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ABSTRACT

Spherical fine BaTiQ; powders with an average diameter of 0.3 um Lo 0.8 um are prepared at 1000T hy
the ulirasonic spray pyrolysis of sclutions containing Ba(NOg)e and TiCl,. Experimental variables are adjusted
to produce BaTiO, powders and its effect on the phase, the size and the morphelogy of the particles are
investigated by XRD, SEM, TEM, Each particle consists of small primary particles and has a hollow around
its center. The dependence of particle diameters on the concentrations of source solutions indicates that metal
salt precurseors are dried to precipitate solid particles and decompoge to form BaTiQ, phase wihout gas phase
reactions.
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Fig. 1. X-ray diffraclion patterns of powders prepared
at various temperatures (flow rate: 1.01/min
[Ba® 1=[Ti'"1=0.19 M).
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Fig. 2. Infrared specira of BaTi0; precursors fallowing
heat treatment at varous temperatures (OH:
H.0, BN: Ba(NOg);, BT: BaTi0,).
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Fig. 3. Scanning electron micrographs of BaTiOs pow-

ders prepared at various concenirations of sou-

rce solutions (temperature: 1000T, flow rate:
0.8 {/min).
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Fig. 4. Transmussion electron micrographs of BaTiO,
powders prepared at various concentrations of
source solutions {temperature: 1000%C, flow
rate: 0.87/min),
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Fig. 5. Normalized particle size distribution of BaTiQ,

powders prepared al 1000T, 0.8 {/mmn.
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Fig. 6. Mean diameter of BaTiQy powders prepared at
1000, 0.82/min.
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Fig. 7. Transmission electron micrographs of powders
prepared at various flow rates of carrier gas
(temperature: 10007, [Ba?>" ]=[Ti*"1=0.053
M).
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Fig. 8. X-ray diffraction patterns of powders prepared
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() 1.0/ min (b) 167//min (¢) 3.21/min
@ BaTiO; O BaCl,-2H;O, m Rutile

2wdel Tely B4 9 Axese] b AzyAe
BAfo) o] RolxL Aotk

LA Az o]ug
50| ?&OJEW E%—_—lﬂr‘%i BE Azxalels Ee
272 rid A3 fe Zeo] ul{hollow) =AM}
4717 A2 slgal Alar % o2 Ze] g
I ele,

(1) A= 2ol Fapgde] i uh/]
hility elastic film)o] A EH 32 Sudnr 2)4
gz EEr ATk o] % Wif-e] Gule
k9] # A ballooning) o] Yeirfs H$

(2) 7ha4 Aol gleld HA Sy FUEEs)

L

i L‘LL.

1+ low permea-

Hde] 44 YRR EHas] Belvle Sriv) W
A5

(3) 284 slurrysl 224 ge7h 2AE 24l
s W FHeoem olFIbHA AES 9l F
s AR

{4) slurryell Z7j{air)7} 4% 8l ?Rq

A2 FEEL UEE ALt o g4 A5

229 92k hollow particle) 7} o] =] = 31'4C{§(sul-
fate) 35 Al 2ke] (nitrate) © B EEE-UIT Ay BEals
cl 2o EA deloh yid, d3-E(chloride) 255
d¥ FuEWe st Py qlx FAs A
ALs Ay 9gled, ArAlEe o)yl Ae]E

0
A T, A, Sedleldel o9 A 5



ELE I

A=R F L) =]

Zhang T7"9L Azl 9 pmalE
4749 Samate] YFPAAH FT JAYlS
25 9]

3

Wows

ek o] E2] Hare H EEel mer feEe
7hk Aol glE EEE HHe 377 FEE FolET

24 2ol HE 5o
2o weh grtslhe 4

(<]

Aell FLEEs Fohote] o0
Fgo] AAHEE £olx7}

|

Agsha 2w aele) A28 ¥eE b s Aol
e glAs 97) g dazdelsi Aeluh

g,

‘h’ ﬂ.?..o
£ odo o

Odier -2 @5} it ozie] Fuo
sha FFe] gl Zr0; s H8lx o1 s
F olE olHE ol YR Fe PEYYely
ez dualsdcl § olF o8 &2 &l
A2y [Zry(OH)s(H:0) 1515, [Zr(OH)2(NO;) (ILO) "1,
2 AEE ey aebd HEs F599 Pz
MEEEs 7o) ohel zircoma geld] network® o] F
th= slolth gelE ey Solle] 22 TAT Wik
ope} folalA dehrfm R WjF-of Lefr) Fubsha
#)7hmrt whAusld 23] @ YA AAEE A
ofc}. o]¥l g2 TiClr} H:0(g) e} uh-&-5ted F044al
Ti(OH)2] geli-& AAE A7 Faiste] 2Lg TiO,
g L Visca 579 AHdall s H44 4 qlvh

Fig. 9= Ba(NO)»2| TiCl(ag.) 2] $15 &ooHe
Az=g BaTi0yd] ¥ 4dzke] TEM Ales S
A PAE A RejFo) B A7TAES £ d7e
=5 wpd L Apgate TiCl i3 2285 Tio, 7
Rt A2E FYed o) Yals T3l e AEE

ZE 7AW £350) drksirighe 2 =227} 414
Z7ef wlE) o g PEEg”, ZLe|2e E oo
Pl A F2EL HaEA 5 T2 Ba(NC;).2 28
7laldcl wutEel

Fig.39] SEM Ab#leld == fdapkele 7|15
(pare} 2 7«17l oA} {fragment) & &2 FHAIL=
vz,

D B4e] AFxA Fof Titanium hydroxide gel2]
pore channels wiz} &of7} Fuslds Ba(NOg.7t
2ok

@ 429 Ba(NO:)y= 24 243 7149 &
S5 "heisiAl ot

@ A AR uhg Fo St Al HH A}
WRe] P2 dhe 2 A vfewl A a1l glAlEmE
] gich

A g 110Ce 4] 642 A=5 Titanium hydroxide
gel& B-o] FHafo2ie] 77 H]RHAe] 325mYg
o] §00T o) 4) 6A]ZF H2H geld 11mi/go g X

ag

M

-856-

15 - e

Fig. 9. BaTi0y spherical powders which show hollow
structures (preparation temperature: 10007,
flow rate of carrier gas: 0.8 [/min, concentration
of source solution: 0.053 M}.
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