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Synthesis and Characterization of Physical Properties of
Titania Nanoparticle for Electronic Paper

oA, ste el

(Sung-Jei Hong' and Jeong-In Han"®)

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 (CoHigNQO4Ti) 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 CoHigNO4Ti
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 nm could be
synthesized.

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

1.M 2 AAZFolo A 3 AR A 5L ey
. . . Aad gAY AT 2 990 T8
AT Fosy] B d2xEyely a7t FUt o o]% FUMY 89 FFS WA= LA
ol wek s FoIHMH wE WA FUT  go qede que 2Rde #YAel Fa
= ﬁl}%olf} T%‘%}F’; AH1-4l. @A F ek = A AR A% 2 FUAo| FAE7|
i 2 = = 1:1 [e] =3
ol AsE = YRSl Qlj wE A7k A glal4 o] A¥ol BE AU HAA Yol 7
Sholl whet Aolslof ARE HARE ALL B qg) musoior Ak o)F A A Y=
Az Fole AR A, 7@7] 3 %%, micro—cup 7t ue mdElT FUsjor F=dl, o2 93 g
‘3—% 11qu1d powder(QR LPD) %9— ]‘}' ‘:}'[5J a1 F/]'L]O]‘ Ur.‘i ?:}X]—7}— ‘?‘*E—'%_l__’_ 9)\11}»[7] ‘é %}E7}‘
= & =
% liquid powder & HAFolrt $H&EEE &Y Ungoz ez mejzje zusn 7Ust
*oaldn madel wAd ww AH6) Ladd oy g gpe) vag ¢ o w@ eedore
powder Y4#te] F2E F m A7 2EA B AAKRo| AP g ARo] TUSA BE
HAAS R gRle) Baw= %) : ; g
Hazs 2924 °“,”;j 1S AR T g s g dEel ae FUA Aolshs A
o 9ol BE dAGEE) Arez TAECD. % Zasch olsh o] Mxt Folg Eellol u
= YAbE AR 793 dne ARl &
 MAREATH ClAZe o] M E THE, olgd S48 &4 2o ot 9
(Z7]1= MeA 22T oS 68) ¢ e ¢ derz g4 2dE HAdsE A
a. Corresponding Author : hanji@keti.re.kr o] Zaslth B AFdAE "Hel ol Yx gAY
BN #4 2ol we A% 9 A4e dFL BIa
Kb MAL : 7. _ B
D&t AIAF : 2005, 8. 9 HFar, o2 EEol v fate BAL e
AAFRFE 1 2005. 9. 5 71 9% AFE shaxt s

929



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

2. &

HelYol v dats A4ty H3 948 B4
ZXx Tetra Titanium (IV) (triethanolaminato)
isopropoxide (CoHiNOJT)E AH&3t . ol& =
171 9% $oiz2e deEs A& A9
v SjAE 47 Haa
Aeidhe Aol Fastth. wEs £
= ¥4 PR
Z A5 gl detg fud =2
=29 pH % DI water

[*3

o
N
N

)
o
«©
i
o

I
ki

N4l oo oXx
X
rlr
=
oo
g
ki
i
2
2
o
r

o 2

pl

t

ol
o op
oo 12

™) B oo @ oo dorR T o
Y

H 2 ol
Q'L

o o mdh

o

o 2
2 jiass
I
o

- J
[
2
o
=
(e}
=
k-3

toch 2 2Ae®
400 ColA Ex4¢
E4d wAE o
4L X-4 3
.

o
=
24

b
of

i

R b
oL

(o)

to 32 ox HI
Dy
_O|L

m o o
Wy

fr
o ¥ » T

&

e

o,

BN

[o}
[

o
o
ol
o
2
s

oL
T
9{_!
oz
e
i
H

o
w o

8 g

*
%

74 $- Schrerrer
5tel B4

3
2
O o ox 7

)
&

2
z
N

2

At
)

£ ot
o,
{1
b=
R
el
ox
2 do of
o
o
2454
Ruigye:)

$ob jo b ome 3R
fu o ot
_>‘~I~

>

o M B
LoﬂJZir_E
fuf Ly

_0|L

)
2
=
o

o,
>

2
o Qoo K
jincA
5
i
oy
A= |
©
2L

}
A ARE A

et
Mo X
S
g,
a
ko)
3
=
a
@
3
of
)
b
ot e

71 Ee sErl AR A dE§FE B
237 98 oldgo] Eeel d5EFE b, 10,
20, 30 wt%s® ZZ &35t A, 400 CollM &
A F BAe Ztzte AAAS O™ 19 e
Witk Z8eA BEe AT 2ol F8 3d 92
7F (101), (200), (004) ¢! anatase T39S ¢ F
uth £33 ZF (101) Feoz A FAAol A%
o] glo] o] Higo o ARE EFE AR
o] & Aoz B # gt}

930

Fig.

Intensity

Intensity

Intensity

Intensity

1.

120 - W Anatase
[
100 /x‘

1121) 5 wi% in alcohol
100 b A = Anatase

80

(200)
211
(105;( )

(101) 10 wt% in ethanol
-

(1.ﬂ|) 20 wt% in ethanol
®W Anatase

(101) 30 wt% in ethanol
- | Anatase

a0 (004)
L]

20 | / 4 ,
e

(200)
- (105) (211)
.‘\ -ﬂl‘I
JA FA

Hity A .
Al / |
e T A

o
20 30 40 50 80
20

(d)

g 5o W geol Y EEe
X-4 3" 9= (a) 5 wt% in ethanol
(b) 10 wt% in ethanol (¢) 20 wt% in
ethanol (d) 30 wt% in ethanol.

X-ray diffraction peak of titania
nanoparticle according to concentration
of solvent (a) 5 wt% in ethanol (b) 10
wt% in ethanol (c) 20 wt% in ethanol
(d) 30 wt% in ethanol.




Intensity ratio
w
o
T

L L
15 20
W1t% in ethanol

O 2 gy 9REAEE
Fig. 2. Change of crystallinity according to con—

| ue ZAgA wsh

centration of raw material in solvent.

kA olg g HAgA AolE By ¢35 Fo
=z (101) H32 9 ZE(intensity) & 23 3 =¢]
(200) sz} 33 922 (004) H29 A== 7
zt virol o] & lnow/lan B o/l = 42
Aolsta, ol & ol &3] e TR utg Zb
AEe AARAGE vastsich 1 A aF 2004
BE A3 2o & ) 8549 vxd 274
Aol dds wegs o £ otk vl 5 wt%
2% oo/l B Ioon/lees & 242 272 2
367011, 10 wi%2 $E7b Z7h8 A9 1 ge
236 L 304§ Zzy Fadh ey g4 B

E 20 wtn®E F7MAZE A %S A 2.85
3.393 Z718ta, 30 wt%E F7HAZE A $ 378
4122 F7tste S B ¢ gt ol¥s 4
EH Yoo EHEE o2 Fxe H#ol
Aoz weAt F, &g EEF o2
AS AR} o] wkg
7t BAstEA AR et AL
FX7F 10 wt%l A 30 wt%
=2 ﬁ“”"] F7hate] o
vl A sHA f-x st A A
Ao FAH, oA

i K

¥

o>'

30
off rlr rlo we

N
-

o
)
jad)
=

i ‘“1

o 18 WL
2L de
\J
o

o H
o T
off 5, 2kt
oi; o rir .Q
av = il
E o
> o L
32 i
s o

i U

e oo o hUOfomy b
o O oX

r
3
Lo

Schrerrer 4 D = 091/ B-cos 8 & o] &3}
o 9479 A7)E Adsrde o714 D, A, B R
8 = ZHz Aol W7 A7), XA 229 73,
BhA % 3 Bragg 3E A& vEbdth o AR 1
F 3olA Be A Ze] 5 wt% dul YAt
7178 20 m ol AREAS FEI F7HEl
uhah 4zke) 2717k ZobAA 30 wi%edwl F 12 m

93t

A7) A2 238 =24, A18A A103, 200533 109

30

€ a5t
£
z 20 |
-
2 15 \.
e ——
T ool
o
s |
ol , , . . .
5 10 15 20 25 30
Wt% in ethanol
a3 3. §9d YsEdFkd e dx Wi,
Fig. 3. Change of particle size according to

concentration of raw material in solvent.

2 P4HE AT B & Aok oE ¥4 B
W Bgw YAsE AoE wu o2A 9BE
4 5wk 99 FFel Hok g2 ¢ F Yot

mebd e gulel 20 wi 95 TAE &
AHF P T FEUGSE o) B3t g
PHE AojstiA 9%g wasigch 7 4% 2

29 7% anatase
9ol rutile 4 2 brookite 42 Elelvjolrsl
FEAck a2y pHoE 4 oldoe® F/HE A

rutile A2 A AH T brookite 4+ peak Abth 7

iR

off
1
)
ol
Noo
o o
rg
_>L
o
N

o]

B

o} JEM pHE %7}4%‘9_ < 55
& WFI olZM rutile FY HEE IAT Ao
2 A A, =3 brookite 4¢ A$ pHY ¥
3 BAN YE AoE BHAg 3 wm=d
brookite & pH7} @&4E 2kacid)o] s &

Aol 2XHe Aeg BuHATHI 2y pHIt
FAoE H2LTE brookite A Y &£x7t

WEA 23 A brookite Aol Ao #aw x|
et EudEd oe 1¥ 7(0)9 Zdigx o
Agtt. &, pHE 72 Ao¥ 7% brookite 3
BREA BT EF Fh o] 8 FRE RO
g EE7b wold Row wold o Ae A
Aol FAHEA JAe Ar|E T Ao
FAHAS



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

pH =2
w Anatase
* Rutile

Intensity
m ® °
g g g
T

a
°

20

pH =4
W Anatase

°
5
T

Intensity

3" pH=7
m Anatase

160 |

Intensity

a7 4. §99) pHel e

BEbol v
X-d 34 93 (a) pH = 2 (b) pH = 4
(c) pH = 7.

Fig. 4. X-ray diffraction peak of titania nano-

=] ul—o]

o=

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

upakA] A N FEO H ot vl R
X-4 34 Aoz R Lao/Tom F Taon/loow,
18] 3L Schrerrer 342 o] 83t A 9 Az}
o] A71E vlagger 2 A3 a9 59 19 69
YErd A3 Zo] pHZE F71Eel wet gEely o}
| s 429 @v|e Frhst
v AE A F I AN B 1Y sellAet

°] 220 A% Luon/Tezon B Toon/Loos #H&
Z+zh 211 2 3290)1, pH7} 482 718 A 1

932

5.0

—m—

oV aons

L ]

45 o1/ oony

4.0 )

Intensity ratio
@
in
T
\

3.0

2.5

2.0 n L (

a% 5. §99 pHol whE& AAA Wil
Fig. 5. Change of crystallinity according to pH
of solution.
30 -
///
25L /,/’/’
E ,/’/
£ 20f 7
2 o
215- .
s
FRL)
a
s|
ol . . - . .
2 3 4 5 6 7
pH
O3 6. &2 pHel W& dx wa
Fig. 6. Change of particle size according to pH

of solution.

e 240 2 3392 A7t FrbEddh ®3 pHL
72 F7ts A% o ke 272 9 3998 e &
7het AL B 4 gluh 23 Qlx 3|9 AS:
2% 649 Zol pHZF 291 AS 9A Av)= 14
mE AHESEJL, pH7F 4 D T2 F7MSEA YA
9 AZIE 17 m % 28 mZ 718 AL B
pH ZF7tel o8 44 o)L
HAd Aoz FAdE HY
7t & whE &£

GRS

9
;

)
2 2

e of

A

o

el
=T
= =~

i

iy
2 )

-+

e
oA oo A

o o o

E0
B

M %0 oxl b ¥ X
o W ok jo



1 wit% in H,0
= Anatase

60 | (200)

=

w

2 i
2 =m0 (105) (211)
£ ! -

15 wit% in H,0
m Anatase

Intensity

40 wi% in H,0
§ m Anatase

Intensity

(c)
™ 7. D I water W} £H9 Fio EE o}
U 2o X-4 34 93 (a) 1 wi%
in H:0 (b) 15 wt% in HO (c) 40 wt%
il’l HzO.
Fig. 7. X-ray diffraction peak of titania nano-

particle according to concentration of
solution in D.I. water (a) 1 wt% in HxO
(b)y 15 wt% in H0 (c) 40 wt% in
H.0.

Azt A7E *E S e AFHE AT},
gt Azy A4S DI watere]l 1 wt%, 15
wt% % 40 wt%E w2 g dostdA #z Hot
3l &4, 400 T2 %ﬂﬂ T X-A 34 AdE
”’“310313} o Ax 2y 70 vERd A 2ol

7}=] 1

933

A7 AAA 233 = 7R, 4184 A10E, 20053 108

5.0

— Iunw"(lnv)
ey
Yiorhaon

4.5

35|

3.0

Intensity ratio

2.0 . . . L L

20
Wt% in H,0

a8 8. DI water Ul £ Fxo wa ZHA
ik

Fig. 8. Change of crystallinity according to
concentration of solution in D.I. water.

@
=3

0
25| e
£ —~
g0 7
@ T
8 o
‘@ 151 e
@ -
3 e
T 10 o
i
o
5t
o L : s s L
o 10 20 30 40
Wi% in H,0

23 9. DI water W &< 2 9dx W3l
Fig. 9. Change of particle size according to

sl

concentration of solution in D.I. water.

anatase A4’ EEYol At FAHUSE
& £ o 53] DI waterd %ol 74 m@ol £
ot 1 wt%d A v Fo] yowME AR
= A Jd&E ¢+ U

w2l DI water He & w50 W& G
S AHEY] 8 4o FA9o s R X-4

3 e 2 FE lho/len Z Loon/Toos, 282
Schrerrer 34 & <] &3te] 244 4 ixte] 27]
Hlmatelet. 2 A3 29 8% 1® 9o ek
D.I water®] %ol @opde| web €E
AR o] molR 1, HF YAl =7
< ¢ F 9t AAHAE] A 19
Zrol DI, water W] &9 %x7} 4

wt% 1 A% Taon/Tezen 2 Taon/Toos & z
1 ﬁoﬂsﬂ T2t 15 wt%E i
2 35282 & HEE RolX

il

<o

ke 2z

-

S

&



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

1133-2011

£
S
=
2=
E
F

(a)

(b)

I 10, Az 3 i 49X 94 Z9HE gHE
Yol v ixte] HRTEM #& (a) A
Zd (b) 2EA YA Yol ZHE.

Fig. 10. HRTEM observation of titania nano-
particle synthesized and coated onto
organic ball (a) as synthesized (b)
coated onto the organic ball.

DI water H &d9 FZ7F 1 wt%
A $ O e 276 2 4328 F7139 A
£ 2 9 Ark =3 dA A7) AerE Y 99
y | DI water Ul &89 FE7} 40 wt%

®
m
[o]

$ AA AZlE 27T mE AEFHUL, DI
water W £l %7} 15 wt% 2 1 wt%=2 7
23HA dAY 271 17 m 2 10 mE 1A
dgol AAH ZHE B 4 At} o) A FHG
A% o] DI water® %ol F7istdA EEE
o] 27t AgE dElwol FHA F3Id 4GS

AstAA B g JANE FHE He=

e dakE AEsgleh 1 Aak 2 10049
Zol wldstan @A EERY o} A7} AlzE L,
o]Zo] mEA Rzl Yol wdsiA FEH AL
E & vk AxE 44 271 #HT 10 mol
EX= #daA Hel A& & 5 Ak A #
B ke o] WAHNL Y o ZHA A
olE B8 FYUA B, ZHY 5 YUk o=
A 2 Apede dAF)E AYARZA 27 H
e B4 g4 =t W wAET gY@
ElEtol U Yate AF3E 210& FYE F
AR, ek B ATl A 24 v 37]9] <
&5 A7) 98 AL ¥H2E PAHE anatase 2
AL JYEE FAsEA €4 9 ggHoz ¢
S A rutile Aoz FIsA FAsrl HaA
U A7 dgsojel & Hog BT

4.2 2
2 ATNE ARFoE A 4R BaA
BEK) R T T4 U ad F 8
el YA 4EE sAsA FASEA 7
47 BHAE BIAD S de Az 248
ot % s} &lo) cthanol %3

o
g3 DI water?] 4& #IAFIHEA JAHY
o} AAAE BESAUT. 2 AF ethanol Wl
Elyel 98 BAS F/IANASE, pHE =
a3 DI waterd] %€ EU+E gEo}
b wAlstn wdsA AERHAJD AAHALE o
¥zstd BFE 49 Z717F 10 m ©]WA] H
Tds 2x9 458 AFHE 7HA 2% =
o Herol 92 Az + ATk

juass

h=)
=
SN B St A (2

e
e I
A

N4
2,

el 2

2 A7e AEALT Al EdAYRTIL-
01-02) Ade= FHPHAL

=gl

]
el

[11 342, BIFEFE, “Microparticle 715+2) e-paper
71 M, Ar1AAA RS A, 159, 95, p.
37, 2002.

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



(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. I. Han, "Fabrication of novel

thin film diode with multi-step anodic
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. I
Han, "TFD device with symmetrical structure
of flexible electrode subject to flexible
substrate”, Trans. EEM, Vol. 3, No. 4, p. 32,
2002.

ol 33, 7AF3F, &R, T4
A, “Particle 7]1%Fe] H719 %53 E-paper”, A
7N\ HAA B85, 189, 55, p. 7, 2005.

B, AR

)

935

(6]

(7]

(8]

[9]

AN AR s =54, A18H 103, 20051 109

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

ANE, AL, 97, EAR, ATH,
WSl 93 TiO; Y9zt 34 2
A7) AN B8] =22, 167, 2%,
p. 125, 2003.

T. Sugimoto, X, Zhou, and A. Muramatsu,
"Synthesis of uniform anatase TiOs 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 photo-
oxidation of benzene from TiOClz aqueous
solution at low temperature”, Langmuir, Vol.
20, No. 25, p. 10838, 2004.

reflective

v
3
.
3

o Lo

gas—phase



