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A study on martensitic transformation in
Ti50_x/2 Ni5o_x/2Cux a"OVS with X <10 at%

Y.C.LO, S. K. wWuU
Institute of Materials Science and Engineering, National Taiwan University, Taipei, Taiwan,
106, Republic of China

The effect of Cu additions on the martensitic transformation sequence and temperature in
Tiso _ »2Nisg _ x2Cu,alloys with x: 1-10 at % are investigated by ER, DSC, X-ray and IF
measurements. Experimental results show that the transformation sequence of

Tiso _ x2Niso _ x2Cu, alloys with x: 1-4 at% proceeding as two-stage B2 - R —» B19’
transformation on cooling and Tisy . »2Niso _ x2CU, alloys with x =5, 10 at% have no
martensitic transformation. The addition of Cu in Tisy _,2Nig _ »2.Cu, alloys assists the
formation of R-phase, a behaviour which is quite different from that in TigNis, _ ,Cu, alloys.
Both the Ms and Ty temperatures decrease rapidly with increasing Cu addition in

Tiso _ x2Niso _ x2Cu, alloys with x: 1-4 at%. It is proposed that the Cu + Ni effects on the Ms
temperature in Tig _ x2Niso _»2Cu, alloys is similar as Cu + Ni effects in TisNiso _ ,Cu, alloys

and as Ni effects in as-quenched Ni-rich TiNi alloys.

1. Introduction
There have been many investigations of the effect of
ternary Cu addition on the martensitic transformation
behaviour in TisoNisq - ,Cu, alloys [1-17], such as its
effect on shape memory effect [1-4], Ms transforma-
tion temperature [5-9], mechanical properties
[10-13] and transformation sequence [14—18]. Pre-
vious studies have shown that, in TisNisq_,Cu,
alloys, the sensitivity of Ms temperature to composi-
tion can be reduced [1, 10, 12]. At the same time,
a narrower hysteresis associated with lower marten-
sitic yield strength can be obtained [8-12], and the
R-phase can be suppressed [2, 4, 14] in these alloys.
Very recently, Nam et al. [14-17] have reported
that in TiseNise—,Cu, alloys the transformation se-
quences of martensitic transformation change signifi-
cantly with respect to Cu content as following: in the
alloys with Cu concentration less than 35 at %,
B2 < B19' transformation takes place; in the 7.5 at %
Cu alloy, both B2 < B19" and B2 «» B19 «> B19’ trans-
formations take place; in the alloys with Cu concen-
tration between 10 and 15at%, B2+ B19«+ B19
transformation takes place; in the 20 at % Cu alloy
only B2 «» B19 transformation takes place. These dif-
ferent transformation sequences have high potential in
engineering applications using TisoNiso_,Cu, shape
memory alloys, for example, the transformation hys-
teresis associated with the B2 <> B19 transformation
in TisoNisq_,Cu, alloys was reported to be about
15 K [16], which is in between those of the B2 «» B19’
and B2 < R transformations occurring in TiNi binary
alloys.

When a third element is added in a TiNi alloy, the
atoms of this element can be located substitutionally
at the sites of Ni and/or Ti atoms. It was reported [19]
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that the atomic location of Cu in Tisg sNisg sCuy
alloy exists at both the Ni and Ti atom sites in nearly
the same ratio. Since the changes in martensite trans-
formation sequence may possibly originate at the
location of the third element and can be affected by
the amount of the third element, such as where the
transformation sequence of B2 — B19’ of TiNi binary
alloy changes to B2 B19- B19 of TisoNigoCuyg
alloy [18], therefore, one can expect that Tisg_ y2-
Nisg-,2Cu, alloys will have different martensitic
transformation behaviour from TisoNisq _ ,Cu, alloys.
It is interesting to know the effect of the addition
of Cu on the martensitic transformation sequence in
Tisg- x2Nisg_y2Cu, alloys where Cu is substituted
for both Ni and Ti. It is noted that earlier studies have
examined the martensitic transformation sequence in
TisoNisq-,Cu, alloys, but to the best of our know-
ledge, the Tisg_;Nisq-Cu, alloys have not been
investigated intensively previously. The purpose of
the present study is to systematically clarify the
effect of Cu addition on the martensitic transfor-
mation behaviour of Tisg /2 Nisg - ,Cu, alloys with
x =1~ 10 at %. The characteristics associated with
the martensitic transformation of Tisq_.;Nisg—x2-
Cu, alloys will also be discussed and compared with
those of TiseNisq-Cu, alloys.

2. Experimental procedure

Six different Tisq— x/2Nisg—2Cu, ternary alloys with
x =1,2,3,4,5 and 10 at % were used in this study.
Pure titanium (purity 99.7%), pure nickel (purity
99.9%) and pure copper (purity 99.9%), 30 g in weight
in total, were prepared by a non-consumable tungsten
electrode vacuum arc melter under a controlled
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protective argon and Ti-gettered atmosphere. The
buttons were melted and remelted at least six times to
ensure homogeneity. The weight loss of the buttons
was negligible during the melting. The as-melted
buttons were hot rolled at 900°C to about 1 mm
thickness. Specimens for electrical resistivity testing,
differential scanning calorimetry (DSC) measurement
and internal friction (IF) testing were carefully cut
from the rolled plate with a low speed diamond saw.
These specimens were subsequently solution treated at
1000°C for 1 h in evacuated quartz tubes and then
rapidly quenched into room temperature water.

Martensitic transformation temperatures were
measured by using a four-probe electrical resistivity
measurement technique and by the DSC method. The
temperature range for the electrical resistivity test
was from + 100°C to below — 150°C. The DSC
measurement was conducted with a DuPont 2000
thermal analyser equipped with a quantitative scann-
ing system 910 DSC cell and the cooling accessory
LNCAIIL Measurements were carried out at temper-
atures ranging from — 150°C to + 100°C under the
controlled cooling/heating rate of 10 °C min ™. Heats
of transformation (AH) were automatically calculated
from the areas under the DSC peaks by means of
equipment software packages.

IF tests were carried out by using a Sinku-Riko
1500 M/L series inverted torsion pendulum in a
temperature ranging from - 170°C to + 100°C.
The temperature rate was precisely controlled at
2°Cmin~! and the test frequency was around 1 Hz.
The recording of data was completely automatic and
plots of internal friction and frequency versus temper-
ature were done on a digital computer.

X-ray diffraction (XRD) analysis was performed
by a Philips PW1710 diffractometer, employing the
CuK,, radiation and graphite monochromator at
30 kV and 20 mA. The divergence slit was chosen such
that the irradiated area of the specimen did not exceed
the specimen size 20 x 14 x 1 mm. The diffracted inten-
sity was recorded in the range of 20 to 100 degree 26
with a scanning rate of about 0.05°s™ %

3. Experimental results
Fig. la—f show the curves of electrical resistivity (ER)
versus temperature for Tiso—x2Niso-.2Cu, alloys
withx = 1,2, 3,4, 5and 10 at %, respectively, during
the heating and cooling cycles. The ER curves depend
clearly on the Cu content and are divided into two
categories. The ER curves of Fig. la—d all show an
abnormal resistivity increase prior to a subsequent
drop with decreasing temperature. By contrast, in the
alloys containing 5 and 10 at % Cu, the ER curves of
Fig. 1e and { are smooth, and no abrupt change of
electrical resistivity was observed. It is implied that
there is no martensitic transformation in these two
alloys. Thus, they were excluded from further study.
Fig. 2a—~h show the results of DSC measurement
for Tisg - x;2Niso—42Cuy alloys with x = 1,2, 3, and
4 at %, respectively, on cooling (a—d) and heating
(e-h) cycles. From these figures, one can observe
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Figure I Electrical resistivity versus . temaperature plots for
Tis0-x2Niso—x2Cu, alloys. (8} x = 1, (b) x = 2 {¢) x = 3; (d)
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two DSC peaks appearing on cooling curves but only
one DSC peak on heating curves. The transforma-
tion peak temperatures and AH values for each
Tiso—x2Nisg—2Cu, alloy shown in Fig. 2a-h are
summarized in Table L. In Table I, AH., AH® and
AH, are the AH values of peaks M*, R* and A%,
respectively.

Fig. 3a-d show experimental results of frequency
(shear modulus) and IF spectrum as a function of
temperature in Tisq—y2Niso—2Cu, alloys at the
heating/cooling rate of 2°C min~ . In these figures,
there are two sharp IF peaks for each cooling curve
{(solid lines) and only one IF peak for each heating
curve (dashed lines). All IF peaks correspond to
shear modulus minima, as shown in the upper dia-
grams (frequency versus temperature spectrum) of
Fig. 3(a—d).

X-ray diffraction (XRD) was carried out to deter-
mine the crystal structure of the parent phase in
Tis0-x2Nisg-x2Cu, alloys at room temperature.
Fig.4 shows the typical XRD line profiles of
TizoNiyeCu, alloy. The line profiles in Fig. 4 were well
fitted for B2 structure and could be indexed to a B2
structure with the lattice parameter ¢ = 03037 nm,

‘which is close to that of TiNi binary alloy

{a = 0.3015nm). The XRD line profiles for alloys
with x = 1, 3 and 4 at % are all similar to those
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Figure 2 DSC curves for Tiso—.2Niso-2Cu; alloys on cooling
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in Fig. 4 except that now the lattice parameters are
0.3034 nm, 0.3041 nm and 0.3046 nm, respectively,
and thus their X-ray profiles are not shown in this
paper. These results immediately mean that Cu addi-
tion in Tisg—_ 2 Niso—x2Cu, alloys with x:1-4 at %
can be fully solid-solutioned into ternary TiNiCu
alloys and have the B2 structure in the parent phase.
Additionally, from transmission electron microscopy
TEM observation conducted elsewhere [20], the
bright field image and selected area diffraction pat-
terns also support the X-ray results and reveal only B2
parent phase but no second phase or other precipi-
tates would be formed in Tisg— 2Niso-2Cuy alloys
with x = 1-4 at %. Oxides were observed in TEM
specimens, as has been the case in other binary and
ternary TiNi alloys. TEM cold-stage experiments [20]
also confirm that the martensite in Tiso—»Niso—x2Cu,
alloys is B19" martensite, the same as that of TiNi
binary alloys. Hence, from XRD and TEM analysis,
the parent phase and martensite were confirmed as

fully Cu solid-solutioned B2 and B19’ structures in
Tisg - 2Niso—42Cu, alloys, respectively.

4. Discussion
4.1. Transformation sequence of
Tiso-x/2Niso—x2Cux alloys
Figs 1-3 clearly indicate that two-stage transfor-
mations have occurred on cooling in Tisq-x/o-
Nisg_,2Cu, alloys with x: 1-4 at %, as experimental
results of ER, DSC and IF measurements exhibit the
abnormal resistivity increase and two DSC peaks as
well as two IF peaks. In the following, we will discuss
in detail the features shown in Figs 1-3 which demon-
strate the characteristics of transformation behaviour
occurring in Tisg-2Nise-52Cu, alloys with x:
1-4 at %.

From Fig. 1, it is evident that a resistance increase
has occurred prior to the martensite transformation,
at which temperature there is a resistance drop with
decreasing temperature. This feature is quite analog-
ous to that of TiNiFe, [21] and TiNiPd; [22]
alloys, which have been confirmed as showing
a B2 - R — B19’ transformation sequence on cooling
and B19" — B2 on heating. In view of the similarity
in the curves shown in Fig. 1 to those of TiNiFe;
and TiNiPd; alloys, it is rcasonable to suggest that
the same transformation sequence also occurs in
the Tiso-x2Nisg—x,Cu, alloys with x =1-4 at %.
In other words, Fig. la—d exhibit the typical
B2 - R — B19’ two-stage martensitic transformation
on cooling, where B2, R and B19’ represent cubic,
rhombohedral and monoclinic structure, respectively.
The notations shown in Fig. 1 for determining trans-
formation temperatures (Ms, Ty etc) follow the
example established by Hwang et al. [21]. Comparing
the DSC and IF results of Figs 2 and 3 with ER tests of
Fig. 1, two DSC peaks and two IF peaks appearing in
Fig. 2a—d and Fig. 3a—d are known to be associated
with the B2 —» R - B19’ martensitic transformation
on cooling. Moreover, from Table I, AH values asso-
ciated with B2 - R transformation, ie. AHR, are
found to range from 3.11 to 3.74Jg~ !, which are
located in the corresponding range of the R-phase
transformation for TiNiFe; alloy (3.75Jg™ 1) [23]
and for aged Ni-rich TiNi alloy (1-6 Jg~*) [24]. The
AH® values shown in TableI exhibit the appro-
priate magnitudes required for the R-phase trans-
formation and also provide the evidence of the
B2 —» R — B19’ transformation sequence occurring in
Tiso—x2Nisg - 2Cu, alloys.

TABLE I DSC measurement of thermal properties for Tisg— ,,Niso—2Cu, alloys.

X M* R* A* A¥ — M* AH, AHR AH,
(at %) (°0) (°O (°0) (O Geg™ Geg™ deg™
1 — 747 8.7 28.23 357 6.16 3.74, 17.68
2 —71.20 — 34.06 . — 2599 45.2 524 3.51 14.15
3 - 121.84 —98.71 —75.06 46.8 497 347 11.42
4 —140.63 —94.37 46.3 4.63 311 9.87

—115.72
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Figure 3 Frequency {f) {shear modulus} and internal friction (Q ") versus temperature curves for Tisg - 2Niso—2Cu, alloys. (—, cooling,
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By carefully examining the IF results of Fig. 3, two
additional points were discovered: (i) from Q ~! versus
temperature curves, the Q. value of B2 —» R first-
stage transformation is always lower than that of the
R — B19" second stage transformation, and (ii) from
frequency versus temperature curves, there are deep
minima of frequency (shear modulus) corresponding
to the B2 — R first-stage transformation but there are
just shallow minima of frequency (shear modulus}
corresponding to R - B19 second-stage transforma-
tion. Both IF features mentioned above are consistent
with the reported IF results of aged Ni-rich TiNi
alloys [25, 26], which had already been proven to
exhibit the typical B2 —» R — BI9" two-stage frans-
formation. Therefore, the features shown in Fig. 3 can
provide additional strong evidence demonstrating
the characteristics of B2 — R — B19" transforma-
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tion occurring in Tisg_,»Nisg-2Cu, alloys with
x: 1~4 at %.

One may argue that the two-stage transformation
in Tisg_x2Niso-y2Cu;, alloys may be regarded as
B2« B19«B19 transformation since this trans-
formation sequence had been found in TisoNiggCuyg
alloy [14, 15, 18]. However, according to our recent
investigation on the B2« B19 «» B19 transformation
in TiseNigeCuy, alloy (18], B2« B19«< B1Y trans-
formation possesses the following features of DSC, ER
and IF test results: (i) for the DSC curve, there is
a large peak for the B2« B19 transformation but
a diffuse peak for the B19«+ B19' transformation, (ii)
for the ER diagram, there is a minor resistivity change
for B2 < B19 transformation but a significant resistiv-
ity change for B19 «» B19’ transformation, and (iii) for
the IF spectrum, there is a period of frequency (shear
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modulus) minimum existing over a wide temperature
range between the B2 < B19 and B19 < B1Y' trans-
formations. All of the above mentioned three features
do not coincide with the results shown in Figs 1-3 of
this study. As a result, we excluded the possibility of
B2 < B19 — B19' two-stage transformation occurring
in Tisg-.»Nisg—y,2Cu, alloys. Consequently, from
the above discussions, all evidence supports the
view that the martensitic transformation sequence is
B2 >R —B19 in Tise_,;;Nisg_2Cu, alloys with
x: 1-4 at%.

As mentioned above, the transformation sequence
of Tisg-x2Nisg—»2Cu, alloys is B2 >R - B19" on
cooling. However, the transformation sequence of
well-studied TiseNise-,Cu, alloys shows no pre-
martensitic R-phase transformation [2,4, 14]. It
has been reported that the transformation sequence in
ternary TisoNiso- ,Cu, alloys changes considerably
as the substitution of Cu is increased [14]: the
transformation sequence changes from B2 — B19’ to
B2 <> B19 < B19’, then to B2 «»> B19. There is no evid-
ence, however, of a B2 > R — B19" two-stage trans-
formation sequence occurring in TiseNisg-Cu,
alloys. Hence, TisoNisq—,Cu, alloys do not show
the premartensitic R-phase as do Tiso- x2Niso— x/2-
Cu, alloys, despite the fact that the structures of the
high temperature B2 phases and low temperature B19’
martensite are virtually identical when the amount of
Cu substitution for both alloy systems is less than
10 at %. The present results of B2 - R — B19' trans-
formation sequence suggest the addition of Cu in
Tisg-x2Nisg-x2Cu, alloys assists the formation
of the rhombohedral R-phase. By contrast, the
B2 - R - B19 transformation sequence would be
suppressed when the substitution of Cu for Ni in
TisoNisq _ ,Cu, alloys. Reasons for the different trans-
formation sequence in these two alloy systems is not
yet completely understood. However, the cause of this
phenomenon may be ascribed to different electronic
states occurring in these two alloy systems. Since the
formation of martensite phase or R-phase which af-
fects the subsequent transformation sequence, may
probably originate from some changes in the elec-
tronic state caused by different ways of the element
addition [27].

One further difference in the transformation behavi-
our of Tisg - x2Nisq— x2Cu, alloys and TisNis, - Cu,
alloys is the ER behaviour. In comparing the current
results shown in Fig. 1 with those obtained by Nam
et al. [16], it can be seen that the electrical resistivity
change associated with the transformation is very dif-
ferent. That is, in TisgNise_,Cu, alloys with the
B2 — B19’ transformation, the onset of transforma-
tion is accompanied by an increase in ER, which is
similar to the situation occurring in Cu-based shape
memory alloys [28]. Whereas in Tisq—x/,Niso - x2Cu,
alloys with R — B19’ transformation, a decrease in ER
occurs. Such a difference in resistivity behaviour also
suggests that there is a different martensitic trans-
formation sequence corresponding to a different type
of resistivity change.

4.2. Effect of Cu addition on the Ms and
Tr temperatures in Tigg_ x2Nise - x2Cuy
alloys

Fig. 5a-c shows the Ms and Ty temperatures
as a function of Cu and Fe concentrations for
Tiso - x/2Niso - x2Cuy, TisoNisg - Cu, and TisoNisg— -
Fe, alloys, respectively, in order to easily make a com-
parison. As can be seen in Fig. 5a, Cu additions in
Tisg - x2Niso—x2Cu, alloys shift both Ms and Ty to
much lower temperatures with increasing Cu com-
positions. Mercier and Melton [2] demonstrated that
even if the Cu in solid solution exceeds 30%, the Ms
transformation temperature in TisoNiso - Cu, alloys
still changes very little and has a near constant Ms
temperature behaviour, as partly shown in Fig. 5b.
This feature is quite different from that shown
in Fig. 5a. As mentioned in section4.1, the trans-
formation sequence of Tisg_,,Nisg—,,Cu, and
TisoNisg - ,Cu, alloys is quite different. However, the
transformation sequence of Tiso_,,Niso - ,/>Cu, and
TiseNisq - Fe, alloys is the same, i.e. B2 > R — B19'".
Therefore, it is appropriate to choose the
TiseNiso—Fe, alloys for the comparison of concen-
tration dependence of Ms and Ty temperatures, thus
the results for TisoNiso_.Fe, alloys are shown in
Fig. 5¢ [20].

In Fig. 5, Tiso—y;2Nisg-x2Cu, alloys differ from
TisoNiso - Fe, alloys in the sense that the drop in
Ms is comparable to that of Ty in the former alloy
system; however, the drop in Ms is much greater
(about three times greater) than that of Ty in the latter
alloy system. In other words, the Ty temperatures in
Tiso—x2Nisg-52Cu, alloys are depressed quickly
with increasing Cu content, whereas those in
TisoNiso—,Fe, alloys are not depressed to the same
extent of a much lower temperature with increasing Fe
content. This elucidates the observed two nearly par-
allel lines of Ms and Ty curves for Tiso_,/;Nisg— -
Cu, alloys in Fig. 5a and two nonparallel lines with
one having a larger slope for TisoNisq - Fe, alloys in
Fig. 5c. Iron addition alloys can widen the temper-
ature region in which the R-phase is stable while the
current study of Fig. 5a for Tiso—2Niso-x2Cus
alloys shows no such effect. This phenomenon indi-
cates that the substituted Cu atoms have a greater
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effect on increasing the R-phase and the martensite
nucleation energies, therefore, both the Tx and Ms
temperatures are depressed to a much lower temper-
ature. However, in the case of Fe substituted alloys,
the substituted Fe atoms have little effect on the nu-
cleation energy of the R-phase but have a great effect
on increasing the martensite nucleation energy and
can cause the Ms temperature to depress to a lower
temperature.

It is also well known that in as-quenched binary
Ni-rich TiNi alloys, the Ms decreases with increasing
Ni content — ie., Ms decreases with increasing
Ni/Ti ratio. In fact, the Ms temperatures of
Tis0—x2Niso-x2Cu, alloys also reveal this tendency:
Ms decreases sharply with increasing (Ni + Cu)/Ti
ratio. For example, the Ms temperature of an
equiatomic TiNi binary alloy is about + 60°C. By
substituting 2at% Cu for both Ti and Ni in
Tiso—x2Niso—x2Cu, alloy ([Ni+ Cul/Ti = 51/49),
the Ms temperature becomes approximately — 71°C
(see Table I), which is almost the same as that of the
as-quenched TiyoNis; alloy [20]. The above fact may
suggest that Cu addition in Tisp-x2Nisg—2Cu,
alloys has an equivalent effect to increasing Ni in
binary TiNi alloy. In other words, the substituted Cu
atoms play a role more similar to Ni atoms than Ti
atoms in TiNi alloys. This may further imply that
the atom sites of Cu addition would prefer to oc-
cupy the position of Ni atom locations in the
Tiso— x2Niso—x2Cu, alloys. Employing the same pro-
posal that Cu atoms prefer to occupy the Ni atom
sites, but now in the Ti;¢Nis, - ,Cu, alloys, instead of
the Tisq - x2Nisg - ,2Cu, alloys, it can also effectively
account for the fact that large Cu substitutions for Ni
result in a near constant Ms temperature behaviour
[2,3], for the reason that (Ni+ Cu)/Ti ratio in
TisoNisq-,Cu, alloys is preserved at a constant
value of 1.
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However, one recently reported study which em-
ployed electron channelling enhanced microanalysis
(ALCHEMI) has shown that Cu atoms were located
at both the Ni and Ti atom sites with nearly the
same ratio in Tizg sNigg sCus alloy [19]. Under such
a situation, the Ni/Ti ratio in Tisg—»Nise-52Cu,
alloys will keep a constant value of 1, hence, the Ms
temperature should also expect to be held almost
constant, as with the same tendency shown in the
TisgNise—Cu, alloys [2, 3], and not depressed to
a much Jower temperature as observed in the present
study of Tisq - ,2Nisg-x2Cu, alloys. The above de-
scription indicates that the effects of ternary Cu addi-
tions on the shift of Ms temperatures in terms of the
site occupancies of Cu atoms cannot be accorded with
the results of ALCHEMI [19]. As alluded to by
Shabalovskaya [27], the changes of martensitic trans-
formation temperatures may be closely related to elec-
tronic structure and state, such as the shift of the
d-band, the d-band width and the site-projected dens-
ities of states at the Fermi level. Since the values of
atomic radii, valence state, and ionic radii of Ni are
different from Cu, the electronic structure and state
of Tisg_,2Nisg_,nCu, and TiseNisg-.Cu, alloys
should be different from each other. However, without
an exact understanding of the. change of electronic
nature caused by addition of elemental Cu, no further
conclusion can be drawn, although there is a remark-
able consistency in the changes of Ms temperatures
with Ni content in the as-quenched Ni-rich TiNi
alloys and with the Ni+ Cu additions in the
Tiso— x2Nisg—2Cuy alloys.

5. Conclusions

Martensitic transformation sequences and trans-
formation temperatures were investigated by means of
electrical resistivity, DSC, X-ray diffraction and inter-
nal friction measurements in Tis- .3 Niso—,2Cu,
alloys. The martensitic transformation of Tisg- -
Nisg_2Cu, alloys take place in B2 - R - B19’ two-
stage sequences with x = 1-4 at %. When substitu-
tion exceeds 4 at %, the martensitic transformation
does not occur even at very low temperature
(liquid N,). The results of B2 - R — B19’ transfor-
mation sequence suggest the addition of Cu in
Tisox2Nisg—,2Cu, alloys assists the formation of
the rhombohedral R-phase, which was suppressed in
the TisoNisq—,Cu, alloys. The present study show
that the effect of ternary Cu alloying element on the
transformation sequence depends closely on the
method by which Cu atoms substitute for Ti and/or
Ni atoms, such as only Ni substituted in
TisgNisg-Cu, alloys, and Ti and Ni preserved
equiatomic relation in Tiso-.2Niso-x2Cu, alloys.
The additions of Cu in Tisg_x,Nisg_;Cu, alloys
shift both Ms and Ty to much lower temperatures
more rapidly than that of Fe in TisqNisq - Fe, alloys.
We suggest that Cu + Ni effects on the Ms temper-
ature in Tisg-,Nisg-2Cu, alloys is similar as
Cu + Ni effects in TisoNisg-Cu, alloys and as Ni
effects in as-quenched Ni-rich TiNi binary alloys.
The reasons for the extremely low Ms and Ty



temperatures with small Cu addition in the
Tis—x2Niso—2Cu, alloys may be closely related to
their electronic structure and state but are not yet fully
understood.
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