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Reduced-Temperature Solid Oxide Fuel Cells Fabricated
by Screen Printing
Changrong Xia, Fanglin Chen¥ and Meilin Liu, **

School of Materials Science and Engineering, Georgia Institute of Technology, Atlanta,
Georgia 30332-0245, USA

Electrolyte films of samaria-doped cerf8DC, Sm Ce 0, are fabricated onto porous NiO-SDC substrates by a screen
printing technique. A cathode layer, consisting of (381, :Co0; and 10 wt % SDC, is subsequently screen printed on the
electrolyte to form a single cell, which is tested at temperatures from 400 to 600°C. When hum@ffied,O) hydrogen or
methane is used as fuel and stationary air as oxidant, the maximum power densities @e783&nd 397(or 304 mWi/cn? at

500 and 600°C, respectively. Impedance analysis indicates that the performances of the solid oxide f(®8OE€ls below

550°C are determined primarily by the interfacial resistance, implying that the development of catalytically active electrode
materials is critical to the successful development of high-performance SOFCs to be operated at temperatures below 600°C.
© 2001 The Electrochemical SocietyDOI: 10.1149/1.1361158All rights reserved.

Manuscript submitted November 13, 2000; revised manuscript received January 10, 2001. Available electronically March 20,
2001.

A solid oxide fuel cell(SOFQ is one of the cleanest, most effi- The SDC electrolyte powder and the cathode material
cient, and versatile technologies for chemical-to-electrical energy(Sm, sSr, <CoO,) were prepared by a glycine/nitrate proc&ésThe
conversion. While existing SOFC technology has demonstratecanode pellets were prepared from a mixture of NiO and SDC pow-
much higher energy efficiency with minimal pollutant emission over der at a weight ratio of NiO:SDG& 65:35. The mixed powder was
conventional energy technologies, the cost of the current SOFC syspressed under X 108 Pa into a pellet10 mm diam and 0.3-0.5
tems is still prohibitive for broad commercialization except for a mm thick. An electrolyte slurry consisting of SDC powder,
small niche market. To be economically competitive, both the costmethylcellulose, terpineol, and ethanol was screen printed onto the
of materials and the cost of fabrication for SOFC systems must begreen anode pellet and subsequently fired at 1350°C in air for 5 h.
dramatically reduced. One effective approach to cost reduction is to Ne temperature was increased at a rate of 120°C/h up to the firing
reduce the operating temperature. For example, if the operating terf€Mperature, pausing for 60 min at 450°C to remove organics. A
perature of SOFCs can be reduced to 400-600°C, the interconnecgathode slurry consisting of $¥61,sCo0;, 10 wt % SDC, and a
heat exchangers, and structure components may be fabricated frofi€raeus bindefvV006) was also applledoto the electrolyte by screen
relatively inexpensive metal componehtsAccordingly, extensive printing. The cathode Waf fired at 950.C In air foh with he.atlng
efforts have recently been focused on reduced-temperature SOFC nd cooling rates of 300°C/h. Shown in Fig. 1 are the microstruc-

) . . ures of each cell component as characterized using a scanning elec-
Doshiet al. reporteo_l a maximum power density of -140.mW?cm tron microscopgSEM, Hitachi S-80D The SDC electrolyte layer
500°C for a H/air fuel cell based on a thin film GCO

) i (with thickness of 3G.m) is dense while both anode and cathode are
(Gdy L 01 o) electrolyte with a Ni-GCO anode and an ANLC-1 porous. The porosities of the cathode and anode are 27 and 35%,
cathode’ The anode-supported cell was prepared by a multiplayerrespectively, as estimated from quantitative microscopy.
tape-casting technique. The total cell resistance at 500°C wagd 1.3 The single cell was sealed on an alumina tube support with silver
cn?, of which 0.7Q cn? was attributed to the electrolyte and nearly paste(Heraeus, C8710 The cell was horizontally mounted into an
0.6 Q cn? to the cathode, while the polarization of the anode was electric furnace. Electrochemical characterizations were performed
negligible. Barnetet al’ reported a direct electrochemical oxidation at ambient pressure at temperatures from 400 to 600°C. Fuel cell
of methane in SOFCs that generated power densities up to 370, 25@erformances were measured with an EG&G potentiostat/
and 125 mW/crhat 650, 600, and 550°C, respectively. The electro- galvanostatmodel 2734 interfaced with model 270/250 Research
lyte film, an 8 um thick YSZ, was prepared on a §.481 ,MnO; Electrochemistry software. Humidifig8% H,0) hydrogen or meth-
cathode using magnetron sputtering. ane was used as fuel and stationary air was _u_sed as oxidant. The
dlm%edancEecs;é)gthle ckel_l underl_c;perg-cwgullt ggggmonds wereEgggsured
L A with an ock-in amplifier (mode and an

sgreen printing_for fabrlc_atlon of SOFCs based_ o.n an SDCpotentiostat/galvanoste(tnodel 273A interfaced with model 398

( n’ble:Q)Bol_g) electroly_te film, a cermet. ahode consisting of SDC electrochemical impedance software.

and NiO, and a composite cathode consisting 0f §81 sC00; and Shown in Fig. 2 are the I-V curves and the corresponding power
10% SDC. Compared with the film preparation techniques men-densities for an SOFC tested at temperatures from 400 to 600°C
tioned earlier, screen printing is simple and cost effectiehas  with humidified hydrogen as fuel. Each datum point was recorded
been extensively used for the preparation of electrolytes with thick-about 30 min after the cell reached the steady state. As shown in
ness varying from a few tens of micrometers to about gé@ In Fig. 2, an open-circuit voltag€OCV) of 1.02 V was observed at
this article, we report our initial results on SOFCs based on SDC400°C indicating that the electronic condition in SDC is insignifi-
electrolyte fabricated using screen printing and characterized at temsant. The maximum power densities were 128, 188, 240, and 397
peratures from 400 to 600°C. The observed power densities and theW/cn? at 450, 500, 550, and 600°C, respectively. Although fuel
interfacial resistances are impressive at these low temperature§ells based on SDC electrolyte that were 0.25-0.50 mm thick have

while the detailed electrochemical characteristics of the cells, espeDeen tested at temperatures above 600ti@; performance of the
cially the interfacial phenomena, are still under investigation. SOFCs below 600°C is not available in the literature. The observed

current and power densities at low temperat#0-600°Q of the
fuel cells fabricated by screen printing represent significant progress
* Electrochemical Society Student Member. n onv-temperature SOFC.S' . .
** Electrochemical Society Active Member. Figure 3a shows the impedance spectra of a single cell with
Z E-mail: meilin.liu@mse.gatech.edu humidified hydrogen as fuel, while in Fig. 3b the interfacial polar-

To significantly reduce the cost of fabrication, we have studie
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Figure 1. Cross-sectional viewSEM graphg of (a) a single cell,(b) the porous Ni-SDC anode€c) the dense SDC electrolyte, ar{d) the porous
Smy 55 sCo0; + 10 wt % SDC cathode.

ization resistance and electrolyte resistance as determined from th@07 Q cn? at 600°C, only about one-sixth of the total cell
impedance spectra are shown. At temperatures below 550°C, theesistance. This implies that the cell performance at temperatures
interfacial resistance is much greater than the resistance of the eleeiove 600°C can be significantly improved by reducing the thick-
trolyte. The ratio of interfacial resistance to electrolyte resistanceness of the electrolyte, at these temperatures both the cathode
increased dramatically as the operating temperature was reduce S S .CoO, and 10 wt % SDCand the anodéNiO and 35 wt
implying that the performance of the SOFCs to be operated at IowEj M.551,5C00; 6 SDE N

b . .
temperatures depends critically on the interfacial resistance. Accord-/0 SDQ are sufficiently active. For example, the cell performance at

ingly, the development of catalytically active electrodes and inter- GOOOCf may be increased by 100%hby redLIJcinﬁ] the_electrolyte thick-
faces is critical to successful development of SOFCs to be operatef€SS from 30 to 1Gum becarl:ge the total cell resistance may be
at low temperature6<600°0. Mesoporous mixed-conducting elec- "éduced from 0.48 to 0.2& cnr".

trodes and nanostructured interfaces may significantly improve the When humidified methane was used as fuel, the maximum power
performance of low-temperature SOFCs. densities were 78, 195, and 304 mWfcrat 500, 550, and

It is noted that the interfacial polarization resistance was(1.0 600°C, respectively, as is shown in Fig. 4. The power density
cn? at 500°C, about two-thirds the cell resistance, but reduced toat 600°C(304 mW/cnf) observed in this work is higher than those
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Figure 2. Cell voltages(solid symbol$ and power densitiepen symbols Figure 4. Cell voltages(solid symbol$ and power densitie@pen symbols
as a function of current densities for an SOFC with humidified (3%0OH  as a function of current densities for an SOFC with humidified (3@

hydrogen as fuel at temperatures from 400 to 600°C. methane as fuel at temperatures from 450 to 600°C.
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