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Abstract

Cell testing of anode-supported planar solid oxide fuel cells (SOFCs) in a relative large area
has a specific importance for comprehensive understanding of electric and electrochemical
properties of the single cells. There are many aspects concerning cell testing for large-area
planar. SOFCs Testing house design, high temperature sealing, resistance of electrical
current leads and contacts at interfaces all have important effects on electrical properties of
the testing cell. A ceramic testing house is designed which is made of Al,O3; used in
repeating and a long term measurements. A composite sealing configuration with a high
temperature ceramic glass is designed. The testing set up has been developed to be
appropriate to the temperature ranging from 600 to 900°C for testing of single cell with an
active area of 4x4cm? By our design of the high temperature sealing composite
components, a maximum OCV of 1.176V was reached at 850°C. And a successful rate of
93.3% has been obtained in a critiera of OCV of more than 1V during the testing of our
single cells recently. Furthermore, the composite components sealing is acted as a buffer
for inserted pressure; as a result, single cells are protected within a pressure of 6 kg during
the testing. Due to special designed sealing configuration, the cells after testing can be
intact. The resistance of electrical current leads and contacts are reduced to around 10 mQ
to draw current effectively. Also, the EIS analysis is applied to differentiate the polarization
and ohmic resistance of single cell during testing.

Introduction
Cell testing is conducted to assess their commercial viability and for continued cell
development™™. Button cells and large-area cells are generally tested, in which the
schematic processes can be seen in Fig. 12
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Fig.1The schematic diagram of cell testing

Fig.1la) shows the schematic diagram of testing for large-area cell, and b) for button cell.
The technique of testing for button cell is widely used due to the application of ceramic tube
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as testing house and the ease of sealing. However, the active area of button cell is about
1cm?, which the small active area resulting in applying restricts for evaluation of planar
SOFCs . with different tothe small area of button cell, the active area of cell testing of
large-scale planar SOFCs generally reaches 16 cm? which can evaluate the cell
performance comprehensively and efficiently!®. Therefore, the technique of testing for
large-scale planar SOFCs is applied in some extent®®. There are many aspects concerning
cell testing for anode supported planar solid oxide fuel cells (SOFCs) with large scale films.
Testing house design, high temperature sealing, resistance of electrical current leads and
contacts at interfaces all have important effects on electrical properties of the testing cell.
Accordingly, the technique of cell testing for large-scale planar SOFCs needs improving
and developing further.

Design of testing house for large-area planar SOFCs
Cell house is a carrier for testing of single cell, and the ceramic tube is usually adopted for
testing button cell B!, The carrier is also important for cell testing of large-scale planar
SOFCs. The design of testing house requires two factors: the coefficient of thermal
expansion and the lifetime test for single cell. Consequently, the ceramic which is made by
Al,O3; was selected due to its small coefficient of thermal expansion according to the
reference reported .

Fig.2 The self-designed testing house

Fig.2 presents the self-designed testing house, in which the area of single cell is 7x7cm?
and the active area is 4x4cm?, as seen in Fig.2a). The area of single cell is very large
resulting in cell wasting, and making the sealing difficult by using of the testing house. In
order to solve this problem, a new testing house was designed, as presented in Fig.2b).
The area of single cell is reduced to 5x6cm? keeping the active area constant with area of
4x4cm?. As a result, the problem was solved effectively.

Sealing of cell testing for large-scale planar SOFCs

High temperature gas sealing is a key problem for cell testing of SOFCs. To solve the
problem of high temperature gas sealing, silicate glass, phosphate glass and Al,O3 ceramic
glass were developed 2.

The high temperature sealant has been developed to be appropriate to the temperature
ranging from 600 to 900°C for testing of single cell with an active area of 4x4cm?. And a
composite sealing configuration with a high temperature ceramic glass is designed. By the
design of high temperature sealing composite components, a maximum OCV of 1.176V is
reached at 850°C. And a successful rate of 93.3% has been obtained for the OCV of more
than 1V during the testing of our single cells recently, as shown in Fig.3. Furthermore, the
composite components sealing is acted as a buffer for inserted pressure. As a result, the
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single cell can be protected well under a pressure of 4~6 kg after testing, as presented in
Fig.4.

1200}
1100 R i
1000_ -'e,n'" ' _._..f.-—:—YJ{-_-_-:U--——---—-""’-"
> o
Eo9oof  [TT--- b
S | y
O 800+ e
700 ; —— 20070831
P / ---- 20070827
600F 1 / -.-=- 20071019
K e 20071024
500 - -
0. 0 2. 0x16 4. 0x16 6. 0x1(? 8. 0x16 1 Oxld 1. 2xld
Time/s
1.4-
- o2 8 S ~Sew
1.2+ N g —dnd
L Experimental zoo Ob.bg ®  gei Ty
10— R .\'\
< Y| @ 5
08 o & 9 ® St
1 '\ !
Sosf ¢ teo /
O 1
OC 04r > Successful rate=93. 3%
0.2} /
0.0e-9-® @ ®
88E & 3
-0.2kd6dO G606 L ©
0.4}
0 5 10 15 20 25 30

Fig.4 Single cell after testing

Resistance of cell testing for large-scale planar SOFCs
If the resistance besides of the contribution from single cell is large, the cell can not be
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discharged properly. Therefore, it is necessary to reduce this extra resistance, i.e the
resistance of electrical current leads and contacts, to less than an extent to draw current. To
decrease the resistance of electrical leads, appropriate metal wire was chosen, and the
length of electrical leads should be shorted. Large area lead wires were selected. Ag can
be used as an economic alternative in stead of Pt or Au when the cell measurement
temperature becomes low than 850°C and it has a very low resistivity, too.

The contributions from contact resistances are from the interface at electrode and gas flow
channel, interface at gas flow channel and current collection layer and so on. By using Ni
mesh, the contact resistance in anode side can be ignored under a certain pressure due to
metal characteritic of the reduced anode support. The gas flow channel in cathode side is
made of LSM and the current collect is Pt. And the contact resistance in cathode side needs
to be decreased due to relative high contact resistance between current collector (metal Pt
or cathode) and oxide (cathode). In order to do so, LaSrMnO gas flow channel is wrapped
up by Pt net. Using such configuration, the resistance of contacts and electrical leads can
be reduced appropriately.

LSM gas Channel’ 4
AR B B A A

Fig.5 Set-up of cell testing for large-scale planar SOFCs

The set up of cell testing for large-area planar SOFCs was developed by the methods
mentioned above, in which the voltage and current probes were distributed on two
electrode sides and current collect sides respectively, as shown in Fig.5. The single cell
was discharged at 850°C using the set up, and the resistance of electrical current leads and
contacts can be got, as shown in Fig.6. The slope of solid black points represents the inner
resistance of single cell Rc, and the slope of solid white points represents the extra
resistance of single cell including the resistance of electrical current leads and contacts Ry.
It can be calculated that the Rc is about 36.54 mQ and the Ry is about 44.53 mQ. The sum
of the resistance from contacts and current leads is 7.99 mQ. This extra resistance is
generally about 10 mQ for our testing set up, as presented in Fig.7a).The difference in low
frequency is about 14.89 mQ by four wires and two wires method of the electrochemical
impedance spectroscopy (EIS), which can be considered as the extra resistance of single
cell. It can be found that the result shown in Fig.7b) by EIS is higher than that obtained by
discharging in Fig.7a).

Especially, the electrochemical impedance spectra of large-area SOFCs presented in
Fig.7b) by four wires method indicates the inner resistance of single cell, which including
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electrode polarization resistance Rap+cpand ohmic resistance 2R, +Re.

1.1<
r e Cell
10r Fitted line
0.9} o House
- - - - Fitted line
0.8F
% 0.7+
o R _=36.54m
g 0.6 cell
g ol R 444300
. S
0.4l AR=R+R Qn
=Rhouse- Rt:ell b\
031 =7.99mn [
02 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n M >
-2 0 2 4 6 8 10 12 14 16 18

I/A

Fig.6 Resistance measurement of electrical current leads and contacts
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Fig.7 Resistance obtained by discharge and EIS
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Conclusions

A ceramic testing house made of Al,Oj3; repeatly used in long term measurements is
designed. A composite sealing configuration with a high temperature ceramic glass is
developed. By our design of the high temperature sealing composite components, a
maximum OCYV of 1.176V was reached at 850°C for testing of single cell with an active area
of 4x4cm?. And a successful rate of 93.3% has been obtained for the OCV of more than 1V
during the testing of our single cells recently. Furthermore, the single cell is protected under
a pressure of 6 kg during testing. Due to special designed sealing configuration, the cells
after testing can be intact. The resistance of electrical current leads and contacts are
reduced to 7.99 mQ to draw current effectively. Also, the polarization and ohmic resistance
of single cell can be differentiated clearly by EIS technique during testing.

Acknowledgement
The authors gratefully acknowledge the financial supports from the
National High-Tech Research and Development Program of China (863 Program,
Grant No. 2007AA05Z140 and the Chinese Academy of Sciences.

References

(1) Subhash C Singhal, Kevin Kendall, High temperature solid oxide fuel cells:
Fundamentals, Designs and Applications. Elsevier Advanced Technology, The
Boulevard, Langford Lane, Kidlington Oxford OX5 IGB, UK.

(2) Jung-Hoon Song, Sun-Il Park, Jong-Ho Lee, et al, Fabrication characteristics of an
anode-supported thin-film electrolyte fabricated by the tape casting method for
IT-SOFC. Journal of Materials Processing Technology 198(2008)414-418.

(3) S.P. Simner, J.F. Bonnett, N.L. Canfield, et al, Development of lanthanum ferrite
SOFC cathodes. Journal of Power Source 113(2003)1-10.

(4) Hongxia Gu, Ran Ran, Wei Zhou, et al, Solid-oxide fuel cell operated on in situ
catalytic decomposition products of liquid hydrazine. Journal of Power
Sources177(2008) 323-329.

(5) Kang Wang, Ran Ran, Wei Zhou, et al, Properties and performance of
Ba0.5Sr0.5C00.8Fe0.203-6 + Sm0.2Ce0.801.9 composite cathode. Journal of
Power Sources, In Press, Corrected Proof, Available online 1 February 2008.

(6) Weiguo Wang, Yilin- Liu, Rasmus Barfod, et al, Nanostructured Lanthanum
Manganate Composite Cathode. Electrochemical and Solid-State Letters 8
(2005)A619-621.

(7) R. Valien, D. Hathiramani, J. Mertens, et al, Manufacturing of high performance solid
oxide fuel cells (SOFCs) with atmospheric plasma spraying (APS). Surface and
Coatings Technology 202(2007)499-508.

(8) José M. Serra and Hans-Peter Buchkremer, On the nanostructuring and catalytic
promotion of intermediate temperature solid oxide fuel cell (IT-SOFC) cathodes.
Journal of Power Sources 172(2007)768-774.

(9) Vishal Kumar, Anu Arora, O.P. Pandey and K. Singh, Studies on thermal and structural
properties of glasses as sealants for solid oxide fuel cells. International Journal of
Hydrogen Energy 33(2008)434-438.

(10) M.J. Pascual, A. Guillet and A. Duran, Optimization of glass—ceramic sealant
compositions in the system MgO-BaO-SiO2 for solid oxide fuel cells (SOFC). Journal
of Power Sources 169 (2007)40-46.

(11) Shaobai Sang, Wei Li, Jian Pu, et al, Novel Al203-based compressive seals for
IT-SOFC applications. Journal of Power Sources 177(2008)77-82.

(12) Jinhua Piao, Kening Sun, Naiging Zhang, et al, Sealing Glass of
Barium-Calcium-Aluminosilicate System for Solid Oxide Fuel Cells. Journal of Rare
Earths 25 (2007)434-43.



B0905 — Abstract 241 — Oral Presentation — Se®30&h— Testing - Thursday, July 3, 2008 — 10:00 h

(13) Shiru Le, Kening Sun, Naiging Zhang, et al, Comparison of infiltrated ceramic fiber
paper and mica base compressive seals for planar solid oxide fuel cells. Journal of
Power Sources 168(2007)447-452.



