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Abstract

The temperature dependence of the dynamic Young’s modeilube elastic energy dissipation coefficie@f * and the heat flow
(DSC) has been studied between 20 and 370 K in a H-free and H-dopedH/Me=0.006 and 0.01 at) yj T Cy alloy. The
Young's modulus exhibits softening when the start temperaiyref the B2— B19 martensitic transition is approached on cooling and a
steep modulus decrease betw&énandM,. This steep decrease is associated with stress-induced motions of twin boundaries within the
B19 martensite. Hydrogen reduces background damping of the martensite and dramatically enhances the dissipation in the temperatur
region of the transformation. These observations suggest that hydrogen (a) forms fixed pinning points for twin boundaries at low
temperature and (b) gives rise to an anelastic relaxafgrassociated with H dipoles and to a peBk, due to H-twin boundary
interactions.
0 2002 Elsevier B.V. All rights reserved.
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1. Introduction for vibration frequencie$ in the kHz range. Furthermore,
an increase is induced by H impurities in the Young's

NiTiCu alloys are of great technological interest as they mod)f the martensiteM). This increase has been
exhibit small hysteresis in their physical properties during interpreted as being due to pinning processes of twin
cooling/heating cycles carried out at around the B2—B19 boundaries by hydrogen atoms.
martensitic transition [1,2]. For Cu contents higher than 15 Although the mentioned effects associated with hydro-
at.%, on cooling, only the B2-B19 transformation is gen doping are large and well established by now their
expected to occur between about 330 and 300 K, while for structural mechanisms are, nevertheless, not clear as yet
copper contents included between 7 and 15 at.% the To improve our understanding of these effects it is of
orthorhombic phase B19 is expected to transform into the crucial importance to better characterise them in relation to
B19 monoclinic structure at lower temperatures [2]. At different types of transitions and of martensites. Thus, it
smaller Cu contents only the B2—-B1®&ansition should has appeared of interest to further investigate the B2—B19
occur. transition, which is the only one expected to occur in the

Recently, it has been found that hydrogen markedly 20% Cu alloy.
affects the elastic properties and the damping capacity of
NiTi binary alloys [3] and of the Nj, Ti, Cy, ternary
alloy [4,5]. In particular, an enhancement has been ob- 2. Experimental
served of the internal friction (IF) peaR,,, occurring at

the transitions B2—-B19and B2-B19 while an anelastic An ingot of NiTiCu with nominal composition of 30
relaxation proces®,, is introduced by H at around 260 K at.% Ni, 50 at.% Ti and 20 at.% Cu was prepared at
CNR-TEMPE by vacuum induction melting. The material
*Corresponding author. Faxt 390-75-44-666. was solution treated at 1173 K rfol h then water
E-mail address: biscarini@fisica.unipg.ifA. Biscarini). guenched. For the measurements of the Young’'s modulus

0925-8388/02/$ — see front mattef] 2002 Elsevier B.V. All rights reserved.
doi:10.1016/S0925-8388(02)01289-6


mailto:biscarini@fisica.unipg.it

670 A. Biscarini et al. / Journal of Alloys and Compounds 356—-357 (2003) 669-672

and of the internal friction two samples (U, V), in the of 17-20 K, which is about two degrees higher than the
shape of bars of dimensions #%x0.5 mn? (U) and one (15-18 K) deducible from the data of Nam et al. [2].
47X5x1 mm® (V), were used. The DSC specimens were

cut from samples U and V, thus, they had the same 3.2. IF and E data

microstructure as the IF specimens. Hydrogen was intro-

duced by gas phase—solid surface reaction and its content As can be seen in Fig. 1 the IF for the undoped material
n, (h,=H/Me atomic) was determined gravimetrically. is very small in the austeA{t€T(>M, (318 K)) while it

The Young’'s modulus was deduced from the resonant shows an approximately linear increase with decreasing
frequency of free—free or cantilever flexural resonant temperature betweand M, (298 K). At temperatures
modes of the bars and the energy dissipation coefficient lowerltham the martensitic state of the sample, the IF
Q™" either from the decay of free oscillations or from the is almost temperature independent and shows a hardly
bandwidth of the resonance curve. The measurements were noticeable bump at around 100 K. No well-developed peak
carried out as a function of temperature at 0.48 and 1.5P,,, is seen in the B2-B19 transition region. The IF
kHz. During the actual measurements under vacuum the background of the martensite is relatively high (about
rate of temperature changewas about 1 K/min, while 10810 %), similar to that previously found with the

the measuring strain was of the order of 10 . A DSC 7 binary alloy, Ni 4,4 7i [6] and with the ternary alloy
Perkin-Elmer apparatus was used for heat flow measure- ,, Nj Ti,Cu both permanently deformed at room tem-
ments, which were carried out at a cooling/heating rate of perature and subsequently aged at 673 K for 30 min [4,5].
10 K/min. The Young’'s modulus of the austenitic phade>M.,)
decreases (softens) with decreasing temperature at a rate
much smaller than the one in the two-phase region. This
behaviour clearly shows that the physical sources of the

3. Results softening processes in the two cases are different. Thermal
hysteresis of the Young’'s modulus and of the IF during
3.1. DC data cooling/heating cycles amounts to about 5-7 K.
Hydrogen impurities introduce a wide tall peak whose
The heat flow measurements led to the following temperature is about 290 K (Fig. 2). The peak is steeper on
characteristic temperatures and enthalpies for the direct the high temperature side and exhibits B, bumpt$
(B2 - B19) and reverse (B19. B2) transition, respective- low temperature side at around 260 K. Hydrogen does not

ly, M;=318 K, M;=298 K, AH,=-12.7 kJ/kg and significantly affect the Young's modulus of the austenitic
A,=303 K, A;=320 K, AH;=12.9 kJ/kg. All the above phase aboge while it causes an increase in the Young'’s

temperatures are about IG5 smaller than the ones re- modulus of the martensite bélgwThese effects are
ported by Nam et al. [2] and indicate a thermal hysteresis better seen in Fig. 3, where the reported cooling/heating
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Fig. 1. Temperature dependence of the dissipation coeffiQehtand of the Young’s modulug as measured during cooling/heating in undoped sample
u.
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Fig. 4. Comparison ofQ ™" (T) curves for hydrogen doped sample of
Nigo oTi 49, Ni ,Ji LU ,and Ni Ji jalloys.
data refer to both samples used in the present experiments.
As can be seen in this figure the depth of the minimum in
the Young's modulus, as estimated with respect to the \yhich transforms at a lower temperaturbl_&228 K,
values ofE in the austenitic phase, is reduced by hydrogen M, =214 K), the bump is on the high tempesrature side of
Ioading. The thermal hysteresis between _cooling and the main peake,,, (T,, =224 K); the reverse is true for
heating curves observed below about 100 K in the H-free yhe two ternary alloys, which transform at higher tempera-
and slightly H-dopedr(,=0.006) specimen is due to the  y,re5. While the temperature of the main p&l is in all
B19-B19 transition, which is seen to occur also in the 5qes slightly smaller thavl,, the one ofP,, increases with
20% Cu alloy, contrary to the expectations [2]. increasingf as it is shown by the plot of Fig. 5, where the
. In Fig. 4 are shown the IF results obtamed_at frequenC|es|ogarithm of the vibration frequency is plotted against
included between 1.14 and 1.4 kHz, on cooling, with three 1 /1 for three different alloysT,, is the temperature at the
different alloys c_harged with H. As can be seen, in all peak maximum). The activation enthalpy W and the
these alloys, besides the transformation pBgk, @ bump  |imjiting relaxation timer, derived from the least-square fit
P, occurs. In the case of the binary i /b, alloy,

Fig. 2. As in Fig. 1 but for H doped sample W, (=0.01).
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Fig. 3. Comparison of(T) curves for undoped and doped samples U presenf, (Ni, Ti,,Cu ) and previous dagg, (Nbs Ti  [3, Ni Ti, Cu
and V. [5] and Nj, Ti, [7]).
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to all the data in this figure are 0.490.1 eV and X
10" ***? s, respectively. These figures differ only slightly
from the ones \V=0.5 eV: 7,=(1-4)x10 ** s) deduced

from a fit to the only data points relative to the binary alloy
Nis gl 40.2[3]-

As shown by Fig. 4, peak,,, occurs all the time at a
temperature slightly smallerhaimdependently of the
vibration frequency, this is probably indicative of the fact
that only in the proximity of the martensitic transitions the
mobility of twin boundaries and phase-interfaces rapidly
changes with temperature. Wang and co-workers [8—11]
have studied the viscous motion of domain walls under an
alternating stress and have reached the conclusion that an
anelastic relaxation may occur just below the temperature

The main questions to be addressed now are about theT, of second-order phase transitions. The relaxation time
nature of (a) the main pedR,,, occurring at the transition was found to depend on temperature according to the
temperatures in the presence of H impurities, (b) the relation
increasg induced by H 'in the Young's modulus .of the =1, exp[-B/(T, — T)] @)
martensite, (c) the damping of the H-free martensite and,
finally, (d) the peakP,,. Some of these issues have already where B and 7, are constants independent &f It is
been discussed with reference to the binary alloys possible that a mechanism similar to the one elaborated by
Nig, oTi 49 ,and Ni,Ji 5,[7] as well as with the ternary  these authors also applies for pedyk;, in spite of the fact
alloy Ni,,TizCu,, [4,5]. The present data shed new light that the martensitic transition is first order. In the present
on stress-induced motions of H and on H-twin boundary case the viscosity for the twin boundaries motions would
interactions substantially confirming our earlier views. In be provided by H atoms rather than by phonons.
particular, the increase of and the decrease o *
induced by H in the martensitic state, now also found in
the Ni,,Tiz,Cu,, alloy, clearly appears to be due to Acknowledgements
pinning by H of twin boundaries.

The P,, peak is now proved to be a thermally activated ~ The authors gratefully acknowledge financial support
relaxation process whose temperature is not related to thefrom Progetto Strategico Materiali Speciali per Tecnologie
transition temperatures but, rather, to the vibration fre- Avanzate of CNR.
guency as evidenced by the comparisons made in Fig. 4.
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