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Abstract In this study, nano-sized indium oxide powder with the average particle size below 100 nm is fab-
ricated from the indium chloride solution by the spray pyrolysis process. The effects of the reaction temperature,
the concentration of raw material solution and the inlet speed of solution on the properties of powder were studied.
As the reaction temperature increased from 850 to 1000°C, the average particle size of produced powder increased
from 30 to 100 nm, and microstructure became more solid, the particle size distribution was more irregular, the
intensity of a XRD peak increased and specific surface area decreased. As the indium concentration of the raw
material solution increased from 40 to 350 g/l, the average particle size of the powder gradually increased from 20
to 60 nm, yet the particle size distribution appeared more irregular, the intensity of a XRD peak increased and spe-
cific surface area decreased. As the inlet speed of solution increased from 2 to 5 cc/min., the average particle size
of the powder decreased and the particle size distribution became more homogeneous. In case of the inlet speed of
10 cc/min, the average particle size was larger and the particle size distribution was much irregular compared with
the inlet speed of 5 cc/min. As the inlet speed of solution was 50 cc/min, the average particle size was smaller and
microstructure of the powder was less solid compared with the inlet speed of 10 cc/min. The intensity of a XRD
peak and the variation of specific area of the powder had the same tendency with the variation of the average par-
ticle size.

Key words : Nano-sized powder, Indium oxide, spray pyrolysis process, reaction temperature, concentration of
solution, inlet speed of solution
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Fig. 1. Schematic diagram of spray pyrolysis system.
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Fig. 2. SEM photographs of produced powder according te reaction temperature at raw material solution of 350 g/ In,
10 cc/min inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm’ air pressure. (a) 850°C (b) 900°C (c) 950°C (d) 1000°C
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Fig. 3. XRD patterns of powder according to reaction tem-
perature at raw material solution of 350 g/l In, 10 c¢/min
inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm*
air pressure. (a) 850°C (b) 900°C (c) 950°C (d) 1000°C
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Fig. 4. Specific surface areas of powder according to
reaction temperature at raw material solution of 350 g/!
In, 10 c¢/min inlet speed of solution, 2 mm nozzle tip size
and 3 kg/cm’ air pressure.
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Fig. 5. SEM photographs of produced powder according to indium concentration of raw material solution at 900°C, 10 c¢/
min inlet speed of solution, 2 mm nozzle tip size and 3 kg/em” air pressure. (a) 40 g/f (b) 100 g/ (c) 200 g/ (d) 350 g/l
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Fig. 6. XRD patterns of powder according to indium con-
centration of raw material solution at 900°C 10 cc¢/min
inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm’
air pressure. (a) 40 g/l (b) 100 g/l (c) 200 g/! (d) 350 g/l
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Fig. 7. Specific surface areas of powder according to
indium concentration of raw material solution at 900°C,
10 cc/min inlet speed of solution, 2 mm nozzle tip size and
3 kg/em’ air pressure.



FRAEsTAel At <l AbsME v $ab Ajzel] =) A vl

Aol wjzt 448 Fgel YEsh Foltoss wE
WA B FAS 9lor 53] B} 40 g
e 100 iR B7kSE Aol 209 Ywr) 2
o RE ZohGeEs aERIge] WA Ak
£ 7oz Aas),

33. 249 sYof niXj= d5 89| RYUKTo
45t

% 8 Hheew7} 900°C, YBE W) In A
29 2%l 350 g/, =% tp 71 2mmel F
71E Jkgem’R FAIEE APl 48 £949
SR RS f3id . Wl W GRe) uks-
off 23 Al BUEe] SIS SEMe 23]
vehd Zelr}, 2o f&5E7L 2 cemin® oY
4 w2 Ao 20m FE) Y=} 2 YAE
# 100 nm HE2] st #AF| E sirEe] F&
AL glE-S o 4 qUsdeh E3 YEREE o B

Sl S9] o33k 499

T ubd wlad Adgh 2248 vepial s
A I

Quboz ol fAl w2l o8 HA=E WHge)
HEYEE oHEo] A ()l 23 vehd 4= R
B <J— U 045 10000, V5
X=585 J‘+S7g(vﬁ) 0. £ )
71A X= HEE, o 49 A, px

U v S M}*E e Ax, Q2 mli l
%k, 0 Y IS VP el S §
UEE7} 2 co/minZ W$- B F4olE nlFHiEe
B Z7|7t AA Hal AR FAelMe] AH B
d 4% 8 vehia o) diiel 3oz A
A 05 PEiEs WS- 2 9 HA2zE 4
Abde. e vl dF 27} At dHE
9] 47} @ Aol AHE Abole) A Ao

ARy Lx% wex)A A} S o059 4
Q)| A HA G Apo]Q] FEol] 3t

glel Brown

Fig. 8. SEM photographs of produced powder according to inlet speed of solution at 306°C, raw material solution of 350 g/I
In, 2 mm nozzle tip size and 3 kg/em? air pressure. (a) 2 cc/min; (b) 5 ce/min; (¢) 10 cc/min; (d) 50 ccfmin

Vol. 11, No. 6, 2004



500 +r

$Folen s fo ARE AT 4 ] 1)
T 27) BRI B 2]} et ol o
A5 Alole] 47 TPeRe AA3) FAe Bk

(N/N,) = 1(1+4/7) @

A7 NE 27] 459 4, Ne 9949 A7kt
oMo HH =, 1= 2PNo, fe $X FEAIFo|
t}. olo] me} AR ko] dohlr] Ao} HA F
T @2 o] 9] S22 g U=} ufg 2
< dHETS Bl At SRR st
=7t WA SR dH 5ol LI 2 A=
et weby GEa) uheel s 2F Y=
B2kSe] =7} 20 nm F =S YAS 100 nm X
£l dAksel TEs e AHE R Qe A}
BH 849 FUSET} 5comind) FFtele A
AE B0E) HEUEE 30mm AT YEEE
T vy FdsiA vepds o ¢ Al o 2
T 482 fEErt Scomingd Al 44 A
717} 2 ceimin®] 7R} #2438 Flshr] dgell
PHE Atel2) SA W o) A AT ¥ ot v)
HHE AH =2t vl 2 ool dis) &
Aollre] d™Ed Fiol A vehiAl et
£ ARl 7108k Ao Aladn. §ofo] fi%
%7} 10 co/mingl 739l 9571 30 nm AHxE<] 9
A= 50~60 nmel ]l Aol FESE v £
T Y=E2E VPR QIS o) A= 8
o] U4 =7}F 10 co/minZ v % F713lel we) n)
e 9 =277 F7H7) gl dEaRkE
of ofsf AAdHE 2 =t kA He &
I7h b= vk 43 Z7] Fohel) ojs) AR
d L oS AR B E3oE e
o2 vehbes Aoz s 3 gele] f1)
£E7} 50 co/min® $7FHE Afele HEE £
UE2) FEYEE 30~40 nme A YA Atele]
S el iy A YA 23 245
e glSS &4 4 UdEh FULEE7F 50 co/min.
2 RN wt vgEsEE 49 27t X3 F
7kt Heol HHEd Aol HE AHlAl= B}
el s i A ] fefje] S Sl ok
YARE Atele] A Y] A FaHE EE 5
Moz 4oy IF AHE 2EE ¥

Journal of Korean Powder Metallurgy Institute

FYEE 30~40nmz 2 Jehx]ut Ao
ZAo] AUFA| F3haL YAE Abole ] A=
A e El ZleE Alsds a8 o= a¥
87 FUT Hhe-2A 3l XRD EAof o3 £
9] &= Ao W AR PSS Ao ¥
35 Vel Aol gdlo] {l&Ee] Aol
In,0, AHke] SR Qg & 4 Usich Sale]
Y 427} 2 co/minEHE] 5 co/min® F7)eRs A
$oll= XRD peak®] =% A A4S & F
Qe o] A= 1% gellA] el uie} zbe] &
N FYLETT} 2 ce/ming WS AH-$ollE nozzleol]
o3 w3k dxr) u)¢ 2L HAHE Afe]e] A4
3 AR Qlsle] ¥l ubgol o) AAH
E EHEe) I Et Y4 E Sco/min®] ¢
B} FA F7H "ol 71eddke ZloR Alas
499 $ULE7}E 10cc/minE. F7HE Aol
XRD peak®] 73=7} $94% 5 comin®] A% Boh
A 7192 2 comin®] 7-$-ohe v e
E Vel S & F 2ddeh o] Aol dEauksel)
o AAEE L] HEixe] #le] ZAszje)
738Fo] Ao UXFHE & 4+ AUk A A F

® in,0,

Relative Intensity
O
= )
- ®

T

P ; I
..El,._.,\.___J Lo

n . " 1. i L "
10 20 30 40 50 60 70 80
20
Fig. 9. XRD patterns of powder according to inlet speed of
solution at 900°C, raw material solution of 350 g/1 In, 2

mm nozzle tip size and 3 kg/cm® air pressure.
(a) 2 c¢/min; (b) 5 ¢¢/min; (¢) 10 c¢/min; (d) 50 c¢/min



FrAES TN 23t AF AR e T Al v)AE wRIAEe] % 501

16
L 4
14
—_—
2
T 12}
— ) 3
w !
0
10 | /
o
.
8
. . . .
2 5 10 50

Inlet speed of solution (cc/min)

Fig. 10. Specific surface areas of powder according to inlet
speed of solution at 900°C, raw material solution of 350 g/l
In, 2 mm nozzle tip size and 3 kg/cm® air pressure.

U&7} 50 co/min® F7HE 73-Foll= XRD peak®
Z¥=7}F 10 co/min®] 7S B =4 7448k 9Jed=).
o] A= 3147} 50 co/min® F 73$oll= v)
P3lEe= o) B o] vi-¢ AlsH Hm o
A guje] Sy Sl ube GEsiukdel o
s AAEE dAE Alele] &FdA)e] A FHiE
2324 UAEL) FEY=rh 93] AP Ha
2 ElE]x] B3t 228 vehllAl el 71lshe
22 Almslch a9 102 13 & $Ysh ks
7 BllM SR FEE W] mE YAE
ko] v Fwze] WIS ekl 8o {4l
%7} 2 ce/min® 5B 5cc/minZ 27131l ulel B
TEo] v EHAE SR S-S o & ANk
gofo] $94%r} 2co/min® WG R Aol
G ubgel o Y EE= TS HIEd=t
FFUEE 5 comin® 7PN SV gogs &
WE0] BlEHAe] 03] FvlsH | AR AlE
o). g9 427t 10 co/min®] F-folls= 1
F gell vepd Ble} o] 5cc/min] A$-Eoh H
TYE7F =27 o -Foll njEHA o] A} 7hAEIS
w 2cc/min®] o= wsE e vEpi 9l
22 o 4 oo 3 ge] {Esrt 50 o/

>

N

e

min® F7HEE Aeele A4E EHEe] 37
=7} 34 pageRR wEAAE A FUe
== ¢ F U=

4. d B

AE AES Tl YE4e BT EsAg
of o8 AU 100nm °l8k] In,0, V= ¥4
& Alzslgiom w2 x, YR80 Fx g {4
o} & HE) uE e T B4 W
35 setslslct.

1) Hhg-2-57} 850°CEHE] 1000°CE F7Htel ot
g AR o] HEdEE 30~40 nmEFE 100
nm °|A7HA] 78l 9lgled, A= A AY
= v Y= Fxe oS BadEl e
Aoich. =3} wheeo) 7)) wel XRD peak
ZdEE FUNElen nRHAE Fh4Ekal Algld

2) YELY W In AR FErt 40 giETE
350 g2 F71E) wel AAE U] JadxsE
20~30 nmEFE] 50~60 nmZ HA Z7}819 3, XRD
peak®] 7= FEIew, viEHAL A A4
vby EEEE oS EddsAl e lslH

3) fole) §4%7} 2 ce/min® 5 co/minE 7}
ol we} B HFYEE A iR
o8 7Y3}ol2m, XRD peak?] ZHex A3}
uh Fokse] v ZUsk e Y
£%7} 10 ce/mine! 7A$NE= FYUEE 5 ce/mind
AEo FEUEE A Foll BedE 9=
FEZ eI 2092, XRD peak®] =g 5
7¥8l Wb mEE A2 ZHAsk Qi) ) #
&2 7F 50 comin® EVHEE 7ol R
HFYEE 30~40 nmo| I XUER] 23 228 )
Epfgl e, XRD peak®| 7= FHAshe whd o)
B Z7hElaL ol

o e

anes

1. D. Majumdar, T. A. Shefelbine and T. T. Kodas: J.
Mater. Res., 11 (1996) 2861.

2. T. C. Pluym, S. W. Lyons, Q. H. Powell, A. S. Gurav
and T. T. Kodas: Mat. Res. Bull,, 28 (1993) 369.

3. T. C. Pluym and T. T. Kodas: J. Mater. Res., 10 (1995)
1661.

Vol. 11, No. 6, 2004



502 +r

4. T. Kodas and A. Datye: J. Appl. Phys., 65 (1989) 2149.

5. A. R. Pebler: J. Mater. Res., 5 (1990) 680.

6. M. A. A. Elmasry, A. Gaber and E. M. H. Khater: Pow-
der Technology, 90 (1997) 163.

7. 8. C. Zhang and G. L. Messing: J. Am. Ceram. Soc., 73
(1990) 61.

8.J. K. Yu and H.B. Park: Korean Journal of Materials
Research, 12 (2002) 58.

Journal of Korean Powder Metallurgy Institute

9.J. K. Yu, S. K. Suh: Jounal of Korean Powder Metal-

lurgy Institute, 10 (2003) 262.

10. J. K. Yu: J. of Korean Inst. of Resources Recycling, 12
(2003) 38.

11.J. K. Yu, S. K. Suh, S. H. Park and J. S. Han: Jounal of
Korean Powder Metallurgy Institute, 119 (2004) 202.

12. G. L. Messing, S. C. Zhang and G. V. Jayanthi: J. Am.
Ceram. Soc., 76 (1993) 2707.



