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Phase transition and electrical conductivity in the
system YMnO;-CaMnO;
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Solid solution formation between the ferroelectric hexagonal compound YMnO3; and the
semiconducting perovskite compound CaMnO3; has been studied in the Y-rich region of the
pseudobinary system. The materials were prepared by reaction of the corresponding
oxides and the calcium carbonate for obtaining the corresponding phases and subsequent
sintering of the pressed powders in the 1400-1525 °C-temperature range. Their ceramic
characteristics were established. Samples with relative density >98% Dy, were obtained.
The hexagonal symmetry of the pure yttrium manganite changes to an orthorhombic one,
isostructural with that of the GdAMnO3; compound, for ~32 mol % CaMnOs;. The
incorporation of the Ca cation causes an increasing in the compactness of the lattice cell,
promoting a rise in the apparent density, despite of the smaller atomic weight of the Ca
cation against that of the Y one, until the transition to the orthorhombic lattice occurs.
Subsequent increase in the Ca amount lead to a decrease in the theoretical density.

The electrical conductivity of the solid solutions increases strongly from 100 to the 90/10
Y/Ca composition, and more moderately for higher Ca amounts. Conductivity values as
high as 1072 S - cm~" were measured on the denser samples. The activation energy for
conduction suffers a corresponding decrease when the Ca amount is increased. © 7999
Kluwer Academic Publishers

1. Introduction ~1078S.cm™1, and an activation energy for electronic
The rare-earth manganites REMn@re a group of conduction of 0.36 eV [6]. The ceramic materials based
semiconducting compounds, which show, at room temon this compound have shown an interesting non-ohmic
perature, two different types of structure, depending omehavior and electronic switching processes under the
the ionic radius of the lanthanide cation. Thus, the light,action of high electrical fields [7]. The incorporation of
high ionic radii, lanthanide manganites, (from*t@o  divalent cations as a solid solution on the lattice sites
Ho3") crystallize with a perovskite structure [1], of or- corresponding to the Y cation, would lead to low sub-
thorhombic symmetry, with a space group Pbnm. Thestantially the resistivity of the compound, by creating a
orthrhombicity factorb/a raises when the lanthanide higher amount of Mfit cations on sites corresponding
ionic radius lowers. The CaMnOcompound have a to the Mn ones. The mechanism acts in a similar man-
perovskite structure, isomorphous of the above menner as one have been seen in the lanthanum-alkaline-
tioned compounds, with a quasi-tetragonal, orthorhnomearth manganites [8]. The CaMa®@ompound shows
bic lattice [2], similar to that of the LaMn©The heavy  a higher electrical conductivity value than that of the
rare-earth manganites, (from Bfoto Lu*" and yt-  YMnO3 one. The ionic radii of the ¥ and C&* are
trium), show a hexagonal structure with a space grougnough similar, and therefore one can predict the forma-
P&cm [3]. In a strength relation with the structural tion of solid solutions in a wide range of compositions.
evolution, the electrical conductivity changes from the The goal of the present work is to study such a solid
very high values measured at the lanthanum mangarsolution formation in the Ca-Y manganite system, and
ite to that of the semiisolating yttrium compound [4]. to establish the modification in the electrical conduc-
Therefore it seems also to exist a correlation betweefivity of the obtained ceramic materials.
the RE ionic radii and the electrical conductivity.

As was above indicated the YMa@ompound crys- 2. Experimental

tallizes with a hexagonal structure, which changesto afyn 0. v oxalate and CaCg©compounds with r.g. pu-
orthorhombic, perovskite-type structure only at highyity \ere used as raw materials. Stoichiometric amounts
temperatures and/or pressures. It is an antiferromagsorresponding to formulations which ranging from pure
netic, ferroelectric material with a Neel temperature be-y\n0, to 60/40 molecular ratio between YMn@nd

low 0°C, and a Curie ferr_oelectrlc_ point abqve 6@  caMno; were weighted and thoroughly wet-mixed us-
[5]. Itis a poor p-type semiconducting material Wt ing isopropyl alcohol as liquid medium. The mixed
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powders were heated at 1100 during 1 h. The cal-
cined powders were attrition milled with the same liquid
medium. X-ray powder Diffraction technique (XRD)
was used on the synthesized powders and on the Sii,
tered samples for establishing the crystalline structun'%
and the existence of solid solution for the different com-=>
positions. The lattice parameters were measured by Uk
ing a scan rate of 0.226/min. All the existing peaks
from 10 to 65 260 were scanned. Submicronic pure &
silicon powder was employed as internal standard. 2% V5G4 1500 4H L
minimum square adjust program was used to calculat  [* *
the parameter values from the peaks. These peaks we vocz 1sonapt |
indexed according to Pbnm space group for perovskite  preno3 150 41
phases and according tofeén for the hexagonal ones. s 2‘0 2'5 3'0 3'5 4'0 4'5 5'0 55
On the synthesized powders, DTA and TG analysis 20

Were-perf-ormed o know the Oxyg-en evqlution during igure 2 XRD Patterns corresponding to compositions with 0 mol %,
the sintering. The pOWderS were isostatically pressego mol %, (both with hexagonal symmetry), and 40 mol % of CaMnO
at 2000 MPa, and sintered at several temperatures. Thgii orthorhombic symmetry).

apparent density was measured by liquid displacement.
The microstructure was observed by Scanning Elec-
tron Microscopy (SEM), on polished and chemically
etched surfaces. Disc-shaped samples were electrode;
with Ag paste, the electrodes were fired at 7G0and £ 540

550

the electrical conductivity was measured between 20% ®
and 250C. =
E 530
n
3. Results Z 500
The samples will be identified asXC(1— X), 9> &)
X > 6, being X the amount of Y catiox 10. Fig. 1 E
depicts the TG curves corresponding to some synthe% 510 7

sized powders. The curves have been taken betweeg
25 and 1500C. From these TG curves it can be seen & 509
that there are a weight loss processes which start a<t
1040°C and end at 1200C. The process was less pro-
nounced when the CaO amount was increasing. The
weight losses could be associated to a oxygen evolutior 0 5 10 15 20 25 30 35 40
from the perovskite lattice caused for the high temper- At % Ca

ature Mn reduction process. Ca presence seems to MiBrure 3 Apparent density as a function of the Ca amount. Samples
imize this reduction, because of the oxidizing naturewere sintered at 150 2 hours.

of that cation. During the cooling, (not represented),

weight gain was not observed.

4.90 T T T T T T T

The CaMnQ@ and YMnG; compounds form a con-
tinuous series of solid solutions in the studied range, as
can be inferred from the XRD patterns obtained on the
sintered samples (Fig. 2). The XRD patterns showed
0.5 the existence of a single phase for all the characterized
samples. One of the most striking features is that the
0.0 Y&8C2 incorporation of a lighter cation such as the Ca cation,

' produces anincrease of the apparent density of samples.
This increase is caused by the strong reduction in the
-0.5 lattice parameters of the hexagonal phase, despite the
vs¢! higher ionic radius of the Ca cation against that of the Y
one (Fig. 3). From 25 to 30 at % Ca there is a change in
the structure and symmetry of the solid solution, which
passes from hexagonal 61 to a perovskite-type
-1.5 4 structure, with orthorhombic symmetry Pbnm, isomor-
phous to the CaMn@one, with a higher orthorhom-
20 : : : : : bicity factor, which is decreasing when the Ca amount
400 800 1200 1600 is raised. As it can be seen in the Fig. 4, the hexag-
TEMPERATURE (°C) onal ¢y parameter shows a strong decrease when the
Ca amount increases whereas #ygparameter grows
Figure 1 Weight losses of several samples with different Ca amounts. until the hexagonal-orthorhombic transition region is
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Figure 4 Variation of the lattice parameters and unit cell volume of the
solid solutions between YMngand CaMnQ.

attained. The lattice volume is lowering with the Ca
amount increase. From the boundary composition, and
through the orthorhombic phase region, tiadattice
parameter remains almost unaltered. Meanwhile, thek
by parameter decreases markedly anddhparameter
grows less pronouncedly than that. The lattice volume
suffers also a monotone decrease as a consequence (
such modifications of lattice parameters in this phase
domain. On the other hand, if a normalized orthorhom- |
bic volumeVy (hexagonal}=3/2-V (orthorhombic) is
considered, taking into account that thesalue of the
orthorhombic lattice iZ = 4, and that of the hexagonal
oneisZ =6, itis possible to see in the Fig. 4 that there
is a sharp lowering of the lattice volume through the
phase transition. This lowering agrees with the maxi-
mum density seen in the samples corresponding to th
transition zone. As the lowering of the lattice volume
in the orthorhombic region is less pronounced, and the
effect of the CaO incorporation on the molar weight is
more important, the density will fall out as a function of
the CaO amount in solid solutions of the orthorhombic
phase region. Those effects are reflected in the Fig. 3.
As was indicated above, the rare-earth manganites
show a change of their crystalline structure when the ™,
ionic radius of the lanthanide cation is decreasing. The
lower value of ionic radius for which the perovskite
structure is still keeping isp=1.17A. The mean ra-
dius of the A site of the Perovskite structure, corre-
sponding to the 722 Y/Ca composition is .174A.
This result seems to be in good agreement with that
minimum for crystallizing as orthorhombic perovskite.
Nevertheless, further work will allow to establish with
higher precision the boundary value. Figure 5 SEM micrographs corresponding to the samples: (A), Pure
Fig. 5 shows the microstructure developed by the sin¥Mn0s, (B) YogCa2MnOs, (C) YosCa4MnOs, all the samples sin-
tered bodies. Samples corresponding to pure YlJnO tered at 1500C, for 2 h.
Y8C2, which is a hexagonal phase near of the transition,
and a perovskite-type, Y6C4 sample are representedf a number of pores could be indicating that this poros-
There are not appreciable changes in the microstrudty is created by oxygen evolution during the ultimate
ture when the symmetry changes. The grain shape isintering step, at very high temperatures, which, as been
irregular and size distribution is heterogeneous, as coiseen by TG essays correlates with a weight loss.
responding to ceramics processed by a solid state way. Table | summarizes the most relevant electrical pa-
Intragranular porosity can be seen. The spherical shapameters of the ceramics as a function of the Ca amount.
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TABLE | Electrical conductivity at 20C, activation energy and NTC parameter as a function of the Ca amount

at% Ca 0 10 20 30 40
o200c (S-cm 1) 9.47-10° 5.53.10°3 3.23.1072 8.36- 1072 1.63-101
Ea(eV) 0.38 0.18 0.14 0.105 0.03
B 4411 2051 1590 1140 366
2.00 8.00
0.00 Y6C4
Y6C4 4.00 —
Y7C3
-2.00
Y7C3 Y8C2
-4.00 - Y8C2 0.00 —
4.00 Y9C1
© -
c o
-6.00 — Y9C1
-
5 400
-8.00 —
-10.00 — -8.004
YMnO3 YMnO3
- - n
12.00 12,00 —
-14.00 T | T : T T T | T T
160 200 240 280 320 360 2.00 2.40 2.80 3.20 360
1000/T (K" 1000/T (K™

Figure 6 Conductivity vs. temperature curves for samples sintered atFigure 7 T vs. YT curves for samples sintered at 1500, 2 h.
1500°C, 2h.

One has also shown the valBe= Ap/AT, whichrep-  poration as solid solution of Ca cations causes anincre-
resents the NTC parameter of the materials. ment in the compactness of the crystalline lattice, so of
Fig. 6 depicts the Arrhenius curves tnvs. /T  the hexagonal phase as the orthorhombic one.
corresponding to the different compositions. All the 3. Theincorporation of C4 to the YMnQ; provokes
measured compositions showed semiconducting bea strong increase of the electronic conductivity, higher
havior in the temperature range essayed. It can be sediman four magnitude orders.
the strong increasing of the conductivity value when 4. The mechanism of conduction is that of the mixed
10 at % is incorporated, and how successive increaseslence semiconductor, for thermally activated small
cause lower relative raising of that parameter. The sampolaron hopping.
ple Y6C4, with perovskite structure, shows a high con-
ductivity value, and a very low activation energy for A

conductivity. These values are comparable with those Of'his work has been supported by the Spanish Science

the most known compounds (La, SOM@]. There- — yunici ' inder contract CICAT NAT 97-0679-602-01.
fore they are good candidates for its possible use as

ceramic electrodes.
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