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Electronic transport in Heusler-type Fe,VAl,_ M, alloys (M=B,In,Si)
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The temperature variation of electrical resistivity p(7) and Seebeck coefficient S(7) of Heusler-type
Fe,VAl,_ B, (0=x=1) alloys have been investigated. All the studied alloys were crystallized into a single-
phase cubic structure with Fm3m space group. The p(T) shows a negative temperature coefficient of resistivity
(TCR) for the x=0 sample, which turns into a positive TCR for the x=1 sample; while intermediate compo-
sitions show a resistivity minimum at low temperatures (7,,;,,) below 50 K. From the analysis of temperature
dependence of the electrical resistivity data, we demonstrate a semiconductorlike to metal transition on B
substitution in the Fe, VAl alloy. With a minute substitution of isoelements (B and In) and nonisoelement (Si),
S changes drastically in its sign and magnitude accompanied by an appearance of a broad maximum at higher
temperatures, which shifts toward high temperatures with increasing concentration of the substituents. These
features are indicative of a dramatic modification in the band structures of the Fe,VAl alloy with the substi-
tution of elements. Although similar changes in p and S values with compositions of B-, In-, and Si-substituted
Fe,VAl alloys are observed, the p decreases rapidly on B substitution and ultimately attains a metallic behav-
ior, suggesting a true semiconductorlike to metal transition. The strong composition dependence of S and p on
elemental substitution is attributed to the size, relative positions of the atomic levels and the number of valence

electrons of the substituents.
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I. INTRODUCTION

Heusler compounds of the form X,YZ, where X and Y are
the elements with partly occupied d-electron orbitals and Z is
a sp state element, are formed as a cubic (L2;) structure and
provide a great variety of transport and magnetic phenom-
ena. Fe,VAI is one such class of alloys that has been the
topic of interest over the past decade because of its rich
variety of unusual transport and magnetic properties.!~* The
most intriguing characteristics of this alloy are: (i) the occur-
rence of semiconductorlike transport even though it consists
of all metallic constituents and (ii) a nonmagnetic ground
state in spite of having 50% Fe.>> However, unlike semicon-
ductors, the experimental results of nuclear magnetic reso-
nance, photoemission, and Hall-effect measurements indicate
Fe,VAl as a low carrier density semimetal,®-® which was
further supported by the theoretically predicted pseudogap of
0.1-0.2 eV at the Fermi level.? On the other hand, Guo et al.?
suggested that the hybridization between transition metals
and Al-2p states are responsible for such gaps. Furthermore,
Weht and Pickett® found that the sp states of Al atom have a
strong but indirect effect on the formation of the pseudogap
and also on the transport properties, which was later con-
firmed by optical conductivity studies.'® Other possible
mechanisms such as heavy Fermion'! and spin fluctuations’®
had also been suggested in order to explain the anomalous
electronic behavior in this system. Recent reports'>~4 show
that the doping of quaternary elements such as Si into
Fe, VAl causes a significant decrease in the low-temperature
resistivity (p) and substantial enhancement of the Seebeck
coefficient (S). The excess of valence electrons in p states of
a Si atom may be the cause of significant decrease in p and
drastic changes in S, as S is very sensitive to the electron
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density at the Fermi level. On the other hand, from the trans-
port studies of Ge-substituted Fe,VAI alloys, it was sug-
gested that the doping of heavier element does affect the
transport properties.'> Although reduction in p and change in
temperature coefficient of resistivity (TCR) indicate a
nonmetal-metal transition in Fe,VAL (Si and Ge) alloys, it is
not clear whether the p(7) behavior can be explained by
conventional theories proposed for metallic samples. On the
other hand, Fujii ef al.'® have performed band-structure cal-
culations on similar alloys, i.e., Fe,MnZ [Z=Al,Si,P], and
found that the Z atom influences the electronic character of
the system through hybridization of Z-p states with Fe and
Mn-d states. This suggests that the hybridization of Fe-3d
electrons with the Al-p electrons might be an important in-
gredient in the formation of hollows in their density of states
(DOS) at Ep. Whether these hollows create an actual gap
depends on details of the electronic structure including the
relative positions of the atomic levels and the relative sizes
of the ionic radius of the atoms, even though the overall band
structures are qualitatively similar for sets of related
compounds.'® Now the most pertinent questions are whether
the hybridization (of the XY-d states and Z-sp states) alone
can account for the observed changes or the size of the
atoms/density of the valence electrons (provided by the Z
atom) influence the transport behavior. This can be verified
by a systematic substitution of quaternary elements, thereby
retaining the same electron density. To the best of our knowl-
edge, such studies have not been carried out until now. This
has motivated us to study the substitution of isoelectronic
elements having different atomic sizes such as a smaller
atom “B” and a larger atom “In” at the Al sites. The purpose
of the present study is to investigate the effect of relative
changes in atomic and electron densities on transport prop-
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FIG. 1. XRD patterns of Fe,VAl, Fe,VAlgB,, Fe, VAl §Si »,
and Fe,VAljglny, alloys with Reitveld refinement analysis. The
symbol (O) indicates the raw data, the continuous line indicates the
fit to the analysis, and the symbol (+) indicates the residue values
obtained from the fits.

erties of the Fe, VAl system by comparing the transport prop-
erties of B and In-substituted alloys with Si-substituted al-
loys. In this paper, we report the structural and temperature
variations of electrical transport properties (p and S) of a
series of Fe,VAI,_,B, alloys with x=0—1 and compare these
properties with In-, Si-, and Ge-substituted alloys.

II. EXPERIMENT

The alloy ingots of Fe,VAl,_ B, (0=x=1) were pre-
pared with a high purity elemental constituents using an arc-
melting furnace under argon atmosphere. Melting was car-
ried out several times in order to homogenize the samples.
The samples were cut from the ingots and sealed in an
evacuated quartz tubes at 1273 K for 48 h and then quenched
in cold water. The samples were structurally characterized by
powder x-ray diffraction (XRD) with Cu K, radiation. Nomi-
nal composition assigned to each sample was regarded as
accurate because the weight loss was found to be less than
0.3%. The electrical resistivity (p) and magnetoresistance
(MR) of samples were measured using a standard dc four-
terminal method in the temperature range of 3-300 K, using
a cryogen free superconducting magnet up to the fields of 50
KOe. The Seebeck coefficient (§) was measured using a
homemade apparatus over the temperature range of 15-300
K.17

III. RESULTS AND DISCUSSION

The x-ray diffraction patterns of the Fe,VAI,_,B, (0=x
=1) alloys were identified to form a single phase with cubic
L2, structure. The overall XRD patterns remain the same on
replacement of Al by B atom. As a typical case, the XRD
patterns of Fe, VAl and alloys in which 20% of Al is replaced
by B, Si, and In atoms are depicted in Fig. 1. The data points
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FIG. 2. Variation of lattice parameters as a function of compo-
sition x in Fe,VAl;_B,, Fe,VAIl,_Si,, Fe,VAl _In,, and
Fe,VAl,_Ge, alloys. The data on Fe,VAl, Ge, alloys are taken
from Ref. 15.

were scanned at an interval of step width, 260=0.01°, and
analyzed with a Reitveld structural analysis using the refine-
ment code FULLPROF program, which is also shown in the
same figure. All samples exhibit a cubic structure with
Fm3m space group and with strong reflections at (200),
(220), (400), and (422). As shown by the residues in the
figure, the quality of the Reitveld fitting is good. Although
the over all XRD patterns are similar for Fe,VAI and its
alloys with B, Si, and In substituents, the intensity of the
peaks is found to increase with the In substitution while it
diminishes with the B and Si substitutions as expected. B, Al,
and In atoms are in the same group with different periods
while Si is in the same period of Al with a different group in
the periodic table. Furthermore, within the same group, the
atom having the largest period has the thickest electron shell
and the largest atomic radius, resulting in the largest lattice
spacing, when they form the same type of alloy. Hence the
lattice spacing of In-substituted alloy is larger in comparison
to the Fe,VAIl alloy while it is smaller in case of
B-substituted alloys. The variation of the lattice parameters
as a function of compositions of B, Si, In, and Ge are shown
in the Fig. 2. The lattice parameters obtained from the above
data analysis decrease linearly with the increasing B concen-
tration. A similar trend is also drawn in the Si-substituted
Fe,VAI system. On the other hand, the lattice parameter in-
creases with the increase of In concentration and is of similar
nature in the Ge-substituted alloys, as reported by Nishino et
al.’ Hence, B, Si, and In atoms are believed to occupy pref-
erentially the Al sites according to Vegards’ law, and this is
attributed to the fact that the ionic radius of B and Si atoms
are smaller than Al while In is larger.

The observed large electrical resistivity value
(~10° uQ cm) at low temperatures and negative TCR for
Fe, VAl are shown in Fig. 3(a), and these results are in agree-
ment with the earlier reports.!>"!> The sharp upturn in the
low-temperature range (3 K<T<20 K) could be fitted to
variable-range hopping conduction behavior, In(p)aT "4;
while at higher temperatures, a simple power law (7% de-
pendence) follows [see insets of Fig. 3(a)]. On the basis of
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FIG. 3. (a) Temperature variation of electrical resistivity of the
Fe,VAI (x=0) alloy. Insets: Plots of In p vs 7-"* and s(T) vs T%2.
(b) Normalized values of electrical resistivity as a function of tem-
perature for Fe,VAL_ B, (x=0-1) alloys.

our results, Fe,VAI can be regarded as the zero-band gap
semiconductor, which is consistent with the results of infra-
red reflectance data'® and the theoretical predictions of nar-
row band gap.” A minute amount of B substitution for Al
causes a sharp decrease in electrical resistivity and the sign
of TCR changes from negative to positive. Intermediate
compositions develop a low-temperature minimum in p(7)
curves below 50 K followed by a linear behavior: a typical
behavior for ordinary metals. Finally for x=1, the low tem-
perature minimum disappears and the obtained values of p
are comparable to that of conventional intermetallic alloys.
Anomalies observed in the p(T) curves for x>0 alloys are
barely discernible when plotted together on the same scale.
Therefore, normalized resistivity p(T)/p(300 K) as a func-
tion of temperature is plotted for x>0 alloys in Fig. 3(b).
The net change in resistance with temperature for a particular
sample can be estimated by residual resistivity ratio (RRR)
{=p(3 K)/(p(300 K) }, which is plotted as a function of B
concentration along with the values of the temperature coef-
ficient of resistivity, a=1/p(dp/dT), at 300 K [shown in the
inset of Fig. 3(b)]. For all the alloys, the value of « lies in the
range of —=5.35X 1073 K™ (x=0) to 2.6 X 107> K~ (x=1).
All the above discussed features suggest a semiconductor-
like to metal transition on the substitution of B in place of Al.
As the temperature is lowered from 300 K, the p decreases
and goes through a minimum at temperatures (7;,) below
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50 K. The minimum developed in p(T) curve could be due to
the coexistence of negative TCR (x=0) and positive TCR
(x=1) components in the intermediate compositions. As the
B content increases, the positive TCR component dominates
and results in the shift of 7,;, to lower temperatures. It is
important to point out here that with the substitution of In,
Si, and Ge in the Fe, VAl system, such minimum in the p(7)
has not been observed.'>!> This suggests that the B substi-
tution results in two competing scattering mechanisms, one
of which is responsible for the negative TCR and the other is
for the positive TCR.

It is well established that the Fe,VAl is nonmagnetic.
Magnetization data on B-substituted Fe,VAI shows that as
the B content increases, a ferromagnetic component develops
and large magnetization values have been observed for the
alloy.'® These results suggest that as the B content increases,
a metallic and strong magnetic phase develops, therefore, it
appears that the T, is connected with the existence of lo-
calized moments induced by the magnetic impurities, indi-
cating a characteristic signature of Kondo-scattering mecha-
nism that can result in the low-temperature resistivity
minimum. In many situations, low-temperature minimum is
caused by the Kondo effect, which was originally encoun-
tered in nonmagnetic systems with a minute magnetic
impurity.!” Recently a similar effect was also found in
strongly correlated manganites, as well as ferromagnetic
metals.”*2! According to Kondo’s theory, the relation be-
tween electrical resistivity and temperature can be expressed
by the formula p,=py+psIn T below T, Here, p, is the
residual resistivity independent of temperature, the second
term is the contribution from the interaction between local-
ized magnetic moments and the conduction electrons, and
the parameter p, describes the strength of the spin scattering.
Figure 4(a) shows the resistivity as a function of In T for x
>0 alloys. It shows a good linear dependence on In 7 at low
temperatures, as shown by the solid lines. The inset of Fig.
4(a) points out that the value of T, decreases with B con-
tent. This behavior at low temperatures suggests that the spin
scattering is weakened with the increase of B content.

If negative TCR is dominated by the Kondo effect, the
spin scattering of conduction electrons should be distinc-
tively suppressed by an external magnetic field. In order to
check the validity of the Kondo mechanism, the resistivity
measurements were carried out under an external magnetic
field of 5 tesla. As a typical case, the results of p(7) for x
=0.06 alloy (with and without field) are shown in Fig. 4(b).
It can be seen that the external field has a suppressing effect
on the resistivity. In general, the slope, ps=|p;
—Pminl/ | T3 k=Tminl» Of the curves below T, is a represen-
tation of average strength of the magnetic scattering and di-
rectly proportional to pg. The inset of Fig. 4(b) points out
that the magnitude of the pg below T, decreases with in-
creasing B content and the slope decreased with increasing
magnetic field, indicating a weakened spin scattering. On the
other hand, a low-temperature negative TCR may also arise
in disordered systems from quantum interference effects
such as weak localization.?? However, the weak localization
theory is generally applicable to the high resistivity
(~10*> uQ-cm) systems. Furthermore, the p will be en-
hanced under a strong magnetic field. Thus, our low p values
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FIG. 4. (a) The electrical resistivity as a function of In T for
Fe,VAI,_ B, (x=0.06,0.1,0.2) samples in the temperature range of
3-80 K, which shows a good linear dependence on logarithmic
temperature given by solid lines. The inset gives the plot of T,;, Vs
x. (b) p(T) curves at zero field and an external magnetic field of 5 T
for the x=0.06 alloy. The inset shows the change of slope with
variation of B concentration with and without external magnetic
fields.

and small negative magnetoresistance rules out the possibil-
ity of any significant electronic disorder in the system that
can give rise to localization effects. Therefore, we believe
that the Kondo effect in the negative TCR range may play a
significant role. Now we turn our attention to the positive
TCR component of the resistivity. It is observed that the
positive TCR component increases linearly above the 7y,
with increasing temperatures. The linear p(7) behavior above
Tmin could be attributed to electron—phonon interaction®® in
the frame work of the Boltzmann transport theory using
Bloch—Gruneisen (BG) formula that may be implemented as
follows:

T n ®[)/T xll
ol [ e O

The temperature dependent part of the resistivity, p,,
arises from the electron—phonon interactions and the expo-
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nent term “n” generally takes the values of 2, 3 and 5, de-
pending on the nature of the interactions. For metallic sys-
tems that undergo magnetic ordering, the n values are taken
to be 2 while n=3 is found in many nonmagnetic host d
metals containing a number of impurities. n=5 is observed
for nonmagnetic elements such as Cu, Ag or Au with a rea-
sonable mean free path.”* The decrease in p, and T,,;, may
be taken as a signature of metallic and magnetic characters
on B substitution. The BG contribution is expected to in-
crease over the spin scattering as B increases.

For T<100,, an accurate analytical expression of the
integral in Eq. (1) (Ref. 25) can be simplified as follows:

Oy n Z (o7
f v %dx:E f e Fdx.  (2)
o (=D -e™) k=170

Since the experimental value of @, for the parent alloy is
~570 K,' we are justified in using Eq. (2) for x>0 alloys in
the measured temperature range.

Furthermore, we examine quantitatively our assumptions
of the coexistence of negative and positive TCRs for the
intermediate compositions. Therefore, finally from the Mat-
thiessen’s rule, the total resistivity in the whole temperature
range of the present study can be written as

T \" Op/T
p(T)=py+p;InT+ Pz(_> > f x"eMdx.  (3)
D k=10

The first term py is the residual resistivity independent of
temperature, the second term represents temperature depen-
dent spin scattering, and the last term arises from the
electron—phonon interaction. Now the p(7) in the whole tem-
perature range has been fitted to the Eq. (3) with n, p;, pa,
and O, as the free parameters. A best fit to the data in the
wide temperature range, 3<<7<<220 K, is obtained with n
=3, as shown by the solid lines in the Fig. 5. The insets of
the figure show the same resistivity plots with the tempera-
ture axis in a logarithmic scale in order to emphasize the
quality of the fits in low-temperature regime. The coeffi-
cients of the individual scattering mechanisms in every term
are tabulated in Table 1. The values of p, and ®, for all the
samples obtained from the above analysis were found to de-
crease systematically as the B content increases. It also
shows that the intensity of the Kondo scattering decreases
with the increase of content. However, we noticed that the
effect of electron—phonon interaction term (p,) is much
larger than the Kondo interactions. The p; term is three or-
ders smaller in magnitude than the p, term and decreases
with the B content. We, therefore, conclude that the p(7)
with the B substitution is dominated by the electron—phonon
interactions for the higher B content alloys, which leads to a
conventional metallic system.

Now we turn our attention to noting the differences in p
and its temperature dependence on the substitution of ele-
ments. Figure 6 shows an effect on p that was measured at
300 K as a function of the compositions in B-, In-, Si-, and
Ge-substituted Fe,VAI alloys. As a typical case, temperature
variation of the normalized resistivity values of alloys, in
which 20% of Al is replaced by B, Si, and In atoms, are
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depicted in the inset of Fig. 6. From the comparative study of
p and its temperature dependence of B-, In-, Si-, and Ge-
substituted Fe, VAl alloys, we draw the following interesting
features: (i) In all the samples [i.e., Fe,VAI,_ M, (M =B, In,
Si, and Ge) alloys], the negative TCR turns to positive TCR
with the substitution of quaternary elements. However, un-
like the B-containing alloys, the p(T) curves of the In, the Si,
and the Ge containing alloys didn’t show any low-
temperature minimum. (ii) The absolute values of p de-
creases rapidly with even a minute substitution of the ele-
ments, which is believed to be semiconductorlike to metal
transition. (iii) Other transport properties, i.e., S and MR,
show distinct properties. The reduction in p on the substitu-
tion of Si and Ge is attributed to an increase in electron
density, as Si and Ge atoms have additional electrons in com-
parison to that of Al. However, the similar trend of p with
even an isoelectronic substitution is also obtained. However,
the decrease in p is sharper for B-substituted alloys among
all other substituents. Therefore, it indicates that the size of
the atom also plays an important role in reducing the values
of p. The origin of the crossover of TCR (from positive to
negative) and the sensitivity of the electrical resistivity

TABLE I. Parameters obtained from the experimental data cor-
responding to the fit to the Eq. (3) (see text) for Fe,VAIl,_ B,
(x>0) alloys: resistivity units are in (u€) cm) and Op in K.

X Po P1 P2 0p
0.06 203.5 0.9828 241.82 485
0.1 149.8 0.8057 112.40 452
0.2 58.66 0.03668 61.497 381
1 4.099 0.0005 7.606 347

(which in turn is a measure of conductivity) with the substi-
tution of elements appear to be related to the band-structure
modification.

The temperature dependence of Seebeck coefficient, S(7),
is more sensitive than the temperature dependence of electri-
cal conductivity to the variation in the energy spectrum near
the Fermi level. Therefore, S(7) provides a complementary
information about the electronic band structure near the
Fermi level. In view of this, we measured the S(7) of
Fe,VAI, B, (x=0-1) alloys and the results are shown in
Fig. 7(a). The stoichiometric Fe,VAI composition exhibits
positive values of § in the whole temperature range of the

1500 09C =
~ 10 Fe,VAI,B,, +#+++++
D FeZVAIa.HSin.z +++++++
1200 | X + FeVAI n, o
Qg 0.8+ - #+++++++
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FIG. 6. Electrical resistivity at 300 K as a function of composi-
tion x in Fe,VAl,_ B, Fe,VAl_Si,, Fe,VAl In, and
Fe,VAl,_,Ge, alloys. The data on Fe,VAl,_Ge, alloys are taken
from Ref. 15. Inset: Normalized values of electrical resistivity as a
function of temperature for Fe,VAljgBg,, Fe,VAlgSip,, and
F62VA10'8IHO'2 alloys.
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FIG. 7. Temperature variation of Seebeck coefficient of (a)
Fe,VAl,_B,, (b) Fe,VAI,_Si,, and (c) Fe,VAI,_In, alloys.

present study with a broad maximum in the S(7) curves
around 120 K. The positive values of § (~10 wuV/K) indi-
cate that this alloy has a low carrier density with excess holes
relative to electrons, being consistent with the -earlier
reports.'>"1* The downturn of S at high temperatures is attrib-
uted to the contribution of thermally excited carriers across
the energy gap. When a small amount of Al is replaced by B,
a drastic change in both magnitude and sign of S is observed.
As B content increases from O to 1, the value of S at 300 K
changes from +5 wV/K to a minimum of -24 uV/K for
x=0.06 and eventually returns to a small positive value of
0.6 uV/K for x=1. The absolute value of S increases as the
temperature increases and passes through a broad maximum,
which is found to shift toward higher temperatures as the B
content is increased. A similar S(7) behavior has also been
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FIG. 8. Seebeck coefficient at 300 K as a function of composi-
tion x in Fe,VAl,_B,, Fe,VAl_Si,, Fe,VAl In,, and
Fe,VAl,_,Ge, alloys. The data on Fe,VAl,_Ge, alloys are taken
from Ref. 15.

observed in Si- and In-substituted alloys but with larger val-
ues of S, as shown in Figs. 7(b) and 7(c), respectively. The
maximum value of |[S| obtained in the case of
Fe,VAl,_Si (x=0-1) alloys is 150 uV/K for x=0.06 com-
position while it is 134 wV/K for x=0.06 composition in
the case of Fe,VAl,_In (x=0-0.2) alloys. The results ob-
tained in the Si-substituted alloys are well in agreement with
the earlier reports.'>!'# Furthermore, similar S(7) behavior
has also been observed in recently reported Ge-substituted
alloys’ and also for the  off-stoichiometric
(Fey3V13)100-,Al, alloys.? In order to understand the role of
substitution of the isoelements (B and In) and (Si and Ge) in
Fe,VAl, the value of S at 300 K as a function of composi-
tions are plotted in Fig. 8. The positive values of S for
Fe,VAI change to large negative values irrespective of the
doping elements. It is important to point out that the values
of S change more drastically in the cases of In, Si, and Ge in
comparison to B—substituted Fe,VAI alloys. The reason for
obtaining large values of S in Si- and Ge-substituted alloys is
probably because of an increase in electron density. As sug-
gested by Nishino et al.,'> with the increase in electron den-
sity (on substitution of Si/Ge), the Er moves from one side
of the gap to the other, resulting in large changes in the S
values. On the other hand, similar argument cannot be justi-
fied for the large changes obtained in S with the isoelectronic
elemental (In) substitution for Al in Fe,VAl alloy. Therefore,
it is possible that by varying atomic sizes (with the substitu-
tion of B/In atoms), the characteristics of pseudogap changes
although the position of Ey remains at same place; thereby,
the large values of S are obtained with the substitution of
larger In atom and smaller values of § are obtained with the
substitution of smaller B atom.

Although the isostructural alloy Fe,VGa is having a simi-
lar electronic structure of Fe,VAl, the value of § is found to
be large positive compared to Fe,VAIl Hybridization be-
tween 3d states of Fe, V and sp states of Z elements were
responsible for such differences in the S values. In a similar
manner, the small negative values of S for B-substituted al-
loys and large negative values of S for In-substituted alloys
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may also be due to the weak/strong hybridization between
the Fe-3d and the Z-2p states, resulting in the overlap of
bands, which in turn decides its metallic nature and the val-
ues of S. Unfortunately, at present, no detailed band-structure
calculations are available on B- and In-substituted Fe,VAl
alloys. However, our results can be supported by band-
structure calculations on Fe,MnZ [Z=Al, Si, P] alloys,'®
which suggest that the Z atom influences the electronic char-
acter of the system through hybridization of Z—p states with
Fe and Mn d states. Similarly, it can be considered that the
hybridization between sp states of B/In and Al atoms, and 3d
states of Fe and V atoms may play a role in the formation of
electronic band structure, resulting in such transport proper-
ties. Therefore, we suggest that the substitution of isoelec-
tronic elements is also responsible for drastic changes in the
transport properties unlike the interpretations given in the Si-
and Ge-substituted alloys. Thus, the lower values of p are
obtained for the B substitution while higher values of |S| are
obtained by the substitution of tetravalent elements such as
Si and Ge, and a larger atom, In. This clearly indicates that
the DOS near the E. of Fe,VAI alloy is sensitive to the
substitution of elements. Therefore, the DOS at E dictates
the electrical transport behavior by either altering the char-
acteristics of pseudogap (by varying the atomic sizes) or the
position of Er (by changing the electron density).

Materials having a combination of lower p and higher S
values can be promising candidates for the potential thermo-
electric applications. The efficiency of these materials can be
measured by its power factor, P, which is proportional to the
S%/p. The obtained values of P for Fe,VAl is only of the
order of 3 X 10 Wm/K?. However, a rapid increase in P is
observed with a minute substitution of B, In, and Si atoms.
For the Si-substituted alloys, the P values increase by two
orders of magnitude (i.e., ~5X 107> W/mK?), as high as
conventional thermoelectric materials such as Bi,Te;. As
shown in Fig. 9, we have also plotted the temperature varia-
tion of power factor of F62VA10'94Si0‘06, F62VA10_94IH0.06,
Fe, VAl 4B s, and Fe,VAI alloys along with the Bi,Tes
alloy for comparison. Among the various compositions of
substitution elements, the maximum value of power factor
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(4.84x102 W/mK?> at 300 K) is obtained for
Fe, VAl ¢4Sij os Which appears to be a promising candidate
for potential thermoelectric applications at room tempera-
tures. At intermediate temperature the power factor observed
is even more than the conventional thermoelectric materials.
This prompts us to suggest that these materials can be poten-
tial candidates for thermoelectric power applications in space
vehicles operating at cryogenic temperatures. It is worth
mentioning that a recent study of Ge-substituted Fe,VAl
alloys showed a significant improvement of P up to 5.9
X 1073 W/mK? at 300 K for Fe,VAl,,Ge,, alloy, which
is comparable to our presently studied/optimized
Fe, VAl 94Sig o6 alloy. The large values of power factor ob-
served in these alloys are similar to that of narrow band gap
semiconductors. The similarities between the present alloy
system and narrow band gap alloys suggest that the band-
structure of these materials might be alike. Further studies
with optimum substitutions in Fe, VAl based alloys may pro-
vide materials that are competent enough to replace the pres-
ently used thermoelectric materials and also to understand
the band structure.

The above discussed results give an empirical evidence of
semiconductorlike to metal transition in the Fe,VAI(B) alloy
system. Furthermore, these results also suggest that the lat-
tice parameter changes observed (from the structural data
analysis) due to atomic size differences between the substi-
tuted atoms also play an important role in modifying the
electronic behavior of Fe,VAL In other words, it suggests
that chemical pressure induces changes in electronic proper-
ties. Therefore, the study of electrical transport behavior un-
der applied pressures would be helpful to confirm this idea.
Similarly extensive band-structure calculations would cer-
tainly provide more guidance in the advancement and under-
standing of these materials.

IV. CONCLUSIONS

Structural and electrical transport behavior of intermetal-
lic Fe,VAL,_ B, (x=0-1) alloys have been reported. From
the structural analysis, it is confirmed that the B-substituted
Fe, VAl alloys stabilize in the Heusler-type with isostructural
L2, phase. We report that the B substitution in Fe,VAI has
been attempted and is shown to form L2; phase. The tem-
perature dependence of electrical transport properties such as
resistivity (with and without the applied magnetic field) and
Seebeck coefficient of Fe,VAl, B, (x=0-1) alloys have
been investigated and the following conclusions are drawn
from the study:

(i) From the temperature dependence of resistivity data
analysis, it has been shown that a zero-band gap semicon-
ductorlike behavior (for x=0) changes to conventional me-
tallic state (for x=1).

(ii) At intermediated compositions (e.g., x=0.06) a low-
temperature anomaly in p(7T) has been observed, which is
explained using Kondo-type scattering mechanism at low
temperatures and a dominant electron—phonon contribution
at higher temperatures.

(iii) From the comparative study of transport behavior on
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isoelectronic (B and In) and nonisoelectronic (Ge and Si)
substitutions in place of Al it is now suggested that although
the electronic density plays a role in altering the electronic
transport properties, the atomic size and hybridization effects
also play a significant role in altering the physical properties
of Fe, VAL

(iv) Low electrical resistivity coupled with high Seebeck
coefficient result in higher thermoelectric power factor val-
ues in all the samples investigated in the present study.

(v) The doping of B atom is more effective in reducing
the electrical resistivity while the Si substitution is more ef-
fective in increasing the S values. Hence, with the optimum
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substitutions in Fe, VAl based alloys, one can tune to pro-
duce lower p and higher S values, which are essential to
make them competent enough to replace the presently used
thermoelectric materials.
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