1.32 0.70 97.35
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Table 2 120

The some thermodynamic parameters of the alloy

Temperature deT ASM-P AHM-P i
(MPa°C™1) (3/g,°C) (9/9) o 100

As 26.954 0.2800 23.26 Y

A 26.041 0.2806 24.66 % L

Ms 14.265 0.1496 13.46 g

Mt 19.083 0.2035 19.81 £ gl

2

L T,( C)=53.332 * p(GP) + 75.8221
Fig. 5shows the variation oAH with pressure induced-

deformation. While the enthalpy changes on heating increase 60 0'0 0'1 0'2 ' 0'3 . 0'4
with increasing pressure, the enthalpy changes on cooling ' ' p(épa) ' '
decrease with increasing pressure. The relationship between

the transformation enthalpyH and transformation entropy, Fig. 4. The variation ofTy with applied pressure for the alloy.
AS is given by the following relatiofil 6],

AH " )
= ((G)) _ AS — constant ) condition can be written as
ulo

_ _ AGMP=GM_GsP = AHS P —T ASH T
where AS is the transformation entropyly the transfor- M—p
mation temperatureAS values are given irTable 2. It —oe” " Vm (10
is experimentally seen that plastic deformation increasesWhere M and P indicate martensite and parent phase.
transformation temperatures. The pressure induced-plastic The thermodynamic parameterA,HM*P and AsM-P
deformation is linearly temperature dependent as CON- ere calculated from the DSC curvcehs and are Cgiven in

tripution of extern_al pressure to ariving .force is linear. Table 2. The shape memory behavior of the alloy is strongly
This can be explained as follows. The Gibbs free energy dependent on applied pressure due to changing thermody-

of the martensite and parent phase can be expressed A3amic parameters (s@able 2). Because the amount of heat

[17.18] flowing from the alloy gives an indication of the martensitic
GM = HY —TM (8) transformation propgrties of materia!. The energy required
forward transformation to proceed is important to deter-
and mine the amount of energy system requires to undergo a
transformatior{19].
P = P _ . . . .
Gen = Hep Tih ©) Since deformation occurring any pressure would shift the

The difference in Gibbs free energy per mole between equilibrium temperature and hence all of the transformation

twinned martensite and parent phase under constant Ioac]domains of both forward and reserve transformations. When
higher stress is applied to alloy, the alloy undergoes defor-

mation as the slip process triggered due to introduction of a

30 28 large number dislocations and also the only of variants that
are in favorable direction of the pressure grow at the expense
_ of the others. The effect of applied pressure also increases
20 A
— 6
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Fig. 3. The variation of (M—Msg) and strain with pressure. Fig. 5. The variation of the enthalpy with pressure for the alloy.
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the dislocation density in the matrix. These dislocations ei- energy of austenite equals to that of martensite, and plastic
ther form the nucleation site for the martensitic phase or they deformation is linear.

may pin down the motion of the martensite plates depending

on their density and interactigh9]. The shift of the transfor-

mation temperatures is due to applied stress. The more valudXeferences

of stress induced-deformation is higher, the higher density

dislocations occur. This is reason for increase in transforma- [1] :-obzliizzkljg?v 1826:3230:\1/'Z?gréregcl:%ysr’\leF\:\:e\?ci)Srlifnlgl\g?Chinery and
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from the two way shape memory cause nucleation in the [4] T. Kake_shita, Y. Yoshimura, K. Shirimizu, S. Endo, Y. Akaharma,
some martensitic variants and growing. This may be reason _ "~ Fuita, Trans. Jpn. Inst. Metals 29 (1988) 9.

. [5] T. Kakeshita, K. Shimizu, S. Nakarnichi, R. Tanaka, S. Endo, F.
for deformation of the crystal alloy and completely causes Orno, Mater. Trans. JIM 33 (1992) 1.
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pressure and has the recoverable strain starts decreasingl’] V.A- Chemenko, V.A. Lvov, Phil. Mag. A 73 (1996) 243.

The grain size may also be affect on dislocations. When (8] &P Johari, J.G. McAnanama, G. Sartor, Phil. Mag. B 74 (1996) 243.
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