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Perovskitetype of Ydoped La;Sr3CrO; as a promisinganode for solid oxide fuel cell, maintain

good stability in HS-containing atmosphere based on the results from they Xiffraction patterns

and Fourier transform infrared spectroscap®ur previous work. Irthe research explore the single

cell performance and reveal its sulfur durability under the regd ldnvironment. The activity of the
anode has a close relationship with its material composition, the crystal structure and the morphologic
structure, etc. Therefore;dbped La ;Sr sCrO; as the anodeaterial is further investigated by XRD,
high-resolution transmission electron microscopy and scanning electron microscopy. The surface
composition and valence of each element wdopged La;SrpiCrO; are identified by Xray
photoelectron spectroscopyh@rmodynamic calculation is used to analyze the stability of each
element in Ydoped La /Sr sCrO; when it is exposed in 43 at the range of partial pressures of sulfur
(pS) and (pQ) simulated the fuel cell conditions. Meanwhile, the single cell withfigaration ¥

doped L@ 7Sr 3CrOs-SDC/SDC/Ag is measured under reaBHatmosphere at 60650 and700N for
verification of the simulation. Then the electrochemical impedance spectrum is used to analyze the
reasons that affected cell performance.
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1. INTRODUCTION

Solid oxide fuel cells (SOFCs) are regarded as a promising clean energy conversion system
because of higenergy conversion efficiency, efficienéclamation of waste heat, low environment
impact, and extensive fuel flexibility compared to other fuel ddHd]. However, even with these
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benefits, the high operating temperature (@000 N ) causes several problems, e.g., expensive
maintenance cost, material degradation, and material compatibility challgnggs Reducing the
operating temperature to below 70D has received considerable attention. However, a series of
problems ensuedncluding the performance dropped drastically as the rapid increasing in polarization
losses (associated with low electrolyte conductivity and poor electrodes reactions Kidptics)

The feasibility of using b5 as the fuel for a SOFC simultaneouslyduaes electricity§,9].
However, the toxicity of b5 to anode materials for SOFC is catastrophic. Searching for -sulfur
resistant anode materials is a challenge to develop SOFC.

Perovskitetype oxide with a general formula of ABQTypical material is LaQDs) has played
an important role for application in SOF@s A-site and Bsite replaced by other ions that can
improve the physical propertiegl0-12]. LaCrQ; as electrode materials have been extensively
investigated 13, 14]. Due to the material of A Caand Cedoped yttrium the excellent property as
anode materials such as improving chemical and dimensional stability in hydrogen witfC3&é¢H
10-20 ppm HS[15-17]. Our previous investigation confirmed that Y doped 3 3sCrO; can be used
as a poteml anode for its high electrical performand®]. Tan etc[18] indicated thathe doped of
nonvariant valence metal Y can increase the tolerant to sbifiithe reason of the stability and sulfur
resistance was not explained cleaByp n the papernhe stability andthe sulfur durability of Y doped
Lap 7/SrpsCrOs under the real k& environment was investigated from microstructure, the surface
composition and valence of each element before and after single cell test.

2. EXPERIMENT

A serial of La7xYxShsCrO; (x=0.1, 0.13, 0.15, 0.17, 0.2) were synthesized by urea
combustion method. The details of the synthesis have been described in our previously study [11]. The
precursor ashes were calcined in the air at 3856r 4 h using a rate of § min™.

The crystalline structure of the anode materials was examinettray diffraction patterns
(XRD, Bruker D8 Advance, Germany) usingCyKadi ati on (&=0.15406) at
ranging from 5° to 80°Temperaturgorogrammed reduction using dnpgen (H-TPR) was performed
at atmospheric pressure in a continuous flow reactor charged with 25 mg of sample powidéR. H
tests were performed with 10% i Ar at a flow rate of 30 ml-mir, heated from room temperature
to 900N at a rate of 10 min'* and then held at 909 for 30 min.

Temperaturgorogrammed reduction (TPR) was carried out with ther@ Chembet (3000)
instrument. 0.1g fresh samples were performed with a 18%,How (70mL/min) heating from room
temperature to 908 for 1 h. TheH, consumption was determined by a TCD detector, while ice was
trapped in a cold trap.

Due to the good single crystal structure and stability in the reducing atmosphegte, La
xY xSl 3CrO; (x=0.13) was selected to investigate the sulfur tolerance of LY&® the microstructure
and morphologies by scanning electron microscopy (SENBMEN FESEM, Japan), highesolution
transmission electron microscopy (HRTEMEM-2100F), selectedrea electron diffraction (SAED).
The surface composition and valence of each element were identified-rey Khotoelectron
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spectroscopy (XPShemo ESCALAB 2500S).
Electrochemical workstation was used to measure the performance of the single cell with
configuration LYSCSDC/SDC/Ag under real 43 atmosphere at 600 to 780 for verification of the

simulation. Then the electrochemical impedance spectrum (EIShusealsto analyze the reasons that
affected cell performance.

3. RESULTS AND DISCUSSION
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Figure 1. (a) XRD patterns and (b)TIPR curves of LazxY xSr.sCrO; (x=0.1, 0.13, 0.15, 0.17, 0.2)

Figure 1(a)showed the XRD p#drns with different content of Y (x=0.1, 0.13, 0.15, 0.17 and
0.2) after firing in air at 13501 for 4 h, suggesting that when the value of x>0.13, some impure peaks
(SrCrQy) appearedResistance against thermal and chemical redudtiorthe sampls was further
studied by H-TPR withthe results shown iRigure 1(b) The TPR profile of Y dopetlag 7Sty sCrOs
had reductiorl) peaksat about 600N when x=0.1, 0.2. The other values of x also hadtpeaks at
about610 N , the reduction temperature was changedordingto the doped of Y. According to the
Referencg19], the reduction peakwhich appeaed between 5 and700 N were attributed tothe
reduction of Ct" to CP*. The small shoulder peaks appeared about M7@ere assigned tahe
reduction of C¥" to C**. Among the peaks, when the value of x=0.13, the corresponding peak moved
to a higher temerature zone, suggesting greater chemical stability of the LF&@ the analysis of
XRD and H-TPR, x=0.13 (that i$.ay57Y 0.135lb.3CrOs r,i@bbrev.LYSC13 as the best candidate was
chosen in the following study

As shown inFigure 2 the pure perovskite phase can be formed at N85Mom the XRD
patterns of all the calcined LYSC13. The diffraction pattern for the electrode posited film has eleven
broad pek's at 2,d32.7288 44223 47.045, 53.003, 58.524, 68.725, 73.548 78.255,
82.882 and 87.462 corresponding to (100), (110), (111), (200), (210), (211), (220), (221), (310),
(311) and (222) of LgSr CrOs (JCPDS card no. 74980), respetively. While some impurity peaks
are observed in the sample at 2d=29.169 and 4
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of the Y,O3; parent (JCPDS card No. -0351) after calcined at 1199 . Therefore, 135N was
chosen as the calcinatiomtperature.
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Figure 2. X-ray diffraction patterns of LYSC13 at 1150 and 1850
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Figure 3. Experimental SAED patterns of LYSC13 crystal along th¢1(H)], (b)[ 111]. Experimental
HRTEM images of the crystals shown irf{c) andSEM images of theYSC13 as shownn (d).

TEM and SEM images iRigure 3cand3d showed the morphology of LYSC13. LYSC13 could
be indexed according to the cubic perovskite structure with a lattice parameter of a ~RBeSENT
images of LYSC13 also showed essentially poeous surface morphology composing of particles,
indicating that each particle was a LYSC13 single crystal since the structure similar to the one
calculated from the HRTEM results. The most symmetric space gRmfsmwas selected by fitting
of the XRD pofile. HRTEM was conducted to further investigate the structural and elemental
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characters. The clear Moire fringes and split points in the corresponding fast Fourier transform (FFT)
pattern in samples demonstrated the shogystalline nature of the suda as shown ifrigure 3aand

3b. The lattice fringes of LYSC13 displayed interplanar spacings of 0.273 and 0.193 nm in the patrticle,
which matched well respectively with those of the [110] and the [200] planes of the fcc LYSC13 anode
materials and the relksi were agreement with XRD patterns. A selected area electron diffraction
(SAED) pattern along the [111] zone axes and no different grains were observed as shgurein

3a 3b. The relatively high intensity streaks along [111] in the [110] diffracpatiern (as shown in
Figure 3B were observed for some grains, which would be regardedste Bation (CiG ) and

Cr(D) ) ordering for the overlap of stacking fadkrived scattering2, 21, or as the ordering of
oxygen vacancie2p], which werein agreement with thE¥PSresults
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Figure 4. EDS mapping of LYSC13

The elemental mapping imagesHigure 4 clearly pointed out a highly uniform distribution of
Cr, Sr, Y and La, confirming the formation of an embedded of Sr and Y in the porous;L&Eude
4b showed the energy dispersive spectrum (EDS). The results reveal the existence of La, Y) Sr, Cr,
and Cu (8 keV) elements, wherein the Cu signal was ascribed to the copper grid used in the process o
testing.

Fuel cell tests were measured to estimate the electrochemical activity of the anode m¥terial. |
and FP curves of single cell with configuratioof LYSC13SDC/SDC/Ag under the operation
temperatures (10% #0.1% HS, other was Nas balance gas) were givenkigure 5a The power
densities were 18.52, 56.05 and 62.66 mV¥cat 600, 650 and 700N, respectively. The
corresponding OCV values were 0,9.94 and 0.96 V. The impedance spectroscopy was employed to
analyze the effect of operating temperature on single cells as shokigure 5b. The impedance
spectra are mainly composed of two sections. One is the ohmic resistgpgeWRich is locatd at
high frequency) which mainly include electrolyte resistance, the electrode ohmic resistance, the
connector resistance, the lead resistance and other contact resistances, etc. Another is the activatic
resistance (R) which is located at low frequeycincluding cathode, anode activation polarization
resistance and concentration polarization resistafigewre 5bshowed that the f&y, varies slightly
with the temperatures, while a large change occurred in fheTRerefore, the main loss of the fuel
cell was due to the electrode polarization.
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Figure 5. IV-IP and the impedance spectroscopy of LYSC13 as anode under 0% H,S fuel at
different temperatures

Within the work atmosphere and temperature, the anode materia toeledve enough high
electrical conductivity to ensure that the anode material has good conductivity performance, so as to
making the electronicfrom dectrochemicalreaction passed to the external circuit dudther
generaing the current.In addition, the anode catalyst nmitmave a high ionic conductivity, so that the
fuel can arriveto the anode area for electrochemical reactibime conductivity of LYSC13 were
measured by-probe DC in10% H-0.1% HS from 500 to 80N . In LYSC13, the substitution of Sr
for La or Y resulted in a chargmmpensation transition of €rto Cr**, which gives rise to the
formation of small polaron as charge carries and thermally activated hopping as the transport
mechanism [23]The condugvities increased with the temperature rising as shown in Figure 6. The
behaviorwas typical small polaron mechanism and can be expresses as

0= ( A/ TEJT® x p ( 1
whereA is the preexponential factork, is the activation energyis the Boltzmanmronstant, and is
the absolute temperature.
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Figure 6.Ln(0T) for LYSC13 as a founction of 1000/T

The longterm galvanostatic test of the single célfBON was given in Figure 7The OCV
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startedto stabilizeafter the single running 2 h, ascribledconditioning of the anode catalyst, and there
were nodetectablesulfideson the anode surface as determined by the XPS analysis after cooling to
room temperature.

1.0

09 |-

0.8 |- ]

oCV (V)

0.6 |-

0.5 " 1 " | " 1 " 1

Time (h)
Figure 7. Longterm galvanostatic test the single cell LYSC13/SDC/Ag atN00

Table 1.Thepartial pressuref O, (g) and S (g) under the operation condition

Partial pressures input boundary /| Partial pressures output boundar
/Pa

t/N S at S at S at S at
0O W(H.S) of | w(H,S) of O, W(H2S) of | w(H2S) of

1x10° 1x102 1x10° 1x102

600 4.83x10%® | 1.08x10"° | 1.08x10" | 4.09x10?° | 1.02x10' | 1.02x10°
650 1.78x10%° | 1.47x10™° | 1.47x10" | 1.51x10** | 1.38x10'" | 1.38x10°
700 4.55x10%° | 1.49x10'" | 1.49x10° | 3.85x107° | 1.4x10% | 1.4x10’

In order to consider elements interacting in the anode material, the thermodynamic calculations
were used to analyse the phase diagrams €153 Y-O-S, SrO-S and GiO-S. According to the
Reference 4], the values of p&lg) and pg(g) were defined by assuming a mixture 3%¥®OHand 97%
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H, as the input fuel to the anode, and 90%OHand 10% H mixture as the output gases which
represented the fuel consumption of with 90% in SOFC. Theartial pressuref O, (g) and $ (9)
under the operation condition was calculated as shovialte 1

log pS2(g) Predominance Diagram for La-O-S System log m‘;zw Predominance Diagram for La-O-S System
9 Tas2
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log pS2(e) Predominance Diagram for Sr-0-S System log pS2(2) Predominance Diagram for Sr-O-S System
0 . - :

-10 -10

-15 -15

20 -20

25 25

-30 -30

-35 -35

-40 -40

-40 -35 -30 -25 -20 -15 -10 -5 -40 -35 -30 -25 -20 -15 -10 -5 o

Constant value: Constant value: log pO2(g)
T/°C = 600.00 T/oC = K50 00

log pS2(g) Predominance Diagram for Sr-0-S System

Constant value: log pO2(g)

(C) T/°C =700.00

(d)



