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a b s t r a c t

The use of Isopar M as a liquid suspending fluid for electrophoretic display was studied. The dispersion 
stability and chargeability of pigments suspended in Isopar M were investigated. Polyisobutylene mono- 
succin imide (T-151) as the charge control additive in Isopar M electrophoretic fluid can provide a good 
electrophoretic mobility to the particles . The wall materials of a series of blue–white, red–white and yel- 
low–white dual-particle microcapsules were prepared by in situ polymerization of urea and formalde- 
hyde. The mass ratio of wall/core material was a key fa ctor in influencing the yield of microcapsul es. 
The concentration of resorcinol has an impact on the surface morphology and mechanical strength of 
microcap sule wall. Microcapsule s’ surface morphologies were characterized by optical microscopy and 
scanning electron microscopy. The performance of the microcapsul es with different binder materials 
and adhesive layers were investigat ed. Contrast ratio of microcapsules display device were tested every 
10 days for a period of 90 days. The comp atibility of Isopar M with both the electrophoretic particles and 
bounding capsule was studied. 

� 2013 Elsevier B.V. All rights reserved. 

1. Introduction 

Electrophor etic displays (EPDs), especially microencap sulated 
electrophor etic displays (MC-EPDs) have been a research focus 
both in academic study and in industry due to their merits of good 
brightness and contrast, wide viewing angles, state bistability and 
low power consump tion [1,2]. Presently, white–black e-book has 
been successfully commercialized while colorful electrophoretic 
display devices based on MC-EPD have not been realized for prac- 
tical application due to the technical matters. Therefore, the color- 
ful MC-EPDs will become the next major research work. 

Suspending fluid was used to disperse the electrophoretic parti- 
cles, and it can be chosen based on concerns of chemical inertness, 
low toxicity and environmental impact, as well as its chemical com- 
patibility with both the electroph oretic particle and bounding cap- 
sule. Additionally, the fluid encapsulated with polymeric materials 
also can be chosen to have a poor solubility to some polymers, 
which was helpful in dispersing polymer particles [3]. Organic sol- 
vents, such as paraffin oils [4], cyclohexane [5], tetrachloroeth ylene 
[6–9] are commonly used as suspending medium. The suspending 
fluid could be a single solvent. It also can contain a blend of solvents 
such as hydrocarbon Oil 0.8 mixed with Isopar G [10] or cyclohex- 
ane mixed with tetrachloroeth ylene [11]. Presently, tetrachloroeth -
ylene was more commonly used as dispersion medium in the 
research. However, tetrachloroeth ylene was toxic. It also has a good 

solubility to polymers resulting in a bad compatibility with electro- 
phoretic particles and bounding capsule. In our study, we adopted 
Isopar M as dispersion medium. Isoparaffin may particularly suit- 
ably be used due to its good dispersib ility for electroph oretic parti- 
cles, good compatibilit y with electrophor etic particles and 
bounding capsule, inexpensivene ss and low toxicity to human body 
[3].

Generally, the EPD device with a high contrast ratio is our goal. It 
was reported that for the dual-particle system, the red–white con- 
trast ratio of simple EPD device and MC-EPD device reached 1.65 
and 1.38, respectively [12]. In our studies, for a simple EPD device, 
the contrast ratio of 2.92, 2.72 and 1.33 was realized for blue–white, 
red–white and yellow–white electrophoretic fluid, respectively . For 
a MC-EPD device, the contrast ratio reached 1.86, 1.62 and 1.30 for 
blue–white, red–white and yellow–white electrophor etic fluid,
respectivel y. 

It is known that microcaps ules for EPD can be prepared by com- 
plex coacerva tion [13–16], interfacial polymerizat ion [11,17] and
in situ polymerizat ion [18–21]. In this paper, in situ polymeriza- 
tion method by using urea–formaldehyde resin was employed to 
prepare microcapsules . The microcapsul es prepared for EPD by 
using this method are featured with regular spherical shape, 
smooth surface and a narrow size distribution. The microcapsul es 
contain dual-particle electronphoreti c fluid system including 
red–white, blue–white and yellow–white particles. In order to im- 
prove the dispersion stability and chargeability of the particles in 
the electrophor etic fluid, charge control agent and stabilizing agent 
were also added. 
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2. Experimental 

2.1. Materials 

Isopar M was purchased from Huishuo Chemical s Co. Ltd. 
(Shanghai, China). Pigment Blue 15, Pigment Red 48:2 and Pigment 
Yellow 13 were purchased from Clariant Tianjin Co. Ltd. (Tianjin,
China). Gelatin, resorcinol, urea, formaldehyde, ammonium chlo- 
ride, sodium dodecyl sulphate , anhydrosorbitol ester of oleic acid, 
polyvinyl pyrrolidinon e (PVP K90 MW 1300,000 ) and polyvinyl 
alcohol (PVA MW 77,000) were obtained from Guangfu Chemicals 
Co. Ltd (Tianjin, China). Hyperdispersa nts CH-5 and CH-11B were 
obtained from Sanzheng Polymer Co. Ltd. (Shanghai, China). Poly- 
isobutylene monosuccini mide was purchased from South Oil Addi- 
tive Co. Ltd. (Wuxi, China). Polyurethane (PU MW 5000) was 
purchased from Nanhua leather chemical Co. Ltd. 

2.2. Preparation of red electrophoretic fluid

The red particles in this electrophoretic fluid were modified
P.R.48:2 particles . The structure of P.R.48:2 were shown in Fig. 1,
and the pigment particles were coated by PE through a sedimenta- 
tion procedure. The morphology of modified red particles was reg- 
ular and the size distribution was even. 

To 100 mL sample bottle, 10 mL Isopar M as dispersion medium, 
0.35 g P.R.48:2/PE as red electrophoretic particles, 0.10 g hyperdis- 
persant CH-5 as stabilizer, 0.12 g polyisobuty lene monosuccinim ide 
(T-151) and 0.05 g anhydrosorbi tol ester of oleic acid (span85) as 
emulsifier [22], were added. The resultant mixture was milled by 
the method of ball milling. It was milled for 48 h with 50 g ZrO 2 bead
as milling medium at a stirring speed of 2000 rpm. The red electro- 
phoretic fluid was then obtained. 

2.3. Preparation of blue electrophoretic fluid

The blue particles in this electroph oretic fluid were modified
P.B.15 particles. The structure of P.B.15 was shown in Fig. 1. The 
pigment particles were recrystallized by acid-leaching method 
and then coated by polymethyl methacrylat e (PMMA) through dis- 
persion polymerizat ion [23]. The modified blue particles have good 
dispersion stability and the size distribut ion was even. 

The blue electrophor etic fluid was obtained by the above de- 
scribed procedure for preparation of red electroph oretic fluid,
and was made up of 10 mL Isopar M, 0.35 g Pigment Blue 15 
(P.B.15)/PMMA, 0.1 g assistant-hy perdispersa nt CH-11B, 0.10 g
hyperdisper sant CH-5, and 0.15 g T151 as charge control additive. 

2.4. Preparatio n of yellow electrophore tic fluid

The yellow particles in this fluid were modified P.Y.13 particles. 
The structure of P.Y.13 was shown in Fig. 1, and the pigment par- 
ticles were encapsulated by polystyrene (PS) through a miniemul- 
sion polymerizat ion procedure. The morphology of modified
yellow particles was spherical and the size distribution was 
narrow.

The yellow electrophor etic fluid was obtained by the above de- 
scribed procedure for the preparation of red electrophor etic fluid,
and was made up of 10 mL Isopar M 0.35 g P.Y.13/PS particles, 
0.15 g T151, 0.10 g CH-5 and 0.05 g span85. 

2.5. Preparatio n of white electroph oretic fluid

The white particles in this electrophoretic fluid were modified
TiO2 particles. TiO 2 was grafted by KH570, and then coated by 
PMMA through a dispersio n polymerization method [24].

The white electrophor etic fluid was obtained by the above de- 
scribed procedure for the preparation of red electrophor etic fluid,
and was made up of 10 mL Isopar M, 2 g TiO 2/KH-570/PM MA white 
particles , 0.15 g CH-5, 0.10 g T151, 0.25 g span85. 

2.6. Preparatio n of dual-parti cle electrophore tic fluid systems 

Blue–white, red–white and yellow–white electrophoretic slur- 
ries were made by first mixing two kinds of electroph oretic fluid
with volume ratio of blue/white, red/whit e and yellow/whit e at 
1/6, 1/8and 1/3, respectivel y. The mixture was then dispersed by 
ultrasonic for 0.5 h to obtain a good dispersion state. 

2.7. Preparatio n of urea–formaldehyde resin microcap sules 

Microcap sules were prepared by in situ polymerization of urea 
and formaldehyde as the wall materials . 10 g urea, 1.5 g ammo- 
nium chloride, 2 g gelatin and different concentrations of resor- 
cinol in 250 mL deionised water were adjusted to a pH of about 
3.5 with aqueous hydrochloric acid (0.01 mol/L). 0.07 g sodium 
dodecyl sulphate (SDS) as emulsifier was added to the above solu- 
tion. The resultant mixture was poured into a 500 mL flask. 3 g, 4 g, 
5 g, 6 g and 7 g of dual-particle color electroph oretic fluid was 
added into flask respectively , and then the mixture was stirred at 
rate of 600 rpm for 5 min. The mixture was then stirred at rate of 
350 rpm, and 25 g formaldehyd e (37% aqueous solution) was 
dripped into the flask. The reaction was continued for another 
2 h at 55 �C. The 40–70 lm microcaps ules were obtained by wash- 
ing with deionised water and sieving with molecular sieve. 
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Fig. 1. Chemical structures of pigment and dispersant materials. 
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