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Abhstract

A non-differential calorimetric analyzer was developed for an INSTRON 1123 machine (a
stress-strain-temperature analyzer) with a temperature chamber INSTRON 1110. The study was
performed using the Joule cffect and pscudoclastic martensitic transformations in single crystals
of Cu-Zn-Al alloys. The analysis of the system establishes that: the sensitivity of calorimetric
measurements after a filter of two poles and two zeros is 166 mV W' (at 297 K), the noise is near
1.5 uV and the drift is close to 30 UV in 6 h. The reproducibility of the sensitivity working with
one sample is better than $0.3%, and the change to a new sample keeps the value below +0.5%.
The uncertainty in reproducibility in the martensitic transformation {including repositioning)
does not overcome 1.6%, The used calorimetric sensors limit the temperature to 373 K. The fut-
nace control originated fluctuations on the base line {near ¥20 pV), which by means of an auxil-
iary signal processing were reduced to 50% (less than £10 UV).

Keywuords: matensitic transformation, noisc suppression, non-differential conduction calorimetry,
phase transition, single crystal, signal processing

Introduction

The marlensitic transformation in Cu-based alloys is a transilion betwcen meta-
stable phases [11. Tt can he induced by a change of temperature and/or by the appli-
cation of appropriate stresses. The martensitic transformation of the B phase of Cu—
Zn-Al alloys has been measured using conventional and non-conventional calorime-
ters (DSC and/or conduction calorimeters) [2—4]. The quantitative measurements,
which this technique allows, have shown to be useful for a better understanding of
the behaviour of these shape memory alloys [5, 6].

The calorimetric analysis of temperature induced martensitic transformation
(stress free), although being the main use of calorimetric measurements, implies a
high complexity of the transition path. The appearance of scveral variants and,
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within cach one, of a great number of plates, produces an increase of the temperature
rangc of the transformation due to the internal stresses created by their interaction.
This leads also to an incomplete transformation of the whole mass of the sample.
Therefore in most cases, due to the uncertainly in the delermination of the exact tem-
perature at which the transformation finishes, the base line of the curve is ill defined
and the heat is not well determined. In some cases, an additional uncertainty is
present due to the nucleation and growth of more than one martensitic phase which
have close free energies. Additionally, the martensitic transformation on Cu-based
alloys presents a particular synergetic related to the complexity of the processes as-
sociated to the transition. This is mainly explained by the appearance of burst proc-
esses, internal stresses inducing local transformation temperature changes, the crea-
tion of dislocations, the evolution of the hysteresis cycle, etc. {6, 7]. The aforemen-
tioned aspects compel to pay a lot of attention to the interpretation of calorimetric
results, if accurate values are desired. It also has induced the development of instru-
mentation specially adapted to bear with the complexity of the system [8].

It is now clear that the properties of the transformation and of the calorimeters
imposc a carcful analysis of the hypothesis traditionally assumed, and will need an
appropriate understanding of reliability in conduction calorimelers. The main difli-
culties which are found in conduction calorimetry are related to differences and mis-
understandings between accuracy, resolution and reproducibility. These difficulties
are induced by the intrinsic complexity of conduction calorimetry: it relates irre-
versible physicochemical phenomena, the heat transfer and the signal processing.

The application of a tensile or a compressive stress, by determining a privileged
axis, produces the transformation to a single variant, thus reducing the complexity.
This single variant grows generally in multiple domains, and it has been shown that
the coalescence of these martensite domains only produces stacking faulls. There-
fore, the possibility of doing measurements of the dissipated heat in mechanical
slress-strain tests is attractive, as it would help to simplify the interpretation of the
results. The field of application of such a calorimetric analyzer could include, for in-
stance, the study of plastic deformation (dislocation production), the stress induced
phase transformations and the effect of precipitates on several features of the behav-
iour of materials.

The introduction ol calorimetric devices in stress-strain equipment has received
some attention in the last few years [9, 10]. The system consisted of a differential
calorimeter tocated in one face of the stressed sample, being the other face in contact
with an insulating sheet. This type of experimental device leads to two difficulties:

1. the detector only covers a reduced part of the sample surface;

2. the classical theory of heat transfer in conduction calorimeters was developed
for heat sinks of considerable size. In an explicit or implicit form, the classical treat-
ments of calorimeters always include a well defined heat sink with a reference tem-
perature, unaffected by the process or the surroundings. The differential system [10],
due to the small distance between reference and measurement sencor can be affected
by the analyzed phenomena and, probably, by flectuations on room temperature. In
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addition, direct contact between sample and isolating materials can modify time
constants affecting, for instance, the base line.

"The aim of this work is 10 present a new expetimental device, developed to make
non-differential calorimetric measurements in a commercial mechanical testing ma-
chine. Special attention was paid to each step to clarily the origin ol the errors acting
on the results. Preliminary measurements have been performed using tensile stress
induced martensitic transformations of Cu-Zn-Al single crystals. The potential use
of this calorimetric device to martensitic transitions will be analyzed considering:

a) The calorimetric experimental conditions (an open system with non-differen-
tial structure).

b) The reproducibility and errors on the consecutive measurements, for instance
in Joule effects as also aflter the sample replacement (assembly/disassembly).

¢) The expected uncertaintics in the transformed material (crystal ovientation,
other lengths and position of transformed zone) which contribute to the calorimetric
signal.

d) The available tools in signal processing to analyze stepped changes of the base
line induced by the transformation, and also, base line fluctuations indoced during
measurcments at temperatures higher than room wmperature.

The dependence of the sensitivity with the position and the clongation of the
transformed zone will not be taken into account in this work.

Experimental set-up and samples

Two alloys of compositions: Cu — 19.71 at% Zn — 14.15 at% Al and Cu-15.14
2% Zn — 16.43 at% Al werc prepared using metals of purity greater than 99.99%.
They had an clectron concentration e/a=1.48, and a nominal M, of 145 and 251 K
respectively. The alloy with Mg near room temperature was used for the stress in-
duced experiments, whereas the calibration samples were prepared from the other ai-
loy. Two single crystals from each alloy were grown by a modified Bridgman
method. Flat samples were prepared with a low speed diamond saw with the follow-
ing dimensions: total length =62 mm, width =7.5 mm and depth =3 mm. The part
where the calorimeter is applied has a length =20 mm and a width ~4 mm. From cach
single crystal only vne sample was obtained. The crystallographic direction of the
sample axes (Table 1) was determined by the Laue method. In order to reducc the
possible effects of a change in the thermal contact between the sample and the cal-
orimetric sensor due 1o the shear produced by the transformation, the face of the
samples (M1 and M2) was cut with the shear dircction contained in the flat surlace,
The samples were heat treated at 850°C during 20 min and cooled in air to room Lem-
perature. This heat treatment produces bigger martensite plates or the ease growth of
only one. The surfaces were then mechanically and electrolytically polished. The
calibration samplcs had the same shape as the transforming ones, but with a hole
throughout uf =9 mm length and =1 mm width. An insulated manganin wire was
tightly bound inside the hole, and heat was dissipated using different intensities and
times.
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Table 1 Values used in the filiers; two poles (7;) and two zeros (1::)

T T/ Ty T/ T
K 5 S s S
296.9 680 100 550 96
3144 720 153 590 144
323.1 720 153 390 144

An INSTRON 1123 equipped with a temperature chamber INSTRON 1110 was
used as the standard stress-sirain-temperature system. A load cell with a maximum
capacity of 500 kg was nsed, which permits a resolution of 0.5 kg. The elongation of
the stressed samples was obtained from the crosshead movement, with a resolution
ol 2 um. A special grip was nsed which allows the movement of the sample to reduce
the bending forces close to the heads. The samples were tensile stressed al two
crosshead speeds: 0.1 and 0.2 mm min~'. The calorimetric measurements during the
martensitic transformation were performed for four different clongations {near 0.1,
0.2, 0.3 and 0.4 mm) corresponding to different amounts of transformed phase.

Fig. 1 Sampte and catorimetric detectors (schematic distribution). A: sample: A’: sample de-
formation on transformation; A™: resistance position in a hole; B and B’: calorimetric
detectors (MELCOR); C and C’: reference copper blocks; O-0': calorimetric axis

The calorimetric system shown in Fig. 1 is composed of two symmetric elements
each farmed by a MELCOR thermoclectric sensor FC0.6-66-05L (B and B') and a
copper block (C and C’} used as an independent heat sink. Platinum resistances in C
and C” measure the reference temperatures 7(¢) and 75(r) respectively. The clements
are in contact with the two opposed surfaces of the sample (A). In this way heat is
transferred to the two thermobatteries simultancously and to the grips. The curve is
the sum of signals produced by the MELCOR sensors. T'wo horizontal steel bars
scrve as guidelines to the proper alignment of the calorimetric axis 0-0’, and pro-
vide for the reproducible assembly of the system. In each steei bar, a spring warrants
a minimum compression against the sample, maintaining in this way the thermal
contact between the clements and the sample. A little bit of APIEZON L grease sta-
bilizes the thermal resistance in each surface. The calorimetric system is supported
by means of a flat surface fixed to the lower grip of the tensile machine. In addition,
the whole device is completely Iree to move horizontally on six steel balls distrib-
uted under the Cu blocks. This movement capability allows the grip adaptation under
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the application of the external stress. The stress induces a displacement of the bot-
tom grip, and as a consequence the relative position between sample and MELCOR
sensors evolves roughly a hall of the global displacement. The relative movement
differs between elastic and transformation strain, The former is a minor effect affect-
ing the complete deformation length and the latter only appears as a local effect. In
the elastic part of the analysis (without phase transformation} or in the transforma-
tion path, some little frictional displacement is expected on the samplc and a minor
quantity of exothermic heat is measured.

Results and discussion

Calorimetric output: signal processing methods and results

The calibration procedurc uses Joule effects on resistances. Two different sam-
ples with a similar hole (or resistance position) were used. The target was to evaluate
the effect of sample preparation (eafting, polishing, ete.) and positioning. The wires
(manganin or constantan) arc put inside a 9 mm hole situated perpendicular to the
calorimetric axis (A” in Fig. 1). The PC-computer (via a QUICK-BASIC program)
controls the independent readings of four DMM (two signals from the MELCOR
sensors and two temperatures from C and C' in Fig. 1) and establishes the on/off sig-
nals in a Keilhley power supply to generate the Joule effects. In this work, the sam-
pling used (Af) is 0.8 s. The dynamic performances of the syslem are evaluated using
inverse filtering. The experimental observations indicate that the values of the poles
and of the zeros obtained via inverse filter (Table 1) are similar (£5 s} for all the ana-
lyzed samples. This coincidence indicates a good similarity of the complete set of
samples (for calibration and transformation measurements) at the dynamic scale, in-
cluding the rebuilt of the system with the same sample or with a differcat one. The
limited increase of the parameters with the temperature is coherent with other obser-
vations of calorimetric systems [11].

The signal processing uses two steps

The first one is an eventual smooth of furnace effects (above room temperature)
realized separately for each part of the detector system [8, 12]. At higher tempera-
tures the furnace induces fluctuations in temperature (near £0.3 K) and on base linc
(TW(1), To1) and s(#) in Fig. 2). Noise reduction is performed working via linear re-
gression between the calorimetric noisy signal s'(f) and the reference signal r(s)
which was obtained by the platinum resistance in C and C’ (Fig. 1). The model is

§'(O=ar(t)+b (N

being »'(r) the part of the calorimetric signal due io the ambient perturbation
(thermostating effects) and r(r) the resistance. The signal with noise reduction ()
is defined as

s”(D=s(H)—s"{t) (2)
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The parameters @ and & are estimated by minimizing the squared error between s(r)
and s°(#) in a time interval where variations in s(#) are only due to ambient tempera-
ture variations (withont Tonle or external stressing effects). In Fig. 2 two examples
are presented. The curve s(#) (the sum of the signals of the left and right sensors of
Fig. 1), after the independent temperature correction, smoothes o s;(¢}. Figure 2
clearly shows that a background fluctuation remains after correction. The developed
algorithm only acts on the effects directly related to the oscillation of temperature in-
side the furnace (higher frequencics). It doesn’t consider the cffect of temperature
fluctuations of lower frequencies. Although the linear regression docs not take into
account a more complex model including a transfer function between noise and refl-
ercnce signal, this simple method reduces noise to near 25% of the original value.
The second step is the ealorimetric curve transformation to useful parameters.

\_/“-.._/"\._,/'\‘_,/’\../‘1

T T .
T l15|(§("-1m —Tisk xi'\‘]—(ﬁ
10 sty 2" s(t) S

W\
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Fig. 2 Furnace noise suppression. s(1): experimental calorimetric curve, 5.(1) after noise re-
duction. Left: sample used in Joule analysis (314.4 K); right: sample used in transfor-
mation analysis (315.6 K)
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Fig. 3 Left: modulus vs. frequency; right: phase {at 296.9 K)

The base line correction uses a linear fit before the Joule effect or the load process.
After base line determination, a deconvolution of each curve is performed using in-
verse filicring (Table 1 the used filters). Figure 3 shows that dynamic cffects of the
used filters are not highly rclevant in comparison with the filter effect using only one
pole and one zero. The presence of zeros (inside the pole series) produces a com-
pletely different behaviour as compared to the classical calorimeters, for instance,
those similar to the Tian-Calvet (mainly poles). The dynamic analysis of a theoreti-
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cal model developed for the present equipment, with detection near the dissipation,
always contains a zero located between each pole pair.

From calorimetric curve to sensitivity (Joule effects)

The Joule effect doesn’t induce any change on the position of the sampie. It al-
lows Lo subtract the base line and to carry out the caleulation of the sensitivity (Sens)
delined by the areca under the calorimetric curve divided by the encrgy given in the
Joule cffect. Several independent series (or ‘sets’) of Joule effects were made. In
each sct several Joule effects are produced without any change on the experimental
system. Between each sel of measurements, a disassembly and a rebuilt of the sys-
tem has been performed, with an eventual change of the sample. In Table 2 are
shown thc resistances uscd in the Joule effect.

Table 2 Samples used to calibrate the system and the corresponding resistance

Sample 'g
A8 63.42
J2 8.816

In Tables 3 and 4 the averages ol the sensitivities are presented. Table 3 corre-
sponds to the room temperature with three sets of measurements. For cach series of
successive Joule effects the dispersion is inferior to 0.3%. The assembly and disas-
sembly effects including change of the sample maintain the error below 0.5%.

Table 3 Sensitivity (5, } at ambient temperature: 296.9 (without furnace effects). Filter using 2
poles and 2 zeros, Samples used 1 and J2. N: number of Joule measurements in each sct.

g standard deviation

Set Sample N m‘f;m{;:”" mVU<V : l::r]t?;;:,;
1 Il 10 165.8 0.5 0.28
2 I 10 167.0 0.4 .22
3 12 6 165.2 0.3 0.17

Mean value 26 166.1 0.8 0.48

Table 4 Sensitivity (5, ) inmV W! at higher temperatures [or sample J2. With (A) and without

eny

(B) furnace noisc. Only one set at each temperature. N is the number of runs in cach set

Sens of

X N my W nv W
A 171.2 0.9
3144 8 R 1709 0.3
A 172.1 0.4
323.1 8 B 172.1 0.4
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Table 4 corresponds to a preliminary analysis at two higher temperatures. In this
case sample J2 was used without analyzing the effect of the assembly/disassembly
[13]. The Muctuation of the base line induced by the effects of the furnace introduces
a bigger uncertainty and it affects the results. The correction of the temperature ef-
fect of the furnace maintains the crror below 0.5% (without disassembly).
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Fig. 4 Left: Sensitivity vs. temperature. Right: Classical sensitivity (5 in mV W'y vs. tem-
perature (T in K) using a non-conventional conduction calorimeter using different
heaters A, o, x and relative values in this work (+)

Figure 4 (left) shows the dependence of the sensitivity vs. temperature. Figure 4
(right) indicates that, in relative scale, the evolution of S.,J{T) is close to the classical
values, obtained [or the non conventional system [14].

s(t)
s,(t)

_f

Fig. 5 Filtering eflects. s(r): calorimetric curve, s,(1): calorimetric curve after deconvolution,
Jd("”(t): calorimerric curve after furnace noise reduction and deconvolution; step: base

line step correction related to stratn effect; i: initial position of the calorimetric curve,
f: initial position of calorimetric curve after complete processing

An approach to the base line of the transformation thermograms

A change on the base line level is produced after each change of applied stress.
Two different effects are considered: the etastic elongation and the contribution of
the transition. The change of base line level takes place due Lo the relative displacement
between the sample and the calorimetric sensors. The effect is associated to the exist-
ence of a vertical distribution of the temperature induced by the interaction of the room
temperature on the external axis and grips of the INSTRON machine. A first approach
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suggests that the modification of the position (and of the local temperature) induces
the base line change by means of a convolution. It is considered that this convolution
uses the same transfer function that the Joule dissipation or the transformation itself.
The elongation taking place in the INSTRON machine is linear with ume. We can
consider then that after the deconvolution the previous slope of base line is recovered
but the line is displaced. To connect the two straight lines a segment is built (step in
Fig. 5) during the time in which the elongation takes place: A straight line links the
Jeft base linc (previous} to the right base line (after transformation). The numeric
treatment allows Lo visualize the frictional effects of the relative movement on the
elastic part (e in Fig. 6), the thermogram shape and the dissipation associated to the
transformation (s and 54 in Fig. 6).

T=3156K |

r T=2969K 1 mv
11 mv

sity |

r Ssm‘ /l e ws(t)
I JeL jeL r e

F 400 AT +— 400 At

ey v T — - v v e

Fig. 6 Transformation calorimetric curve s(f) and deconvoluted curve s54(0); e: ‘elastic’ cal-
orimetric curve (without transtormation). Left: at ‘room’ temperature (296.9 K):
right; at 315.6 K {after furnace noisc reduction)

Crystallographic and geomerric analysis for the mass evaluation

The mass of the transformed region was evaluated from the measured deforma-
tion Afl. For a transformation that can be described as a simple shear vy, the strain ¢ is

given by [15]

£= “?J' = yeosdeosh (3
0
with the angles defined relative (o the tensile axis. @ is the angle of the invariant
planc normal (habit plane) and A is the corresponding to the shear direction. The
shear y can be deduced from the phenomenological theory of martensitic transforma-
tions and therefore the initial length /y of the transformed velume is obtained. The
corresponding mass is

pabAl

=pV= bl =
m=p pably yeosdeosh (4)

with p the density of the alloy and a (5) the width (thickness) of the sample.
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The accuracy of the method to evaluate the enthalpy of transformation is limited
by the error in the determination of the mass. Each term in Eq. (4) will be analyzed
under the better conditions. The density of the alioy can be measured with a sample
in the form of a parallelepiped or a cylinder, obtaining values with uncertaintics of
the order of 1 in 10%. The shape of the sample can be given with high precision tools,
and an error in width and thickness as low as 0.01 mm can be obtained. The clonga-
tion Af was determined [rom the graphic recorder of the INSTRON machine, and an
error of 0.2 mm in the paper (0.002 in the sample) was estimated. In order to avoid
an unnccessary increase in the error, the transformation should be followed until an
clongation of 0.2 mm or higher is reached. This value could be reduced if an exten-
someter were used. The shear yis calculated from the tetragonal distortion, using the
relation of the latter with the transformation temperature M, [1]. By supposing an
uncertainty in M, of 5 K, a relative error in the shear of 3 in 107 is obtained. The last
product of the two trigonometric {unctions is generally known as the Schmid factor.
Assuming that the back reflection Laue method allows the determination of the ten-
sile axis with a scatter of 2% a cone of directions 2% around the measured axis was
used to evaluate this factor. The standard deviation of this sct of values is 4%. Then,
the relative error of the mass is mainly due to the impossibility to determine the ten-
sile axis (and as a consequence the transformed volume) with a better accuracy.

Analysis of preliminary transformation results

We have performed several sets of observatlions with the sample M1 and some
measurements with sample M2, The load process has been carried out in two stages,
a first one in the clastic range and a second one associated to the pseudoelastic tran-
sition. The characteristic parameters of the samples M1 and M2 undergoing the
martensitic transformation are shown in Table 5, including the amount of trans-
formed material as a function of elongation.

Table 5§ Samples vsed for the martensitic transformation, density: p, width: a, thickness: b,
transformation shear: v, and transformed mass per unit elongation

Tensile Schmid pf a b/ miAl
Sample . 3 Y O
axis factor gcm cm cm g2cm
M1 [67 16] 0.396 7.691 0.400 0.303 0.192 12.2604
M2 [71720] 0.344 7.691 0.396 0.287 0.192 13.2348

A small exothermic signal (e in Fig. 6) has been observed in the elastic range.
Once a stable base line is obtained, an increase in load induces the transformation.
In Table 6 the relative values of the area of the calorimetric curves (the ‘elastic’ part
was subtracted) have been tabulated. Also shown are the measured elongation, the
speed of deformation and the calculated entropy in relative units (see below). This
table corresponds to the observations (sample M) at room temperature. It is ob-
served that the results after a complete disassembly of the sample maintain a satis-
factory reproducibility near 1%. The Table 8 contains similar results for the sample
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M2 and the results from the sample M1 corresponding to higher temperature. Al the
results obtained to the room temperature (samples M1 and M2) have been repre-
sented in Fig. 7. The difference between hoth samples are related to the lensile axcs
and to the uncertainties in its dimensions.

1.8 n
. fun 2
124
£ Sample {. e
§ Sampla ?2: w
144
2 ‘ ] £15%
3 T
15 o
2 + 2
L]
14
13 T T T T T
oo of 0z 01 o 05
Ax (mm}

Fig. 7 Positioning uncertainty effect vs. the transformation elongation

Obsecrvations of the critical transformation stress against temperature establishes
that the transition entropy is independent of the temperature [1]. Thus an analysis of
the entropy change was chosen to analyze the coherency of the results using only
sample MI. In the experimental measurements the transformed area is, at most, a
half of the domain occupied by the resistances used to analyze the Joule behavior.
Also, in the hypothesis that the transformation is carried out in the center of the sam-
ple, the sensitivity of the system should decrease if larger deformations were used
(as indicated by the models based on the RC analogy). In Fig. 7 a progressive de-
crease of the area ol the calorimetric curve per unit deformation as a function of the

Table 6 Transformation results after filtering for sample M1 at room temperature

Measurement Re‘l‘lalivc a_rlea/ Axf SpccQIJ N AS/ -
s mm mm mm min arbitrary units
MI1-01 1.4770 0.2080 0.1 299
M1-02 1.4651 0.3000 0.1 297
M1-03 1.5855 0.1035 0.1 -
MI1-04 1.5649 0.1135 0.2 -
M1-05 1.5156 0.2065 0.2 3.07
M1-06 1.4817 0.3030 0.2 3.00
MI-07 1.4333 0.4100 0.2 -
M1-08 1.4942 0.2040 0.1 3.03
M1-09(*) 1.4973 0.2080 0.1 3.03
M1-10(%) 1.5108 0.1120 0.1 -

(*) Performed after a complete disassembly
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Table 7 Transformation resulls after filtering for sample M2 at room temperature, and furnace
noise suppression at higher temperature for sample M1

Measurcment Temptlf(faturc/ Re\l?s[ir‘;crr?"rfaf raxr; m?npi??rf’I arbilrl:f;j/r units
M2-01 296.9 1.7456 0.2070 0.1 -
M2-02 296.9 1.8028 0.1080 0.1 -

MI1-11(¥) 315.6 1.6102 0.2120 0.1 2.99
M1 12¢*) 315.6 1.6195 0.2105 0.1 3.01
MI1-13(%) 3215 1.7389 0.2130 0.2 314
MI1-14(%) 3216 1.7927 0.2080 0.2 324
MI1-15(*%) 245 1.7628 0.1140 0.1 -

M1-16(*) 321.6 1.7050 0.2070 0.1 3.08

(™) Performed after a compiete disassembly

clongation can be observed. In Tables 6 and 7 the values of AS have been calculated
in arbitrary units using

_ (Ds(r))pr N S
N A‘tStHS T (h )

Only the values corresponding to elongations of 0.2 and (0.3 mm were calculated as
suggested from Fig. 7. For this, it has been used a linear approach to the sensitivity
(Fig. 4 left). It is supposed that the elongation is proportional to the mass and that the
sensitivity S, has the same dependence with temperature, independent of the dissi-
pation place. The mean value of AS, including the effect ol the lemperature and of
the assembly and disassembly is satisfactory: it only presents a relative error, associ-
ated to the standard deviation. of 2.5%.

Conclusions

A device that allows simultaneous measurements of evolved heat and applied
stress was developed. The obtained results indicate that this calorimetric system is
suitable (o analyze martensitic transitions. Relevant features of this open calorimeter
can be summarized as follows:

— The performed reduction ol the furnace noise aliowed to make calorimetric
mcasurcments above room temperature.

— Reproducibility of the calibration Joule effects after the rebuilt of the system
(as also by changing the sample) is excellent (near 0.5%).

-~ The proposed method for the correction of the base line showed to be adequate
{or the cvaluaticn of the calorimetric curve area.
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— The heats of transformation have a satisfactory reproducibility with uncertainty
near 1.5% if the transformed strain overcomes 0.2 mm.

— The performance as a function of temperature was checked using the entropy
change associated to the martensitic transformation.

Further rescarch is needed to improve the accuracy, paying special atlention (o
the sensitivity dependency on the place of heat production (heater position in Joule
effects). Also, the sample preparation should allow a precise localization of the
transformed zene,

Hint: Tdentification via a physical image scems an appropriate ool to be used in
the correct localization of the transformed zone.

*k ok ok

Mr. Carlos Giémez made the single crystals used in this work, Mr. Carlos Eggenschwiller con-
structed the calorimetric device.
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