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Figure of merit of a europium type 1:2:3 superconductor compound
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In this work we evaluate the potentialities of the compound E@RBO-,_s for thermoelectric applications by showing the curves of ther-
moelectric figure of merit versus temperatures at different oxygen concentrations. Today those kinds of data are not accessible in cu
literature for these types of compounds. The curves indicate that the best figure of merit corresponds to a sample with an electric condu
ity related to a de-oxygenation paramedes 0.7, when the material is not in a superconducting state (tetragonal phase). For this oxyger
concentration, the values achieved for the electrical conductivity, together with data of thermoelectric power and thermal conductivity,
acceptable for starting a search in thermoelectric applications, which allow us to suppose a possible basement to improve the figure of |
in this compound.

Keywords: Thermoelectric figure of merit; Thermoelectric effects of superconductors; Ceramic superconductor materials.

En este trabajo evaluamos las potencialidades del compueste Eufg, _ sgara aplicaciones termdadtricas mostrando las curvas de figura
de nérito termoekctrico contra temperatura a diversas concentracionesigerax Actualmente esta clase de datos narestcesibles en la
literatura para esa clase de compuestos. Las curvas indican que la mejor figuratdeonresponde a una muestra con una conductividad
eléctrica relacionada con un factor de desoxigeimag&i= 0.7, que es cuando el material no&sh estado superconductor (fase tetragonal).
Para esta concentréci de oxgeno, los valores obtenidos para la conductivid@ttelca, junto con datos de potencia ternéotlica y
conductividad &rmica, son aceptables para iniciar uiadueda con aplicaciones term@gticas, lo cual nos permite suponer una posible
base para mejorar la figura deérito en este compuesto.

Descriptores: Figura de nérito termoekctrica; Efectos termoettricos en superconductores; Materiales superconductoésices.

PACS: 74.25.Fy; 74.72.3t; S10.15

1. Introduction gradientAT, a heating or cooling effeckQ is shown.
The Thompson coefficient is defined as:
When a thermal gradient is applied to an electric material al- 0
lows the inter-conversion of two forms of energy; a) thermal y= lim —= (WA'K™) 3)
energy; and b) electrical energy. The conversion is direct and AT—0 IAT
does not go through a third form of energy. The ability of a thermocouple to perform as a thermoelec-
There are three different thermoelectric effects: tric cooler or electric generator is characterized by the ther-

moelectric figure of meriZ, which is related to the Seebeck

e The Seebeck effect: When two junctions of different coefficienta, thermal conductivity:, and electrical conduc-
metals are placed at temperature differende a volt-  tivity o.

age AV will develop. The Seebeck coefficient is de- o2 )
fined as Z = 5 (K7, 4)
. AV 1 oy o
o= Jm ar (VK @

where p and n are two branches of the thermocouple made of

) . an n-type conductor and a p-type conductor.
e The Peltier effect: When a current | is passed through e thermoelectric Figure of Merit for a single material
a junction between two different conductors, heat Q iS(lower caseZ) is defined as:
absorbed or released depending on the direction of the o
current. The Peltier coefficient is defined as: Z = aQE (1/°K) (5)
Q

=7 (WA 2

For Thermocouple (upper casé), the Figure of Merit
can be considered as an averagepbndZ,, .
The best thermoelectric material requires: a large See-
e The Thomson effect: When a current | is passedbeck coefficient, a high electrical conductivity, and low ther-
through a homogeneous conductor with a temperaturenal conductivity.
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One of the main thermoelectric applications is for refrig- ducting properties were not found. This lack of research into
eration purposes and is called Peltier refrigerators,T&i  this kind of compound has motivated us to investigate the
is the thermoelectric material of choice for this application,thermoelectric figure of merit as a function of temperature
ZT = 0.9 at room temperature; this is know as the thermo-and oxygen-doping dependence in Eul23, as a first step in
electric effect. researching in this direction.

The ability of a material to perform as a thermoelectric |t is interesting to discuss the thermoelectric Figure of
cooler or electric generator is characterized by the thermomerit because there is very little information in the litera-
electric figure of meriZ = (a0 /x), wherea is the Seebeck  ture related to this kind of perovskite material. Recently, ce-
coefficient, or thermoelectric power, is the electrical con-  ramic compounds have been studied as good thermoelectric
ductivity, andx is the thermal conductivity. In this figure of materials [4,5], besides thermoelectric materials containing
merit, the higher theZ value, the better the material. Higher Europium have also been considered [6].
values in the product of the squared thermoelectric power by
the electrical conductivityp?o, together with a lower value
in the thermgl conduct|V|t_y,¢, gives a higher therm_oele_ctrlc 2. Experimental
figure of merit. However, in superconductor materials, it hap-
pens that in the superconductor state, when practicable
infinity, o goes to zero. When the material is in the normal

Staféz Ilci)lseramﬁiter:et?\‘jglsugg ilr?\;vk?er \SIS Iuteelrioar?d%r;\(l)vrs ét;'[r;:eandp owder of high purity reagents of £@s, BaCQ;, and Cuo,

"9 - g X . in the correct stoichiometry ratio. The samples were then
lower values in the normal state. Under these circumstances . . . L )
: - o oxygenated at different times, while maintaining diverse
it must be necessary to optimize the combination of the three

. . L. m le-oxygen concentrationsy.7-The X-r iffrac-
parameters in order to have the highest thermoelectric figur etastable ofyge cl:o Ci trations le ay d ?C
of merit parameter. ion pattern of samples shows tetragonal structures for non-

After an exhaustive research over nearly a half-centuryoxygenateOI or IOV\_/-oxygenated samples and Qrthorhombic
) . structures for medium and long term oxygenation samples,

the best-kpown matengls have been found to “‘f’“’e a dlmer}éspectively. Oxygen content was obtained by the double

sionless figure of meritZT, value less than unity, where titration method [7]. The analysis of powder diffraction pat-

; 'VS tge ;e;np\)/erlaturz.wr:?iekc]:ently, h?l/;/]e\t/?/r,lseveratl) T?::Ie '%rn shows a transition orthorhombic-tetragonal ahlue of
ave been develope ch suggest that vajues substantiaiy Appropiate techniques for heat conductivity measure-

glrs?ﬁr than unity may be attainable on real building mate”?nents are finding in Chaikingt al. [8], Reedet al. [9] and

. . . IBereveri [10]
As can be seen from the equation above, a material wil The electri ductivit i d .
have a highZ if it has a large Seebeck coefficient, high € electric conductivity measurements were done in a

electrical conductivity and low thermal conductivity. Cop- closed-cycle low temperature refrigerator. The critical tem-

per oxide superconductors seem to fit these characteristics lﬁ?rtahtuéi n th_e t.simples was ac:uevgq by th?t f(t)#rtpmbe
proper manipulation of the atomic stoichiometry of the com- ethodtorresistivity measurements, giving results that range
from vanishindT. for non-oxygenated samplesto = 91.2

pounds. K for the most oxygenated
Among the new materials developed during the last Orthe most oxygenated.

decade, the oxide compounds of the,LgM x CuQ, fam-

ily are promising candidates for thermoelectric conversion. )

In sintered samples, figures of merit greater than*®-! 3. Results and conclusions

have been obtained [2,3]. This is still a very low value, but

this result could most probably be improved in other superdn this work, the electrical conductivity parameter was mea-

conducting oxide families. sured in six polycrystalline samples of Eufas0;_s as a
From the results available in the literature [2], it is possi-function of temperature and metastable oxygen on content.

ble to estimatev? /p to be higher tha x 10~* Wm~1K 2 The de-oxygenation parametemwas 0.04, 0.09, 0.15, 0.38,

for sintered samples of the YB@u;O,_s family, with & in 0.55 and 0.69. All of these sample systems were supercon-

the range 0.65 to 0.75, while the thermal conductivity liesductors, except the last one [11].

between 2 and 6 WmK~!. The figure of merit calculated Figure 1 shows curves of electrical conductivity versus

from these data, for the Y123 family, has no better valuesemperatures for several oxygen concentrations. We observed

than those found for the kaxM xCuQ, family, however that the higher concentrations of oxygeng,lproduce the

the R123 compounds, where R = rare earth, are those kindggher electrical conductivity, whereas results previously re-

of materials for which it is possible to drastically modify the ported [12] in the same samples show a maximum value

thermoelectric power, and thermal conductivity, by modify- of 140 uV/K for the thermoelectric power at a temperature

ing the stoichiometry, and could be viewed as candidates faaround 250 K, which corresponds to a deoxygenating value

thermoelectric conversion. It would certainly be interestingof 0.7 and samples with less oxygen content have the highest

to investigate the copper oxide materials in which superconthermoelectric power values.

The samples of EuBEu;O,_s were synthesized by the
standard solid-state reaction procedure, a well mixed, ground
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FIGURE OF MERIT OF A EUROPIUM TYPE 1:2:3 SUPERCONDUCTOR COMPOUND

" 5=0.04 8.0x10"
o= 5 ++
- ®  5=0.09 m 5=0.04 e
8.0x10° a s-015| " ¥ 6.0x10%1 ® 5=0.09 .
| v 5=-038 Ty, :B A 3=015 Lt
o 52055 o Tmm, =3 s _
: 6.0x10" v s_om| e oy, 4 0x10° v 3=038 +
T 5=0.69 <
€ . \ ® 3=055 o
| — [ ] o
a . +  3=0.69 +7F
2 4010 ., 2.0x10™ Lt
(T
J . N 000 ] +++ et 600000
2.0x10° VW 00002000000000000 = tteee e eee
A AMMA MMM AML A *
‘ v +
*
B v
1.510° v w .
. v
v vy YT 1.0x10° t HgE W vY
. Vrveveew WY TV * . vy
1.0x10° " Eglavvv?Y N
X . vyvy AA A
. +xl AAsmArdants
| * 00000000 90000 + ‘x AA A A ™
50x10° Soese s W 0.0 F+ v cpoe Ty
- o
—— M 0 50 100 150 200 250 300
T T 1
0.0¢ 100 200 300

TEMPERATURE (K)
TEMPERATURE (K)

FIGURE 1. Electric conductivity versus temperature in samples of FIGURE 2. Figure of merit of EuBaCus O-; for several oxygen
EuBaCusO;_ s for several oxygen concentratioris 6. concentrations, %; at low temperature.

The thermal conductivity as a function of temperature and®hase of this ceramic perovskite type compounds might re-
diverse oxygen content, measured in the same samples in prégal promising candidates for the Peltier cooling. As we
vious work []_]_], shows that the lower oxygen Concentrationé(nOW, electrical conductivity, thermoelectric power and ther-
produce the lowest thermal conductivity values, which helpgnal conductivity are very sensitive to the concentration of
to enhance the thermoelectric figure of merit. substituted atoms, oxygen in this case. Due to the latter be-

Finally, in Fig. 2, we show the figure of merit curves havior, it is possible to modify drastically the thermo physi-
of EuBaCu;0;_s as a function of temperature and oxy- cal properties of the samples by modifying the stoichiometry,
gen content, which was obtained from the measured electri-€., doping with proper heavier atoms in the correct place
cal conductivity,s, of Fig. 1 in this paper, together with our must give a lower thermal conductivity.
previously reported experimental data [11,12] foand .

By examination of the dimensionless figure of merit curves,
in Fig. 2, we can see that samples with less oxygen contesACknowledgement
have the best figure of merit.
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