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Variation in TiNi Alloy Properties
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The aim of the present work was to investigate the influence of room temperature holding on martensitic
transformations temperatures and resistivity in TiNi shape memory alloy, which was previously subjected to
thermal cycling. The recovery in the martensitic transformation temperatures and resistivity was found during
room temperature holding of the TiNi alloy that was subjected to preliminary thermal cycling. It was shown that
the recovery in martensitic transformation temperatures and resistivity depend on the number of thermal cycles.
It is assumed this was caused by the dependence of the intensity of recovery on the dislocation density. The larger
the number of cycles, the higher the defect density and the more intensive relaxation occurred during holding. It
was found that the dislocation structure that formed during deformation in martensite was more stable during
room temperature holding then the structure which appeared during thermal cycling.
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1. Introduction

TiNi-base shape memory alloys may be used as ther-
mal mechanical actuators of repeating action due to the
ability of these materials for reversible strain variation
on cooling and heating under stress which is called the
transformation plasticity and shape memory effects [1, 2].
To provide stable working parameters of the actuators,
the parameters of these effects should not change on re-
peating cooling and heating [3, 4]. At the same time,
it is well known that the thermal cycling of the TiNi-
based alloys leads to a decrease in temperatures of the
strain variation [1, 5–7] and influences the values of the
reversible strain in different ways according to the stress
acting on cooling [1, 5, 6].

The variation in the parameters of the transformation
plasticity and shape memory effects on cooling and heat-
ing is caused by the influence of the thermal cycling on
the characteristics of thermal elastic martensitic trans-
formations which are the basis for the shape memory
effects that are observed in the TiNi alloys [1, 5, 6]. It
is believed that a decrease in transformation tempera-
tures and a change in transformation sequence that are
observed on thermal cycling of TiNi-based alloys in the
stress-free state is due to multiplication and slip of dis-
locations during the formation of the martensite crystals
on cooling [8–10]. For instance, in [9] it was shown that
thermal cycling of the TiNi alloy led to an increase in dis-
location density from 1012 m−2 to 5 × 1014 m−2 during
100 cycles.

The dislocation slip during martensitic transformation
is irreversible process, i.e. to recover the alloy struc-
ture and initial parameters of the martensitic transfor-
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mation it is necessary to anneal the alloy at high tem-
peratures [2, 9]. At the same time, there are some data
that the partial recovery of the alloy structure may take
place on holding at room temperature. In Ref. [11] it was
observed that the martensitic transformation tempera-
tures that were decreased during three thermal cycles of
TiNi alloy might be partially recovered during two days
holding at room temperature. It was shown that this
phenomenon was caused by a redistribution in the dislo-
cation structure. The opposite effect was found in [12]
where the room temperature holding of TiNi alloy for
120 h was reported to lead to an additional decrease in
transformation temperatures and it was attributed to the
variation in the point defect concentration. It is hardly
possible to find the nature of the discrepancy in the room
temperature holding effect on the transformation tem-
peratures observed in [11, 12] due to lack of experimen-
tal data. Nevertheless, the study of this phenomenon is
very important because it may open the possibility for
the recovery of the TiNi alloy structure and properties
at ambient temperature without heating up to high tem-
perature for annealing that is hardly suitable for work-
ing actuators. Thus, the aim of the present work is to
study the influence of the room temperature holding on
the recovery in martensitic transformation temperatures
in TiNi alloy that was subjected to preliminary thermal
cycling.

2. Materials and methods

The Ti50Ni50 alloy wire samples with a diameter of
0.5 mm and a length of 140 mm produced by MATEK-
SMA Ltd. (Moscow, Russia) were water quenched from
700 ◦C and annealed at a temperature of 500 ◦C for 1 h.
After annealing, the alloy underwent the martensitic
transformation from the cubic B2 phase to the mono-
clinic B19′ phase on cooling, and the B19′ → B2 reverse
transformation on heating. To increase dislocation den-
sity by thermal cycling the TiNi alloy sample was cooled
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and heated in a temperature range of 0 ◦C ÷140 ◦C with
a cooling/heating rate of 5 ◦C/min. To study the room
temperature holding influence on martensitic transforma-
tions the samples were held at the room temperature for
14 h after the 5th and the 15th thermal cycles and for 86 h
after the 10th thermal cycle. To determine martensitic
transformation temperatures the resistivity variation was
measured by 4-point method and the ρ(T ) curves were
obtained for each thermal cycle. To estimate the vari-
ation in defect density on thermal cycling the variation
in resistivity at constant temperatures of 20 ◦C (in the
martensite state) or 120 ◦C (in the austenite state) was
measured.

3. Results

The ρ(T ) curves obtained during thermal cycling were
used to determine the temperatures of the phase trans-
formations as intersection of tangent lines, and the de-
pendences of temperatures on thermal cycle number are
given in Fig. 1. It is seen that all transformation temper-
atures decrease during thermal cycling however, holdings
of the samples at room temperature that take place after
cooling in the 5th, 10th, and 15th thermal cycles lead to
an increase in the TR, Rp, Mf , and As temperatures of
the martensitic transformation measured during further
thermal cycles (see open symbols in Fig. 1). The vari-
ation in Af temperature induced by holding is hardly
visible. Thermal cycling of the samples after holding re-
sults in a decrease in the transformation temperatures
to normal dependences (line) within a few further ther-
mal cycles (Fig. 1). The deviations of the transforma-
tion temperatures TR, Mf , and AS that were measured
just after holding, from the normal dependences of the
martensitic transformation temperatures on the thermal
cycle number (line in Fig. 1) are given in Table I. It is
seen that the variations of the forward transformation
temperatures are greater than the reverse transformation
temperatures. Moreover, it is found that the larger the

Fig. 1. Dependences of martensitic transformation
temperatures on number of thermal cycles obtained dur-
ing thermal cycling of the TiNi alloy.

number of thermal cycles, the larger variation in trans-
formation temperatures is observed after holding. An
increase in holding time from 14 up to 86 h does not
influence the transformation temperature variation.

According to [10, 13, 14], the variation in transforma-
tion temperatures during thermal cycling is caused by
the variation in defect density. It is verified by the data
presented in Fig. 2 where an increase in resistivity during
thermal cycling is shown. It is seen that thermal cycling
leads to an increase in resistivity in the austenite and
martensite states. If the room temperature holding in-
fluences the defect density then it should affect absolute
value of the resistivity [15, 16]. In Fig. 2 it is seen that

TABLE I

Variations in transformation temperatures and resistivity
during room temperature holding of the Ti50Ni50 alloys.
N — number of thermal cycles where the holding is car-
ried out, t — holding duration.

N t [h]
∆TR

[ ◦C]
∆Mf

[ ◦C]
∆ρ20
[%]

∆As

[ ◦C]
∆Af

[ ◦C]
∆ρ120
[%]

140÷0 ◦C
5 14 1 −2 0
10 86 1 2 0.34 −0.5 0.12
15 14 1 2 0.41 1 0 0.28

Fig. 2. Dependences of resistivity measured at 20 (a)
or 120 ◦C (b) on number of thermal cycles number ob-
tained in TiNi alloy during thermal cycling.
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the resistivity measured in the cycle that has been per-
formed just after holding of the sample at room tempera-
ture (open symbols in Fig. 2) is smaller than in previous
cycle (solid symbols in Fig. 2). The differences between
the resistivity increments observed in cycles performed
just after holding and ρ(N) curves (lines in Fig. 2) are
given in Table I. It is found that the greater the num-
ber of thermal cycles, the more significant decrease in
resistivity. Therefore, the variation in ∆ρ20 =–0.34% if
room temperature holding occurs after the tenth cycle
and ∆ρ20 =–0.41% if holding takes place after the 15th
cycle. A variation in holding duration hardly influences
the resistivity change. Thus, the data presented in Ta-
ble I show that room temperature holding of the TiNi
alloy which has been preliminary subjected to thermal
cycling leads to an increase in the martensitic transfor-
mations temperatures and a decrease in resistivity. Thus
it confirms that the alloy structure is partially recovered
during holding in a good agreement with [11].

The alloy structure recovery may be attributed to a
decrease in defect density due to some relaxation pro-
cess that takes place on room temperature holding. It
is found that the intensity of structure recovery depends
on the number of thermal cycles (Table I). Thus, it may
be assumed that it is caused by an influence of the de-
fect density on the relaxation process. The larger the
number of thermal cycles, the higher the defect density
and the more intensive relaxation occurs on holding. At
the same time, defect density may be changed not only
by the thermal cycling through the temperature range of
the martensitic transformations, but also by active defor-
mation in the martensite state. Moreover, it is evident
that an increase in defect density during active deforma-
tion is larger than during thermal cycling hence, it may
be expected that the relaxation would be more intensive
during holding after active deformation of the TiNi alloy.

To study this assumption variation in resistivity was
measured after deformation of annealed TiNi alloy sam-
ples up to 10, 20, and 30% at the room temperature at
which the alloy was in martensite state and the resistiv-
ity variation at room temperature was measured for 11 h.
Figure 3 shows the resistivity vs. time dependences and
it is seen that the resistivity variation is observed dur-
ing holding. If the sample was deformed to 10% then
the resistivity increases by 0.03% during room tempera-
ture holding while it decreases by 0.026% in the sample
that was preliminary deformed to 20%. The variation
in resistivity was non-monotonic during holding of the
sample that was deformed to 30% and after 11 h the
value of the resistivity became close to the resistivity that
was measured just after deformation. The comparison
of the resistivity variation measured during room tem-
perature holding after active deformation (Fig. 3) or the
thermal cycling (Fig. 2a) showed that the relaxation that
observed after thermal cycling was more intensive than
after active deformation because the recovery in resistiv-
ity during holding after thermal cycling was ten times
higher than after active deformation.

Fig. 3. Resistivity increment measured during room
temperature holding of TiNi alloy that was preliminary
deformed to 10, 20, and 30%.

Therefore, the results of the study show that the
dislocation structure that forms during deformation in
martensite is more stable during room temperature hold-
ing than the structure which appeared during thermal
cycling. It may be explained as follows. During defor-
mation in martensite state the dislocations appear in the
martensite phase, while during thermal cycling the dis-
location form in the austenite phase [17] and then they
are inherited by martensite structure [18]. The inherited
dislocations have a large energy and it makes them un-
stable. That is why they are inclined to minimize their
energy via redistribution or annihilation, and this leads to
recovery of alloy structure on room temperature holding.

4. Conclusions

The results of the study may be summarised as follows:

1. The recovery in the martensitic transformation
temperatures and resistivity is found during room
temperature holding of the TiNi alloy that was sub-
jected to preliminary thermal cycling.

2. The recovery in martensitic transformation temper-
atures and resistivity depends on the thermal cycle
number. It is assumed this it is caused by the de-
pendence of the intensity of recovery on the dislo-
cation density. The larger the number of thermal
cycles, the higher the defect density and the more
intensive relaxation occurs on holding.
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3. The recovery in resistivity is studied after active de-
formation in martensite state and it is found that
the dislocation structure that forms during defor-
mation in martensite is more stable during room
temperature holding that the structure which ap-
peared during thermal cycling.
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