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Novel electroceramics related to CaTiOj; sintered with the aid of MgF, and LiF
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Abstract

CaTiO; was synthesized by solid-state reaction between CaCO; and TiO, (rutile) at 850°C. Pellets of (1-x) CaTiOs + x
MgF, + x LiF were sintered at 900°C for 2h. XRD patterns and SEM observations were collected at room temperature.
DSC analyses and dielectric measurements were carried out to investigate the phase transitions in these new
oxyfluorides. Novel perovskite phases with general formula Ca; Mg,(Ti;4Liy)O3.3:F3x (0 <x < 0.25) are obtained and
1 or 2 structural transformations are detected in these fluorinated materials.

1. Introduction

The perovskite-type compounds ABO; arouse a great
interest for several applications thanks to their easy
synthesis by solid state reaction, sol-gel or
hydrothermal method and their properties. Due to their
high relative permittivities, these materials are mostly
used in the electronics industry. For a long time, most
of the research was focussed on ferroelectric BaTiOs-
based and paraelectric SrTiOs-based ceramics, which
have been extensively utilized to manufacture low-
frequency electronic devices. For the last decade, the
expansion of microwave technologies induced the need
of a new generation of dielectric materials and CaTiO;-
based materials attracted many researchers to
investigate the synthesis and the physical properties of
this perovskite [1,2]. Whatever, it was well known
from many years ago that calcium titanate can be used
for the treating and the storage of nuclear wastes [3].
Moreover, recently CaTiO; has shown a great interest
in catalysis for oxidation of light hydrocarbons [4], in
the field of luminescence [5] and in biocompatible
applications [6].

Calcium titanate CaTiO; shares a combination of
electrical, mechanical, thermal and optical characte-
ristics. Meanwhile, CaTiO; undergoes a sequence of
phase transitions: from a cubic (Pm3m) to a tetragonal
phase (I4/mcm) at T = 1580 K, then to an
orthorhombic phase (Pbnm) at T = 1380 K [7, 8]. For T
> 1580 K, CaTiO; has the ideal perovskite structure
(Pm3m) . All of the structures are related to the ideal
perovskite structure via small displacements of ions
Ca®", Ti*" and O™ from their crystallographic positions.

At room temperature, CaTiO; crystallizes in a
primitive orthorhombic lattice with 4 formula units per

cell. The cell parameters are a,~ c, :\/5 a. and b, =
2a., where a. is the lattice parameter of the cubic
perovskite phase. This structure is stable over a wide
pressure and temperature region.

The purpose of this work is, first the preparation of
new ceramics related to CaTiO;, chemically modified
by MgF, and LiF. Second the investigation of the
structural, microstructural, calorimetric and dielectric
properties of the novel oxifluorides.
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2. Experimental procedure
2.1 Starting materials and pellet preparation

All used component were Merck products of 99.9 %
purity or of suprapur quality. CaCO; and TiO, were
previously dried at 150°C for 72 hours in order to
eliminate water. The fluorides MgF, and LiF were
dried by heating at 150°C under vacuum for 4h, in
order to prevent hydrolysis during the sintering
process.

The major constituent CaTiO; was previously
prepared in air by the conventional solid-state reaction
using CaCO; and TiO, (rutile). A stochiometric
mixture of these starting products was finely ground in
an agate mortar then heat treated at 850°C for 8 hours.

CaCOs; + TiO, —» CaTiO; + CO,

Various molar mixtures (1-x) CaTiOs;+ x MgF,+ x
LiF were prepared then dry-ground for approximately
30 min in an agate mortar. The powders thus obtained
were pressed to discs of 13 mm diameter and about 1-2
mm thickness under an uniaxial pressure of 100 MPa.
These pellets were sintered in air at 900°C for 2 hours
on zircona plates with a heating rate of 200 °C.h™".

2.2 X-ray diffraction

X-ray diffraction (XRD) analyses were carried out at
room temperature on the sintered pellets crushed into
fine powders. The data were collected in the angle
range 5° < 20 < 80° using a philips PW 1710
diffractometer with the monochromatic radiation Cu
(Kq1) (A=1.54060 A). The unit cell parameters were
determined and refined using a least squares
refinement program.

3.2 SEM observations

The microstructures were characterized by scanning
electron microscopy observations performed on
fractured ceramics with an philips ESEM FEG XL30
apparatus using a voltage of 10 kV and various
magnifications.
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3.3 DSC analyses

Differential scanning calorimetry (DSC) analyses were
carried out on crushed ceramics into fine powders over
the temperature range 25 - 600 °C in the presence of
nitrogen with a PERKIN-ELMER apparatus. The
heating rate was 10 °C/min.

3.4 Dielectric measurements

Capacitors were prepared from pre-sintered pellets by
depositing thin silver layers as electrodes onto the
opposite circular faces. The dielectric study was
performed at 100 Hz and 1 kHz from 500 °C to room
temperature with a cooling rate of 5 °C/min. The
measurements were carried out under nitrogen gas in a
pyrex cell using a LCR data automatic bridge.

3. Results and discussion
3.1 X-ray diffraction study

The X-ray diffractometry study of the chemical system
CaTiO; - MgF, - LiF at room temperature allowed us to
identify a new solid solution Ca;  Mg,(Ti;Lix)O3.3x
F3x with a perovskite structure. This occurs in the 0 <x
< 0.25 initial composition range. The figure 1 shows
the X-Ray diffraction patterns of CaggsMgy 15(Tiggs
Lig 15)O3.55F 45 phase.
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Figure 1: XRD pattern of CaOAgSMgOA15(Ti0,85Li0A15)02,55
Foas

The peaks of X-ray patterns were indexed by
comparison with the CaTiO; orthorhombic phase at
room temperature. Table 1 gives respectively the unit
cell parameters and the volume variation with

composition.
Cal-ngx(Til—xLix)O3-3xF3x
X a[A]l | b[A] | c[A] V [A]
0.05 | 54449 | 7.6414 | 53846 | 224.0346
0.10 | 54341 | 7.6219 | 5.3448 | 221.3697
0.15 | 5.4431 | 7.6437 | 5.3810 | 223.8805
0.20 | 5.4681 | 7.6434 | 53836 | 225.0070
0.25 | 5.4674 | 7.6464 | 53640 | 224.2429
Table 1: XRD data of Ca; Mg(Ti;<Lix)O33:F3«
phases
348

5pl

The variation of the linear parameters and the unit
cell volume with x is very low. This result could be
attributed to the TiO¢ and LiF4 octahedra which have
almost the same size. Indeed, the cationic size increase
from Ti*" to Li" is compensated by the anionic size
decrease from O* to F° (trig+ = 6.05 nm; 1 = 7.4 nm;
rop.= 14 nm; rp.= 13.3 nm in 6-coordination) [9].

3.2 Shrinkage and SEM observations

The linear shrinkages values AD/® (%) are reported in
Table 2. The CaTiO; ceramic is very brittle after
sintering at 900 °C for 2h. In the opposite, the Ca.
Mgy (Ti;4Li)Os.3.F3c ceramics are very hard and
difficult to crush. Like the shrinkage, the relative
density for the fluorinated samples increases with x and
the values are in the range 92% - 98%.

Composition AD/D (%)
CaTiOs 5
Cap9sMgo 05(Tio.95L10,05)O2.85F0.15 8.5
Cap9oMgo.10(Tio.90L10.10)O02.70F0.30 14.6
Cag ssMgo.15(Tio g5 Lio.15)02.55F0 45 18.5
Ca 5oMgo20(Tio 80L10.20)02.40F 0.60 20.3
Cap7sMgo2s5(Tio75L10.25)02.25F0 75 232

Table 2: Shrinkages of Ca; Mg (Ti;xLix)O3.3,F3
ceramics sintered at 900 °C for 2 h

No intergranular phases are observed in the SEM
micrographs for all values of x. This result agrees quite
well with the XRD study and implies that the
(MgF,+LiF) additive simultaneously assists the
sintering process and enters the CaTiOs lattice to form
the solid solution Ca;_  Mg,(T1;.4Li)O3.3F 3.

Typical micrographs for CaggsMgo 15(TiggsLio.s)
0,55 Fg 45 are illustrated in Figure 2. As it may be seen,
the grain morphology is not regular and its size is
between ~ 1 pm and ~ 5 um, with an inter-granular

porosity.
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Figure 2: Microstructure of CaggsMgy 15(Tiggs
Li0'15)00'55F0'45 ceramic sintered at 900 °C for 2h
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3.3 DSC analyses

Two peaks are detected in Ca; Mgy (Ti;.xLix)O3.3,F3
phases for x > 0.05 in the temperature range
investigated. On the other hand, only 1 calorimetric
phenomenon is observed for CaggsMggs(Tig.9sLig0s)
O,45F(.15 sample; the second one appears probably
beyond 500 °C.

Small changes in enthalpy AH are associated to all
the peaks and therefore these thermal anomalies are
ascribed to second order structural transformations.

For example, Figure 3 gives the DSC curves of
CaggsMgo i5(TigssLio15)O2s55F04s  where 2 phase
transitions are clearly observed around 228 °C and 275
°C.
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Figure 3: DSC curves of CaggsMgp 15(Tipss5Li0.15)O0 55
Fy.45 sample sintered at 900 °C for 2h.

3.4 Dielectric measurements

The curves €' — T and tand -T of all the ceramics are
similar to each other to matter the value of x or the

Sintering'05

5pl

frequency (100 Hz or 1kHz) . The permittivity €' and
the dielectric losses tand are stable over a large range
of temperature ( ~ 25 - 250°C ) with a strong increase
at higher temperatures. The phase transitions observed
by DSC are confirmed by the dielectric measurements.

Figures 4 and 5 display the T - dependence of the
dielectric permittivity and the dielectric losses at
respectively 100 Hz and 1kHz for sample
Cag gsMgo.15(Ti.gsLio.15)O02.55F0.45. Two dielectric
phenomena are pointed out. These appear as slight
shoulders and are more perceptible at 1 kHz (Figure 5).

The values of T and T, are respectively 350 °C
and 420 °C. They are much lower than reported for
pure CaTiO; [7,8]. The decrease in the phase
transitions temperatures is related to the diminishing of
covalency in the bonds when oxygen O is substituted
by fluorine F. The strong increase of &' and tand at
high temperatures is mainly due to the electrical
conductivity of litium ion Li'.
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Figure 4 : Temperature dependence of ¢,' and tand of
Cayg.3sMgo.15(Tig.ssLio.15)O2.55F 045 ceramic sintered at
900 °C for 2h ( 100Hz )
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Figure 5: Temperature dependence of ¢' and tand of
CaOAgSMgOA15(Ti0(85Li0‘15)02A55F0‘45 Ceramic Sintered at
900 °C for 2h ( 1kHz).

The frequency dispersion in the permittivity and
the diclectric losses is negligible between room
temperature and approximately 250 °C. Table 3 gives
€'; and tand values for 1 kHz at room temperature.

Composition €' tand
Cayg.9sMgo.05(Tig.9sLi0.05)O2.85F0.15 326 3.29
Cayg.9oMgo.10(Tio.90L1i0.10)02.70F0.30 67 0.37
Cayg.gsMgy.15(Tig.ssLig.15)O02.55F 0.45 474 0.14

Table3: Values of €', and tand of Ca; Mg,(Ti;(Lix)Os.
3XF3X for 1 kHz at 25 °C

These results are in good agreement with our
previous works on the oxyfluorides derived from
CaTiO; [10-12].

4. Conclusion

A new solid solution Ca; Mg, (Ti;4Li,)O0;3.F3 (0 <x
< 0.25 ) was obtained by the investigation of the
chemical system CaTiO; - MgF, - LiF sintered at 900
°C for 2h. The admixture of (MgF,+LiF) to CaTiO;
lowers both the sintering temperature and the phase
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transitions temperatures of pure calcium titanate. The
fluorinated materials are orthorhombic at room
temperature with a perovskite structure. The DSC
analyses showed one or two thermal anomalies of
second order. These phase transitions were confirmed
by dielectric measurements.
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