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Fabrication and characterization of a Gdg 2Cep 02—
Smy 55, ;C005; composite cathode for an mtermediate-
temperature solid oxide fuel cell

Wei-Xin Kao, Tai-Nan Lin", Shih-Wei Cheng, Maw-Chwain Lee

Chemical Engineering Division, Institute of Nuclear Energy
Research

No. 1000, Wunhua Rd., Jiaan Village, Longtan Township,
Taoyuan County 32546, Taiwan (R.0.C)

Abstract

An anode supported unit cell 15 constructed by a
NiO-yitria-stabilized zircoma (YSZ) anode, a gas-tight
YSZ as electrolyte, and a screen-printed Smy ;Sry :CoO; ¢
(55C)-Gadolima-doped cena (GDC) composite cathode
to improve the performance of a solid oxide fuel cell
(SOFC). The mnfluences of the cell operation parameters
of the feed rates of the reactants, the temperature, and the
contact pressure between the cument collectors and the
unit cell on cell performance are systematically
investigated. The SEM results show that the YSZ thin
film 1s laghly integrated and fully dense with a thickness
of 5 pm and exhibits the good compatibility between the
cathode and the electrolyte layers. The maximum power
densities of the cell are 608.4 and 103.6 mW cm™ at the
temperatures of 800 °C and 600 °C, respectively. The tests
of cell activation, long term operation for the cell
durability of power density and the cell open circuit
voltage (OCV) are executed. The results show that the
cell activation behavior s obvious and the porosity of the
anode is critical for the stability of the cell performance.
The anode porosity of this cell is not sufficient to
eliminate the mass transfer resistances of the cell
polanzation and results 1n the fluctuations of the power
density, which has been studied and the result will be
published shortly. Hence, the intermediate-temperature
(600~800 °C) is nearly developed in this work. The
results from the sensitivity analysis of the vanation of the
contact pressure between the current collectors and the
cell show that its effect on the performance efficiency 1s
intensively enhanced at the region of the high current
density.
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The Preparation of Perovskite Oxide
Powders Adopted in ITSOFCs via
Inductively Coupled Plasma Technique

Chun-Liang Chang, Chang-Sing Hwang*, Chun-Huang
Tsai, Zong-Yang Chuang Shie, Chih-Ming Chuang,
Sheng-Fu Yang

Physics Division, Institute of Nuclear Energy Research
Lungtan, Taoyuan County 32546, Tatiwan, ROC

This study is aimed to produce nano-scale and micron-
scale perovskite oxide powders, such as ionic conductive
and mixed conductive powders, to be adopted
respectively as solid electrolyte and electrode materials
for intermediated temperature solid oxide fuel cells
(ITSOFCs). These nano-scale powders will be
manufactured via a thermal plasma powder synthesis
technique using an inductively coupled plasma (ICP)
synthesis system. In the application of fabricating the
SOFC membrane electrode assembly (MEA), the use of
raw powders with nano-scale sizes can dramatically
reduce the sintering temperature and hence the cost of
MEA fabrication could be decreased; moreover, the
resultant nano-structured electrodes tend to provide more
triple phase boundaries (TPB) and reaction sites.
Consequently, more facile electrode kinetics can be
obtained and the cell performance can be enhanced.

The overall ICP synthesis system mainly includes a 30
kW radio-frequency (RF) generator with a PL-35 ICP
plasma torch, a liquid delivery and atomization system, a
double-wall synthesis reactor with a four-tube gas
quencher and a powder collection system. The 30 kW RF
generator with a PL-35 ICP plasma torch is manufactured
by Tekna Plasma System Inc. The ICP synthesis reactor
with a four-tube gas quencher, the liquid delivery and
atomization system as well as the powder collection
system have been constructed or assembled by Institute of
Nuclear Energy Research (INER). They are integrated
well with the 30 kW RF generator and the PL-35 ICP
plasma torch. The photograph of these main components
of the ICP powder synthesis system is shown in Figure 1.
The powder collection system consists of a cyclone, two
nano-powder collectors, a sampling filter and an
automatic program to do switching between the nano-
powder collectors. A human friendly interface is
established to control system vacuum as well as gases for
plasma forming, quenching and atomizing processes.

The SmygsS1o5C00;.5 (SSC), Lag75Sr25CrosMng 5055
(LSCM) and La, ¢Sr,,Gag Mg ;055 (LSGM) perovskite
oxide powders commonly used as electrode and
electrolyte materials of ITSOFCs are successtfully
synthesized by ICP synthesis technique in this study.
These powders synthesized from the well chelating
precursor solutions at the torch powers from 16.2 to 22.2
kW and calcined at the temperatures from 900 to 1400 C
are in a highly pure phase. As shown in Figure 2, the
XRD results of these calcined powders indicate the S/P
ratios (the ratio of the mostly intense diffraction intensity
of secondary phase to that of primary phase) are both less
than 6%. In order to check the chemical composition of
these powders, the ICP-OES analyses were performed for
these powders. The results are reported in Table 1 and
showed a good agreement between the theoretical and
experimental stoichiometric indexes. The morphology and
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particle sizes of synthesized oxide powders were observed
by SEM and TEM. The results show that the primary
particle sizes of as-synthesized powders in approximately
spherical shapes are less than 50nm. The typical LSCM
primary particle size as shown in Figure 3 is around 20
nm.

According to these results, high pure SSC and LSCM
nano powders can be obtained by low power (16~23kW)
ICP synthesized method with low temperature (<1000 C
calcination. and the high pure LSGM micron powders can
be produced by low power ICP synthesized method with a
high temperature (~1400 'C ) calcination.

Table 1. The ICP-OES results of the synthesized oxide
powders.

Dymthets sacthed i mol%- ” mol% ; v
ICP method SmosSrasCoOss SMo.492570.492C01.016055
ICP method Lag.758%0.25Cr0sMnosOs5 L ag.761570.245Cr0.406Mi0 496035

ICP method LaosSro2GacsMgo20ss Lo 742810.192Cr0 796Mno 27055

Figure 1. The photograph of the homemade ICP synthesis
reactor and powder collection system.
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Figure 2. The XRD results of the calcined SSC, LSCM
and LSGM powders.

Figure 3. The TEM image of the as-synthesized LSCM
powders.
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Abstract

Flamible rechargeshls sl solid-state lithiom oo
battery was fSbricated on T0um thick, flexible stainless
gtaeal substrates with tha call composition of Likn:0), thin
filmz The call includss thin flm elsctrods of Lithivm
matal 3= an anpoda, Likn.0), a= a cathods and LiPOM a: a
zolid slactrolyta. Fabrications of LikIn.O, thin film on the
flemible  stminle=s  stesl  substrates  (B5304)  wes
demonstrated using a radio fieguency marnattn
sputtering technolosy in room tenperstrs. The as-
depozitad films weore amodphons and could be orystallized
into a spinal syuches by rapid thermal procss: BTP)
the gmosphers. The stroche and surface modphology of
heat-treatad films were investigatad 2= a finction of post-
amomphou: ©  oystalline phase wa: observed at
temparatirs of aromd 7007 for ops-mimits annealad Mo
conducting adiitives and bindars were wed. Moteover, it
can form hish-temparsiere (HT) amesled slactrode: o
flamibls stainlass stesl substrates for lithivm ion batteries.
Thus, the charpa-dizcharge and cycles life property can be
clearly varifiad and studiad. .,

The performancss of fewble lihim-im bascy
shows dischargs capacity of 17 pANum-om’ betwam
435 apd 3 at 3 cppent deveity of 1 pAdom., And the
flamible lithivm-ion battery oxhibit the best capacity
retantion over 90% at 200 charpedischarge cycles
batwasn 4.2V and 3V at a corrent density pf 3 pAom’.
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