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Effects of Ba filling fraction and Ni content on the thermoelectric properties-tyipe
BaNi,Co, ,Sh;, (x = 0-0.1,y = 0-0.4) were investigated at temperature range of
300 to 900 K. Thermal conductivity decreased with increasing Ba filling fraction and
temperature. Wheg was fixed at 0.3, thermal conductivity decreased with increasing
Ni content and reached a minimum value at about 0.05. Lattice thermal
conductivity decreased with increasing Ni content, monotonoysk 0.1). Electron
concentration and electrical conductivity increased with increasing Ba filling fraction
and Ni content. Seebeck coefficient increased with increasing temperature and
decreased with increasing Ba filling fraction and Ni content. The maxirdliualue

of 1.25 was obtained at about 900 K foitype Bg, iNig o<C05 o55b; -

For thermoelectric application, bofh andn-type ma-  scattering and adjust the carrier characteristic, should be
terials having high thermoelectric figure of mefit are  one prospective avenue for exploration. In this rapid
required simultaneousfy.Recently filled skutterudite communication, we synthesized ML Co, , Shy
compounds based on Cogimave received great attention samples and investigated the effect of Ni substitution on
as candidate thermoelectric materials because of theihe high temperature thermoelectric properties.
high power factolP (P = «?0) and low lattice thermal Highly pure metals of Ba (99.9%, plate), Sb
conductivity due to the rattling of filling aton’s*°To  (99.9999%, powder), Ni (99.9%, powder), and Co
date, many studies have been reported on the syntheg.99%, powder) were used as the starting materials. Be-
and thermoelectric properties of filled skutterudites. Suctcause the reaction between Ba and Sb or Co (Fe) is
efforts have resulted in striking thermoelectric perfor-highly exothermic, it is difficult to directly melt or react
mance especially fop-type material$:** However, few a mixture of the constituent elements. In the present
n-type skutterudite compounds have been reported so fastudy, a two-step solid reaction was uséd® The con-

In our recent work, we synthesized a series of samplestituent phases of the samples were determined by pow-
with composition BaCo,Sb,,.*"*? It shows that up to der x-ray diffractometry (Rigaku: RAD-C, Cu K
44% of the voids can be filled with Ba without any Tokyo, Japan). The chemical compositions of the
charge compensation. These compounds showed losamples were analyzed by inductively coupled plasma
thermal conductivity as compared with the unfilled emission spectroscopy. The Hall coefficie®,] was
host!®~?* However, the lattice thermal conductivity of measured by using the van der Pauw method with an
these samples still remains relatively large in comparisoexcitation current of 100 mA and a magnetic field of
to the skutterudites filled with rare-earth atoms (Ce, La5028 G. The carrier concentratiop)(was calculated
Yb)34©:21-22and others species (TI, SA).2°To further ~ from the Hall coefficient R,,), usingp = 1/R,e, where
decrease the lattice thermal conductivity of 8e,Sb,- e is the electron charge. The electrical conductivity (
based compounds, substitution of Ni on the lattice sitesvas measured by the standard four-probe method in a
of Co, which is expected to provide additional phononflowing Ar atmosphere. The thermoelectromotive force
(AE) was measured under temperature differenads) (
@e-mail: cld@mail.sic.ac.cn of 0 to 10 K, and the Seebeck coefficient)(was
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obtained from the slope &fE versusAT plot. The ther- thermal conductivity decreased with decreasing ionic ra-
mal conductivity ) was measured by a laser flash dius of the filling atom at the same filling fraction and Fe
method (Shinkuriko: TC-7000, Yokohama, Japan) in acontent for BgFeCo,_,Sb;,, CeFeCo, Sb;, and
vacuum. All the measurements were performed at temY,FgCo, ,Sb;,; i.e., the rattling effect of the filling
perature range of 300 to 900 K. atom became stronger with decreasing ionic raéfugo
Figure 1 shows temperature dependence of thermakduce thermal conductivity furthermore and adjust car-
conductivity ) for Ba,Co,Sh;,. Results are compared rier properties of BgCo,Sb,,, Co sites were substituted
to those of Cgy,,C0o,Sh,,. The thermal conductivity of by Ni and effects of Ni were investigated further.
all samples showed peak values at about 50 K, and those The thermal conductivity €) of n-type
peak values decreased significantly with increasing B&a, -Ni,Co,_,Sb,, decreased with increasing Ni content
filling fraction and with rising temperature. Those resultsand reached the minimum values at a Ni content of about
indicated that BgCo,Sb, , shows thermal transport prop- 0.05. Wherx > 0.05,k began to increase reversally with
erties of the crystal and Ba filled in Sh-icosahedron voidsncreasing Ni content. It was due to that electronic com-
have the remarkable effect of reducing thermal conducponent of thermal conductivity increased with increasing
tivity. The decrease ok of Ba-filled BaCo,Sb;, was  Ni content. The Wiedemann-Franz law(= LoT) us-
due to that the ionic radius of Ba (Baradius= 1.34 A)  ing a Lorenz numberfo2 x 108 V%K? was used to
is smaller than the radius of the Sb-icosahedron voigstimate the carrier concentration contribution to the
(1.892 A), and thus, Ba is poorly bonded in the structurehermal conductivity. The lattice thermal conductivity
and rattles about its equilibrium position. The rattling of (x, ) was obtained to subtract the carrier componeg) (
Ba atom can reduce the mean free path of the heafrom the total thermal conductivity. The effect of Ni
carrying phonon, resulting in lowering of the thermal content on the lattice thermal conductivity, { of n-type
conductivity. Indeed, such rattling was also confirmed byBa, JNi,Co,_,Sb,, is shown in Fig. 2k, decreased with
results obtained using Rietveld analy$is;e., the ther- increasing temperature far-type Ba Ni,Co,_Sb,,,
mal parameterR = 0.61) of Ba was larger than that of and by substitution of Ni at Co siteg, decreased sig-
Sb B = 0.16) and Co/FeR = 0.12). In addition, low- nificantly; for examplek, of room temperature reduced
ering of the thermal conductivity of B&o,Sh,, may be  from 4.6 to 3.7 W m* K~* though the Ni content was
the mass disorder scattering associated with the filling Banly 0.02. x, decreased further with increasing Ni
versus the unfilled voidst However, at the same filling content. The above results indicated that Ni has a remark-
fraction, the thermal conductivity of Ba,Co,Sh,, was able effect on reduction of lattice thermal conductiv-
larger than these of Gg,C0,Sbh,,.?* It may be related ity of n-type Ba aNi,Co,_,Sh;,, although the differences
to that the ionic radius of Bd (1.34 A) is larger than of atomic mass and ionic radius of Ni and Co are
that of C€" (1.03 A). We have found that the lattice very small.
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FIG. 1. Temperature dependence of thermal conductivity forFIG. 2. Temperature dependence of lattice thermal conductivity for
Ba,Co,Sb;,. n-type BgNi,Co,_,Sh;,.
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When the Ba filling fractiony was larger than about 2.0
0.1, n-type filled skutterudite BgNi,Co,_,Sh,, was ob-
tained. Carrier concentration aftype BgNi,Co,_,Sbh;, | o 00’3 0!;3
increased with increasing Ba filling fraction and in- A 0.00.0.30
creased furthermore with increasing Ni content. In gen- 1.5} | ¢ 0.00,0.35
eral, Ba and Ni are thought of being divalent and . oo
quatervalent, respectivefif;i.e., one B&" and NI** pro- = 008,030 o***
vide two and four electrons to the skutterudite structure, | o* _anm
respectively. Increasing of electron concentration is dué~ 1oL .’_-:.-z
to Ba®* and NI** providing more electrons to skutterudite N - ’0’.:°'AA§<>
structure with increasing Ba filling fraction and Ni con- I ”.==.AA300
tent. Temperature dependence of electrical conductivity I ,’.:OAAAOQ
() is shown in Fig. 3 fom-type Ba, sNi,C0,_Sb,. & 05l RO RS
increased with increasing Ni content significantly and . :-:ZZA <><><> °
decreased with rising temperature wher 0.02. This is 't ggZAOOOO oooOO
consistent with the change of carrier concentration. i gggg}goooo 00 00
Sample Bg 3Nig odC05 o.Sb,, showed the largest electri- 0.0 2815000000 . . A
cal conductivity, and reached 3.31 x 05 mi * at room 200 300 400 500 600 700 800 900 1000
temperature. The Seebeck coefficiend) (of n-type Temperature, T/ K

BaNi,Co,_,Sh,, increased with increasing temperature
and decreased with increasing Ba filling fraction and
Ni content. Bg ;C0o,Sh,, which is not substituted by Ni
shows the maximum Seebeck coefficient. The above reZT. In the n-type Bg 3Ni,Co,_,Sb,, substituted by Ni,
sults indicated that filling atom Ba and substituting Bag aNig 0sC03 ¢sSb;, shows the maximun¥ZT. The
atom Ni have a remarkable effect on adjustment of carmaximumZT value of 1.25 was obtained at about 900 K.
rier concentration and control of electrical transport In conclusion, it was confirmed that filling atom Ba
properties. and substituting atom Ni are effective for controlling and
The temperature dependence of the dimensionless thepptimizing thermoelectric transport properties. Thermal
moelectric figure of meritZT, of n-type BgNi,Co,_,Sh,  conductivity decreased with increasing Ba filling fraction
is shown in Fig. 4ZT increased with increasing tempera- and temperature. Whenwas fixed at 0.3, thermal con-
ture for all samples. In the-type BgCo,Sh,, which is  ductivity decreased with increasing Ni content and
not substituted by Ni, BasCo,Sh,, shows the maximum reached a minimum value at aboxit= 0.05. Lattice
thermal conductivity decreased with increasing Ni con-
tent, monotonously(=< 0.1). Electron concentration and

FIG. 4. Temperature dependenceZdt for n-type BgNi,Co,_,Sb;,.

(5}
10 o electrical conductivity increased with increasing Ba fill-

- A 000,03 ing fraction and Ni content. Seebeck coefficient in-
c/E) . oomos creased with increasing temperature and decreased with
~ = 00803 increasing Ba filling fraction and Ni content. The maxi-

b_ N L mum ZT value of 1.25 was obtained at about 900 K for
%’ #llll::::’ PP S A n-type Bg Nig 04C05 955D
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