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Research Title: Synthesis of BaZrO,; and BaZry;Y,,0; membranes by mechanochemical
method for hydrogen separation

Researcher:  Assoc. Prof. Naratip Vittayakorn

Faculty: Science Department: ~ Chemistry

ABSTRACT

Since the simple method for producing the high performance complex oxide
materials with well-controlled shape and size have been attracted much attention. This
work proposes the synthetic method for produce the Barium zirconate (BaZrOs; BZ) and
Barium Yittrate zirconate (BaZrgeYo, Os: BZY) via sonochemical, precipitation and
mechanochemical synthesis method, respectively. The characterization of product
powders was performed by X-ray diffraction (XRD), Fourier transformed infrared
spectroscopy (FT-IR), Raman spectroscopy, Scanning electron microscope (SEM) and
Transmission electron microscope (TEM).

For the BaZrgeY10; powders, the single phase of BYZ product powders could be
synthesized via the precipitation and sonochemical method with calcination temperature
of 1400°C. The shpherical shape is observed. The particle size is increased and the size
distribution becomes narrow with increasing reaction time. In addition, the particle size
could be decreased when the concentration of precursor is increased.

For the BaZrO; product powders, the perovskite barium zirconate (BaZrO,) product
powders could be synthesized by an easy and efficient way wvia mechanochemical
synthesis method. The interesting results are reported that the single phase with high
crystallinity and uniform morphology is obtained at 60 minutes without calcination
process. The particle shape, size and size distribution were precisely controlled by
changing reaction time. The resulting of individual BaZrO, particle by TEM suggested that
the particle had a basically single crystalline nature.

Keywords: BaZrQs;, mechanochemical synthesis, sub-micrometer particle
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) HUARLTAATIITALIAT 30 UNMerecrssserrse st

wamedauguingwasasfiduaseililagisnsleluad dlmuduiuvesasdaiu
0.5, 1 uaz 2 Wwa/dns Tagruedusanslefiadiunm 30 uid A) Arunduduansds
#u 0.5 Tua/dns B) anudiiiuansisdy 1 Tua/Bas © mmidituansiau
VALUTET o A e S NS, ST —rumu WO, . N

uanednigingveuGsndamsaweslaunidunssidaeiinslalued
fitrnudriuvesaandiy 0.5, 1 uas 2 Wwa/Ans Tnsrundudarsledadunm

30 unil wazturaleiigaumadi 1400 °C A) Aasduduansiediu 0.5 Tua/ans

8) vsduduansiasy 1 Tua/Bng © Anudiuduansiedu 2 T08/805.. ..

sUwunsEB L Elendasnadniiduasedldiiszasiaan 5 15 30 uay 60 uail

(Wuds) Weufuguuuumaisnuuidiendandeymnnsgu (@uduas) T
dunsauuadedhidusansums h kL voeUuuumadenuuivdiondvestoyn

pfin gy ICSDIN 810y SRA0Q R SRS - AL I - Rerrrecs oo e

wansgUuuuiinmspanduiEBurTIInYe manAn BaZio; Tdanssildfissesina

W\ Rl ERC 4 T H R0 B G705 S L 9 © LA - 4 4

UARIFULUUAARSITMUTBMINEN BaZrO, fiduianeiléiszoziaa 5 15 30

o GO TR o C L) DL 2 (B (N2

LAMINTEY SEM Taenin BazZrOsiidaaeilafiseusiian 5 15 30 uay 60 Uil

uamannare TEM Towsau (a) Tasusnifusynaides (b) uas gtluuun'm.ﬁ'{afnuu

124818nAToY (electron diffraction pattern) 8WikEN BazZrO, NdATIEALAN
BUVLIAT 60 UMWt bissmnseeeseresesesess s seeses st sstsit s sesssssssseeeroesereee e

KARAUARUMIAELETIBININAN BaZrOsdATTesifisEaElnan 5 15 30 uae

B0 UM ooeecececmnene s mssesms s s s s sn s
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1.1 anudiAguazninvasdyninvinsidy

o v P P X , ) o '
Tullagtuiianedeentslinduuiinuinun smuvdandsunawnuitouunaa
nawbal vie ndwumadeniadinuddgduedranandauainlalasiau (Hydrogen, Hy)
& o a P s ° va w o O a 4
Wudamadenvitaniisrunersnanihu idundinunawundudaduiioninlelanaudu
A’ - (-] L4 J - - ot . 1 I" J ‘d
Wwomdduiumsinlwiniussdviangeasomuaziuiinsivdannadoudniniloninile
lelasuianmawluiifuufasendussliisslaiuiunanassldvinfuduandrnndamae
o ahly ™ ¢ ¢ ﬁ vt 1 g v a o -
suqibiufianiveulaeanladiliunanassladinsliiinuiaiounssan (Greenhouse gases)
daransznulneasansvitllaniautu (Global warming) mewmilufalolansuialiiunis
a“r 3 1 L ! - 4 w 1 J‘ o .4
aavurguazsauiuaniuunawswmiudiondindidyedrwinlusuiemdemiuia
a - i g - IJ L4 o (7
lelasiugninlulélumsudanssualwilastiaudneadidomas (Fuel cells) telindsnuiu
o a < L] o e e o a
gunsaididntnsiindsnlniwielflunsduindeusuniniduariifnenwilaegnandsluiBawded
a4 ove ) O & a 1 3 Y a ¥v
weldnumssudainanufucasnnoiniaaelUla (1-2] Furalalasiauaunsondalaainns
o v oo ’ - i d o ar LY )
wgneannuiaraulaon g geaidentuneniind (Separation membranes) ivianandaui
. . 4 ., -4 Vs
TWsmeu (Proton conducting materiats) fiflauaninsaluntsnanivshausananufaneldiang
ar o o - 1 4 d L]
inhlusnauansmihluvssgndldmulusedidomduasfidudadoniulusaey (Hydrogen
4 & a o a =] P
separation membrane) Tnaigadivawds (Fuel cell) Juigadndsuriaviiildluninga

=

wasnilnih Tasendoufiturvadusined (Electrochemical reaction) Tagdidnaseudziadond
nilaiAaufA3esandinduy (Oxidation) WiliAauiizenidndu (Reduction) Tneasilaidn
Tnslad (Electrolyte)  1¥udruivinbilsnowadouiinsuieas Insruanivesdidnlasladi
foimsisliadieaiiy fivssavsnmgewasnuseanzlivarnmany nnindedandmanlily
wadifomaagludrsmdinuisdisdeies ousegndlédmiuiduundediolnilaud
grunIMUE u3emmaniuiidie g lnowadifendsinarsuvuutmuviinvesdidnlnslad
sndegrady BidntnsladimianagunindsmanlavvesnledidaiBondu szuailiivseq
TusmeusiiilulaTensuns (Diffusion) Tnednannsuwssinudanfing Juegiugamgii A
funazmuiviuredlosauresiignazaeiitassiiu fanmsdiaumgilumsldrugaiteduns
selindnAamatihluseeuld Taevialugaumglimsldnuvesdidnlasladiidun Taslanzoanled
aagil 400-1000°C [1-2]



MIMHWH—

U7 L1 uanemsviruvaagadiniiag (3]

- 4 L 1 - d 1
duanlnslasinléfumnuauladusgraunnlulagiude dedenduluimeuluaniue
o ° o
40Ut (Proton-exchange membrane fuel cell, PEMFQ) [1-3] lseaanannsovinnulen
gaumaiigs Aruvuiugauazamaugs vihbillosiunsiafuvewdald anisfnnseuviedn
nsouiDY um'mmmuu.a"mums‘l-mumu nénnisiaursuraditewmadlduanlily i'lJVI 1.1
waavumwawumua"'l'uunala‘lmmmﬂuwameuavmwmmflumsma LLaV'l.anaaan%wumu
seendlad muanmnaﬂmwamu‘lwﬁﬂmnUgnsm’lumaaﬁamamm FaninAntuliunanasey
W, $ - ﬂ’ v ‘0‘ d ] a2 é‘ < v QI:V
ligidpmuignigeanannialéifnmhauld dadseneundnuaasadidomdasznoudeda
a 8 O - O v a2 ag ‘ - a %‘ a
dannindosdn Ao ualnanazuelua Aumesmusunduddnlaslad Tneasiinisdudaings
[ o 2 P oS w a 1 2 f% a o
wu ufdlelasioudluniluweTun lususiiviaeanduuaineinia sedudrlVluwadiBowmad
J vV o ] 1 - d. J L 1 Qoo

Auualnn vielidamsunivedlalasiauiwdibinlaslad Sudlefidnssfiseufalelasiou ssgn
pandladivunnseanidulusnaunasdidnnsauy ﬁdﬂsmaua“Lﬂaawmumuwﬁuataﬂwﬂaﬁﬂu
Saualva lusnsiaSnnseundsuiiiiuieesmovsnldnszualiieanuiuas Haludwalvaive
AduRasandauliliusandiaulosau '[uvxaﬂ|.:uaT.tJ'smauua.,aanﬁmu‘l.aaaunumnua.lm

wawaﬂuJumUiﬁﬂﬁwuﬂ‘[mmwsaunu'lum'msauaanmmam iﬂw 1.1[3)

Anode: 2H,—> aH" + de’ aun1ii 1.1
Cathode: O, +4H" + de —2H,0 aumi 1.2
Overall: 2H, + 0,—*2H,0 aunisi 1.3

Taarlunisvauess PEMFC asldansdad Ao 'L!']Ui?lﬂﬁ (H,0) v wialalasiau
usawﬁ (Hy) warldgiuufigaandiau (O,) IﬂﬂLma“laTmmu'l‘h"L‘umuu'lnmv'l.mmnn's"mumiswasu
upansgaavsearsusznaulelasmiueuvilui COZUuLUauw'm'flus.,uuma'mvn'lmnﬂﬂgnsm
futamdudiuusznavlusedifomds 1y wwideiludidnlaslad vialmAmduuuuuaaduaim
(BaCO eV liiuszAvBammnisvinauvasdidnlnsladanas muumwwumaqatanTmi‘lamvuJ
ruaisTaAilas (Chemical stability) Sefiaaudrdiaunn [2-3]



CenaGdat024(39)

LaggSrq1GageMgq, 055 (38)

BAZr Y ngOs s buik (14)
-4 _ BeCepgYa1C3e total (1
ZromsY 0150487 f 0¥ n105a bk (15)

log (o) (Sfcm)

6 \
BRZrqg¥a Oy slotal (18
8 \
BBZl‘uYuzG,_&lotal {43}
10 . . . ,

0.5 1.0 BN s a0 NN\as
1000/T (K"

J U o J L L] 1 o oW oW o d
JUR 1.2 wansrnnsthlusneuses BYZ fighsdrusinsnunuianmesenalndsibu [3]

fanihinnvindadendwlusmauiuivar e umsiindasnlusiillasadrauuy
wasawalnd (Perovskite structure) wiafanfiduassiainnedusef TnsTaniidansziainned
woserldenildmilogumgiivarnn 220°C degnvsadadonilusmounedwed tu wuil
98U (Nafion) Sudunedweiuiiansnmesvigeslsdaluiin (Perfluorosulfonic acid) Aiimsuiy &
Tolad Wuansdduieiuyszninwlunisdilusneu TneYamnesovalnd (Perovskite) it
msfunnzituite fufedaniuluseouldun BaTiO,, SrCe0,, BaCeOs, BaZiOs, BaCe, ,Y,0s
uarduqfudu laslusdseifauaulslunisAnufaguuisugeslawn Bazr0582) uay
wuTaadnvIaeslawg (BaZryeYy,05B2) Lﬁaﬂi:qnﬂ'&'ﬁw%’uuan‘la‘lmiwurﬂaqmmf]u"a’aq
Ussavigsindfalidelaiteunirianusunvlavsuay wedwadaslidwiruanuiaumiloulans
winuaufoundmediwasuasiidAgesiindlruvudaaninanudunsauazanmaiudy
wadfniweAwaiuarlans uanaintutan BYZ ddulrmamureufaiiimundunsatu nsn
lalasioudald (H,S5)  vildansatrWuszgndldlunisdeinlvsreuluaudieqladlnents
Wisuitsuauaninsalunsiilusaeuses BYZ Aulavsesnlesuiindu Iiuandflugui 1.2

wazdlafinnsanmsdaunszarstundy wudsueedlaun was wuiFoudnmsaseslaun
Fuaseilavars?d wiu FBUfATenaotuzvesuds (Solid  state  reaction) T8kl
(Combustion) 38n1sanaeneu (Precipitation) uax33laluiall (Sonochemical method) Jausas
WerlfaniRuazdnuaznisnisniness wudeseaslawn uaz wdsudamsmeeflaiun 7
uwananafy duiuiinnsfiounilan fie nisdauaseilasdfuditoraozvesnds Faes
Usznaulufetumaulumsusanstidriudsdfnaunuazdonininauaalnd (Calcination) 7

l
-2

gaumpiige Fegamglitldgaunnda 1500 °C WeliAnUAAToWTurmEneanin uavmindoanisti
v P | o » = - ' | a '
Ihgsiinnflnaunmgesidufananfigumgiigendt 1700-1800 °C wazuigamgisniuiunii 26-
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uay daul'umsm‘%um’funa'nﬁé’mﬁnwséuMﬁaawé’muﬁaamn AmSUiBnsiugy nssviung
Lm'lwmuuJumsmmsmmusmnummamamﬂumsauww Tmu’lumsnmimﬁ'lmﬂwgnm'l
uuasutﬂm‘lwmﬂ-uu'l.usvuvau'] mtdmswaumswﬂmnmmimsau'luﬂsmmwama"maﬂ.ﬂms
wAnAuiTiAIIqvistes 'luqwmwuwaané’atﬂmvﬂﬂmsmmmﬂaamamiawmwamuaq
'zmﬁmimna'ntﬁuns"mum5'[11LL1\1L%anaau'lwaumﬂmaam'ﬂmmuﬂuunumwgnsmmunmﬂu
udafusindesnslaglidndufeninisun vislkauteudiudy Tnodinsdangraise
wpnansfifienuuiamsgeuasiioymannadnisduunluas TagA8msfanannandoyaddoi
inanddlifinsuszgndldiivanslungu wudsugedlawa uar wuGsudmsmgaslamm Fown
aursauszendldfuansngudanaranamnsouiledgmilunseuiuntandoumauuiduls was
wnasaduasieildsymaruimdnferaniygmusimsndunefigumglalsouiy
mnvﬂ.ﬂna'nmLLa.mfmmnammumwm1Ue"luuﬂ'lsﬂs.,anvﬂ'vmﬂuﬂmumnan‘uwa
Wensiugsiinuudaeasiaiun (Bazr0y; BZ) war uwuissudawmsawaslaiun (8aZry,Y,,0s:
BZY) ﬁﬁﬁﬂlﬂﬂﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂw'lmiﬁ'iI.ﬂi'wﬁ'i'ﬁﬁ]LLUL?HU“L‘U?J?'TP’ILUF] (BaZrQs; BZ) uax uuldsy
dnnsagasiaug (BaZryeYe,Os BZY) A8nseuiun1siaiiiBana uasvaaauanuaiunsolunis
wenlalastauvaadaidantiu iilosnndadendiudindaiiauansolunsialusmeuds
Ussdndanga §nm5aa‘fqﬁiaﬁ'lunﬁamﬂsymnmﬁmum‘s'aums’umum (BaCO,vandaidanu
vdraiunszvumsTinubunannuhbifagasldnuenumdy wdehluldnu
ﬂmmwﬁmﬂmwuﬁuqquﬁqmazmmﬁuﬁqa LiRauifsefunsaviows wazannsmily
Uszgnildiuansidinvselindduq 16 Tosouiduifamsdaunssd wudeuweslae (Bazros;
BZ) uay wuiSsudamsniesiaiug (BaZrggYy Os BZY) franseuiunaeiiieng ﬁqquﬁﬁaa
TavhifimsligamgindinnnisuiuniaetiBainafisdy Weandamnisdudemdsuan
nswfigumpiigalunssurunsusaled wandessinnszuaunisdndaansonionlslu
Vhnaiinndamnzdmiunssuiunaaandigaaunssy saluBonnld wesdnasauudey
waslawn (8aZr0,; B2) uad wuiSsudavsmeslawm (BaZroYs 05 8ZY) luszduuiluwmsf
sifiunstiananmniduimesfigavengslinfing iy ua.,ma'lﬂwﬂunwumumwaa GeRtY
MMUURINT 97%) middewaseaevantivdluih Tmummxamwaawmmwﬂﬂsmauﬁa
\WuantAfid Aglunsussgnilfidudeidonriudmiuenislasiau Taseuadonis§35ns
wisnnazFoulviivuizan b suwuuidadeniuesiinvatuuFegelamg (BaZrOs; BZ)
ua wissuamsaeslaun (BaZrygY, 05 BZY)

D..

1.2 IaguszasAvaslasansie

1. wefawinssuiunisduamaiiadenineninduuemveslaunwasiudo
dawvsawgaslaun fonssuiumsiaiidana leluwadl waznisanagnou

2. weAnunilafunssuauntsduanviiine ATUTaNS vuia woudaidensiuigsn
finduwuisnweilaunuazwuissudamsaweslawn

3. Wewmmduiussewiunssuumsduaset Tasaaing wazaRvesTaquiadu
wwanalumsmunuSanlildaudRnuiisonis



4. Anwauddlii Anwiaudiviinisniw uaz audiniedwia dhlenalnlunisife
lawaiameisevialndme i maniouuuusiieg

1.3 Y3ULYRYILASINTIVEY

1. vhmsdupseidaideniueminduudoueaslauauasuuGeudmnsnge flaun
sgnszvumsiaiiianaleluedl uay anagnau

2. ¥hmsAnwedinvesarsiedy gamnil nan lumsdauasied wuFeueedlawauas
wuisudmvsngsilalmnssriumaaiidang

3. finvqamgduisesmnzaudelilflesinuuduveslanmuasuuFoudamsn
woslawn Aiflgainngs

4. Fnwnauuivanianin uas audinaliin wilanalnlunisdalaseadanessea
Ingigeisnsimlunuunneg

1.4 nowj) duyRgu (Hil) uaznsaunuranunveslananisid

msndalalasisutunssuiumsaivianenlalasauannufisoaiivieansaiiugiag
walulagnisudniilifuegreaunivanglutigiudsninianslalasasueuivinniswdsuuag
Taseasaluanaselonh (Steam reforming) 'uanmﬂﬂv’uﬁE'J'aﬁfi's'msuunaawmsﬁag’luamus
veavainglwin (Electrolysis) miusnaaigaissauaussu (Thermolysis) nsuunlnetnatia
ANUAULNIINTAAYY  (Pressure swing adsorption, PSA) LLazm7ﬂé’uLL'tiLt1“N(Cryogenic
distitlation) Tnelutagihulsfimawanndeidentulalasiau (Hydrogen separation membrane)
%4uJummusw’l*uLLtJrﬂ.aT.ﬂmuuummsnwam‘lameuwuﬂﬂuU‘iawﬁaaua.,'l'ciwaqﬂuuaﬂn'n
mﬂuﬂmnmdmeh'm'uL:uuuﬁuuunLLnalaTﬂmuuummmuuaaan'lﬂmmumaa'zawu'1m'[-nm
Wuidaidenteeniu ¢ UmnmawaaLuaﬁauzmmauuauwswuna[l-tt] Tngianiidunsie
nnedweialinuldfidlogumgivsann 220°C Madwvendadandmlusnaunedined wu
wuviaau (Nafion) ﬁatﬂuwaﬁmas’%ﬁmnmtwas’ﬂaaa‘is‘&’aiwﬁn (Perfluorosulfonic acid) AdlAns
wu Tlalas Lﬂumimmmwatwuﬂi"ﬁwﬁmw'[un'ﬁuﬂ'.ﬂimau lneYanuwasenalng (Perovskite)
wumsﬁ’amﬂ.,wuutwal.UuwaLaanmuTtJ'imau'lmLLn BaTiO,, SrCeQs;, BaCeOs, BaZrO,, BaCe,.
Y,Osmazduqduduz-a] uanmnumﬁ'\msﬂu.uqmuanwmsmamwaamtlummusuwugws_u
(Porous membranes) uazliflgniu (Dense membranes) lmoumiusufignyuilidusiu
Audnanswesgryuiosni 2 wluamsSeniuniusuetundditiswuuunalulas (Microporous
inorganic membrane) "E'qmmin'divﬂau-ﬁummuuLumL‘US'lﬁnﬁﬁLﬁuaé'mmu (Amorphous)
uazHan (Crystalline) 'muLuuLusmamauumawummwmuuuadmam‘lﬂmmsnmsuulmmn
widindidundnuarlanadlefionsanainmened 1.1



d < o L] ar d 3 & - 13
/1397 1.1 Waguisumahaussausudmivwenlslasauivhanfanyiiagieeg [2-3]

| Dense  Migropotous ‘ Dense } | Dense
‘Pniymr (mmac ‘ Ceramic | Porous Carbon ‘ Metallic

.
nge

Silica, dlumina,

Example LG allays,
Matertals Fotymers | ziconia, titanla, BaCeO Carbon Pd=C,
2eclites 2 Pd-Au

Transport Solution/ Molecular Solution/ | Surface diffusion, | Sefution/
Mechanism | diffusion sleving diffusion | molecular sieving | diffusion

azLiuléda Lmnmsummna'uuﬂm'xwmuuuawuumSelectwuty waa Snhadaitae
£
amwnﬁ't'munawuummnu aana‘[w.umusu'uumummm'L-B‘Lumswam‘la’Lﬂsmu’[wummu and

h]
t 4

geninmnusuiindug [2-3) Tasnalnmsuenlelnniaussusiusutuummnuiugedeldnns
azaiIuiunITung (Solution/Diffusion) u'uumaumuam'luwm 3AD a). awfAnIsunsuel
luanalglasiau vuRufvasuusulave b). Wiemsuansaveduanalalasauiidaidedentnu
o). Lﬂmm'iasma'uma.,man'la‘[ﬂmu‘lunsmadL;J:JLUWIaM.Msa‘la'[msﬁm"laaau (Ausmeu) Tu
nsdvaavsuesinddilvludadentu d). Hanisunsvetsznexlslasiaurislslasiou
losoumtludaidontnu e). iianssiuifutetes naulalrsiauvialalasisulessuiuluiana

aﬂtﬂmwuwmmmusuma'luanmu'uaawataanmu ). T.mana'ua\ﬂﬂ‘lmiwuﬂvmaauwaanmn
Ardaidonsug). mmmmwwaﬂmaqa'la‘lmswuaanmnmLaataanmu

---a} External diffusion

---b) Dissociation

---¢) Dissolution
---d} Internal diffusion

1! I ---e] Association
H: 2 ---f} Desorption
---g} Extemal diffusion

A -8 13 o» ]
jUn 1.3 uamnainmwnmu-umunalﬂ'[mmwaqLuumsuﬂ'nuwmu.uuqdmammmu‘lawsas
{ansunivatezeoulalasiaudiuusuwniindssiinnisunsvadlalasiaulessu (Usaew)
[5]



'ima'lumu"n‘x‘aﬁﬁmmau’hﬂumsﬁnuﬁ’aqum‘%auuwaﬂmum (BaZrO4;BZ) Wax Wul3u
SamsnigeTlalug (BaZryeY,,0582) Lﬁ'aﬂszqnaﬂi’éwﬂ%’uuﬂn‘l.aT.msLauLﬁaamanJui'aQUE::Lmn
wslinddalidaliiudvunitaaussianlansuaswaduesfslideiuauiouniloulavs [1-4)
wivuaudeunimeiweiuasfiddpesiindiinnunudeanwanundunsauasanmerundu
waianimedwesuarlany uenaniutan BYZ dékilmunmuseufaiiamumunsatu ne
lelmsiaudalvid (H,S) (asafl Dvibianunsoiluusegnaldlumsdsinilusaeulunusaléq
Tremswsuiiouauannsolunisiiluseaurss BYZ fulanseanledeiladu (5-6) 16uanly
luguit Zlsawanussluniniuinauses BYZ induidesain dedomsifiavesndindu
ansfiuaalululasiaiandndensladafieniiaveandadu 3" iounuiwelaiioniiiiavoend
iy 4° vililrssadandnludwiiismdiey foeine (Vacancies, V) faduduitinlisdniinag
Liiadesnslwirdeannsedeiulsaseuld Taonsiedouiivedusaeudinanlonsenled
ndpuiiduunuiiidunimeisendiau nsindsurluedlasaululasiednges BYZ nnisiia
pulslavysaivamndiaunisil 4 way 5 [4]

2Zri + 05+ ¥,0; o 2V +2Zr0, aun1si o
H, 04+ Vo' + 0 +« 2(0H)p AunSa 5

nsdaasizsitaniiflessaisfuguiuuudodamsneslaun (BY2) annsavilivaneds a
seumsIseiiiteateadi wu UAseIsanuruats (Solid-state reactionlu s1uiteves
Xuelic wazamz (7] lovinnisAnwnisduasiiuioudnnisiveslawm (8YZ) medBujisen
anusvewduaziin asusznoumfusuniteangamgiilunisdunedas saudadeufuaus
nstilusaeu Taeld ansdesndiu BaCOs, 21Oy, Y205 Wt (LingsKos):COs WavhmsitLAaledil
sl 1300°C Wutaan 5 $alus eanfinluimrSumesiigumai 600°C tas 1500°C Wuan 5
Bl nnfuilunsmafanisdsavuresisdiond (XRD) wuibiArufifeaitussuing
arsUsenaumiveluauay BYZ atnalsimunsyuiuntsfinanliannsaangumgiilunmsdunes

v Y Y v o | a y 0 Y f
Wadhadifdndiny uazdsuiudouniigumpiigedmalimunmnsuiilafivuralg
u o -1 [ =
1.5 vunsurainsideuaridnisdniiuey

1. Anwduahieyauasuumauenansmsivnnsiiyades

2. dnwdsndan gunsal uavarsiadl

3. Juaseiramdnuuisudamnsnigaslawn (BaYy,Zr0s ,BYZ) lneidlaluiainasds
ANAENDY

4. uassnandnwuduudamsagesiaiun (BaZrO; BZ) Tneiialidna

5. asradvkardas s iiAsafulasadnluanaindoaifofnsuresfudursiise
awnlvsiimas (FT-IR)

6. cfmiJaaUTﬂiqa%"tmﬁﬂsv'ﬁUl.vmﬁﬂn'mgmLuu'uaﬁ"zﬁl.an-&(x-ray diffractometer, XRD)

7. asvaoudugruinelasandndigndaganssmidiinaseunuudeansia (Scanning
Electron Microscopy, SEM)



1.6 nafimndnazlédy

1 annsadlafavdnnsuasiBnsduassiuuSeudamsagasTaum (BaYy 2,05 BYZ)
megIsnInnaznounarsleluadl

2 anmsoduaseiuuGsudamsaaslanm (BaYy Zrs0s BYZ) fedinisnnasnaulas
FBeluadl ialildndnifimuniaviguasivnaoymauiuiiionalndifseiy

3 annsadlafvdnnstasiimsdnassvinandnuudouaslaum (BaZr0,, BZ) &
nszuIuNsIAiiieng

4 ansaduarsinndnuuidoueslaug (BaZro,, 82) Menssurumaiailifnatitolile
wanfifirnuiavsguasinuaeymaulufifvunalndifesiy
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VQWfUazuaNNg

2.1 Tasearauasaudinistlusaau

2.1.1 TassaFrauuGoudamsawaslaun (BaYy, Zryo0s, BYZ)

BYZ filaseairauvuinesavialng (Perovskite) Tnaftgmslassatraiiu ABO, Tavanunsniy
Y & v o o ] oy o
swuatedUszneuiiuvesevalndild Taedisumds A Wussaaulessuuaniiiifriiazney
! . . 13 ) 2 2
vunlng (Large A-site cation) warilussysn (Low valency) wiu K, Na™, Ca, S,
2 2: 1ed 1 . [l o ‘ ] P
Ba uas Pb azussqeyfiynvemiieigad (unit cel) dwluiumis B vewmhowad 9
1 2 ala § 4+ Y3+' [
Uszneushussnauvaslaasuunuunalnfiduszags wWu Zr uar Y eezusiqegasinaives
' ‘o v ow Av o o a v '
wihtleasignasuiiuernenveteenduniiaiisafuuusanassdnia (Octrahedral)  ognse
1 v “; 1 ¢ J o L} d 1
naNssEMIaviIe 6 vemnhewad lagidumiy A uay B awnsoussglesauuinfiunnsng

a L ¢ 1 o d‘ J v -~ "-J
fuldnnndt 1 @ FesBendt Tassadhawesevalndiledon dwansluguil 2.1

3Ul 2.1 uandlassaianuuimesanalng (Perovskite) a1 BYZ [1]

2.1.2 sudanistinlusasuvanuBsudamsaigadlawus (BYZ)

° a o d o e a o
< Tasauatunselunisirlusesunes BYZ \Aetuiiiednsn dloiearsniiaroandindu
" w » - o o o v o e t o a
anfuadlululnsaswdnfenislddaiisuiiaveandindu 3+ Wouwnunwesladlvuiilaoans
) e v -t ol - ' ' . [ ol o0 v e
Wty 4+ inlilassasendnluduniSadian Svoeing (Vacandies, V) fadiudruivilvindnidninm
] - : 1] 1] » d i o
Liatgsnlvi@aarunsadeiiulusasauls Tnenisiadeudiveslusnouinenlansenlead
A Y Ao ' o o - a
\ARaUTILTNNUURIA LLIYaeandlau Msindsuiivedlesaululasimdnasy BYZ 91nn15ihn
1 Ld -4 at J
rralianysalvawdndeauntsdl 2.1 waz 2.2 [1]
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27r5.+ 0§+ Y,0; © 2V5+27Zr0; aumsi 2.1
H,0+ V3" + 0f « 2(0OH)g aunsh 2.2

2.2 JaaAhlusney (Proton conducting materials)

Fansilsneuannsmiluvssgndlfiulueadidomduarlfiludadoninivmen
(Hydrogen separation membrane) Tatigadioinds (Fuel celd) Wuwadndinusiiaviienlfly
nandsvdsnulwih Tnoorfeuiifidorveslwinedl (Electrochemical reaction) Inedidnnseuss
wdsuiinnilaiiioufAsenoandindu (Oxidation) WdsiAnUAASuIfndy (Reduction) Tas
wiBianlnglad (Electrolyte) (Huduiililusnsuindouiinsunies Tnsnuautivesdiining
ladiiFasnsAsliiaiauaty fussansnmgauasmudeanizlévanuaty nisddeidensitumn
Mluwadidamdsegludnminimuneswdades euszgndlédmiuiduumdasaeinioug
srunue vioaaniudidig 4 Tnowadifomasivarsuuuntenaiinvesdidniaslas
endedratu Bidnlasladibihaintanesinddmanlauzeenledidodondi szseuliuseq
Winsusiufululslasnisuws (Oiffusion) Tagdasmsuwddudosiing fusdtugumgd anu
funazauduiusedleasuvasignazataiadesiiu Samsitgamgilunmsldaugadadiuns
sibikdnAnmsilusasuls Tnelugamgiinstdnuvesdidnlnsladiidm Tanlanzeanla
8847 400-1000°C

2.2.1 mahuuGsudamsngaslaum (BY2) uildiduiagiiluinou

a oy v ' a o P '
sudnlastadnlasuanauludusgrannlulagufe odendulusasuluaniue
pri ° el a
283u¥4 (Proton-exchange membrane fuel cell, PEMFC) fiasnnanunsavnaulsingamgiias
AnumLduguazmnauge Mntesiunsiafuvesudald iansianseuviednnsoutios I
Y a ° r a v v o ¢ -
AupauLazegnsTiuuIg winasviheuventademalsivand dlugun 2.2 \gadoinda
P v o & = 9 v o & waea ¢ v o a ") ¢
vintlagldufalalnsududemauarimihidusiimid warldufasandauduisendlad
[ ada ¢ X a v o ow HEP 4 2ed
FeuanmnaglimdaulwihnifielugedBomaud duhinintudunanasdlédsiinng
- 4 [ ] Py Y e & a I & &2
uigvisgeauaunsalfiluihauld dudszneundnvensedifamdnssnsuiietitidninindns
Y a O v pu | a « a X a . o
1 Ao walnauasualun Aumestudwsumdudidniaglad Ingseiinasidangaunwds wu uia
o Py d o a ' Y e & a af v
lelasinuitnluntlwelua lusasiufasondiauanamea szthunlvluwadidamidfiduialva
o v oo ) ' a g s A om0 aan o ¢
weliianmsuwiveslalanawiudidnlaslan Judefidaswifiewdalslasiau azxgnoendled
Y [ a o o A n‘ [) a g a
TwanieanduluimsunasBidnaseu falusmaurzipdauiduunusudidninsladludusing
aa o P v a o o a ¢ o
TuvauendEnnseulndauiitnunssmesuenivinseualwiseniuas i lGwalnaiesagusa
a v o 4 a o v a H
sandiuliilusendiaulasau luiigailelusneunaraendiulessusiniuazldnandadui
- Lol v ") v v Y ar -
Uigvsiualvanauiuliauioussnundedigui 2.2

Anode: 2H,— aH" + e aunsf 2.3 (2]
Cathode: O, +aH' + 4e —>2H,0 aunsil 2.4 (2]
Overall: 2H, + O,—*2H,0 aunisil 2.5 [2]
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PER = Preten Exchange Mendrone

P °
JUN 2.2 uassmsvinnuvesgsadlwiuall (2]

Taevialunasvinuues PEMFC seldanidiu fe musawﬁ (H,0) w38 whdlalasiau
Uiaﬂﬁ (Hy) wasldntuufaeentiou (O,) Tmuuna‘la‘iﬂﬂﬁzuﬁlﬁa'xuunnav‘lmmnnsvmunﬁwla's:u
woanagoavisasuszneulalasaisusuvia vl COZUuLUauwwm'lu'i.,uu‘ma'mm'[.w,nmﬂgnsm
nmﬁmLﬂuawUﬁvnau'luwaawaLwaq wu uwuSealudildnlaslad siviAaduwuiSoumsvowmn
(8aC0,) Seviliitiszananmnininauresdidnlngladanas muu,miwwmmﬂmarﬂmﬂawu
AMadsTmuAlia (Chemical stability) Feiiaaudfiguan

i’amﬁﬁwmv‘iui‘imﬁaﬂchuT,'Uimauﬁuﬁmawaﬂﬁmﬁy’uﬁLi’lui’aﬂiawaan‘lﬁﬁﬁﬁ'{ﬂsqaéﬁqu.UU
wosovalng (Perovskite) Msmamwé’amﬂvumnwaamaﬁ Immamvmamsuwmnwaamasavh
41u‘lmﬂmaamwnwi ¥t 220°C maem-uENLgmaanmu‘[Usmauwaamai Wy wuresu
(Nafion) ﬁeL'U'uwaaL:uawﬁﬂnsm;was’ﬂaaaki’aiﬂﬁn (Perfluorosulfonic acid) #illansidin Tlolad
uJumimunmwaquﬂi~ﬁwﬁmw'[umsu'ﬂt.|smau Tnatanunesovtalng (Perovskite)  #iiin1s
é’amiﬂ“mutwamuwaLaaﬂmumimaulmun BaTiOs, SrCe0s,, BaCeO;,B8aZr0s;, BaCe,,Y,0s [3]
wazdu q sy Tnoguit 2.3 u.ammmsm‘[ﬂsmawamamwasawalnmwamwnumq‘] uransifle
uuamuanummaa’luﬂun Jadimsideansiiinidu nndedanled (Zno)3] Lwaammm‘uawa'u
LﬂiumuJumiLwuUsua'lnﬁmw'LumimTUmauﬂﬂuwsa nsiledfivueenlus (Li,O)[3] oy
Usrndnmmieanuieuresans (Wudu T,ﬂﬂ'lu‘iﬁmmwummuau’lﬂun'ﬁﬁnb‘ﬂam uulsay
domnsagailaum (BYZ) tuawlnLUu'JaﬂUi.,mmwsmnaaamalmdsaumnamﬂsvmw’[awuav
wadweshalidwiuauioumileulave usvuaiusauninedines uavmmﬂfywsmnaumm
nusednmemunsanasanmaruiiuaianimediuesuaslans uanmnumam BYZ iith
finuranuseulaniiaindiunsau nsalalasoudalng (H,S5) m'[wa'm'ﬁnuflxhj*s"unﬁﬂﬁ‘lu
msdeinilusmeuluuanegddlaensiuiouifsurmuanansalumsiiliusneuess BYZ fulany
panlemuiindu 1ﬁuam'l."flugﬂﬁ 2.4 Uazm1sni 2.1
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TI*C
1200 800 6800600 400 300 200
T T T ¥ T T ¥ T

0.5 1.0 15
(1000/T) 1 K1

4 b 1 ' o = L - ]
JUR 2.3 wansmudiniusseninainisiilysneuuazaamgiivasTanmasavalng siasts q (3]

T/°C
0 1000 500400 300 200 100
TV T T T T 1 T T L}
(Lag Srg  HG2g MU 2) 05 5
v ceramics
iy \ \\ CeoyGd, 40,4
ceramics

-2
5
a3
e
g

-4

5 —— proton conductivity

Pro =230P3)  BaiCey, Yo, )05,
—--- oxide ion {bulk)
conductivity (50)
_6 1 1 1 1
0.5 1.0 1.5 2.0 2.6 3.0
(1000 1K"?

4 U 1] i a - &
FUR 2.4 wansrudniussswindmahlymeuuasgunniivesfanwasenalns [3)



&

log {o) (S/em)
&

&
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CengGdni034(39)
LageSrqGagsMag; 054 (38)
BaZr qaY o404 4 bulk (14)
BaCepgY piOsstotal (19
\ f oY O34 bUK (15)
Qbmvupulold (18)
BaZi 45Y 430x stotal (40)
0.5 10 15 2.0 25 3.0

1000/T (K"

3.5

< : 3 v ) P R VA Y) o 2
JUN 2.5 uamdnimhlusreures BYZ idnstdiusniuivianmesealnddidu [3)

o - a2 s < ' 'y ' oS0 W
A5 2.1 I.UiEJ‘lJLVlE}Uﬂ']'uJﬁ'm’l'iﬂ‘UENLwa‘iaﬂaiﬂm'umﬁ‘ﬁmmnGI’NLLasami’Ia’JUVIWNﬂU'UEN

BYZ [3]
Composition Sintering conditions Conductivity (balk or towal” Condactivity meassrement conditions

BaZrgeslnges0s . 1500-1650 °C for 10 hin air 1.2 x 107 Sfcm (1otal) a1 600 °C H, (wet)
BaZse iy 05, 1350 °C for 40 b 5.0 % 107 Skcm (budk) 1 600 °C Wet N,
BaZrgg¥y 0y, 1400 °C for 10 b in air 13 x 10°* Sicm (balk) a1 605 *C Wet N, troom temperatare water)
BaZrye¥a 05, 1715 °C for 30 b in air 3.0 x 1073 Skcm (blk) 2t 600 °C Wet air
BaZreeYo 0, 1800 °C for 5 b in air 1.1 % 1072 Skcw fiotal) 21 600 *C Wet Hy (o = 0.017 stm)
BaZry Y o005, 1700 °C for 1 b 5x 10~ Siem (sotal) 20 600 °C Wet 3ir (room kempesaune water)
BaZrypsYoasOs . 1350-1400 °C for 040 hinair 1.8 x 107* Skan (belk) 1 &05 °C Wet Na (P = 0.031 2tm)
BaZrassYe 150, 1700 °C for 20 b 16x 107 Sk oah # 600°C  Wet N, (pyy 0, = 0.023 atm)
Bay 75554405 , (10%

excess BaQ before

simzring) 1500°C for 24 h 93¢ 107 Shem (total) 22 500 °C Wet air
BoZryeyYeut0s . 1650 °C for 10 h in.air 383 107 Sk (otal) a1 600 °C Wt Ny {prao = 0.025 am)

2x10°Skm (oah A 600 °C Wt 2ir (pyy = 0025 atm)

BaZra oo, 04 , 1400 °C 2.8 % 107 Shem (budk) 2t 600 °C Wet Ar-SEH,. (0 = 0.03 am}
BaZry0,Y 00s0s., 1800 °C for 20 b in sir 1.0 % 1072 Sfem 2 600 °C WeL Ar4 0, (30 = 0003 atm)
By oY O 1700 °C foc 10 b in 2ie 1.3 x 107 (votad) 2t 600 °C Wet Hy iy 0 = 0.017 2tm)

I3V 2.4 asiuiimailusreuvesiag BYZ duszvinanldnfigamgil 600-800°C Tae

- a 17 -2 - - ° dey oA o v e
firnlumallsnousgi 1x10° S/em Fadflarwansalumsthlusmeunidnindlawieuiuag
= 4 - o s ] ) g - { qv d L3 L2 = ) a
unrilanguuniiiedniy Yandnlvgasaedigamaiigaiuiessyhiiussdniamwindeuiy

flu BYZ
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L ‘.‘ a o A‘d o L3 [ < [}
guululpssuitedfilafdnuinisdansisifaquuitsudamisuigeslauser2)

P [ < L o = & »
Wesnnlutanidruaanialumailusaeuiiiussvanmgs Snvisduidodluntsaniymi
P M ‘ o @ waof v P [ va da
MsiiianuBeuATUBIuA (BaCO,) vhlvilangmsldnuiianu lasjwmislildiagivurmnly
o ' v @ 4 v v v
wasTifidnuazgUiuasnnneymalndifsetu wesiiohluldruwdiinmudusinomiy
a | " a aaa Y < ° DY)
anugigaazanuduigs Liiaujiserfunsaniewva wavatnsodluszyndldiuiess

didansefinddy q 1

2.3 Myduasisvnasaulfvawuissudansagodlaun (BYZ)

(v}

or i J = I3
nsduassiiagnilasainiugnuduwuGodaniagoilaun 8Y2) awnsold
na8s mMuseunsIv

= a [ v &
VNN VDIFNU

2.3.1 Ufjiie1i8antuznasuds (Solid-state reaction)

NATEI8 Xuetic wazanz (1] IhinnsAinwinisduasginuGuudamsaeasianum
(BYZmauifuansuszneumiueiun Walfivaut@nisilusmey meiuiitenaouseesuda lay
14 ansdaduiiiu BaCo,, 210, Y,0, uat (Lig,62Ko.38)2C 04 Tmaﬁqnﬁﬁ'amswﬁﬁqquﬁ 1300°C
Wunan 5 Falw smfuhlusuaaledfigamgd 600°C waz 1500°C uan 5 dalus uay
ilunageusuneyniafendeganssmlBidnaseuluvdensia wuiildudn BYZ  fiflounn
aymasedvuly fuandliluguil 2.6 uas 27
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BT w1500 [y
(o] WO s 10 Mags 400K K e 373734

e} D2 PO gt s00RR

Ouwe & Jon 2011
Tme 123008

d " J J - A L4 o o 4 -
JUN 2.7 mwee SEM AiMufiaves BYZ iewaufivaiivsiummdsiinviinisiuaaladiigumail

600°C [4]

:; o al A’ o o ) I &
ntuilunsastanisiasaiuuresdediond (XROMwuI LAy

¢ U <
asusznauAITualuALes BYZ ml.l.ﬁm‘l."ﬂujlﬂ‘ﬂ 2.8

a 1 MPCC after conductivity measurement
in3%H,0 alr and 3%H,0 H,
i }L . .
g F ~A A, [3
3
. MPCC fimd at 600°C
&
4
Q .
£ » BﬂZ’D;
SLIKOOy . BYZ sintered at 1500°C
e 2\ fim S S
20 ) 40 0 0 70 80

e al

fnsenail

j‘ﬂﬁ 2.8 1A XRD 994 BYZ uas BYZ finaumsusgnaumiuaiun [4]

v

<t
UYUT

o
o

M3

Muifuuad L Antunes wazanz [2] ldvihnisduasizn wuSsudamvsagaslaug (BYZ)
ile x fid1 0, 0.058, 0.148 Tma’:ﬁnmﬁﬂuﬁﬁ%man'm'uam-'fnﬁﬂ'nuﬁuqa (Mechano synthesis)
Tagldansmadufewudalesoenled wedlaflousenled uardmmmsanled lngvinsunans
Wastuiaueianoulitioun 200 wluwmsudnhusauiudeiiuitoiveudeimandug
Tnavnsuaslagldpaudisounisuguundl 650  seu/anit iaiiueiudulumiauady
200MPa flaasing  Tagldiiinuearuia 60 uas 80 Hedwmsudniasililuwiigumgd 1300,
1400, 1500 war 1600°C viartunislimsdeude 5 uas 10 Flw Taglidasamsl¥ainudou

5°C/min TagHawas FT-IR 493 BYZ uandlifigy 2.9
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Transmitancae (2. u.)

v T L) T

1800 1500 1200 900 600 A0
Wavenumber (am™ )
JUT 2.9 waves FTR ves BYZ vesdamdiu x=0.148 ledanamsuaminundeioly itefinw
USund BaCO, Adindu (5]

a X - ] d a 4 |
na XRD ﬁlﬁmnmsaqLﬂsﬂzﬂmm%‘mstnﬂﬂgnimamus‘uam%mmmﬂuqa filnansneg
) ' 2l @ o o 1
wazdasdu x = 0, 058, 0.148 lduamalingy 2.11 waz 2. 12leesnAdoilnuimsdunned
ad a aaa 2 o a PR Y Y v o da o
BYZ TmmﬁmsmmJgn'imamuwaummmmﬂuga fivefasyinlandniivunauluwnsail
Auahanaduanduzui 2.10
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& 10

>
ri B
gle
Tasenshy (n.5.)
L’
o
p-
B
i

Bimdy (an)

A 120 min
. 120 mia N A
& min

e 60 min

v Ombs .

__Ljdi 2 3o oY f¥ee ¥y 2 L lr g s o
0 B W B & N0 N @ P B N B &0 & N B85 @
26 (degree} 2@ (Gegree)

(o]
r
x=0.148 | & .
s & 8
g 3 9300 min
s v D&
% A VCRC sy
e/ e
<0 A L
60 min
[ o v * o c O min
0D B N o &5 N B @

3Uﬁ 2.10 Wa XRD ¥84d13 BaZr,. Y, 01080519 a) ons1diuneq x=0, b) §ns1a1ures x= 0.058,
o ' o - w & P
c) dnTdIuYal x=0.148 lnsvisarunsviiviarlunisuneati 0, 60, 120, 180, 240, 300 un [5]

A B
L
&
3 -~
2 H
i °
-
L i g g
* »
£ z J
= +
ve A NN | g A}
° »n ] » »0 s 0 L) L] x » 0 B 0 (L s 3 ©
20 gegree) 20 (degree)

3Uﬁ 2.11 uamWa XRD ¥8ddns BaZr,,Y,0, Iagns i a) wWisuifioudnsidud x=0 was
x=0.148 Tngldiaailunisun 420 1nfi b) asidmindau x=0 waztnuralaifigamail 1250°C(5]

145199
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Y e oo e e

¥
3

JUT 2.12 uanagu TEM w1 BYZ 7idwsadau x=0, 0.058, 0.148 finanluniuaway 420,300, 420
Wi mwddu [5]

uId8ess Jianhua Tong Wasamy [11] Tavhnisdaasien Luldsudavsalgesiaium
BaY, 221405 Mudsufiissnanuzysuds Tngl¥ansdaiuie BaCO,, Zr0, uay Y,0, N 19iasay
TmaumauﬁwLﬂ'%'aaumu.uuqnuaa (Balt mith Tatldansazansie 2-propanol Tanunilusuil
guvndl 80 asrealdea wisandiuassdnilasdunsminlugadia uasdufiaaaiass NO,
wdnhmssain dilundumesiigungil 1000 - 1500 stmigadea 10 Halu tudieasieans
WA InAIMmUUILY

1004
0L
sod
®
F |
E w0l — BZY20NIO2
e «— BZY20 control
3 s0f
u
[
04
. s L -
30+ ¢ —

. il 3 ' r. ' " 3
1150 1200 1250 1300 1350 1400 1450 1500 1550
Sintering temperature, °C

E\Jﬁ' 2.13 naAnunuLiuYedin BYZ20 uax BYZ20 NiO, ﬁqquﬂtm%uma% 1200 - 1500
aarwawea (Wuan 10 Tl [22]
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2.3.2 asduansviigsiiinddawdsaasienlug (Combustion)

sl vanmavieudussardnsieuiiseninend Taseeldansdmanlumsn
waranaifamdsiituasturidlunainufiion e stunddtudeianisaarefudiay
aeruausennluviinags fmueudilddasinnfidundinlumaiau§izonsrlng
tadvaimsduansimeBmauninife Lidsswideundmarunnmeuenuasiiaujazonld
Suiewrnnidaufiiofiindauaiuiougs dudedeveunaiailteduiziisunse
dlesmniinmsamoivssaaiomdidanydeswdrnumiuioussnunin Taoujpsenil
Ratutuilifansdefasiluuinaite uazoaliuiavs

NUITEveY AMagrez wasamy [3] IAnemswisuuwuSoudamsawaslaua Tagidns
wlnsiuuudaluds wienlneldansfedu 8aCO, Y,05 ZrOMNOS), «nH,O waznsalusin lasyi
nsnanan sl fdrfusasldnudounminnnelviuuusaludd Tindnfusidud s
mnﬁ"uﬁﬂmmﬁqmmgﬁ 1250°C 1fuan 10 F1lue waztiluviniansefamadoauurested
wond (XRD) lnmadilduandiluguiiz. 14

J\ L ‘' 100%
‘5 N J\ - 75%
~ )] A k 2 50%
A ~V/ % A i 25%
By AT el 0%

20 a0 40 50 60 70

= Y a o o ) S v
JU# 2.14 wan1sindn XRD  vadutudamsawesiaunnonidiulasluavasansaedunsalu
AsNA1eNU [6)

1pm EHT = 10008 Signel AR EET D 80 Aug 2008
Mo = 2000 KX [—] WD = {3 mm Phato No. = 4474 Tima 1155804

- . W % P P
Jun 2.15 Ltammsﬂ1amanamqamsﬂuatﬁnmsauwudaani’m (SEM} 984 BaY,,Zr; s04ilaLe
P o o
fumeingumgll 1600 °C 1an 24 Filua (8]
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Tethpstaturg [C] Temperature [*C]
. 300 200 100 300 200 100
Ia, bulk conductivity 24 u s specific gb conductivity
i % n “"fﬁ\
N 0- 3 — n
= e )
g N ¥ B n,
sd R N
AN “_:.\u‘\ ) Wi,
- A, 5 ¥ a
F e ", K \'L. ,\7‘
c 4. e L NI
% | = Bva S S B 81 = BYZ2D A
g 81 —-—BYz10 Bohin R © BYZ15-2n4 Bablo @
1 ——BaCe,Gd O, Halle o 71— BaCe,,,6d, 0, Halle
-41 5 ’ 2'_0 ' 2?5 y 3‘0 1.5 2 2—.r0 2:5 ‘ 3:0 - 35
{a) 1000/T (K] (b) 1000/T [KY]
Temperature [°C] Temperature [°C]
BOO 450 300 150 300 200 100
NN/ 4 ' ' 0 bulk conductivity
] ”‘%,Y & R“"*n\v\v
g 04 n":\&\‘& A g \Q\ﬂ
- | th"”& - 1 o
£ 2T g 2+ “a et
o -1 1 o J &,
®, \\J\c @, ,] AN \o\o
EIr “‘u,\_\i ':i 4] —o—2anrc \'\\
= 4] o bulk \ N g | » 16hrc U,
~ { —o— grain boundary N, 3 54 v dhre .S
-41 —&—total “ | 16hruc .
190 dep” e fy ) ZEQIOIALOIOKE 71 2'51 '
{c) 1000/T (K] (d) 1000/T [K']

J -]
JUN 2.16 a) Wisuilsun ninlUInauLes BaYy,Zrys0s,BaYo,2rps0s , BaCepssGdg 505  b)
s o -

Wisulisum s lusnounus I aue U TUYBIBaY 26505, BaYo152rogs0s BaCepgsGdeisO0s ©)
- o ° o4 - X 4 o
Winufisunsuilusnaunuiiamilonsy 9aUnSULaENasINved BaY,,Zr 05 d) wWisulilsy

L) 4 LJ b v 1] 4 =y { +
nmahlusesudiavmsiuealedudy "c” wasdaldwnuealed “uc” Ainnstndumasiiansig
9 [8] N

1uiTeu0e Peter  Babilo wazamy (5] ldvinnasdansied (8Y2) Taeldansdady
Ba(NO3);Y(NO3)s+6H,0 Uaz ZrO(NOs)+2.3H,0 MWarsazarsiimunzaufedunavelumsayas
inadu (NH,CH,CO0H) Tudasdulnelua 1 de 2 FianmiastazatsluiSnadntonils
nanadsshmssuienieenfiaumgl 150°C auldvesmmdnuausuiindy tilvwuasledi
1250°C 17a1 5 Flus uazthluuadreiniosun (ballbmil)  Freaanudaseu 500 rpm 1981 5
Falue nudndleianiidaassildlusndumedi 1600°C Srruvunwiuia 93-99%  Fail
amannsalumsilusnauldie 7.9 x 107 s/emilgamgiifldand 600°C Tnonavesnweng
SEM wazmsTamsthlusneuasdlizudl 2.15 uas 2.16
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2.3.3msduarsiwiiindaqeislvaa (Sol-gel process)

MAdpUed Emiliana Fabbri wazamz (4] TavinisduasziuuSoudamsaweslain
Truildnsndau Bazr,,Y,0,5 Inefvuadasidy x Slaseud 0.2-0.6 $eidleama ansmsuils
fiB Ba(NOy);, Zr(CH,CO,CHCOCHS), Uaw Y(NO,); - 6H,0 vinufizenlunsatninuasiefidulna
aoa Tigamgdl 180 °C meldanazmaiuuidlulasiou tielilsmsiegsfiianisaasfiives
vhesysal BYZ udwiliukdasmsenitgamgil 1000 °C Wunan 1l iWaliiwiinee

TniuiluasardauauiBang 4 Tassa XRD war SEM #ldann1nwidumed BYZ
msndausne 4 gamgd 1600 °C iWuian 8 dalus Wuandlfluguil2.17 was 2.18

10°

-
o
1

X

*

e
o

8—
7 m 5 "X
8 6 i
5 i >
T o4- 1
T Be A ==
e
o- : ) .~.1. .AT .
20 30 40 50 60

« P o) a <l a
3U# 2.17 6 XRO ¥t BaZry,Y,Os108% x = 0.2, 0.4, 0.5 uas 0.6 ManBuwasiiguvgll 1600 °C
o e s ° s
Wutan 8 ke qnﬁsﬁlﬂwmwuwm Y,0, Mnandan uanuvavewwasawalnduazninuivd
[ = o 4
fuanInIIaRInNALanUaeuy 4 [7]

1 J “ o IJ L) 1 1] 1} "
91ME XRD  wuinilaledawisunildnstdruannnimmiamiaiu 0.5 finsuenauss
dawviseueanled (Y,0,;) waswauvanaoy



U7 2.18 uAmInM FE-SEM 984 BYZ wdmnundumeiigumgd 1600 ‘Ciiiuna 8 Haluslae BYZ20
PO BaYy2ZrpgOs, BYZ30 18 BaYysZro70s, BYZA0 #a BaYosZresOs, BYZS50 Ad BaYgsZrsOs, BYZ60

ﬁa BaY0_62r0‘403[7]

2.3.4 Mmsduniziieiinddneidanaznay (Precipitation)

mannagnauiuisiinnlfluninsievansusznevteandoefunidsne q sthannunn
nsannznowduniiviilessuiiazarsagluarsasansuendioonanansazats lasn1siiu
asnfiielissuuinnsnnazneussnda q ludunaineuunsyisfinnnniswasuuas
gamnil mnduresszuuisandnauaunsolunisavatsvessruanas MliAamnasneaudy
msanaznaulssnaulufenalndfy Ae mstindaedsauasniniivlavesiundea laodle
nalnmadvinaunsmdsusadidiane eluwanavielossursasuanyasuiiuzuuegly
asavansuaziAnnIinslueg Ui IuTeIBuMABL AL A IR

NuATbYes Frédéric Boschini tazans [6] Idvinismian BaZrOsaiianaznauwuii
annseinsdueTed Bazro, fflmnuuianigudevhmsanazneuluasazareledenlensen
la16t (NaOH)ﬂ'nuL'ﬂ'u‘il'quT"msi 15 i3 20 Tua/ans lawld ZrOCly8H,0 uas BaCl,e 2H,0 Wuans
Fagu wilewan NaOH adluansazanoway vinlif ZrOCl;+8H,0 \inufjiiseniu NaOHJu Zr(OH)s
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oaaa

uway BaCly 2H,0 iAmufi3eniu NaOHu Ba(OH)'Tme BaClys 2H,0 aviUidenfu NaOH
a1 CoFuiliArnenaues BaCOatun Ssmsanmznounes BazZrO;luiuaituduge oz
Hulumuaumsii 2.6

Ba(0H)}q) + 2r(OH)5aqy = BaZrOsy + 3H,0 aunsi 2.6

Fmaednsunnmnhassrulvasasluth 50 fadans udrdey 0 vesarsazasil
adlulu NaOH 100 fladidns fimndudusng 4 Tnsmuausasanslvadt 25 mumin wazsin
U:jﬁ%mm 80 °C wardumurasaian  mntnhneneudllédaded 300 fadans 2 ad ud
BUL 110°C Taevinisveandit NaOH vanganandadiu (7.5, 10, 12.5, 15, 20 Tua/dns) 9
nansdaufiten 1,5, 10, 15 uaz 30 Wi kavarmiduduswesansdady  ZrOClL8H,0
way BaCl, « 2H,0 Wiy 0.2, 0.5, 1 Ta/ans Mvisasawsniduniswasuanududuras NaOH
0 7.5 — 20lua/dns lnesa FT-R dleldansuauuas ZrOCly*8H,0 wae BaCl, » 2H,0 a7y
Wt 0.5 lwa/das Tmamﬂgnimnu NaOHAuadudiv 10, 12.5 uaz 15 Wwa/dng wailiaguld

1 LJJBT.‘U'U TUIUATNIUTUTEN LU?WIEN‘U'U gnuAINLTuYan ﬂﬂﬁanlUﬂﬁﬂaQ'ﬂﬂ ilaﬂ\ﬂ’wﬁﬂ
2.19

Transmission (%)
[ (o2}
o o

N
(=]
Q

% .

0 [NaCI)HF‘IIS [noyl :" [f\llaQHl]=‘!2.|5 rpo!/l [NaOH]=1O molfi

1 ] 1
QO OO < DO O0Q OQOQ Q SO QO COQ O
QO IFTNO®O OIS NO®I©O Q<N OO
Ll ol o o - v - T T T o

Wave number {cm 1)

‘s'dw 2.19 wa FT-R wu BaCOsilold NaOH Anududutiosndn 12.5 Tua/ans # 1440 au™ AR
BaCO;LLa"VI 560 @3 uanefiawuse syninlangaonlesivatarsusenauinasondlng [9]
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* __A_ ™, . P
{d) 7.5 molfl
*
‘_J\__.-J_A_“‘J*'\__t * N A
o {c) 12.5 mol/l after 5 months
=
>
& (b) 12.5 mol/l
§
&
“ . JL A L k A
. , (a) 2q molA
20 30 40 50 60

26 (%)

= < o Vv ow w
JUA 2.20 uanwwa XRD vos BaZrOsMmemznavluasavaty NaOH firrududustaiu [9]

g'dﬁ 2.21 nmidie SEM anSeuiisununalagansseduiie ZrOCl,-8H,0 wax BaCl, » 2H,0 il
anududuindu 0.2, 0.5 uaz 1lua/des Tasaududuyss NaOH 1iafu 20 Tua/dns a) 0.2
Tua/8935 b) 0.5 Tua/das o) 1 Wa/ans [9]



25

U 2.22 nwany SEM ieSsuiiisutinesasiin Bazr; avitmsienBuinesa) windumasi
a o a ¢ a y a
gamgdl 1500 °C 1t 2 il b) wnBuimasfigamgil 1500 °C huaan 15 alus o) wndy
ced o ) A ca a )
wieFniguuil 1500 °C Wulaan 24 43l uaz diwBumaifiaamgll 1650 °C \unan 13 Hlus
(9]

& x & L Cal = .
2.3.5 nannInugIuazn sIATIzae75 e lnail (Sonochemical process)

Blaeluadl \iurtesiuntsldrdudaniledaneliiinufilonaillaonalnnsiiaujisen

la & X - a Y ) ! . = a o
ndaruinhliiiasngnisalegaiinaindu (Acoustic cavitation) Aeniniawasanaudiiia
Y 1 o o o o ¥ o v da -
msuiuagguuswamaIMAlugosmBauanslilugui 2.23 villiiinenwieuiiigamad
gefadssunn 5000 esmigaided warauAUUIENIAs 1000 VISEINIA LAanelmiaATSIRY
L L o 1 1 - o 4
rufou (WiamTan) MednTumiAIanda 100 svawadeadaiufuaznisiinlulasiing
1] af PO - e o v o ] = v o
pnI sz 400 AlawnsAedilin FasngnsalivitliiAeuasvesgumngluazaudui

A | A ) v a -, L4 = QL’

wnemanawnsaguskatagangluluanaveansla dwaliidnufiisnniliu pdiedusis
\Winonnisinilonidisiugiuenda (Venture  nozzles) faduvidanuduge vieainnis
; [ 4 o ¢ i 1 !’: J
wilgnimedani1e1in (Ultrasound wave 20 kHz - 10 MHz) Fluszuudinamuviovunil
v < & v < "I d s o o
nasungnly (Humdsanililu) srgnivdsuiiumnundsaniuaudutiueduazarindu g
dadruvomdnunluluignivdeuduaindussiuegiuvaislate 1y Arutures
] L v ) l*' LY : d o o t J - -
Audevsmdsnuiliudszuy Jafuttedovikifianuddyteninvdoundemdsudunni
wivegniilsz@ninm Tasanusiigeasneliiinnadrsvainnuiuiinin Sevdwabiiin
- « a o < ~ o e e B PV
womafunTuunuiiasfiadfissnsindeuiriseavarvesndudansnendvingy fadudad

) ) vel o s W ol Fl a O ww - & o o a
msgsfiagdmabilldndiuvemdrnuiazdoudunm e duldnndau TnanIosiuia

d W a T |
paudanTleliauandlingun 2.24
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v o @ &%

intarface:
[_— intermodiate temperatures
and pressura

——— Cavity:
extrame conditions

. Media:
intense shaar forces

4 d o o] A &~ -
UM 2.24 inFesmilinntiudansileda [11)

U38Yd Feng Dang wazauz [7] lavins dansieiuuiSenlvvawun (BaTios ; BT)
v aa = v A W € o0 va aan = ° ed '
Megleluedl Tnsldmaudansigdivinliiiaufidonndl Taevinsdansieiiuatuniss



audanslaila 3 wiil 7.5 wnilt 20 unfl ua 2 Falue sa XRD Aldnnsdueesinandilugui
2.25 uasnmeng SEM we4 BT Adaiasieviiandney uanelSluguit 2.26Tnowuinndn BT Aldee
fauhaiunssnanfiounalndidsstunnnimsdauameiioiianaenou wasdasaursingiy
deldlumsriundudansiledananniy wauanintsnssiedivesayuma BT Alkainns
dapseilasitlulueiioglugie 180-200 wnluwmsuandlilugui 2.27

9000 -
8000 1
7000 -
6000 -
5000 A
4000 -
3000 -
2000
1000 S
0 - TSt -

20 30 40 S50 60

28/depree

0rr

008

00t
TI1

. oL
» b 33T

&
L

01z
P— LLg

3 008

o ) v oa =
JUT 2.25 wa XRD w9 wutiaulvmuavidunmsvidieifleluaiiniat 20 wadi [12)

d i A&J - 4 ° ar 1 d ar
JUN 2.26 mavnnmene SEM Niufirasuisnlnviue mihnsdsasizilagitundudansily
faduinan 3, 7.5, 20 wae 120 wnfi [12]
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n f{ls)
25 1

20 1

10 o

S 4

[ e aaunasasanasacnaasssansinasasnanziny (ASESARRNSERR AR RLE]

0 50 100 130 200 250 300
Particla size {nm)

A L =2
U 2.27 asvuananisnssnefvetnuananuuiSeslvme [12)

U 2.28 waninnmane SEM fifufinvesiuSuslmmuadandidusine 4 2) 0.1 b) 0.2 ¢)
0.45 d) 0.72 Tua/Gns [13]

NUHBYDE Ming Xu wazamz [71 vimsAnwinsdaansiuuSeulvmiue (BaTio,)
Fr03Flaluiad! TnswaSanananssesy BaCl, - 2H,0, TiCluaz NaOH lawlddmsndau Ba/Ti lng
Tuadail 0.90, 0.95, 1.1, 1.2, 1.5 wazldUsiadwidouriiae 0.2 Tua/ans wasldaailunmstin
rdudansleda 40 urdl sndunilunaseumsuneymafendesganssmiBidnaseuuuudes
{kal2l wuiwmmwmmﬂummaumnn'i'r"fﬁ'n'ﬁl.m?aus)%gu NATBINTNEE SEM Juauaiayma
BaTiOslsvvaglutag 600-800 uiluwns iileldarsmaumududu 0.1 Tua/dns wazruiaves
pynAszaglugag 60-70 uiluums Weldansdauarndudu 0.72 Tua/das fawuirmue
symaanlUidsananmaivaududuesansiaiy Suand iy 228 wnnisAnyins
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nszrefvasmumandnuudedlwiuedls wuindinnsnssaedivessymalutisuey fwanal’
o
Tugun 2.29

N —«—0.I molL

5 e
-E —v—054
B 20
=
E ISH
2
=
~
8ot
]
E
=]
Z 5F

0 1 1 1

[} ]
00 0.2 04 0.6 0.8 1.0 12 1.4
Dirmeter fmicoon)

P o
g'dw 2.29 AsLanINIsnsEIefveuIaNAnuUGEN v [13]
Y e w & v o ¢ A = P wa da '
ntnitlunsatanmsideiuuasidiand wuaﬂﬂwanumiauiwmmmmmauumm e

| -l ar . - F. 2 : a °
wuinilignalinsuriiaues BaCOUuitlawdniios Fsmaannaiin BaCO; aunsavirldlaenns
msdaaselussuula

400 -

- \ * BaTi0,
350 i 0 BaCOy;
300}

h
(=]
T

150
oo *
50l o

Intensity (cps)
B N
(=4
=

20 30 40 50 60 70 80
2theta

~ - 2 a. ol
JUT 2.30 3UuUU XRD w89 wuBSslnymuaildannnsdassiewlae3sleluail [13)

AMAduved Feng Dang wazame (8] lovinmsAnwinisiivinvewdnuuitoulnnuuslng
THansdediude BaCl, uas TiCl, laevinrsduasiedleedfleluaiiuayld temueawasundu
“ o = e -] J 124 o 1 at at :
fanaralumaifiser laevinmmaassfianduduressinadlunisananeuseiudil 1
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VuBE 30 % -1h 70 % Tasana, evuea 50 % -1 50 % lasulauas levinusa 70 % -1 30%
Tasaaudvhmsduuiaendneudiludunan 30 unt maaufAtensadialéninntsi Bacl,
uas TiCl, unndnaroiulessy uasazidvinujitenednemada viniusiinisiiu NaoH
vty 5 Twa/ns adly iienauny pH Wegdt 14 anduthlushuadusonsileiia Hgnmgiisng 4
71 50°C uiaan 40 unit uazigrmgd 80°C W 40 ui udsnsdapsied dndnuues
lmmwsilsinmpuissemmuiigaiteusnasnou waséremenauiilddainsannlosey
uazilueuwht pntuhlunageumeuineyniadendasnanssmisiinaseunyudainsn
wuiludanaieiifileviuea 30 % uasi1 70 %lnsana wanuuFeulmunildduiounayne
Uszinas Tounlummsuazuedndivunidnndt 50 wiluamsudilelidnaniiivisaenuea
winduidu 50 %lneaaa way 70%lausaa wuinil BaTio, Aldivumeyniayszana 40 uily
A3 was 20 wiluums ey

olution 80 °

o> &

Aqueous solution 50 °C

J ) - = d e 3 o -
FUN 2.31 mwene SEM vewaEinuuionlvmuaiidaasisilagislelunillagldinatseiia
§i19¢ [14]



ol
Ui 3
ad o =
saiiulaseenu

LY v J 1] =4 -l =l -,
Tuhdafiaznanafanismisuansuudougeslaum (B2) war wulSsudmviumeaslasiun
a o ar I3 at [V o
(BYZ) uazswazideaneaiuguninl, arsiadl waznszuiuntsiunisieseusmisitigluaiivazindl

1Hina

- =
3.1 aiadl gunsafuaz wieslieildlunmvnass

1.

wulenpaslsalalawmss (Barium chloride = BaClys 2H,0) mmu?.qw'ﬁ( 99% 9nUTEM
Fluka

weslasnfisuoandanalsroanazlania (Zirconium oxychloride : ZrOCl, « 8H,0) :
A3AVE 99.5% nUSEW Sigma-Aldrich

daisumaslsangslawmsn (Yittriam chloride : YCly+ 6 Hy0) - mwu'%qw‘é 99.9%31n
Ui Sigma-Aldrich

luioulensenlest (Sodium hydroxide : NaOH) : A31uu3aws 97 % 9nuisy
Carlaerda Reagents

Yusmeanlesay (Deionised water)

Uwda

Jusm
nsTUanuInau
UMAUans

. doudnans

. aneN

. A3EINUIRND

. N5E

. NTZUANHN

. VIIAUTAT

. Oninad

. VAAnEnA

. Aszmwsiivieiuraduiianes
. pxgiillgaviend
. Fumdarh

& aca

. \r30stiaAinea 4 duisiu GR-200, U3EY Diethelm Limited
- wdastiumuy .

. AR UL 1000Series,U38M Centurion

. WU Chavachote
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25. wailufines

26. lﬂ%‘adﬁﬂ'la‘[mﬁﬂi:u Hydraulic shop press, U3wW Sangthai interteade

27. vassiguinod

28. §BU VT Fish Scientific US.A

29. ufae1inou (Ar-gas) muuTavs 99.97% U3d Praxair. INC Thailand

30. wiedlefiialAadiu VC 750,38 Sonics & MaterialINC U.S.A

31. indseyiFomsuaiafudunsusnawalasiived (Fourier Transform Infrared
Spectrometer, FT-IR) ju 8900, U3¥W Perkin Elmer

32, \ARINTIERUMSIAIITeIIEend (X-ray Diffractometer, XRD) Ju D8 Advance,
U3 Bruker AG Thailand

33. naesqanTIMiBiinaTouLUUdeINTIA (Scanning Electron Microscopy, SEM) fu JSM
5200 uStw Philips

3.2 MawssudITazan(Stock solution)

1 Jnuansagane BaCly 2H,0 Wudu 1 Tue/les YSanes 100 fiaddng

49 BaCl, + 2 H,0 24,6732 n3u lddninasdwuin 50 Saddnseimivasarudieii
Usiaaintesou dreldvindaudumsouin 100 ml waiusuuSuamsaaeta

Usrraintesau
2. MuwiHIEsaza1s Zrocl, « 8H,0 wiudu 1 lwa/Aas Uiuies 100 faddes

s ZroCl, - 8 H;032.3872 nduldiinineduuin 50 fadans 1ntuasanedeth
Usannlessy selduaniausuimseuin 100 faddnsudauiulsuinsameth
UsAanlasou

3. maeiuNA1Tazaty YC . 6 H,0 vivdu 1 Tua/fas USunng 25 faddng
faYCl, - 6 H,0 7.5892 nfuldTinineiuunn 25 faddnsamivazatedeti
Usirainleseu drelduaainuiuiasoutn 25 fadansudusuuSuinsameti

Usrannleosu

44 NaOH 82.4742 nuldlininefuuin 50 SeddastiUnineslunaadulilugrain
nduaralsmed1Usiaainlessufiazia drsldurntausuinsauim 100
Jaddns wdSulSuesmetnusiannlanau

o o v Y v oda " Pe ° -
f?’lVﬁ‘Uﬂ'ﬁﬂmﬂ’lNa?JENFITH.IL‘UlI‘HU‘UENE‘[’]‘imﬁmuwﬁmamiﬁﬂLﬂi'wvl BYZ 2&vnsimsey
a1sazane BaCly 2H,0, ZrOCl, « 8H,0 war YCl; « 6 H,0 Taausuanututuidu 0.5
Twa/dms uay 2 Tua/ans
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3.3 5N Ivnasg

3.3.1 NTSUIUNISHUATIE BaZry,Y, 0, A838n15RNALNBY

1.

8.
9.

Uidm BaCly 2H,0 Wiy 1Tua/dms, ZrOCl,e 8H,0 iudy 1Tua/dns waz YC; - 6
v v o o 1 o o « a aa

H,O Wy 1wa/dns mudnsndiuiifesns asluninasuuim 50 Haddns nauans

vavaalmdniunasargadlutinsmeue 50 faddng

vharsazansladedlensenles (NaOH) Wudu 20 Tua/dns 11 40 daddnsldasludn

o ooy ® » 4 - (&4

wnef wum 100 faddnsuanhluguiigumgll 75°C Aavndnineddanszanuim

wazyhlugaaaiv) wiauldwiruwivanuazvinnsiiuniu

duniaeninavativlvansazanenasamsvaasuiendautansusulaoanies

vegaasavaenaNadluatsaraty NaOH laaildasisy 1.3 Jaddas/unit Inasnwly

A1 pH vasasazanenaoanIsviaaedlulaal pH Wiy 14 (n31eaeust pHIaglY

Universal indicator)

4 Y I3 y ] 2 o o -

Wavasaitagaisantaisaaunisynnsdunuseiuian 5 undl tansazateluln

4 n‘.‘u v oal - v o ¥ o
wesinmlidunguugiivies isliiAensanaznau
l‘; 4 v “r v

weanstuiiliuanisazats NaOH 980 lnadasse Talilvmsneaulrasenn

° v v vy H & aly v v e

vinmsansznauilaneiilseeinleesy aunsyiaisaranefldainnisaeiian
v e P v § -l

dunan (pH ~ 7) udihluumlswsnaznausianSamyuinio

-] A vV v I:l

mmsnauﬁlﬁldaqumuqﬁ'{mm 100 °C Wuwan 24 $alas

8 o a o

mmsnauﬁ‘lﬁlﬂquttﬂaiﬂﬁwqquu 500 °C 1Huan 4 Falae

o ol % o Y o
10. u']ﬂ']‘i'ﬂ’g‘&Lﬂ‘i?zwﬂlmﬂm’]-’\]ﬂaﬂﬂﬂﬁﬁﬂLtazﬁnummﬂ‘]mmﬂim FT-IR , XRD , SEM

3.3.2 ATEUAUNISANATIE BaZr, oY 0, Aae3Sleluiail

Tl BaClye 2H,0 Wiy 1lua/dns, ZroCls 84,0 Wudy 1TuaBas snsidiudl
"85 uag YCl, » 6 H0 Windy 1lua/dns smudnstduiiseans aslutiatnesaun
50 fiadans wauasnamabidnfunasaeastulnisnuun 50 faddns

11 NaOH \utu 20 Wa/dns w1 70 faddas Tdlunruweidmsivldarssegnues
i3odleiianed

Thunvefiduededeiirmainioutsiuuianiinou aduiemiausansvouls
sonles vesasnauaslutnineslnslunmmaastssuensanduasauuude msals
wevamsaasluuued warmvenasHaNdesaIE 1.3 faddnsund uazvin

1 d v -
nmstirdudansileiadiuian 5,10,15, 20 was 30 urd
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Y o v v v
4. wastuiiliu NaOR san TagdasseTililinenaulvaganin
® dy vy v ° v s o v o
5. sznaunlddrssiedilinaeinlesey udnildwigawenazneudigiaTaaniu
. L ) o 1 o - e 3 o
wane wdnhaznauntia pH  daenseauglinesigadufiames aunsenall pH
wnifu 7
° alvl | - o
6. mznoufilaleuliuiingumall 100 °C

u

o A - I:I
7. thazneudllAluwuaaledfigumgdl 700-1400 °C Wuvan 4 Falu
o JII ¥ - asm | ¥ A
8. thashduaieiisluaTedaulnseaiuuasainidanneqfismias FT-IR, XRD, SEM

3.3.3 psrurumawisudrsusensuwuisuaslaiun (BaZrOs; BZ) Asiaiitiena
TunmsdnansvnmanuuioneailaiuasieiSnmsuadssuuulalusiada (vibro-milling

method) Huldarsusznaunuiisuraslidiniamsn (BaCl-2H,0) uavweiladlvuoeniraslss

& v : of o v «
sonnelawmsm (ZroCl»8H,0) WHuansasdu Selundssnszvinialfanizwalafoulansonlus
(NaOH) dgnssniiniuuanimneannisn 3.1

BaCl, 2H,0 + ZrOCl,»8H,0 +4NaCOH - BaZrO, + 4Nacl + 12H,0 (3.1)

Tutumeunsnaniniiusaaennlossu (O waten fiegldlunssvrunisvaaesiundud
gamgil 100 asmadea Wuna 15 wiil Wevinsmhidafeansuaulneanles (CO,) eenly
awnarafinnissuiafy (Formed) uuuidenansusiun (Baco,) Hafhumauanuasy
AUl dRaY s sLEsazatsLUEE (BaS solution) Wi 0.01 mol/dm Tasyinnste
wuidsuraslsslalawsamuuSinaitdunld ldasdvlniseeinlosey © water) uazinio
amsazanawwesladion (Zr" solution) wdu 0.01 moldm Tnsnstaweslailonaandaaslsd
sonntlammildasivludwsmninlasay sntinhansavanedeamnasdrdofundontunu
auihunan 5 wift exldansazandla waamnihmsmansazananauildiiadurainnanadingals
vamsussagnualiludnsndiu % vesvamuiiGeviseuda dewn vinisaieansazay 14
mol/dm’ NaoH ldaslvlutiinuitinnifunaiiteuiuldanmslunsduasehduuadudu &f pH
= 14 wdmnnihluvaisusdessiaeissuagosuuuefentsduaziiiou (viration mill)
rpvntuiinsdawissumduiaat 5 15 30 wax 60 Wil rldngneudviiguarntuians
Freg1afilduvinniInas (fittation)  Tasldtedasnsessiinananudunasiinznoudiet
Unenleseusuninaglfasazarefiiunans (low (poH) Usssna 7) wdmntiniansiegia
Taluauliuidlugouiigamgdl 90 ssrniwaidea Wuan 5 dalus Auzldndndost (Product) 7l
dnwauzilumndndum
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3.3.4 nszurumaaisnatsussnaunuGeudnivssuwaslawn (Ba(Yy,Zr,s)0s; BYZ) Aaaail
1na

asdaaTsrmdnuudsedninioneflawaluandfeildasusenay wusuueantse
Inlawnsn (BaCl, 2H,0) Snivdunsaalsdenezlawnsn (YOl 6H,0) wasigesladianenndnas
¢ O v aaa |
lsvenazlainim (2roCl,-8H,0) Wuarsawu Uiisentulumuannsi 3.2

BaCly*2H,0 + 0.1YCl5+6H,0 + 0.9ZrOCL,+8H,0 + 4.1NaOH

')Ba(Yo_lzrg_g)03 + 4.1Nacl + 118H20 (32)

Tudupaui vmswesvihnseisuansesmouudon B> solution) Tasvinstauuiiounas
ladlalawnsanuSinaidnald ldasluludseeinlesay (Of water) uazia3suansazans
wosladlon (Zr"  solution) lnnistuswadladlanaandeaslsdoonaylainnldadiuluti
Uneanlessu aanfusihninieieuariaraisdninisunaslsdsneslansalnonisdam
Uinadiiwnldnaunts amndiihlvazanluisaeinlessy sldasasatala sntuii
arvazartlans 3 vimnihnseauiy antuimsmanTavatonauiletasluiananainddlsvia
msussggnualiludasdau % vesaduiideuiesudh deun viimameansezas 14 mol/dm’
NaOH TdasluluuSunainaiunaifieuiulianvlunsfuanshduwadudu o4 = 14
wiantiniluvhnsundessoeiauadesuuuetdemsduaziiiou (vibration mill) saainiiy
vimsdawiasumiduie 515 30 uas 60 uil agldnvneudvratuihasdednailduninis
nyu (filtation) Tneldiefensestiinanmusunasdrensnaussinsminloasuaunitegls
arsazaneiliunane (e (pH) Usewiod 7) vdrvininiasiegenldluauliuislugoui
gamgll 90 samuwadea Wuan 5 e Aevlduandaust (Product) Mifhwanfundndens

3.4 n1snsdaulasdsuazaulfves BYZ

- o - Y y.
3.4.1 mynaTsvfasaiasdursusaawnlasiwWlnfiwes (Fourier transform
infrared spectrometer -FT-IR spectrometer)

pau Edunsusndundunsimdnliirfuodliiiudaeawdn wisslrnuteudidudals
Tnepduernudiildagseninduiiusadiu (Visible region) fugulalasiaw anaw1avesnitu
dursusaudaiutaag fe daiarAy 4,000-12,800 ¥ (2.5-0.78 lulasiumsiugrudursiise
& (Near infrared region) 92aiauAdu 200 - 4,000 o™ (50— 2.51uTasims) (Hutedunsiien
nane (Middle infrared region) Wazdrtiawadu 10 - 200 wu” (1,000 - 50lulasiums) Wt
dursusalna  (Far infrared  region) UniaiBiasisvasdimivaulsnasliussloniadused
fursusadninan (Middle IR) wnndrgaeduiietanavaiu 4,000 - 400 ou” Harwidemsadty
mnuivesmsdursniusglamnaudlulianavesans dearsieteldsundsanusinaduid
SunsnsafinewnzazfinnsdurioniamuiussrestinanavliAnn sdsundase T
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ﬁ’aéﬂaﬂmaqa vinliluanaiianisgandunaudninisisuasiidiueany uanswadu
auduiufuenmiviowuaiuiuinsdeuesiuanionit dunsusaaany (nfrared
spectrum — IR spectrum)

Fourier transforms infrared spectrometer (FT-IR spectrometer) ({uir3asiiodiasizyt
duge fiimunnainiades R spectrometer ielfansavhoildmndiiu fmmaunsolunns
wengauaziianmlige  (Sensitivity) ildansalinsisansdegiifiviinuiiosq 18 Tag
uanNN15YieIuRe meﬂum‘%'aail..ﬁLmsian"nLﬁmﬂ?1'uﬁuﬂi1Lsﬂﬁﬂ1ﬁtnmaaauwﬂLimmuman‘svan
witvidglanzdatuasiounduuadludeduanias (Beam splitter) Lwauanﬂauuaaaamﬂuam
dauing fu Tnsdrunileasrinme qoenid 8 anmuuuwzamaunauans 7 Tagduaaigod
Ufuszasnisiafouiiueanszan 'iMlJiuEluLl.a"‘l’lFW]’N'VILI.?NLﬂaEJ'IJVIVNEI%NH’JUIJ’ITJM?’]UL{]UE!‘]LL?N
Weiuludsasdetie %atiannizmumsmw The Michelson interferometer Svandoudnnis
UMINADATBINAULAS 2 §1 Fauamdlugudl 3.1

fixed mirror
L2
source ' translating
mirror
beamsplitter — !
detector

guﬁ 3.1 uasmknugilszuu The Michelson Interferometer [15]

nsldiedes FT-R spectrometer lumsinsieiatidldnarisemnuay idugosaaiss
foudnnlfszlandludunsiesnt tenisaseasumsluiaunn vioietudugns
lassadnvesansdaetne Tagn1sRansudIouiisuaindunsnsnalanfuvesarsussnoy
nasgrudvarsiiedn  Afsludnanssiadieiu Tnedlumsndonansiedslummeased
axvilatagnistansmetandarududbanuiuinuadoulusled (Potessium  bromide,
Ker) Glwunadonlusluddaduasidoseldsaddunsniulfuasitnduduisusaiing
nasiun AflautRideatu

TunsnTeaesundniaeiniss FT-IR A750U KBr rounnady wanilewIoumsdmiunans
WﬂaaUl‘iUUiﬂl‘JLLa'JF]'JiVI'1ﬂ'15ﬂﬂaaUWU'ﬂ LUDﬁﬁﬁﬂﬂ'ﬁqH“g‘UNNﬂﬂ'ﬂﬂ KBr Lﬂﬂn'ﬁ'uuu'ma.,ﬂﬂnau
was IR mn-uum'lvrsvmuﬁ‘msy'lzuwmut-u1aLmami'm'maﬂama"naummsmwaaummﬂsaa
FT-IR msmmimuu.nal‘uTmmu’[usuuumalammﬂu ua-'msueu‘lﬂaanhﬂaanmni"uu
mnuummiaunuuumsnunauwmnﬂsuwaunmwwmiqmnauuawawﬂuas
mivaulaeanlesisanly
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a o X v _
3.4.2 mylansinewaliamsidenuuvesfsdiond (X-ray diffractometer, XRD)

$edond (X-ray) finmegnandulugas 10 ¢ 0.01 wiluwes hudesduiinislézadiondly
m3iladelsn uazmsiensidnvastateasuazninlngarfonadonuuvasiidiond (Xeray
arystallography) duiuidiliRguliandnuallaghivharzarsiaedn Tnelindnnindsuuuues
%eﬁLanéﬁmnnszwwuﬁwﬁn‘uaamsﬁmziuﬁthqﬁ’u (Bragg’s Law) Imaﬁ:{mnnizwuwhﬁuqu
azviou fuanduguil 3.4 JepuduiudunsAdaulseneg gnuandluauntsil 3.3 deaunas
fanavadundt “Brage’s law” wazwaminsevtiaszgmitluIsuiioutugiudoyaumsgiu
Iessyigmmssiussnauasansiaatng

~ O - OB OO

g . p
3uﬁ 3.2 uamnsiigauuresiadiangaiuvgud Brage’ Law [17]

2d sinO = nA aunasil 3.3

=n_

g
d AB SEEEMIIsENINTTUIY
0 fio ymazfourinssunuuusnivesisdianddansnfuyuanassuy
n Ao Susunsiasuusisndaus 1,2,3....
A Ao anuemaduresiidiend ( 0.53¢ wluwns )

- A‘ o ol £ - fw ¥ - a 1)
lngwallansdenuuresivdiond annsaldlunisivnsdignalasiaiwdnluaisiednlag
o W . o 1 I
misunsgruiudeyaunsgiu (Phase analysis) esnnguuuumsidsauunasidiend
a A o a ) * : -~ e o/ - - 5
varignafidundnerlidnwazuandesfu Juiunsdntosiesesneunislundn Jeamnsold
' & va oo v O 4 de o o - o q v a v
enmsidgavulfiduivanlaiansdedeilignaiidundniuansia wasdddnsimsediy
o 1 - . . . o v -
aasddusenavluansiadiadauiunn (Quantitative analysis) tfiseninanuduvasfinuaznis
& o 1o Y < [y < o ' v U oo
wenuuidendludiudsdunutnavssigaeiidundnasluamsiadie dnfudeamnso
Ttruduresindnamuiniaesignmasidusenausn q luarsdiodals
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3.4.3 minsavdevdugmiigndesganssamiBifinasounuudaansan (Scanning electron
microscopy, SEM)

v ca o ) e w ¢ v
ndasansimidianasautuudensin Smdmesguaaussinm 10 uiluwes famsadi
o v a a ) L & a LY u ' -t Ay v o
mwildlaonsasiaindidnaseuniasisuniniuianitzesiingn Fanmaldainiaiss SEM
Junmdnwue 3 18 Seladinsdanldedaniivinlunisfinmdugiuasssazidened
L J‘ = ar t
ANWUEHURIBIEN 1881

U 3.4 uanimavheuuanaos SEM [19]

Y 3 ) Y <l v I o a a o
winmainursaaied SEM dwandlilugun 3.4evdssnaudmouvasiuiindidinnseu g
o J - .- o e J g 1 .‘: P a ot
vmhindaddnasoutanihddinaseunlduiseisauniii miniundudidnaseundsnugs
' v A4 s oy oA 5 a
azeulaudsIusnded (Condenser lens) havinliingudidnnsaunanaifiudididnasou &
v o_a d v o 4 vy o e o a & g v
annsavivnnavesdididnassuleualnguissuaanld dauiuvanadddnnsouinayls
| o ' Yo a [T G o a o Y
amiauganinwilddrsidnaseuuialvg vdeimiuddidnaseussgnuiussesinialay
v . . v a o ad - o P a o
laudlnding (Objective lens) wdrdidrdifinasaunsinasuuiinduiiu diedidnaseugndslun
Arfunuhliiindidnasounfiend (Secondary electron) $sdyquaindidnaseunfsgiazgn
o a2 o a o a fa o 1 Al & o a w X o
Tuinuasulaadudygraumedidnnieiind Fuhamldluasiadunwiuassfsdnuusiuiaves
¥ <
Jusuivadey
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3.4.4 nsastndaviendnualiawizfawaliansaanfuuadugiusium (Raman
spectroscopy)

wadasunuiudnidwiildlunisnsedeuendnuniveans Teedendnnisnsyideuas

' o . 1 d : < a a -

vosluanadusiuiu Aviiugedusineg fuadinszideeaninasiindanunisniuoiniy

P oy a d & w ol o &V a o

wWasuwlaslvidlafisufiuanueedudufuvesasiinnnssny vlwdadudygiusea Ty

AT Inadeulendnwaluawekdniduassvlalaunisunsegausyan 0.5 ndu 1l

a a 1 4 -] d L3 4 L]

Tdlugagunsainsdnsededeuindiaiomsialinesisnunuy (raman spectrometer) avh
meinsel
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unv 4
nanIsIveLazanlse

Tudnieriauenanimaasininmasdsusuiioudamsaeaslawn (Ba(Yy,1Zr55)0s,
BYZ) sigigmisanaznaunazislyluipil saulutmamivaasinnnisduasieviuednuuidoy
woflaun (Bazr0,,  B2) MuBiailiBana SeazuanwanisAnwinisnsinasuiendnuallng
durssaaunivsalnd (FT-R) swuanlasalasd wavnanisasrefiguiiendnuallasivaila
msdenuudediend (XRD) ravesMIAndugAnelasndoansimididnaseunuudsinig
(SEM) wiawhoAusionansnaassiildaudisu

4.1 mirnwnssunTeiuuidsudrmngaslaunduasisilaslyluail

Turnidteiildvinnsdunsieit BalY,, 2r,)0, 08T 8ANALNEY 3INAM SEM wanadaugiu
- o v = aq "o v
gvesasiduaedld lnowdenanitannsneuaslildiumamiuaaleiliuandl ugy
4.1 TumsdunreilagiflelunilfsiSnsenaisasatsnauadluasazansivavuziinisii
raudanalelinuazitniswarsasatsnauadluaisazarsivandafoinnisinuedudansleia
A o a ar Y A‘ s
wamsliluzui 4.1 uay 4.2 amaEdy seann1sasisdevienanvailaomadenisidonuussdiand
LY L o= ‘J o
lauanalilugy 4.3 uas wanIw SEM wandugiinensssansidansisldiuanddlugy 6.2

= a o v - i vy v
U 4.1 uanvduguingvesansiduasinigiianasnouiiildiunsuwitealeflaldanny
Wndurotansasiu 1 Tua/das
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= a o VY oaal ) 4 o a M v
Uit 4.2 vansdugiineesansiduaseilideisiunaudansileila 30 unfl Alailésiung
wnaaleyd Tosldanudnduraansaeu 1lua/dns A) msduaiswiieisniivendls B) n1s
Fuasrevdngdsnisvans (Masssawlumutuuazsiuaidlsivinig

X 4 Baly zr )0
o1 08 3

® BaCO‘

» 20

30 o804 (700 C)

30 min-add (as-prepared)

Intensity (a.u.)

- a v y o v a
JUA 43 wanmamIWATIsiderios XRD vesansdaninzilime tleluaiiigisnmen
1 4 t d o ) o o &
(dropwazmavansuay (add) Tealdiatlumstiurdudansileda 30 ui anduduaanif
fu 1lua/ans

' o o vy ad Py ' 4 U oua
gy 4.1 wuiransidaensilanieiinsenesneu Sinvazgusimsinay 8nvisdadl

ar 1 II.JI ) I A
sunreuialdnnszaiedisgsouq Inafluuineyniaiaud 170 - 270 wiluwesuasiiAadeves
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umpymAviAy 180 wiluwins Mw SEM wansdugnidvenvasmsiduasiedlsieiinnslelu
wiluuuneaenswas (Ul 4. 28030 hadhmssnauuuuiiertufinn Tnefinunneymadud 190-
240unluains fdnadsvesvuaeymeiisuindu 210 wilumsduandaanisduasiside
FEnslelunfiuuumarsnan(zudl 4.28) msiildazvsznavlumosynediidnsafunsinan
uazfloymAguiedulzueg 99ngu 4.3 wuinmsidaaseailimeitisluaiiéeiinmmenans
uay 38nsmans Weluieswidioindas XRD wudilnailudnvasieaiu Aoluedygu
deliunswuealeiuaseuduasussnoveenladiusznauludoarsuBardawmsn
woslawn, weilalousanled wasarsusznaunmsusiupie wusumdueun detunisun
wealyiiigumgl 700°C  1aan 4 falue demrmuandravesdnvuzayniaresansitidainns
duasilagiBanaznen uaz FFleluwaiiuvun fu FFleluailuuumanirasdunamain luns
dunsrzilagiBanaznoutacitlelueivuuniu demamandwuadiluarsazans 20 Tua/
das leidoulensenlad sxnuinflansalidnuusadematintu funasndunavesarsusenou
weslaloneanSlansanled (Zro(OH),) WunalWarsuwdnliuandnduasusenavlansonies
dwaliliannsafiauiitonldeduanysel Sundusymesnunrauiu (6] fniulunuitedss
Ladenl#igleluaiivuunsaanslunsdussviuuSoudamsawe flaundasnifoyniails
JUseAdenaaty uazAiMsnTEIefeIt ey NIRR

o v < o o a
4.1.1 manTavdsuendnwalvrsiaaionliFenswudvefudunsuinawninfiinas (FT-R)

WahmsduansiwEssamsaedaun BalYo 1Zr05)05 Mudalalutall santiutians
isnuaalevilgruugd 700, 1000, 1200, 1300 way 1400 asrneaded udniilasaaeu o
waila FT-R Insduantansmedwaimuvadonluslud ken) faduasdossenlindusad
SurnsaiulfuazildiBunaaiiliogludrefidonislinu lasnasludsidmesanssodng
sio Ker tlundseduudnhasnanitldlusmda aimiutaalnetmsunudfewsfidudns
daau(%Transmittance)uazumiueufisiavadu (Wave Numben)Bsuaillddauandusud 4.4
Ul 4.4 uansBunsLsrannive SRRl AR e Tl luA Tl NaOH it 20
Tua/Ans warlfanlumahuadudanslefaduie 510 15 20 way 30 urit andrdy
Surrusmawaniivesasidunnedldinarmaquansimmaniuiadmsiiuataiudiae
flaveduviiiy 3553 e’
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v
- o-H;/ A 7 a
- . co YO 30 UM
; - a
< oy = 2040
‘ b O-H Zr-0

[ == - > . -
% “\/' \/\(\ \\J 15wl
2 vo 7 d -

——v“""‘_‘—-w

"—0\/, -

4000 BJIBOC IOO0O IBOO 2000 I1SOT 1000 BOC

Wave Number (cm-1)

d = LY J L v =3 j )
JUR 4.4 uanmamsiwTeiaieAies FT-IR dpsEsdaaTsiesdaleluadialildrunsen
upaley Annnsidanssssuautiniy 1lua/das naiupdusanslestaduian 5, 10, 15, 20
way 30 U1

WM~/‘*\,#1400°C
..---..\_/_,,-—-—'- N
] ’ (R} "} ~
4 1300°C
N N
i T 1200°¢

Transmittance (a.u.)

——

PR 1000 C
| — *'_"\_./_
A P
\O-H

4000 IJICOOC AOOC ADO ZOOO 10400 1000

Wave Number {(cm™)
o - e o - a o o P
$UN 4.5 kanseanTiassiiisaied FT-IR tosuuiuudmvsawe flauaidunsisiine5lyly
4 1 1 9 .‘S v - . J o -~ o
wilfiaunturaansieiu 1 Tua/des Inedurdudansleiimduiian 30 wil uaziuealed
o a
nguu 700, 1000, 1200, 1300uay 1400 paraLta
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Fansafuwuszuns O-Hstretching  avAduiafy 1635 9a ' dansafu Wussues OH
bending ftavaduwiniu 1445 v’ "ifqmqﬁ'uﬁ’uﬁ-' C-0 LLa.,ﬁLa'zmﬁ'ul.ﬁ'lr‘fu 560 o’ %'am'wﬁ'u
Wuszvee Zr-0 Tulassadanuuimasenalng uasfliaundu1340 eu™, 725 vu”uax 565 au™ @
asauardInssneenled (Y,0,) mnuaﬁlﬂwumamﬂmu'ammswaaLﬂi’\vu“lmua'lﬁnm'lunﬁ
Tndusansilefaiiuiy aLUﬂmu‘uaqmiw"lmvun'ﬁﬂmnauuaaauwﬁL*iﬂmn'uu Fnirazduna
11970 ma’lﬂna'ﬂ,umsmﬂgn'%mmn-uuwawa'lwmimﬂLflua'ﬁﬂwnaﬂaman'lm sanlea
wazAmivalumiuINny dmfunareenisiiearsusenauansusiuaimniuielfiaanlunis
Fuaneiisnniu aenndasfuenidoves I Antunes(2] ldssemiudnsudetulude
U'%mmLLUL%'anﬂ'ﬁ'U@Lumﬁmﬂ‘fru mnvimsdaassilagldnariulunisduadudoniiled
AULTY 'mmimﬂmwivnauumsuammwmn'uuma.,l,ﬁuuamnmnLua'L'm'Ja'l'l.un'ﬁngn'sa'l
Wunanuiueriividadveulasenlefluainmadilulussuuimniu Sedenaldiiadu
msﬂignauu'uu.saumiuamcﬂiﬂmnwmniﬂw 4.5 wuifidurssnaanuvnsansidaasis
louay muﬂ'rsm'mamwnuqu LAMITNNIAANAULANTBIRUGE LD O- HStretChlng %ammmn
mnwuu'uaa KBr lufumaunsaseuiatng wazgramsganduLaaNusy C-O Mavaiduwiniy
1445 o %wzummwuamaaLLauma‘tha‘lwqmuqmmuﬂalﬂquu'[ﬂsmmmnmsamamwaa
wuiFsnauaiun dwsumnandutestaaisgandunaeniusy Zr-O vauwasowalngd fias
AdY 565 9 uay Y-O veanesawalnd favedy 1340 i, 725 93 was 565 w” dunuinay
aﬂauLﬁaqquﬁmuﬂahﬁtﬁu'ﬁu Fniefunamnannidasinwauiantaoues 0, #iliiuana
'th4ﬂ'liQGmﬁuu.aa'lu‘zi’nfmuEmﬂﬁu'um'?aﬁﬁuwm'iﬂwaﬂ"\lﬁmnwmﬁﬂ FT-IR vadansiilyfldiu
nseuaaladuasimawuealey liasuludasiuldharidnasedldiglilfmunaled

sogluguresanusznoulansentast Saradululdinduuuienlensented waslmdonlanson
leduuiSenweslaioulaasenladnle danleulansenledainnisdaamsiuudoudamsnees
Taunmgisleluad Insldrnududuredludulensenles 20 Tua/ans uazarsazaiuuuidey
Smmsmieslawn fnandudu 0.5, 1uaz 2 Tua/dns vimfuiluiuealedfaamgd 1400
avriealsa warinmaiinseiiemeiia FT-R wandugui 6.6
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Transmittance (a.u.)

¥ i T T v T
4000 asoo 3000 2800 2000 1800 1000 00

Wave Number (cmt)

ol o v o a o o v a
SUN 4.6 uanmantsiinsisisnainies FT-R seauGaudamsageilauafidunsieiaieislely
o v o & v a ' a4 o - & at
Wil Arnuiuturedansiese 0.5, 1uas 2 lua/dns lnerussudansiletdaduiian 30 il waz
P - - )
wiuAaleifiguugll 1400 pwwieadua nad 4 $alus

FT-R dwnaniuuasansidaaseildainmsldasmetuiimimdutusieiui 0.5, 1 uay 2 Tus/
an3 uazunalenil 1400 serneadea an 4 il u.amwwmimﬂnauumanwmvmmﬂu fie
Wy O-Hstretching §uifinainariutuvas Kar LLa.mamimmnauuam 560 ¥y msafiuuse Zr-0
uaz Y-0 'uauwasawa‘l.nmmuﬂﬂuwu'uaaﬂ'm'ﬁqnnauuaam Wunasnnnifeanawtanyasy
Ve ZrO,

o a & o Y &
4.1.2 nIrivdevienanvallaemalianisidenuuidiend (X-ray diffraction,XRD)

4 e v « o v a ' d
WovhmsduaneruuiEsudamsagaslan (BaYy Zr,.)0s Mot wlunillagruaiuda
- 5 ° - Y
aslefiailuan 5, 10, 15, 20 waz 30wt 9nduharsluwuealuifigamgil 700, 1200,
c'; L ] 4’ o f
1300 uaz 1400 ssruraldeaiiuian 4 $lue udnhluasagsunisideauuressidiend
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e BaCO,
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®
5 min
=20 F=Y=) a0 =0 S0 o 80

2-Theta (degrees)

< o ¢ v o ¥ o oMo
JUR 4.7 wanaman1sinsIsvinieinios XRD sasasdaansnieisleluail aldlaiunisen
¢ d v v Y a 1 o W P
uraley Nanududunesansasdu 1lua/dns lngruadusansileliaiduiie 5, 10, 15, 20 way
30 W

103U 4.7 wamsmaAnnuuiidiendvasansfidiaedld e38lelunidnuidudy
yoasiasy 1 lua/dnsTaosundusansiledadiuig 5, 10, 15, 20 uaz 30 unii Alfldrunns
wwealed wudedniiintufe LuiFsuariueun (8aC0y) Taowudn Wenailunisriuadusa
nslediaundy fin XRD finsatuima Baco, fimuidianawsiusngwaiidusdusuiiaadioy
iuansuszneulansenleddwentagluguvasuieilensenled (Ba(OH),), weoiladuulansen
Tu#l (ZHOH)) wasdmiteslonsanled (VOH),) Bnduuindlaiiugamailunisimiiugaiu
arsldfiun i adunsuszneue fsovalnduintugldainiidumis 2-Theta 1 30
v liuitfieudiudugety
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Ne _ ~ R ’1400C
== 3 . = S 9
= 2 |7 " © o ABaY Zr O
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. BaC03
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S 1300°c| m Zr0,
=, 1 l '
8 J L 1200°C
ot l A A vy
o
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. 700°C
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2-Theta (degrees)

< a v ! Py = v a
U7 4.8 uamman1siATIEiABIATaY XRD vesududnmangeslalumiidanmeiieislaly
d L4 2/ :’l ke - 1 A - =
(el Aruidntuveatsiiy 1 lua/dns nerhusdudansledaduiet 30 uadl wasnuea
d o]
leifgeungdl 700, 1200, 1300uay 1400 saAwaldua

mngﬁﬁ 4.8 uansnsidwutdiandvasndnuudeudamsngeslawun Ba(Yy1Zr00)0s
sroiEleluedifinrandudurosan sy 1 Tua/ans LLa.,Lmuﬂa"Lmiﬁamwnﬁ 700, 1000,
1200,1300 uag 1400 aspiealdya wmmiwaﬂzﬂmmuﬂai'uumuaamﬁwwua‘l:uuluwan uoy
Luammsmuﬂa'l.fuuwamwnuaq-uuwuaﬂam'i:uLnﬂmsqmLiaammuuamwsunaumﬂLwavmnﬂa
LLUL'ianammmﬁuaﬂﬂLum Ba(Yy12r59)0; :'J'Tﬂsaaswanmﬂn {Cubic) Tﬂaaaﬂﬂaaqnusﬂwumi
doauuiediond -umwamwkuammsmwaﬂmummn JCPDS  file  N0.06-0399 wasimwd
wlanUaay Aa wuiSeumiueiun (BaCOs;) war wedladlsusanled (Z:0,) fillassaduuuuinnse
Tnuea lnewuitanudusasiafiuansdanawlantasua bifnawdsunlaudaeinswiuaa
lenifigaumnTigeda 1400 ssmivaidua
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A BalY Zr O)
o1 09 3
® BaCO,
o™
:‘E m 7Zr0O,
3
—
)
o
L
o
=
L L 0.5M
I A } l. AN
20 30 80 70 80

2-Theta (degrees)

3 ’s v o a4 a = ‘v -
11 4.9 vanmanTiATIEiAeATeY XRD wesuuiiuudnvTaigesiatuaiidanTzinagtlely

- o v v & w o ) o a o =
vl ieraididuvesansisiy 0.5, twas 2 lua/das laatiundudansileiiaduian 30 uiil uas
4 ol
wiwaaleiigamgil 1400 asrngadyd

o« ] Y = 4 7 3 4 .
MAM5799 4.1 LamAlaavisnIimes (Lattice parameter) Wagwunanan (Crystalline size) 194
= o a | Y - =t
nanuussNEmnIawaslauandLasziRe Sl Tued

auduretansaiy
gaunqgil 0.5 Tua/Ans 1 Wa/dns 2 lia/dng
C) Lattice Crystalline Lattice Crystalline Lattice Crystalline
parameter | size (nm) | parameter | size {(nm) | parameter | size (hm)
(a) (a) (a)
1200 - - 4132 29.45 - -
1300 4.126 33.60 4.176 40.15 4.119 57.22
1400 4.142 62.98 4.136 60.87 4,122 52.17
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mnwﬁ 4.9 uanamadgiuuddiondremadnuuiseudaminee dawn Ba(Y,.1Zrp9)04
mm%‘h‘[utﬂuvxmmL'uu'uu-ummimmu 05, 1 waz 2 lwa/dng ua.vmmﬂahuwamwnu 1400
s galdea TmﬂNaw‘lﬂWUﬂwaﬂmnmumnmsm‘sauTma'l'umsmmuwumwmu-uumqq e
vanwuiFendamsaraslaug BalY,,Zr, )0, fUsznaudaavuitiaures wuidenafuaiun
(BaCOy) uaz waslmdensanlesd (Z0a1nnavasmsidsnuusediondausoiludiuanm
nasdnwazuanfivinfiwesfuandlilunised 4.1

4.1.3 msnsndsuduguinenlaundsegansimididnasauuuudansin(Scanningelectron

microscope, SEM)

v o
4.1.3.1nsAnwnarasnanidlunsduasay fnfidalassadnegania

JUil 4.10 wansnadugruivnanlaondeiqanssaididnnseunuudenitnusiatsi
funseimeTlaluailuanswaiianududy 20 Wa/das Tneldarsaasy 1 Tue/Ans waxdl
watlunisiuadudansleda 5, 10, 15, 20 uag 30 uift wasselyldkuntswuaale Tagan
3U 4.10(A) wamsdusnuingvesansiidaeneiidoinBmsldluedldnalumsihundudansle
fia 5 wfinuharsfldtidnvuzuazguieibiniuey wasdoualug Fnhasdunaannardld
Tumsthurdudansileiia 5 uiil m‘lutwaqwamvm'lmnmminamwaqaun‘mamqauumtua'lw
nanlumariundusanslaiauiniy wmnaumﬂuanumsuﬂuwsanauimamm'm'lnatﬂmnuanm
Seloumiflvgfiu deiisaailunisiuadusansledalfumsuiu 10, 15, 20 was 30 w1 s
dunainanmssufiiureeynmaildfundaiuanadusansleiadumaniuiy Tnevinn
sumaraasidaAszilduandlily i 4.2

anTedl 4.2 uamwmﬂaummzaqu'uLsﬂuamwmawaﬂmumwa’aLns'lvwmm""[-ﬂmﬂ firnu
Wuduresansdadu 1 wa/dns Falsarnnrsmsinduguive

AT 1 YUINIYNIA «umﬂaqmmaﬁﬂ +SD
VDIFAITRAAY (wi) uluiuas) wlums)
1 Wa/dng 5 300-1000 690+144
10 80-130 90+24
15 140-180 125+29
20 180-230 194+19
30 190-240 216+19
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d ar o .U LY - f 3 dld
JUR 4.10 uamsdugniAnevasasiduaneildaniinstelued Abildunmawunalesd 7l
v o Y v ) a4 W a o ' 4 e a
Anduosasieny 1 1ua/dnsA) ’iurdudansilediacial 5w B) shurdudansiled
Aaan 10 Wil O) ’urdudansilefiiaial 15 und D) diusfudansileiiatia 20 udl £) ey
aaudans ledanan 30 uiiiidweslunsaznmldvint)

- a v a 1 o
YN 4.12 wanwadugiuivelaendsaganssmidlana saulUvdeInsIa0dnsi
o v oa -l v oW o £y o o
Fuasevmeddlaluedlluansivaniinnudndu 20 Tua/dnslagldansaisaedu 1 Tua/dns
- . od w - al & e o o
wazilarlumsiniudaasleda 15, 20 way 30 wifinntuhnsenuaalsifiquugil 1400
°C
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o a P a vy B
U 4.11 uamedugruinevasansiidaaseildnnidnslelued Adldrunsuaaled il
Auinduvotatsdiu 1 lwa/dns lngruadudansileiianan 30 ud

o o a o v - a da v v
AT 4.3 uanauimsymakuEsudavsngasiaunnduaseidigifleluad fldardudu
.‘; v - 4 ] $ o
vaansney 1 Tua/ans wasmunaleiiguugll 1400°C Felsinnnisnsaedugininen

arududuvesisnady | v YUINBUNIA yurneyMIALAY £SD
(1) (lulasins) (lulasiuns)
1 lua/éng 15 0.4-3.1 1.6+0.2
20 0.4-2.5 1.4£0.1
30 0.5-2.7 1.0£0.2
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< - a < a =
JUN 4.12 wamsdus uivewauuSsudawmsaigaslaunidnasizdlaanitnsleluail finnu
2 L 0‘; 1 - J < b d - =
vintuvesesaaiu 1 lua/dns Tnowuaalunifaumgll 1400 °C A) fhuadudassiledana 15
=i 1 4w o =i [ 4 W - =l
w1l B) rhumaudasileliangt 20 uiii O) tupdudansiledanan 30 ud

Pnuaitlinu dewnuealsifigungii 1400 °C sinmnadng andanmssausaiudu
Ln'su'uwm'lwguazﬂﬁ'numsﬁumdwﬁ’u-'zi'al.ﬁmmnn'ﬁLmeU'l'ﬁ'qquﬁuﬂaTﬁﬁﬁqq Tngoynadidl
nnadnniufisiimswnesAensudatulddnieymatunalng idesnarseumadni
Auifndudannnitarseynanlng Weliguuglinuealedasinnissaadaiuldasg silly
f-hLa?{ﬂ'uma'ﬁaqmmﬁnLﬁaLMLtﬂahﬁué"Jﬁﬁ'uaﬁu'uawmﬂmnniwmsﬁﬁaqmﬂﬂmm'lmy'

v O v [ = '
4.1.3.2 ﬂ']iﬁﬂ'l:ﬂﬂaﬂaﬂﬁ?qutﬂﬂﬁuﬂa\!ﬁqiﬂqﬂumﬂuﬂqiﬂﬂlﬁ?'\sﬁﬁﬁﬂﬂﬂﬂﬂﬂ'ﬂu’Tﬂ
aynA

nsdaareiuuoudamsaeslaug Ba(Ye,Zrs0y), (BYZ) fimmanduduvasansda
fu 05,1 uas 2 Wwa/dns MmeiBnmslelwaiduian 30 i Tuanzwadtiaundudu 20 Tuas
a0 vosluiforlansenled amavesdugineessisdlildinunaled Wulusguil 4.13
wazwwavssymaduludamTd 4.4



53

o z X Y ; L

JUR 4.13 uansdugruinewesansidunsesfldlneiSnisleluad fillaaduduvesansadiu
oy ] d “ - v 5

0.5, 1 uar 2 Wwa/dns Tnuiuadudansiledaiduiian 30 urd A) aaautduanssesu 0.5 lua/

any B) armdntuansaewu 1 lua/dns ©) anududuaisidu 2 ua/Bns

' d T, a | & o ' d L4 I‘: v
wuhansflafidnyasnianatuarivualndidseiy waznuirfiernandiuduresansaasiu
A, ) ' A v W
0.5 Tua/dns ansfiléfeymanuaivajrinoyninussasfidaaszidsaandudy 1 uas 2 Tua/
a d’ ) -— IJ a o 4 | 4 k4 o - L3 1
a3 FainuinnanisitSinuvesiagle (Nuclei) Ainanadndu 0.5 Tua/dns fufunwdesnda
Jufadiuufitordrurudesdaalinszurunisivla (Growth) weandniinduuinnin
a - A o n v v |t Y Y P v
nszvIuMAaRan(Nucleation) vinliarsiilafieynavunalvg Semssdufunisiiueududy
Y a dat o a_ o ° 0 v a o a 4w .
voaaTaenu 2 Wwa/dns niviunubaadlontn vlinssuaunisnistiandniialsuinnia
nszvumsmadulavowdn vileynavesansilativumdnas mntdniansilalusunaled
< a v o - ay a [ -
Vgamgil 1400 °C winhluasavasuduguingisuandluzuii 4.14 uavmnavesaymaduly
o J u 1 d J -
damsnan 4.5 laseindnvusyesansneuniuaaladjui 4.3 uazwuaaledngumgil 1400
U:’ 4 = a a LU ld 1 4 L]
s wadua e 4 41l JUTl 4.14 Wuarsauassilady vlddnuasilewnudsiauuandng
fiu



< < o v o [ ] o v
A5 4.4 LamiTueByNIRTEsM TIdIAT LA AllAduduvesanssediu 0.5, 1 uay 2 Tua/

5

a » 1 4 a - oy ") a
a3 Wngldalunisinuniudansiletia 30 i Faldnnmsasadugnineg

T s PWIRDYMA mumaqmﬁm%’u £SD
(Twa/dns ) Wrluns) wluwas)
0.5 145-280 232421
1 190-240 216+19
2 180-260 200+21

= a a oo v a -
U7 4.14 uansdugruivervesudsudawmsngailaaiduasiiiaeiinsleluedl flay
[ Y O v o ‘ 4 o a a o
WuturesdInanu 0.5, 1 uas 2 Wwa/dns neduadudansileiaduiiat 30 wil uaziuiuaa
leringamail 1400 °C A) Anduduanseeiu 0.5 Tua/dns B) aaduduansesiu 1 lua/das O

>
AutuatsReu 2 la/fng
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f P - Y a - ' d o
7131 4.5 wansruineynavekusuBamsaaslaun dre8leluwedl Tneruadudaniily
a - < a PR ar a
fiA 30 wilnaziunaledfigaupil 1400 °C Flfnmsaredugive

audutuvasansaedu YUINBYNIA YWNRBYMAAAY 5D
(usv/iins ) (lulasiuns) (ulasiuns)
0.5 0.7-34 2.2+0.1
1 0.5-2.7 1.0+0.2
2 0.4-2.2 0.5£0.1

Lﬁaﬁwmsﬁ‘lﬁﬁﬂmﬁtmLma‘l'uﬁﬁ'amunﬂ 1400 °C_ wuirarsidaaseilalneldaau
Wudu 0.5 Tua/dns wuaummnnrnLanmLnﬂm'ﬁ'zumnulmmmwmmaumn’[umwé’ms%w“lm
mnmﬂ'ua'ﬁmmuwmwwu-uuaqmw vn'mmmawaaaﬁaumﬂLanLuaLmLLa'Jaanmmsaumﬂ
vy iwaﬁlmmﬂ"L'Lluwammna'ﬁwuaumﬂLanuwuwmﬁuuamnﬂ’nmsaumﬂ'lmy ililely
samglivnazismsmuiiudndunsufiiounalugiy

4.2 nsfinmsaaaTsinnanuussugadlawalasdsiniitana

Tudidsnunsfnunsdunssinmdnuudeueeilaum (BaZrOJ)  su3diBena
SiuIBnIsanAzNay ‘[mmummiﬁnmua'uaﬁ"a"L’Ja'm:umamsmmﬂausawaua"‘[ﬂsaamma
wiallan1siagauuddiond (X-ray diffraction  spectroscopy; XRD) inniienat3einsumasy
duWsuan awalasalad (Fourier transform infrared spectroscopy; FT-IR) uasinatiasiuiu
(Raman  spectroscopy) mnuuw1miﬁﬂwwa'um'iua.,nawumaanum-'maf'(mmmwawaa
aumﬂwm‘saulﬂmUnaaaaawssmuaLaﬂmiauuuuaaqn'sm (Scanning  electron  microscope;
SEM) LLaunaaqqawﬁﬂuatanmsammuaaqmu (Transmission electron microscope; TEM)

v 4 b, £ J \ 4
4.2.1 nmnsavdevendnealianizAamailaninaeavuiidiend (xray diffraction
spectroscopy,XRD)

mw a.15 uamiﬂwuumstammuiaamnwlmmnLﬂsaaXRD Wisudiuiuguuuunis
LasnLuu'iaﬁtanwaqLvJanawﬁwaam%aﬂﬂLum (BaZrQ,) inn'uauammmu Inorganic Crystal
Structure Database (ICSD) vunenas 97460 IﬂEJN'J’\)U1WVI”IH']5$17’J‘U?|ﬂUﬂ'J']lJF]NnUTJENiULLUUﬂ’]i
LammusaﬁLan«uw‘lﬂmnmsamamnusﬂu‘uumstasmuu‘saﬁtan'zmn-uanamoﬁmu tagyinng
Twmnsilasaiieitemaiianisinseiiuy Rietveld  wial3uni7 Rietveld  refinement
analysis[IS]ﬁdluﬁﬁYcﬁﬁ'ﬂTﬁvTﬂ Rietveld refinement analysis aaan15l4lusunsy JANA2006
[16uaunszuiumsiessilanainfuesinsssyammnindefioveinsinmeilsed R
w50 RValue Faazusznavlume Robs Ro RupWBZAIAIINATIAUYIEINNTAASIEA viB (Sandn
Goodness of fitting (GOF) awandu Famuin Armnnindediornusuls GOF Sadnlng 1
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LﬂusvmummmLmaaaaa'[umm«nmmsmwaausuiﬂ [15] LLamwa-uauamim Reitveld
refinement analysis -uaamwaﬂwaqLﬂﬁ-'w'lﬂm.,u.,nm 515 30 way 60 um 'l.ammmw 4.6

Y

tsaned
! Bragg peaks (BaZrO,)

;3: : 60 min
gl | 7% 22\
G ‘ | S i 3o'm|ni
g .?Jl. . .ifJ:TJj ‘11 k LJ
€ . :

e SO SN o A

1 T
40 50 ] 70 80 100 110 120 130 140

20 (degrees)

a Ed Y ¢ = _ o el
3U# 4.15 gUuuumsinsavuiidienduosndniidaassiilaitssesioan 5 15 30 uag 60 uaf
Leg LJ =l o A’ o ¢ » v oo L4 5 lo‘
() Wisuduguwuumaieauuidendandeyauasgu (Fuduag) Tasdunsawuiseiis
- o 1 : o o < v
NULEAmIWM h k L yssgluuunisiaeaiuusidienduestayaunnigiu ICSD vunelan 97460

mn‘sdu.'uun'mammuﬂﬁmnwlﬂwmn s'du,'u'umstammusaﬁtanﬁwanmawmanw
aamﬁ.M"lmmvmmuuaamﬂaamuwuuum‘nammuiaﬁtanwmLtULiUuwas'Tmummﬂsﬂuuu
mslasnLuusqamnﬁmwauammsmu ICSD vz 97460 useenalsAny Aszasiaan 5 15
war 30 wiiinuiinveaaulanvasuduintudie Fusdellusunsu JANA2006 YNN15ATIvABY
feddatuuds wuda Tudrwsafinidniinandl iedydnvalzunn aeardasiuiinnndeay
jdienduararsusznaugeslalonaenled (zirconium oxide) AillAssadrafuwuululundiin
uﬁamawuav'l'uuwmwamnm’m m-Zr0, %wmwmanunusduwmstamLuuwﬁtan'umn
-uauammssm f€SD vaneiay 18190 LLa-'wmanwuam‘hmuamanwmwnau ananaadAuRnNg
deavufifiondresansUsznaunuFoumiusiun (barium carbonate) #ifllassairauuveslssou
on %@umwmianunuﬂJLtuumsLaenmuﬂﬁmnwawanammmu ICSD wneta 15196 1agd
LwaLuJamJaa:uaaaunlamnmwwsvavnmmna'ﬂLtam'l,mwu'n nafna1susEnauLuiiuugasia
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Lumﬁuﬁdtﬁﬂﬂu‘lﬁlﬂaugid viadnnsdivils avesansusznau Baco, MAntutusnaunsinnns
fezuuimsdudatuenmalutisneuhludietesdundasnugs (vibrotery mill machine) wia
‘laaau'ummiﬁu'aﬁuuuL"iauv‘hﬂﬁ'ﬁ'%mﬁuaaimam‘%':ﬁ'um%uaulmaan‘lﬂéﬁasman'luugw UG
nvaassiiuansieguit 4.15 duansliiudn Fuiawavesmsusznaumaisavalad Bazro,
Fusinan 5 nfudujisediianysaisernadndnantudafumesnalunsduana
Whnntu wuiruduiingsanawanyuasy m-2r0, was BaCo, Angqaratatrainlatn lny
USna1 (mol %) weamd m-Zr0, uay BaCO, anasmussasIaansiamsiil 4. luueiinny
Wufinueama BaZrOAss qfinduuandidhudmmniundnilfiianntu aunseisfissaviaan 60
wft Seanunsnifnuiasesanslsznou Bazro, Wadwauysal Tnenufinnisidsawudediondues
ansUsvneu BaZrOxflbaaiiier warlinuguuuumsidsaudidiondvaanaulaniasuduide
Judailovmsinneiiaseadawinudanuit uawdn Bazro, Afupnerlatimasaaduwuy
faln davhmsimnasuaniitmnimed wuiauanfiemsiines (@ = b = o) fldii
4.193501 = 0,000015 A FsfimlndiAusfuduanfigmsifines (= b = c= 4.19430 A) vesdoya
WAT§IU BaZrO; (ICSC 97460) wazwudrAwaniigwisfiwasfildanuednuudougeslaunll
wnAefuwuuiited dpdassosarmariu LanruaRfiTnITIlme B mnanTidnATElEd
svziaand1eg FenTedl 4.6 LasynisAuiniuisrasesrenlulassri e el nduuy
Anlinuadnnan BazZrO,iidaaseildfisseziaan 60 undl uansasins 19 4.8

tuidasdudsanmsoagulfin nssvumaeiiBanaannsaldlunisdaaseinamdnm
asenalng Bazroldflsvesiaan 60 unit Taglidndudfesrunssuiumsuuaaladivdonsri
nszvaumslinueudu uasssoralumsdnaneissdmadansifiomauignsdedoindu
foldivssudlaisuinuiuanidedldvinnisduasienmdn BaZrofMonszuiunisnnngney
fanduserlitanudousonszuiunswauaaladfaasiinma Bazio,uiand [6)dnia e
Wisusuimiderasnguiideedull am2013 [17] uar a.a. 2016 [18] Hidvinnsduass
nandn Bazro,n1nisleluiaiilafiszasiaan 60 uritiniuwdnuin nszviumaiafidanaiide
TEisuinondt Wosnnduignsiiaansanssinlflasde Lifawududou wagldiedoiiona
gnninnszuaunsiehuni
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= 3 a v . - a

A13197 4.6 uamstayan1sTiaT1eilaTaalanuu Rietveld (Rietveld refinement parameters)
v a o - '

I#nnn1slélusunsu JANA2006 vemmdniidnasiyifisssiaansing

5 min 15 min 30 min 60 min
Crystal Cubic Cubic Cubic Cubic
structure
Space Pm3m Pm3m Pm3m Pm3m
group
a=b=c 4,193484 4.192995 4,192875 4.193501 +
(A) £0.000020 +0.000080 + 0.000005 0.000015
VA 73.74370 7371792 + 7371158 + 73.74461 +
+ 0.00035 0.00140 0.00009 0.00026
Rops(%) 428 437 4.43 4,34
R, (%) 4.59 8.52 5.48 4.53
R (%) 6.60 12.19 7.62 6.43
GOF 1.54 279 1.72 1.48

= - - = o val
R399 4.7 waminal (mol%) nsiiauna BaZrOs mZrO,uar BaCOsvasnaniduas1evla

FLHLIANNN
Reaction BaZrO, m-ZrO, BaCO,
time (min) (%) (%) (%)
5 93.7 4.2 2.1
15 97.2 1.2 1.6
30 98.4 0.0 1.6
60 100 0.0 0.0

o s 1 Y3 a_ = o
A1519% 4.8 Laaviunuseznanlulpssaiunesealnduuudadnuaarsussney BaZro, i
o val
dunseilafssusiian 60 unil

Atoms Wyckoff Site X y z Uiso Occupancy
Ba la m-3m 0.5 0.5 0.5 0.009841 1
Zr 1b 4/mn.m 0 0.006884 1
1 3b mm2 .. 0.5 0.013131 1
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-4 x ar 4 )4 L ° o =
vanvnd Ingukuunnidenuuidiendils arusatminnisfuintuiandn
(crystalline size) 1ngldimsAuImmINLUULeIANNIT Sherrer W38 Sherrer’s Equation #i4
P
aunIsn 4.1

b kA a1
R0 = Bryicos8 '
o a =

Wo  Dygp A8 sWaNaN (crystalline size, nm)

- | o4 4w } R g y s P al
k Ao AR %wunugﬂm‘umaqmﬂ (uidilavinfu 0.89 siseanil
guéwuuuwsmau)
-
A 78 AuEIAdY (1.54 A)

» o a o e .
Bri Ao anuninaussfinfivitianimiivesnuduiin (Full width at half
maximum, FWHM)
< ; o o £ <l *L [J
] fia gumsidevuvasdidiendvesfinildlunisiuan

wul1 srezarlunisdaeTevdinaisndntiosiusuisndn lnavuiandnnatulnuleas
1 ] a [ (] - d v H
AU 67.2 77.5 81.5 uay 79.8 uiluuss danfusandnndansieilanszeziaan 5 15 30 waz
60 U AN

4.2.2 nrsasivdaviendnvaiianizvsauylaiduiisnaiiargiiviniudedu
dunsusa awlalasalal (Fourier transform infrared spectroscopy; FT-R)
d é’ -« 2 LN - 1 d a
Waannassuiumsideauiidiendidedninuisdsznis 8 wu arsusznauiviims
L9 v of y 7 H ‘J L] W
aravinvzdnadianudundn wasansuszneviifiesdusznavagluansisdraiminnasiatadoad
< [} =t [ LY vou b P + b~ BNV - LY &£
Yinannnnaa 5% laslua feasviimmmaiala dalu welinistuduninfismauigrivens
= o e vat v ' % - a & - =t °
wannduasIsAlalAugoRsazundalion Nty wailia FT-R Jagmihuntilunisasisasy
wauIavs wansguuuuinasganiiudagui 4.16



60

60 min

nti-symmetric
[ZrO ] stretching /

15 min

% Transmittance

5 min

o /
O-H bendin 2 ;
O-H strefching & Cd, stretching

4000 35‘00 30'00 25[00 2(;00 1 5|010 1 0'00 5(')0
Wavenumber (cm )

d a = =4 'u 4
JUN 4.16 uanagiuuuiinnsganduiiddunsisavesmandn Bazroiduniedldfissesiiat 5
15 30 was 60 i

mnsUuuummﬂnauuaa'lumaauWﬂLiﬂmiUw 4 16WunaunITALLLUUNT (broad band) lutha
LawAdY 3000-3500 cm mrLJ'uunumsc’(uwaaﬂﬂamnumsﬁ'uuuuammﬂaawuﬁv 0- H(O—H
stretching vibration band, v;lag vs)uazwnm'saumaﬂﬂau 1644cm aaﬂﬂaaqnuwnmiauwu
18903usE H-O-H (H-O-H bending band, v))(19] fadiufiniiaainenudy amiudleszaziaa
'luﬂ'ﬁv‘iwg"ﬁ?a'nﬁuﬁu auduvesinlugandudindianas dufiniudnanasaiuil 1414
1100 uaz 860 cm uuaamﬂaaqnuwnmsau-um‘[uLana'lmauafﬁﬂi"naumsuaLum Faudums
auu.uuammaumm (symmetric stretching vibration) Sanaluauning (asymmetric stretchmg
vibration) uagn1sduLUULe (bending vibration) v83Wuss C-O '[unauimana CO3 PIUAINY
(20} éemmwu‘umwnmnaﬂuavaﬂaaLuas-'u-'v.'zaﬂun'ﬁmﬂgnia'uwuu'm'uuua"ma'lﬂw
¥02lIa) 60 unil Fedenadeatuntimuluzeawawaniasy BaCO,91NRaN1TATITABUAIEY
waliamsdenuudiiondluide 4.2.1 wasinnmsduiivinanaundu 546 cm ufusnway
AnawizresansUsenaeuiitlaseadnuuinesenalng (ABO,) Tnwaemadssiuluuanisduye
Wuszyatorsaulusumis B fussneuaandiau ﬁammau"luTﬂsaaswaanmsvamaa*uaaaan'mu
(BO,) Gﬂuwunamsawmwusv Zr-C lusenms¥dnsoavss [Zr0,) [21) mnstluuumimmnauuaa
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4.2.3 psaTvdeulenanvaliawizAluwaiingiuiu (Raman spectroscopy)
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4.2.4 nsasiadaudnwusnduguIetdiendaansaddidnasaunvudainia
(Scanning electron microscope, SEM)
wannsedUwuIavsuazlastawdnud anegideliinsfinvissesianlunis
¢ Y oAd o o ' : < v
duaswiarsussnau BaziO; Meifiellidang fidwasdoruinuarsuisteseynafidunssild
' Y as o = < val
laguansnwdnevnednunsnedugninervassdn Bazro, fiduaseilafiszziiat 5 15 30
ez 60 uiiATIdBUMENdesganTIAiBidnasauLuVERINTIARFUT 4.18

- ' - o o v -
Eﬂw 4.18 Lamannnng SEM wanenan BaZrO3 VIﬂiLﬂi‘l:,‘w"LﬂVlWEJSL’Jm 515 30 wag 60 um

mnsuﬁ 4.18 wui1 fiszeznan 5 uiil sumaildfidnwnsdunsanay (Spherical shape)
n‘ummaummanuavun'ﬁwnaunur‘f]unau mavmn'ﬁm‘ummaumﬂ‘[maLaauwm'l N3zyza1 5
uniitfu wendn BazrO, u‘uu'maun'miﬂﬂmaaaaw 94.2 + 10.2 nm ntudleszezinanlunis
Fuarehdintudu 15 unit usadanase denaloynimianissausan (agglomerate)  uad
aumﬂ TﬂaaumﬂfumﬂLam'imnﬂmﬁ'aumﬂuna’1auJuaumﬂwu'umm'l,mmwtwaaﬂwaqmu
fufn (surface energy) ¥8481A1A Tﬂaumim':vna:unu'luwnwmmmwamama’lwanuruvg'dsw
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+50.4 nmmnuuLumwmuaunmmsa«mwmﬁu 30 wag 60 wifl wu aumnwmm‘lmyw
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wuuwAY (narrow size distribution) uazflvurseynialndidveiy Taowuit vuinsyniAndoves
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sumAfiduaswilaviszeziaan 30 uas 60 mﬁﬁﬁhwhﬁ’u 197.7 £52.4 nm uaz 174.6 £14.7 nm
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4.2.5 MIATIFAUANYUIN T WINeIRendasanssAddidnasaunvudaadtu
(Transmission electron microscope, TEM)
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v - dd o X da il o o
380U Local structure 1Aindu &3lufd Iiaduisiiumitesnnsinseavas [2r0,] leefianunsn

aduelamaunisieiisasalul

[ZrOG] + [ZTOGI/Ox] - [ZT'OG]’ + [ZTOGV‘,] 42
[Zr06)* + [ZrOgV5] = [Z2r0g) + [ZrOgVy] 4.3
[Zr06Vo'] + 1/202 - [ZI‘OS] 4.4
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Fanan298e BaZrO; 213w S. Parida uarame [23] Tnidurnidudy

Symmetry breaking

befween the clusters Before of the excitation process: Presence of defects

"\ and inhomogencous charges distribution between the

[ZrO,I; —5[ZrO,], clusters leads 1o the
formation of localized states in the band gap

gﬂﬁ' 4.21 uamunumwﬁtﬁnwsaﬁnﬁﬂaanmﬁﬂmimauawaqaqmﬂ BaZrOs(copyright from
Ceramic International, 38 (2012) 2129-2138)
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Abstract r\

Since the current technological and scienti? enges have encouraged a search for simple

(]

and energy-efficient synthetic routes of i roduct powders. Accordingly, this work
presents an easy and efficient wa oég;lo_chcmical synthesis method to produce the
perovskite barium zirconate (BaZ,; product powders. The interesting results are reported
that the single phase with hi allinity and uniform morphology is obtained at 60
minutes without calcinﬂ} roc€ss. The particle shape, size and size distribution were
precisely controlled by chan@rhg reaction time. The resulting of individual BaZrO; particle
by TEM suggested ?gz}t the particle had a basically single crystalline nature. Moreover, by
Iattice defect for%,n, the as-prepared BaZrO; powders were also exhibited the
photolumir2y m’.,) properties with green emission. The microwave dielectric properties
and qual@@(@

factor are also measured and calculated using the QWED software.

Keyworks: BaZrO;, mechanochemical synthesis, sub-micrometer particle



1. Introduction

Since enhancing the final activities and properties of complex metal oxide materials
lies in the exposed structure and morphology of source particleﬁ."2 The controlled synthesis
over appropriate composition, crystal structure, uniform shape, size and s1§\d1§ gtribution of

particles become a primary requirement in diversified areas for thetgalizdtion of their
wi%

application probable. Several researches have provided their ne\@éa
in both processing and operation for scale of applications &hg& common uses to

advanced technologies. \)

Particularly, ABO; perovskite-type materials @2 e subject of a main crucial

point of interest in material science because of

the development

af eir “technological importance and

conducting electrolytic material for electro ftA1 devices,*® including solid oxide fuel
cells, steam electrolysis, ceramic %&hydrogen separations and hydrogen gas
sensors.>® Additionally, the BaZrO; cles has been attracted interest as the dielectric
filler for hybrid-ceramics/poly: & ocomposin:s.m"l In general, BaZrO; particles
synthesized viag solid-stat@&c&%tains most aggregated particles with randomly shape,
size and broad size distﬁb@eading to badly defined in dense ceramics and poor
distribution in polymeghmtﬁces. In this regard, extensive synthetic strategies have been
provided for achievin: aZrQ; fine product particles with well-controlled shape and size

1314 solution

via wet—chemjcgmlods, including simple reflux,'”?  co-precipitation,
combustiomﬁg5 OXI nt-peroxo,'6 spray pyrololysis,”'m hydrothermal,lg‘ % solvothermal,?!
sol-gel”‘23 and er.al. However, all of these synthetic methods require subsequent heat

treatment or calcination process to achieve the single phase, due to the low crystallinity and

the formation of intermediate ZrQO, and BaCQj; during synthetic procedure. The poor stability



of their crystal structure and stoichiometric composition at high temperature will inflict
drastic limitations on directly demonstrating the optical properties and proton conductivity.?
The modified solution techniques were also investigated to synthesize BaZrQO; powder
without calcination step such as microwave-assisted hydrothermal and sono&hemical method.
The evolution of dodecahedron BaZrQ; to sphere is obtained via assistin icrowave
heating, resulting in reactivity on photoluminescence emission.”> The sin 3 phase
with monodispersed particles are obtained in 60 minute of ultrasog iatfon time.?® The
decreasing size of product particle is also achieved by increas noFcontent in water.”’

Nevertheless, the experimental procedures are difficult with usxﬂg&we and complicated
equipments. In contrast, high energy ball-milling®® 1‘& 1mpl&way to provides notable
synthetic advantages to produce the complex oxide with que, sub-micron sized and single
phase powders at room temperature by chemical reaét q&end transformations of solid oxide
precursors.”*>° Although the investigation of ergy milling has been successfully
resulted in the BaZrO; particles. It gs?i)ll ha less effective over a stoichiometric

composition, due to the occurrence of "¥rgm solid oxide precursor, even after extended
Hene x;rimemally changing to synthesize the single

milling times to 7 hours.* Therefore, J

particle with shape and size @ e

Herein, the non-conveﬁ mechanochemical synthesis by using the aqueous
solution precursors is prgﬁosed for the first time to synthesize the BaZrO; product powders.
The monodispersed pa@ of single phase BaZrO; is obtain in a simple way after 60
minutes of readHgn®time; The corresponding structural properties and morphology are
investigated zp.%cbconfinned by various techniques, including X-ray diffraction (XRD) along

with Rietveld refinement, FT-IR, Raman spectroscopy, FE-SEM, and TEM. In addition, the



photoluminescence (PL) emission behavior and microwave dielectric property is also

performed.

2. Experimental procedure

2.1 Solution preparation 39
All reagents in this work were used without further purification. &loﬁde

dihydrate (BaCl,-2H,0, Sigma-Aldrich 99.90% purity) and zircon& octahydrate
(ZrOCl,-8H;0, Advanced Materials 99.50% purity) were chose?s rting materials.
De-ionized water was used as solvent. Sodium hydroxide pe e@'ﬂ, Fluka 99.50%

purity) was used as the precipitating agent. Silver nitrate ( g@gma Aldrich 99.99%
purity) was used for testing residue of chloride ion.

In order to prepare the stock of Ba® and Zr* pm@lutiom, the BaCl,-2H,0 and
ZrOCl,-8H,0O were weighed in stoichiometric quﬂ'ti and dissolved separately in 100 ml
of de-ionized water. Continuously stirred until @rsor dissolved completely and the
transparent solutions were obtained. Theéa]ﬁzbtration was fixed at 0.1 mol'L". The
stoichiometric amount of sodium hydroxide{fi2i]etdvas weight and dissolved in 100 ml of de-

ionized water to obtain the 15 mol-L’ olution. The silver nitrate was weight and

dissolved in 50 ml of de-ionize&at@@are the stock of 0.01 mol-L™" solution.

The barium Zi% (BaZrOs) product powders were synthesized by

2.2 Powder synthesis Q?

mechanochemical pznt@h@ethod. The synthetic reaction was occurred as follows:
BaCl,2H,0 + ZQ&@O + 4NaOH — BaZrO; + 4NaCl + 12H,0 6))
The appropriate proportions of Ba** and Zr** precursor solution were mixed together. Then,

an excess amount of NaOH sclution was added quickly into the mixed solution. The



precipitation was occurred simultaneously and the white suspensions were formed. After that,
the mechanochemical process was maintained by loading the suspensions into a plastic bottle,
which included the yttrium-stabilized zirconia balls inside. The plastic bottle was brought to the
vibratery mill machine (Sweco, model; GM/MC). The high energy milli s carried out at
650 rpm in a series of 5, 15, 30 and 60 minutes. After the end of time, ite precipitate
was separated by centrifugation at 3,000 rpm and washed several fime e-ionized water

until pH ~7. The residue of chloride ion was checked by ?p ‘é iltrate in the small
f

amount of silver nitrate (AgINO3) solution until the AgCl, ( ipitate was not found.

Then, the product powders were dried at 80°C for oveggh -

2.3 Characterizations &
r X-Tay d
e

The phase purity were examined by dﬁ‘m iffraction (Rigaku, Miniflex600
model) with CuKo radiation source in the from 20-140°. The scanning rate of
interval was used at 0.02° per secondgh ctifral refinement by Rietveld analysis method

was performed using crystallographic ing system of JANA2006 software in order to

refine the crystal structure, lattice fjragfeter and atomic position.®! The crystalline size was

R

also calculated by applyir&h@@dth at half-maximum (FWHM) of the characteristic

peak to the Scherrer's equati@llows:

Dxrp= A o?\ @

Bhricosé

Where Dxgp is crysta%gize (nm), k is the constant value (0.89), A is the X-ray wavelength
(0.154 nm), Srw 'mll-width at half-maximum intensity, and & is the diffraction angle.
The phase ‘g‘g@tion was also supported by Fourier transform infrared (FT-IR)
spectroscopy and Raman spectroscopy. The FT-IR spectrometer of a Perkin-Elmer, Model

GX FT-IR was used to identify the IR active functional groups. The DXR Raman

microscope, the model of Thermo Scientific was taken with the excitation light from a laser



operating at 532 nm, 100X objective, nominal 10 pm laser spot size in the 4 cm™ of spectral
resolution. The morphological and micro-structural characterization was performed by field-
emission scanning electron microscope (FE-SEM, Hitachi 54700 model). The electron
diffraction patterns were investigated by the transmission electron mi@)scope (TEM; JEOL-
JEM 2010, 80-200 kV).The photoluminescence (PL) spectra w: ollected at room
temperature with a fluorescence spectrophotometer (Cary E@nodel of Agilent
Technologies, USA). The 350.7 nm of excitation wavelength on ion laser was used.
The product powder at 60 minutes was shaped and sinte °C with 2 %wt of IMNG-
100(N) of Sintering aid. The as-sintered ceramic hag 5. 50 mngand 2.58 mm. of diameter and
thickness, respectively. The microwave dlelecmé ement was performed using HP

8719C Vector Network Analyzer in TEQ16- typt&:elecmc constant {g;), dielectric loss

(tand) and unloaded Q-factor were caIcula{efl u@'ﬂp QWED software.

3. Results and Discussion Q

3.1 BaZrO; phase formation and cr@ucmre

The Rietveld reﬁnemer@ between experimental observation and theoretical
calculation of XRD patterns for owder products formed with different time are shown in
Figure 1. The quality of ent data is checked by R-value (Rgss R), Ryp) and goodness
of fitting (GOF), wB;:h are listed in Table 1.The lattice parameter and unit cell volume are
also refined and prO}ented in Table 1.According to Figure 1, All powder products show the
XRD patterns %ovskite BaZrOs as the predominant phase, which corresponded to the
standard ?w Inorganic Crystal Structure Database (ICSD) number 97460.2 The
charactdgstic peak of the structural long range order at around 30° was observed, which

corresponded to the periodic ordination of BaO;; dodecahedral and ZrQOg octahedral clusters.?

However, the small traces of monoclinic ZrO; (indicated by star) and orthorhombic BaCQ;



(indicated by open circle) were also found in powder products at 5, 15 and 30 minutes. The
XRD peaks of the ZrO, and BaCOswere corresponded to the ICSD number 18190 and 15196,
respectively. This indicates that the BaZrOs; phase formation and crysta ion remain

incomplete during these times. The monoclinic ZrO; phase is ascribed as a n O Weaction of

complex hydroxide in aqueous medium, and BaCO; phase may from high
reactivity of barium ion with the dissolution of CO,in water. in "echanochemical
process, intensity of XRD peaks marked as m-ZrQ, and BaCO; p a8 slightly decreased

with increasing reaction time, which related to the amougf @wo and BaCOj; (%wt)
estimated by employing the data analysis from Rietveld re{@m as reported in Table 1.
The results suggest that the increasing time lead to a{fjotluction of higher percentage of
BaZrO; phase. Until 60 minutes, the single phas®® Ea;rbg was formed completely and no
ZrO, and BaCOj; phase can be observed. All thi @on peaks could be fitted well with

BaZrO; phase from the standard data o er 97460, which related to the cubic

symmetry with Pm3m space group and @'—group. Among all samples, the product
powder at 60 minutes showed more or cause of great refinement parameters, GOF =
1.48 and R.p = 6.43% besidc@ae 1IaSt value of R,. The refined lattice parameter was
found to be 4.193501 + 0.0000 ,®hich very closed to 4.19430 A of lattice parameter
from the standard databaseb(\lg:SD: 97460). The atomic position was also refined and listed in
Table 2. The structural r@ent analysis is based on metal-metal distances, in which the
metal positions ag d@%ble on X-ray diffraction. The unit cell was model related to the
lattice paramete{a aic position. Generally, a perovskite BaZrO3 contained zirconium
(Zr) atom in a\Eentro symmetric position (constant of x, y and z axes), and bonded with 6
oxygens (O) to form octahedral clusters of [ZrOg] while barium (Ba) atoms are located in a
corner and bonded with 12 oxygens (O) from other unit cell to form [BaO;,]. This related

model is presented in an inset of Figure 1. One should also note that the mechanical



activation in the current work leads directly to the chemical synthesis without other heat
treatment process. The changing of reaction time greatly affected the formation of single
BaZrO; phase. The higher intensity and narrower diffraction indicating the
crystallinity improvement, which directly related to reaction time. rrage crystalline
size was not significantly different from 70.02, 72.01, 77.1 n@ nm of product
powders at 5, 15, 30 and 60 minutes, respectively. Howeveg, it 1 I[kfiown that only X-ray
diffraction technique is not enough to claim the pure pha @:e an amorphous and low
intensity of secondary phase, especially with X~r@ p@adening effect and a small
quantity (5%wt), cannot be detected. FT-IR an an were considered as the.
complimentary technique for ensuing the phase f@ and crystal structure. The results
were shown in Figure 2 and 3, reSpectivelyQ e\

In Figure 2, the FT-IR spectra of p @oducts with different reaction time were

-1

illustrated. A broad band at around 3,80 d a small peak at 1,600 cm™ are assigned to

* the characteristic vibration peak of @tching and O-H bending for adsorbed water or

27,34

moisture.”””" The peak at around along with the peaks at 860 cm are attributed to

the symmetric and asyrget@hing vibration of carboxyl group (CO3>), 33 arising
from BaCO; phase contai ich decreased as the reaction time was increased. The one
stronger vibrational fmode at 572 em” is identified as an anti-symmetric stretching of
zirconium-oxygen gzﬁo—») in octahedral [ZrOg] clusters, which agree well with the
1iterature.27iiltﬁqgh to note that the stronger vibrational peak of (=0-~+Zr—»0-) can be
observed for %ﬂples, which means that the BaZrO; phase could be formed even in 5

minutes. }?owever, it was not formed completely until 60 minutes of reaction time.

Figure 3 shows the Raman spectra (ranging from 100-1,000 cm™) at room
temperature of BaZrO3; powder products at 5, 15, 30 and 60 minutes. The powder products at

5, 15 and 30 minutes show the same Raman active modes that the four bands at around 134,



150, 221, and 695 cm'are corresponded to the Raman active vibration of orthorhombic
BaCO3.33‘25Also, the wide peak at around549 cm’lis attributed to the Raman active vibration
of monoclinic zirconia (m-ZrO3) phase.33 Until the reaction time is increased to 60 minutes,
the Raman spectra report three new bands at around 261, 492 and 736 ‘%}vhich
correspond to the local tetragonal structure of BaZrOs.’The peak at 736agmY is the
characteristic vibrational mode exhibited from the distorted [ZrOg] 0@5 %ormally,
an ideal cubic perovskite (ABOs) should not exhibit any ﬁrst—o&}r g%ctive modes
because their zone center phonons are of Centro-symmetric positio owever, first-order
Raman active modes can be observed in case of their Cem@ bis broken or slightly
distorted due to the presence of some defects such as gem®vacancies (Vg), strain,
impurities, and et. al., according to the literature for SrTjC3 d KTa0s.3*Therefore, it is
possible that the Raman spectra observed for BAZQ 60 minutes is obtained from lower
symmetry in cubic lattice or local distortions of [FrQ;[%ectahedral into tetragonal structure.
On the other hand, under strong basic conon %l‘residues could be incorporated into
the oxygen sub-lattice, resuiting in the creatidf’ of other point defects such as cation
vacancies, intrinsic defects or vacan Y5 to maintain the electroneutrality. So, the
symmetry disappears and polari@?o uced.’’ These polarization changing are active in
Raman technique.zs“m So, it worth %ving that the reactants can react to form the BaZrO;
phase even in 5 minutes btl?me reaction was not complete. Longer reaction times are
encouraged to the produc%f relatively pure BaZrO; phase. Until 60 minutes, the
secondary phase o?a?nd m-ZrQO; were contributed instead to the single phase of

BaZrO;. The rem&@,s owxcorresponding well with XRD and FT-IR results.

3.2Morphology study
The effect of reaction time on particle morphology of the powder products at 5, 15, 30

and 60 minutes were also studied by FE-SEM. The corresponding SEM micrographs are



illustrated in Figure 4. Initially, the powder product at 5 minutes contains the agglomerated
nanoparticles (~90 nm) occurred by self-assembly of smaller nanoparticles (~5-10 nm).
However, the particle morphology is difficult to predict because of their &g oriented
connection with each other. The particle size is increased with increasing the time to
15 minutes. The aggregated nanoparticles tend to grow with &dl ed in size
distribution. The noticeable difference in particle size m% tained from an

r@ reaction process.

Upon exposure, the particle morphology tune into a nearl ph@hape with the specific

inhomogeneous dispersion of precursors in aqueous solution

size of about 197.7 £ 52.4 nm. The size distribution beco nalrower than in 15 minutes.

After the reaction time reached to 60 minutes, BaZ@&cnder the monodispersed of
A

spherical morphology is present. The powder pro ntirely contains the spherical particles
with an average particle size of 174.6 + 14.7 nm. Jt concluded that the particles size of
BaZrQ; particles obviously increase wishy i ifig time as well as the particle size

distribution becomes narrow.
The TEM micrograph (Figure 5a) resents the uniform of product particles with an

average particle size of about l4i§ 1 rh. From a typical individual particle in Figure 5b, the

@as also investigated and showed in Figure 5c. The well-

shaped of bright circular spots&.x the correspended SAED pattern indicates a single crystalline nature

corresponded electron diffraction

of individual sub-micrometer Earticle. The correlative lattice planes are indexed to [010] and [200],

which related to the cubi al structure of BaZrO,.

%
3.3 Optical prop@l%
b
The optical property was investigated by photoluminescence (PL) measurement with
excitation wavelength at 350.7 nm. The PL spectrum gave an intensive green light emission

centered near 553 nm for all powder products. According to the literature,*' the observation

of PL emission at room temperature is related to the structural order-disorder degree in



BaZrO; lattice, which stemmed from oxygen vacancies (V) and structural defects of

[ZrOs-Vp] and [ZrOg] clusters, according to the equation as follows:¥!

(ZrOg)" + [ZrOs-V5] ~ [ZrOg)” + [ZrOs-V5) E&(ﬁ
[ZrO6]" + [ZrOs-Vg] = [ZrOg)” + [ZrOs-V{ ] % 1C))
[2105:V5] + 302 > [ZrOg] ' ©)

The ordered model can be assigned as [ZrQOs]- [ZrO¢], which each % ounded by 6
a 0

oxygen atoms. The intense green PL emission comes from the loc P’ﬂ;; ered structure of
d "ho

[ZrOs-V5] with the simultaneous occurrence of electron é&{b le (h’) during the
excitation process.*' From the determination of local struc&xRaman spectroscopy, we
assumed that the disordered BaZrO; is formed by thcatoMp acement of one Zr in [011]
direction, which is the simplest way to present the @!A] clusters. On the other hand,
according to Figure 6, the PL intensity is ﬁr@m increasing time, related to the
particles size decreasing with increasing time (1% EM, Figure 5). This demonstrating is
corresponded to the literatures.’>*? Z. Don .al” reported that the PL intensity would
be increased by reducing the particle m@ase of their defects increasing comes from the
enhancement of surface areas. &m&r and, the poorly crystallized powder (at shorter
reaction time) contained more oxygen® vacancies, resulting in the enhancement of PL
emission while highly crystaloied powders (at longer reaction time) supplied a few oxygen
vacancies to enhance PL gmi . Meng and er. al.*? proposed that the intensity of PL
emission band was ix? ed with decreasing of the particle size, which is correlated with
nanocrystallite (<@ nm) interfaces and d-surface states in the forbidden gap by the
octahedra [BQOg] distortion.
3.4 Microwave dielectric property

The microwave dielectric property of BaZrQs; ceramic sintered at 1450°C was

investigated using HP 8719C Vector Network Analyzer in TEO1§-type. The dielectric



constant (&), dielectric loss (tand) and quality factor (Q X f) value were calculated using the
QWED software, and were found to be 37.42, 1.8047 x 10 and 5096.91, respectively. The

high dielectric constant and low dielectric loss could be made the BaZrO; cerami&s promising

candidates for various microwave applications. However, the quality factor (Q @uiw

smaller than the Q-factor reported by V. Sivasubramanyan and et al.® and ida and et
al.*® The small Q-factor might be because of their low density and insertjbngo ceramic.
4. Conclusions : i

The single phase and monodisperse of BaZrOs; sub* n size powder could be

synthesized in a simple way via mechanochémical synthesis¥gethod without heat treatment
and calcination process. The uniform shape, size abd sié?'dig&ribution are obtained in short
period time to 60 minutes with average particle S{" about 14242 + 6.51 nm. The
individual product particle also shows the single a@m nature, investigating by TEM. In
addition, the PL emission was enhanced for all prqoduct powders and found to be decrease
with increasing the reaction time. The mi dielectric property was also investigated.
The dielectric constant (g), dielectric tand) and quality factor (Q X f) value were

calculated using the QWED s%ng were found to be 37.42, 1.8047 x 10° and

5096.91, respectively.
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Figures

Figure 1. X-ray diffraction patterns with the Rietveld refinement plotiof BaZrO; powder
y P

products synthesized at 5, 15, 30 and 60 minutes. The vertical bluedi{gs‘ﬁ'ndicate the

respective hkl of BaZrOsfrom ICSD card number 97460 %
Figure 2. FT-IR spectra of BaZrO; powder products synthesi ze 15 30 and 60 minutes,
and inset illustrates the [ZrQOg] octahedral clusters with vibratio trsymmetric stretching

Figure 3. Raman spectra of BaZrO; powder products Qﬂ 3, 15, 30 and 60 minutes

Figure 4. FE-SEM micrograph of BaZrQ; powder prﬁ%}mtbesized at 5, 15, 30 and 60
minutes o) (\\

Figure 5. a) TEM micrograph, b) a typical i;: 1 particle and c) the electron diffraction

pattern of BaZrO; powder products s 60 minutes

Figure 6. Photoluminescence (Pwmsion spectrum of BaZrO; powder products

synthesized at 5, 15, 30 and 60 w

Table 1. The Rie?‘mnemem parameters of BaZrO; product powders according to

Tables a‘;’

L. e
reaction time v on
Table 2. atomic position for the BaZrO; product powders synthesized at60 minutes of

reaction time
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Table 1

5 min 15 min 30 min
Crystal Cubic Cubic Cubic
structure b,
Space group Pm3m Pm3m Pm3m il
a=b=c 4.193484 4.192995 4.192875 19835013
(A) +0.000020 +0.000080 +0.000005 00065
VA) 73.74370 + 73.71792 + 73.71158 + 14261 +
0.00035 0.00140 0.00009 & 26
BaZrO; (%) 93.7 97.4 98.9 @ 00
m-ZrO; (%) 42 1.2 0.0 0
BaCO; (%) 2.1 1.2 Q 0
Ryl %) 428 437 4.4% 434
R,(%) 4.59 8.52 4.53
R.,(%) 6.60 12.19 o N6 6.43
GOF 1.54 2.79 1.72 1.48
N |
Table 2 & D
Atoms Wyckoff Site X y z Uso Occupancy
Ba 1a m-3m k2 0.5 0.5  0.009841 1
Zr ib 4/mn 0 4] 0.006884 1
01 b mm2 ;%5 0 0 0013131 1

g:'s

o
o %
&
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