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Abstract Air atmosphere sinterable LaggSry,CrO;
[LSC] and Lay;Caj3CrO3 [LCC] powders have been pre-
pared by sucrose combustion synthesis. Aqueous solution
containing stoichiometric quantities of the metal nitrates
and sucrose (3 moles/mole of the metal ion) at pH ~1 was
concentrated by heating on a hot plate into a viscous resin
which on drying at 120 °C produced a foam with inter-
connected pore structure. This foam ignited with a
matchstick in a combustion set up fabricated in the labo-
ratory produced ashes consisting of loose aggregate of LSC
and LCC particles. The loose aggregates of LSC and LCC
were powdered by planetary ball milling to submicron size
particles with D5y value 0.19 and 0.60 pm, respectively.
The surface area of the LSC and LCC powders was 23 and
19 m?/g, respectively. Pellets prepared by cold compaction
and sintering of LSC and LCC powders in air atmosphere
showed density 96.8 and 98.8% of theoretical value
respectively. Sintered LCC sample showed finer grains
compared to the LSC sample under identical processing
conditions.

Introduction

Doped lanthanum chromite [LaggSry,CrO; (LSC) and
Lag;Cag3CrO; (LCC)] materials having high electronic
and low ionic conductivity, as well as thermal stability in
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both oxidizing and reducing atmospheres, have been used
as interconnect materials in solid oxide fuel cells (SOFCs)
[1-3]. One inherent problem associated with these mate-
rials is their poor sinterability in air or oxidizing atmo-
spheres [4—6]. This is due to volatilization of Cr as Cr,O;
above 1000 °C which forms a thin layer of Cr,O5 at the
inter particle neck during the initial stages of sintering.
However, the density of interconnect material should be
near to the theoretical value to prevent intermixing of
oxygen and fuel in the solid oxide fuel cell stack. Several
attempts have been made to increase the sinterability of
lanthanum chromite. These have included the preparation
of highly reactive fine powders, the introduction of chro-
mium deficiencies, the substitution of chromium by do-
pants such as Al, Zn and Ni, the use of several sintering
aids and the adoption of novel sintering techniques such as
spark plasma sintering [7-10]. However, the addition of
other elements degrades the chemical stability of these
materials for long periods of operation of the SOFC at high
temperatures [10, 11].

It is also clear that the sinterability of lanthanum
chromite depends on the powder synthesis route [12].
Solid state synthesis, polymer precursor synthesis using
citric acid and ethylene glycol, an emulsion process, spray
pyrolysis and aqueous combustion synthesis using nitrate
salts and glycine have been reported for lanthanum
chromite [6, 12, 13-16]. Lanthanum chromite powders
prepared by these methods sintered to 85-96% of the
theoretical density (TD) at 1600 °C. Recently, sucrose has
been used as a fuel for the combustion synthesis of
ceramic oxide powders [17-20]. Previous studies on the
combustion synthesis of lanthanum strontium manganite
(LSM) using sucrose as a fuel showed the formation
phase pure fine powders (Dsy ~ 0.2 um) with very good
sinterability [21]. The present paper reports on the
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preparation of LSC and LCC powders using the sucrose ] [l
combustion method.

s, St steel container

Experimental

Lanthanum nitrate (CDH, Delhi), strontium nitrate (Merck,
India), chromium nitrate (Merck, India) and sucrose
(Merck, India) used for this study were AR grade. Nitric
acid (Merck India) was used for pH adjustments. Calcium
nitrate was prepared by dissolving AR grade calcium car-
bonate (CDH, Delhi) in dilute nitric acid. Distilled water
was used for the preparation of solutions.

The flow chart of the process is shown in Fig. 1. Sucrose
and a stoichiometric amount of lanthanum nitrate, stron-
tium nitrate or calcium nitrate and chromium nitrate were
dissolved in the minimum quantity of water and the pH of
the resulting solution was adjusted to 1.0 using nitric acid.
The amount of sucrose used was three moles per mole of
metal ion. This homogeneous solution was heated on a hot
plate till it becomes a dark viscous resin, which was further
dried in an air oven at 120 °C. The thermo gravimetric
analysis (TGA) and differential thermal analysis (DTA) of
the dried samples were carried out in air at a heating rate of
10 °C/min. using a thermal analyzer (Setsys 16/18, Seta-
ram Scientific and Industrial Equipment, France).

The dried resin was ignited in a laboratory combustion
set up made on site and the ignition was initiated with a
match. Figure 2 shows a schematic diagram of the exper-
imental combustion set up. It consists of a cylindrical

La(NO3)3.6H,0 +
CI‘(NO3)3.9H20+ Sr(NO3)2 or
Ca(NOs3); + Sucroset+ Water

v
Homogeneous solution
pH=1
v
Heating
v
Viscous resin
v
Drying at 120° C
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Foam
v
Combustion

w
LSC or LCC

Fig. 1 Flow chart of the sucrose combustion process

Fig. 2 Schematic diagram of the experimental combustion setup

stainless steel vessel, which is divided in to two compart-
ments by means of a porous partition. The material for
combustion is charged in the top compartment and air is
passed from the lower compartment, through the porous
partition. The walls of the vessel are insulated with glass
wool mat to minimize heat loss. The ash obtained was
analyzed using an X-ray diffractometer (Philips analytical
PW 1710) with Cu Ku radiation. The crystallite sizes of the
powders were calculated from X-ray diffraction (XRD)
data using the Scherer equation. The combustion ash was
deagglomerated by planetary ball milling in isopropanol
medium for 24 h using zirconia grinding media. A charge
to ball ratio of 1:4 by weight was used during milling.
Particle size analyses of the powders were carried out using
a Malvern Master Size analyzer 2000. The surface area of
the powders was measured by Brunauer-Emmett-Teller
(BET) method (Sorptomatic 1990, Thermo Fennigan). The
powders were compacted by uniaxial pressing at 50 MPa
pressure and sintered at various temperatures within the
range 1450-1650 °C for 3 h. Densities of the sintered
samples were measured by Archimedes principle using
water. Microstructures of the ashes, deagglomerated pow-
ders and fracture surfaces of sintered samples were
observed in a scanning electron microscope (LEO 1455).

Results and discussion

It is well known that when an aqueous acidic sucrose
solution is concentrated by heating it forms a dark viscous
resin due to polymerization of sucrose. The metal ions
(La**, Cr’* and Sr** or Ca®*) present in the system are
expected to interact with the sucrose polymer by
co-ordination through the —OH groups which makes their
homogeneous distribution possible throughout and pre-
vents their segregation during drying. On drying, this resin
undergoes foaming and the foam volume was found to be
about 36 times the initial volume of the resin. Figure 3
shows the microstructure of a thin section of the foam
observed using an optical microscope. The foam has open
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Fig. 3 Optical microstructure of a thin section of the foam obtained
by heating aqueous La, Sr and Cr nitrate and sucrose

interconnected pores with sizes in the range 100-300 pm
and the cell walls are only a few microns thick. This
structure enables the foam to undergo easy combustion,
like a dry cellulose material, when ignited.

Figure 4 shows the TGA-DTA plot of the dried foam
sample. A weak exothermic peak observed in the temper-
ature range 160-180 °C is due to the charring of sucrose
polymer and the strong exothermic peak observed in the
temperature range 300-380 °C is due to combustion of
carbon by the nitrate oxidant present in the system. Weight
loss from the foam sample is completed at 400 °C. As
expected, the dried foam undergoes combustion with a
strong flame when ignited with a match inside the set up
shown in Fig. 2. The flame subsides in a few minutes
leaving a red hot mixture of carbon and other inorganics.
The slow combustion of carbon continued until all the
carbon was removed from the system and the process took
a maximum of one hour for a 100 g LSC or LCC batch.
The temperature of the system rose to 725 °C during
combustion as measured using an appropriate thermocou-
ple setup. The glass wool insulation minimizes heat loss
and maintains the temperature above 600 °C throughout
the combustion process, which would be conducive for the
desired phase formation. The LSC and LCC ashes obtained
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Fig. 4 TGA-DTA plot of a sample of the foam obtained by heating
aqueous La, Sr and Cr nitrate and sucrose
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showed a weight loss of 0.40 and 0.33 wt%, respectively
when heated at 700 °C for 2 h indicating that the carbon
burn out is apparently completed during the combustion
process. Figure 5 shows XRD patterns of the LSC and
LCC ashes. It is clear that perovskite LSC and LCC phases
were formed during the combustion process. Figure 6
shows scanning electron microscopy (SEM) micrograph of
LSC ash. The ash contains loose and porous aggregates of
fine particles, which can be easily broken down in to pri-
mary particles by ball milling. The aggregates size varies
from a few microns to 100 micron. A similar aggregate size
and morphology were observed in SEM microstructures of
LCC ash.

Figure 7 shows the particle size distribution of LSC and
LCC powders obtained after planetary milling of the cor-
responding ashes. Both LSC and LCC powders showed
narrow particle size distributions. The LSC powder has
particle sizes in the range 0.12-0.32 pm with a D5 value
of 0.19 pum. On the other hand, LCC powder particles are
relatively larger in size being in the range 0.48-0.83 pum
with a D5 value of 0.6 pm. The crystallite sizes calculated
from XRD data using the Scherer equation were 14.4 and
13.9 nm for the LSC and LCC, respectively. Figure 8
shows the microstructure of the LSC powder. Both primary
particles and particle agglomerates are seen in the figure.
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Fig. 5 XRD pattern of the ashes obtained by combustion of the
foams
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Fig. 6 SEM photomicrograph of the LSC ash

Similar features were observed in the SEM micrograph of
LCC powder. The surface areas of the LSC and LCC
powders were 23 and 19 m%/g, respectively.

Figure 9 shows the variation of sintered density of the
LSC and LCC powder compacts with sintering tempera-
ture. The percentage of theoretical density was calculated
with respect to the theoretical density of LSC (6.57 g/cm®)
and LCC (6.06 g/cm’) obtained from X-ray crystallo-
graphic data. LSC powder compacts sintered at 1450 °C
were showed 83.5% TD as compared with 73.5% TD ob-
served for LCC powder compacts sintered at the same
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Fig. 7 Particle size distribution of the LSC and LCC powders
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Fig. 8 SEM photomicrograph of the LSC powder

temperature. Density value increased rapidly with sintering
temperature for both the powders up to 1550 °C and then
slowly up to 1600 °C. After 1600 °C there is no significant
improvement in sintered density. The densities of the LSC
and LCC powder compacts sintered at 1600 °C were 96.8
and 98.8% TD, respectively. The density values obtained
are higher than those reported for the same compositions
prepared by other methods. This shows that both the
powders are reactive and sinter in an air atmosphere. The
higher sintered density obtained for LSC at lower tem-
perature is attributed to its fine powder particle size.

Figure 10 shows the microstructures of LSC and LCC
samples sintered at 1600 °C for 3 h. Both LSC and LCC
samples showed intragranular fracture with few grain pull
outs. A very small number of micro pores were seen within
the grains of the LSC sample, which is in agreement with
its lower density compared with the LCC sample. The LCC
sample had a smaller grain size compared with the LSC
sample. Most of the grains in the LCC sample are below
1 pm and the maximum grain size observed was 2 um.
However, most of the grains in the LSC sample were in the
size range 2—4 pm.
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Fig. 9 Density of the LSC and LCC powder compacts sintered at
various temperatures
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Fig. 10 SEM photomicrograph
of fracture surface of the LSC
and LCC samples sintered at
1600 °C for 3 h

Conclusions

Air atmosphere sinterable powders of LSC and LCC have
been prepared using a sucrose combustion technique. LSC
and LCC phases were formed during the self sustained
combustion of the foams obtained from heating aqueous
metal (La, Cr, and Sr or Ca) nitrates and sucrose. LSC and
LCC powders obtained by planetary milling of the com-
bustion ashes have surface areas of 23 and 19 m%*/g and
contain submicron particles with D5, values of 0.19 and
0.6 pm, respectively. The LSC and LCC powder compacts
sintered to 96.8 and 98.8% TD at 1600 °C. The sintered
LCC sample had a smaller grain size compared with the
LSC sample.
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