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The relationship between the cation distributions and electrical properties of sintered bodies composed of monophase spinel-
type oxides expressed by M n 5.05x)COus05x)NiosO4 (0.00< X <1.00) was investigated. In particular, Nv/n (Nv is state density,
niscarrier concentration) calculated from the Seebeck coefficient and c¢/(1-c) (c is fraction of available sites) derived from the
estimated cation distribution were compared. The composition dependences of Nv/n and c¢/(1-c) were found to have almost the
same tendency. As a reault, the estimation of the cation distributions was considered to be valid.
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I ntroduction rock sdt-type oxides during the cooling process [6].

However, we successfully fabricated sintered bodies

Composite oxides composed of transition metals of from some systems with the ternary composition

Mn, Co, and Ni are used as negative temperature described above by oxidizing the sintered oxides with a

coefficient (NTC) thermistors because their electrical rock salt-type structure in ar or pure oxygen at

resistances decrease exponentidly with increasing temperatures at which the cubic spindl phase is stable

temperature. These thermistors are widely used in the [2-4]. The transfer from sintering temperature to

fields of electrica products, communication equipment, oxidation temperature was conducted in nitrogen to
motor vehicles, and many industrial instruments. avoid phase separation.

Ternary system oxides with molar ratios in the vicinity We reported the details of the preparation of sintered

of Mn:Co:Ni = 1.5:1.0:0.5 have primarily been adopted bodies with monophase cubic spinel and the electrica
because their electrical properties are relatively stable. properties of Mn;505x)COp+0sx)NigsOs (0.00< X < 1.00)

With the numerous uses for thermistors, research and in a previous paper [4]. The present paper discusses the
development on thermistor materials with suitable relationship between the cation distribution and the
electrical properties for the various applications are electrical properties of this oxide system.

being conducted. Thus, we investigated the preparation

of Mn-Co-Ni oxide thermistors, primarily the synthesis Electrical Properties of the Oxides

of oxides composed of the monophase cubic spinel

structure important for electron conduction [1-4]. We The data, except Figs. 4, 5, and 6, has aready been
examined the composition region of oxides that have presented in a previous paper [4]. However, we will
only a cubic spinel structure as the stable phase in a again explain the specimens and data on the €electrical
ternary system at various temperatures [5]. The prepa properties, since they are necessary to clarify and
ration method of sintered bodies composed of mono- discuss the relationship between the cation distribution
phase cubic spinel in these oxides was also investigated and the dectrical properties of sintered bodies with a
because the sintering temperature (1400°C) is higher monophase cubic spinel structure. The details of the
than when the cubic spind phase is stable [1-4]. The oxide preparation method are omitted here.

crystal structure of these oxides is a rock salt-type at a Table 1 lists the compositions of the sintered bodies.

sintering temperature of 1400°C. Phases separate Figure 1 illustrates the composition dependence of the
irreversibly into cubic spinel, tetragonal spinel, and electrical conductivity (o) of the sintered bodies. o
tends to decrease as X increases, suggesting that o

*%”@gfﬂgg gigg%fé decreases with a decreasing Mn content. This indicates

: + - . . . -

Fox. +81.45.339-3058 th_att Specimens containing less Mn than a specimen
E-mail: t-meguro@ynu.ac.jp with X=0.00, which is the most popular on the market,
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Table 1. Compostl onsof M n(1.5_0.5x)CO(1+0.5x)Ni0.504

X Mn15.05%)C0+05x)NiosOas

0.00 M n1_5C0N i 0_504

0.25 My 375C0; 125Ni0504

0.44 My 53C0; 2Nios04

0.47 My 265C0; 235Ni0504

0.50 My 55C0; 25Ni0504

0.75 My 155C0; 375Nli0504

1.00 M nC01'5N i 0'504

150

100

6/Sm’

50

0

0.00 0.25 0.50 0.75 1.00
X in Mngi5.0.5%C0+05xN10504

Fig. 1. Electrica conductivities as a function of X in Mngs.
05%)CO(1+05x)Nigs04 at various temperatures.
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Fig. 2. Seebeck coefficient as a function of X in Mngs.
05%)CO(1+05x)Nigs04 at various temperatures.

have a low o. Thus, a change in the ratio of Mn** to
Mn* must be considered. This will be discussed later.
Figure 2 demonstrates the composition dependence
of the Seebeck coefficient (Qs). The values of Qs have
been confirmed to decrease linearly with increasing X,
and Qs is amost independent of temperature. Qs
changes from positive to negative between X=0.44 and

X=0.47, which implies that the semiconductor charac-
teristics of specimens with X=0.00 to 0.44 are p-type,
and specimens with X=0.47 to 1.00 are n-type.

Discussion

Egtimation of cation digtribution

Information regarding cation distribution is necessary
to clarify the eectrical properties of the oxides, and
therefore we will begin with an explanation of the
estimation of cation distributions in MN.5.05x)CO+0.5x)-
NigsO4. The principle of cation distribution estimation
is based on the following three items.

(A) The cation distribution of Mn;sCoNigsO,, the
last member of the oxides dedt with in this work, has
already been estimated [3].

(B) The composition dependence of the lattice
constant was confirmed to be linear.

(C) The concentrations of Mn*" and Mn*" in a speci-
men with Qs=0 are identical. It is postulated in Fig. 2
that X of a specimen with Qs=0 is 0.46.

The cation distribution of Mn; sCoNiys0, Was estimated
as follows in our previous paper [3].

2 2 .2 3 3 4 2—
(COOESMHOZZ )[NlogcoottzMnogsMnog 10; N

Here, ( ) represents a tetrahedra site, and [ ] an
octahedral site. Knowledge of the preferential sites of
related cations is required to determine the cation
distributions. Information regarding site preference was
derived from the cation distributions reported by other
researchers [7-15]. The detailed determination process
is omitted here. As a result, the cation distribution
expressed by Eq. (2) was estimated [4].

2+ 2+
(C0(0458+O.33X)Mn(0.42—0433x) )

2+ 3+ 3+ 4+ 2—
[N10.5C0(0.42+0.17X)Mn(0.58—0.17X)Mn0.5 104

(0.00< X < 1.00) @

Equation (2) indicates that the concentration of Mn?* in
the tetrahedral site decreases by 0.33X with increasing
X, and also that Mn®" in the octahedral site decreases
by 0.17X with X. The reduction of Mn?* in the tetra-
hedral site thus exceeds that of Mn®" in the octahedral
site. The concentration of Mn®* and Mn*" reverses in
specimens with X greater than 0.46, and the semicon-
ductor characteristics change from p-type to n-type.

Conduction mechanism of oxides
Figure 3 presents the composition dependence of
carrier concentration (n) calculated from Egs. (3) and

(4.

Qs=(kg/e){ In(Nv/n)+a} 3
Nv=b/a® 4
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Fig. 3. Carier concentration as a function of X in Mngs.
05%)CO(1+05x)Nigs04 &t various temperatures.

Here, kg is Boltzmann's constant, e is the eectronic
charge, Nv is the density of states in the valence band,
o is a (negligibly small) constant, b, is the number of
octahedral sites occupied by Mn (16][{(0.58-0.17X)+
0.5}/2]), and a is the lattice constant. Almost no
temperature dependence is observed in any composition,
reflecting the result of Qs. n increases with increasing
X until X reaches 0.47, n tends to decrease above 0.47.
The values of n in the specimens with 0.00< X <0.44
were calculated from the concentration of Mn* as
carriers, whereas those of specimens with 0.47 <X
< 1.00 were calculated from the concentration of Mn®*.
The maximum point is observed a X=0.47. This is
atributed to the fact that the ratio of Mn** to Mn*
becomes a maximum at 1:1 (X=0.46).

The mohility (n) calculated from Eqg. (5) was found
to increase exponentially with increasing temperature

[4].
o=nep ®)

This trend agreed with the temperature dependence of
0, in which n is independent of the temperature.

The relation between p and T is expressed by Eq. (6)
[16].

HT=(e d*Vo/ke)exp(-Ey/keT) (6)

Here, d is the jump distance for the charge carriers, v,
is the charge carrier jump frequency, and E, is the
mobility activation energy. The plots of In(uT) against
reciprocal T were examined to investigate the conduc-
tion mechanism of the oxides Mn5.05x)COp+05x)NiosOas
(0.00< X <£1.00). Linear relations were consequently
confirmed in al specimens. The values of E, ranged
from 0.30 to 0.33 eV and no particular composition
dependence of E, was observed.

Electron conduction is known to be based on a small

polaron hopping mechanism, according to generally
accepted comprehensive knowledge regarding semicon-
ductors in which p is of the order of 10°m?s*.v~ and
increases with increasing temperature and E, ranges
from 0.1to 0.5 eV [17-22]. Mn*" and Mn*" are thought
to be the cations that contribute to electron conduction
because the distance between cations occupying an
octahedral site is considered to be the shortest distance
possible for hopping in the spinel structure and no ion
with different valence numbers exists in the octahedral
site except the Mn ion.

Composition dependence of p

The reason |1 decreases with increasing X is thought
to be as follows. d?is considered to be almost constant
in Eq. (6) because d? of the specimens with X=0.00
and X=1.00 is calculated to be 8.7x1072nm? and
8.6x1072 nm?. Furthermore, u should depend on v, if
we suppose that the values of E,, are independent of the
composition and are practically constant. Therefore, the
increase of X resulting in the reduction of Mn
concentration lowers v,

Relation between cation distributions and electrical
properties

Equation (7) describes the relationship between o
and the fraction of available sites occupied by the
charge carriers (c) [23].

0=Nc(1-¢)(No € o Vo/ksT)exp(—Eo/KsT) (7)

Here, N is the concentration per formula unit of sites
that are available to the charge carriers, Ny is the
concentration per cm® of octahedral sites, and E; is the
activation energy of electrical conduction. The plots of
In(oT) versus reciproca T in all specimens were found
to be linear, yielding values of E, that were almost the
same as those of E,.

The composition dependence of Ny and Nc(1-c)
might provide useful information for investigating the
composition dependence of o. Since the concentration
of Mn in octahedral sites decreases with increasing X,
Noet also decreases with increasing X. The value of N
(=Mn**+Mn*) can be calculated from the cation
distribution. The content of ¢ is expressed as Mn*/
(Mn**+Mn*) when X ranges from 0.00 to 0.44 (p-
type) and as Mn*/(Mn**+Mn*) when X ranges from
0.47 to 1.00 (n-type). Figure 4 plots Nc(1-c) as a
function of X. Comparing Fig. 4 with Fig. 1 indicates
that the composition dependence is somewhat similar
in that both Nc(1-c) and o decrease with increasing X.
This tendency would indicate that Ny, Vo, and the ratio
of Mn** to Mn*" are related to 0. The details of the
incomplete accordance between Fig. 1 and Fig. 4 will
be clarified in the future.

Nv/n obtained from the absolute value of Qs in Eq.
(3) can be substituted into ¢/(1-c) [24]. The value of ¢/
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Fig. 4. Nc(1-c) asafunction of X in M 5.05x)CO+05x)NiosOa.
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Fig. 6. Nv/n asafunction of X in Mn5.05x)CO+05x)Nigs0a.

(1-¢) is caculated from part of the octahedra site in the
cation distribution. The composition dependences of ¢/

(1-¢c) and Nv/n are illustrated in Figs. 5 and 6. The
composition dependence of ¢/(1-c) isin agreement with
that of Nv/n. Furthermore, the minimum values are
found to be X=0.44 or 0.47 in both figures. Therefore,
we can conclude that Qs depends on the ratio of Mn®*
to Mn*. This verifies that the cation distribution
estimated in our previous paper [4] is pertinent.

Condusons

This paper investigated the relationship between the
cation distribution and electrical properties of sintered
bodies composed of monophase spinel-type oxides,
Mn(1.5_0.5x)C0(1+0_5x)Ni0.504 (OOOS X< 100) The cation
distributions and electrical properties reported by the
authors in our previous paper [4] were quoted in this
paper for discussion purposes.

The c/(1-c) and Nv/n were caculated to examine the
composition dependence. The results of the composi-
tion dependences of ¢/(1-c) and Nv/n were found to be
in good agreement.

References

1. T. Meguro, T. Yokoyama and K. Komeya, J. Mater. Sci.
27[20] (1992) 5529-5530.

2. T. Yokoyama, K. Kondo, K. Komeya, T. Meguro, Y. Abe
and T. Sasamoto, J. Mater. Sci. 30[7] (1995) 1845-1848.

3. T. Yokoyama, Y. Abe, T. Meguro, K. Komeya, K. Kondo, S.
Kaneko and T. Sasamoto, Jpn. J. Appl. Phys. 35[11] (1996)
5775-5780.

4. T. Yokoyama, T. Meguro, T. Morita, Y. Abe, J. Tatami, K.
Komeya and Y. Kumashiro, J. Aust. Ceram. Soc. 36[2]
(2000) 133-137.

5. Y. Abe, T. Meguro, S. Oyamatsu, T. Yokoyama and K.
Komeya, J. Mater. Sci. 34 (1999) 4639-4644.

6. T. Meguro, T. Sasamoato, T. Yokoyama, K. Shiraishi, Y. Abe,
and N. Torikai, J. Ceram. Soc. Jpn. 96[3] (1988) 338-341.

7. A.PB. Sinha, N.R. Sanjanaand A.B. Biswas, Acta Cryst. 10
(1957) 439-440.

8. D.G. Wickham and W.J. Croft, J. Phys. Chem. Solids 7
(1958) 351-360.

9. PK. Bater and J.G. White, J. Appl. Phys. 29[3] (1958) 445-
447.

10. L.V. Az&roff, Z. Krigtalogr. B112 (1959) 33-43.

11. M. O'keseffe, J. Phys. Chom. Solids 21[3/4] (1961) 172-178.

12. EG. Larson, RJ. Arnott and D.G. Wickham, J. Phys.
Chem. Solids 23 (1962) 1771-1781.

13. JL. Gautier, J. Brenet and E. Trollund, Electrochim. Acta
28[8] (1983) 1153-1159.

14. K. Sekal, S. Ara, T. Miura and T. Kishi, Denki Kagaku
Kaishi 56[6] (1988) 425-428.

15. R. Dannenberg, S. Bdiga, R.J. Gambino, A.H. King, and
A.P. Doctor, J. Appl. Phys. 86[1] (1999) 514-523.

16. G.H. Jonker and S. Van Houten, in “Halbleiterprobleme’
ed. FS. Kohn (Frieder Vieweg & Sohn, Braunschweing,
1961) p. 118.

17. S.P. Mitoff, Progr. Ceram. Sci. 4 (1966) 217-264.

18. G.W. Rathenad and J.B. Goodenough, J. Appl. Phys. 39[2]
(1968) 403-411.

19. JB. Goodenough, Progr. Solid State Chem. 5 (1971) 145-



144 Yoshiaki Abe, Takeshi Meguro, Takashi Yokoyama, Takaaki Morita, Junichi Tatami and Katsutoshi Komeya

330.

20. @ Johannesen and P Kofstad, J. Mater. Educ. 7 (1985)
915-961.

21. S. Mizuta and Koumoto, in “Seramiku zairyo” ed. M.
Douyama and R. Yamamoto, Tokyo Daigaku Syuppan,
Tokyo (1986) p. 33.

22. PA. Cox, in “The Electronic Structure and Chemistry of
Solids’ Oxford University Press, Oxford, 1987, p. 195.

23. SE. Dorris and T.O. Mason, J. Am. Ceram. Soc. 71[5]
(1988) 379-385.

24. 1.G. Audtin and N.F. Mott, Adv. Phys. 18 (1969) 41-102.



	Electrical properties of sintered bodies composed of a monophase cubic spinel structure Mn(1.5-0....
	Yoshiaki Abea, Takeshi Meguro*, Takashi Yokoyamab, Takaaki Morita, Junichi Tatami and Katsutoshi ...
	Graduate School of Environment and Information Sciences, Yokohama National University, 79-7 Tokiw...
	The relationship between the cation distributions and electrical properties of sintered bodies co...
	Key words: Mn-Co-Ni spinel-type oxide, Electrical conductivity, Cation distribution, Seebeck coef...
	Introduction
	Electrical Properties of the Oxides
	Discussion
	Conclusions
	References






