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The mobility of twin boundaries in (at.%) Fe70Pd30, Fe67Pd30Co3 and Fe66.8Pd30.7Mn2.5 has been studied by mechanical spectroscopy. 
Measurements were carried out in amplitude dependent damping regime. A new model based on the Friedel theory was developed to obtain the 
activation energy (~2 kJ/mol) for twin boundaries motion. The model describes the amplitude dependent damping from thermally assisted 
break-away of dislocations. Interaction processes among twin boundaries, dislocations and vacancies during the recovery of the structure are 
also discussed. Moreover, a damping peak related to a dislocation dragging mechanism controlled by vacancies migration without break-away, 
earlier reported in Fe-Pd alloys, was also found in Fe-Pd-Co and Fe-Pd-Mn alloys.　[doi:10.2320/matertrans.M2016243]
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1.　  Introduction

Fe-Pd alloys with compositions close to Fe70Pd30 show the 
best mechanical properties among ferromagnetic shape mem-
ory alloys (FSMA) as well as induced strains due to redistri-
bution of variants under magnetic �elds or mechanical stress-
es.1–6) In FSMA the mobility of twin boundaries is an import-
ant factor affecting the magnetic �eld or stress induced 
strain.5–7) However, there are scarce works regarding the de-
termination of the activation energies involved in the variants 
movement.

Mechanical spectroscopy is a very sensitive technique used 
to analyse defects interaction processes in materials and 
phase transformations and in particular it has been widely ap-
plied to study the martensitic transition (MT), see for instance 
Refs. 8–14). Amplitude dependent damping (ADD) studies 
are related to the motion of linear/planar defects and there-
fore it is an ef�cient tool to study pinning-related and interac-
tion phenomena.8,14,15) ADD behaviour in shape memory al-
loys is usually ascribed to stress-induced rearrangement of 
the material, resulting in variant-boundary motion, vari-
ant-boundaries interaction with defects or both. This type of 
hysteretic behaviour is not different from that described by 
Granato-Lücke16) in terms of dislocation break away.14,17)

Cu-Al-Ni18), Ni-Mn-Cu19) and Mn-Cu20) show a relaxation 
peak related to the variants movement and in these cases the 
activation energy can be determined from the frequency de-
pendence of the peak temperature. In contrast, in Ni2MnGa, 
where a relaxation peak related to variants movement could 
not be found, Gavriljuk et. al.7) calculated its activation ener-
gy considering the ADD promoted by a frictional process re-
lated to the swept area of the variant. The swept area was 
proposed to increase with the reciprocal of the exponential 
temperature7) in parallel to the expression used to determine 
the interaction energy between dislocations and pinning 
points in the Granato-Lücke model.16,17,21,22)

The activation energy for variants movement in Fe-Pd 

based alloys has not been reported in the literature. Conse-
quently, the aim of this work is to determine the interaction 
energy involved in the movement of variants in Fe-Pd,  
Fe-Pd-Co and Fe-Pd-Mn FSMA. Due to the appearance of 
the irreversible phase, it is not possible to extend the tempera-
ture range below room temperature to �nd a relaxation peak 
related to the movement of variants, so ADD studies were 
used in the present work. Nevertheless, the model of Gavril-
juk et. al.7) cannot be applied in Fe-Pd based FSMA since the 
damping values and the strength of ADD, decrease with a 
temperature increase.13) Therefore, a new model based on the 
Friedel theory22) to describe the ADD has been developed. In 
addition, the relaxation peak related to the interaction of dis-
locations with vacancies already reported in Fe-Pd alloys13) 
has been also found in Fe-Pd-Co and Fe-Pd-Mn alloys.

2.　  Theoretical Background, the Friedel Model for ADD

According to the Friedel22) model, if a small stress σ is 
suddenly applied to a dislocation line, the probability of un-
pinning from an impurity is given by

 
υb
λ

exp −|EM| − (σ − σi)bdλ
kT

 (1)

where: υ is the atomic frequency, λ is the loops length, σi is a 
frictional Peierls-Nabarro stress, d ≈  b, the width of the dislo-
cation and EM is the binding free energy between impurities 
and dislocations.

If there are N0 ≈  l−3 (l being the dislocation length) disloca-
tions loops in the metal, the total number of loops unpinned 
after a time 1/2υ0 is

 N =
υb

2υ0λ
N0exp −|EM| − (σ − σi)bdλ

kT
 (2)

Assuming a sinusoidal stress and taking in account the rela-
tion between the dislocation strain and the quantity of dislo-
cations sweeping a given area, Friedel �nds the following 
equation to describe ADD as a function of both, temperature 
and strain,*  Corresponding author, E-mail: olambri@fceia.unr.edu.ar
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 Q−1 =
∆W
W
=

1
20
υb
υ0λ

N0exp −|EM| − (σ − σi)bdλ
kT

 (3)

where ΔW and W are the lost energy per cycle and the stored 
energy at the peak of the cycle, respectively.

By writing the stress as a function of strain, ε, such that

 σ = µε and σi = µεch, (4)

where μ is the shear modulus and εch is a characteristic strain 
for the Peierls-Nabarro stress, and replacing eqs. (4) in 
eq. (3), it can be easily shown that

 ln Q−1 = A(T ) + B(T )ε (5)

Thus, at constant temperature, a linear relationship between 
the natural logarithm of damping and strain must be observed. 
This representation is the so called Friedel plot.

3.　  Experimental

Polycrystalline ingots of nominal composition (at.%) 
Fe70Pd30, Fe67Pd30Co3, Fe66.8Pd30.7Mn2.5 were prepared from 
high purity elements by arc melting under protective Ar atmo-
sphere. The ingots were homogenized in vacuum quartz am-
poules at 1273 K during 24 hours. In order to retain the disor-
dered γ(Fe, Pd) cubic structure where the MT occurs, the in-
gots were annealed at 1173 K during 30 minutes and then 
quenched into iced water. The composition of the quenched 
alloys was analyzed by energy dispersive X-ray spectroscopy 
(EDS) in a Jeol JSM-5610LV Scanning Electron Microscope 
(SEM).

In order to determine the transformation temperatures, dif-
ferential scanning calorimetry (DSC) measurements were 
carried out at a heating/cooling rate of 10 K/min in a TA 
Q100 calorimeter under nitrogen protective atmosphere.

Mechanical spectroscopy (MS), referred to as the internal 
friction method in the early literature, involves the simultane-
ous measurement of damping, Q−1 (or internal friction) and 
natural frequency (f, f2 being proportional to the elastic mod-
ulus) as a function of temperature and/or strain.17,21,23,24) 
Measurements were performed in a mechanical spectrometer 
based on an inverted torsion pendulum under Ar at atmo-
spheric pressure. The maximum strain on the sample surface 
was 5 ×  10−5. The measurement frequency was around 1 Hz 
(except for measurements performed to obtain the activation 
energy of the relaxation processes). The heating and cooling 
rates employed in the tests were 1 K/minute. Samples were 
also measured under a HDC =  40 kA/m direct magnetic �eld. 
The magnetic �eld was produced by a water cooled coil par-
allel to the torsion axis.

Amplitude dependent damping (ADD), i.e. damping as a 
function of the maximum strain on the sample, ε0, was calcu-
lated from eq. (6).25–27)

 Q−1(ε0) = −1
π

d(ln(An))
dn

 (6)

where An is the area of the nth decaying sinusoidal oscillation 
and n is the period number. The period number depends on 
the time and resonance frequency. The time dependence of 
the amplitude (see upper inset in the Fig. 1) can be used to 
determine the logarithm of the decaying areas as a function of 

the period number, see Fig. 1. A magni�cation of a zone of 
the decaying oscillations is also shown in the lower inset, 
where two consecutive areas are depicted. The use of the de-
caying areas is equivalent to the use of decaying semi-ampli-
tudes, but with a better signal to noise ratio25,28,29). The decay-
ing of the oscillations were performed at constant tempera-
ture (T ±   0.5 K) and polynomials were used to analyse the 
curves by Chi-square �tting (see Fig. 1). Subsequently the 
eq. (6) was applied. Polynomials of degree higher than 1 indi-
cate that Q−1 is a function of ε0, leading to the appearance of 
ADD effects, as it can be inferred easily. In fact, the derivative 
of a polynomial of degree 1 gives a constant, so the damping 
is not amplitude dependent (see eq. (6)). In addition, if non 
linear effects appear, i.e. doubling the stress does not lead to 
doubling strain and the logarithm of the decaying oscillations 
does not exhibit linear behaviour. Indeed, the contribution to 
the measured damping from different parts of the samples 
will be different due to the spatial inhomogeneity of the strain 
�eld under torsional oscillations leading to an amplitude de-
pendent damping25,30,31). This procedure allows to obtain 
damping as a function of the maximum strain on the sample 
(ε0) from free decaying oscillations.25–27) The strength of the 
amplitude dependent damping behaviour (ADD), can be de-
termined through the average slope of the Q−1(ε0) curve using 
the S coef�cient:13,25–27)

 S =
∆Q−1

∆ε0
 (7)

where ΔQ−1 is the damping change corresponding to the full 
amplitude changes Δε0 measured in the whole oscillating 
strain range. Depending both on the oscillating strain level 
(usually higher than 10−6) and on the measuring temperature, 
the damping can be either amplitude independent or ampli-
tude dependent. ADD is usually a consequence of interaction 
processes involving mobile dislocations through thermally 

Fig. 1　Logarithm of the decaying areas (ln(An)) as a function of the period 
number (n). Upper inset: oscillation decay. Lower inset: magni�cation of 
the oscillation decay showing the �rst and second decaying areas.
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activated mechanisms. The thermally assisted break-away of 
dislocations from weak pinning points is one of such exam-
ples. Mechanisms involving the dragging of jogs by screw 
dislocations, or the pinning by large precipitates or other 
blocked dislocations lead to nearly amplitude independent 
damping processes.13,14,22)

4.　  Results and Discussion

Figure 2 shows the DSC thermograms during heating and 
cooling corresponding to Fe-Pd, Fe-Pd-Co and Fe-Pd-Mn al-
loys. The maximum temperature achieved during heating was 
603 K in all cases. The MT occurs at 290 K, 250 K and 310 K 
respectively. On the other side, the Curie temperature, Tc, can 
be observed at 560 K, 600 K, 525 K. Finally, the transforma-
tion enthalpies corresponding to Fe-Pd, Fe-Pd-Co and Fe-Pd-
Mn are 0.8 J/g, 0.7 J/g and 0.8 J/g, respectively.13,32,33) In 
addition, precipitation processes can be neglected in the stud-
ied temperature range.

Figure 3 shows some curves of damping against maximum 

strain amplitude at different constant temperatures, during the 
�rst and the second warm-ups in a Fe-Pd alloy. Damping 
curves as a function of temperature for different strain can be 
obtained using the intersection between these curves and a 
vertical line located at a particular strain (ε0) value.26) Fig-
ure 4 has been obtained following this procedure for the �rst 
and the second warming runs. Indeed, Figs. 4(a) to 4(c) show 

Fig. 2　DSC thermograms for Fe-Pd (dotted-dashed line), Fe-Pd-Co (full 
line), Fe-Pd-Mn (dashed line).

Fig. 3　Damping as a function of strain amplitude at different constant tem-
peratures, during the �rst (full symbols) and the second (empty symbols) 
warming runs (Fe-Pd sample). The calculated S parameters are also 
shown on the right column.

Fig. 4　Amplitude dependent damping curves in the zone of the martensitic 
phase (Circles: 5 ×   10−5, Inverted Triangles: 4 ×   10−5, Squares: 3.5 ×   
10−5). Full symbols: 1st warming without magnetic �eld. Empty symbols: 
2nd warming without magnetic �eld. Crosses: Amplitude dependent 
damping measured during the �rst warming under magnetic �eld. (a)  
Fe-Pd, (b) Fe-Pd-Co, (c) Fe-Pd-Mn. MT and the arrow in the �gures mean 
the temperature of martensitic transition.
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the damping around the MT in two consecutive heating runs 
to 600 K for Fe-Pd, Fe-Pd-Co and Fe-Pd-Mn alloys and for 
three different maximum oscillating strains (ε0), to evince the 
effect of the annealing. An evolution of defects, e.g. recovery, 
should be expected. The starting measuring temperature is 
always above the critical temperature where the irreversible 
bct phase develops,5,13) so the alloys are free of the irrevers-
ible phase. According to the measurements, the damping is 
amplitude dependent in the fct martensitic region, but inde-
pendent of the oscillation amplitude above the MT tempera-
ture; which is in agreement with previous works.13,34) In addi-
tion, during the second warming the damping values below 
MT are smaller than those measured during the �rst warming 
independently of the alloy or amplitude. For Fe-Pd alloy a 
small peak related to the MT can be seen at around 290 K 
during the second warming, while a hump can be appreciated 
at this temperature during the �rst warming. On the other 
side, the MT in Fe-Pd-Co appears as a small hump over the 
damping curve at around 240 K–250 K. It seems that during 
the second warming, a peak can be resolved at around 240 K. 
Finally, for Fe-Pd-Mn the damping peak related to MT can be 
clearly resolved, exhibiting a smaller dependence on the am-
plitude of oscillation than for Fe-Pd and Fe-Pd-Co alloys.

The behaviour of the damping curves measured under 
magnetic �eld, in another sample taken from the same ingot, 
during a �rst warming at maximum strain ε0 =  5 ×   10−5, is 
similar to that measured without �eld in the same conditions 
but the damping in all alloys is smaller, see Fig. 4.

The strength of the amplitude dependent damping as a 
function of temperature was determined through the be-
haviour of the S parameter, see eq. (7), Section 3. Figure 5 
summarizes the behaviour of S as a function of temperature 
for the three studied alloys. Indeed, S decreases as the tem-
perature increases for the three alloys. Above the MT the 
damping becomes amplitude independent in all alloys. In ad-
dition, the higher values of S after the �rst warming indicate 
that both the dislocations and variants increase their mobility 

after annealing. The smallest values of S in the martensitic 
zones were measured for the Fe-Pd-Mn. These small S values 
can be a consequence of the presence of small precipitates 
that appear after quenching.32) In contrast, the largest S values 
were measured in Fe-Pd-Co alloy, being this difference con-
trolled probably by the small size of Co atoms regarding the 
Pd and Mn. The small size of Co could provide room to de-
crease the internal stresses enhancing the mobility of variants 
and dislocations.

For Fe-Pd, Fe-Pd-Co and Fe-Pd-Mn the application of a 
direct magnetic �eld leads to a decrease both in the damping 
and S values. The decrease in the values of damping under a 
direct �eld in ferromagnetic alloys has been largely studied 
and it is well established in the literature.17,21,24,30,35,36) Indeed 
the magnetic �eld impedes the movement of the well oriented 
domain walls, suppressing the so called magnetomechanical 
damping. The magnetic �eld leads to a decrease in the mobil-
ity of the domain walls, which are at the same time the twin 
boundaries between martensite variants,6,7,37) giving rise to a 
decrease in both the damping and S values within the marten-
sitic region, see Figs. 4 and 5. The main microstructural dif-
ference between austenite and martensite is the appearance of 
crystallographic domains, variants, in the low temperature 
phase. Therefore, the damping in the martensitic zone and its 
ADD behaviour could be mainly ascribed to the contribution 
related to the movement of variants. Other sources of ADD 
damping in this zone could be also acting overlapped such 
that, interaction processes among variants, dislocations, va-
cancies and obstacles.

In order to determine the activation energy controlling the 
twin boundaries motion, the Friedel model for thermally as-
sisted break away of dislocations from pinning points de-
scribed in Section 2, will be applied. In fact, the movement of 
the twin boundary is assumed to be as a line moving in a 
viscous media, so the Friedel model could be applied if eq. (5) 
is accomplished. The Friedel plots for some temperatures be-
low the MT for the three studied alloys are shown in Fig. 6. It 
should be highlighted a good agreement in all cases.

By replacing eq. (4) into eq. (3) the following equation can 
be obtained:25)

 S =
dQ−1

dε
=

1
20
υµb3

υ0kT
N0exp −|EM|

kT
 (8)

The activation energy EM can be easily obtained from 
eq. (8) by taking logarithm, such that

 ln
S T
f2
= ln C − |EM|

kT
 (9)

where C =  120
υb3S F
υ0k   ≈  constant in a restricted temperature range 

and SF is the proportionality factor between the square oscil-
lating frequency and the elastic modulus,13,31) which depends 
on the shape of the sample (μ =  SF f2).

Figure 7 shows the plots corresponding to eq. (9) for the 
�rst and second heating runs in measurements performed 
with and without magnetic �eld. The obtained activation en-
ergies for variants movement, EM, determined from the slope 
of curves, are listed in Table 1. The written values are the av-
erage obtained between two different samples.

The calculated values of EM, in the present work, are close 
to those obtained in Ni2MnGa alloys (1.9–3.8 kJ/mol) by 

Fig. 5　Strength of the amplitude dependent damping (S) for Fe-Pd,  
Fe-Pd-Co and Fe-Pd-Mn alloys. Full symbols: 1st warming run without 
magnetic �eld. Empty symbols: 2nd warming without magnetic �eld. Cir-
cles: Fe-Pd, Squares: Fe-Pd-Co, Inverted Triangles: Fe-Pd-Mn. Crosses: 
Amplitude dependent damping measured during the �rst warming under 
magnetic �eld for each alloy. Arrows indicate the temperature for the mar-
tensitic transition for each alloy.
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Gavriljuk et. al.7) Indeed, due to the highly glissile movement 
of twin boundaries very small values of activation energies 
should be expected,6,7,38,39) i.e. the energy saddle point to be 
overcome by the atoms movements during twining is very 
small.6,7,38–40) In addition, an activation energy between 2.2 
and 3.3 kJ/mol was obtained applying the procedure devel-
oped in the present work to the experimental data earlier re-
ported by Gavriljuk et. al., which is in agreement with their 
reported values.

It should be pointed out that, the small value of the activa-
tion energy obtained in the present work, allows us to re-con-
�rm that the physical mechanism giving rise to amplitude 
dependent damping is related to the movement of twin bound-
aries in Fe-Pd based FSMA. In fact, damping mechanisms 
involving dislocations relaxation processes in iron and in bcc 
and fcc metals at low temperatures are developed with activa-
tion energies higher than 6.2 kJ/mol.41–48) The lowest activa-
tion energy was reported for the kink pair formation in non-
screw dislocations in tungsten (α’ relaxation, 6.2 kJ/mol).44) 
In addition, dislocation relaxation processes give rise to 
damping peaks as a function of temperature depending on the 

oscillating frequency, but in the present study on FSMA, re-
laxation peaks within the martensitic phase were not detect-
ed.

Despite the error bandwidths obtained for EM, a trend can 
be seen in Fig. 7 and Table 1: The activation energy is the 
largest in Fe-Pd-Mn alloys and the smallest in Fe-Pd-Co al-
loys. Moreover, during the second warming, the activation 
energy for the migration of variants decreases. On the other 
side, measurements performed under magnetic �eld, exhibits 
higher values of EM. The decrease in the values of EM after 
annealing up to 603 K could be related to the increase in the 

Fig. 6　Friedel plots, eq. (5), for Fe-Pd (upper plot), Fe-Pd-Co (middle plot) 
and Fe-Pd-Mn (lower plot). Full symbols: 1st warming run without mag-
netic �eld. Empty symbols: 2nd warming without magnetic �eld.

Fig. 7　Representation of eq. (9) from the new model for obtaining the acti-
vation energy for the movement of twin boundaries. Fe-Pd: upper plot, 
Fe-Pd-Co: middle plot and Fe-Pd-Mn: lower plot. Full symbols: 1st warm-
ing run without magnetic �eld. Empty symbols: 2nd warming without 
magnetic �eld. Crosses: Amplitude dependent damping measured during 
the �rst warming under magnetic �eld.

Table 1　Activation energy for the movement of twin boundaries, EM, calculated by means of eq. (9) for the �rst and second warming runs without magnetic 
�eld. The values during the �rst warming under magnetic �eld are also listed. Written values are the average between two samples.

EM (kJ/mol) Fe-Pd EM (kJ/mol) Fe-Pd-Co EM (kJ/mol) Fe-Pd-Mn

1st warming run without HDC 2.5 ±  0.2 2.0 ±  0.3 2.7 ±  0.1

2nd warming run without HDC 2.3 ±  0.1 1.7 ±  0.2 2.5 ±  0.2

1st warming run with HDC 2.7 ±  0.1 2.3 ±  0.3 2.8 ±  0.1
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mobility of dislocations and variants, as it is shown by the 
increase in the S values during the second warming run. In 
order to study the recovery processes of the quenched-in-de-
fects by annealing up to 603 K, the response of the MS test at 
temperatures above the MT will be studied in the followings 
paragraphs.

Figures 8(a) to 8(c) show the behaviour of the damping for 
a maximum strain ε0  =   5 ×   10−5, during two consecutive 
warming runs in a wider temperature range for Fe-Pd,  

Fe-Pd-Co and Fe-Pd-Mn alloys, respectively. In all cases, a 
damping peak at around 430–450 K, called hereafter P1, (no-
menclature used in previous works13)) can be observed. The 
physical mechanism responsible of the P1 relaxation peak in 
Fe-Pd alloys was proposed to be a dislocation dragging con-
trolled by the migration of vacancies without break-away.13) 
The Figures also show the behaviour of the square frequency 
(which is proportional to the elastic modulus) as a function of 
temperature, for two consecutive warming runs. The inverse 
modulus temperature dependence, i.e. the increase in the 
modulus values as the temperature increases was explained 
through a mechanism controlled by the dragging of point de-
fects by the dislocation during their movement.13) In addition, 
the decrease in the peak height for P1 and the increase in the 
modulus values, after the �rst warming up to 603 K for Fe-
Pd; were previously related to the recovery of the structure 
leading to a decrease in the amount of quenched-in-defects 
such as vacancies and dislocations.13)

To analyze the relaxation peaks for Fe-Pd-Co and Fe-Pd-
Mn in more detail, the activation energies (H) and pre-expo-
nential factors (τ0) of the relaxation time, determined from 
the Arrhenius plot in Fig. 9, (shifting of the peak temperature 
with an increase in frequency) are detailed in Table 2 for the 
three different alloys. In summary, the similar values found 
for H among Fe-Pd13) and Fe-Pd-Co and Fe-Pd-Mn indicate 
that in the three alloys systems this peak has the same physi-
cal origin that is, a dislocation dragging mechanism con-
trolled by the migration of vacancies without break-away.13)

Then, the decrease in the peak height of P1 during the sec-
ond warming (see Fig. 8) for Fe-Pd, Fe-Pd-Co and  
Fe-Pd-Mn, indicates that a recovery of the structure, during 
the �rst warming run, takes place leading to a decrease in the 
amount of quenched-in-dislocations and –vacancies. Indeed, 
a less amount of interacting dislocations and vacancies de-
creases the strength of P1 peak.15,17) In addition, the higher 
values of S for the annealed samples shown in Fig. 5 reveals 
an increase in the dislocations and variants mobility promot-
ed by the recovery of the structure. Therefore, the decrease in 

Fig. 8　Damping (circles) and square frequency (squares, proportional to 
the elastic modulus) measured during warming in the whole temperature 
range, at ε0 =  5 ×  10−5. (a) Fe-Pd, (b) Fe-Pd-Co, (c) Fe-Pd-Mn. Full sym-
bols: 1st warming run without magnetic �eld. Empty symbols: 2nd warm-
ing without magnetic �eld. Vertical arrows indicate the martensitic transi-
tion temperature.

Fig. 9　Arrhenius plots for the studied alloys. Tp and ωp are the temperature 
and the circular frequency (ω =  2 π f) evaluated at the maximum of the 
damping peak.
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the values of EM after the �rst warming (see Table 1) can be 
related to the decrease in the amount of quenched-in-disloca-
tions and –vacancies, which enhance the mobility of twin 
boundaries. In fact, a decrease of quenched-in-defects, leads 
to a decrease in the amount of obstacles to be overcome by 
the twin boundaries. In contrast, S shows smaller values un-
der magnetic �eld (as-quenched alloys), due to a decrease in 
the mobility of twin boundaries as a consequence of the inter-
action with the magnetic domain walls. Consequently, the 
activation energy calculated for the movement of variants in 
quenched samples under magnetic �eld are the highest.

The decrease in the amount of dislocations and vacancies 
after the �rst warming, allows to explain the decrease in the 
damping in the martensitic zone during the second warming; 
by considering dragging processes of defects. A decrease in 
the amount of quenched-in-dislocations and vacancies to be 
dragged leads to a reduction in the values of martensitic 
damping controlled by dragging.49,50)

5.　  Conclusions

The amplitude dependent damping behaviour exhibited by 
Fe-Pd, Fe-Pd-Co and Fe-Pd-Mn alloys has been successfully 
described by a model based on the Friedel theory addressed 
to the amplitude dependent damping phenomenon promoted 
by the thermally assisted break-away of dislocations from 
pinning points. The formalism was applied successfully to 
obtain the activation energy corresponding to the movement 
of twin boundaries. The model carried out in the present work 
is very useful when the strength of the amplitude dependent 
damping decreases as the temperature increases and when a 
damping peak related to the movement of twin boundaries 
cannot be found. An activation energy close to 2 kJ/mol was 
found for Fe-Pd based FSMA. The activation energy decreas-
es after annealing the sample indicating that the movement of 
the twin boundaries is sensitive to dislocations and vacancies. 
Dragging of vacancies and dislocations by twin boundaries 
during their movement can be inferred. Moreover, the appear-
ance of the damping peak at around 430–450 K, in the aus-
tenite phase, related to the dislocation dragging mechanism 
controlled by the migration of vacancies without break-away 
earlier reported for Fe-Pd alloys was determined in Fe-Pd-Co 
and Fe-Pd-Mn alloys.
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