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ABSTRACT

SrZrh05Y o0 ors powder was synthesized by ulirasonic spray pyrolysis using a solution that Sr carbonate
and Zr and Y nitrates were dissolved in a citric acid solution. The processes of particle formation were in-
vestigaled with respect to solution properties and pyrolysis temperatures. With changing the solution con-
centration from 0.1M to 0.01M, there was a lendency Caat average sizes of droplets and particles were de-
creased and their size distributions were narrowed. Citrate functional groups converted the droplets into gel
particles, which prevented an inhomogeneous precipitalion of the metal ions and [(acilitated the diffusion of
gases durmg thermal decomposilion. As a result, the powder having spherical particles withoul hollow par-
ticles could he prepared. Low pyrolysis temperature led 1o amorphous particles due to mcomplete pyrolysis
and made the particles difficult tc maintain spherical shape due to retarded gelation of the droplets.
Whereas, higher pyrolysis temperature produced hollow and broken particles because the droplets un-
derwent rapid gelation and decomposition. The particles obtained at two pyralysis temperatures, 500° and
1000°C, consisted of a perovskile phase and a very small amount of SrC0s. However. afier calcination at
1000°C, the particles contained a single perovskite phase having an average particle size of 0.63 lum and an
apparent densily near to the theoretical density.

Key words : Ultrasonic spray pyrolysis, Citrate gel, Powder synthesis, Proton conduction, SrZr, ;Y550 55

LM B A FEE TR 3Ty Aladx], A dEE

ARFA, a4 sh2e] A 3 £2] T I F8Eert

Perovskite 28] cerate$} zivconate AFBFE(ABQ, 1] chekslch M o] 5 AEEL B A2lg] o)L A}
A=B, S5 B=Ce, 7€ D(<-BNTI) $57 ¥ Jbh ke AEF ool A998 WA F0 24
g7efx e 2e2E Axe2 Jehle Bl 4§17 g9 b T3] A ak e 59

-1171-



17z Hpakse - 4l

gl ZEHo] A, T2E AxE 23
A 1l 2)1% TR Ea] Ao} sbh Alo]| 2 o]ZaEly
A defib=s Flog ebeiA vk o FolA zirconate
MeFE2 cerate 2FEEHT} ZERE AErER wxw
71AE dde] pdlm g ez bgsted HEE
of B #ale v gick?

Sr zirconate HFE2 TR ZRE FAxA dalET
whErkR) 2 ehabed it AhEle S EEm mefa] A
7FEas 2B S dte AT EH R Az Y.
wATRge] w9 m@lr] WEe] g Eud )
A 1400°C o]} 5o whaa Ao Eas)
a2 FEEE fThY Y 2.9 dddlA] B}
ofEE FHUAATL A7 siAt A x FhEle] £
d¥H e A7t & HA) gert o] da 1850°C ©]
Abe] oM AAITE AF ST Do 8% AR
Hudm 9ol T2 E Avs Bgodal &4, o)A,

= nb

712, A7, 2R 2] Bl vlA Tz 98 we
B2 AwSYE B} Y AR o] F 24
7] feiE 2ol EYatn ALY olHTEZ A
u AbgEEsh 292|6) AA T 2B el Fi
3ok o] 8 alME WA aAAe) S5 ¢e) B
o] ads BRe 24| RANT a7t olEE &

H AT glotok 3.

45 FRER e 280 AR 95 wtA g
2 o2 whgho] BRAF 7 HkEE elA] daEe]
S, A, dx, 989 o) d&5Ho2 douA 5
o vlge] B0E FA e FH ook 25 &8 A
ARz dEe] Ave ASgus, 99 dwest 39
2 Gor zEg 4 glr) ER dF e o|Fdr)
Hlmd =7 gkl o] 275 o] ojrlna &
# HEE AT £ glol ALH FHUAE ¥T 5
sl el sivh o FAUE Algsle] y-TZR”
.TiOE,B) Barlxioglg.lﬂ) Sr.—l-‘ios,n,lll _%:ﬂEiﬂs'w _10;0] u}o _trl_
To] Az a3l

MRy BEE fdEl) 98 feElzrh AR e
FEEES AT A%, Azddda] g 55d0
A Hxaeel A Bald 2E Y4B <)
Zpo] ZFepA Bk 2 e S80S 259
& BEDES AlLEEe 259y Bodd
A& AT F lrh AF fe] Fuirh SaE
A4 ¥h2-71(-CO0H, -OH)Ye S%o|2E7 4%
Axr) At Zr18le) Ta4lde] AT of
Fool 22 AAHA G A Gaol aHHY g
2 & 1 Feole] T £ dis 23
T fAE P el F3EE 2L A o
o] golslc}. Tuttled} Voigt™e 792 2%

ol

F d” ¥ £ -
ﬂébW$*“
o 2 g ool R4 o

P

FXsLER

Lrta BREly BAARES SrTi0, $9e] 348
Al=slR om, Coutures 5" Ba-Ti 74t 98 A

Zotal o] g $alNF THE FEAE 2ot 22

Balste) BaTiO, 22 TAlalg et ka4
2alel ek Azl At o Folx| 2] e¥sich
B ATAME P4 SR G ALgE] 2ET B
TR R Yol BHE SrZrO(SrZraeYomsOrs) £
FHaska, e B4 dHe 274 v|Ale dF
o GEF 2Ed vt ate] ¥Y AS5E =AM

Hm

wg e

d

rulo

HEH
==

2.4

gk

2.1. 2Y9| M= 4l =50} 2R Hs

SrCO.(first grade, Shinyo Pure Chemical Co.), Zr 2
AHF(ZrO(NOy), - xH,0, 98%, Aldrich), Y H3a(y
(NO.)5 - 5HL0, 99.9%, Aldrich)-& 2Me] F-A4HEHO-,
99.5%, Aldrich) T84 &3] FI4ke] FH|7t
2z} 115, 1:3, 1:1e] H=% £5iAA S, Zr, Y =)
Z}7} 01840, 0.371M, 2M<l 3405 wRERc) o] S
2 A% 24, SZneYouledl RES E3S F 25
%8 H7)Eke] §r ¥EZ 71F0= 001, 0025, 0.05, 0.1
Mgl & whso] £79 2l AMEEsil

2557 EFEEAE fEe WA 95 wAF F
g 2A0] 7V58 peristaltic pump2 E2|d gy #5
£ FEstn £99] Zol7) dAHsA FREZE
gkt o] £712) stdre] ZFFHpst 167 MHz2l
et Bt God BFA|7|n, ol 8k A4 £
24710 7% 3Umins] B1& FRokel mE ST
O] S5 &80 F&=E ofmA A ddEo] sl

A Scm, del 100 cm@] 99 Fo] v-2d WE= olf
M A Ay 2xe sk Fod RaEE F ol
A =] 23] 400°ClA 1000°CHA a7 T £
3C o2 A% ZHHEF st5rh F%E gyl (pore
size 1.2 um, GF/C, Whatman)E AFH-8le] ¥FH sl
120°CellA] 10A17E o) 2l A=A171 F 43 dA#
o|Efof EEstth

011

B

2.2. 89| 54 3! B SN B4

£ o] W micropipetteS AHgale] Fulo} =g
£ 200 o WS A ekl SaAlsG e, Ry
HE4s =47 (Surface Tension Apparatus, Fish-
er)E AHESle g RAR 28=0|E ST F of
] Ao 2BE X7 Ay, dyne/em)= AlNERTH

rhodp g (1)

¥= 3



b

o7l r2 BAE $Hem), hE B2AE 25m9
(cm), Ap¥ 293} Frle] ASAH(g/em®), g= $7)
£ (980 cm/sec’) 0| Th ZFF Bl % 99.9%2 @&
9] 233k BV VehG TAAES vlasle 49
o] AU S wyGons 44 AT 2A
A Heie BFE AHEE Y 1ome] HE F
B2 X M2 FAHA 2E frse] FUE
)4 10cm AzlS) 15 Si wafers] EHlol 2237

L3} BFGEHE olBE SrlrowYowlewm TH9 T4

1173

F Z2] FEtEnF e s gEEgoh @nA Alzles
Fel 5007 el fel AFE HZEFEEAT digitizing
pad® A8t HF 8| =78 S5t

A=) dEs) ASS 28] HEte] 4R I
o] 258 400°CE 2AA|A AT L3522 Alx1a/
gk Bl (TG-DTA 2000, MAC Science) & A4
3l 5°C/ming] S2<4w2 1000°CHA 7HdEted TG/
DTA Fx2 2o divh kel &Ashe 2342

Table 1. Physical Properties of Solutions and Sizes of Droplets and Particles

Salution . - Calculatesd Measured Measured
concentration ]()e;]sg‘lug;ﬁ SuL'(fg(;ﬁE}e_Ef)lom droplet size droplet size particle size™
(Sr mol/D) & YRE/d {pwm) (um) (wm)
0.01 0.99 73.06 2.97 3.58(2.32)" 0.52(0.27)
0.025 1.00 74.76 2.98 4.53(3.95) 0.5900.28)
0.05 1.02 79.22 3.02 4.90(5.25) 0.67(0.34)
0.10 1.06 85.61 3.06 5.99(5.74; 1.13(0.44)

‘Measured at 30°C. *Obtained at 500°C (pyrolysis zone I} and 1000°C (pyrolysis zone ). *Standard deviation

- "

Fig. 1. Optical micrographs of ultrasomcally generated droplets with the solutions of : (a) 0.01M, (b) 0.025M. (c)
0.05M and {d) 0.1M.
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Fig. 2. Size distributions of ultrasonically generated
droplets with the solutions of: (&) 0.01M, {h)
0.025M, (c) 0.05M and (d) 0.1M.
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Fig. 3. SEM rucrographs of particles obtained from the solutions oft (a} 0.01M, {h) 0.025M, (c) 0.05M and (d)
0.1M (pyrolysis zone [ and II: 500°C and 1000°C).
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Fig. 4. Size distributions of particles obtamned from the solutions of: (a) 0.01M, {h) 0.025M, {c¢) 0.05M and (d)
0.1M (pyrolysis zone [ and II: 500°C and 1000°C).
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Fig. 5. SEM rmucrographs of partlcles obtained at various pyrolys1s zone [I temperatures: (a) 400°C, (b) 600°C, (c)
800°C and (d) 1000°C (0.05M solution, pyrolysis zone I: 400°C).
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Table 2. Characteristics of Particles Obtamned at Various Pyrolysis Zone II Temperatures™

Pyrolysis Mean particle He pycnometric density(g/cm?)
temperature {*C) sizeF Spray pyrolysis Citrate gel
400 1.24 (0.56)" 2.07 {Amorphous) 2.09 (Amarphous)
600 0.79 (0.34) 2.11 (Amorphous) 3.04 (Amorphous + ((8C)))
800 0.76 (0.31) 3.69 (SZ+3C)° 4.90 (SZ+ (SC)
1000 0.71 (0.29) 4.40 (SZ+((SC))) 5.20 (5Z)

"Obtained with 0.05M solution and fixed pyrolysis zone | temperature at 400°C.
#Standard deviation. $37 : Perovskite, SC: SrC0Os () :small amount and (( ) :miner amount.
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Fig. 6. XRD patterns of particles obtamed at various
pyrolysis zone II temperatures: (a) 400°C, {b)
600°C, (c) 800°C and {d) 1000°C (0.05M salu-
tion, pyrolysis zone I: 400°C).
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Fig. 8. SEM mlcrographs of particles obtained at various pyrolysis zone [ temperatul e8! (a) 450°C, (h) 500°C, ()
550°C and (d) 600°C (0.05M solution, pyrolysis zone I1: 1000°C).

Table 3. Characteristics of Particles Obtained at Vari-
ous Pyralysis Zane I Temperatures®

Pyrolysis Mean particle . ;
temperature(eC) size {{m} Phase present*
450 0.64 (0.30)" SZ+((SCH
500 0.67 (0.30) SZ+((8C))
550 0.69 (0.31) SZ+{(SCH
600 0.77 (0.36) SZ+(80)

“Ohtained with 0.06M solution and fixed pyrolysis zone
Il temperature at 1000°C. "Standard deviation. "SZ:
Peravskite, SC:9rCOs () :small amount and ({ )):
minor amount.
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