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Abstract >> Perovskite-type oxides such as doped barium zirconate (BaZrO;) show high proton conductivity and
chemical stability when they are exposed to hydrogen and water vapour containing atmospheres, thus it can be
applicable to the hydrogen separation and the fuel cell electrolyte membranes. However the high temperature
(1700-1800C) and long sintering times (24h) are generally required to prepare the fully densified BaZrO; pellets.
These sintering conditions lead to the limitation of the grain size growth and the degradation of conductivity due
to the acceleration of BaO evaporation at 1200C. Here we demonstrate NiO-doped BaZrossYo.150s.5 with lower
calcination and sintering temperature, less experimental procedure and lower process cost than the conventional
mixing method. The stoichiometry of BaZryssY01503.5 was optimized by the control of excess amount of Ba (5mol%)
to minimized BaO evaporation. We found that the crystal size of NiO-doped BaZrygsYo.1503.5 was increased with
increase of calcination temperature from XRD analysis. NiO-doped BaZrossY0.150s.5 powder was calcined at 1000C
for 12h when its showed the highest conductivity of 3.3 x 107s/cm.
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Nomenclature SEM : Scanning Electron Microscope
PSA : Particle Size Analyzer
BZYO : BaZrossY015055 EDS : Energy Dispersive X-ray Spectroscopy

BaO : Barium Oxide

: 1. M 2
Subscripts
| 2 H A710] E(Perovskite) AFSHE 5 =2 AL®

XRD : X-ray diffractomet
ray diffractometer = BeRJ T 9= BaCeOs= CO, 3 S:EE0] Hof

. .. . . A EorAsE 3lakA] oL =
TCorrespondlng author : jino.kim@kicet.re.kr Rtk a e “l- °© IEO% SOFC, 2]
[ 42l : 2012928 242 : 2012.124 ARIEAES : 2012.1231 | uh ZRAH I Zof| A8 3 4= gk, uhHo| BaZrOs

Copyright (© 2012 KHNES L gleta o7 oFYslal =8 hulkAEEE HoF

670



NiO7} %= ¥l BaZross Yo0.150562] 4

51 9Je] g Allo] M) B3t 91| 53] Yitrium
o] 3 H 24 F BaZrossYo1s0:4BZYO)= =2
Q=g dehfa ook, et 1600C oj4ke) &
2 AZ(sintering) =7} Q35131 AZA X grain I
717} lum ©]8}= grain boundary %ol &Jgt Mt
A517} BrAgsi 10, T3t 31.9.0)) 4] 3}A(calcination)
9 278 AW Barium(Ba) SO ol
Barium Oxide aEHi H& E]o] grain boundaries 01]
A proton] o]5-& WA Bk, wjebA] 2
AwE7} wo}z]— 2AEE Bes Ha}m 5-10
mol% Barium& 23} E2lgok Fc}*™. Barison'?%
2 Barium excess d}¢] WF=0]Z BaCe | xZrxOs5 A
27} 28 AEES e AL Bnst o gtk =
oF > A2 E0f PAIEY] A AlRto] Hagt
BaZrOs0]] AZAZA|(NIO, ZnO, CoO and Pr¢Op)E
H7VslH grain= 7], U, A=TE F7HAZ ot
ot 24 Lwg FaAIH . Babilo' V52 of
g o] A1} Zro] ABO;oA] 2AZA|9} B-site?] 2|3+
of] W= Barium 33-2] U%E2] £7}7} grain boundary
A9 ol54d, grain g} WrEF7tol| e =

NiO — Ni’z + Oo + V'g, + 2V'0 (1)

71&9 242A SRS BaZrYOss 94 &
ball milling ¥4-S S ¢ A 2|31 AZRslo] £33
= "Xo|t), o] B ball milling 24 U AXI}
Ao| Wk} nEgHoly] g B HEoR

o ge] ot o] okt

£ AFo A= A A4S 93] Barium excess
£ stgon J1z W ohed ek A, % A
%?IZ J—W"ﬂ/ﬂ AxAQl NiOE E"t}?‘?}
_Q_

AAE Y A= st A 671

Conventional mixing NiO doping

BaCO,+Zr0,+Y,0, [ Baco,+zr0,+v,0,+NiO(4mol%) |

Ball milling 24h Ball milling 24h

Drying over night Drying over night
Calcination temperature
(1400C)
BZY + NiO(4mol%)
Ball milling 24h
(12000C)
N/

Fig. 1 Flow chart of conventional (a) and doping process
(b) for NiO-BZYO synthesis
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Fig. 2 XRD patterns for calcined powders at various tem-
peratures : (a) NiO-doped BZYO (b) undoped BZYO
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Table 1 Cristal size and FWHM for calcined BZYO powders
at various temperatures

Calcination Doping/ o
temperature Undoping XS(A) F
Ni i 22 42
1000C iO dong 3 0.420
Undoping 180 0.504
NiO dopi 325 0.310
1100°C o Coping
Undoping 219 0.426
Ni i .1
1200C i0 dong 635 0.196
Undoping 230 0.409
NiO dopi 873 0.165
1300°C o Coping
Undoping 258 0.372
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Fig. 3 Shrinkage of NiO-doped and undoped BZYO
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Fig. 4 SEM images for cross section of (a) undoping BZYO
pellet, (b) NiO-doped BZYO pellet sintered at 1200°C for 12h .
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Table 2 Porosity, contraction and bulk density of NiO-doped
and undoped BZYO

Calcination Porosity Contraction Bulk density
temperature (%) (%) (%)
1000C 0.17 21.5 96.97
1100C 0.27 222 97.19
1200C 0.25 232 98.24
1300C 10.07 10.8 87.93
1400C
undoped 38.38 8.4 62.18
BZYO
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Fig. 5 Particle sizes of NiO-doped BZYO powders calcined
at various temperatures
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Fig. 6 SEM images of NiO-doped BZYO powders calcined
at various temperatures
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Fig. 7 (a) bulk area, (b) grain boundary area element
analysis of NiO-doped BZYO by EDS
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