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Preparation and Electrochemical Properties of (Prjola,;),(Niy74Cuy2/Gags)Oy.s-
Ce(yGd);0,;Composite Cathode

SHENG Shuang' ZHAO Hui*' HAO Ju-Hong*> SUN Li-Ping™' HUO Li-Hua'
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Abstract:  (Pryolay;), (Nig7Cug2Gages)O4 .5 (PLNCG) is prepared by EDTA-citrate process, and forms composite
cathode with CegoGdy;0,5(CGO). XRD and SEM results demonstrate that PLNCG is chemical compatible with CGO
at 1 000 °C. The electrochemical measurements show that the polarization resistance (R,) of PLNCG-30% CGO is
0.092 Q)+ cm? at 700 °C. When the current density reaches 113.3 mA -¢cm™, the cathode overpotential is only 39.3 mV
at 700 °C in air. The oxygen partial pressure dependence of R, indicates that the rate limiting step of the composite
cathode is charge transfer process. The maximum power density of anode-support single cell (Ni-CGO/CGO/PLNCG-
30%CGO) reaches 569 mW - cm™ at 700 °C with open circuit voltage (OCV) of 0.76 V.
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Fig.1

Experimental and calculated XRD patterns and the difference between them, calculated Bragg peaks positions for (a)

PLNCG and (b)PLNCG-CGO mixed powders after sintered at 1 000 °C for 10 h
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Fig.2 SEM images of PLNCG-30%CGO composite electrode sintered at various temperatures, surface (a) 900 °C (b) 1 000 °C
(c) 1 100 °C and cross-section (d) 1 000 “C
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Fig.3 Impedance spectra of PLNCG-30%CGO electrode
sintered at different temperatures for 2 h and then

measured at 700 °C in air
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0,10,20,30,40 ) cathode measured at
700 °C in air
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Fig.5 TImpedance spectra for (a) PLNCG-30%CGO and (b) PLNCG at 700 °C under various oxygen partial pressures
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Table 1 Fitted impedance spectra values Ry, R;, capacitance, and relaxation frequency of composite cathode PLNCG-30%

CGO at 700 °C under various oxygen partial pressures

Py, I kPa 14.489 5.269 3.344 1.621 1.013
Ri/ (Q-cm?) 0.115 0.144 0.158 0.173 0.210
Qu/ (F™es""cm™) 0.021 0.020 0.019 0.019 0.021
Ty 0.553 0.531 0.530 0.524 0.511
Cy/ (Frem™) 1.610x10™* 1.140x10* 1.101x10* 1.054x10™ 1.170x10*
Ju! Hz 8.601x10° 9.696x10° 9.155%x10° 8.729x10° 6.483%x10°
Ry / (Q-cm?) 0.006 0.014 0.023 0.046 0.094
Qu/ (F s cm?) 0.550 0.447 0.305 0.227 0.225
n, 0.910 0.941 0.971 0.963 0.962
C./ (F-cm™) 03126 0.3252 0.263 0 0.190 5 0.193 2
S/ Hz 84.90 34.98 26.32 18.17 8.768
Ry / (Q-emd) 0.121 0.158 0.181 0.219 0.304

£ 2 700 CAREESET PLNCG BHRERIELEEHR. R, XX HHBEESMKRINE
Table 2 Fitted impedance spectra values Ry, R,, capacitance, and relaxation frequency of cathode PLNCG at 700 °C

under various oxygen partial pressures

Py, ' kPa 14.489 5.269 3.344 1.621 1.013
Ru/ (Q-em?) 0.207 0.226 0.239 0.268 0.409
Qu/ (Fes™em?) 0.037 0.043 0.014 0.018 0.017
ny 0.573 0.551 0.598 0.603 0.525
Cy/ (F-em?) 9.806x10* 9.853x10™ 3.034x10™* 5.371x10* 1.897x10™*
ful Hz 7.845%107 7.151x10? 2.196x10° 1.106x10° 2.052x10°
R/ (Q-cemd) 0.009 0.018 0.027 0.063 0.119
Qu/ (Fes"cm™) 0.252 0.326 0.656 0.700 0.381
n, 0.980 0.971 0.951 0.917 0.920
Ci./ (F-cm?) 0222 6 0.279 6 0.5329 0.527 7 0.291 1
S/ Hz 79.50 31.64 11.07 4.79 4.596

Ry / (Q+cm?) 0.216 0.244 0.266 0.331 0.528
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Fig.6  Curves of cathode polarization resistance with

oxygen partial pressures at 700 C
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30%CGO composite cathode measured at

different temperatures in air

Kl 8 i BH # % # NiO-CGO/CGO/PLNCG-30%
CGO iy 1-V-P 12k, 5 i I % R (0CV)
i 30 1 R R/ SR AR Y AR A e —
el T R R AU N AR CGO Y Cet
TR IR R Ce™, L F 3 T IR ERm, S 808 7 5
HLMERESE  OCV R, 700 CHY FFIESHLE N 0.76 V,
R Y)PRE IR F] 569 mW-em?, T BHM 31
L NiO-YSZ/YSZ/PLNCG(506 mW -cm ™)™, LA K
4 JB SCHE M LA LagsSro,MnO; o/ YSZ 4 52 A B AL 31
B FE Tl (800 °CHe KI5 B 0.38 W eem)#1, LU
45K U] PLNCG-30%CGO & & Btk A 8 = i
WAL TG, 2 — AR AT & R T 55 11 ] 44 48 Ak P 49k



512 W W WA (ProgLag:)s(NiorCuiozGages) Oss-CeasGdo 1 0ns B 13 B A 1 £ B v Ak 27 4 5 2149
12 700 454:460-465
—°—700 C [9] Liu Z, Cheng L Z, Han M F. J. Power Sources, 2011,196:
10 *650°C PR 868-871
—e—600 C oot o
0alse s oo, 4500 s) [10]Shao Z P, Haile S M. Nature, 2004,431:170-173
% ’“ooﬁtig?ﬂ:ﬂ\ »;4!?:““"00 % - 4400 :E/ [11]Wang F, Zhou Q J, He T M, et al. J. Power Sources, 2010,
g’ 0.6 ) Py, o %‘ 195:3772-3778
5 / 30g, N 300 2 . . )
= oa y, 0,830, QA < [12]Ding H P, Lin B, Liu X Q, et al. Electrochem. Commun.,
i 74 o, %039, °\. 5
rd Se tese, ) 1200 B 2008,10:1388-1391
o, oo, £
0.2 "‘m\_\ 1100 [13]Zhou X D, Templeton J W, Nie Z, et al. Elecirochim. Acta,
° 2012,71:44-49

0~0 T T T T T T T T O
0 200 400 600 80010001 20014001600 1800
Current density / (mA-cm?)

8 ARIEE T NiO-CGO/CGO/PLNCG-30%CGO H-
R Y 1oV -P 2R
Fig.8 [-V-P curves of single cell NiO-CGO/CGO/PLNCG-
30%CGO at different temperatures

LR EIEN
3 & it

FH EDTA-FrB R #h kG B T PLNCG #3141
B, IR T PLNCG-CGO & & Btk , 5% &K,
CGO BB AN T A A b 0 4803 5 R o7 306 o7 A
B T ANAE SRR, (REE T B Y AT B S
N3 . PLNCG-30%CGO & & B # i9 # k L BH
700 CH 0.092 Q- cem?, BB S 45 5 H b ) 4 o Do
IR E] 569 mW -em?, PLNCG-30%CGO & & Btk
S — PP TENY IT-SOFC BAM A1 %},

SE .

[1] Steele B C H, Heinzel A. Nature, 2001,414:345-352

[2] Beckel D, Bieberle-Hiitter A, Harvey A, et al. J. Power Sources,
2007,173(1): 325-345

[3] SUN Li-Ping(#h Wi #%), LI Qiang(Z%51), ZHAO Hui(# #%),
et al. Chinese J. Inorg. Chem.(%ALAL 5 F 3R), 2014,30(5):
1045-1050

[4] Li Q, Sun L P, Huo L H, et al. Int. J. Hydrogen Energy,
2010,35:9151-9157

[5] Xia T, Lin N, Zhao H, et al. J. Power Sources, 2009,192:
291-296

[6] ZHANG Han(5K #1), XIA Chang-Rong(& 1 %¢). Chinese J.
Inorg. Chem.(FAAL 5 F 3R), 2010,26(10):1875-1879

[7] XIAO Hui(H #), SUN Li-Ping(#M i ), ZHAO Hui(# 1),
et al. Chinese J. Inorg. Chem.(% #LAt % % iR, 2015,31(6):
1139-1144

[8] Xu Q, Huang D P, Zhang F, et al. J. Alloys Compd., 2008,

[14]Ferchaud C, Grenier J C,Ye Z S, et al. J. Power Sources,
2011,196:1872-1879

[15]Yashima M, Yamada H, Ishihara T, et al. Chem. Mater.,
2012,24:4100-4113

[16]Wang Y F, Cheng J G, Jiang Q M, et al. J. Power Sources,
2011,196:3104-3108

[17]Kovalevsky A V, Kharton V V, Yaremchenko A A, et al. J
Electroceram, 2007,18:205-218

[18]Ishihara T, Nakashima K, Okada S, et al. Solid State lonics,
2008,179:1367-1371

[19]Peng S J,Wei Y Y, Xue J, et al. Int. J. Hydrogen Energy,
2013,38:10552-10558

[20]Zhou Q J, Wang F, Shen Y, et al. J. Power Sources, 2010,
195:2174-2181

[21]LI Qiang(% 5#2), FAN Yong(& 53), SUN Li-Ping (¥ i ),
et al. Chinese J. Inorg. Chem.(R AL F F 3R), 2007,23(2):
300-304

[22]Leng Y J, Chan S H, Liu Q L. Int. J. Hydrogen Energy,
2008,33:3808-3817

[23]Park Y M, Kim J H, Kim H. Int. J. Hydrogen Energy, 2011,
36:9169-9179

[24]Khandale A P, Lajurkar R P, Bhoga S S. Int. J. Hydrogen
Energy, 2014,39:19039-19050

[25]Meng X W, Lii S Q, Ji Y, et al. Ceram. Int., 2015,41:12107
-12114

[26]Yashima M, Sirikanda N, Ishihara T. J. Am. Chem. Soc.,
2010,132:2385-2392

[27]Li Q, Fan Y, Zhao H, et al. J. Power Sources, 2007,167:64-
68

[28]Sun C, Li Q, Sun L P, et al. Mater. Res. Bull., 2014.,53:65-
69

[29]Li Q, Zhao H, Huo L H, et al. Electrochem. Commun.,
2007,9:1508-1512

[30]Dusastre V, Kilner J A. Solid State lonics, 1999,126:163-174

[31]Simner S P, Anderson M D, Coleman J E, et al. J. Power
Sources, 2006,161:115-122

[32]Martinez J P, Lopez D M, Morales R, et al. Int. J. Hydrogen
Energy, 2009,34:9486- 9495



2150 Jd Hl fk

&
et
gl

#o% 4R

[33]Pang S L, Jiang X N, Li X N, et al. J. Power Sources,
2012,204:53-59

[34]Chen D J, Ran R, Zhang K, et al. J. Power Sources, 2009,
188:96-105

[35]Gao Z, Liu X M, Bergman B, et al. J. Power Sources, 2011,
196:9195-9203

[36]Zhao H, Huo L. H, Gao S. J. Power Sources, 2004,125:149-
154

[37]Li Q, Xia T, Sun L P, et al. Electrochim. Acta, 2014,150:
151-156

[38]Li J, Zhang N Q, Ni D, et al. Int. J. Hydrogen Energy,

2011,36:7641-7648

[39]Lee H H, Park 1 Y, Park ] H, et al. Int. J. Hydrogen
Energy, 2015,40:11998-12002

[40]Li H, Sun L P, Li Q, et al. Int. J. Hydrogen Energy, 2015,
40:12761-12769

[41]Zhang L L, Liu M, Huang J H, et al. Int. J. Hydrogen
Energy, 2014,39:7972-7979

[42]Wang Y X,Zhao X Y, Lii S Q, et al. Ceram. Int., 2014.40:
7321-7327

[43]Baek S W, Jeong J, Schlegl H, et al. Ceram. Int., 2016.42:
2402-2409





