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Abstract

In this paper, synthetic conditions of titania nanparticle was investigated to enhance its uniformity of
the particle size as a child particle on organic mother particle of liquid powder type electronic paper.
The physical properties are very important to improve the uniformity of electrical charging properties.

Concentration of titania raw material (CoHoNO4T1) in

the ethanol solvent, pH, and concentration of the

solution in the DI water were selected as parameters. As a result, ultrafine and well crystallized
titania nanoparticle with good uniformity could be synthesized as the concentration of the CoH19NO4Ti
in the ethanol solvent, pH of the solution, and the amount of the D.I. water were increased. Using the
optimized condtions, the titania nanparoticle with uniformly ultrafime size of 10 mm could be

synthesized.

Key Words : Electronic paper, Titania, Nanoparticle, Synthesis, Ultrafine

5 Hagdole 237k %7t
ol e pdn oAy BE weld fud

F oo AAFeE FEuw QeI 43 &
ol HAatE W YAEel AREIY <rtE

ol ok} Aojxo] HRE FAs: JE8LS s}
AR Fol Q1A FAY, A7) 4% 4, micro-cup
2 liquid powder(QR-LPD) % ¢ & 5] 2
% liquid powder ¥ Hx}Eo)7}

g vk Harsol @3S wm vl Liquid
powder ¢#t9] FRE= £ om Z7)e) Rz w2
(Mg akel =gz gie a5 = (1)

2l o 9ol B AU dRez Ao

1. BXEEATH ClAaZe o] R ME
(o1 HA| 22T OFErE 68)

a. Corresponding Author : hanji@keti.re.kr

LA - 2005. 6. 27

1XE &AL 12005, 7. 15

27 M AL - 2005. 8. 9

AAMZEZ 12005, 9. 5

929

dargolel A §-53 HJr g4 B
Ao Pk A UREY) 2 ¥
ot olF wAAA F

shbel A A i
st =, o A

AN o] ARol B YA WA Yol
Webl yesiojop Aok olg Ssa Yol g
4 B

Bk e 17

o ztopg:

/Hl?? O] A i=

24
rir
=

3
e
=
o

o 1 b Koot oy

% O

5

oL O‘W ["E, :

N fo o

r\l ol
2;5%

>0

38
I
o

E}uo} U el 24 abare

b shad s,

>~
i)‘ 1
rek



J. of KIEEME(in Korean), Vol. 18, No. 10, October 2005.

2. & 20
(101) 5 wt% in alcohol
getyol Y dAE &7 Hs 95 £3F ook = Aravase
24  Tetra Titanium (IV) (triethanolaminato) 2%
isopropoxide (CoHioNO4TD) & AFE3IATE o & = s°r
o7 9% gelEt owes ARgsrAch HA e £ ol oo F e
g4e 4 "EUel e q4E 2/ faa | .
he 252 Fojdle zZo] Fasith A B
AFME NEETE Adste FH 2UL=E
F7E &9 & UdZEFHo| oAeE Fujo] 2 (a)
Er gdlo 44 o] ¥E<l pH ¥ DI water 1450
(101) 10 wt% in ethanol
el £¢4d #7118 £d9 FL & #HFER A of % = Anatase
Astach e 52 A8 Y AT KUE 21T ﬁl
sRE HAsEr] 98 ool 74 5 10, 20, N
30 wi%e] FEZ Sals Ry EW Sa ol B =00 on B venem
2E2 Aojsr] s F718 S dak B & §
TujolgE o] gdle] S pHE 2,4 % 72 74
7+ Aojsto]l Y7t MEEE £=E Aogte] o 28
Fo wRado. 2 F HAd pHz A" f77] (b)
2 gd8 DI waterdl zZ+7Z 1, 15 2 40 wt%2l
120
g &3 & BAS #HEdr. 7 2HoR agn 20wt n etnarol
100
G449 Bl e A 400 Cold @A e ‘
80 |
Holar, o= zb 4 o] B A o z
se pasdch gHE Ade B XA 8
4 ~HERS olFdte Yus A44E 25 )
20
At A=l A Schrerrer T o] At} A
a4t AAsE 249 dA 2L o)E uEAR
2RlAel m¥E AEHE uisle FHAAEANA
o wase 4= 3 FALL FAHAY. L ©
T HHgE YAE L(HYAY 28 YA HA 2o ogn 30 wth n ethano
M Anatase
o mEste] FyHAIAM AR @E, A AR 100 f
2249 geyol v Azl7l #dsA mEEHE 2ot
A ARZ AHBEo2ZA liquid powder & HAEF geof
olol & 7teAls BEEFUL oro g “a oy
20 - AN M‘"‘
0 " \.".W"w*’“'»‘*‘v‘-*”j )’“'r’(»,.-'f‘ Y“«w )
20 30 40 50 60
3. 4% 2 n )
(d
Fr1Evl el FvF ARG vAe IdEFE & a8 1. 80 =% 2 geEuol vy Bl
EXIEE Oﬂ%%oﬂ Elebol dusds 5 10, X-A 34 793 (a) 5 wt¥% in ethanol
= Qg 5 ) . .
20, 30 “{tyi EEOE Oq @4, 400 Telr & (b) 10 wt% in ethanol (c) 20 wt% in
el s & EAleh nZ— l A 19 1ol e ethanol (d) 30 wt% in ethanol.
Walth, a”el A B P tol F2 34 ¥3 Fig. 1. X-ray diffraction peak of titania
7} (101), (200), (004) J anatase TEYS & F nanoparticle according to concentration
At 53 2% (10D weke® )t Aol AF of solvent (a) 5 wt% in ethanol (b) 10
Ho} glo] o] Wo mol HALo] FFE HAAYA wt% in ethanol (c) 20 wt% in ethanol
o] & oz B F vk (d) 30 wt% in ethanol.

930



b '( r“mo )

Intensity ratio
@
S
T
A

30 . P

20 ) L n . n L
5 10 15 20 25 30
Wt% in ethanol

oy 2.
Fig. 2.

Bl ARBAEE) oe

Change of crystallinity according to con-

A44 W,

centration of raw material in solvent.

kA ol AAA Aols: W) Yo Fa
29 (101) ¥ =29 Z E(intensity)& 22 39l
(200) H =zt 33 H a9 (004) A=Y HE=r 7}
2k vrol o] g Taon/loow 2 Toon/loes & 2HZF
Agolata, o]F o] &dle] dvs FEo w2 7}
Al H 9] Bl EAck 2 Ay a8 294
He A Zdo] vl g Jd2 &2 =
dol YgE HLE ¢+ I Fw 5
79 Toon/Teony 2 Laon/Toon e 2

3.670132, 10 wt% =

o
EX—]/%] =

= 20 wt% & 7}’\]%‘ B35 g gA 285 2
3392 S48k, 30 wtE F7hAlE 4% 378 ¥
4128 ’0—7]'°]'f Ag & 4 At olgjg d4e
ol Yol Ao ElEly o]29 FLet @Hol ¢l
Aog B2t & SN EeF o292 %
L7 28 A ARG Adgo] w3 A af,
AA QA7 dgstEA dAHAA ] Yte Ao
2 FAEd ey FE7F 10 wi%ol A 30 wi%
2 FolAiz Fztold gaA] 2 é“o] Ftste
B = o]l A YegE wAEA FAsbdEs F
A4 FIANE 7 Ue Aow FHHEY oA
FAEE 8BS d4s FEsw st Fvhas
E 4R Azt ol Ao FAHH W uleb
Schrerrer &2 D =092/ B-cos 8 & ©o]&3
o d=e] AV E AMdstgr 97214 D A, B 2

] ﬁé o A7), XA A g

L - e, o A
Y 3olH mi A 2ol 5wk LuE el
717 20 m oY, AR EHe FErt Z713o|
el d7ke] 2717k Febd M 30 wt%dw oF 12

931

A7 AA g s3] =R, A8 A1035, 20059 10€

30

25 |-

20 | =

Particle size (nm)
/

15 20
Wt% in ethanol

3™ 3. &uul 98 Eds s wE s Wl
Fig. 3. Change of particle size according to

concentration of raw material in solvent.

2 HAHE AL B F ok ol U4 =49
HhE A4y dAslE Aow R} o)Za YRE
H TR 44 FF0] FHok s o £ ut

wt% 985 828 &
& 3F di Eme R UolsE o] gsle] oo

3 3 dFAsgvh o Ay o
I ot pH7F 29 7% anatase
& 9ol rutile 4 2 brookite 4] ElE}L]olst
ZE ek 22y pHAE 4 o) ew Frke AS
brookite e} peak Al %

rutile 42 AAS

TR ZAiddon Ados ¥S anatase A
peak?} A EH Ut o]E 4 ol Fzd o
W0 wakel BAEE RAow FAHEDE.
pH7} RE&FE 4 o] FErt Z7tsbdA o)A
o] A& ¥hgo 9FL vlH gEjol AAHo
anatase°l A1 rutile 4232 WHEE Aoz Hol
oh Zey pHE FAAZoER S4 o B
E 93 o224 rutile 49 MES AT Ao
= A ¥ 3 brookite Aol A$ pHY WA
g dAZ Qs Aewm R £33 waw
brookite 42 pH7} @¥&+% AHacid)oll 98] &
Aol FREE Aoz Budo(9] zy pHY

HA4E brookite 4ol A £x7)
&

brookite “go] A9 Az

Bt Baudd olE ¥ 7(0)d d#gn o
A&kt &, pHE 72 Aojd AL brookite A2
HHEEA EFuTh B Fh ol FEE o
g Hw7l vholad Zloz poleEd o] HAS A
Ado] dAEEA Yo FYE Fule How
A = A



J. of KIEEME(in Korean), Vol. 18, No. 10, October 2005.

pH =2
100 1 & Anatase
(101) ® Rutile
=
80 | } -
=y i !
@ o0 . i
i
2 200) !
£ a0} . -

i ® (004) A §

(a)

101 _
(-) pH = 4

= Anatase

Intensity

n

S

)
T

agn oH =7

m Analase

Intensity
~ @
3 3
T T

@
=3
T

&
>
T

golel pHol we ElEho} v
X-A 34 #9=2 (@) pH =2 (h) pH = 4
(¢c) pH = 7.

X-ray diffraction peak of titania nano-

i=]
ke

Fig. 4.
particle according to pH of solution (a)
pH =2 () pH = 4 (c) pH = 7.

Gepa %A g el 43sh ohRslA
X-A 34 dAgloy 51 1o J1>/I 200 B Tiion/Liooar,
Z19) 3L Schrerrer ¥42 o] 43te] 244 2 4%
ol A7 E Wuedry. 1 Ax | 59 19 6ol
vER A3k Ze] pH7F T7HEel wheb ¥l ERY o}
Axbel AAA ol &4 YRt AVIE FVhe}
AL ¢ = U 2HAY A 28 5A e
ol LJH7} 2?_] A4 Toon/Teon 2 Taon/Toon gE2
2 3.

Z+zb 2,11 2 3.290|5L, pH7} 42 F71s A 1

932

.Haﬂlltzmﬂ
. Iuwl”(vnn

45

4.0 - -

intensity ratio
@
n
T

30
25 . ’
2.0 u L L . . .
2 3 4 5 6 7
pH
% 5. 29 pHel @& AAAH Wk
Fig. 5. Change of crystallinity according to pH
of solution. ,
30 "
25 -
T
ORI
8 .
;15— -
]
FIRIIS
o
sl
i . . . . .
2 3 4 5 6 7
pH
a7 6. §99 pHel wa = Wsh
Fig. 6. Change of particle size according to pH

of solution.

o Gl A ek #Zol pH7E 291 A% 44 A7 14
i AHEEAL, pHIE 4 R 72 F7FEEA 43t
ol AVE 17 m % 28 mB SIS RS B F
Atk ol pH F7bel ol F4 ol TR
st u v oz FAay @] dojyd
Ao R pH F7tel 98 wg £x& JdE4E 2
A-dol 43 EEYol U YAE FEL T
AFS o 7 UG v Y= T 2gEAR
2 olg dAE § 3= 21E Fojof I}
wEtA pHE 72 FA3HEA BHEEHLEE Ao
g 4~ JEF DI waterol Ay 89L& H7}F
Aok HoO A E2 ethanold} 72 /7] A& &
E A FomA BEY ol TEE U WE
ool WhE HEE gr3o] AANE EolWAR



1 wi% in H,0
= Anatase

Intensity

15 wte in H,0
m Anatase

80 N

L (200
60 20

Intensity

(105) & (211}

{004)
=

(h)

?uow 40 wt% in H,0

m Anatase

Intensity

(c)

a8l 7. D. L water | &9 ol Elgo}
Vi 249 X-4 4 943 (a) 1 wi%
in H2O (b) 15 wt% in H20 (c) 40 wt%
in H0.

Fig. 7. X-ray diffraction peak of titania nano-
particle according to concentration of
solution in D.I. water (a) 1 wt% in HxO
(bY 15 wt% in H.O (¢) 40 wt% in
H-0.

7FA 3 9l
ateroﬂ 1 wt%, 15

Qe 2718 2E F Y= 4P

wekd Azd §o9e

wt% 2 40 wt% 2 F } EAA N

shol ¥4, 400 T2 4 a1 @ X *d 54 9
“"1“4 3 7‘ﬂ¥ B e

p

B o

.

10)

933

717 A 583 =12, 184 A103, 20053 10

5.0
il Iucw"uﬂm
45k * o ase
a °
'g 4.0t
>
= 35t . *
c
@
€ 30f
25| "
so . . . .
0 10 20 30 40
Wt% in H,0
38 8. DI water W & Fxo] w2 AAA
w3l
Fig. 8. Change of crystallinity according to

concentration of solution in D.I. water.

30

20 F

Particle size (nm)
&
v

0 L L L L L

0 10 20 30 40
Wt% in H,0
a3 9. DL water W] £ o w2 = W3}
Fig. 9. Change of particle size according to
concentration of solution in D.I. water.
anatase 27479 EEYol dx7t A HA S S
o 4 vt 53] DL water®l °k°] 7+ ‘i's“’] =
o7t 1 wt%e] H$ WA Eo] yowME AAA
E % gaeel 982 ¥ - A0

S A R
34 HE o2 R Lnon/Tawe 2 Taon/loon, L8 T
Schrerrer & 41& o] &ste] A4 g Ygrbe] AV
& vustrk oA af 8% 19 990 YEbd
A3} ol DI water®] %ol WolAd] ule} €l
Yol fate] AAAd el ‘f‘o}x]f’— w3 fdabe] A7)

2] 3“ oto] A

E ZAsE AS & £ ot A-AMe A
8ol M9} Zo] D.I. water W] &2 H7} 40
wt% §1 A2 Tonon/Tzee R Tonon/loen 38 242
267 9 3590) 1, gl Frst 15 wthE #4g
S 7 F& 237 4 3522 2 WEE Rolx @



J. of KIEEME(in Korean), Vol. 18, No. 10, October 2005.

(b)

a3 10, Az 2 282 YA Aol ZHE HE
Yol v 91xe] HRTEM 47‘L (a) A
ZH (h) &2 YA gl =294,

Fig. 10. HRTEM observation of titania nano-

particle synthesized and coated onto
(a) (b)
coated onto the organic ball.

organic ball as synthesized

g1} DI water W] &R FE7t 1 wt%
5 H¢ O g2 276 H 4328 FUFs A
vk g 92 A7 49%= 19 9ol
Aol o] DI water W 99 w7l 40 wt%%

°l A% dA A= 27 m=B AEHAL,
water U &M T=7l 15 wte © 1 wtw=
A= 17 m 2 10 mE YA
A" A& B F At o= A FAH¢
ol F7tetwHAl g
delgol dAA 4 Z2A
2

a0k
o
o

I

o,

£ A g

ol N orfo &
Sy

N o
it
Suas)

Bel th dAe du REES ¥y A4
974 ol gatel BRI, o) olfatel 4%
3 mel wEA B Sl AYAzA Eeho}

934

]

¥ 4 3:

Ao g
2
oo

2,

K
u)
ok

SR
i
S
e

2

i % e
>
2 @ &
ful
A
2
jinss
2L
X
2
I
i,
3]

als
o
2

>

"

ofh
¥ M

-

<o O

=
o)
2

o

o 1o -
ol
ok

B fr
=l
O n2 ofd

& rg =S
Ao
Hoye do
o
T
o
is

M ofy b

X o
HE e
oA X

ok o
R
ofi
o
% ol

of

we e
2
_“

o 2 F

o7
)
@

®

X
[ o2
S

L
;
jind
2
=2
Ir o
=2
=

2
N
ol

o)

-

[u)
o e %

e 32 &
4o N

2o HU 3O Mool X © o2 oz o oM ©
ox

¥ o,
r
2 oX

B AFol s HAAF &
(fEM) 2 7y Oﬂ FRAE
el zgAe] g
’Hﬂr ARA

T3t ol &
212 DI water?
o 2A4ES B3]
Elo}l & EHS S
o83 DI waterJ F& %%‘"Ffﬂ’-

7b w st s A A xE

_,>i
i
3
}:L:i
>
jin
By
o
fu)
ox

=)
R
i
ko
rO
4 ofN
o

19
i
rf’
il
=
3
ol
ol
X
Ho
N
ol
ol
N
>
&
e

~
>
0
i
S
C
T
i1
oy
i,
w© B o
Moo

2
!
fih

A
o
t
=y

X
N
—|—‘_._/
—
<
=
=
o
g
>
o
==
ox o Ho 2%

2,

o

N
X

>,
o
4
o,
it

& A (RTI04-

“

]

(11 249,

Mlcropamcle 71%+2] e-paper
53] A, 157, 9%, p.

1.

71e AT
37, 2002.

K. Amundsom, J. Ewing, P. Kazlas, R.
McCarthy, J. D. Albert, R. Zehner, P. Drzaic,

5
9L,
A

7] A X]—ZH feR-l

[2]



(3]

(4]

(5]

J. Rogers, Z. Bao, and K. Baldwin, "Flexible,
active matrix display constructed using a
microencapsulated electrophoretic material and
on organic-semiconductor-based backplane”,
SID 01 DIGEST, p. 160, 2001.

S. J. Hong, C. J. Lee, D. G. Moon, W. K.
Kim, and J. 1. Han, "Fabrication of novel
thin film diode
oxidation and post heat-treatment”, Trans.
EEM, Vol. 3, No. 4, p. 27, 2002.

C. J. Lee, S. J. Hong, W. K. Kim, and J. L
Han, "TFD device with symmetrical structure
of flexible electrode subject to flexible
substrate”, Trans. EEM, Vol. 3, No. 4, p. 32,
2002.

with multi-step anodic

olts], z1Fs8, ead, oA, gdANF YA
A, “Particle 7]¥e] M7]49% % E-paper’, %

71 AN 72EE) A 184, 53, p. 7, 2005.

935

(6]

[7]

(8]

(91

ANAAA G2 =82, A18A A10F, 20053 10

R. Hattori, S. Yamada, Y. Masuda and N.
Nihei, "Novel type of bistable reflective
display using quick response liquid powder”,
SID 03 DIGEST, p. 846, 2003.

AAE, BAHL, T, €A% A5, s}
gk whgo] 93 TiO, Y=Yz HA 2 #3)
EAD", A7HAAAZTE =R, 168, 23,
p. 125, 2003.

T. Sugimoto, X, Zhou, and A. Muramatsu,
"Synthesis of uniform anatase TiO: nano-
particles by gel-sol method”, J. Colloid and
Interface Science, Vol. 252, p. 339, 2002.

Y. Li, N. H. Lee, D. S. Hwang, J. S. Song,
E. G. Lee, and S. J. Kim, "Synthesis and
characterization of nano titania powder with
high photoactivity for gas—phase photo-
oxidation of benzene from TiOCl: aqueous
solution at low temperature”, Langmuir, Vol.
20, No. 25, p. 10838, 2004.



