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Abstract: Lag7SrosCrosMngsOs.s (LSCM) ultrafine powder was synthesized using glycine-nitrate process. Three kinds of
pore-formers(activated carbon, starch and graphite) with different ratios were mixed with the LSCM powders to prepare porous
anode substrates. The porosity of the anode substrate was measured by the Archimedes method, and the maximum porosity was 45%.
The morphology and the structure of the anode substrates were characterized by SEM, XRD and EDS. XRD analysis displays that
the LSCM substrates are main perovskite phases after sintering. SEM analyses show that the pore distribution of the anode substrate
prepared by adding 20 wt% activated carbon is more uniform than those of the substrates prepared by starch and graphite, and no
cracks appear. The catalytic experiments results demonstrate that the porous anode substrate prepared by adding 20 wt% activated
carbon as the pore-former has the best methane catalytic performance at high temperature, and the corresponding conversion effi-

ciency is 71.88%.
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Solid oxide fuel cells (SOFCs) have recently attracted great
attention for their ability to convert the chemical energy of
(hydrogen, natural gas, et al) directly into electrical energy.
This conversion is characterized by high efficiency and low
greenhouse gas emissions™™. Like batteries, solid oxide fuel
cells consist of an electrolyte sandwiched between an anode
and a cathode.

The conventional SOFC supported by the electrolyte sub-
strate has great internal ohmic resistance due to the high resis-
tance of the electrolyte. Many research works were performed
to reduce the electrolyte resistance. High temperatures of
800~1000 T were adopted to decrease the resistancel, but it
easily caused the cells instability and the electrical perfor-
mance deterioration®. Developing a low-intermediate tem-
perature SOFC is not only helpful to enhance the cell stability,
but it also can reduce cell operating cost. However, the resis-
tance of the electrolyte substrate becomes too large at low
temperature. There are two ways to decrease the cell internal
resistance at low-intermediate temperatures. One is to seek the
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high conductivity substitutes, such as doping ceria or lantha-
num gallate!™. The other way is to apply anode-supported cells
or cathode-supported cells, and the electrolyte layer thickness
can be reduced from 100 pm to 5~20 pm'®, therefore the cell
resistance is greatly decreased.

Nowdays, the main electrolyte is yttria-stabilized zirconia
(YSZ)®. And the anode materials commonly adopt Ni/YSZ
cermets, which provide excellent catalytic properties for fuel
oxidation and current collection, but they also exhibit many
disadvantages, such as low tolerance to sulphur®, high carbon
deposition™ Upon using hydrocarbon fuels and structure in-
stability in redox cycling. Tao et al. firstly reported the elec-
trode materials of Lag75Sr25CrosMngs04.5, and they found
Lag 75Srp25CrosMnos0s.; polarization resistance approached
0.2 Qcm? at 900 T™. A good performance has been
achieved for methane oxidation without excess steam. The
anode is stable in both fuel and air conditions, especially
shows stable electrode performance in methane. Chen et al.
reported the anode materials Lag7Srg3CrosMngs03.5 (LSCM)
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and tested the LSCM conductivities at different atmos-
pheres™. However, the anode substrates demanded for porous
structure due to the fuel gas transferring to triple phase boun-
dary (TPB)™. In order to obtain an appropriate porosity for
fuel gas, starch, graphite, polymethyl methacrylate, ammo-
nium oxalate and ammonium carbonate were widely used as
pore-formers to fabricate porous structure materials™***, and
the results showed that the pore-formers amounts affected the
pore sizes and pore distributions, which seriously influenced
the gas amount and the anode catalytic activity for fuel
gasi®?1. Therefore, choosing a suitable pore-former and a
pore-former amount to prepare porous anode substrates is es-
sential for improving the fuel cells performance.

In this work, LSCM anode materials were synthesized using
glycine-nitrate process (GNP). And different amounts of
starch, activated carbon and graphite were selected as
pore-formers mixing with LSCM anode materials to form
pores. The porosity, catalytic property and microstructure of
the anode substrates were also discussed.

1 Experiment

Lag7Sre3CrosMngs03.5 powders were synthesized by using
glycine-nitrate process™??4, La(NO,); 6H,0, Sr(NOs), 6H,0,
Cr(NO3); 6H,0 and Mn(NO3), were dissolved in de-ionized
water with a definite stoichiometric ratio. Then the molar
amount of glycine, which acted as a complexing agent, was
1.5 times as much as that of nitrates in the solution. The solu-
tion was stirred and heated on a hot plate until the self-
combustion phenomenon appeared and formed loose pow-
ders???1 Then the powders were calcined at 1350 °C for 2 h.

Starch, activated carbon and graphite were obtained as
pore-formers, mixed with LSCM anode powders in an agate
mortar. Table 1 show the pore-formers amounts. The mixtures
were pressed into pellets with 20 mm diameter and 1 mm
thickness under 10 MPa pressure. Then the pellets were sintered
at 1350 <C for 4 h to fabricate anode substrates. The structure of
LSCM substrate was characterized by X-ray diffraction with Cu
Ko radiation. The selected 26 was from 10°to 90 “scanning at an
increment of 0.02<Energy dispersive spectroscopy (PHOENIX)
was used to test the LSCM materials composition. The substrate
porosity was determined by the Archimedes method. The

Table 1 Samples with different pore-formers (wt%)

No. Pore-former Amount
Al Activated carbon 10
A2 Activated carbon 15
A3 Activated carbon 20
G4 Graphite 25
G5 Graphite 30
G6 Graphite 35
S7 Starch 5
S8 Starch 8
S9 Starch 10

cross-sectional and surface morphologies were observed by a
scanning electron microscope (Philips XL30SEM).

There are many kinds of fuels for SOFC, such as H,, syngas,
water gas and so on. If methane is directly adopted as fuel, the
conventional process of converting natural gas can be re-
moved, which would greatly reduce the power generation cost.
In the reaction process, the methane molecules and oxygen
ions react at the TPB of the cells, the electrochemical reac-
tions show as following:

Partial oxidation: CH,+O” —3CO+2H,+2¢e

Complete oxidation: CH,+40* —>CO,+2H,0+8e

Three kinds of anode substrates prepared by adding 8 wt%
starch, 20 wt% activated carbon and 35 wt% graphite as
pore-formers were employed to research the methane catalytic
properties. Methane reacted with mixture gases consisting of
nitrogen and oxygen at the temperature range of 550~800 <C,
and the molar ratio of three kinds of gas was 2:4:4, the gas
flow rate was 10 mL/min. Gas chromatography (Agilent
Technologies 7890) was used to measure the amounts of me-
thane and oxygen before and after the reactions. Comparing
the change of the gases amounts, it is easy to estimate whether
the anode substrates have methane catalytic performance and
calculate the methane conversion efficiencies.

2 Results and Discussion

2.1 XRD and EDS analysis of LSCM

XRD pattern of the anode substrate is shown in Fig.1. The
substrate is mainly comprised of LSCM materials with pe-
rovskite phase after being sintered at 1350 <C for 4 h, which
indicates that glycine nitrate process can obtain LSCM mate-
rials with perovskite phase. Referred the literaturesi®?! the
pore-formers don’t affect the crystal structure of the LSCM
materials during sintering.

EDS pattern of the LSCM anode materials is shown in Fig.2,
the LSCM anode materials only contain La, Sr, Cr, Mn and O
five elements. The LSCM composites are given in Table 2.
Comparing with the experimental design molar ratios of
0.7:0.3:0.5:0.5:3-9, the test molar ratio of La, Sr, Mn, Cr and
O elements is 0.7:0.29: 0.53:0.45:2.18. Only the Mn amount
in the sample is slightly lower than that of the initial design. It
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Fig.1 XRD pattern of LSCM anode substrate
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Fig.2 EDS spectra of LSCM anode materials

Table 2 Composites of the LSCM substrate prepared by GNP

Element La Sr Cr Mn (0]
wt% 46.45 12.04 13.06 11.82 16.62
at% 16.91 6.95 12.71 10.88 52.55

can be concluded that the anode materials prepared by GNP
basically meet the materials design requirements.
2.2 Porosity of anode substrate

The anode substrate porosity is very important to gas
transport. Fig.3a, 3b and 3c show the porosities of LSCM
anode substrates prepared by adding activated carbon, gra-
phite and starch, respectively. Fig.3d indicates the comparison
of the porosities of samples A3, G6 and S8. From Fig.3a, it
can be seen that the porosity values increase with enlargement
of activated carbon amount, and the porosities obtained in the
experiments are higher than those of the samples in the litera-
ture®. The porosities of samples G4, G5, G6 are 36.4%, 35%
and 37.6% are shown in Fig.3b, which is in agreement with
the report of Sahu where the open porosity of LSM was 37%
4 The porosities of samples S7, S8, S9 are 33.3%, 45% and
28.5%, repectively. Liu et al. added potato starch into the
Ni-YSZ powders, the porosity of the substrate was 40% when
the potato starch amount was 10%, which was higher than that
of the sample S9, but lower than that of sample S8\, Starch
decomposed at 294 T, the LSCM particles contacted each
other seriously at elevated temperature. With increasing of
starch amounts, the shrinkage of LSCM anode substrates will
become great, and the porosity of the anode substrate is re-
duced ™. It can be concluded that 20 wt% activated carbon
and 8 wt% starch have outstanding ability for fabricating por-
ous structures, and the porosities are both higher than 44%.
2.3 Surface and cross-sectional morphologies of anode

substrates

LSCM substrate microstructures were observed by SEM.
The surface and cross-sectional morphologies of the anode
substrates are shown in Fig.4. Fig.4a display an uniform pores
distribution, a regular pore shape and a moderate pore size.
However, Fig.4b show a uneven pores distribution, an irregu-
lar pore shape and some cracks, this may be attributed to the
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Fig.3 Porosities of different LSCM anode substrates prepared
by adding activated carbon (a), graphite (b), starch (c),
and the maximum values comparison of activated
carbon, graphite, starch (d)

graphite agglomerate in large particles. The cracks are detri-
mental to electron conducting, resulting to enlarging the sub-
strate resistance. Fig.4c exhibit some cracks and regular pores,
but pore size vary greatly and some closed-pores appear.
There are two reasons accounting for the closed-pores. Firstly,
the decomposition temperature of starch is very low ?*, the
LSCM particles easily aggregate to form the closed-pores
when temperature elevates. Secondly, the starch amounts
added into the samples are very little. In the mix process, the
starch powder is surrounded by LSCM powder, and the LSCM
particles contact closely to form coarse LSCM particles and
closed-pores after sintering.
2.4 Methane conversion efficiencies

The methane conversion efficiencies of the samples A3, G6
and S8 are shown in Fig.5. It can be found that the methane
conversion efficiencies increase from 550 <C to 700 <TC, but
reduce from 700 <C to 800 <C. Methane conversion efficiency
peaks appear at 700 <C, and the maximum of the efficiency is
71.88%. With increasing of temperature, CH, reacts with O, to
generate an intermediate produce CH,80,, which is bad for
the conversion from CH, to H, and CO. When the temperature
is higher than 700 <C, the methane conversion efficiency de-
creases “1. Aschroft et al® found that the methane catalysis
activity reduced and the methane conversion efficiency de-
creased at high temperature. The change trends of curve b and
curve c are very uniform, the methane conversion efficiency
of substrate prepared by adding graphite is similar that of
adding starch. Sample A3 prepared by adding 20 wt% acti-
vated carbon has the lowest conversion efficiency below
700 T, but has the highest conversion efficiency when tem-
perature is higher than 700 <C.

The samples G6 and S8 have some cracks shown in Fig.4,
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Fig.4 SEM images of LSCM anode substrates by adding 20 wt% activated carbon (a), 35 wt% graphite (b), and 8 wt% starch (c)
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Fig.5 Methane conversion efficiencies of the anode substrates

which is attributed to a gas flow and catalytic reactions. That
is the reason why the methane conversion efficiency of sub-
strates by adding graphite or starch is higher than that of the
substrates prepared by adding activated carbon at low temper-
ature. With increasing of temperature, the gases flow and dif-
fusion speed up, and the catalytic reactions are greatly af-
fected by TPB. The more the TPB is, the higher the methane
conversion efficiency is. TPB amount is influenced by the
porosity and the pore structure of the substrates. The LSCM
porous anode pellets prepared by adding activated carbon
have the uniform pore distribution and the moderate pore size,
as well as high porosity shown in Fig.4 and Fig.3, and the pore
structures are benefit for the catalytic reactions. In a word, the
methane conversion efficiency of the substrate prepared by
adding activated carbon is higher than that prepared by adding
starch or graphite when temperature is above 675 <C.

3 Conclusions

1) LSCM anode substrates obtained by GNP are mainly the

perovskite phases, and meet the experimental design require-
ments.

2) The porosities of LSCM substrates prepared by adding
20 wt% activated carbon, 35 wt% graphite and 8 wt% starch
are 44.6%, 37.6% and 45%, respectively. The distribution of
pores of substrates prepared by adding activated carbon as the
pore-former is uniform and the pore size is moderate.

3) The peaks of the methane conversion efficiency appear at
700 <. The anode substrates prepared by adding 20 wt% ac-
tivated carbon has the highest conversion efficiency of
71.88% for methane gas, the porous LSCM substrates have
good catalytic activity for methane at high temperature.
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