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The Effect of Preparation Conditions on the Characteristics of
Co304 Particles Prepared by Spray Pyrolysis

Do Youp Kim, Seo Hee Ju, Hye Young Koo, Seung Kwon Hong and Yun Chan KangT

Department of Chemical Engineering, Konkuk University, 1 Hwayang-dong, Gwangjin-gu, Seoul 143-701, Korea
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Abstract  Co,0, particles with non-aggregation characteristics were prepared by various conditions such as
preparation temperature, flow rate of carrier gas, and concentration of spray solution using spray pyrolysis.
The morphology and crystallinity of the preformed particles obtained by spray pyrolysis at various conditions
affected the mean size and morphology of the post-treated Co,0y particles. The preformed particles with hollow
and porous morphology cbtained from spray solution with citric acid and ethylene glycol turned to Co;0,
particles with nano size, regular morphology and non-aggregation characteristics after post-treatment at 800°C.
On the other hand, the preformed particles obtained by the preparation conditions of short residence time of
partides inside hot wall reactor and high reactor temperature turmned t Co,0, particles with aggregated
morphology after post-treatment. The mean crystallite size and particle size of the Co,0,4 particles prepared
from optimuim preparation conditions were 47 nm and 210 nm at post-treatment temperature of 800°C.

Key words obalt oxide, spray pyrolysis, nano particles ,

.M B
Co04 T8 ks WA, Zoll, Bl 23078 4
2 ot AAgem el ST g wat Aol

.F.].r]. r'| )afr;.p]]cglﬂ L1.‘|11 1~H1-E.] A )-,—,q_l r{,{-] _Qj]-m--;:;l. o]_‘.r_
S -(]OHL]-T qlo), 14} 1. "1-] w1l Al -F}J-.T“l— 1']*-—
Ao 2ol q FriEkns kol Sls) $HA-Ack ol
i Coj04 7)ol gg shobel] gloja) dgkel it 9]
R e . 1 Ay A
fbck vh AR M_
L _r_fJ 1 021 :]_ At

= ©toEE URAE = -1—

he 18] Coi0, B SINALT A,
G, AN GOl Al Sl TR QTue) %
G50 pgpnle FAAE AL AAH L3 e
ol A 1'P'- ‘%"ool 4];] el ke el FHE =15
§I_ 7, )~ ﬂl‘- @-A]C‘ ;};]".r ﬂl ] _H_nl-Q] CH‘.— 1;]

| Aol <] Hoddi Ghae shA T

TE-Mail : vekang@konkuk.ac.kr

black matrix.

_}]]Hl —;]_ 71:_] ﬁrg ;]_ /1-'-‘J ol M— .
Co;0, \1_1:1__9' m-"ﬂ Hol o %}—1?!0” 4|l B
£ vhare] F)e] Wl A1 AR o0,
S ) Sl AR A
WA ‘-‘Alﬂ oyl @i HrkEae) .O_Q__g_ ]
Ak S T A £ ol
i AA z.]c:] D et )H;(].IOI M—f.]c:]

ﬂ\l—m(«_,ql o]z]_ 'L_]_‘L_ _:;}] 111:1- e,l.}]cql -:ﬂopﬁl_ '11_%_
S el Thretl ael] el ik Aol g
o] PRt AAE R gk n-13) 7 Alel] el&t

111:1- =
U R

\—-—:_.—

e ] el g amiel el #a ac. ]
?(\JT—COL"I-‘I?;_E e 'L_l_l_1r'| T-__-]o]l,{ _)“_,H -L_l_l _1r'|]._-_. = r;\]-_f;[_
e g e el Padel TRreb iR T

bRs alem OepE ] dobld e A

AEk olFeldch g DA FoAE A sl

ALRO R S g ool e F)

2] Co;0, otk uﬂ.).]oﬂ L_].] MaTL gl 11) ;] AI—_O_.-_E’-.HI

o elsl] {8 CogOq AT - vRaE] F/1EE F
>

il
L=

7\'|',1]11|_- lﬂ-f’] 'a].riloﬂ _,‘_1‘:_ ‘_1 /ﬂc:] T'-c:] Hbﬂlc,].}]
) 26] LI (ractal) TFF JFACE L HREE] A



12 Flgl v g

Foauel a8 TERS PR 23 TR e
Aulaksn el 111-111 2] Fadsl] oe] gl s r]]_._(s}]
];ﬂ_-_;]c,]j} 7R A= soke] 8o sHAE A1
i alck,

(T E0) E t E [SE-| S y s  [ X:  AERAEE RATS |
b B, Ak e AR EE Alnbels
T orlelAtE Fole] Y A el T @
ToF Wedyle] 2o} B adulae]l dliedilg) Hlo{],q__ =
rlelmiit Fo19) shutel ol o ] shulel ighe] Wl
}.—]L_:] 1_'_‘3“ 'L_I_‘L_ )-,,q_] mlf]c;] O]‘H]L g] o]] rﬂc:m.'llgl
S 214 ol 8tk vhie A el L-H-o-ﬂ .
S0k o) 12,13} V(J— ‘T
Y| ZnO Fol #ut
11 L= oﬂoﬂ _1?]_ Q

A e 2

r"l-

'| L} il ua-] |1 0] H““ﬂ o {?}fé

'i1

= AR sl el 2fs)
5 Ao ol e
92 A7l BO7A e 1l £RE e T )
whi]e] FHok 1) 2 o) T sl Al chke] s
FhAT ”_,-_0]_‘_ & u__o_ FARTE ﬂoﬂoﬂ ] ] _Tl";"_; gl
o oldl the adlE Ao s AEE
-C;I_a?L-__ld) ‘1”*3'1‘191 —:,;]‘5” & 0] hHD o&_a_ 1] !
;},—]__ ik L STEe] FalAy] apRlE
A e 2R etel elhes e
IR AR Lo Tl ele] gl v A
W= AAlAde .D —slat AAde] e Lale sp]at gl
ol clat o) e Agel Kt
RO RS VKL S Te
NE] Ue F1719) Co,0, 4LeHE0] #hd] el 9l e
".r-,<]. b[_cc? -_.. 111_1[10-1 lh,]] :\ngMHH 11 =N ;] Q i~ ‘R‘Hﬂ_}]

A KB T AT B ol PANE Co0y 4T
ol e, She 0 AR 5 R HDE Rl

[l

ol e A SR yar—zq—.m

g [i
]
i

A e ET

s Mc:] ] c:]

o

_GC}—-CI_ “.L

= cﬂ-z.] p et 17

eldl] AT
‘1:‘] wg? ;14 vhie 72

uc-] 11 0]]—r,4] t_ g].] g_]

oﬂ)\-] 34
=) 003 11131_1—__0__ ‘51}]0]_0’ I 4
Al o] 189 o]]]_.—]/:]bﬂ elate] YL
g wla mig] st )\ll?g A 9lwrr wdas wlgle]
TRLACER) ol wbAl s | 7 MHz] R glA] 2R
Bhs Al TRG1E AR R ch el At W)

A
1;1_},%1_ -

A ols ukAlA clike] olHe w2 Ul g)8kel)
SANARA) Sl QMM T15E AR SO, &
e symmw 40 Iimin 7] ESRAIZACH e A
-le 1000 mm, U174 S0mm¢) A194-S AR ek 2%

W aba]e] el Al chake| of A—]c:] 717, A
Fhtall T AAlek defuhs W ge] 500°c<>4]
,H 1200°CT rﬁg]_}.. ,’i[_ 111_1[{%_@11_&_ g—_l" )“_().]I -711]-1' ,d

AbGdo] L 0.05 Mo A 2M 7R HEAlA A FE
c}. 00304 Sinke] e Aol fslA BolEREA

AHCA) T ol ERFHEGKH 0.7 MY EH RS 4

Ucrly_,;,] %f._xc!o{] @)l ojRl 14",4] HTFE e AR A
fer 9lsl whe Ao A go0tce| A 3 A sk &

V_xi gl shEck shait Bl el

2mm01 A Esnel H-E AREsle] o ilE-abe] A

el 24410 gk W sPE vk

‘?}"El—f_] Cos0, 22| 47 X4 21848471 (XRD,

oL
)
0 =]

1
1 [w -

MHEE Ae
A

1
]

RIGAKU, D/MAXRB)T o] 86l +LA1815 om, & Ak
AR R A (SEM, JEOL, JSM 6060) o] f-u] -
Mafgich SlREe] §le R g/l (PSA,

Brookhaven, 90plus)tr 2 sfeq WA ek
3. 40 ¢ nF

_—.Lo].a].-;_]_ ()ﬂl_'.'l 31] _-;_-.'I 1“’] 11 uc,-] 11
s T ol M o0, kel Bl Lde] 1

A= dEe] Figo 1 W Flg 280 peldiel of Fig. 1
Fig. 2v= +ddisl el el vl &1 2 700°Ce]

IR E R ol 40 Y/min %1 07M°I A
Ao ] el FA] T 800°CHl M 3ATY gk F-
AAE] st ezl WebEel FAREh A ARl sl
Fig. 20l Bl E A TR .'I.'-C-i.«'\l- LS Rk Ry j_’-
o] HArF wiols ) o7 mdlelo) AR -al-pl_c,].i]
‘\i )]Hsgpl-!_o_?__‘lriE] alf.—]_cl COO ,111_:1-_o r.‘|_¢] 17 L —11/:
o] 7 P AFsEL alem el e e

Ak glxbER s 3l 541 H5F 7P v T
,«n-- @Alakan alo uJoﬂ BB U S o
ek, ”’L] 8 Cop04 4=k VIAIBEL ¢ 00eE AU
i 7RO alem S

(o) ge] ] wklelE] ek

R A7bEE] ghe 3ol el AT
TR B AR S el P A St 2ok

[
] folRe] Arpa v

A ] ,_‘J." LE] elo
¥ rlelFst Fioe] FATH e

=1

AR 3t
QA Ve Z19) G305 o0, -:rw—. el 2ol
ylu dlyred .J',{](S]I &)l 'cj_;‘ -_._] 3;_]__:{0__3_ ;I|,‘4_'I {i’;}
<] L Ao

L | “1—1.‘3
QU Coy0y witke] Yiade] Hitaole] S| ThRe-

el T
-

.'r_ e

RUSETS

of.

LS
_ Lf_).-l_c'_
Lo AlL

A3 A itk BARS HAbE g wg
ORI FRR AT LUEL: Kol of Ao

A3 alek, AR AR
P alAEel PR WA A ] kol 2 3
1-'_1]9] 'Erl}',c ‘é-_\fi Q_J__o ):],:] ‘:'1-01 oo -DI )— ﬂ]L]_ muJo]]

AT T

:io oft & 2 _'9: _\.;-;

el
e

= —‘w’—‘f—-ﬂ-*?ﬂo FILE] BLAE A A 4
= ollel] elell sl Tk rllfoﬂ

et 1S “} -?—.?:—:— Al B e S ﬂ-ﬂ-ﬂ.

B 85



Uiy, CloyOy 4

& .
Tk 2k 12

—r—

{a} as-prepared

(b} post-treated

Fig. 1. SEM micrographs of as-prepared and post-treated
Co;0, particles obtained by spray pyrolysis from spray
solution without organic additives.
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{a} as-prepared

{b} post-treated

Fig. 2. SEM micrographs of as-prepared and post-ireated
Co;0, particles obtained by spray pyrolysis from spray
solution with organic additives.
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Fig. 3. SEM micrographs of as-prepared Co;0, particles obtained from spray solutions with organic additives at different

preparation temperatures.
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Fig. 4. SEM micrographs of post-reated Co;0, particles obtained from spray solutions with organic additives.
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Fig. 5. XRD spectra of as-prepared Co;0, particles obtained
from different preparation temperatures. (P: preparation
temperature)
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Fig. 6. XRD spectra of post-treated Co;0, particles obtained

from different preparation temperatures.
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obtained from different flow rates of carrier gas. obtained from different flow rates of carrier gas.



it CoyOy

i

B}l Le] w5 o

doigeh gl 3

i
i

A 2] |7 Co0, HWEe
ALk ‘-:-'-1 frge] A Ao
2 o] i} R ] L g - g

{a} 0.05 M

(b}

{cy 2M

Fig. 9. SEM micrographs of as-prepared Co;0O, particles

Fig. 10. SEM micrographs of post-treated Co;0, particles
obtained from different concenirations of cobalt nitrate.

obtained from different concentration of cobalt nitrate.
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Fig. 11. Size distribution of post-treated Co;0, particles
obtained by spray pyrolysis from spray solution with organic
additives.
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