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Abstract: Magnesium doped lanthanum chromate (LaCrO;3) nano ceramic powders were prepared using Sol-Gel process for solid oxide
fuel cell (SOFC) applications. This powder is considered as interconnect material for SOFC application. This interconnect powder was
prepared using La(NO3);-6H,0, 4MgCO5Mg(OH), 5SH>0, (NHy):Cr,0; and Cr(NO;3);9H,0 chemicals in which the chelating agent was
citric acid and the dispersant agent was ethylene glycol. While physical Characterization for the powders was carried out using SEM /
EDS, XRD techniques, TGA and DTA techniques were used for thermal characterization. The SEM images reveal that the particle size of
Lag ;Mg ;CrO; powders achieved by Sol-Gel process is in the range of ~50-200nm. The EDS study indicates that the carbon content is
high in the as prepared powders comparing to the calcined powders. The powders prepared using (NH,),Cr,O; is more cost effective than
using Cr(NO3)3 9H,0 since it also acts as fuel. The XRD analysis reveal the presence of Lay Mgy ;CrO; and MgCr,O4 phases. The TGA
plots depict that there is no further weight loss after reaching the temperatures 350°C and 575°C for the LMC gels prepared using AD and
Cr-N respectively indicating the complete combustion and obtaining oxide phases.

Keywords: Sol-Gel, Ammonium dichromate (AD) , Chromium nitrate (Cr-N), Interconnect, XRD, TGA and DTA.

1. INTRODUCTION

Solid oxide fuel cells (SOFCs) have attracted a considerable
attention because of their high—energy-conversion efficiency, envi-
ronment amity, and fuel flexibility [1,2]. The current status of the
development of a cell unit is based on yttria-stabilized zirconia
(YSZ) solid electrolyte and electrodes consisting of Sr-doped
LaMnO; (Cathode) and Ni-YSZ cermet (Anode). A suitable mate-
rial to be used to interconnect the air and fuel electrodes of adja-
cent cells is an alkaline earth metal doped LaCrO;[3]. To achieve
the desired higher power output, single cells are connected in se-
ries and parallel using interconnect materials. The interconnect
materials should meet the requirement such as : chemical stability
in both oxidizing and reducing atmosphere, high electronic con-
ductivity, chemical and mechanical compatibility with other com-
ponents, and sufficient mechanical strength. Also interconnects for
SOFC should be dense to avoid cross leakage of fuel and oxidant
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gases [4]. For this, a very few oxide materials are considered as
interconnects. The Sol-Gel process was successfully applied for
the preparation of the fine nano size powders to make SOFC com-
ponents and interconnect as it is a simple and more economical.
Some of them are alkaline earth metals like Ca, Sr and Mg doped
LaCrO; materials reported in the literature using Sol-Gel process
[5-11].

The Sol-Gel process [12] is a versatile solution process for mak-
ing ceramic and glass materials in to various forms such as: ul-
trafine/special shaped powders, thin films coatings, ceramic fibers,
microporous inorganic membranes, monolithic ceramic/glass and
extremely porous acrogel materials. In a typical sol-gel process the
precursor is subjected to a series of hydrolysis/polymerization
reactions to form a colloidal suspension or a sol. Further process-
ing of the “sol” enables one to make ceramic materials in different
forms. Usually starting materials include inorganic metal salts or
metal organic compounds/metal alkoxides. The main steps of sol-
gel process include, mixing, gelling, shaping, drying and densifica-
tion. The advantages of sol-gel process are : simplicity, flexibility,
low temperatures, small capital investment and the results in
highly pure, uniform, nanostructures.
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Table 1. Suitable Materials for SOFC Components [15]

Component Requirements Preferred Materials Possible Alternatives
Electrolyte 6;>0.05 S.cm™ Zr0,-Y,03 (3-10mol%) Zr0,-Sc,03,

CeOQ -GdzOg, (SITIQO:)
Cathode >100 S.cm™ (electronic/mixed) La | Sr, MnO; (La | Sry )Co, FeOs
Anode >100 S.cm™ (electronic/mixed) Ni /ZrO,-Y,0; Ru/Zr0,-Y,05

Ni /CeO,. ZrO,-M,05 cermets
Interconnect Inert material, high temp. stability High temp. alloys -

La ;«(Sr,Ca, Mg), CrO;

Manifold Non-volatile, inert Ceramics, metals -
Seal Non-volatile, inert Glass, glass-ceramic, -

Metal/ceramic

Table 2. Samples of Nano Lay ;Mg ;CrO; (LMC) by Sol-Gel process

Samples ID La 7 Mg (3 CrO; (LMC) Nano powder La 7 Mg (3 CrO; (LMC) Nano powder
41,58, 61 With Ammonium dichromate (AD) -
49, 57, 60 - With Chromium Nitrate (Cr-N)

a: as prepared, b: calcined at 650°C/6hrs and c: calcined at 900°C/3hrs

Ishihara et al [13] have reported that the high oxide ion conduc-
tivity in the perovskite system LaGaO; doped with Sr, on the La
site and Mg on the Ga site [14].The oxide ion conductivity at 850°C
for LagoSy0.1GagsMgO, g5 is similar to YSZ at 1000°C.

The material requirements for SOFC fuel cell components [15]
are summarized in the Table 1.

Several Researchers have reported [16-21] the preparation of Mg
doped interconnect materials using various combinations of ele-
ments for SOFC application with different techniques.

In the present investigation super fine particles of Magnesium
doped lanthanum chromate powders were prepared by the Sol-Gel
process in which the chelating agent was citric Acid and the dis-
persant agent was ethylene glycol using lanthanum nitrates, magne-
sium carbonate and chromium nitrates/ammonium dichromate.
This technique was successfully applied for synthesis of the fine
nano size (~50-200nm) powders to make SOFC components like
interconnect. The physical characterization of the powders were
carried out using SEM/EDS, XRD techniques and the thermal
properties of gel samples were carried out using TGA/DTA tech-
niques.

2. EXPERIMENTAL

2.1. Preparation of Powders:

The Lag;Mg;CrO; Powder was prepared by modified Sol-Gel
Process [5-11] using La(NOs); 6H,O (BDH), MgCO;.Mg(OH),
.5H,0 (BDH), (NH,4),Cr,07 (Fluka), Cr(NO);.9H,0 (Fluka), citric
acid (BDH) and ethylene glycol (BDH).The precursor solution was
prepared by mixing individual aqueous solution of the above
chemicals in a molar ratio of 0.7:0.3:1.0. To the mixed solution,
required citric acid, ammonia solution and ethylene glycol was
added. The solution was taken in a pyrex glass beaker and heated to
evaporate on a hotplate using magnetic stirrer until a greenish gel
was formed. When the heating was continued further, the gel gets
completely burnt on its own and becomes light, and fragile ash.
The ash was calcined at 650°C/6hrs and 900°C/2hrs in air in a

Barnstead Thermolyne 47900 Furnace (USA). Table 2 shows sam-
ple preparation using Ammonium dichromate (AD) and Chromium
nitrate (Cr-N) Figure 1. shows the flow Sheet for the preparation of
Lag7Mg,;CrO; Powder by Sol-Gel Process.

2.2. Physical Characterization:
2.2.1. SEM /EDS :

Small amounts of the samples were examined with both the
Scanning Electron Microscopes (JEOL 5800LV) and FEI, Holland.
Imaging was performed in Secondary Electron (SEI) mode only
using an accelerating voltage of 20keV. Energy Dispersive Spec-
troscopy (EDS) was used to determine the elemental compositions
at the spot and area of the Mg doped LaCrO; (LMC) powder sam-
ples.

2.2.2. XRD:

X-ray Diffractometry (XRD) Model XRD 8030, Jeol, Japan with
a Cu-Ka radiation at 35kV and 20mA was used for phase analysis
within diffraction angle 26 range of 10-80°.

2.2.3. TGA/DTA

For Thermal Gravimetric Analysis (TGA) and Differential Ther-
mal analysis (DTA) around 7-8mg of the LMC Gel samples
(prepared by using Ammonium dichromate and Chromium nitrate
as a source for Cr) were loaded in a alumina crucible and put inside
the thermo balance of TG machine ( Perkin-Elmer Thermal Analy-
sis Contoroller TAC 7/DX, USA). The thermal decomposition
behavior was studied up to 850°C that was raised at a rate of ~10°C
per minute.

3. RESULTS AND DISCUSSION

3.1 SEM/EDS:

Figures 2-3 show the nano-sized particles observed by Scanning
electron microscopy from the Lay;Mgy;CrO; powder samples cal-
cined under oxygen atmosphere at 650°C and 900°C which were
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Figure 2a. SEM of the Lay;Mg,3CrO; powder (As prepared) —Cr-
Lanthanum nitrate Magnesium Chromium nitrate N #57a
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Ammonium dichromate
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‘ Dried Gel ‘ Figure 2b. SEM of the Lag ;Mg ;CrO; powder (As prepared)-Cr-N
I #57a.

Calcination of La gy Mg g3 CrO; Powders at
650°C / 6hrs and 900°C / 2hrs in air

Figure 1b. Flow Sheet for the preparation of Laj;Mgy;CrO;
(LMC) powder by Sol-Gel Process [22-24].

prepared by Sol-Gel process using Chromium nitrate and Ammo-
nium dichromate respectively as source for chromium. It is seen in
the SEM images that the particles are homogeneous with the pres-
ence of highly porous spherical particles with approximate particle
size between 50-200nm. It is noted from the figures that the parti-
cle size of the calcined powders at 900°C are larger than the as ‘ mag | WD
prepared and calcined at 650°C as per expectation. It is seen that

the powders prepared using AD are slightly smaller than the pow- Figure 2c. SEM of the Lay;MgysCrO; powder (Calcined at
ders prepared using Cr-N . This is in agreement with the other au- 650°C/6hrs) Cr-N#57b

‘ HV e —{0 O 1111]
250 000 x | 5.0 mm |10.00 kV 57B
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Figure 3a. SEM of the Lag;Mgy;CrO; powder (As prepared)-
AD# 58a.
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Figure 3b. SEM of the Lay;Mgy;CrO; powder (Calcined at
650°C/6hrs)-AD #58b
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Figure 3c. SEM of the Lag;Mgy;CrO; powder (Calcined at
900°C/6hrs) AD#58¢

I I
10

Eneray (keV)

Figure 4a. EDS of the Lay ;Mg ;CrO; powder (As prepared)
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Figure 4¢c. EDS of the Lag ;Mg 3CrO; powder (As prepared)

1
Energy (keV)

Figure 4d. EDS of the Lay ;Mg ;CrO; powder (Calcined at
650°C)
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Elmt Spect. Element Atomic
Type % %

C K ED 2981 4573

O K ED 41.62 47.93

MgK ED 1.12 0.85
6OA (As prepared) CrK ED 833 295
LaL ED 19.12 2.54
Total 100.00 100.00

Figure 4e. SEM with elemental analysis of LMC powder by EDS
(As prepared)-Cr-N#60A

Elmt Spect. Element Atomic

Type % %

CK ED 1572 3436

OK ED 2939 4821

MgK ED 204 220

CaK ED 012 008

60B (cacinedatesocisis)  Crk ED 1644 830
LalL ED 3629 6386

Total  100.00 100.00

Figure 4f. with elemental analysis of LMC powder by EDS
(Calcined at 650°C)- Cr-N #60B

thors reported elsewhere [25] for Lagy;Cag3CrO; powder prepared
by auto-ignition method .Figures 4a , 4b and 4c, 4d show the EDS
patterns of Lag;Mgo;CrO; powders using Chromium nitrate and
Ammonium dichromate respectively as a source for chromium. The
figures show the presence of La, Cr, Mg, O peaks. The residual C
element from the citric acid probably that had not been combusted
yet is shown in EDS in the as prepared powder. However, C con-
tent has been reduced in the calcined powders. By increasing the
calcination temperature, Carbon content is reduced further.

3.2. XRD

Figures 5a-5¢ show the XRD patterns for as prepared and cal-
cined at 650°C/6hrs and 900°C/2hrs respectively. The as prepared
XRD pattern shows the amorphous in nature where as the calcined
powders (at 900°C) are well crystallined. It is seen that the powders
have well crystalline perovskite phases of Laj;Mgy;CrO; and
MgCr,04 peaks. Figure Sb indicates that the presence of certain
amount of amorphous material calcined at 650°C that the reaction

Elmt Spect. Element Atomic
Type % %
CK ED 7.71 1859
O K ED 3332 60.30
MgK ED 239 2385
CrK ED 18.56 10.33
LaL ED 38.01 7.92
Total 100.00 100.00

6 1 A (As prepared)

Figure 4g. SEM with elemental analysis of LMC powder by EDS
(As prepared)-AD#61 A

Elmt Spect. Element Atomic
Type % %
C K ED 554 1531
O K ED 27.68 5745
MgK ED 247 337
CaK ED 0.13 0.11
CrK ED 21.06 13.45
LaL ED 43.12 1031
Total 100.00 100.00

61 B (Calcined at 650 C /6 hrs)

Figure 4h. SEM with elemental analysis of LMC powder by EDS
(Calcined at 650°C)-AD #61B

for the formation of the chromate phase was not completed. Free
oxides or other secondary phases were not detected at this tempera-
ture. At 900°C for 2hrs, a well crystallized chromate phase was
formed .Also it is seen that the XRD analysis on powders calcined
at 900°C for 2hrs indicated the formation of clear perovskite solid
solution. In addition to such perovskite phase, a minority second
phase was also present and it seems to correspond to a residual of
MgCr,0, phase. However further investigation is required to have
clear conclusion of formation of phases.

In the case of Lag;Mgy;CrO; and MgCr,04 phases spinal phase
was detected in addition to the perovskite phase, probably due to
the small ionic size of Mg. The ionic radius of Mg with a coordi-
nation no (CN) of 8 is 0.89A [26] i.e. about 23.3% smaller than
La*" with the same CN (r, 1.16A). It is reported in the literature that
Mg?" is often chosen to dope the B-site [13, 21, 27]. Hence doping
Mg results in a deficiency of A-site cations. Although the
perovskite structure is known to be able to accommodate cation or
anion deficiency to some extent, the extra B-site cations dissolve
from the perovskite lattice, to form a MgCr,0, secondary phase.
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Figure 5a. XRD Pattern of the Lay;Mg,3CrO; powders (as pre-
pared) -AD

File: -b.CPI

T T T
b 5 ) g E & A o
Degraes 2-Theta

Figure 5b. XRD Pattern of the Laj;Mg;CrO; powders (calcined
at 650°C)-AD
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Figure 5c. XRD Pattern of the Lay;Mg3CrO; powders (calcined
at 900°C) —AD

3.3. TGA / DTA:

Figures 6a and 6b show the TGA and DTA plots of Interconnect
(LMC) gels prepared (using Ammonium dichromate-AD as a
source for Chromium) in the temperature range of 30-800°C for the
samples #41. It is seen that the endothermic peak observed at
120°C in the DTA curve is due to the evaporation of water. The
drastic weight loss in the TGA curve occurs at ~250°C and corre-
sponding exothermic peak at 230°C in the DTA indicates a sharp 3
step decomposition of La-citric acid and Mg-citric acid complexes.
From 230-340°C three exothermic peaks were observed which
seemed to be associated with the decomposition/oxidation of the

Weight (mg)
[

Temperature °C

Figure 6a. TGA Plot of Lag;Mgy;CrO; Gel (# 41)

Heat Flow Endo Up (mw)

0 100 200 300 400 500 600 700 800 500

Temperature °C

Figure 6b. DTA Plot of Lag;Mgy;CrO; Gel (# 41)

metal-chelates producing oxide phases. The weight loss steps in the
TG curve indicate that the thermal decomposition of the gel oc-
curred gradually. The larger exothermic peak at 340°C is associated
with the combustion of remaining components. No further weight
loss after ~350°C in the TGA indicates complete combustion mani-
fested by an exothermic peak in the DTA curve at ~340°C. Similar
trend is observed in the other TGA and DTA plots (Figures 7a and
7b) for the sample #49 for Lay;Mgo;CrO; gel prepared using
Chromium nitrate. It is seen that the water removal took place at an
endothermic peak of slightly higher temperature of 180°C. In this
case there are 4 step decompositions to complete reactions. It is
seen that no further weight loss after 575°C indicating completion
of combustion. In the case Ammonium dichromate used gels of
LMC the temperature reached fast since it also acts as a fuel. This
may be one of the reasons to have low temperature (350°C) to
reach complete combustion.

4. CONCLUSIONS

The following conclusions are drawn from the present investiga-
tion:

eThe La o7 Mg (3CrO; Powders prepared by Sol-Gel process
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Figure 7b. DTA Plot of Lag;Mg3CrO; Gel (# 49)-Cr-N

have nano range from 50-200nm.

ePowder prepared using (NH,4),Cr,O is more cost effective than
using Cr(NOs);-9H,0.

oXRD patterns show the presence of La (/Mg (3CrO;and
MgCr,04 phases.

oEDS study indicates that the carbon content in the high tempera-
ture calcined powders is low.

®TGA and DTA plots show that there is no further weight loss
after 350°C indicating complete combustion for the gel prepared
using Ammonium dichromate. But for the gels prepared using

chromium nitrate, the weight is constant after reaching a tempera-
ture of 575°C.
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