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Interparticle Force of Resin Particles and Rheological Properties in
Aqueous Suspensions with/without Associating Polymers

Horicome Misao

The rheological properties of aqueous suspensions and rheometry for viscoelastic measurements over
a wide range of frequencies were investigated. The raised cosine pulse method for the measurements
was improved by using a rectangular pulse strain including high-frequency Fourier components. For
further extension of the frequency range, a new rheometer was also developed on the basis of the
surface loading method. These methods as well as a conventional dynamic method were utilized to
determine the rheological properties of aqueous solutions of an end-associating polymer (suspending
media for resin particles). The relaxation behavior of these solutions was in good agreement with the
predictions of the Tanaka theory for transient networks. Aqueous suspensions of poly(acryl-co-
styrene)(AS) particles with a radius a,=45 nm showed linear viscoelastic relaxation behavior, and the
time-volume fraction superposition was found to be valid. In the linear regime, the AS particles
behaved as Brownian hard particles having an effective radius of ax = a + & with & being the
thickness of the electric double layer, and the dependence of their zero-shear viscosity n, on an
effective volume fraction @« (= {a« /a,}’@ ) agreed with the dependence ofn, of ideal silica suspensions
on the bare volume fraction @. In the range of Qe <@ (Qn; random close packing volume fraction), n,
was well described by the Brady theory for Brownian particles. In the range of @« > 0.6, a repulsive
force due to overlapping electric double layers also contributed to the viscoelastic behavior of the AS
suspensions. In aqueous suspensions of polystyrene (PS) particles, flocculation and sedimentation of
PS particles occurred on addition of a small amount of the associating polymer. Analysis of the
polymer conformation at the particle surface suggested that the polymers formed interparticle
bridges thereby inducing flocculation and sedimentation.
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Fig.1 Frequency dependence of normalized
Fourier transform of rectangular pulse (RAP)
and raised cosine pulse (RCP). Inserts indicate
waveforms of RAP and RCP.
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Fig.4 Dependence of storage modulus, loss modulus,
and absolute value of complex viscosity of a 10 wt%
polystyrene (Mw = 430,000) solution in diethylphthalate
on angular frequency. Filled symbols are results from
conventional method and filled symbols are from
mechanical impedance analysis.
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Fig.5 Plots of the n./n. data of the aqueous
suspensions at 2500  against the effective volume
fraction @er (filled symbols). For comparison, the N o f w
vs. @ plots (unfilled symbols) are shown for the hard
core silica suspensions®®*?,
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Characterization of Synthetic Resins by MALDI-TOFMS
KosavasHi Tsuneo, Nakamura Masahiro, UcHiva Yuuki and YosHipa Satoshi

This paper describes the outline of the Matrix -Assisted Laser Desorption/lonization Time of Flight
Mass Spectrometry(MALDI-TOFMS) method and the analytical utility of MALDI-TOFMS for the
structural characterization of synthetic resins. The advantages and limitations of MALDI-TOFMS
are discussed through the experimental results for typical synthetic resins by the comparison with
other analytical methods. MALDI-TOFMS is one of the effective analytical methods for the

structural characterization of synthetic resins.
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Pigment Dispersion for Pigmented Ink-Jet Ink

Yasul Kengo

For the preparation of pigment dispersions used for Ink-Jet inks, the organic pigments are to be
dispersed in water in sub-micrometer size. In addition, the inks have to be as low in viscosity as
water and have supreme dispersion stability that maintains the initial dispersion status for some
years. To achieve these characteristics, we have to develop new technologies for pigment dispersion.
We found the importance of using fine particle pigments with excellent dispersibility and of
dispersing them under mild conditions. The use of such fine particle pigments can shorten the
dispersion time, and as a result, the abrasion of the materials employed, i.e., dispersion media,
dispersion apparatus, and the surface of the pigment particles, are controlled. The reduction of the
abrasion of pigment particles improves the storage stability remarkably. We propose the micro-
encapsulation technology. The pigment dispersions prepared by this technology are excellent in
dispersibility and dispersion stability. In addition, these dispersions show excellent tolerance to
many kinds of water-soluble organic solvents, which leads to reduction of the restrictions on ink
formulation. Ink-Jet inks prepared with the dispersions of micro-encapsulated pigments have

excellent fixation ability on printing media.
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0000000 C.1.Pigment Blue 15:3
0000000C.1.Pigment Red 122
0000000 C.1.Pigment Yellow 74

Table 1 Pigments for Ink Jet Printing Ink

Color Pigment

Black Carbon Black

Cyan Copper Phthalocyanine (C.1.Pigment Blue 15:3,
C.1.Pigment Blue 15:4)
Aluminum Phthalocyanine

Magenta Dimethyl quinacridone (C.l.Pigment Red 122)
Quinacridone (C.I1.Pigment Violet 19)

Yellow  Monoazo (C.1.Pigment Yellow 74)
Disazo (C.I.Pigment Yellow 16, C.1.Pigment Yellow 128)
Isoindolinone (C.l.Pigment Yellow 109)
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Table 2 Dispersing Agent for Ink Jet Printing System

Classification Example Reference
Anion Type
Carboxylate Polyacrylate 4)
Polystylene-Acrylate
Sulfonate Polyoxysulfonium salt 5)
Sodium N-methyl-N-oleoyltaurate
Dodecyl benzene sulfonate
Phosphate Polyoxyphosphonium salt 6)
Cation Type
Primary to Cationic Resin 7)
Tertiary amine
Non-ionic Type
Polyoxyethylene Polyoxyethylenealkyl ether 8)
Polyoxyethylenealkyl aryl ether
Acetyleneglycol
Polyoxyethyleneglycolester copolymer
Amide Polyoxyethylenealipatic amide 9)
Saccharide Polysaccharide 10)
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Analysis of the Degree of Pigment Aggregation by Gas Adsorption Measurement
—The influence of the degree of pigment aggregation on the dispersibility —

Asapa Masahiko and Horicome Misao

We studied the adsorption properties of several organic vapors on copper phthalocyanine pigments
in order to evaluate the degree of aggregation. Hysteresis was observed in the adsorption-desorption
isotherm caused by the penetration of gases into the micropores and the region of the aggregate. The
bulkiest gas, 2,2,3-trimethylbutane, showed no hysteresis. The degree of aggregation was evaluated
by the difference in penetrating ability of the organic gases. The relationship between the
penetrability of the gases into aggregated pigments and their dispersibility in inks was investigated.
The dispersing rate of pigments at the initial stage increased with the increasing penetrability of
toluene. These inks we used included a vehicle with aromatic solvents. Therefore, this analytical
method was expected to predict the dispersibility of other dispersing systems by measurement of the

adsorption of organic gases used in the systems.
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Table 1 Crystal Lattice Structure of Pigments

Pigment Crystal lattice
a a -form
1 B -form
B2 B -form
B3 B -form
B4 B -form
B5 B -form
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Fig.1 TEM photographs of copper phthalocyanine

blue pigments.
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Table 2 Cross-sectional Areas of Gas Molecules™

Gas Cross-sectional Areas (nm?)
Nitrogen 0.162
Hexane 0.562
Toluene 0.552
2,2,3-Trimethylbutane 0.590
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Design and Properties of New Fluorinated Liquid Crystals of Fused Ring

Systems for Active Matrix LCD

TakaTtsu Haruyoshi, TakeHara Sadao, TakeucH Kiyofumi and IwasHita Yoshinori

The thermal and physical properties of several new classes of fluorinated liquid crystals of
fused ring systems are discussed. The fluorinated phenyldecahydro- naphthalenes have low
birefringence  and relatively  high  clearing  points. The  pentafluorinated
tetrahydronaphthalene has large dielectric anisotropy with relatively low birefringence. The
naphthalenes with four fluoro-groups, including 1-fluoro-group for the naphthalene ring,
have large dielectric anisotropy, large birefringence and low visco-elastic ratio which leads to
quick response time in a twisted nematic liquid crystal display (TN-LCD). The introduction
of 1-fluoro-group to the naphthalene ring and of 5-fluoro-group to the tetrahydronaphthalene

ring increases the dielectric anisotropy drastically and does not decrease the N-I transition

temperature.

1 Introduction
The liquid crystals with a variety of birefringence,
a wide temperature range nematic phase, large
dielectric anisotropy and low viscosity are required
for an active matrix LCD for cellular phones, PDA,
note PC or LCD-TV of next generation. We
developed and presented new fluorinated liquid
crystal materials of fused ring systems.*®) In this
paper, the relation of the properties and the
fluorinated
decahydronaphthalenes ( 1, 2, 3 ), the
tetrahydronaphthalenes-A (4, 5, 6, 7)), the
tetrahydro-naphthalenes-B (8, 9 ), the
naphthalenes-A ( 10, 11, 12, 13 ) and the
naphthalenes-B ( 14, 15 ), shown in Fig. 1, are

chemical structures for the

discussed. These LC components have a variety of
physical properties and high potentiality to
improve the characteristics of liquid crystal
mixtures in order to achieve a future highly
advanced LCD.

2 Experimental
2.1 Preparation of materials

The decahydronaphthalenes ( 1, 2, 3 ) were
prepared from 6-alkyldecahydro- naphthalene-2-on
obtained by stereo-selective reduction of 6-
propylnaphthene-2-ol and followed by oxidation.
The tetrahydronaphthalenes-A ( 4, 5, 6, 7 )or-B

( 8, 9 ) were synthesized by the regio-selective
reduction of the corresponding fluoro-
naphthalenes. The naphthalenes-A ( 10, 11, 12, 13)
were synthesized by Suzuki-coupling reaction of the
corresponding triflate and the phenyl boronic acid.
The introduction of a fluoro-group at 1-position of
naphthalene ring were achieved by the electrophilic
fluorination of the 6-substituted 2-naphthol. The
naphthalenes-B ( 14, 15 ) with a naphthalene ring
at the end of mesogen moiety were prepared from
4-propylcyclohexanon or 4-propylbicyclohexanon

and 1-2-difluoro-6-bromonaphthlene.

2.2 Measurements

Table 1 shows the transition temperatures and
the physical properties of the LC components of the
fused ring systems. We prepared the liquid crystal
mixtures including 20 wt% of each single
component in an LC host. The nematic-to-isotropic
(N-1) transition temperatures with * marks were
determined from the values of the mixtures by
extrapolation. The birefringence An and the
dielectric anisotropy As were measured at 250 and
the value of each LC component was also
determined by extrapolation. The bulk viscosity
was measured at 2000 . The visco-elastic ratio y. /
ku, which relates to the response time, was
determined from the decay response time at 250 .

Copyright 2001 Society of Photo-Optical Instrumentation Engineers. This paper was published in Proc. SPIE, 4463, 93(2001) and is made available as an electronic reprint
with permission of SPIE. One print or electronic copy may be made for personal use only. Systematic or multiple reproduction, distribution to multiple locations via
electronic or other means, duplication of any material in this paper for a fee or for commercial purposes, or modification of the content of the paper are prohibited.
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Fig. 1 Chemical structures of fluorinated liquid crystal components of fused ring systems.
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Table 1 Properties of Liquid Crystal Components of Fused Ring Systems

Transition temp. (O) An*
C N |

re * n Y1 | ku
(mPals) (10° m?0s)

(Decahydronaphthalenes)

1 0 46 (0 -8*) [ 0.059 5.4 20 4.6

2 0 45 (0-33*) O 0.051 8.9 21 5.3

3 0 68 0191 O 0.085 5.6 27 6.2
(Tetrahydronaphthalenes-A)

4 0 32 (0-62*) 1O 0.100 12.1 25 6.7

5 0 35 (0-63*) O 0.092 20.1 25 6.8

6 0 46 (0-90*) O 0.084 27.9 28 7.5

7 O 76 0136 0 0.140 21.0 32 7.5
(Tetrahydronaphthalenes-B)

8 0 35 (020*%) O 0.067 7.1 23 5.7

9 0 49 (0-6*) 0 0.057 10.5 23 8.0
(Naphthalenes-A)

10 O 50 (0-43*) 1O 0.187 10.7 22 7.3

11 [ 38 (0-30*) O 0.172 23.6 23 5.9

12 [ 95 [0154 0 0.207 11.4 32 8.0

13 O 93 0157 0 0.200 23.0 30 7.4
(Naphthalenes-B)

14 0 49 (023*) O 0.121 7.8 22 5.8

15 O 113 228 0 0.140 7.5 29 6.9
(Host LC)

0 11 0117 0 0.09 4.8 20 4.9

A n*: birefringence at 2500 obtained by extrapolation

Ae *: dielectric anisotropy at 250 obtained by extrapolation
n : bulk viscosity at 200 (20 wt% in a host LC)

y 1/ ka1 : visco-elastic ratio at 25 0 (20 wt% in a host LC)

3 Results and discussions
3.1 Nematic-to-isotropic (N-1) transition
temperatures

For the LC components of Formula I, the thermal
stability of nematic phases (N-1 transition
temperatures) of the fused ring systems are

DIC Technical Review No.8 / 2002

between those of the cyclohexane ring system
(-1220) and the bicyclohexane ring system (650 ).
The N-I transition temperature (-330) of the
decahydronaphthalene 2 is 100 and 290 higher
than those of the naphthalene 10 (-430 ) and the
tetrahydronaphthalen 4 (-620 ). For the fused ring
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systems of Formula |IlI, the N-lI transition
temperature (1910) of the decahydronaphthalene 3
is also higher than that of the naphthalene 12
(1540 ), and the N-I transition temperature of the
fluoronaphthalene 13 (1570) is also higher than
that of the fluorotetrahydronaphthalene 7 (1360 ).
In case of Formula Il1, having the fused ring at the
terminal in an LC core, the N-lI transition
temperatures of the difluoronaphthalene 14 (230 )
and the diflluoro-tetrahydronaphthalene 8 (200 )
are similar.

Formulall :
F

n-C3H7— X‘@‘F

F
X:
—< — << %_< < %<< —O—O—
(-122C) (-627) (-43C) (-3307) (65C)
4 10 2

Formula ll :

F
n-C3H7—<:>— X@—F
F

(154C) (191C) (136T) (157C)
12 3 7 13
Formula Il :

n-C3H7—<:>—X

(20C) (23C)
8 14

Comparing with the component 4 and the
component 5 for the tetrahydronaphthalenes of
Formula 1, the introduction of fluoro-group at 5-
position does not decrease the N-l transition
temperature. The introduction of fluoro-group at 7-
position, however, decreases 270 of the N-I
transition temperature, comparing the component 5
and the component 6.

36

Formula |
X:
F F
< d < < b ~ < 2@
F
(-90°0) (-637C) ( -62°C)
6 5 4

The introduction of fluoro-group at 1-position for
the naphthalene of Formula | increases the N-I
transition temperature from -430 of the component
10 to -300 of the component 11, while the increase
for Formula Il compounds are only 30 from 1540
of the component 12 to 1570 of the component 13.

Formula | Formula Il
X: X:
F F
Qo- - Qo--
(-43C) (-30C) (154C) 157C)
10 b 12 13

3.2 Birefringence

The birefringence A n increases with the increase
of 1t -electron conjugation in an LC molecule. The
decahydronaphthalene 2 has 0.051 of the lowest An
in the fused ring system of Formula | because
decahydronaphthalene ring has no 1 -electron
conjugation. The tetrahydronaphthalene 4 has
0.1000f moderate An and naphthalene 10 has 0.187
of high An due to the 1t -electron conjugation of the
fused ring system. The introduction of fluoro-group
to tetrahydronaphthalene ring of Formula |
decreases An slightly, and the An of the
difluorotetrahydronaphthalene 6 decreases to 0.084.

Formula |
X:
~ b < < @ < ©@
(0.051) (0.100) (0.187)
2 4 10
X:
F F Q
< @ < < b <
E
(0.084) (0.092) (0.100)
6 5 4
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3.3 Dielectric anisotropy

The electron attractive group with the dipole
moment of the parallel to the molecular axis
increases the dielectric anisotropy As of the LC
component. The introduction of 5-fluoro-group to
the tetrahydro-naphthalene 4 in formula |
increases the As from 12.1 to 20.1 of the component
5, and the introduction of 5,7-difluoro-groups
increases to 27.9 of the component 6. The
introduction of 1-fluoro-group to the naphthalene
10 increases the As¢  from 10.7 to 23.6 of the
component 11. The increase degree by the
introduction of a fluoro-group for the naphthalene
ring is larger than that for the tetrahydronaphthalene
ring because of the difference of 1 -electron
conjugation of the fused ring system. The
introduction of 1-fluoro-group to the naphthalene
12 for formula Il also increases the A¢ from 11.4 to
23.0 of the component 13.

Formula |

F F

— C < —< >\:/< < — >\:<<
F
(12.1) (20.1) (27.9)
4 3 [

Formula | Formula Il
X: X
(107) (236) (114) (230)

3.4 Bulk viscosity and visco-elastic ratio
The decahydronaphthlenes 1 and 2 of two ring
systems have low bulk viscosity and small values of
visco-elastic ratio y: / ku. The tetrahydronaphthlene
8 and the naphthlene 14 with a fused ring at the
end of mesogen moiety have small values of y:1/ ki,
leading to quick response time of an LCD, in spit of
having not so low bulk viscosity. The 1-fluoro-
naphthalene 11 with four fluoro-groups and 23.6 of
large Ae , required for low driving voltage, has a
small value of y ./ ku because of the large elastic

DIC Technical Review No.8 / 2002

constant of splay.

4 Conclusion

The thermal and physical properties of some
series of LC components of fused ring systems with
a variety of An and As are compared and discussed.
The fluorinated phenyldecahydronaphthalenes
have low birefringence and relatively high clearing
points. The pentafluorinated tetrahydro-
naphthalene has large dielectric anisotropy with
relatively low birefringence. The introduction of 1-
fluoro-group to the naphthalene ring and of 5-
fluoro-group to the tetrahydronaphthlene ring
increases the dielectric anisotropy drastically.

Permission for modification of Reprint, courtesy
SPIE.?
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Applications of New Fluorinated Liquid Crystals of Fused Ring Systems for

Active Matrix LCD

IwasHITA Yoshinori, Umezu Yasuo, TakeucHl Kiyofumi and Takatsu Haruyoshi

We have prepared new series of liquid crystals of fused ring systems. By using the advanced LC
materials, we have achieved LC mixtures having low birefringence for a reflective Active-Matrix
(AM) LCD and showing 10 ms of very quick response for AM-LCD-TV.

1 Introduction

The highly advanced LC materials of low
birefringence are required for a reflective active-
matrix LCD, which is expected as a key for cellular
phones or PDA of next generation. Moreover, the
LC materials, which can achieve one-frame time of
60 Hz (16.7 ms) of response time for active-matrix
TN-LCD, is also required for LCD-TV.

We developed and presented new fluorinated LC
materials of fused ring systems;
decahydronaphthalenes, tetrahydronaphthalenes
and naphthalenes.*® These components have a
variety of physical properties and high potentiality
to improve characteristics of LC mixtures for a
future sophisticated LCD.

In order to achieve LC mixtures for a reflective
LCD and LCD-TV, we have prepared some LC
mixtures by using the fluorinated LC components
of fused ring systems.”

2 Fused Ring Components
2.1 Characteristics of fused ring
components

We have developed liquid crystal components
with fused ring structure as a mesogen moiety
shown in Fig. 1.

Decahydronaphthalenes have low birefringence
(An) and small dielectric anisotropy (A¢ ).
Tetrahydronaphthalenes and Naphthalenes with
many substitution points have both large As . From
the  difference of 1  conjugate length,

: : F .@ F
® (D]
Decahydronaphthalenes  Tetrahydronaphthalenes ~ Naphthalenes

Fig. 1 Fused ring components.
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Tetrahydronaphthalenes have moderate An. On the
other hand, Naphthalenes have high An.

2.2 Relationship between A¢ and A n of
fused ring components

Fig. 2 shows the relationship between A and An
of fused ring components and low viscosity
components. In general, Decahydronaphthalenes
have small A¢ and low A n. Naphthalenes have
large As and high A n. These behaviors, such as a
linking with A n and A¢ don't attribute the only
fused ring components. However, some of
Tetrahydronaphthalenes indicate unique
relationship between Ae¢ and A n, e.g., large A¢
with comparatively low A n. We have already
developed the low viscosity components and Tolans
having low A n with very small Ae and high 4 n,
respectively. Consequently, we expected that the
LC mixtures including these five series of LC
systems should cover very wide range of Az and An.

2.3 Co-solubility of fused ring components

Table 1 shows transition temperature of LC
mixtures. LC mixtures MF1 and MF2 containing
fused ring components have wide temperature
range of nematic phase. On the other hand, LC
mixtures MC1 and MC2 consist of conventional LC
components has unstable nematic phase at low
temperature. The rotating axes of fused ring

25
- A
=
§ 20 A A L4 °
§- 15— A A ° O Decahydronaphthalenes
E 0_ . LA 4 o Naphthalenes
< ° A Tetrahydronaphthalenes
3 5 syl o Low viscosity components
0 | [ | | + Host LC
0 005 01 015 02 025
An (extrapolated)

Fig. 2 Relationship between Ae vs. An for fused
ring components.
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component deviate from combination position of
each mesogenic unit. The order of the LC mixtures
with fused ring components was decreased and the
viscosity became larger than that with conventional
LC components. However, the co-solubility of fused
ring components is better than conventional LC
components with high linearity rotation axes.
Therefore, by using fused ring components, the LC
mixtures containing large amount of low viscosity
LC components or Tolans can be obtained.

The fused ring LC components have large value of
y 1/ki, however, the fused ring components have
large Ac and high Tw. A decreasing in viscosity and
response time can be realized by a combination of
fused ring components and LC components with
low viscosity. The fused ring components also have a
variety of An, therefore LC mixtures for TFT-LCD
with a variety of An and sufficient viscosity can be
prepared.

Table 1 Temperature Range of Nematic Phase for
LC Mixtures

Components MC1 MC2 MF1 MF2
F
wOLOor - -
F
n-C;H, O{k}_@}_ F . _ 25% _
F
n-C3H, O—@@ . - - - 40%
nCyty } F - - - 40%
F

F
n-C3H Q@‘@@ . - - - 20%

F F

F

wcat, (<O 2% - ; ;
F

ncstty { y-O-C) ¥ - 2% - -
F

ncty X Y- OO ¥ - 5% - -

F

F
ncy < )-O-O) - 50% ; ;

F

/<O~ ey 25% - 25% .
FO-O-Orem % - 2% -

Ta[C1 1059 458 1367 809
T_n[C] +30 +7 -10 -39

25% - - -
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3 LC Mixtures for AM-LCD
3.1 Liquid crystal mixtures for reflective
LCD

The LC mixtures with low A n and low driving
voltage for reflective LCD require a LC component
with large A and low A n, simultaneously. Most
LC components with large As are able to reduce
voltage-holding-ratio (VHR) of LC mixtures. Using
ester components is a conventional method to
improve the stability of nematic phase at low
temperature and to reduce An for LC mixtures.
However, the ester components are also able to
reduce VHR.

In the case of AM-LCD, LC materials are
required very high VHR to obtain fine picture
without flickering. Table 2 shows the VHR of T1, a
conventional TFT-LC component C2 and a
fluorinated ester E1. T1 with five fluoro-
substituents and large A has almost same high
VHR as C2 with two fluoro-substituents. The VHR
of T1 is much higher than that of a conventional LC
ester of low birefringence E1. T1 with relatively low
birefringence and large A shows good solubility,
therefore, T1 is useful to reduce the driving voltage
of LC mixtures for AM-LCD, especially for reflective
LCD.

Table 2 Voltage-holding Ratio of LC Components

voltage holding ratio [ % ]
initial heat uv

F F
Tl o Q@}@} P 189 927 932 928
F F
F

c2 CHy O—O—@ 52 92.5 93.1 92.3
» [ F
El oty ) e 51 99 905 907

Component Structure Ag

Table 3 Properties of LC Mixtures with Low
Birefringence

Mixture Tw Ton An Ae y Jkn V'
@1 [M[] [10'm*s] [V]

ML1 84.6 -43  0.061 31 7.3 2.09
ML2 88.4 -50 0.063 3.1 6.9 2.15
ML3 84.1 -35  0.070 51 5.4 1.61
ML4 86 -37 0.073 6.4 7.7 1.43
ML5 86.5 -31 0075 7.4 12 1.29
ML6  92.2 -38 0.078 8.0 23 1.27
ML7  88.3 -28 0.080 95 13 1.23

* TN cell, 4.5 um, 250
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110 [
o ML1
1.05 —
- E
& -
1.00 —
= 4n =0.061
F Ap=589.3 nm
0-95jlilll'ilillllili'lPll‘111 1t
450 500 550 600 650 700 750
Wavelength / nm

Fig. 3 Wavelength dependence of birefringence for
low birefringence LC mixtures with fused ring
components.

Table 3 shows the properties of LC mixtures with
low birefringence containing fused ring components.
Each mixture has a sufficient temperature range of
nematic phase and low birefringence for applications
of reflective LCD without any esters. ML1 and ML2
have very low birefringence which improves contrast
ratio of reflective LCD. The driving voltage of ML3-
ML7 is lower than 4.5 V. ML6 and ML7 have
especially low driving voltage; lower than 3.5 V.

Fig. 3 shows wavelength dependence of
birefringence for LC mixture ML1 and MLS5.
Compared with ML5 having typical value of
birefringence for reflective LCD, LC mixture ML1
has smaller  wavelength dependence of
birefringence. It is known that reflective LCD using
LC materials with sufficiently low wavelength
dependence of birefringence indicates true-white
color with high contrast ratio. Therefore, ML1
improves electro-optical property of reflective LCD.

3.2 Liquid crystal mixtures for LCD-TV

In order to obtain LC mixtures with quick
response, a large amount of LC components with
low viscosity are used. However, the concentration
of low viscosity LC components in the conventional
LC components is limited in a small amount,
because of low co-solubility of the conventional LC
components. Such mixtures with conventional LC
components have unstable nematic phase at low
temperature. On the other hand, LC mixtures
having fused ring components with high co-
solubility to the other components can contain very
large amount of low viscosity LC components.

DIC Technical Review No.8 / 2002

Table 4 Properties of LC Mixtures with Quick
Response

« response
. T Ton y ilki Vi . *
Mixture 0] [0] An  Ac [10mas] [V] t[l nrr:;a]

MH1 968 -47 0.121 39 34 220 10.3
MH2 800 -45 0.119 3.7 31 202 96

*AnOd=0.4

Table 5 Properties of LC Mixtures with High
Birefringence

T Ton An Ae Y1 Ku Kas
01 [0] [mPals][ pN] [pN]

MO1 99.8 -39 0.161 7.1 135 10.6 145
MO2 100.2 -31 0.180 7.7 197 11.2 16.2
MO3 100.6 -32 0.200 7.9 231 111 16.7

Mixture

Table 4 shows the properties of LC mixtures with
quick response. Response time is a summation of
rise timet  (transmittance: 100% to 10%) and decay
time T4 (transmittance: 0% to 90%). AnCd is optical
retardation of LC cell. By using fused ring
components with high solubility, these LC mixtures
have sufficient temperature range of nematic
phase. The response time of each LC mixture is
about 10 ms for TN-LCD, which realizes
progressive scanning for LCD-TV.

Table 5 shows the properties of LC mixtures with
high birefringence. These mixtures have wide
temperature range of nematic phase, large As and
comparatively small rotational viscosity y i The
LCD having these LC mixtures and narrow gap can
obtain very quick response. Furthermore, these
mixtures are applicable to LC materials for
Optically-Controlled-Birefringence (OCB) mode
which is expected very quick response for next
generation of LCD-TV.

4 Conclusion

We have prepared new liquid crystal components;
Decahydronaphthalenes, Tetrahydronaphthalenes
and Naphthalenes.

High VHR of pentafluoro-tetrahydronaphthalene
with large As was confirmed.

We have achieved LC mixtures with low
birefringence, low driving voltage, sufficiently high
VHR and wide operating temperature range. These
LC mixtures including no ester as a component
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improve the reliability of a reflective LCD for
cellular phones or PDA, which are used under
severe conditions and demanded low consumption
of electricity.

We have achieved LC mixtures showing about 10
ms of quick response time, which is shorter than
one-frame time of 60 Hz (16.7 ms).

Permission for modification of Reprint, courtesy
SID.*
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Activation of the Human Innate Immune System by Spirulina
- Augmentation of Interferon Production and NK Cytotoxicity
by Oral Administration of Hot-water-extract of Spirulina Platensis -

HIRAHASHI Tomohiro, MATSUMOTO Misako, HAZEKI Kaoru, SAEKI Yoshiko, Ul Michio and SEya Tsukasa

Spirulina platensis is a cyanobacterial species that is surmised to potentiate the immune system leading to
suppression of cancer development and viral infection. Here, we identified the molecular mechanism of the
human immune potentiating capacity of Spirulina by analyzing blood cells of volunteers with pre and post oral
administration of a hot water extract of Spirulina. NK functions represented by IFN gamma production and
cytolysis were enhanced after administration of Spirulina in >50% subjects. IFN gamma was produced in an
IL-12/1L.-18-dependent fashion. In vitro stimulation of blood cells with a BCG cell wall skeleton (CWS) allowed
more potent IL-12 p40 production in cells from volunteers given Spirulina than in cells without pre—exposure to
Spirulina. Because BCG-CWS serves as a ligand for Toll-like receptors (TLR) 2 and 4 to raise the maturation
stage of monocytes/macrophages, Spirulina may be involved in the signaling responses through Toll in blood
cells even when orally administered. These observations indicated that in humans Spirulina acts directly on
myeloid lineages and either directly or indirectly on NK cells. The presence of cooperative IL-12 and IL-18 is

critically important for NK-mediated IFN gamma production.
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Table 1 Characterization of “ Hy-Bryte” Series

Tack value
Raw materials cost
Offset printability

Washing suitability of hydrocarbon solvent

Roller and blanket swelling**
+UV overprint varnish gloss*
Scratch and rub resistance
Adhesion on plastic films
Curing speed

Heavy metal dryer

Hy-Bryte | Conventional Ink | UV Ink
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o a O
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o 0 O

o -0 O O
o -0 O ]
o x O
instant 1 day instant
free use free

*! for Conventional Ink

Good 0Oo O0O0Ox Bad

*2: Conventional Ink's gloss is downed by “ Glossback”
Conventional Inkd Carton Self(DIC), UV InkO Septer DT(DIC)
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Substrate

Fig.1 Gloss back is brought by the shrinkage of the
UV coating which was applied on wet
conventional inks.
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Table 1 Application of UNIVERSAL 21

Uses Composition

Sterilizing Condition

Snack foods,

Frozen foods PET/VMCPP, etc

OPP/CPP, OPP/VMCPP, PET/CPP,

Boilable pouches

PET/LLDPE, Nyl/LLDPE, etc.

800 98, 300 60 min

Retortable pouches PET/CPP*, Nyl/CPP*, etc.

1000 1307C, 100 30 min

Hi-retortable PET/AL/CPP¥*,
pouches PET/AL/Nyl/CPP*, etc.

1350 142°C, 100 30 min

OPP: biaxially-oriented polypropylene film, CPP: non-oriented polypropylene film,

VMCPP: vacuum metallized polypropylene film, LLDPE: linear-low-density polyetylene film,

CPP*: retortable grade non-oriented polypropylene, PET: polyester film,

Nyl: polyamide film, AL: aluminium foil

Lamination; Adhesive Lamination or Extrusion Lamination
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Highly Dispersible Insoluble Disazo Orange Pigment for Gravure
Printing Ink“ SYMULER® FAST ORANGE 2601”
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Table 1 Preparation of Ink by Paint Conditioner in 100ml Bottle

Evaluated Pigments
Orange Orange Commercial
2601 non-treated product

Pigment (g) 6.0 6.0 6.0

PA Varnish () 8.8 215 8.8
Thinner (g) 5.2 12,5 12.5
SteelBeads(@) | 1500 | 1500 | 1500 |
Pigment Content in Base Ink (%) 30.0 15.0 22.0
Additional PA Varnish (g) 28.7 16.0 28.7
Additional NC Varnish (g) 4.0 4.0 4.0
Additional Thinner @) | . 00 | 00 |
Pigment Content in Let Down Ink (%) 10.0 10.0 10.0
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Fig.2 Particle size distribution of pigments in ink.
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Fig.3 Dispersibility of pigments in ink.
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Static-electricity-free Pressure Sensitive Adhesive Label Stock

PACHICUT® ” Series
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Fig.1 Elimination mechanism of static electricity.
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[ Laminating process ]

[ Labeling process J

<Static electricity>

Conventional : 12kV

PACHICUT : OkV

©Improvement of working efficiency ~©Exact labeling

Fig.2 Application of PACHICUT.
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High Gloss PS/PP Alloy* DICSTYRENE® M-1500" for Large

Injection Molding
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Table 1 Fluidity and Strength?

DICSTYRENE M-1500 M-1000 | SR-500-1
Resin PS/PP alloy | PS/PP alloy |  HIPS
Use INJECTION | EXTRUDING | INJECTION
MFR? (g/10min) 11 35 6
Tensile strength (MPa) 34 29 33
Tensile strain (%) 25 20 40
Tensile modurous (MPa) 1,450 1,800 2,100
Flexural strength (MPa) 50 49 57
Charpy impact (MPa) 8 11 12

1) based on I1SO standard
2) MFR ; Melt Mass-Flow Rate [2000 [0 5kgO

e 00O

Fig.1 O0* M-1500" O OOOOOOOOODOO
gboooopsOOoobooboobOooooooogn
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Fig.1 Injection molding pressure and gloss.
*cryst-PS ; crystal PS 10% in HIPS

DIC Technical Review No.8 / 2002



ooooodgooo

e JOOO
/4000 (Fg2)0 0000000000000
Table2O0O0OO00O0O

Table 2 Chemical Resistivity IndexT

M-1500 | cryst-PS HIPS
Bath cleaner A 1.46 1.46 1.03
Bath cleaner B 1.46 1.46 0.9
Cleansing oil A 1.46 0.6 Broken
Cleansing oil B 1.34 1.09 Broken
Kerosin 1.46 0.96 0.56

Chemical resistance evaluation of 1/4 oval method

(at 230 for 24 hours after applying the chemicals to
test piece )

0 The figure of warp degree [
T=002080100 0000 00*0P"*x 0 x 100

: warp degree at breaking out of crack

: a major axis of 1/4 oval equipment (110mm)
: a minor axis of 1/4 oval equipment (60mm)

: crack appeared length (major axis direction)

o< g o -

: thickness of test piece (1.6mm)

Fig.2 1/4 oval equipment.
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Fig.3 Fluidity of DICSTYRENE M-1500.
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Heat Sealable Film for Preventing Contamination
“ DIFAREN® B1150T, B2100(T)”
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Fig.1 Heat sealable bread bag film for preventing contaminations.
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Fig.2 Seal strength of usual film.
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Fig.3 Seal strength of B1150T, B2100(T).
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Table 1 Physical Prorperties of B1150T

B1150T
Thickness (u m) 30
Haze (%) 3.5
Secant modulus (MPa)(MD) 620
Impact strength (J)(00) 0.15
C.O.F tan® Seal side 0.10
Sideweld seal strength?® 18
(N/15mm)

1)Coefficient of Friction
2)3200 ,140RPM

Table 2 Physical Prorperties of B2100(T)

B2100(T)
Thickness (u m) 30
Haze (%) 65
Secant modulus (MPa)(MD) 640
Impact strength (J)(00) 0.28
C.O.FY  tan@ Sealside 0.10
Sideweld seal strength? 18
(N/15mm)

1)Coefficient of Friction
2)3200 ,140RPM
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UV Coating for CD-R “ DAICURE® CLEAR SD-2407"
CD-ROUVODOOODODDOODDO®OOOSD-24070
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Fig.1 Structure of CD-R.
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Table 1 Physical Properties of SD-2407 and SD-1700

SD-2407 SD-1700
Before curing
Viscosity 36 mPals 28 mPals
Refractive index 1474 1.484
Surface tension 30 mN/m 28 mN/m
Surface curing speed 0.04 J/cm? 0.10 J/cm?
(under air condition)
After curing
Yellowness index 0.3 4.0
Shrinkage on curing 9.8% 10.6%
Tg 720 80O
Modulus 30 O 1150 MPa 1500 MPa
50 O 660 MPa 1150 MPa
75 0O 290 MPa 650 MPa
100 O 170 MPa 450 MPa
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Yellowness Index

SD-2407 Commercial
product

Fig.2 Yellowness index of coating on CD-R before and
after exposure to fluorescent lamp. (Exposure time:
7days)
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Fig.3 Change in the increasing ratio of block error
rate(BLER) for CD-R coated with SD-2407 and
SD-1700.
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Fig.4 Change in the increasing ratio of block error
rate(BLER) for CD coated with SD-2407 and SD-1700.
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Phosphorus Modified Epoxy Resin® EPICLON® EXA-9710" for

Halogen-free Laminates

0000000000000l EPICLON® EXA-97100
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Table 2 Varnish Composition

Parts by weight Formulation 1 Formulation 2

Appearance Liquid
Color, Gardner 2-3
Epoxy equivalent weight (g/eq) 496
Viscosity (mPals) 1500
Non volatile (wt %) 70
Phosphorus content (wt %) 3
Solvent Methyl ethyl ketone

EXA-9710, solid 100 100
Dicyandiamide (DICY) 2.1 O

LA-7054, solid* g 25

2-ethyl-4-methyl imidazole 0.3 0.05
Methyl cellosolve 20 20
Dimethylformamide 20 20
Gel time at 1600 (sec) 500 360
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*Amino-triazine novolac resin, OH value 125

DIC Technical Review No.8 / 2002



goobooboogo

e 00O

cooboooooooooobobocOoOobooOoooon
gobooooooooooocoooooooboooon
gobooooooooooocoooooooboooon
ooboogooo® EPICLON EXA-9710" OOO0ODO
gobooooooooooocoOoooooobooboooon
gobooooooooooocoOoooooobooboooon
oobooooooooooon

coboboooooooOoobobocOobobooOooooon
gobooooooooooocoOoooooobooboooon
OO00DO0O0O0000O0Table3aDOOOO0OOO0OO
oooogo

Table 3 Properties of Laminates

Formulation 1 Formulation 2

Laminate thickness (mm) 1.6 1.6
Phosphorus content (%) 2.9 2.4
Tg by TMA (O) 124 125
Tg by DMA (O) 147 149
Peel strength, 35y Cu (KN/m) 2.2 2.2

Inner layer cloth (KN/m) 25 2.4
Water absorption, boil 2hrs (wt %) 0.35 0.38

Solder heat resistance, 2600

30 sec dip after boil 2hrs Pass Pass

e 00O
gboboooocooooooboovuLobooooon
oo0O0uL-94v-0000 EPICLON EXA-9710" OO
gobooooooooooocoooboooooboooon
gobooooooooooocoooboooooboooon
gobooooooooooocoooboooooboooon
oobooooooooooon
ooomooobooooboooooooooooo
oobooooooooooo

e 00O

“ EPICLON EXA-9710’ 00000000000
000000000000000000000000
000000000000000000000000
0000000000000000000

OAmesd 0000

0ooooooo

OooooooO

02800000 000 0NOEL=1,000 mg/kg/day

DIC Technical Review No.8 / 2002

goobodaod
00000000000000000000000

goboobobooboobbooboobpoboon
goboobobooboobbooboobpoboon
goboobobooboobbooboobpoboon
gobooboobbooboobbooboo

goboooo
ggod
gobogooobgoon
gogbogoboooboo
TEL:0436-41-9815

65



goboooboogn

Water-dispersible Polyisocyanate Crosslinker

“ BURNOCK® DNW-5000"
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Table 1 Properties of BURNOCK DNW-5000

Solid Contents (wt.%) 79.00 81.0
Viscosity (250 )" onov
NCO Contents (wt.%) 13.000 14.0

Solvent Dimethoxy diethylenglycol
*1 Gardner viscometer
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Fig.1 Image of * BURNOCK DNW-5000" in water.
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Fig.2 Stability of isocyanate groups in water.
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Table 2 Evaluation BURNOCK DNW-5000

BURNOCK | Commercial | Commercial
DNW-5000 | Product A Product B
Water
. o Excellent Poor Poor
Dispersibility
Film
) 83 67 59
Hardness ™
Film . .
o Excellent Fair Fair
Compatibility
Water
. | Excellent Poor Poor
Resistance *

Base polymer: Acrylic Emulsion
N.V.: 45% OHV: 80 Tg: 150
NCO/OH=1.5

*1 Pendulum Hardness

*2 JIS K 5400 Test method
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Fig.3 Pendulum hardness of water borne polyurethane
coatings.

0000000000000 (Fig.3)0
000000000000 O0150nmO000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

goboobbooboobbooboobooboon
gooo

gooooon
goboooboobobobobooboooboo
goboobbooboobbooboobboon
goboobbooboobbooboonboboon
goboobbooboobbooboonboboon
goboobbooboobbooboonboboon
goboobbooboobbooboonboboon
goboobbooboobbooboonboboon
goboobbooboobboobooboboon
goboobbooboobboobooboboon
gobooboobbooboobbooboo

coooogo
uoboooooooooo
goooocooo
gobooocoooogno
TEL:072-268-3750

67



goboooboogn

Water-dispersible Polyisocyanate Crosslinker
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Table 1 Properties of BURNOCK DNW-5000

Solid Contents (wt.%) 79.00 81.0
Viscosity (250 )" onov
NCO Contents (wt.%) 13.000 14.0

Solvent Dimethoxy diethylenglycol
*1 Gardner viscometer
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Table 2 Evaluation BURNOCK DNW-5000

BURNOCK | Commercial | Commercial
DNW-5000 | Product A Product B
Water
. o Excellent Poor Poor
Dispersibility
Film
) 83 67 59
Hardness ™
Film . .
o Excellent Fair Fair
Compatibility
Water
. | Excellent Poor Poor
Resistance *

Base polymer: Acrylic Emulsion
N.V.: 45% OHV: 80 Tg: 150
NCO/OH=1.5

*1 Pendulum Hardness

*2 JIS K 5400 Test method
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Formaldehyde-free Acrylic Emulsion for Interior

“ VONCOAT®” Series
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Table 1 Formaldehyde Emission Limit

JIS Standard

Formaldehyde
Category -
Average Maximum
F1 0.5mg/L O 0.7 mg/L O
F2 5.0 mg/L O 7.0 mg/L O
F3 10.0 mg/L O 12.0 mg/L O
JAS Standard
Category Formaldehyde
Type EO 0.5mg/L O
Type E1 1.5mg/L O
Type E2 5.0 mg/L O
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Table 2 Stainproof Properties of VONCOAT AC-104
Coated Paper

AC-104 Control
Coating Weight(g/m?) 50 50
Waterpen 5 4
Crayon 5
Pollutant Coffee 5
Soysauce 5
Total 20 15
Anti-Blocking to PVC| 3 days oo 0
7 days oo O
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Fig.1 Deodoraizing capability of VONCOAT
KC-800.
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Table 3 Determination of Formaldehyde Content

VONCOAT Formaldehyde (ppm)
AC-104 ND
KC-800 ND
Conventional-1 14
Conventional-2 76
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“ VONCOAT” OO0O0OO0OCOCOOCOTable4O0OOOOO

Table 4 Formaldehyde-Free Acrlylic Emulsion

VONCOAT| Type Solid Vis. pH
(%) (mPals)
ED-85 Hard 44-46 <500 45-6.0
AN-730 | Medium 44-46 10-100 6.0-7.5
AB-886 Soft 49-51 10-500 6.0-7.0
. 1000-
AC-113 | Medium 49-51 8.0-9.0
3000
AC-501 | Medium 59-61 20-1000 7.5-8.5
Cationic
VO-8 39-41 50-2000 4.0-5.0
Hard
Cationic
VO-7 39-41 200-2000 | 4.0-5.0
Soft
gooogoo
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Environment-friendly Plasticizer for PVC
“ POLYCIZER® W-230-S, W-220-EL", * MONOCIZER® W-621"
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Table 1 Application Properties for PVC (roll-mixing)
Plasticizer Polyester CHDA-type‘ TOTM ‘Benzoate‘ DINA ‘ ATBC
DOP DINP POLYCIZER MONOCIZER
W-230-S |W-220-EL | W-2310 | W-621 | W-705 | PB-3A | W-242 | ATBC
Molecular weight (*average)] 390 418 800* 800* 2300* 422 546 325 398 402

Viscosity (mPals, 250 0 61 63 170 170 3000 49 220 95 20 34
Compatibility 700 x 95%RHx 20 days, thickness ;1 mm

Bleeding (exudation) | none ‘ none ‘ none ‘ none ‘ none ‘ none ‘ none ‘ none ‘bleeding‘ none
Hardness

JISA [ 89 | 90 | 88 | 8 | 92 [ 9 | 95 | 9 | 8 | 87
Low temperature property

Clash/Berg 00O | 24 | 24 | 25 | 25 | 11 | -30 | -16 | 6 | -45 | -20
Tensile properties 230, thickness 1 mm

100%Modulus 00 MPall 9.9 10.2 9.8 9.7 12.5 11.1 12.7 12.5 8.5 10.6

Tensile strengtid MPal 20.1 21.0 20.0 20.2 20.6 20.7 20.1 221 18.4 214

Elongation 0 %0 335 348 333 327 320 349 345 298 340 318
Heat aging 1000 x 120 hrs, thickness 1 mm

Weight loss 0 %0 [ 69 | 20 [ 25 | 24 | 06 | 43 | 01 | 64 | 72 | 213
Oil resistance 700 x 48 hrs JIS No.2 oil, thickness 1 mm

Weight loss 0 %0 | 66 | 59 [ 82 | 80 | 01 | 75 | 42 | 63 | 127 | 147

Formulation ~ PVC(p=1050)C plasticizerd Ba/Zn-type stabilizer0d 10005002  roll-mixingd 1700 x 7min, pressingd 1700 x 5min

ooo0o* w-230-S"00 W-220-EL"0O* W-621" OO “0oooog w-705"
obooooooooooocooooooobooooon ooboooboooobooooobooooooa
goboooooooooooon goboooooooooo
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Oil Resistance : Soybean Oil : 23°Cx24hrs

B Heat Aging : 100°Cx120hrs goooooo
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Fig.1 Durability for PVC glove (sol molding). TEL:072-268-3766
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