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SOFC batteries developmerst currently thrivingin Russia (1). TVEL Fuel
Companyis a division of Rosatom State Corporatithat promoteshe SOFC
technological platform, includingell, stacks, and integrated stack module for
different applications. The technology development is based on R&D
consortium betweennstitute of Solid State Physics Russian Academy of
Sciences (ISSP RAS) with NEZ-Ceramics (Novosibirsk, Russiaand
includes materials synthesis and cost effective ceramic manufacturing sxethod
for electrolyte supported flat cells with multilagerelectrodes assembling for
stack with metallic interconnectors from stainless steel Crofer Bt we
report on manufacturing and electrochemical tests of myétial electrolyte-
supported SOFC based on NEWZgramics membrane. 10SclCeSZ
membranes of 50x50 nfmarea and 250 microns thick were chosen as a
support. NiO10S1CeSZ and (LgsSro.2)0.99VIN03-10Sc1CeSZ multilayered
electrodes were deposited by praoteentechnique. Electrochemical tests in
two-chamber cell were evaluated in wide temperature range-4@0tC) and
different oxygen atmospheres.

I ntroduction

Among the basic designsf solid oxide fuel cells, the electrolyte-supported SOFCs are
extensively mvestigated because they exhibit higher advantage for stack manufa2uis)g
Significant improvement of cell performance has been achieved in recent years through the
optimization of materialsand microstructures of multilayer electrodeSEVZ-Ceramics
(Novosibirsk, Russia) is a company specialisin ceramic technologigkat has groduction

line of electrolyte membranes for SOH@. cooperation witiNEVZ-Ceramicsteam whose
work is concentrated on the development dape casting metho@) for manufacturing of
planar 10Sc1CeSZ solid electrolgteith high durability and flatness, th@SP RASeamhas

the task todevelop the laboratory method for manufacturing of the cell with multigalyer
electrodes andotperformelectrochemical tests of multjlared electrolytesupported SOFC
based on NEVZ&eramics membrane.

Experimental

Solid electrolyteplatesmanufacturingorocessconsists of several stageshich includes
preparation of the ceramic slurry by mixing organic and inorganic componemdsyic tape
casting the line, KYOKO Sloveniarying of ceramic tapeaminationof stacks;remowal of
bundles; and roastin@gasing on the above process thehnology of solid electrolyte plate
casting method for moving the tape using the organic solvent tgteg of ceramiavas
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perfected usingthe euipmentby KEKO Ltd (Slovenia). Injection molding machine for the
production of ceramic tape is a higkfformance line for mass productionigire. J).

Bundles and removal processes were carried out in Nabertherm furnaagsgsfatehigh
temperature accuracy and energy efficiency. During firing the materialresquechanical
strength and all the necessary properi@stimum sintering temperature is 15@0Because
maxmum densityis reachedat that temperatur@~igure 2). When the temperaturacreass
furtherthe density decreas@nd porosity increases.
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Figure 2 Electrormicroscopic images of cross sections of ceramic plEe65¢,03-1% 89%
Zr0O,-Ce( sinteed at a temperature of 1500°C.

Figure 3. shows theplates of solidelectrolyte with composition of 109&03;1%CeQ-
ZrO, 89% and theizeof 50x50mn? and thickness of 250 microns.

918



ECS Transactions, 57 (1) 917-923 (2013)

Figure 3.Samples of ceramic plates with size<50 mnf and a thickness of 250 microns.

In this work investigation of the electrochemical propenies carried out on two cell
types: squarditted 50x50 mni cells and button cells of 21 mm diameter. Both electrolyte
supported cell typebased on the electrolyte membran&é250 um thicknessvere produced
by NEVZ-ceramics.

Print-screenting anode and cathode pastes were prepared by mixing corresponding amount
of powders and commercial binder HERAEUS0¥6. Both electrodes were douldgered.
Anode functional lagr (AFL) with thckness of 15 umand 40/60 mass ratio of
NiO/10Sc1CeSZ and anode current collector layer (ACCL) with thickness of 36di60&40
mass ratio of NiO/10Sc1CeSZ were prepared in single firing atC3®EMimage of anode
side crosssection is showm Figure4.

Bag= 200K X 10pm’ EHT = S.00 K Sdgal A = SE2 Daks -8 Map 215
Wo= §mm A Bgerture Slee = 30000 pm Fignal B = InLens Tima 420421

Figure 4. SEM-image of the anode side cross-section.

919



ECS Transactions, 57 (1) 917-923 (2013)

Than cathode electrode was depositadhe opposite surface of the membrane. Cathode
functional layer (CFL) with thickness of 15um and 60/40 mass ratio of
(Lap 8S10.2)0.9MIN0O5/10Sc1CeSZ and per(Lay sShh 2)0.09VINO3 cathode current collector layer
(CCCL) with thickness of 30m were also prepared in one step firing at 2LOGEMimage
of cathode side osssection is shown in Figure $he areas of both electrodes wefx4D
mn?* and 1.5 crhfor squarefitted and button cell respectively.
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Figure 5. SEMimageof the cathode side cresgction.

Electrochemical tests of squditted cells were carried out by means of laboratory test
station Figure 6).

Figure 6. Laboratory test stationitiv installed squaréitted fuel cell (left) and mounted
mechanical load head (right).

Laboratory test station is equipped with heater, Hilass controllers, electronic load and
steel housing and allow to control composition and flow rate of fuel andizimg
atmospheres, working temperature and conduct electrochemical tests of Biebepdration
of anodic and cathodic gas spaces was made without sealants by means pofisbesl s
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Buttoncells test procedure see el$ene(5).

Results and Discussion

Results of the electrochemical tests of sdfigtied cells are showin Figure 7. As can be
seen orthe picturethe OCV valueexceeds more than1lV. That is the evidence dfigh
quality of anodic and cathodic gas spaces separatomeans opolished surfacest should
be noted thathe tot& output energy is less than O/8 for cell with 16 cnf active electrode
area. To clarify the reason sifich insufficientesult the impdance measurements were made.
Impedance spectrummeasured at &0C is presentedin Figure 8 As can be seen on the
picture ohmic and polarization part of the impedance spectrum are of the same order as
expected. Sopoor electrochemical characteristiese the consequence of the petectric
contact on one of the electrodes but notghality of membrane or eleaides. To check that
assumptiorthe electrochemical testsave made on the button cell produ¢keugh the same
procedure as a squdiiged one.
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Figure 7. I-V and power curves of squditeed fuel cell measured at 8%C.
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Figure 8. Result of the impedance measurements of stjtiaceeell.

Results ofbutton cellelectrochemicalests are presented kigure 2 OCV value exceeds
more than 1V in all temperature randfeshould be noted that output power densixceeds
value of 0.6 W/crhat 906C. Power density at 880 (target value for developed stack) and
0.7V is more than 0.35 W/dnThereby insufficient output power value for squiteed cell
is not a consequence of membrane or electrodes quality but active areaneduetiatest
station assembleroblems.
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Figure 9 I-V and power curves of button fuel cell measured at 7566200

Conclusion

Here we report on manufacturing arfaist electrochemical tests of multilayered
electrolytesupported SOFC based on NE¢&ramics membrandonic membrane 50x50
mn?” area and 250 micronghick) was made through ordinary TLC routeby
NEVZ-CERAMICS. Multilayered compositeelectrodes were deposited by pratreen
techniqueand fired at 1380 and 11%D for anodeand cathode respectively. Electrochemical
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measurements of squditted cell showed insufficient results with only 30mW/cat 806C.
Additional investigation of the impedance spectra and button cell characsansiicated that
poor electrochemical characteristics were the consequence of the test ats@mble
problem but not membrane or electrode quakiyrther development of the fuel cells based
on the NEVZECeramics membranes is in progress
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