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EE: A0 5 AGEL o8 tiaZdlo] V1ol A A% thd AR S5 B Felz Alxs
At} Ti0s8F Cos04Z core YRR ARSI poly (methyl methacrylate) 2 HA4F F3ko 2 FEISIQIT) wdl 71
& 28] charge moiety & o130l TiO; core YR H31e] BERIAZ CoO, core QA= S41aHe] %
so)a1e. AZsor) AEE AR 28 5 TEe D 2 5o AXHAS el Bele §9
o} ol 53R1rkE A719% 0l AMEsl] Slslel W719% fAlel fARE UEE Z2ies 2-Eih TiO, YAk
Wi pEA 78 A% 4.02 g/em’ollA 1.44 g/em’® W318I3 1, Co04 I7F] 49 ¢1Ake] W7} 6.11 g/em?
X 1.49 g/em®% WA3}sl3it} Urea, melamine, formaldehydeS HEA R slo] Zul Qx5 747} Zdlah=
microcapsuled in—situ polymerization W02 #AZ& o, #Adt 7)9} EH3t microcapsule®] Az
55 video EAV|AEL F3lo] eIt

Abstract: Charged organic—inorganic composite particles were prepared for the application to elec—
trophoretic display technology such as electronic paper. TiOz and Cos0, particles were used for core
particles and were coated with poly (methyl methacrylate) by dispersion polymerization. Composite
particles were endowed with charge moiety for electrophoresis; positive charge for TiO, and negative
charge for CosO, composite particles. Scanning electron microscopic results revealed that the charged
composite particles have spherical shape. Densities of the composite particles were controlled to be that
of medium of electrophoresis. Density of TiO, particle changed from 4.02 to 1.44 g/cm®after the polymer
coating, and that of CosO4 particles changed from 6.11 to 1.49 g/cm®. Urea, melamine, and formaldehyde
were used as wall materials for capsule, and microcapsule containing black or white particles inside
were prepared by in—situ polymerization. Microcapsule showed the inspection by a video microscope
demonstrated the formation of uniform transparent capsules.

Keywords: composite particle, electrophoretic display, e—ink, e—paper, microcapsule.
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Figure 1. Scheme of microcapsule—type electrophoretic display.
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7t golgt FHAE Az Hste] FAkEEE AAste] TiO;,
Cos04% core YAZ, acrylAl SIS FHS] vlolA2 &S
A719% displayell &3t Y= Axskal de= A8t

nlola = ] Az Wel= Fial 2719 B4 Bl
4% 5 Q= o8] W] AFR) AW S8 in—situ T3
o] 7Fg ol AMSE AL Qlvk n—situ TER- core 24 U
QFRHE o= gt FolA REGEA(PEA, ATA|, S0 & F
To1o] core B TR0 TEARS FYPAA mlolARE HEs Alx
sh= Woln] MR Ag/d0] gl 7 A3 s FHellwk vk EAE ¥
Foh= ol A S FrEEARIT ol2fst n—situ T
HE =& 78 9 R AEspt 7kssto] Alxnlgo] AHska
AEst WS A 2288 5 9 e AU g melm
2 Mo WEA (wall material) AEZ urea, melamine, formal—
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A2 2 2. A 7] core YAFEE TiO2(R—900, Dupont),
A 57] core YREE Coz04(Aldrich Co.)E ARSI Core
AR acrylAl IEAE FEHE] Yslo] T@EAE MMA (methyl
methacrylate, Aldrich Co.) 2F EGDMA (ethylene glycol dimeth—
acrylate, Aldrich Co.) & AHE-3IIth Z47+e] ©=A)l= inhibitor
remover column(Aldrich Co.) < ©]-83lo] FHAAE AlASI
ARESISATE S S ixlel| & Hskel oF HakE Hoahr] $lsted
methacrylic acid$} acrylamideS ZF2+ ARE3IAL)E 7-57] S8t0]
Zk o]Foj#]7 3}7] 913t silane coupling agentZA] y—APS(3—
aminopropy! triethoxysilane, Aldrich Co.) & AME-3I3It} =3 /)
AAZE= AIBN(2,2'—azobisisobutyronitrile, Aldrich Co.) S AR
3130 EAA 2= PVP (polyvinyl pyrrolidone, Aldrich, Co), &
1 2 methanol (Aldrich Co.)& ARESISICE Fhe U2 FAll=e CCly
(Aldrich Co.) 2} Isopar—G (Exxon Mobile Chemical) & 4{o] AR&-
3t mlol AR e AEE Slekle urea(Daejung Chemical Co.),
melamine (Lancaster), formaldehyde (Aldrich Co.)7} #H&4
A2 AREEJITE OLOA 1200(Chevron) 2} Span 85 (Aldrich Co.)
7} 237} charge control agent$} EAH|Z ALE-E2Ic) Droplet H35
A= SPS (sulfonated polystyrene sodium salt, Alcoa Chem.) 2}
Resorcinol (Aldrich Co.)©] AR-E 0, citric acid Junsei Chem.)
2} sodium hydroxide (Junsei Chem.) 7} pH Z2EA|2 ARS-E] 31T

WM /EM QXIS MIZE. TiO.E core® dh= MAQIxk= MMA
9} EGDMA S #4bagslod Alzslick? 717414 mwb )7t 42
500 mL 4—neck flaskS €310, 29 recipe 78S &l it
Ale] <, silane coupling agent®] <, WEA2] < 7AA9] e 2
gJalo] S5k A= 94 Figure 22 oA 59} 2ol gufje] <k
A0l PVPE ¥ar 1A 59k wHkAIZ T2 TiOE #7Fsle] 20
3} sonicatorg ©143f #AMIZ] ¥ silane coupling agent?] y—
APSE #7Fslodet. ou) y—APSE 15 mLe] methanole]l oF 5%
“&<2F sonication A2|E g+ Foll 718ISIE 1AIRT B-F R § <A
51 53} sonication A& 8 TR MMAS} EGDMAE 715k



A719E HaEeolE thd 5adAre] Az 349

CCl,, Isopar-G,
DI Water+ Black/White
SPS+Resorcinol Particles,
OLOA, SPAN

Citric acid
Agueous solution

«—— Prepolymer

Citric acid
Aqueous solution

—

Condensation
(at 60°C, 350rpm for 4hr)

I

Washing

Figure 2. Procedure for prepolymer preparation and microen—
capsulation.

et o]% XA 347+ 3 250 rpm @] WRIESEE FAIAIZTHEA 65 C
oA 6AIZE Bt FEEAE W2 wi|vl dAR R} 2o
negative charge= Fo1ab7] 918l MAAS Z7feto] 22 2% 17
AZE B9 SE38I3IEE Poly MMA—-EGDMA) ~MAA7} 5785 W)
A i JRR= QAR o183le] e F SHTE ©l831] Al
A & FAAZIISI

Co304% core® 3h= S4YAF Al MMASE EGDMAE 371t
o] Akl AlEsSitE Poly MMA—EGDMA) ~MAA7} 5789
B SRRl 749 WA} Aot FUsh vRAl o2 A|ZE ] o
SAe1zLo] 7 positive chargeZ F-03317] 218l acryl amideS 3
713

olo|32 WEH=E. rlo]laz &S Figure 29] A% 378 w
2} Alzsileh. AFAd-RAI= CCL, Isopar—GE ©]43)e] =4 gl 1l
A RFES 7} 5 1417 E<t sonication #2813t OLOA 1200
< charge control agent® span 85 EAHAE H7Fsioich 14
T2 Aol core B mixtureE SPS G-l 3] Hojreg]
] 1AIZE FF A8 oju SPS 82 S59) SPS £3%F
follo] resorcinolg 410l T 60 TR 255 29 % 10% citric
acid 78N ©]43lo] pHE 4.5~4.8% A3tk

wlolaE el HEd PAE 21 prepolymer?] AEE 9181
urea, melamine, formaldehyde SF-0ll T4k = 1R 60 C
Z71614 10% NaOH aq. sol.-& ©]83] pHE 8.5~9% Bk &
homogeneousdt JE7} B =5 3083 Wikt o]EA vHso]
7 prepolymer® A A|Z2H SPS 4890 = oil/aqueous phase
emulsion®l] FJ3I3iTE 1831, ©]E 10% citric acid aq. sol.& ©]
83lo] pHE 5.5 2 7l 4AKF B3 Hhg-5 XIsgsigict. o] BE
HES-9] rpm- 450°% 317831511 HEgo] 1yt F SRR 473 Al
Asto] mlo]I2 &S I

EM BAM. Scanning electron microscope (SEM, Stereoscan
440, Leica Cambridge) & o]-83fo] §12te] ks #2350
FT—IR Spectrometer (System 2000, Perkin Elmer) & %3l 21<&

AE 9 FEARES] slekrze) dial] 24l Ak 7R
9} AP =4S 9)8}0] particle size analyzer (ELS—Z2, Otsuka
Electronics Co) & ©]8-3}31 1L density analyzer (AccuPyc 1330,
Micromeritics) & ©]-8-3te] YAte] =g 435Itk

dut A EE

BHAM/SM QXIS HIZE. AF T3l 28t 9kl Alzzel lo] 1
B < s W= w9 coupling agent®] %, ZIAIAIL] <,
FAEA|2] ¢k silane coupling agent?] & 52 & 4= Ut}

WA st S S A 719 3t Ha eNeE
o] J#} el Hot oS RIS Tt 3 2] F9t Ak
o] FHE 7ol PgAle] FHEA 9 g g S5
Z7)el ke Seja7t Bt 2] 23Sl Hol Eatullel dist
of AEEE A dol7t T7kskAl dck '3l AEEE Sgav
I A} PYA|] QPgs) &) FEAR Qleto] Kt 2ke- =9 {1}
o] Aue] et APdE ST ZHAIRl EGDMAS] 73
A Rt 2 Fheolkls ok doublet¥} triplet 3R] A
A3} A FEA9 flocculation®] BEEN M, coagulum= A4
e S MMAS] A 44 200 mLell 7.0 g, 7L
A9l EGDMALE 0.38 g2 2RI3I3Ic)

TSR] TR o= WkS- H7hee] B 83liEo] ddidE ol
FARE 7RAIAe]] 23l eRelzo] B/dE]e] FEto] XK HA AAdE
TEAFES LS EAlRpo] Fd wakle] tiste] o o) Sa)E]
2| Faka HEHch ofu) Fakulle] galEo] ol ebPgAlel SJaliA
ePdsl]o] ixfste] AEA B HFHoR nlo|I3E F719] 1
HAPE AAdSH ok A el e A e EAbell &
FER] a1 MEEE IR QA EAke] Eeehe aEAke] ¢
of eJar] 2 S =t M F8k%T)0) QA Bl wet
= AL g7 A od 8 7t AA| B HEA R 2UE vH
2] Hat AP AR A Ak

ARAL] =S S7R= 2] 5 S/ B 9] 2l
22 sl SElame] AARESS S7HA Ehklell galEA]
o= AL 7 5 YAl R Aehs AL TE AAAPTA
AN 5 F7hs A BARES 7HE 1A S E A A
2 o) Qe ATl HaL HFEFH o= ZEoRE Ht ¢
Ago] S7Feke Holt) 2 Age W) 7Adslal 2R IAE A%
Bh= Zlo] JAo1gM7 el /XA kg £ AFE SISith Figure 3
3 o] NAE] FETF U she 7S dAkEe] FE8] WSk
F3to] QAP SAEE g8 = ISl JIAAl SEE Tl
S7A7IHE A0 Qlle] xRS ERIgk < Qlqlet ol
A8 =38 7AAL] A7 0.40 AT
BAREEA Eak oAl o e e f39] SR
3t1 FHEE dEsHl AEsl= Aotk gk, YAk=r] Al
oM BH, FRkdelA EuH 29 SGEe) s
Al Alofsh= Aok AlFstual sk YAkl 27] E3et
PEE V= S L] ARl IS AR, 7
b 3toll A7k gl B3 2 Filel 2k fA
o] 353 (bulk polymerization) 2] FElZ 23t} o]
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(a) AIBN : 0.20 g (b) AIBN : 0.40 g

(c)AIBN : 0.70 g

Figure 3. Effects of initiator concentration on composite particle formed by dispersion polymerization.

(@)PVP:2g (b)PVP :3g

Table 1. Optimum Conditions for Preparation of Composite
Particles by Dispersion Polymerization

Materials Weight (g)
MMA 7.00
EGDMA 0.38
MAA 0.71
Total W. 8.09
AIBN 0.40
PVP 3.00
Ti05/Co304 2.00
y—APS 2.00
Total W. 15.49
Methanol 200 mL

of, DA F21E Alelolks ale] 2Jsle] FEo] sk, o= 2l
alo] 2159 SAlH o] Lo drk olefdt T2 F29
H7h ke S5 2700lks -S4 2LS SAlol AT IAE A
7F e T T/IU e TEel % SHo] wdn X T
FAe] AL ErFssh deiEzA] dok of2fdh A A9 L
419 Wish= vk o] ARl SJsle] A37gE ol HrrkA Al
ofgt = 9l Zlolrk

AL o] ool wheh EE attAlel] thalo] FAed
I P = Sl FAo] st} B 2 i Aol o
oL 1 AlxE A H A7) s sk A o
] AL Zdolls 2318 S3le] B Figure 404 &-1
8 5= olek o] AES B QPgAle] AR 3 gdhs ERIEITh

A gl S2IQ1RLe] Z9- core AR= A= HREARE 5 coupling
agents ARSI FAkadtell Qlol #HA £1S dd Zlow

Z0|M, A33¢ #l4%, 20099

(C)PVP:4g

Figure 4. Effects of stabilizer concentration on composite particle formed by dispersion polymerization.
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Table 18] o7 WA 1l SAOIZIE A|Zalg]on] WA 1l 5
RIS AlFsto] ke W] core YA} HEYARE SEM %
FE-SEM°% #5181tk Figure 59} o] T3 & W4, S4Q17)
B e 739 Rt 8EE ERlsisic

Figure 62] FT—IR spectrometer (System 2000, Perkin Elmer) <
E3l TiOy/P(MMA—-EGDMA) —-MAA 3k} F351617] 22 TiO,,
silane coupling agent?] 3}sh =0l thal] B350t} o] 139
PMMA®] FT-IR spectra® ®¥ 2950 cm™'¢] 3% C-H
stretching2 2w]aic} 8k 1790 cm '9) 35 C=0 stretching
gt ? Ti0,2] FT-IR spectra® H@ 400—850 cm ‘o] &
3= welet

800 cm 'ellA] HoI):= vibrational absorption Ti—O—Ti7}
RIS elnjsick E=8k 3000—3500 cm ol VR RS B 93
TiOg 3] hydroxyl group®] £01905-5 HERILE Figure 65 &
&l 3 3 TiOyP(MMA—EGDMA) —MAA 9] spectracli= PMMA
C—H streching 339} C=0 stretching ¥3, CH3 symmetric
bending S} 4871 24& 13 4= SIGIEk ©1% 3 TIO] 3k
E4o] & F3to] HEA] ERIE 4= It Est Cos0y/P(MMA—
EGDMA) —AAM®] FT—IR spectra’ AP O1} core APt Tf
2 2 e B8 39 9 A5 I 72 50] A9 disel
3lo] TiOy/P(MMA—~EGDMA) ~MAA2| 7399} Z1A] th24] et

TiO29}+ TiOy/P (MMA—EGDMA) —~MAA §JA}e] Wmg 2Afs)
A} 124 578 A TiO0) WEi= 4.0789 glem™|ar, 78 F9)
253 1.4426 g/em’0 10T Cos042} CosOy/P MMA—EGDMA) —
AAM o] s A% Aot At 719 A Cos049] M=
6.11 g/em’o)3 7% F9] W= 14886 g/em’olitt F 92|
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Figure 5. SEM photographs of white (a)/black (b) particles.
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Figure 6. FT—IR spectra of TiO, and TiOy/P(MMA—EGDMA) —

© TE CCL(1.5940 g/em®) £} Isopar—G(0.748 g/em®)
Azst fA1e] WEQl 151 glem’ o] 25433 ES zH= A

o i
£
(A

ot

Azt A71E A AR WaAIRl TiO.e] =71 dAke] A7)=
300—400 nme™ &3 - J330=k= 900 nmé] 7= /3743131
o} SR} Cos048] 271 YA 2715z 50 nme™, S8 5 E53
AAR= 1.6 pme 715 7S ERIEIh IR 7= SEA
Zrel late] A7do] ww fAle] s} Ak W s 9t
AZFe A3

olo|32 #Eo| M= Az WA 9 SIS ahd YAk
3lo] mlo]a R &S AFEIATE vlo|AR HAEs AT T8
78 methylolation3} condensation 7 S0l A2} Xaw|n], Sl
RS EFeR= RAIE SPS G890l F£9431] prepolymers} )
encapsulation Y-S m—situ® X8erctk?!

0000)

" Bare CO.0, (x100000)

TiO, composite particles (x5000)

R _
3C0.0, composite particles (x5000)

Table 2. Basic Recipe for the Preparation of Microencapsulation

Ingredients Amount (g)

Urea—melamine —formaldehyde prepolymer

DI water 100 mL

Urea 6.07

Melamine 12.74

Formaldehyde 18.00
Microencapsulation

DI water 200 mL

CCly+Isopar G+

White particle, 20 mL

Black particle

SPS 10.00

Resorcinol 0.50

DI waterE €2 3} urea, formaldehyde, melamineS 1k
AJA prepolymerE A|F5PH, prepolymeri= F4kae7d slelA] WAl
o] S7FFAA core 249] 4} E2) o] Ao HolA ¥]ar nx]
ulo 2 J7HuRESS B3l rlolAR el HE o]FA| Hrk o] w s
S AgeR= 2] A9 AfaAz AR CCLet Isopar—G
Geel] HAIQIREE: WAPAZ )AL Hals Z4sk7] 218 OLOA 1200
4 Span 855 F71sE § E8]4 9l 315k HElE B3 YA ¢
Al anE ol-g3te] Rk A E WA

|7 Mg A= 213 prepolymer A% 2713} microencap—
sulation 2712 A3} 319901 1 A7= Table 2¢] HERS O,
video microscope (IT Plus 4.0, Sometech) & ¢35} vlo]|== &
o] = A HSk) Figure 73} 2] white particle¥} black par—
tides 717} Bkl Qe vlola= as AlEsislon], Hs Qe
wlaeIxe} S 2 Zoigke BRI = QIS
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Figure 7. Video microscope photograph of microcapsule containing white particles(a); black particles(b).
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TiO22] EH9]] silane coupling agentE o830 TAxz] &
TAEES] =] WA B3 QIRE AdeA 0w AlxEigit

HESo]) AR TEkAl= MMA (methyl methacrylate) £ EGDMA
(ethylene glycol dimethacrylate)©]w, oF #sle} & Asl= Fois}
7] $13l 2+ MAA (methacrylic acid) 2 AAM (acrylamide) & A}
g3k ofE] 7] $3 ZHES v AS skl HA 21
< A73ISlt. ol& FT-IRE 184 415 381819 SEME &
3l core YAl EAF FHENS-S ERIE 5= UL

In—situ polymerizations ©]-§3to] FHstaL st nlo]3=
Aas Azt vlolaE e ¥EAEE urea, melamine,
formaldehyde & ARESISICE #EE mlola2 A& A} 7=
H|wa rdeta, PYsh 759] FelE JeRlglon], SWeiE =
Sleh= mlo]g 2 M AuF o7 AFE 5 Q) o= Hr|e &
n73S Ea) go1gd = Qo) Al SRS 7K1 st A
Azsto] 7|9 APS 3ISith Aol A7 1S 7Rlske W YAk
TGS FRIsINAL o5 Falo] YA =SS ER1E 4 Q)
At T3 TiOy/P(MMA—-EGDMA) ~MAA $1#K= 65.83 mV,
Co304/P(MMA—~EGDMA) —AAM {JAR= —97.77 mVZ A& Wt
o daks wjw vlwd] 2 AERLE vERdS RIS
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