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SINTERIZAREA iN CAMP DE MICROUNDE A ELECTROLITILOR DE GALAT
DE LANTAN DOPATI CU Sr Sl Mg (LSMG)
MICROWAVE SINTERING OF Sr AND Mg-DOPED LANTHANUM GALLATE
(LSGM) SOLID ELECTROLYTES
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Sr** and Mg** simultaneously doped lanthanum
gallate (LSGM) powders, prepared by a modified Pechini
route using polyvinyl alcohol (PVA) as polymeric alcohol,
were densified using an activated microwave technique at
2.45 GHz, to develop a dense stable electrolyte for
application in intermediate temperatures solid oxide fuel
cells (IT-SOFC). Thermal behaviour of precursors was
investigated by means of differential thermal analysis
combined with thermogravimetric analysis (DTA/TGA). The
powders and sintered samples were characterized using
scanning electron microscopy and energy dispersive
analysis (SEM-EDAX), X-ray diffraction (XRD) and infrared
spectroscopy (FT-IR). The thermal expansion coefficient
(TEC) and ionic conductivity of the sintered samples were
also evaluated. Fine, homogeneous and high density pellets
of almost pure LSGM phase were obtained after sintering at
1400°C for a short period time in an activated microwave
field. Using activated microwave field, due to the volumetric
in situ heating, the sintering process is highly specific and
instantaneous, leading to a faster kinetics compared to the
conventional process (electric oven). With an optimized
sintering schedule, a fine grained and dense microstructure
of the samples were obtained.

Keywords: solid electrolytes, LSGM, microwave technique, IT-SOFC.

1. Introduction

LSGM was first prepared by conventional
ceramic method [1, 2] that was further reported in
several other published papers [3-6]. However, the
classical ceramic method presents several well
known disadvantages, as follows: cannot provide
controlled composition homogeneity, grain size
uniformity and crystalline growth. The solid-state
route results in hard agglomerates and coarser
grains which inhibit sintering to obtain dense
electrolyte materials. The ball miling of hard
agglomerates may cause contamination from the
milling and grinding medium.

Very often the resulting LSGM ceramic
contains impurity phases. To remove impurity
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Pulberea de galat de lantan dopat simultanh
Sr** si Mg” , preparati prin metoda Pechini modificata

folosind alcoolul polivinilic (PVA) drept poliol, a fost
densificata folosind tehnica activarii in cdmp de microunde
la 2,45 GHz pentru a obtine electroliti dengi si stabili folositi
in alcétuirea pilelor de combustie cu electroliti solizi cu
operare la temperaturi intermediare (IT-SOFC).
Comportamentul termic al precursorilor a fost investigat
prin analiza termica diferentiala s$i termogravimetrie
(DTA/TGA). Pulberile si probele sinterizate au fost
caracterizate folosind microscopia electronica cu baleaj si
analiza dispersiei energiei cu raze X (SEM-EDAX), difractie
de raze X (XRD) si spectroscopie in infrarosu (FT-IR). Au
fost de asemenea evaluate coeficientul de expansiune
termica (TEC) si conductivitatea ionica a probelor
sinterizate. Au fost obtinute probe fine, omogene si cu
densitate ridicata, constituite din faza LSGM apropape
purd, dupd sinterizarea la 1400°C pentru perioade scurte de
timp in cdmp de microunde. Folosind activarea in camp de
microunde, datorita incalzirii volumetrice in situ, procesul de
sinterizare este specific si instantaneu, determinand la o
cineticd mai rapida comparativ cu metoda conventionala
(cuptor electric). Folosind un program optimizat de
sinterizare a fost obtinuta o microstructura find si compacta
a probelor.

phases, long reaction times (typically 10—40 h) and
high temperatures are required. The high sintering
temperature  (~1500°C) required for the
densification process of LSGM [4] often leads to
the formation of a secondary phase such as
LaSrGaO,, LaSrGa;0, La;Ga,Og and MgO [7] due
to its complex cations composition. This hinders the
preparation of pure-phase LSGM at low thermal
treatment temperatures. So, many researchers
have turned to wet chemical synthesis methods
such as sol—gel [8, 9], co-precipitation [10, 11], the
amorphous citrate process [12], glycine-nitrate
combustion method [13] Pechini method [14-16] or
spray pyrolysis [17] to prepare the LSGM powders
with relatively small grain sizes. Solution technique,
provided homogeneity at all levels of processing,




80 C.Andronescu, V. Fruth, E. Volceanov, R. Scurtu, C. Munteanu, M. Zaharescu/ Microwave sintering of Sr and

enabling synthesis of these oxides at lower
temperature and consequently allowing higher
densification.

On the other hand the synthesis method
directly affects the density, microstructure and
purity of the material. Microwaves are now being
used in various technological and scientific fields in
order to heat dielectric materials. Generally
speaking, the microwave method needs a shorter
reaction time and a lower temperature than the
traditional ceramic method and the materials
prepared by microwave irradiation have achieved
beneficial results and applications. Many
researchers have reported substitution of the
microwave method for traditional solid-state
synthesis  [18-21]. Sol-gel synthesis and
microwave sintering of LaggSre2GapssMgo.1702.52
has been reported using gallium metal as a
precursor and obtaining highly sintered mixed
phases sample by microwave processing at
1500°C for 10 min [22].

The main advantage of using microwave
heating is that the treatment time can be
considerably reduced, which in many cases
represents a reduction in the energy consumption,
as well. Energy transfer from microwaves to
reactants can be accomplished by direct irradiation
or by a secondary heater. In microwave field, the
heating behaviour of the reaction system is
affected by many factors, such as the microwave
irradiation power and the chemical composition,
physical state, dielectric constant and dielectric
loss of the reactants [23]. Microwave-induced
chemical reactions can be used to solve problems
associated with conventional surface heating
because microwave heating is both internal and
volumetric. The aim of this paper was to obtain
dense LSMG ceramics by processing the
corresponding powders obtained by the modified
Pechini method and their sintering by a
nonconventional technique using microwave
activitation.

2. Experimental

2.1. Powder synthesis and sample preparation

The powder synthesis was realized by the
modified Pechini method. As it is well known this
method supposes the previously formation of a gel.
For any sol-gel synthesis, phase purity and
sintered density of a product depends on the
nature of the gel under identical charring
conditions. To obtain a pure phase material with
high sintered density under less extreme
conditions, several synthetic trials need to be
performed, which would involve optimization of
several gelling parameters such as concentration
of the precursor solution, concentration of citric
acid, citric acid— polyol ratio and so on [14].
Strontium- and magnesia-doped lanthanum gallate
corresponding to the formula :

Mg-doped lanthanum galate (LSGM) solid electrolytes

LagSro.Gaqg3Mgo 170241 Was prepared through a
modified Pechini route. All reagents used were of
high purity (Merck): La(NO3);.6H,0,
Ga(NO3)3.xH,O (requires careful estimation prior
to every synthetic process — by thermogravimetry
in this Work); Mg(NO3)26H20, Sr(NO3)2, CGHgO7
and PVA [-(CH,-CH-OH)-n] n = 900. The ratio
between LSMG precursors, citric acid and PVA
was 1:2:0.002. Appropriate amounts of the salts
were dissolved in distilled water separately to
obtain solutions of 0.2M concentration that were
then mixed and homogenized. To this solution,
citric acid (0.6M) was added as a complexant.
Polyvinyl alcohol (PVA) was added to enhance
gelation (wt 5%). The resultant solution was slowly
evaporated over a hot plate at 70°C/3 hours and at
80°C/24 hours in oven in order to form the gel. The
so formed gel was heated in a heating mantle at
400°C, which resulted in a fine precursor powder
and major release of the organics. The sintered
samples were prepared from powder obtained by
annealing at 900°C/1h, compacted into solid disks
at 300 MPa and thermally treated in microwave
field at 1400°C/30 min. For comparison, similarly
compacted solid disks were also sintered at
1450°C/6h in electrical oven. The densities of the
sintered samples were evaluated using
Archimedes’s method.

The furnace used for this study was a 1.0
kW modified kitchen microwave oven. The
modifications include a thermocouple type S (Pt-
Rd) and a power controller (with both manual and
automatic options) for temperature control. To
sinter the specimens, two compacted samples
were stacked, one on top and other centred on the
floor of an insulation box, fabricated from low-
density insulation board. Two SiC susceptors were
placed inside the microwave furnace one at the
bottom and the other on the top of the insulation
box (Fig. 1). Once the box was positioned in the
microwave filed, a power level was selected from
the controller and the timer on the microwave set.
During the run, the power was manually stepped
and the temperature measured every minute.
When the run was completed, the microwave door
was opened. After approximately 40 minutes of
cooling, the specimens were removed.

2.2. Characterization

Thermal analysis (DTA/TG) was
performed with a Mettler Toledo 851° in air, with a
heating rate 10°C/min .

Room temperature X-ray diffractometry
(XRD) (ULTIMA 1V, Rigaku) was performed on the
synthesized powders and sintered samples with
CuK, radiation. The same samples were also
investigated by mean of FTIR spectrometry
(Nicolet 6700).

The particle size and morphology of the
as-prepared LSGM powders and sintered bodies
were examined by scanning electron microscopy
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Fig. 1 - Schematic representation of the experiment setup
Reprezentarea schematicd a modelului experimental
de sinterizare in cdmp de microunde.

(SEM) (FEI Quanta 3D FEG) equipped with an
energy-dispersive spectrometer (EDX) (OXFORD
INCA X-Sight, UK) system for elemental analysis.

The thermal expansion coefficient (TEC)
was measured with a dilatometer (NETZSCH DIL
402C), from room temperature to 1000 - 1300°C.
The dilatometer was calibrated by the NETZSCH
AlL,O; standard. A heating rate of 5C/min was
adopted, using nitrogen as a purge gas.

Impedance spectroscopy measurements
were performed with a Solartron 1260 FRA, in air,
in the temperature range of 100 — 800 °C, and over
the frequency range of 1 Hz — 3 MHz with
amplitude of 100 mV. For a good contact with the
electrodes the pellets were coated with silver paste
on both sides and fired at 500 °C for 1 hour. The
sample was placed in ProboStat sample holder
from NorECs AS. Impedance data were corrected
for the geometric factor of the sample
(thickness/electrode area), the stray capacitance
and inductance of the sample holder and the
inductance of the measuring leads by using Zview
fitting software.

3. Results and discussions

3.1. Resin and resulted powders

In the case of sol-gel route, the
complexation of the metal nitrate with the
carboxylate ions forms sols and adding a polyol
(polyvinyl alcohol - PVA) forms gel. The PVA helps
in esterifying the carboxylic acid and subsequently
ends up in forming a resin like product. The resin
does not stick to the wall of the glass beaker in
which the preparation was made.

The results of thermal analysis (TGA/DTA)
of the LSGM samples prepared in this study are
given in Fig. 2. The DTA curve of LSGM resin (Fig.
2a) showed exothermic peaks at 353°C, 394°C,
420°C, and 606°C. These events may be assigned
to decompositions and pyrolysis of different
organics resulted during heating. The first two
exotherms may be associated with charring of the
polymer, while the peak at 420°C was associated
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Fig. 2 - DTA/TG curves of LSGM resin (a) and powders
obtained after combustion at 400°C (b) / Curbele
termice DTA/TG ale réasinii (a) si pulberii obtinute
dupa combustia la 400°C (b).

with the pyrolysis of the organics. The last effect at
606°C resulted also from char burnout, in
agreement with Tas et al. [24].. TG analysis
showed that most of the weight loss occurred in
the 100-450°C temperature range. (79.2 wt%). The
thermal behaviour of the obtained powders after
thermal treatment in the heating mantel (400°C) is
presented in the Fig. 2b. The total weight loss
carried-on progressively up to 1000°C, was 56.3%,
inferring the idea that the combustion process was
not finished after calcinations at 400°C, the organic
fragments being not completely burn-out. The
annealed powders at 900°C/1h have presented 1.5
wt% weight loss up to 1500°C (figure was not
presented here). Change slopes on the Tg curve
were noticed at 430°C, 740°C and 1020°C
respectively. The endothermic events may be
associated with solid state reactions occurring in
the system.

The thermal events identified by DTA/TG
analysis are in good agreement with FT-IR data.
FT-IR spectroscopy plots of the LSGM samples
depending on the thermal treatment temperatures
are given in Fig. 3.

From the decrease in the intensity of the
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Fig. 3 - FTIR spectra of the intermediate products: calcinated resin at
400°C (full line) and annealed for 1 hour at 900°C (dotted line)
or 1000°C (dashed line), respectively / Spectrele FTIR ale
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Mg-doped lanthanum galate (LSGM) solid electrolytes

bands due to citrate/carboxylate groups and the
lower intensity of the H,O stretching band (3500-
3200 cm'1), one may conclude that the metal-
carbonyl links begin to break after heating at
400°C (Fig. 3). The strong band at 1384 cm™ was
attributed to the presence of nitrate anions and the
absorption band at 1428 cm’ was due to the
stretching modes of C=0 functional groups. The
bands at 1081 cm™, 850 cm™ and 811cm™ are
assigned to the symmetric stretching and bending
modes of carbonate ions. Samples that were
annealed at 900°C basically show the CO,* and
H,O vibrations in their IR spectra. After annealing
at 1000°C, all IR bands that were attributed to
anion vibrations disappeared in all samples. The
bands which appear in the 700 - 500 cm’” range
are assigned to M — O stretching vibrations in an
octahedral geometry and one may noticed that the
absorption intensities increased with the thermal
treatment temperatures.

The evolution of the phases from the resin
state to well-crystallized powders was investigated
by XRD. The results are presented in Fig. 4.
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Fig. 4 - XRD patterns of samples after different annealing treatments: - 400 °C (a); 900°C/1h (b); 1000°C/1h (c) and 1200°C/1h (d); “p” —
LSGM perovskite phase, “1” — SrLaGazO; peaks, “2"- La;Ga,0Oq peaks, “3” — SrLaGaO, peaks. Indexed lines belong to the LSGM
phase./ Liniile de difractie XRD ale probelor, dupéa diferite tratamente termice: - 400 °C (a); 900°C/1h (b); 1000°C/1h (c) si

1200°C/1h (d); ‘p” —

LSGM faza perovskitica,

“1” — SrLaGa3O; linii caracteristice,

“2”- La,Ga,0q linii caracteristice,

“3”— SrLaGaOy linii caracteristice. Liniile indexate apartin fazei LSMG.
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The XRD pattern of the resin thermally
treated at 400°C, is presented in the Fig. 4a,
showing that the resulted powder is mainly
amorphous. The very small diffraction lines at 26 =
46° and 61° could be assigned to the presence of
formed strontium carbonate (013 line), in good
agreement with the FT-IR results.

The powder resulted after resins annealing
at 400°C and consequently thermally treated at
900°C, for 1 h, presented the X-ray diffraction
pattern shown in Fig. 4b. The diffraction lines are
assigned to the LaSrGa;O; JCPDS [45-0637], and
to a perovskite phase with the orthorhombic
symmetry, with the following cells parameters: a =
5521 A, b = 5530 A and ¢ = 7.801 A. Besides
these phases the X-ray diffraction lines of the
secondary phases La;Ga,Og [53-1108] and
SrLa(GaO,) — JCPDS [80-1806] were identified.

The diffraction lines of the previous powder,
supplementary thermally treated at 1000°C, are
presented in the Fig. 4c. It could be noticed that
LSGM perovskite phase with an orthorhombic
symmetry and with the following cell parameters a
=5534 A b=5513 A ¢ =7818 A is the
dominate constituent. The presence of a secondary
phase is still observed and it represents the
LaSrGa;O; with a tetragonal symmetry with the
following cells parameters a = b = 8.060 A, ¢ =
5.335A

However, if the powder obtained after the
400°C thermally treatment is annealed directly at
1200°C for 1 h, a well crystallized LSGM perovskite
phase with orthorhombic symmetry and with the

pe baza de galat de lantan dopat cu Sr si Mg (LSGM)

following cell parameters: a = 5.536 A, b = 5.517 A
and ¢ = 7.825 A is obtained (Fig. 4d). Some
secondary phases are also present. The
supplementary diffraction lines were assigned
mainly to LaSrGaz;07 and SrLa(GaOy).

From the presented results it can be noticed
that LSGM powder with perovskite structure is
obtained already by the thermal treatment at
900°C/1h, but secondary phases are still present.

By a supplementary thermal treatment at
1000°C/1h the perovskite phase represents the
main phase with a high degree of crystallinity.
However, the secondary phases persist.

The thermal treatment at 1200°C/1h of the
powder obtained by the resin combustion gives a
similar result as mentioned above, namely well
crystallized LSGM perovskite phase and low
amount of secondary phases.

The morphology of the LSGM powders, as
a function of thermal treatment temperature, was
exhibited in the SEM images that are shown in Fig.
5. The initially amorphous resin began to crumble
at temperatures of 400°C forming a mixture of big
(tens microns) and small (microns) chunks (Fig.
5a-b). Cavities, in micrometric range, formed
inside of the chunks after the combustion reactions
by releasing the gaseous products can be noticed.
Further calcinations at 900°C/1h have produced
agglomeration and crystallization of small particles
(Fig. 5c-d). After thermal treatment at 1000°C for 1
hour, it is evident that all the chunks were
composed of small particles (100-200 nm) linked
together in a three-dimensional network (5e-f).

Fig. 5 - continues on next page/se continua pe pagina urmatoare
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Fig. 5 - SEM images of LSGM powders calcined at different temperatures [(a-b) 400°C —after combustion, (c-d) 900°C/1h , and (e-f)
1000°C/1h]. Imagini SEM ale pulberilor calcinate la diferite temperaturi [(a-b) 400°C — dupa combustie, (c-d) 900°C/1h , si (e-f)

1000°C/1h].

In addition, EDX results proved that the
powders after combustion (400°C) contain carbon
(burned and remained organics) 30-34% and
nitrogen 1.6-2%.

Based on the EDX data, the following
compositions of the LSGM could be calculated:
Lag.96Sro.146GaMgp 2604 and LaO.QSSrO.‘IOQGaMgO.OQOy.
The differences in the mentioned compositions
from the calculated one could be assigned to the
formation of the secondary phases.

3.2. Sintered ceramics

The X-ray diffraction lines of the samples
sintered in microwave field are presented in Fig.
6a. The indexed lines corresponds to the
perovskite phase, while the low intensity lines
(noted with *) are assigned to a small amount of an
unidentified secondary phase. LSGM phase has an
orthorhombic symmetry confirmed by the splitting
of the peaks located at 57.7°, 67.7° and 77.2°. Cell
parameters were a = 7.806 A, b=5.524 A and ¢ =
5.530 A. This finding about the crystal structure of
LSGM phase is consistent with the observation of
Slater et al. [25] and Tas et al. [24]. Contrary,
when the same sample was sintered in an
electrical oven the crystal structure of LSGM was
cubic with a = 3.909 A and the amount of the
secondary SrLaGazO; phase was over 5% (fig.
6b).

The thermal treatment in microwave field at
1400°C/30 min of the powder thermally treated at
900°C/1h, enhanced the crystallinity of the LSGM
perovskite phase but did not eliminate totally the
presence of the secondary phase.

Mean relative density values of 6.35 g/cm3
(95%) and 6.15 g/cm3 (92%), were obtained for the
microwave sintered samples and for the classically
sintered samples, respectively, in accordance with
SEM observations. The theoretical density was
established as 6.68 g/cm®.

The morphology of the sintered ceramics
in the microwave field is presented in Fig. 7a-b, as
compared to the similar samples sintered by
conventional method (Fig, 7c-d). One may notice

highly-densified ceramics in the case of microwave
sintering, while by conventional sintering well-
crystallized ceramics, but with a certain amount of
intergranular porosity were obtained.
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Fig. 6 - XRD patterns of LSGM phase sintered by activate
microwave irradiation - at 1400°C/30 minutes (a) and
in a classical electrical oven - at 1450°C/6 hours (b);
“1” — SrLaGaz0; peaks, “*” unidentified phase., mw —
microwave / Spectrele de difractie XRD ale fazei
LSMG obtinute prin sinterizare in cdmp de microunde
-1400°C/30 minute (a) si in cuptorul electric clasic -
1450°C/6 ore (b); “1” — SrLaGa30- linii caracteristice,
“*” neidentificat, mw -microunde.
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d

Fig. 7 - SEM images of LSGM samples sintered in different conditions [(a, b) Annealing treatment at 1400°C /30 min in microwave field
and (c, d) Annealing treatment at 1450°C /6h in an electric oven. Scale : (a) and (c) - 2um; (b) — 200 nm; (d) — 1um ]/ Imagini
SEM ale probelor LSGM sinterizate la diferite temperaturi folosind mijloace diferite de incélzire. [(a, b) Tratament termic 1400°C
/30 min in cdmp de microunde , si (c,d) tratament termic 1450 °C /6h in cuptor electric.

The average thermal expansion coefficient
(TEC) of Sr- and Mg-doped LaGaO; has been
investigated by various researchers [26-29].
Matching TEC of all the components of a SOFC is
an important requirement for smooth running and
long-term stability of such a system. On the other
hand, repeated cycles of heating-cooling can
drastically affects the assemble
anode/electrolyte/cathode limiting the operating life
of the device. TEC of LSGM electrolyte was
measured for a cycle (heating-cooling) up to a
temperature of 1000-C and the result is given in
Fig. 8. The change of the specimen length would
not be found after the thermal cycle if the volume
change is isotropic. But the permanent strain
appearing in dilatometric curve has non-isotropic
characteristics. Previous studies have reported that
transformation plasticity was responsible for the
dimensional change undergoing thermal cycling
[30]. The Fig. 8 and 9 indicate that as the
temperature increases, TEC values also increases.
TEC , for the temperature domain 400°C-800°C, of
microwave sintered samples was 9.22 x 10%/°C.
For the same domain the samples sintered in
electric furnace show TEC value of 9.81 x 10°/°C.
The values of TEC are in accordance with literature
data [31] or lower [26]. This difference is attributed
to the presence of the secondary phase and
morphology of the material. Comparing with a most
communally used anode (Ni-YSZ — a (300-1000) =
12.5 x 10°/°C) or (LaSr)MnO3. cathodes the

present work are lower but may fit in the
intermediate operating temperatures domain.
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Fig. 8 - Dilatometric curves of microwave activated LSGM
samples (1400°C/30min) showing length change of
specimen after a thermal cycle (dash line- cooling) /
Curbele dilatometrice ale probelor tratate in camp de
microunde (1400 °C/30 min) demonstrand modificarile
ca urmare a unui ciclu termic incélzire-racire (linia
punctata — racier).
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Fig. 9 - Dilatometric curves of microwave activated LSGM
(1400°C/30min) samples and electrically heated
sample  (1450°C/6h  -dashed line)/  Curbele
dilatometrice ale probelor obtinute in camp de
microunde (1400°C/30min) si in cuptor electric
(1450 °C/6h —linie punctata)
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values obtained for LSMG electrolytes in the

In the Fig. 9 the thermal expansion curve of
the LSGM sample sintered in microwave field is
presented in comparison with the similar curve
obtained for the samples sintered by conventional
sintering in electric oven. It is important to note that
the two curves intersect at around 450°C, TEC
values becoming greater in the case of LSGM
bodies annealed in the electric oven. That can be
explained by the different morphologies of the two
materials, in accordance with SEM observation.

—— 473K / —O—473K L
i 1 ——523K
-300k Baf — J 573K -

——623K
—ZView Fit |

-200k 4

I
N 0
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Fig. 10 - Nyquist plot of impedance spectra measured on
microwave sintered sample at different temperatures.
Inset: The impedance spectra at high frequencies
and the equivalent electrical circuit used for fitting
data / Reprezentarea graficd Nyquest a spectrelor de
impedantad masurate pe probele sinterizate in cdmp
de microunde la diferite temperaturi. Inserat:
Specrele de impedantd la frecventd ridicatd gi
circuitul echivalent folosit la ajustarea datelor.

On the sintered samples their electrical
properties were also determined. In the Fig. 10 the
imaginary part of the impedance is plotted versus
real part of the impedance for several
temperatures. There is only one semicircle which
suggests that the bulk and grain boundary
processes are strongly overlapping. Consequently,
is not possible to resolve the bulk and grain
boundary conductivities. Only the total conductivity
of the sample can determine by fitting the
semicircle with the response of an (R CPE
(constant phase element)) parallel circuit [32]. The
electrical conductivities of the samples were
calculated from impedance data using the formula:

o= ! , wWhere t and A represent the thickness
AxR

and area of the sample surface.

The total conductivities of the microwave
sintered sample and of the classical sintered
sample were—compared in an Arrhenius plot in
Figure 11. The electrical conductivities of our
samples were around those reported in the
literature [3,5] but the conductivities of microwave
sintered sample were increased after the MW
treatment over entire temperature range. This
result is demonstrating that the MW treatment is
improving the electrical proprieties of sample. For
example at 700 °C the electrical conductivity is

Mg-doped lanthanum galate (LSGM) solid electrolytes

48% higher — 14.4 mS/cm of MW sample
compared with 9.7 mS/cm of classically annealed
sample.

This variation of the conductivity can be
attributed to differences in the microstructure of the
samples.
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Fig. 11 - Arrhenius plot of the total conductivities measured on
microwave sintered samples and on conventionally
sintered samples / Reprezentarea Arrhenius a
md&surétorilor de conductivitate electricd totala
efectuate pe probele sinterizate in camp de microunde
si conventional (cuptor electric).

4. Conclusion

Doped lanthanum gallate
(Lao.sSro2GapesMgo.1702.815) can be prepared as
almost a single perovskite phase by a modified
Pechini method using polyvinyl alcohol (PVA) as
polyhydric alcohol. Fine, homogeneous and high
density pellets of almost pure LSGM phase were
obtained after sintering at 1400°C for a short
period time in an activated microwave field.

The XRD pattern shows that the
perovskite phase (LSMG) exists in the unsintered
powders resulted after calcination in an electric
oven at 900°C for 1 hour. Annealing at
temperatures higher than 1000°C promotes the
obtaining of dimensional homogeneity of the
submicron grains. For the same composition, the
sintering method may influence the symmetry of
the perovskite phase (LSGM): orthorhombic, when
microwave irradiation was used and cubic in the
case of conventional heating. According to our
experiments a supplementary annealing of the
resin at around 900°C enhanced the quantity of
the LSGM phase. Due to the heat generation in
situ by microwave irradiation, the process of
sintering is activated with faster kinetics compared
to a conventional sintering technique and thereby,
denser ceramics, free of intergranular porosity can
be obtained.
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