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ABSTRACTS

Electronic ink display, as one of the electronic paper technologies has been the
subject of intense research and development for applications in creating a flexible
low-cost paper-like display. Electronic ink displays are fully reflective type display
devices, which utilize electrophoretic phenomena of charged pigment particles
dispersed in a colored solvent. Microencapsulated electronic ink concerns numerous
microcapsules which is applied to encapsulate electrophoretic medium containing
electrophoretic particles, suspension medium, charge control agent dispersion
stabilizing agent. This paper mainly covers the preparation and characterization of
colored electronic ink, especially the micro-encapsulation process, and the
relationship between the characteristics of capsules and the performance of electronic
inks.

In the article, titanium dioxide was coated by polymethyl methacrylate to make
white particles. Meanwhile, organic pigment Hansa Yellow 10G was selected as
yellow electrophoretic particles, didecyl dimethyl ammonium chloride (BTC 1010) as
charge control agent, and tetrachloroethylene-cyclohexane mixture as suspension
medium. Hansa Yellow 10G was processed by three different methods including
pulverization, ultrasonic bath and hyper-dispersion.

Polyurea (PU) microcapsules were fabricated from tolyene 2,4- diisocyanate
(TDI) and triethylene tetraamine (TETA) by interfacial polymerization method.
Emulsifier influencing the dispersing process were experimentally investigated,
including OP-10. Span 80. Tween 80 and SDS. PU microcapsules were characterized
on structure, mean particle size, size distribution and morphology. The resulted
microcapsules were clear, round, transparent, flexible and uniformly distributed, with
a mean diameter of 80pum, a wall thickness of 1.5 um and a good sealing property. We
have also found that the wall thickness of the microcapsules depends on the capsule
diameter. Furthermore, by modifying triethylene tetraamine with glutaraldehyde, a
kind of much stronger capsules were prepared. On the other hand,
urea-melamine-formaldehyde (UF/MF) resin microcapsules were prepared by in-situ
polymerization method, which gave better morphology and optical properties than
pure UF resin. In addition, we have synthesized a kind of novel double layered
microcapsules with PU as inner layer and UF as outer layer, which has a ultra-thick
wal! of 7 pm.



PU and UF/MF microcapsules were applied for making encapsulated electronic
ink respectively. The electric response behavior of the electronic ink was studied
under electrostatic field. The negatively charged yellow particles moved reversibly
and quickly inside the PU microcapsules while the electric field altemated, with a
response time of 150 ms approximately at E = 30V/mm. While in UF/MF capsules,
the response time was 120 ms and no decline was detected after 5000 times of repeat.

Key words: electronicink; Hansa Yellow 10G; double layered microcapsule;
interfacial polymerization; in-situ polymerization; electrophoretic peoperty
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Table 2-2 Classification and principles of some electronic papers
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Table. 1-2 Microcapsules preparation method
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B AHE, UEBREREAME. BE, BEEEENENOC, AR
EYAEF, LRSS EPRERENRTE, LS EFROER. B
R 8RmDRMRERILKEY. RER. FERERE LEREARILRED,
AARERYNRER L, BRAEESTEY,

1.6 £

BRI EL S USRS, ISR HERT B ARNERE
#Hh, AFRATUBIERFARBEEN L, kR HENRislot or
extrusion coating), 7 % Ef il (curtain coating), 7 & ER Al (rol! coating). AR EP Rl
(gravure coating), W% % Efl (spray coating), i¥ # EN Bl (spin coating) #ll E}l (brush
coating). %= J)ENfl(air knife coating). &% e E[1 il (electrostatic printing processes).
#EN Rl (thermal printing processes)%. WA — R AIEHEN, 1. KEHHEE
BE, KBHFEENE AEREERELARSBIAE, SHERMM, o &
BERRR, 480, S8R, HER. BENE. BRKMTIEAW ITO 8 PET

(BNE_FRMZ_EE BETENTRENME, ABREEFFNERER
EREZIR. BER. BT SantRayEE,. B2 nE8MI8HT
WRESETRERGMOTIE, BRT TRIBTHRRENER HERH R,

1.7 WEREFRKAHTR

Bil, RTFEMNHASTRO/ZRERNELRRE, KEAQRRHFH
HWENEZTAEHAR, HEREMNEME5RXERER. RBXETTE, C&—
HFE. Ricoh 2FPFHH R T —FHBKEFER, EEERHPTRBAEKAT,
HEh—#tm, 5—FA%E, TRl FEapERATIE, MAFERFIE
Bz, NTEHER. BM AF"g8 T —f#kMEeak 2RER,
F-AEERNAZERMNTREAR, TENMTRENTHHHTHEE
5., BRBBISSHBRMT R, AREIEFR T EH RV R 5wk
BR%, SRABEE RGN EKE THIER. Canon 2 8WIHHIH T HEHK
Mk Er%, EAETHERE, WTRHRFORDIE. SiPix BRATN
BFRTETHABEARN BT RE, RETHEE.

Pl EHE-Ink A 7 A POt FEENFRBEEEUBEEEXEREAR L
EHRAT RS AREHHE. 2000 EKEMEHAS L, Bk A5 NRE
BEXERBRTEIMURELXERETFRGFER. 2001567, Philips2
SEInkELE M FRFREH “8FE” ERER. 200218, EkARAYNHF

13



F—8 XRER

RHZ% “Ink-InMotion” , XRHFESEHEZERSHHAREHKE~HTHR, AF
ErGErEanmirEE. 20034, E-Ink2A 8. Philips/A & M Sony 24 A
BN TE AR FERETER, M TSonyBH #e-BookiZ R+, BR
SPRIER T 170dpi, LML KE, FAFRBNTRME, 4TRELHRT
(#£ 1000058 HSCF A2, E1-8 1, FIF &% HAR, E-Ink, TOPPANAIPhilips
HBHTHALF KBS PHEEREERTFE, TUETIENBEERR, o
YIRRI5 B30 ppi, WE1-9M7, E-InkAREHEF010EHEREBTFE LN,
HARBEXFRT —HESR AT R TITENTRE B FEK, B Y
B EEITE. ZRTONAFERR. BAXFHREMTEL, TEERN

R EA. BAlS&&E A KE200K897KF.

e

Bl1-8 PHRREE KA B1-9 mAaBEEETEK

HFHLIBRI& E7R#The of RGB
Fig. 1-8 E-book LIBRI¢ by micro- Fig. 1-9 Colored electronic ink display
encapsulation electronic ink The oF’ RGB with high resolution

MEZT, REERTRKAENARALRE, BEHR, £%0, I8
PIERMBRAEGERAE, RARTHRERTFRKER. BACFELIE
KE. KEBETRE, HERZMFTRKEFSRMAATT —ENHA, BR1-3.

%13 BAMKEYFRBAKFRRR

Table 1-3 Research progress of microencapsulated electronic ink in China

W WA EERTF RE& i3

jed 3

M, @I g8.KZE XA BRI g
® K & K% KA H

[19,48)

e, 8 dmikTe B, BwEE Xe BREE B
B K F K%

[49.50]

# 120v/mm 89
HitBHm T, W
FEgt (a4 3.2s
100v/mm F, W
FLBYI8] 0.65




F—F YRER

el % ATl Af.PMMA SBEE  REHE 125v/imm B 3K

gl ok PMA B8 B 365.9 um/s
TiO2

RI"HE REXFE BEER wWAH RERE 150v/imm T %

2 BN £k
EHRE, RAEET BH¥E4  HAL FAREF B 100Vom .8
BR%, X¥ R  RIEfTE) 350ms,
sEH LR R,
B&BE 26K
¥, R WIKE A6 FX2H HE WRE%EZ v HRALHT
Al BR4 A% TiO2 H-LRBE EBETXTF
€, BE R ER

154}

1.8 AXHAREXHFAERAS

B LRRTUF N, BAXEH#TETREKNZRUHAA, FRBTEX
R . ELFTHMRERREFTERENRS, RRBMNEER. EHA
318 (REERHE) » TEFEHBANE, URERSRGHREZEDR
BB, EREASH, NRRRARCHEAEIAR, ERARENBESRT
BK: ERXRTE SHEBATHHRIEDEREHR, BFEIRTREEE,
BEA, #ERERDARSM, B2HMNTIZERER. LiHFL, BVHH
ERE EHERRRE: 252 FATIRBEERTEK AAREF, 7
PUA | A% 2T AT LR . Bk, AR T Rk s BT A, M F
FEVEHRELTBRKAFEENE N,

F—FM, BiATHETFEKMEERAD, KEREHEOURERK.
SREHE. AEYRBE. RELUSELETHR, EREHLREE BHERE,
PHAE, RAEREUEREEER, RELHHER, PWETHHLE: AR
MR ERGRBRERGFRENEERE, REFRKE. BEH, BREL
BAL AR, HUKBSBEENEMRESY, HIRBRR, TREXRS
HR. ALHRAEN A TR T RBKOHRRESARATERNRREXAZH
R E.

AXBHI& RIFEFFER. AVHLARR. RE—ENHHERE, BT

15



B8 SRR

Kotk 258 B RUR BE , SFE R BT A T B F 2K B4k, SR R %,
EHKHTFRREFNHEANL, REEMEASBERRAEHT (<100 V/m) %
MBKEFRRNRKIE (RN [E<200 ns). ARI0H A BT BKEOMK
EARGFHIZ, BHABERTEAOFRREERKE. FANFIES
LT A E

(D ERFHBHRYE 10G EARKRT, RARKERER HAKS
P B

(2) XAFAREEFERRARE FARMEEEESHERHHXR,
EREARBOEEELE, TEMKERT R KM AN,

(3) BARR-ZRAE-FEYEMHE, $1& UFMF (RE/EEKPE) &
AR, WAKERES, SRUEEE TR KB

(4) HEBUNRBRURENS ZHRE, FEAEBELS.

16



Bo®W LRy

B TR
2.1 BREHEE
211 &%
%21 TEBEHFEN
Table 2-1 Main raw materials and reagents
P37 i s alki-A
9 . 7. 4 FKaipedm— g 99.0%
= ZHVIEL(TETA) R AR ARt
2LA-PE_RENE _ )
DD FRTAEILERANT S
SZER REWKELZANT 244 98.0%
R RETRRUERNT M4 50%
il PREEEULITR o smu~aon
A7)
s
¥ o INH]
DS) RERERRAT sbdt
RE RERZHBEAA STt 99.0%
T B R X EFR AT Rt 99.0%
TK G KEREHRAT T4 99.0%
T3] REXEREAF AR 99,0%
ROMUBGIID ) o mRFBALT 24
. (PVP)
b E(H Yelt
Mﬁ(lz’? Glow  rmiwmman A
I 35 R LB BT
MWL G R QR TR e
R REXERBAF s
FEMBEZE TR  REC B RRE R o
(OP-10) AF) ]
z d
RALSEALRE FRaETAELERTT  Hid

B hMEE (Tween 80)

17



BoE RS

“RRE-RERL camameranT A
¥ (BTC1010)
ARSI REBWABTAERR 24
(Span 80)
=RAK Kb ERN— P
B) % — Ry RIBWLERN T Ptk
A=K KEBEWAZAEAR 24
- Ak E ALk E AW
2.1.2 FEMNE
®22 IELRRERME
Table 2-2 Main experimental equipments and apparatus
% # & K s ES
BB B DW-3 8 TH N TSR F R
2T S3.XCH  EERHATFHRZNBRAE
CCD B&XEF WV-GP240 & Panasonic
HERHEETFEHSE (ESEM) XC-30TMP ¥ PHILIPS
AR (RO BIO-RAD3000 &
Tk 15943 B Lifgh R
BEERER CSF-1A LGB E R
BT ERKB S

2.2 BN FHHE

221 EH/AHAEESNTHE&E

REABMAAKEELE, B 5.12g(0.05mol) FEFER FEF 0.89g (0.01mol)
FHAEMYAEEN, 10ml KYELEM, 058g TiO ABH, ERSEPFT,
70°CHEH, 7 300 pm GFESH) BHT, MA 0.05z IHREESIRN, #
TEARN, £REPERERTRE (PMMA) 8FH TiO,, 1b FXHIHE,
v, ETTIRE 3.9 kK, BEAR, RUFEETHE.

Y 0.0234gTiO/PMMA, ZEFERELT F/NCINH Imin, BH KIE-E, BIRR
EHRE.

18



B RS

222 RERKETEFANH &

WEE: M40ml MEZHEFRTE (41, [w), FFE=159, 20 C) BF
100 2455, A 0.2g I¥PE 10G, MA 0.1g (0.15mol) OP-10, 0.1g €0.25mol)
#1 BTC1010, M 30g B5E52K, 300 rpm FHFEE ah, R /5 F 6 M oL 8 B & B B %k,
BEETHOHBLRE. BHEH. |

g 20 mL MIEMZEHF S (41, [wi), FE=159, 20 C) BF
100 Be#Fh, #50.05 g —RrBE_FERLERTFHE, REMA 0.1 gRYHE
VK, ERFRKEFSH 30min, BEEHKLTRER. THEA.

Bk EREERN AT, B CH RFEH#4E OP-10 # BTC1010,
HEESBMRARKE. FTHEA.

2.3 B REH &

231 ARMUREES ERERERRE

B—: 3T%HIREEKEH 12.22g (& 0.151mol FEE), N 1~2 H=2Z.8]
B9 pH 21 8.0~8.5, MMA 5.0g (0.083mol) F#., 70°CTEH 1h, HBHAR
&, MARBRKAHNEZH.

FTH W AmL WRZE, AR LR TEEF, £ 800 rpm THE# 10 min,
0.5h AATEIM 0.1 M EBRIEY pH 3 1.5, BN 2h, AHZEEE, SHEERETF
th, BB EWRE.

232 R EREER ERRRNER

MR _FRE
P 2. 5%
ZRORT w
Z
v i -
r
% LA
Al & g
. &
% -
T L L2 3 e,

21 ANORERAEHEMRET ZRIER
Fig. 2-1 Flow chart of preparing microcapsules by interfacial polymerization
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BE LREH

AmL WEZE, AEFPMA 023g (0.00lmol) MHE_FE X,
32mg(8.42x10°mmol)ii¥R 4L, MBMHELEM: W 100mL = OLEHPMA
40mL Z1EK, WA 2.06g (0.02mol) —ZMB=RE, HPAEEREL 800 rpm
T, MALREBABERE, RN Imin 5, BEHAERZE 400 rpm, 10min 51k
B, R Y. TRALEMKE.

233 AAEBEAEHERERER

B2, 4-PE_RREE (TDD 0.33g(1.9mmol)iEARAE 4mL PIE ZIED,
MmA 32mgB42x10°mmol) M E 4., BHBEE, BEMA I0mg
(4.62x10°mmol)OP-10, HFBEH—MAHLIA. 1/ 100mL =OHPMA 40mL
RIEAH 04g RZAUEGE, BHEXLEM. REHEN TDI HNEZES
B, FRHEAARBR, 10s AHLETHE 800rpm, 30s JEHA 2.92 g (0.02mol)
ZZAMEN 4mL KEW, KN Imin BREEHAEES 400pm, 10min 518
‘LR, 538, ik, BLAMKE.

2331 WEX ERFYRERZEH P

7E2.3.3 £ T4 BIH & BE 551 % 500rpm, 600rpm. 800rpm. 1000rpm.
1200rpm HIRRGAR T . R RFIANHL NI, WOBEREH LTiE
ERX2EHERE, EMURENEBER, W& 500~1000 MAKE, T
WER B
Fy=N/Np @1
FR%E | KEBRFHMREN N, 55X A LS8R 2NN N, #
Bath: KEKERENERRRAYS, W 40~60pm H—XfE);
ki fR:
Do=ED) Ny (2:2)
HTFORRET2EMEEERNARUBKREN S5,
2.3.3.2 AL FIFh 23 BRI MR 2R X
233 &4 T 2 5)%1& LL 26mg (6.07x102 mmol) Span 80, 25.9g (1.91x102
mmol) Tween 80, 16mg (5.04x10Z mmol) BT1100C, 26mg(7.69x107 mmol) SDS
BRI RRABIE, HF SDS MAZKME, HE=ZMMAZIHMA. 25000
2331 WHERER .
2333 R4 (OP-10) AEFMERENZHER

FE 233 £ TFH A& OP-10 &M 208.4mg (0.32Immol). 104.2mg
(0.161mmol). 52.1mg (8.03x102 mmol). 26.1mg (4.01x10"2 mmol). 13.0g (2.01x10

20



BoE ZRES

mmol).6.5¢ (1.00x10%mmol). 3.3g (5.02x10° mmol)OP-10 BB B 2 . 4} B L) 2.3.3.1
RS ERLRR.

234 A B EkEEK = ZHENEN ERKRE

BY 1.46g(10mmol) = Z/ MUk, H 10mL Z1EAHRE, REWAZ=OMEF,
B MHE 90°C, BB, B 0.80g(8mmo) X -8, F 10mL BEXKBRE,
E2h A, BRFMB=0OMP, EHEFMRER 20, BRAREERRRE.
PAEAE K AE B4k, 8 2331 M ERIEHKE.

235 UFMF E5RERA &

B 1.26g (10mmol) =R KK, 0.26g (4.3mmol) KE. 0.07g (0.64mmol)
X8, 0.lg RZHEMBHE. HK 0.07g MAZ 250mL =4S, B
A 150mL ZBEFK, 60CKBHRAETHE, Him0.5M EME pH=4.0, Bk
0.5h J&, fA 4mL PUS Z. %%, 600rpm T 4i# 10min, B0 37%R) P EEKEHK 2.268

(& 27.9mmol F&), KK 2h BEFHKIE, vitk, EHUIESER UFMF
HEHKE.
2.3.6 NERERMOF&

Hi2.3.4 HESIE IR, KEZEFHE.

EZOMEFMA 1.2 Q0mmol)/RE, F 40mL BEKERE, MALREK
E, HHABNAE 60C. A HCl #% pH=2.0. 40min HZEH I 37.0%F &
¥ 3.10g (38.2mmol), ZEEEBEHEIIA 1h BHKE.

2.4 BFBKNKRNE S

B 2.2.2 FEREEBHMNFEABEMR 4mL, FEMETAEERS, HE 233
MAZHEREBFRARMKE (1).

BN 222 FHEEEABMNEEEKE 4mL, DA 0.0032g (8.42x10 mmol)ik
WAERERE, HEEW, fEREE, R 233 MFEHEREHETRAMY
B (1.

B 2.2.2 FEEABEEBROEEHIKE 4mL, HIA 0.005g I 35 4
 ERE, B35 MRS RARTBAMKE (.

SHREKEETHRE, ZRAAAIKRTFRETRRENLEER.

2]



FoE LRBS

2.5 AR TSR RERE

2.5.1 BT RIE

BT BTR3NS B e SRR HE, # 20CTHREANTEREENEZ
HEHBEEN, K 0.5mL B THAMR KT, BE 100V, BEY %At E 700ms: .
HFREOERAEFEL#ETEMS (BSEM) R, BULHBREZHNE T
BEH, HAEREREA L, BT, EZHREEE, AETRAEETHEAL.

2.5.2 B W FRAE

BRI FESENE A ETH BRI E (FTIR) S0HE, RUFER,
FAEERMERR, REHEE 500~4000cm™®, ¥ 2on™; REFRS HH
ESEM 2 S 14 8¢ I R A4l e .

Ry REMREETRE - 583 ROBREKER 30wl PVP
BERE, BEAEEFAL, TRERAIAVE, BKERBENEERRT.

Rz 3 £ % T j PVF it i

2-2 ARE-O K S & MR ERRET
Fig. 2-2 Cross section: of microcapsules prepared by coating-slicing method

253 B REFRKHBIFHEMN

WRARARRFTEEERES L, FHREREEES 2mm. HEEBK
BHREMRERFMT — ' H MK 30wm%H PVP B5ES, EAEERNY
grh, TR —ERE, BEREE, NERREAR TR, B
MM RBA R AT, WRAKAFHERETH.
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E_F ZRES

o L 0 <4

23 mAkEBENERST: 1. B, 2 Pirak;
3. EikiRERE: 4. BIF; 5. EEH
Fig. 2-3 Electrophoresis detecting device: 1. microscape; 2. parallel electrodes; 3. microcapsules

containing electrophoretic medium; 4. electrical source; 5. glass substrate

23



F=E MRENNERLME

F=F NEENFEREE

3.1 MERARLFET

WRELEF SR ERTRBRANREHRZ—, NAZREERE (15~
150pm) , BEAAIED, HRAN, WEENER, HRBEH, HER, ¥
LT, FBESRA. BRURERTHEREEIESR.: A£G, KN
BRI, FHENESE, MRYRGHE, REBENAREMEE,
EREGARNGE, ANHEAKENE, REUHNERE.

WREANRTRLREMIBNRE. BRALHEIHERFIRALER
%, EMREFIAREN. MRELE, BTRNECHNRETHEERNEN
REARERE, AXRBMEL G EXEERN, UETRN. B4 G B
37515 % C.L Solvent Red 1, SMRARKLEERAEBERK, BA180TC,
WAETZE, BETHRE FEAaARES.

CHa HQ

e
W,

OllRed G
-1

32 RURSHHERBRAERER

3.2.1 §l&FHE

RESFRRNFEMAI-2PR.

BRB SR pH AR X, EREEET, RERE, ER0kEENRET
KR, BETRE. ERLNR, BEFGT, BRFEZAFREERNERE
PER, MEERR_-FERE, REGEREESES, EREEHTRIER
R X EEC TP ERER, FHTHTHROEKPTRNRERATER, TH
FE. pH EHF 5 UTHEEFHEAS). BRIT—KmA, T pH &
R R R R R BI R R AR L BLEAR . pH (K, RBCEEEHR, BEKM
RASRPES, MHRATKIEEM, ERMKERRSTAES, FHTEH.
BTl pH N IEHIE 1.5~5 ZHE.

AEREN RVEEERFIEN. RNGEESHN, REELHER, BRI

24



F=F pREAGIERMEERE

WRERARA, SHEE: KNEESEMEARNNEEK, H5FRE
Ko, BEHKERLIEEERE K,

0 0
H H
H,N—C—NH, + 2 HCHO — Ho—lc_i:—»N—c'i—ﬂ—cz-on L
2
Sk oa 3
He @ m, Ha CHO He 9 1o H,
HO{C —NH-C-N}~C -OH HO{C —N-C-N)-C -OH
CH,0H
9
it H !
oG N-C + EoNegone BR HG M2
Hz Hz o
C-N-C
3 2

(3-2)

322 KA XK

YwmLRoERDT:

(1) AKHREFEAEIAN, I Tween80, SDS, CMC-Na, BREMT
AR S BRSNS, BXRBEAERAR, AHEEGENRERIES VYRR
FE: BOMA, BURRE (EFERE-RTPERN_BRER) RERERM,
ERSTFREEXHRESY, ARGV TFEHMRI—BREN, ®AKMET,
WZEMBRE, M pH Mik— SRR, FLHRSYHTNH, FEEMBRE
HEEE, BERE. MARREEERGMA, FFENRSYREHEETE
HHERATRBRK, ARTEBBRERM.

(2) WAREEEFOMA, FHTHEEEEER, R THEREHR
B, BhFHEAKNR Spans0 FEE FRE A, K HLBERF 42, B WO H,
BEINMREETEEET PEMNKE.

R 3-1 BRI RER R EN LW
Table 3-1 The effect of acid type on UF resin MC(microcapsule)

e REE EHERTE TREBRBE
5.1 30% B 10%
HCOOH 70% Bif 50%
0.1%84 bR 60% g 50%

1%/ 28 60%,{BH i fHRE 10%

25



F=E MRENHEREE

(3) MARBEN. SFRAER. HCOOH. 0.1%ME. 1%8#8HN
AL, HEANABME LS Eh, GRUER I

(4) REBENEN., RANRREEX—F, NREARRERNERE (B
HAaCEH), BRANKERLERR, UERERE, TEREEAFERMNAEE.
RHERREEEENER REVELE IS FREAINH, B R
BEEMAE.
3.2.3 /e

KRR AEw & REW MR, UFBRRBTHR pH=2 #TEMLK
¥, BREEUAGMAZERRE. FZRXERBUTHEE:

(1) HBREHRZSHE 50~150um, FRIEE, SHLENT, HFEAM
Ritk, RETREAZR: (2) EHMERE, AR, TRES>EM/PER,
SEBFERAS; ) WKIWEHEE, RECEMRE, BHERE,

METERHENHRENEST ~SATRFEKBUREL.

33 FERSHHERRBRBRR

331 5ERE

B R - FHRAEAMA R, LR BRENKERE, 2FERSHE
RO . REWRKRT, &M, BRAESEEAENHH. 1k 33 Fir.
O

o)

] I
n HZNVH\/NHZ + n CIC@-CC!
‘[HN N NH-C—@— + +2n HCI

332 ¥MWAR

FRXPHRBRAREATREOER, ¥E0E, RITFATENSYE,
FHRAES, LA 3-1. BRAERSEHENEBBMREL RSN,
BABAEHS . FROTHREAFRBNRALFEL, A O/W ARHEE
B, BEERKABREKE (X 3-4), BMATNH—H: H—FHH, BRY
EREBRESENER RN ZH, XEREIRBRMURES —HREY
FE. T RERMAKMERE, EKPRER D REAERENTH~ER, X7

(33>

26



BZE ARENHERMR

BERKBAKEANSHTRNREY HCl SAR%E. WIMERBE S &SRS,
ISR SR, XERETEMENETERN, FAMERT BT 2K,
HA e S BT M HONR A ZSRRN, BeakBrRniztisan
a8

0 0 o

? I 1 ]
2H,0 + cac'—@ccu ——— HO-C C-OH + 2HO!
(3-4)

B 3-1 RERMAYRE R ESEM B&
Fig. 3-1 ESEM image of nylon MCs

3.3.3 g

KA E_FBEH &N RBEURIERT RIFHOTME R EMA,
BRTHRAEEAR BERER RN, BEI%EF, BRNERHCL, HE
ERTRKER.

34 FERAEHERRRER

341 ARMEANENEY

2, 4—PE_BFRE (TDD XA LEHFHA-NCO £H. —NCO £H
LEETFHARBNHREF LRNRERRE, BREREEH. BRT LATFZE
BRE, BEREMESRN, HRARZANMER. RUNBNKGE-5FIR:

CRCES] NN
R-N=¢=0 —[ R—N=c|:—0H]
Ry

R"’H"@"— RI

27



F=E BURENDERMERE

ME. PR, KELSYHIFHRE, W5 -NCO ZEERM,
BRNESEFHREN. EEE OCHUTSRRMRERERN, BEE 20~50C
TE5RAREREY, BETFTANSVERORMRSE. SOXH EE5R
FERNRNEHERLELRELEYE, RE—&SEZTRTFHT,

RESF UMM RN ARRRR, REWKE-6)51R:

H
R—N=C=0 + R,NH,—2~ (R—N=<(O ) _— R—H—E—NH&
NHR,
(3-6)
AKERRMERNETERIECHEETR, RENMBRER CO, B,
RN 3-7 FiR: ,
R—N=C=0 + H,0 —&. (R—H—E—OH ) — R—NH, + CO, 1

(3-7)
A RO E R T LA AR PR 7 WU RRBE R A R Y A R ARRR

342 =7 5%MERS TDI B9
=Z# IRk S TDI f9 R B ML 2 R s, 3-8 B

Hy Ha H
N=C=0 " HN_@_.”/\/N\/\N/\/NH?
+ 2H2N/\,N\/\n/\,NHg—n- H
H
N=C=0 /\,N\/\”/\/NHz
Hi
om0 ﬁ !
Hj H
—-—-—--—-»N-c-.-;-b H H '“—N/\/N\/\N/\’
H H
n(3.8)
CH,
wC-N N-C-N N
0 o 0=t
HaC HN N
NH _NH CHy
(l}—.o o=C 0
WHN,\,N\/\N/\,N—QNH@NH-EM
H
Gisc (3-9)

ZREERERR, BETHTVENEHKE. Rt =J8NENTEES
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F=F URENGIEREEE

TUE TDI RERNBEERFREH (3-9) .
343X MBERARRESNEE

TEHERRTERNNESR, HHEE. AAFFRDRHEN MR EN SRR
BEREK, FUSLELEXERENMRENER.

BFZAERSRNERBR, @ TDI 5XHMURNE Smin WIER
90%"", TIRKMIEHETATR, REBELRER, TDI 5=ZBMEE 1.5min
BITTA R R, AT#AERNKBEARENSE THE, ELRRNE
1.5min i, BIELRKGE, BFEHEEEZE 300mm.

3431 HREMUREREAE W

R TLH WA EE S FIH 500rpm, 600rpm. 800rpm. 1000rpm
M 1200rpm R ERAN BB IR ME, HbEtEBERE
—RARHBEANRESHARENE K.

— —{1)500 rpm
— - (2)600 rpm
o o+ (3) 8OO rpm
— -~ {4) 1000 rpm
- — {5} 1200 rpm

¥ [

8
P

Relative particle number (%)
a
1

P R SR A e P ma K P R
Panticle size (um)
Bl 32 PREHEHEETREOHEN S BERAELME
Fig, 3-2 Relative particle distribution of MCs by different stirring rate

W8 3-2 LUES, EEEAEENEN, MREREHBRAD, Komth
B2 2% FE S Btk R b S ER 2 RO R BI VIR 0 VDR D E e TR BRI,
BRMRERARET HR. BRI RE KDL RE KA T LR
71, BERRSB D BIEIRE/DRHRE, FUBEREERENSR, BTN
WK, WRRREA, HIBAORA.

B 3-3 ERRE PR REHAER RIS, bEwLE SRR TR
TR AERIEMRR . TUREFEEEHNOHEEEHZHRE. B2
BB ARG DT 400rpm B B BIE B IERTA AR, BT o B Lod 15 0 e e B
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FF ARENE R

EMEEK, EESERMBRENER. AN HMRERRBRAAN. 4
BAEEKXT 1200pm &, HEEEZEBIUBERESEBAR. XREHNY
o EREL N, WRTBEX, aRRAAHEERN, BRFRE, BhEM
BLZ BRI F AN RUTERMEZ @G A, DEREREFHR. B 34 f18 3-5
# 800rpm. 1200rpm T BB AT H,

9

§

Particle size (um)
8

g 5.8 8.3

L) LA T L T LI
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Stiring rate (rpm)

B 3-3 MR T IR BRER TS
Fig. 3-3 Mean particle size of MCs depending on stirring rate
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Fig. 3-4 Optical morphology of MCs Fig. 3-5 Optical morphology of MCs
under 800 rpm under 1200 rpm

GER, LBAEEE 800pm~1000rpm B, REBFHRE, HREF
BERE S0um~110pm 2Z (8], BRBEE, RELHE, RRBEF.
3.432 AURMEM B R ZHER

AR —HBREFEN, TREHRAORERS, AN FPEY
FAMREER, XFRMMEREREDR, EVERKRERMEEFEE, b
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BT URENHE R

REBEAR—EBEE, ﬁﬁﬁ*ﬁ?ﬁﬁﬁﬁ?ﬁﬁﬁ. EHAERERIEN S5 RE,

FAAEHXRETEFEHHIAMN, F2RABEHIILE. BLH 3-6
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Fig. 3-6 Particle size distribution of MCs by different emulsifiers

R FLALIET DL RE Bt sl R R BT RL R 4 A, 1B R A R ARG PLAL T R 2
- WLARREMAR. % 3-2 REARARN AR RN .

#3-2 FRALARBRERFNEW
Table 3-2 MCs prepared by different emulsifiers

REFEMAN REFREHER HLB {§ wE RERERE
(mol/L)
OP-10 EETF 11.5~14.4%9  0.0100 it F g, E
PR, %
(591
Span 80 EEF 43 0.0152 -
TRAEE, &
[59]
Tween 80 EEF 15.0 0.0012 T
_ S Rl
;%f%% HET 40 0.0192 ZMELRY
9, FH/MA

H & OP-10. Span 80 1 Tween 80 RIFFFREFMER, HEMALHA:
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BEF MEENSE R

csHl.,—Q—O—‘{CHzCHg-OtH

OP-10 #iK, (3-10)

O om

Span 80 £ (3-11)

OCH,CH, )—OH
w

x+y+z+w=20
OCHZCHZ);OH

HT—'( OCHZCHZ#OH
H,C—{ OcH,CH, %0—{:6—(@2);% =ﬁ-(cu3 -CH,

Tween 80 455, (-12)

TRERTRMRH (SDS) RMBTREGEEM, HeHA8.

CH;(CH:),OCH20803Na

SDS 4i# 3, (3-13)

OP-10 #1 Tween 80 ] HLB {548 K F 10, Ak O/W B 3#. BT Tween 80
NTHEKERZEESE 204, £ OP-10 4 FHIFME; FHt Tween 80 2+ FHM
MR EAT U B FRATHIAE S, FURAAKERT OP-10, BEMERE
F OP-10.

Span 80 f7 HLB {4 4.3, BFKEHEEMIMN, FFUEALIBIES
EKHRHNEZEF, R WO/W B, BT CAZEFE AL T B 2 BE o ) B R,
EESAE —HKE.

21 oh [ K BLK A Tween 80 A1 Span 80 AL BEN MR EREHFLE—
EREMESE, XEBTERAAAMAS FHIHEFESIRE, BARARERTT
MFEE, BNRATUESRARERERS, E€RHFIEHKRELAIILRS
THRARRENTHK, BHTRERMH—H.
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F=F MRENBERERE

TR BERRMAE KGR T EER, e ERNAKLER, TR
FaBeFORMKCENZRMEMIEFAT, TERSYABRENREE™,

FUARIMFI R BRER S Ew (LE 3-7), {8 OP-10 #I18H
HRETHEE, xE, AAANHAERD, ANKRBE.

37 ERTRRARSEOMRES: (2) £ Span 80: (b){EF Tween 80;
(c) {5H sDS: (&) {EA OP-10
Fig. 3-7 Optical morphology of MCs by different emulcifiers: (a} Span 80;
(b) Tween 80; (c) SDS; (d) OP-10

3433 AU AEN B RN EMER

3-8 RIMARFEAEKIAF OP-10 BT HIEX & BRER ML B
2. BETTUEHEEALAIRENSEM, MRENZHE R (B 3-9), Ko
MBELEE.

AR OP-10 B ikt IpREARF K ORALERA AR, Kl
ERRMHABRRE, RUEBIFEANEKAF, NiHEERHFIERERE,
ERTNEPANEIN L HREEAHERNAHE, NTESRTKNBRE. 5 OP-10
RN TR FBORR AN, BEERENSEN, HFEREERRENS T
#m, BREREKDEE KR D,
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F=H REAEERMEE

g7
wl A S _gemn g )
! -‘H“(‘) == (5} 0 2084M ;
Su- ‘\‘ g 150
gu- //\.\\ ? i 100
5 XS,
© 2] / X\,‘ o) w0
K T:,m;::bz P A S
B 3-8 ARILAIRENRRENMAN SR B39 RURETFIHHEN
RERI R R AL 2% FLACTIIR R B4 2%

Fig. 3-8 Particle size distribution at different Fig. 3-9 Mean particle size at different

emulsifier concentration emulsifier concentration

B 3-10 AR OP-10 A I BAKIEE -
(a) 0.2084molL ; (b) 0.0521 mol/L
Fig. 3-10 Optical morphology of MCs at different OP-10 concentration:
(a) 0.2084mol/L ; (b) 0.0521 mol/L

W (FF) OP-10 BIIRBEA T 0.2084mol/L B, KERAER. KREAHRE
EESHAERPORE, HERN, REBREKR, SREFNERR W
H5EhZ  EFAFRURBAEZEMG A, MRREREAR. B 3-10()
h R ARG E

43478 3-10(b)7T DUE HILILTFIKE D 0.05~0.12mol/L B, AR HBAE,
WL E AT 50um~100um 2 (6], Bifi[E%, REXE, BRRT.

344 BREBREANH N EHR

FERARY HEANERE FRTANBYN: IRMNBERRETY HE
B, R XS R RKE e F 8 kRS B2 7E R AR,
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B=F BREONERES

BB RIERBPEIRE, 8B RMERE A RN,

B 3-11 TDI 5=ZMEREBIINEBRAKREMAER: @BRE/IMEM ESEM BR; b)
REHEY ESEM BE; (OERN 40um KEBEHRZEHHABR, (QERN 100um ¥
BERNAFEMHRER.
Fig. 3-11 Morphologies of PU MCs: (a) ESEM of MCs profile; (b) ESEM of MCs cross section;
(c) Optical image of MCs cross section, diameter d = 40um; (d) Optical image of MCs cross

section, d = 100pum

Bk A MY RUEETRT N
va=Da S (Cao—~Ca)/da (3-14)

AT DA AR AT BRE: A ANTHEER; SHHFEER: Caok
Bk A EGRHETORE: Cah AERNXBFHIKE. FE, B4 B N7 80E
A RR AR T2,

REFAHELSHEN, B4 A FES RELREEARIEF AT
EH 584 B #ITRAREY. EARNT, MrFEIY=ZREDEEERT LA
BTK, A8 (BRZHE) FRET—EMEEE, AUNERERNE =LK
KA AT BAERBRERN SRR S YR KN R R 4
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B=H MREOBERERE

B ZZGNRAT R R B MBSk R E, VEER vy BK, BRBERESE
Bl RRAREEIR AT B RTRAOMKRY, BERFZHEN FREEES
o, Bey BoERED, EEEKER, BERNEREL, BEAEEM.

BN HRRAOMAEE, BE3-11, TLURH: (1) Fbl&ER%
BREREE, IREAREE (LB a) ¢ (2) ARTHLEER, 2EER
(B , TEHTEANEHAERERNER, BA TDI#—S 5T
ERMESMREH: Q) BRERMELNHE (Bed , XH—SHBET
BN BEERIEA, ANBRAFRIFOINE, TURE—EHNRE (B
c FEIKAL) 5 (4) BEEEW, BEW—, 4 15m (Bbd .

ERNERAAFARGT, REZEREXEREEVINAR. RER—#
EAANEHRENERMER, RNA&MR 2.3.3, MAE3E 4mL, K4 40mL,
TTLAE 3P TDI ZE b A PIR B 0.438moVl/L (0.0762g/mL), = Z.4% MRk 7E K MK
fE 0.5mol/L, RMERE 20C. &RME 3-12Fim. AFTLLEN, RERER
BEERN—KER, BHRIEL, TLRREN:

d=6+kD (3-15)
AFdRTER; DRTEKEER: tRENAY, M5B ERE. BHLUR
WEMNFTEAAX: S AEH, THEMNEIESIANRER.

[2005-12-15 0247 "Graph” (2453719
Linear Regreasion for Data1_B.
¥=A+B‘X

Paramsier  Vsius Emor

A 013817 0 08485
8 0.01538 000111

Wall thickness (um)
5

R 80 WM P

osaT2s 006388 T <0.0001

04 T ¥ LI M B | M T + LA Ll
20 30 4 S0 8 70 B0 80 100 110 120
Capsule diamater (im)

B 3-12 RRUREREESERAXR.
Fig. 3-12 Wall thickness of PU MCs with different diameters

BEFATARSORS, tTARRERHK 3-15. BT EA TDI 5=2Z
#oDURE R Yk 1010, $XBE/REL 2:1 KB, BNME TDI &8 E5RM, FENAIK
95%LA L, SATLLAGKATZZEMBERELFAE. B2 4-1, FHEEH
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B=E MRENGERMRE

KB TFHREECao - Co)» MHF HBIRMXFEFHEESRBERNE, W Ca<<
Caor Bk, ZERZERPRATATUNART BB ARIFEE. TEEEE 6a, BIK
BERTHEMIEES, RoARKY BERK, T, ¥FiHT, 2R
Wi 3 o= 0, FEHEL KREZEERAEEIEEM. EHEEE
R BN FRAME, NEHAREF TDI ERNTEE.
BRAEAHWRERSFTRESKERR, BEANEKY, WEH:

d=(D,-D,)/2 (3-16)
V,=nD} /6 ; S &5 V5!
V,=V,~V,=W/p | (3-18)

A v BUBE AR, mL; 3 EERHER, mL; 7 ERERHTBHER,
mL; D BHSHER, um; D EKEER, m; WEEREER.
WA A EHEFHA TDI 4 FE5— =BT (TETA) 2 FRM, £/
—ARREHRT (318 3-14), HELBRR)FE:
M=2M + My, (319

BERETE, BETETLURTH:
W =2zDJCoM /12 M (3-20)

AP Cp REVIMAAPRENIWRE, gml; p REMHHERE, ml/g.
#3220 AR 3-18 18 '
Vg =aDyCyM 12M 1, p (321
V¥, =aD} 6=V, ~V, =aDi(1-CoM[2M p, p)f6  (3:22)
BrbL,

D, = D(1-C,M[2M 1, o) (3-23)

R 323 AN 3-16, BE:
d=§-(1-C,M[2M 1, p)° 1D, /2 (3.24)

MR 315, B k={-1-C,M/2M,p) |2 (3-25)

37



F=F HRBENAGIERMERE

feA S, TDIRE N: Cp=0.0762¢/mL; BRAFEREH: p=1.05g/mL;
Mmi=174  Mea=146 HAR, 3-25, 8. k=0.01780, B} 4=0.01780D,, i
3-128%): 4=0.01538 D + 0.13617, kT NERITENLL L REYS, A
A L R AR MR SER AR SRS, M TFRAEEN R R E
ERERBELHXR.

HE 3-12 BT UES, ZERAGT. HRN o0um MHMKENTTEREA
B 1.54pm, BMEFRTF 90um KIABREMEBEEHELYELL. FERLIHR
£ TDI ViR ESMMELT, RABRABREEMNUKENEREMEEEX
—8, 41 TDI 3K % 0.0412g/mL i, ERATF 120um MR ES L BB KEE.

345 MR R FERRIE

—

2275 1544 g0

¥ T v ¥ M L v L4 ¥ L4
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm")

B 3-13 BRMAEG FTR B @RECORZE: ORRUTE
Fig. 3-13 FT-IR spectra of PU MCs: (a) tetrachloroethylene as oil core; (b) polyurea capsules

BRMBEN LS B BRI EE FTR) SHflE, LE
3.13. Mg 1224cm” BIREZE A N—H ZEH C—N BERSHKBESE.
1640cm™ RELEE P S EMBRRS, BEHRE C=0, 154cm™ £ N—H FHiH
C—N W RENHA -SRI, 1600cm™ BEF L N—HEH#Rs), 2275em’ FH—
B, R-N=C=0ZHAFXHBGHRNBEIE. 3200~3350cm™ K
AR S 4 R A R AR NH B4 iR sh BB, —ARiiF s NH ZH P mager
SR 3440~3600 cm”, T%E AT NH LSRR FEE 3300 cm™ £,
HILERBEFREHE NH Bdkg, JiRER A%+ NH £& LHRA T AR,
BT ARPEEERLAN NG 8, BE) C=0 LRREFHE I NH ERE
ERER=GIE, 0E 314 Fir, ZSHEREFEATHEH, ARLE
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FEE MBEANE MR

RERR C=0 MBI AMS, HLZR C=0 FTEHEME RN 1660 cm’
B 1640cm™ &b, EMKELEE (B 3-13b) P, REHANEZHEH C—Cl
fRiEeE, RIAREOH T,

E=ZHIUER, HRAUMEES TDI RMARR, BwE N LELH—4
HZA 5 TDI REMBRE, EETFRC=0 SRERE T E BT,
HBART LB TFEER TR, RESERK, —REREHEEA T LT,
TEAEVE RSO REENE. S=2FNEZEDSFOARAM A, BiT5WE s
FR TDI RN, ERMREHNEEY. WE 3-14 FIRPFEHER, Bi%FH
HAHE MM2 TR BB /ME, TR AN RS R B, LENTEFE
Ry RS EE R BERR SR

B 3-14 RRGHITH =R BRERY
Fig. 3-14 A schematic model of the hydrogen bonded PU structure

3.4.6 MG

ARF_FEREAZ2ENEHERRHRENEREME: UPEZRE
BB = Z 8 R A A AR, BAOP-105 3Lk, 800rpm T, P MATET
HE80um, B2 1.Sum, WERSMHST, BHANEE., 8. BH. HEH.
FRAGREFAM R AFARIEREFE=RLE. FARALEE
BE5ERHFEELRMEXR, EEANRSSEIRENRAFFHGE K.

35 R-BERE=ZANEHNENKR

351 RS RIE
FRAEHEORERERY, SEASWH, GHATI. B,
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F=F BRENEERMRE

ERUEEAR_EUN = ZH00E, UM ERNER, EREOHRE
.
R_ER=ZE IR M E TR 3-26 Fix:

H
2 HZN/\/N\/\H/\/NHz + OHC/\/\CHO

—_—

H H
H u__i/\/\gﬂ N\/\ /\/N Hg
oeC HZN/\/N\/\H/\/ Y H_NH ~ E

(326

1 i B | T 1 T L) T
+200 E D 2in 1500 L 08
Wartyr tmber pm )

M 3-15 ROBRHEZIBAKRGIIMER B I-16 R-ERHH=ZH NS TDI T8

P BRI ESEM BHE
Fig. 3-15 FT-IR spectra of glutaraldehyde Fig. 3-16 ESEM image of broken microcapsules
modified TETA. from modified TETA and TDI

NEFY—BIRE, BHRE-FTRERTRH. HasMER (B 3-15)
ALLE W, 7 1900~1600 cm™ XL AKRH RS, THBERET KV,
1670 cm™ % C=N M BRZIHE, 1650 cm™ % N—H B 4Rz#, 1280cm™ % O—
H EAEHRSE, 1120 cm™ 5 C—O R RsIE. BT LY PR IR
BEMNFERREHE.

FAZZENES FH—FR_BBN, ERKERNEFEKEN, AT
MR EGREESEM, £ 2um A4, LE3-16. BTFRAYPHREATEME,
mERK, BAVNEIHERLX, FFCMERR B =25 T4 & A
BEETHNBEENES. XEE 3-17 7 318, 82X -ERMHETHN=24
MEHE N HRETRERE, RENAEER, KERTERFIRME, MmN
B H=ZE R BNREGEERS, KEEZTLSIBKG, BEAE.
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=% ARENBIE RS

E3-17TDI SR -BEHN=ZHNER 3-18 TDI SR BH = Z 54 NI R R )8 8

R TIR FREAE S WRETRERERME |
Fig, 3-17 Ruptured PU MCs from glutaraldehyde Fig. 3-18 Ruptured PU MCs from
modified TETA unmodified TETA

ARG, HARENFKENREAR T RANRE, TRIEH, RAKR=
EUNN=ZR IS & MR RE KT BRI ERE S 4, AN H
i3 = 2,57 0 % ) & B TR BE7E 60 °CAH P D3 \h IR SE 47 , UKL B RE %

3.52 &

DI MER-BEEN=ZZANERNBINHRESHEE, KRR,
BENMEREEREL 2um, ZHRETREFSHE, BRE -EHIHERE.

3.6 PU-UF (RE-RESE NENKRESHE

3.6.1 REBSRIE

HENSHRET MR RENER, RAIMREEHTENEE.

. B-EXARCERH=ZANENENREMREN Y, BT RARE
% BAREHAE-EREME, THEEEEXNNEHRE. AFE
RREER, EREEET, RENERRERKES, BE T TROESY,
MR R BERRUKRESRE L, REE—PBKES, RAEXDF
ERREHEREY ARE_ERE. 4TI HAN FREYH TR
AH—, WHETHERETHIRE, FLENELZHRRESRE LERH R
B195, RENIBREEANAZRERBEEIDN, LBEEE, BREW
AWE3-1957R, RELEHAKE, HARMREHEGES. SRER TR
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W URENBIERAR

L, TRERZFFBEHRREURETE, RERLAROEANERETHT
( )W'i3-20),

e: ' A . %,
s ARLE: . ]
B 3-19 SARER BN IEBE: 320 WREATEBEHER,
) EJTIEE: 2
Fig. 3-19 PU-UF double layered MC Fig. 3-20 Manually fractured double

layered MC, with crack on the surface

321 EEREAENNEHEEEE
Fig. 3-21 Cross section of double layered MC,

with PU as inner layer and UF as outer layer

EEREMELE, HREREAIHEN, HEREFMER. 6E 3-21
ATUES ARRRERELN 2um, SEREBEEFZYN Sum.

X2 12 e R B 1 T M AR 4T SN U 3-22 B MBI P T LLE I PU-UF EM
BB BARTE 2275em™ R R RGBS RIS 1T e, X RAIREES FETE 1549 em™ I
1249 om™ fI N-H Wi, AR 3350 cm” BERT O-H Wdid. HEar gk
T PU-UF MEMKRBES M.
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B=F REAHERMEE

- t
1 2275 154:220/0' 1224

1544

Transmittance

{
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B 3-22 WEMKENAIER: () RBRAZRRE; (b) R,
) ER-BEHEHNEMER
Fig. 3-22 FT-IR spectra of double layered MCs: (a) PU single layered MCs;
(b) UF resin MCs; (c) PU-UF double layered MCs

3.6.2 &

Bl TDL 5=ZA ML A R R B AR, REVIRRER G, #IR
PU-UF REMKE, SHBHHRESEWENLIL, BRI, HHAR
EHFES AERREREAN 2um, SERBEEAN I~5um, LEHER
MG, GREATEUBROVNELE. EXKFPERURE, TREES
M. RABREAOVMIRA. WA AT,
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FNE MEELFRANHERER

FNE NERATEKOHERITE

4.1 B 5kh T 1Y Bl B RAE

41.1TiO2/PMMA BEESEFHHE

“EUBA B REE. TTHEREBRED. BRBIRAKEE. B TRHEH
Y, B—HEENEDRIKTRENME. BRREEAX (R4AEMMER
4.20), TEERIENTEE, ARIER, FOBTE_EHK LEERT
ENBRPERMEERLER, BRlrftt. PERERPE (M) EX5HR
RUSRTREGHERES (41, EHRFEAKRTE.

Szos' A 2'0803. ?H:\, 'il
M ++080;- MOS0y My = C|: CI;
’Mk +M—— Mk"'l o//C\OCHaH n

PMMA (41

FHEFERFRTE (PMMA) £ TIO: RARKESHTF. ZiIEN
ERANBECLIES. (1) HEREANE; T, XRETHELYR T, HAF
AEKSFREKER, mEEE BEEEIAFE-COOH, -OH ~%£F
REANESTT, —E£HT, ZREHREATUS TO, M FRAMNBER £
{EH, MERNBITFRENKFER—RFRES: (2) HHaEERNE
R T REEE#HH B, HABEMAF, 5IRAERSFRET LHEAR
M, —HEIHBER, RURAELEENEERT: (3) RKEREME
BRE; AENREEERNYN To ARUFHTRARMLRE, FHERAEHE
—FEHNRKE, URBATFERSVZEFEEM. '

FLREET FEAKE TR (PMA) €& Ti0, (165nm) HER, HRL 1 um
k%,

(1) 1. TR 70.9%HERREAE, B PMMA 7 270 CH 2 2R,
RAF IR T

(2) FERHETFEHE (ESEM) 47. NE 4-1 FTUUEH, RKetem
TiO, H#24Y 165am, R AL RAUE X BHAK. 210 PMMA B4, ki12H 165nm
WAR 10000m 24, WS, BRAVIICHRRE, REEE, FMSE
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FNFE MEELTRARNRERAR

®, LE42.

(3) sRmtE. B 0.1gTIO/PMMA A H B Sml N ZH P, BE 4 10min,
mA sml K, &#, HE lhr, KERFERH, HHREEN TIOPMMAFR
FF S AR R B K HE

(4) BEMSHBEE. B 0.1gTIO/PMMA 83 Sml U 25, A
1 # span80 fE5- &R, 4B 10min, 2000rpm T &L 10min, ] RELBHRAR
i, LEPEELE, PEHSEFBRE, BE 0 XKEEL, TLEHNTR
HRGH BN, BHATRNY, SHENRTERE Logom’ 55, A%T
& Z 4% H#E E 1.62g/cm’,

(5) Ett. BFRTFTREETSMEE, ENKZEFUHEA (4 10pm)
RARFE, BESEALTR, THERE, SRATHANSETEKT
ffER. BIRAAGTRIE.

[ 3L
T e | o)

4-1 $i24) 165nm ¥ TiO, R 42 $if243 1000 nm [ TIO/PMMA BT
Fig. 4-1 TiO, with diameter of 165n Fig. 4-2 TiO,/PMMA with diameter of 1000nm

¢L2m$ﬁumﬁﬂﬁ%m&ﬁ

Wy H 106, WM mAEE 106, FH%E515 C. 1. Pigment Yellow 3, %4
Kma-2) Fin. EPMEFARKREERN K, EEHHE, B 258C. BF
FB. AEAE, BRERARA, BREEREA, ERMM. KERNR
DELPHPEEREL. HEY 1. 59/cn’, TR HMERET, HatR

ﬂ}[sd]°
NO :
/@ 2 COCH, G
ci NN AN
i
0

C. I. Pigment Yellow 3
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FNE MRS FREKNHE R

BFHMEERMULRE TR FRKHMARERE, EXmLEREA. 2 XHA
WEYE, URBMREEERSHERRE SRR THREE.
RO R FARRER, BRAIFAMNLEE, WL 2000, BARATRER

. V' Spof Magn Dt WO
00K/ D0 1B000x BE 1T
h .-
g :

4 i . S - Tl

3 RY RN TERELBFORATER
Fig. 4-3 Micro-morphology of pulverized Hansa Yellow particles

4. 1. 3P ERFRIBIXIERE

ESBAHNEREL, NAZHELTREANERERE 232). BEMHEA
(1212 °C) \ BEBRAEXERE 1.62). AT (1.505), 1K (0.88 m Pa.S)E{L
A, BESENBKEFRNSHNR, FRXUNKZHESEEROHEERHIE
SR, BERE, XM TREERF, RXSUERNEZEA TR (4:1, [wirwt),
=159, 20 C), NMEEH (e=2.03), ¥E (y=0.885mPa.s) ¢,

BHEHFETRNEETASARM . EEMEAZFR, RN FETBH
BHENEGAT4EE, —BANEUTURER®, (1) SENEAIETS
B-ZEER, BEERETER; Q) YHRTHFEEATRREFANN, BN
EFHrA LR, BB EERNERNEFTHEE; (3 EXKERTESR
EERBOKEAR, FRATLUESRM H'E OHHE,: (4) EMMHEMNHT
FRARRE, Fhp MIE SRR R K £ B EEF AT EETFN— M HEHEAR—
#, EEFHEE, BRI,
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(a) (b) {c)

B 44 N RRASHB RS
Fig. 4-4 Electrostatic field inside and outside the capsule
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(4-6)

4. 2. 1 REENERFEARNER (1) (HERTFRER)

HRRBEEHENAGCEKE CRERRURES. EEREH T, X
HENT R ARTS, XHELEEL: BTC1010 S BAEmet, RES3N
FEGERFH ERR, KRR O THE KRN TR B 12 o f
BRYRREANES, w457, SN RGe, BTFRENETFRAME
RIZEH, HFRILLIFOEDR. hE4-6 TARBRTESREAN TS
Tk, WEAHIES), FAHAZ28S. ERETRETH FHARLEHE,
MAGEERELEE, T&T 10 K.

[} (Y] (e}

E4-5 BRETRMEETFHORER
Fig. 4-5 Model of the polarization of a pigment and its counter ions in an electrical field.
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Bl4-6 Ef 35 T B I MR (2) £=0; (b) E = 20V/mm; (¢) E=0; (d) £=-20 V/mm.
Fig. 4-6 Electrophoresis in MCs under DC electric field
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4.2.2 BEZREATEKAER (I (RENFUEER)
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TDI 5EBARIKRMN, ERENERSHE, BHRKkER.

+ + + + + + + + +

+ + + + + + ¥+ + +

E4-7 HREHTHBEKEEE: (a) £=0; () £E=30V/mm; (c) £E=-30 V/mm.
Fig. 4-7 Microcapsules under the electric field
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Applied voltage (£ 30 V) ~

Reversible movement of particdes

Optical response

E4-8 —M00 pmA R BES HEXREH T, ABRTFRKkHREE.
HIFREE= 30 V/mm, %] Hz.
Fig. 4-8 Schematic presentation of optical response of particles in a typical microcapsule of
approximately 100 pm in diameter, under a square wave AC electric field
with £= +30 V/mm and at frequency of ! Hz
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4.2.3 UF/WF FERKRRABBTFEK (ID (FEEpNTEEHR)
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(a) (b) ()
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Fig. 4-9 MCs containing electrophoretic particles in different concentration
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B 4-10 HFf 5T A Bk E 4-11 UFMF B &M RS
(a) £ = 0; (b) £=30V/mm; (c) £ =-30'V/mm. Fig. 4-11 Cross section of UF/MF MCs

Fig. 4-10 Microcapsules under the electric field
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