uUnAAga

SAALATINTT: MRG558014
4 ¥ e d 4 P 9 em A
Falasgna: nsdusluazaussnuzvegasizandsninsiailysasuilidanioula
a a A A Aa
LL‘.ULmuLﬁnaﬂﬂLu@lLLazLLULmuﬁmiwLﬂjaﬂmumﬂuaLaﬂimvlam“[mmswaﬂw“mmu
szt Inwiaie

o A o ¥

TawnIvy uazan1dw: WA.A7.39U1 WIUTETIRY MelmdRgaaaT anzineimaas awaaanTol

NAINLRY
DLNA : rojana.p@chula.ac.th
szaznalasons: 2 nInHIAN 2555 — 1 nIngyau 2557

¥
o o

A X a ¢ A4 £ ¢ A & A I~ A A o Aq o

lavwnadspifdagUeasdiiedugdimasidpivansasidaniuandnsiailuineunld v-doped

a & & {
BazrO, (38 BYZ) uaz Y-doped Ba(Ce,Zr)O, (W38 BCZY) \ludiinInlad lavtuaaun1sduglizadiae,

A o o { 4 a A ' A .
SuduannImaudiimunzanlunsiugfdudianinsladofio BYZ uaz BCZY asunuduualuaziia Nio-
BYZ uaz NiO-BCZY anuanal sazmafiansnannyuuunazaasdin lnaiia aldiisudidiningladnidany

1 s =3 1 nq’ o wua s a Aa & 6 d'l L%

AUHUEINAIN TN TINTUIULAY AuzEIT892M0 Pt paste asunfrvasdidninyladinalfiduualne

& a & = e & a o . A a o o o
VDILTRANLALD ﬂqﬂ%%ﬂﬂﬂ@ﬁauauiiﬂ%zmaﬁLT@@LT@LW@G@I\‘]ﬂﬂWQﬂqmﬁﬁ&lﬂ']iﬂqﬁquizﬂuﬂﬂ’]\‘] (400-700 C)

A o

o A ' { v a & a &
ﬂ']i@nLuuﬂ']%mﬂﬂiﬂiﬁﬂ']iiu’ﬁ?ﬁL"Ja'] 2 ﬁﬁw’]ulﬂ AN EIVL@ILi&lﬂ’]i“n@]aa\‘ﬁ]’mﬂ’limugﬂaLaﬂI“ni

U

ladofia BYZ unusinsaualuasiia NiO:BYZ (8aa7% 60:40 lasiiwnin) laslutuaauuwsnameeias lavin

U

o v & o o H £ v A o
mMaassumIazaadIunMIIuglian BYZ wazdiudaudltlunstugidreiTnswenyuuuuazaasdae
Invhatia ldun gomnduiuses anududurasmnIasdu szozszniiaduioguias anuddndszning
v o A o ' AL ' a
WITNUAZIUTEY UA 8ATINT IRATBIANTAEATY KAaNTNaRaIN lawuiRaN BYZ fiduglunukusasualuad

° oy 2n o o o a o X A <
U wwann wihanzgissaznemauitymlesnsdsufoududsmatugy uasiiantunaluagniu
i (@anaulastininuad NiO:BYZ 1aIT%ualuagwIud1viniy 50:50 30:70 uaz 10:90) UWAIUBILHUKIBY
walualdn uaginaialynivassesuanlufisy asanmnaaif lsunwinuseninssula luauazAss
o ] &/ { s a a a o v
BYZ Sslildmansndugimadiasizausadizamdsandnoiaillsaaule

v

. @ o & | . . 4 @ & {
LRI ol wmsmugﬂmaaﬂa‘u BCZY adUnUH®KIB SiO,/Si fiawNamiaiudiniugin
Aa &

v v a 1 o t§/ [l a . o'
ANNCRA LLm%mthmnm’smmsmugﬂﬂﬁu BCZY unutiusasualuasiia NiO-BCZY ﬂﬁ”ﬁuLLaI%@EWE%@I’]

o

9 . o W o . wn & { '
@Fanamdoanunsdilay BYZ) nansneaaadfi ldwuitamzdidumansndugUfdn BCZY Aflanaumuiusiu

' A ' Aa & N . A ¥ (Y &
;j\‘iLLa:vL&IMiaﬂLLGlﬂaGUuLLN%iadLL@I%@Y\&J“E%LLQI%@EWE%@]’] (NIOBCZY N 10:90 Iﬂﬂu’]%uﬂ) LLEI:mﬁJ’]‘m“llu;S‘ﬂ



a

LIRSLALIVDILTBLWEIN T BCZY tudianIngtad badsa la mhﬁwé’avlwmqaqmaamaﬁﬁmﬁqm%numi

U

#1975 550-700 °C  laslddalalasianiduidainiinasmoeanGiantduaiaonTuanud a;jsl,wﬁaa 1.0-3.0

mW/cm2

o o v M a
Alan : LLHL%UN‘EL%UNL%B%IQL%@] LL']_IL%EINLSITE]%IQL%@] ﬂ@i‘uma mswanwﬂmmuazammﬂﬂﬂmnm Lsnaﬁ

Wawdsaninriainldiaen



Abstract

Project Code: MRG558014

Project Title: Fabrication and Performance of Protonic Ceramic Fuel Cells using Y-doped BaZrO; and
Ba(Ce,Zr)O, as Electrolytes by Electrostatic Spray Deposition

Investigator : Asst. Prof.Dr. Rojana Pornprasertsuk, Department of Materials Science, Faculty of
Science, Chulalongkorn University

E-mail Address: rojana.p@chula.ac.th

Project Period: 2 July 2012 - 1 July 2014

This research work focuses on the fabrication of protonic ceramic fuel cell (PCFC) which uses Y-
doped barium zirconate (BYZ) and Y-doped barium cerium zirconate (BCZY) as an electrolyte. The BYZ and
BCZY thin films were fabricated by electrostatic spray deposition (ESD) on the NiO-BYZ and NiO-BCZY
anode substrates, respectively. To fabricate a PCFC single cell, Pt paste was applied on the surface of BYZ
or BCZY electrolyte as a cathode. The performance of the single cells was then analyzed at the operating
temperatures of 400-700 °C.

For BYZ fabrication on 60 wt% NiO-40 wt% BYZ anode substrates, the first step involved the
preparation of precursor solution and optimization of ESD parameters (i.e. substrate temperature, precursor
concentration, nozzle-to-substrate distance, applied voltage and solution flow rate). The microstructure
analysis showed that the sintered BYZ films on NiO-BYZ substrates had low density with several pores on
the surfaces. The research team tried to solve the problem by introducing the anode functional layer which
contained the lower weight fraction of NiO:BYZ (10:90, 30:70 and 50:50) on top of the 60 wt% NiO-40 wt%
BYZ anode substrate. However, after sintering, the BYZ surfaces contained some cracks due to the
shrinkage mismatch between the substrates and electrolytes. Thus, the PCFC single cell using BYZ as an
electrolyte could not be fabricated.

The preparation of BCZY precursor and the optimization of ESD parameters for BCZY thin film
fabrication on SiO,/Si wafers were then performed. By employing the optimized ESD parameters of BCZY
deposited SiO,/Si wafers, the BCZY thin films were then fabricated on 60 wt% NiO-40 wt% BCZY substrates
with the anode functional layers (AFLs) at lower weight fractions of NiO:BCZY (10:90, 30:70 and 50:50,

referred to as NB10:90, NB30:70 and NB50:50, respectively). The microstructure analysis showed that the
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dense BCZY film with no crack was finally achieved the NB10:90 anode substrate. The PCFC single cell
using BCZY as an electrolyte was then fabricated. By using hydrogen gas as a fuel and oxygen gas as an
oxidant, the maximum power densities of 1.0-3.0 mW/cm2 was then achieved at the operating temperatures

of 550-700°C.

Keywords: barium zirconate, barium cerium zirconate, thin film, electrostatic spray deposition, protonic

ceramic fuel cell
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