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Characterisation of LaggSro4C0o2Fe0503.5- BaosSrosC0osFe203.5 composite as
cathode for solid oxide fuel cells
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Mixture of LaogeSro4Coo2FepsOs.s and BaosSrosCoosFeo20s.5, was investigated as promising cathode for
intermediate temperature solid oxide fuel cells (IT-SOFCs). The two perovskites possess high catalytic activity for the
oxygen reduction (ORR), although some problems related to their chemical and structural stability have still to be
overcome in view of improving durability of the cell performance. The achievement of a stable and high-performing
composite material is the aim of this study. In principle, chemical equilibrium at the LSCF-BSCF interface may be reached
through ions interdiffusion during the sintering process, resulting in the chemical stabilization of the material. The
composite-cathode deposited on CepsSmg 2025 electrolyte was then investigated by Electrochemical Impedance
Spectroscopy (EIS) as a function of temperature, overpotential and time. The results exhibited an interesting
electrochemical behavior of the electrode toward oxygen reduction reaction. XRD analysis was performed to detect
structural modification during thermal or operation stages and it was found that after the sintering the two starting
perovskites were no longer present; a new phase with a rhombohedral Lao 4SrosFeOs-type structure (LSF) is formed. An
improvement in composite cathode durability has been detected under the considered operating conditions (200 mAcm-
2, 700 °C) in comparison with the pure BSCF electrode. The results confirmed this new electrode as promising system
for further investigation as IT-SOFC cathode.
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INTRODUCTION

One of the main goals for solid oxide fuel cells
is the reduction of operating temperature below
800 °C to improve long-term stability and reduce
costs. On the other hand the lowering of operating
temperature causes a reduction in performance,
mainly due to the high activation energy required for
oxygen reduction reaction at the cathode [1,2].

Different efforts have been made to investigate
new kind of materials and microstructure with the
aim to understand which phenomena are responsible
of the cathode performance changes as a function of
time, thermal cycling, operating conditions and
others factors [1,3-5].

One class of materials widely investigated are
perovskite, with a general formula ABOs; the A-site
is occupied by lanthanides or alkaline earth metals,
B-site contains cations of transition metal as Fe and
Co. In particular the attention has been focused on
the materials that shown a large ionic and electronic
conductivity with a good electrocatalytic reduction
of oxygen [6].

Bao5Sro5C00.8F€0.203-5 (BSCF) and
Lao6Sro.4Coo2Fe0s0s5 (LSCF) are two perovskites
evaluated as promising cathode materials by several
studies [7,8]. Excellent properties of BSCF were
presented by Shao et al. [9] at the beginning of 2000.
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This material showed a very high performance for
temperature lower than 600 °C.

LSCF has been considered a possible electrode
material thank to its electronic conductivity, over
300 S-cm® and oxygen conductivity near to
0.1 S-em™ at 800 °C, with consequent good results
[10,11].

Nevertheless these two materials are affected
by two main problems: stability and durability.
LSCF suffers of La and Srinter diffusion pointed as
the reason of degradation; in fact the cation
interdiffusion to electrode/electrolyte interface leads
to the formation of an insulating phases as LaZr,0
(LZO) or SrzZrOsz (SZO) when yttrium stabilised
zirconia (YSZ) is used as electrolyte [12,13]. The
presence of these phases has a negative effect on
ionic conductivity, reducing the global cell
performance. A possible solution, to avoid the
formation of the insulating layer, is the application
of an interlayer made by Gdo2CeosOs5 (GDC) or
Smo,Ceos0ss (SDC) between cathode and
electrolyte or as directly as electrode [13,14].

A further solution to block the Sr segregation is
the modification of surface chemistry through the
infiltration technique. In this case LSCF cathode
backbone was infiltrated by a stable compound rich
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OXAPAKTEPU3UPAHE HA Lao.sSro4C0o.2Fe0803-5- Bao5Sre5C00.8Fe0.203-s KOMIIO3UT KATO
KATOJAEH MATEPUAJI 3A SOFC
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Cwmec ot LagsSro4Cog2FepsOs.s and BagsSrosCoogFeo 203.5,€ u3cieqBana KaTo MEPCIEKTUBEH KATOJEH MaTepHa 3a
TOPUBHHU KIICTKA C TBHPIAOOKCHAHU (OPUBHH KIETKH, paboremn mpu MexaunHa temmeparypa(lT-SOFCs). [Ipara
MEPOBCKUTA IPUTEKABAT BUCOKA KATAJIMTHYHA aKTUBHOCT 3a penykuus Ha kucinopoia (ORR), BbIpekn uye HIAKOM
npoOieMH, CBBP3aHHU C TAXHATA XUMHYECKa M CTPYKTYpHA CTaOMIIHOCT, BCe omie TPpsiOBa 1a ObAaT MPEOJOJICHH C Orie]
nomoOpsiBaHe Ha CTAaOWIIHOCTTAa Ha XapaKTEePUCTHKUTE Ha KieTkaTa. [locTHraHeTo Ha CTAOWJICH W BHCOKOC()EKTHBEH
KOMIIO3UTEH MaTepual € 1IeNTa Ha TOBa u3cieaBaHe. 110 IpHHIMI XUMUYECKOTO paBHOBecue npu uHtepdeiica LSCF-
BSCF Mose na 6bae HOCTHUIHATO Ype3 UHTepaudy3us Ha HOHM 10 BpeMe Ha Mpoleca Ha CHHTEPOBaHe, KOeTO BOIH 110
XUMHYECKa cTabmii3anus Ha Matepruana. KOMIIO3HTHUAT KaTol, oTioxeH BbpXy CeogSMo 2025 CISKTPOIIHT, CIIS] TOBA
Oeiie W3clelBaH 4Ype3 eNIeKTpOXHMMH4YHA uMmIenaHcHa crekrpockomus (EIS) kato ¢yHkims Ha Temmeparyparta,
CBPBXIOTEHIMAJa W BpeMeTo. PesynraTure moka3zaxa HMHTEPECHO EJIEKTPOXMMHYHO MOBEICHHE Ha eJeKTpoJa II0o
OTHOIIEHHE Ha KHUCJIOpoAHaTa peaykuus. XRD aHaiu3bT € U3BbpLICH 32 OTKPUBAHE HA CTPYKTYPHA MOJAM(UKALHNS 10
BpeMe paboTa 1 € yCTaHOBEHO, Ue CJie/l CHHTEPOBAHE JiBaTa U3X0/IHHU IIEPOBCKUTH Bede He MPUCHCTBAT; (hOpMHUpa Ce HOBA
¢asa ¢ pomboeapuuHa crpykTypa LagsSrosFeOs (LSF). ITogoGpeHara yCTORYUBOCT Ha KOMIIO3UTHHSI KaTOJl € OTKPHUTa
Hpu pasriexjaanute pabotHu ycaosus (200 mAcm?, 700°C) B cpasuenue ¢ umctus BSCF enexrpoa. Pesynrature
MIOTBBPIMXa TO3HM HOB €JIEKTPOJ KaTO MEPCIEeKTUBHA CHCTEMA 3a M0-HaTaThIIHO u3cienasane karo | T-SOFC karon.

Karouosu nymu: SOFC katox, aeirocpouna cradmrHoct, LSCF-BSCF
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